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1 UNITED STATES OF AMERICA

2 NUCI EAR REGULATORY COMMISSION.

3 BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

4

-------------------x
5 In the matter of: :

:
6' UNITED STATES DEPARTMENT OF ENERGY :

:
7 PROJECT MANAGEMENT CORPORATION : Docket No. 50-537-CP

:
r 8 TENNESSEE VALLEY AUTHORITY :

:1
9 (Clinch River Breeder Reactor Plant) :

:
io -__________________x

11

Main Ballroom
12 Holiday Inn

420 S. Illinois Avenue
13 Oak. Ridge, TennesseeO,

s/ 14 Tuesday, August 9, 1983

15
_,
.

! 16 The hearing in the above-entitled matter was

= i;7 reconvened, pursuant to adjournment, at 8:30'a.m.
~

,

o

j 18 BEFORE:
,

s
4 2 - 19 MARSHALL E. MILLER, Chairman

$ Administrative Law Judge'

0- 20
#

5- GUSTAVE A. LINENBERGER
{ 21 Administrative Judge
f

g 22 CADET HAMD, JR.

_{ Administrative Judge
23'
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() 1 APPEARANCES:

2 On Behalf of the Applicants:

3 GEORGE'L. EDGAR, Esq.
Morgan, Lewis & Bockius

4 1800 M. Street, N.W.
Washington,~D.C. 20036,

5 Representing Project Management Corporation
6 EDWARD J. VIGLUCCI, Esq..

'
Tennessee Valley Authority

7 400 Commerce Avenue
Knoxville, Tennessee 37902

8,

4

WILLIAM LUCK, Esq.
9 Department of Energy

!
Washington, D.C.

10

: lon Behalf of the NRC Pegulatory Staff:
11

,

SliERWIN E. TURK, Esq.
12 Senior Litigation Attorney

; Office of Executive Legal Director
; -- 13
4

14

I

i 15
.

. -

|

9

$ .17

t-
18> . ,

i .

'
,

| '19

L I
} g: 20

*
1

I

- g 22
"'

| 23
s-
'

| 24
!

25

l-- o

! .

!

?

:- - --.--..w. .. . - . . ,- .. - . . - - - - .- . . - -.



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

,

7936
Od 1 CgyIEyIS

Cross.on1

2 Witness: Direct Board Redirect Board,

f

3 Hans K. Fauske ),

Lee E. Strawbridge )
i d Truman W. Ball ) 7938

Resumed )
5

6 Lee E. Strawbridge )
Eric K. Sliger ) 7976 8008 80207 H. Wayne Hibbitts )

; Robert Bowman ) 8010 8010 8019
8

9 Hukam C. Garg )
Richard A. Be~cke r )

10 Shou-Nien Hou )
4 . Thomas L. King )

31 B. M. Morris )
Charles E. Rossi )

12
: Robert J. Schemel ) 8030 8144
! Jerry J. Swift )

33 Ashor K. Agrawal )
'

John E. Hanson )4

' Id Edmund T. Rumble, )

15 >

,
-

j ~ 16 Robert _J. Dube .8172 8188
i I
' = 17 Thomas L. King ) 8190 8198
; g Richard M. Stark ) 8204 8216

e 18,
a -

{ 19 Thomas L. King 8220 8252
%

} 20 Cardis B. Allen )
: Larry W. Bell )

| | 21 Howard B. Holz )
!I Lewis G. Hulman ) 8265

g 22 John K. Long ) 8464
{ B. M. Morris )

'

23 Jerry J. Swift ).,

| Charles R. Bell )
j 24 Thomas A.: Butler )

Edmund T. Rumble,.)>

25 III )
David Swanson -)

(''} Theo G. Theofanous)
: s_-

|

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



-. . . . . ___ .. . .

7936A
'

(v) ' Exn1aIIS
2 For Ident.: Rec'd:

3 Applicants' 97 8019 8020

Staff' Exhibit No. 32 80354

Staff. Exhibit No. 45 81215

6 Staff Exhibit No. 37 8191

7 Staff Exhibit No. 38 8207

8 Staff Exhibit No. 39 8222

9 Staff Exhibit No. 40 8222

10 Staff Exhibit No. 41 8269

11 .

12

13fg

( )v i4

15
,

h
g 16

8
17=

o

18

i

E 19

ij 20
=

k 21

I

22g

. 23

!
24

25

)v

I



. .. . . . .

.

_ j-1-1 7937
,

1

!

't
G 1 E 3 Q g 3 E p I__N g g

2 JUDGE MILLER: We're on the record.

3 MR. TURK: As a preliminary matter, I just

4 want to note that I placed on the desks in front of the

5. Licensing Board members, as well as having given a

6 copy to the Applicants, of all the documentary exhibits

7- which were admitted into evidence yesterday for the

8 Staff.

9 Not included ~in the stack in front of you

i// 10 are the testimonial exhibits, and we'll direct those as

11 we proceed when the Staff testimony goes on today.
4

12 JUDGE MILLER: Okay. Thank you.

13 You said you furnished the copies to the-s

14 reporter?-'

i
15 MR. TURK: Four copies of each of these,

5
4 16 have been given to the reporter..

4

* 17 JUDGE MILLER: Thank you..

18 Any other preliminary matters?.< ,

.,

|
~

19 (No response)
%j 20 JUDGE MILLER: If not, we'll resume'with
E.

_g 21 the interrogation of'the panel.
I'

22g Good morning, gentlemen.

.f 23
8
'

> 24

25

/
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,
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b
- V 1 HANS K. FAUSKE,

2 LEE E. STRAWBRIDGE,

3 and

4 TRUMAN W. BALL,

5 were called as witnesses on behalf of the Applicants,

6 and having been first duly sworn, was examined and

7 testified as follows:

8 JUDGE LINENBERGER: Can the reporters hear

9 me all right if I leave the microphone there, or should

to I bring it closer?

11 THE REPORTER: That's fine.

12 JUDGE MILLER: They didn't hear yo'u apparently.

13 (Laughter)

O
| 14 JUDGE MILLER: Okay.
s'

15 Are we all set now on the sound system?.
. 7

i' 16 All right.

17 Proceed.
O

- 18 BOARD EXAMINATION
,- 3 -

! $ 19 BY JUDGE LINENBERGER:i g.
j 20 Q Gentlemen, continuing along the line of-

. [ .

2 21 energy available to do undesirable things following. . r
g. 22 a.or associated with a beyond~ design basis event',~

f. - M y

'

; 8, 23- there has been indicated in portions of'the material
. 5, :

.

'
.

24 before us that the reactor vessel head ought to be

i 25 able to withstand a 75 megajoule. slug impact.

+ p
:

s

4
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s"%
- (,,) 1 In fact, there are places where I infer

2 _from what I've read that it has been so designed.

3 There are places where I infer from what I've read that

4 maybe'it will not quite meet that design requirement,
.

5 and perhaps something ought to be done to bring it up

6 to the 75 megajoule slug impact design requirement

7 or resisting that' kind of an impact.

8 In other words, in the Board's mind, there is

9 a bit of confusion here about what is the current design

j 10 capability of the vessel head closure. Should it be

11 strengthened in some way, or not? And we'd appreciate

12 comments from the panel on that subject, please.

13 A (WITNESS STRAWBRIDGE) Okay. The head has a-s

\~ # 14 design requirement to accommodate 75 megajoules of upward

15 kinetic energy at the slug _at the time it impacts

@
g 16 the head.

,

17 We have not proven at this point .in time that
'O

h 18 it can accommodate that energetic slug. In order to
a

j L19 show that it will accommodate that kind of a slug,

| 20 we have a program in progress that involves two aspects.

21 One is doing further scale model testing,
-r

22 and that-scale model testing would include' testing a.g.

f//h 23 possible design modification that has b'een identified
!.

24 .that_would increase its capability.

25 That design modification is described in our

n_
~I,

i-

._m , . . . _
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'
testimony as involving the shaving of some slight amount

2
.of material of the bottom edges of the head, which

t

3
come in contact as the head deforms under the loading

i d
condition, and that would not be removing material from

5
a structural portion of the head.

6
It's really a nonstructural portion that would

7
be impacted,-and by removing that material, one avoids;

! 8
a kinematic interaction of the different portions of

'
the head which consists of three rotating plugs, so,

'O
| that the head could, in fact accommodate a higher loading,,

'I
and we have shown that by such a design change, that,

12
in fact, it is certainly feasible to make the' change,

I3
('')g and the resulting change would accommodate the75 megajoule
\. 14

: slug. Whether or.not and the degree-to which any change-

15
1 e would be.needed would come out of the scale model

4
16

- testing which we have planned.| $
$

,

17
:end 1

0

18
.;

i
_j 20
.
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.
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(a) 1 BY JUDGE LINENBERGER:

2 0 Well, that leaves me with a little bit of a puzzle-

3 ment because what I think I hear you saying is, as it currently

4 stands, you don't know whether it meets the 75 megajoule

5 criterion, but you know if you do certain things to it, nake

1
o certain modifications, it will, but then you are going to test '

7 it to see whether it does and whether it needs those modifica-

a cations. Is that a proper characterization of what you said?

9 A (Witness Strawbridge) That's a pretty good

10 characterization. Let me just clarify one aspect to add to

11 that, and that is the fact that earlier testina that was done

12 did not include certain features of the head that should provide

13 increased capabilities that are actually in the head, but were

14 not represented in the scale model tests. So the one. aspect

15 of the additional testing would be to include those features

f 16 which were not in the earlier test, to see how much difference

17 that makes, along with assessing the effect of the modification
O

| 18 that has been discussed.
1
*

19 0 Okay. So, in essence,
t-

. then, the uncertainty, if

} 20 you will, that obtains with respect to the ability of the head
v

| 21 to meet the 75 megajoule-criterion derives from certain
t-

22 historical tests that have been made on scale models?g

h 23 A That's right. The conclusions drawn to date are-
8
''

24 based on a combination of those scale model tests and analyses.

p 25 0 And it'is'the analyses of the proposed modifications,

1 -~s

%s

,

l
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3( ,) 1 which modifications I presume are desianed to eliminate a

2 hinging or leveragino effect--it is the analysis of those

3 modifications that you feel would add an additional margin of

capability to the existina design?4

5 A Yes, sir, that's exactly richt.

6 0 All right. Incidentally, about when would you expect

7 this consideration 'to be resolved? Is it something that will

8 happen this year or five years from now?

9 A There are certain additional static tests scheduled

to yet this year, and the additional dynamic tests that would be

11 run would be run in the next calendar year.

12 Q Where would these tests--will these tests be

13 performed, geographically?7s

f\- '') 14 A At SRI International in California, which is the

15 location of the earlier scale model tests also that were,

a

3 16 performed for the project.
t
8
* 17 Q Who is SRI?
8

13 JUDGE MILLER: Stanford Research Institute.

j 19 A They used to be called Stanford Research Institute.
h

h 20 Their official name now is SRI International.
N

21g JUDGE LINENBERGER: That specific situation is,
a

22 in my mind, at least, illustrative of- generically isg
E

23 illustrative of several generic considerations that resulted
B
'

24 in the Board's area of concern Po. 12 that, in essence, says,
I

| 25 "Look, there's an awful lot of things that are unresolved

(a)
,

1

v
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,

~( ) about the design of this proposed facility that won't beij

2 resolved until sometime later."

3 One reads in the newspaper and' trade publications

that a-large measure of design effort has been completed and4

5 a significant portion of hardware has been ordered, and even
1

6 a nonnegligible portion of hardware has been delivered.

7 Now, I realize that Board Question 12 addressed

i 8 itself to the Staff, but the Applicants chose to answer this

9 question, in addition to the Staff's answer, and I believe

to that answer is contained in your testimony of this panel.

it I would like one of you to address that ceneral

; 12 question of how is it that the project can proceed with so

13 many CP stage uncertainties facing it,~and fe61 comfortablen
N. - 14 about coming out all right at the OL stage?

,

.

15 A I think I can address it for the Applicants.

16 For each of-the areas that have been identified as

k something where further work is needed to totally resolve a17
,

la concern raised by the Staff during their review, there.have

19 been programs laid oot, actions identified, plans put in placej
-n

20 to resolve those concerns, and in each case we have shown andj
,

;

| E 21 the Staff has aareed that there are feasible approaches that
I.r

22 will solve the concern. There may be lesser--less impact ways'

g

E
23 of doing things; but, for example, in the case of the head we

I-

"
.

24 were just talking about,'we have agreed that there is a

i 25 feasible approach that would eliminate the ' concern.

'

o
L

t

n

-is,-, +-r- = , 3 +- ( w + y ..,r-. , orr -, y, - < , - - - --- ~ ,y-.--
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4

A
(,,) 1 The hardware, although much of it has been desianed,

,

2 as you say, some of it has been fabricated, there is nothing

3 yet that would preclude making the kinds of modifications that

' 4 have been identified in all these areas to the hardware, without

5 huge impacts on overall construction activities and plant costs,

6 as we see it.

7 I think that by working with'the' Staff and workina
a out the details on the plans of how one would go about resolvina

! 9 the concerns, we mutually believe that they certainly'can be

lo resolved, and there is certainly nothing that is a "co/no-co"
,

11 situation in any of these areas.
t

; 12 JUDGE LINENBERGER: Okay. I will only make the

13 observation here--and I am not soliciting comments, really,

14 but there may be some "go/no-go" kinds of problems imposed

i 15 on you outside of your control; namely, I'm afraid,'by Congress--
3

tog let me restate that--perhaps by Congress. This is not a
,

1 17 question.
> 0

h is The Board only states a concern here that the budget
~

3

'! 19 cycle considerations may lock the program into certain
%-

.

j 20 constraints--perhaps of time, perhaps of money--that don't-
i n

| } 21 give you the' flexibility to do the kinds of. things you are
*

,
.

' 22g- just talking about.
e

i 23 Again,.as.I say, this is not a question. It'is a
8
'

24 concern of the Board. It is something-the Board most'stronaly.

L 25 recommends that the Staff and Applicants watch extremely care-
End 2
[ fully.

, _ x_- - ,

!.

I
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(_j 1 BY JUDGE LINENBERGER:,

2 O Let's talk about aerosols for just a moment.

3 Pick a new subject.

4 In establishing the so-called thermal margin

5 beyond design basis. capability of the containment
1

6 shell where the design criteria for the containment shell,

.7 anticipatory of an insulating effect of aerosols,

8 would that, in the case of a beyond design basis
,

9 tend to protect the thermal shell from exceeding its

10 design capability with respect to temperature, or is

11 the aerosol situation a bonus, if you will, that has

12 been identified since the shell design was specified?
i

13 A (WITNESS STRAWBRIDGE) It has benefits-

\~' 34 that are both beneficial, a'nd some that may not be

15 beneficial. In terms of the shell, though, itself,,

a

h 16 the aerosol would be a protective layer which would
v

$ 17 resist heat transfer, and therefore would tend to
O

{ 18 decrease the containment shell temperature.
4

{ 19 When the specifications were made'for the
%

j 20 containment shell in terms of thermal margin beyond the

21 design basis, no aerosol buildup was' assumed'in those
r
g analyses from which the containment shell temperature22

,

8
23

g standpoint would be a worse' case than a case that hadr

0
'

24 aerosol buildup.
,

25 The area where'the aerosol effect would work

- ha

, , -- - , . . -
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1

\_/ 1 in the other direction would be in terms of the
f

; 2 temperature inside the containment and the containment

'3 atmosphere itself, and so from the standpoint of

d instrumentation, which would be in that containment

5 atmosphere, it could be a more severe condition for that
4

6 instrumentation. But from the shell standpoint, the

7
;. aerosol effect would be a beneficial effect.

8 Q Speaking of the temperature inside the

9
. containment shell, let me refer you to page 40 of the

IO Applicant's Exhibit 89, The answer to question 38

Il near the bottom of the page cites a 1,100' degree
12

; Fahrenheit peak temperature that has been specified for
13 instrumentation and systems, and'I presume those -- that
Id refers to the kinds of systems that you were just talking-
15 about inside the containment.

3
16

j $ A (WITNESS STRAWBRIDGE) Yes, sir, that's right.
$

| 17
Q Now, that 1,100 degrees Fahrenheit.seems to

''8,

18
? be predicated upon a two-tenths of an inch. aerosol' ~

3
i e

39 buildup outside of the shell.
; 4j 20 A Excuse me. On the inside of the-shell.

f Q Thank you.21

22.; '$ If the deposition of aerosols resulted in,
5

23,3 say,. ten times that thickness, namely,.two inches, are
2

2d the instrumentation and systems referred to'there going
! 25

- to be.in trouble, because that' additional thickness ~will
'

i

l

i s

|

L
,

L
. -._ - ,_ . - , ._ . _ _ . _ _ _ _ _ _ . _ _ _ _ .__ _ . . ~.
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( 1 result in temperatures higher than the 1,100 degrees

2 Fahrenheit?

3 A I think the two or three sentences immediately

4 following the one that you referred to on page 40

5 and continu.ng over to the top of page 41 address

6 that, and there it points out that there have been

7 some very conservative extrapolations which would

8 indicate a conservative thickness of 1.2. And

9 that would refer to temperatures up to 1550, and is

10 referred to by the Staff in the SER also. It has been

11 concluded that that would be a conservative

12 representation of the aerosol ef fects , and that it is

13 feasible to design the instrumentation for temperatures

14 up to as high as this 1550 degree Fahrenheit number.

15 0 Okay. What I think I've heard you say is,

S
2 to that if somewhere along the way you find.that the facts
v
1 17 of life are not as kind as you had hoped, then the 1100
0

} 18 degree instrumentation can be put aside; somebody goes
I

{ 19 back-to the drawing bc3rd and works toward a 1500
t

{ 20 degree instrumentation.

21 Now, that's putting it somewhat crudely, I
E

22 admit, but isn't this another way of saying, waitg
.a

-? 23 and see, and we-can go-back-to-the-drawing-board kind
!'

24 of situations that we were talking about just'a moment ago?

25 A Yes, it is. That's in the category. We

O
a

- . . .. . . . __
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(~h
(). have shown that it is feasible to design theI

2 instrumentation for temperatures as high as 1550. We,

3 today, are not designing for those temperatures, but

4 know how to do it.

5 0 Upon what do the Applicants base their aerosol

6 thermal conductivity or insulating properties in

7 order to do these kinds of analyses?

8 A We have looked at the information available

9 from tests that have been run of large sodium firc tests
|
|

10 where they had sprayed fires, that created a lot of aerosol, ,

11 and looked at doses,'and so on from these tests,

12 and, in fact, that's the information that led to the
.

7- .2 inch numbers on page 40. The porosity13

~'' 14 enters in, and of course, that affects the conductivity,

15 and the thickness enters in. So there are several
3
4 16 variables which are important, and it's uncertainties
.

8
* 17 in these kinds of parameters that have been looked at

18 to determine that even by taking those uncertainties

{ 19 into account, one would not have combinations of
e

i 20 those paramaters that would exceed a temperature of
*
E 21 1550 degrees Fahrenheit.
t

22
$ So it's looking at the test data available,
8

23! extrapolating from that data, and looking at the ranges
O

24

of uncertainties on the parameters that I just mentioned
25

|

\ A

v
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i

, () i that if 1100 is not the final number, it will be somewhere

2 between 1100 and 1550 degrees Fahrenheit.

3 Q And how do those uncertainties translate
back into the question of -- my question of whether there4

5 are-uncertainties about the containment shell integrity
6 itself at these temperatures? Can you speak to that,

7 Please?

8 A Yes. The thermal insulating effect of the

j 9 aerosol, if it is a larger buildup or if it is any

io buildup, it would be in the direction of actually
,

it reducing the containment shell temperatures.- Even-though

12 the inside temperature and the atmosphere would be

is higher, that reduced by. the insulating effect, the
14 temperature drop across the insulation would lead to

'

15 a lower temperature in the containment steel shell. So
I
.[ I,6 the analyses that we have based the containment steel;.

v

) $ shell on have been zero aerosol buildup, and that would17
,

O

| 18 continue to be a limiting case for the steel shell itself.
i

'*
i9 Q Is it anticipated that'there will be little or

I-

.g 20 no aerosol deposition on the outside of the containment

~0'

g 21 shell?-
t

22 A- That is correct. There would be:little or.noj

) 23 aerosol deposition on the outside.4

8
'

24 Q There have been some discussions about whether.

25 certain'of the concrete structures forming the cells --,

!w
'

:

|

|
| ,

. - . , . . n . ,. -. . . ,
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- 1 insulation cells in the system would emnloy calcitic

2 limestone concrete versus dolomitic limestone concrete,

3 and if I remember correctly, the Applicant expressed

4 a preference for dolomitic limestone aggregate because

5 of its short distance availability to-the site; is that

6 true?

'end 3 7 A Yes. There was that consideration.

8
i

9

10 ;

11

| 12

|

13

*
14

15
,

;;

k to
,

17

3
18o

a
'

19 ,

r
<

j 20

21-
,

g 22
1 m

b
23, 3

8

! 2a
'

25

f4

| (_/ .

,
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/
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( ,) 1 BY JUDGE LINENBERGER:

2 Q Two ramifications of that come to mind. First off,

3 has the Applicant satisfied itself that the rate of sodium

penetration into the concrete is not substantially affected4

5 by whether the aggregate is calcitic or dolomitic? Let's cet

6 to that one first.

7 Has the Applicant satisfied itself that the pene-

8 tration is not sensitive to that choice?

9 A (Witness Strawbridge) Yes, sir, we have, by

10 running tests where parameters were controllino the test except
11 for the type of concrete, and we found no substantial difference

12 in the rates or typical amount of penetration involved in the

13 concrete.,m
I
\~ '') 14 Q I intend to chat with Staff a little bit about this

15
.

subject, but I'm sure you have noticed in Volume 2 of the,

6
; 16 Staff's SER and an attachment to an appendix, said attachment
i 17 altered by a couple of gentlemen, one of whose names I believe
O

| 18 is Swanson, who is rather critical about the uncertainties
3

{ T? 19
'

that existed in the experimental data that Swanson and Castle,
a

_h 20 I believe--the uncertainties that existed in the experimental
E
g 21 data that they reviewed from two different sources from
i

22g experimental attempts to assess concrete--sodium penetration
i

23 into concrete.g
O
'

24 Now, let me just inquire here. I would take it from

25 your preceding remarks that the Applicant feels this situation

7 (~%
\ ]
v
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1 is pretty well in hand for Applicant's purposes. I'm just a

2 bit curious about what appeared to me to be some difficulty in
3 reconciling experimental results from different researchers,

and I'm wondering if this has caused the Applicants any concern1 4
.

5 If so, how do they feel it has been resolved? If

6 it hasn't caused them concern, why not?
!

7 A There have been differences in estimated penetration

8 rates, especially somewhat earlier on before the data that now,

] 9 exists did exist. The differences were largely in the areu

10 ,of the fact that relatively high rates had been experimentally
5 11 observed, and the question was whether such high rates could
:

12 continue over some extended period of time or whether those

13 high rates initially would then reduce to. lower rates as time

O 14 goes on.

15 What we have found in looking at the data further
~

16 and running more experiments is that a high rate could exist
t 17 jor a short period of time, but would not continue to exist,

0 -

| 18 for a longer period of time, and we have gotten agreement with
3

I 19 the Staff that a bounding representation of the penetration
I,

L j 20
.

rate would be seven inches per hour for 20 minutes, followed
p-;

I. 21 by one inch per hour during the' time at which-sodium is inter-
t

'g 22 acting with concrete, and that' rate, with.a total penetration,

'8 *
23

g of no more,than 30 inches, clearly bounds the data, as we see
~t

24 it and as NRC sees it.4 .;
.

25 We were able to show that even at ~those rates, which
*

.

~> ,
.

'

,
,

_$ f

$

i: , . ' ~ ?

y'
s
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1 are higher than what we had used in our earlier assessments,

2 there were no changes to the bottom line conclusions of pro-

3 gression of the accident and the overall consecuences.

4 So by bounding it with the rates I mentioned and

5 then showing that the radi61ogical consequences as a bottom

6 line conclusion were not impacted, we were able to resolve

7 the diffetances that did exist in the earlier discussions.

8 Q Coming back to the bound of whether the aggregate

9 contains a high calcium content or a high magnesium content,

10 does this have a direct or at all significant effect on the

il nature of aerosols that are formed?

12 A No, sir, it does not, and we discuss tha t'in

13 Question 40 and the answer thereto.w
i

' 14 The aerosols that would be of concern are basically

15 the aerosols up in the reactor containment buildina, and those,

7
g 16 aerosols are basically from the reactions of sodium that boils
v

'

$ 17 off down below, comes up as a vapor, burns and then forms
8

18 aerosol products up in the reactor containment buildina, ando
1

{ 19 that process is independent of the type of aggregate that you
a

j 20 have down in the reactor cavity.

) 21 Q There is a sort of an unrelated question that mayr
22g fall through the crack. Let me ask it before I lose track

8
23 of it.,

8
'

74 On page 57 of this panel's testimony, there is a

25 table that presents some dose summaries, first for two hours

,O
V
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(n,) 1 at the exclusion boundary and then for 30 days at the low

2 population zone.

3 What vent time is assumed for those numbers?

4 A Thirty-six hours.

5 Q Thirty-six hours, okay.

6 A That is mentioned in Answer 60, which also discusses

7 the relative insensitivity to the vent time,

a Q Okay. You broucht me to another question that did

9 almost fall through the crack, this insensitivity to vent time.

10 At the top of page 59, your testimony speaks to

11 this insensitivity over a range of time between about 10 to

12 36 hours because of the ef fectiveness of the clean-up systen.

| 13 Now--

b)\- 14 JUDGE LINENBERGER: Oh, I'm sorry. The Chairman

15 rightly points up something has been changed here. Forgive

16 me, Mr. Edgar, but I'm working from my earlier version of the--

k 17 MR. EDGAR: The original?
o

$ 18 JUDGE MILLER: It doesn't matter.
1
*

19 JUDGE LINENBERGER: That's all right. I see the
I
g 20 point here. I am not ignoring your-errata, but I marked up
i

} 21 my mailed copy, and I don't want to give it up.
I

,

22 BY JUDGE LINENBERGER:g

f 23 Q Now, being of a suspicious nature, I note that at
8.'

'
24 the low end of that scale, 10 hours, that that corresponds to

25 approximately the maximum time for evacuation of the 10-mile

| (~%
(_) .

I
| _

;
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,-

k,) 1 EPZ, which I remember reading somewhere to be about nine hours,
s

2 and I wonder if that 10 hours was a convenient cnoice because

3 of the evacuation time, or indeed if you had known nothina

4 about how long it takes to evacuate, if you would have still

5 said 10 hours.

6 A The 10 hours was chosen initially as an end of the

7 range of sensitivity studies that we performed, which factored

8 into it the consideration of evacuation time.

9 We looked at concrete penetration rates of such a

10 nature that would be so severe as to cause venting in about

11 a 10-hour time frame, used the need for venting at about a

12 10-hour time frame, and that 10 hours had some relationship

13 to the fact that evacuation could in fact be performed in about7-~
i

14 that time.

15 The consequences even for the 10-hour time, in terms,

a

f 16 of doses, were still relatiVely small chances from the base

8
* 17 caso numbers that we had shown before.

3
'8 The largest change would be in the whole body dose,g

3

I 19 which is due to noble gases which are not filtered by the clean-
i
j 20 up system, so venting earlier would have a larger chance on

21 those gases than on the organ doses.
r

22 0 The last sentence of the paraaraph that concludesg

f 23 at the top of page 59 indicates that even for the earlier
?

24 vent times, predicted doses remain below qui.deline values.

25 Where should I look to find results that substantiata

/m

v
__
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that?i

'
A Those results are now in either the letter reference2

1

'

3 that was in your earlier version, or that same reference has

4 now been included in CRBRP 3, Volume 2, Appendix K.2.
.,

5 0 K.27

A K.2.o
,

7 MR. EDGAR: That's Applicants' Exhibit 91.

End 4 8 JUDGE LINENBERGER: Thank you.

9
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4

1 BY JUDGE LINENBI:RGER:

2 Q Let me question you about Item 1 at page 93
I

3 of your testimony. We'll come back a little later,

4 perhaps, to this plenum gas pressure surge, but the
,

5 first sentence there indicates that plenum gas pressure
6 must be available to accelerate the upper axial blanket,

\
7 material and intact fuel rod stub downwards must be
8 available. The concluding sentence, however, says

9 that if it is not available, the rate and magnitude of-

i 10 compaction and removal concern -- excuse me -- the

j 11 rate and man.itude of compaction would be limited and

. 12 would remove any concern over -- about a loss of
|

13 flow driven transient over power event.
! 1

14 Well, I have a little problem here with

15 the beginning of the paragraph.that says gas pressure,

,.

5
g 16 must be available to push some fuel around, and the,

17 end of the paragraph that says if it-is not available,
4 o

[ 18 things are going'to be better,
a

{ 19 A (WITNESS STRAWBRIDGE) I think the missing
2

j. 20 . link may be the-lead-in sentence to these items 1, i
:

' E 21 2, and 3, which says such compaction could' occur if,

i

22 three conditions are satisfied.g

8
23 One condition is, you must'have the gas,

8
'

' '
24 -pressure'available. Doesithat eliminate.your concern?~

-

My th'nNing was improperly-25 o .Okay. Pardon.me. i

O
'

.

,

a 4. 3 . , 4 e.-, , . , , , , _y _+m. ~ - - .c, .. , , - -
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1 oriented here. I now understand what you're saying.

2 Thank you.

3 Let's turn now to Appendix B of your prefiled

d testimony, which offers comments on the same subject

5 that the Board, in its question 17, directed to the Staff.

6 At page 147, which is within Appendix B, our reading

7 of that would indicate that the -- well, first if all,

8 let me establish one thing.

- 9 Is it true that if, by some nonmechanistic %

10 slight of hand, when the plant is running at power,

11 steady state condition, one could somehow magically

12 sprinkle some sodium voids in the core, and that this

13 would increase the reactivity of the core; is that true?O '
14 A That would depend on exactly where you

15 sprinkled the voids. There are certain indications,

- 5
16 where voids would give you a positive condition of

17 reactivity. There are other conditions where it
0

) 88 would give you a negative effect.
3

'I 19 0 Could you elaborate on that.
I
j_ 20 A In general, locations near the center of the

21 core, voiding of the sodium in those locations wouldr
22

$ be a positive effect. Voiding in the center would be

8, - 23 a negative reactivity effect. Either edge means
.{-

24 top, bottom, or radial.

25 0 All right.- But let's stick with what. edge

O-
.

>

s
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) 1 means here for a moment. Does " edge" mean the

2 transition interface between the core and the radial
3 blanket, or does it mean -- does " edge" mean outside

4 the radial blanket?

5 A I'm talking about the active core itself,

6 to I'm talking about the interface between the core

7 and the radial blanket.

a Q Okay.

9 Our reading of the discussion of sodium

to void reactivity effects on and around page 147 of
;

11 your prefiled submittal would indicate that initially

12 the people analyzing such matters had assigned a smaller
13 sodium void positive reactivity coefficient than is now,

\s_/ 14 thought to be proper; is that correct?

15 A Yes, as indicated in this response, the,

a
3 to nominal value increased somewhat, but the range of
4

$ 17 uncertainties decreased when the sodium void worth
0

| 18 effect was re-evaluated taking into account all of
1
*

19 the more recent experimental data.
I
} 20 0 Typically, where did these experimental data
v

} 21 originate?
*

22 A A very large fraction of the data originated;
23 from the ZPPR facility, which is a critical

&
'

24 experimental facility in which the fast reactor

25 experiments have been performed for a number of years,

iv
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1 including more recently a large number of experiments

2 for the Clinch River heterogeneous core.

3 Q Okay. Educate me just a little bit.

; 4 In a zero power facility, how does one get a
J

; handle on something like a sodium void coefficient --5

!

6 reactivity coefficient?

7 A In the zero power facility, the materials

8 within the reactor core and outside the reactor core,
;

9 to the degree to which they are important and are

10 represented, are placed in the facility in drawers in

11 using plates of the different materials, including fuel,

12 stainless steel, and sodium in platelet or.small box

I 13 form.

O'

id By changing the loading of those materials,

j 15 for example, running one experiment in which you have
'

G

.

tog simulated the percentages of those materials that would
,

17 exist in a normal operating condition, and then
8

18g comparing that to a second experiment where one removes
3

'

19 certain of the sodium urawers and replaces those drawers

j 20 by nothing, in effect, a void, one can then measurei

21 a change in reactivity and from that, determine the
I

22g sodium void effect from removing that sodium'in that

8
23

y particular location.'

2
24 The experiments are carried out by.having

25 the sodium distribution in many different experiments,

, - , . _ _ .. . _ , . . - - . . . --
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:|

f/ 1 and from that, one gets a direction of what the

2 sodium void' worth is and determines, for example, the

3 zones which I mentioned could be either positive or

4 negative, finding out where the boundary is between

5 the positive void zone and the negative void zone, and

6 quantifying what those effects are throughout the core.

7 Q Where can one find those results reported?

8 A They are referenced in the PSAR, Chapter 4,

9 which is the discussion of the reactor, and I believe the |

10 nuclear design is Section 4.3, somewhere within that

11 section would be references to the experiments.

12 I could not at this moment give you the more

13 detailed references.fg
V 14 Q Quantitatively, again, at page 147, the-

*15 testimony indicates that a 31 percent increase in
7
4
g positive coolant voiding reactivity compared with theto

| 17 previous value was found.
0

.h 18 Now, can any of you gentlemen tell me either
3

$ 19 what the previous value was, or what the previous value*

| %

h 20 plus 31 percent with a normal 2 cents added is?,

U,

g 21 A No, sir, I cannot quote you in the number,.

t

22
j It is a parameter that varies throughout the core

8
23

g and so there would be a particular location for this
,

2
24 maximum positive void effect, but I cannot quote you-

.

25 the cents per kilogram which is.one of the typical ways

i
'

;

t

s

=
h

iL
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) 1 in which that worth is expressed.

2 0 Would,you express it in cents per kilogram

3 if you're talking about a void coefficient where it is --

to my way of thinking, that is the volume that's of#

5 interest.

6 A Well, the cents of kilogram of sodium which

7 could be related to the volume.

8 Q So your cents per kilogram of sodium, if

9 you had removed that, creates a void?

10 A Yes, sir, that's typically the way it is

11 expressed.

12 Q And, again, where might I look to find those

13 actual values, or this actual maximum value?

O 14 A (WITNESS FAUSKE) I believe you can find a

/4/_ 15 . response that is in the detailed response question .s
5

16~g It is given in the detailed response to the 8th area of
8

snd 5 17 concern.
8

is
e
3

|Qa

.I .>
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Q)' 1 BY JUDGE LINENBERGER:

2 Q Where?

3 A (Witness Fauske) It is-- The question is QCS.760,

4 17882-7.

5 Q Oh, I'm sorry. It is not in your testimony.

6 A It is not in the testimony.

7 Q What is that document that it is in?

8 A This is--

9 A (Witness Strawbridge) That's the response to

10 Question QCS.760.

11 JUDGE MILLER: Does it have a date or further

12 reference?

13 WITNESS STRAWBRIDGE: It was transmitted to thes
( )
\/ 14 NRC September 8, 1982.

15 JUDGE LINENBERGER: Okay. Thanks.,

5
g 16 MR. EDGAR: Judge Linenberger, that's the last
8
* 17 volume of the PSAR, Exhibit 85. Those questions and answers
8

18g are arranged in sequential order.
3

{ 19 JUDGE LINENBERGER: Thank you very much.
%

j 20 BY JUDGE LINENBERGER:
E
g 21 Q By the way, I'm just a little bit curious about what
r

22g kind of judgmental considerations led you to putting on a

23 " nominal plus two siama" uncertainty, or whatever you want to
o
'

24 call it here. Nhy two sigma rather than one, one and a half

25 or three?

/~\

jx_s
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1 A (Witness Strawbridge) Typically for performing ,

,

2 analyses of accidents within the design base, we would use

f 3 a three sigma range for most nuclear uncertainties and other

4 uncertainties.

5 For the analysis of accidents beyond the design base,

6 we felt that it was appropriate to stayEa little more within
4

7 something close to the realistic or expected ranges of parameters, :

e and the two versus, say, one and a half or one is purely a,

9 judgment value. We felt it would not be appropriate to consider

! 10 the full range, as one would do in a design basis accident

11 evaluation, So something less than three.we believe would be

12 appropriate here, and two we felt was about the right kind of ,

13 uncertainty to apply.

14 Q Let's go to page 148 of your-prefiled testimony,

is which is still within Appendix B thereto. That's a subject.
, ,

-

16 matter that has been alluded to from>a couple of points of

17 view yesterday and a little bit today. Now let's hit it head on.-
o

| 18 .My reading.of the discussion on pagesLl48 and 149
3

'*
19 I will"perhaps improperly characterize as representina a

I
} 20 position of the Applicants that says, "We don't think the

- 21 kinetics and time structure.of the kinetic _ behavior of the
*I

22 fuel is such that plenum fission gas acting on the fuel'to tryg
8

23 to drive-it out of the core or-drive it out of.the failed eins'

'k;
~

~

'
24 is a serious or an important' consideration.

25 -I think I read--and_the. Staff will h' ave;their.' day
I-

% '

-

* y N - T W'* T T r- r-vr+* * "' = +
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1 in court on this--that the Staff takes a somewhat more--exhibit s

2 somewhat more concern about this phenomenon than the Applicant

3 does.

4 Am I correct so far? If not, please set me straight .

5 A (Nitness Fauske) I believe you are correct, sir.

6 Q Okay. The last question of the first response

7 paragraph on page 148 I believe appeals to the availability--
*

8 excuse me--appeals to the existence of a significant time delay
' as the basis for not being concerned about this plenum gas9

10 driving force. Is that correct?

11 A That's correct.;

*

12 O Now, whence comes the evidence for this significant
.

13 time delay?

O 14 A The evidence derives both from analysis as well as.

15 experiments.

16 Q Excuse me. What was the word before " experiments"?
17 A Analysis.

,

0

| 18 Q Oh, analysis as well.
i

|
- 19 A Yes. In the area of analysis,.the difference

*

I
{ 20 between destruction of.the cladding material and subsequent,

r<

i } 21 fuel disruption is the key timing assto_whether fission gas-
~

r'

i

g may_ influence fuel compaction or not.22
/

8, 23 If this timingfis significant, there is time then
8
'

; for fission gas to escape from the. fuel pin, hence mitigating24
_

25 any potential for fuel compaction.
*

.

\

!

. - . , . . . _ , , . .-
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I \
(_,) 1 On the other hand, if the time is short such that

2 fission gas is not able to escape from the fuel pin, there

3 exists a potential for fuel compaction.

4 Q Can you somehow quantify lona versus short in that

5 discussion?

6 A Yes. A long time, sir, is on the order of seconds

7 as compared to short, which is only a fraction of a second.

8 Saying it slightly different, if half a second or

9 so is available for flowing down or- relieving the gas, that

10 would be sufficient to relieve the subsequent potential for

11 compaction.

12 O Okay, fine. Now, I think what I have heard you

7-s say so far is based on some sort of kinematic and/or mechanistic13

14 analysis of what is going on.

15 Now, are there experiments that support this long,

a

j 16 versus short time availability?

b l'7 A Ne have some experience in this area which demon-
O

h 18 strate the delay time between cladding failure and subsequent
3

{ 19 fuel disruption.
tj n 20 For typical transients involved in the heterogeneous

. ?

E 21 core, interpretation of the experiments in-conjunction with
r
g analyses lead us to believe there is sufficient time for the22

8
'

23 gas to escape.,

!
24 Q I'm curious. With respect to the experiment you

,

|

25 are talking about, what was done to cause the cladding to fail

(~'l
i i
\._./
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f) in the experiments dnd how realistically does it relatei

2 mechanistically to what happem with Clinch River fuel claddino?

3 A A number of experiments have been carried out to

4 simulate an unprotected loss of flow accident, which is of

5 principal concern here. In such accidents the flow to the fuel

6 pin is diminished such that overheating occurs, sodium boilina#

7 takes place. The sodium is displaced from the cooling panel,

a which results in overheating of the cladding material. The

9 cladding overheats and subsequently melts.

to Following melting of the cladding, fission gas can

ti be released from the fuel pin plenum.
4

'

12 Q In these experiments to which you refer, how are the

:
13 fuel pins heated, electrically or neutronically?

14 A The fuel pins were heated neutronically in the

15 specific experiments I am referring to, in the TREAT facilities
,
.

16 Q In TREAT?-

I S 17 A Yes.
Ou

| 18 MR. EDGAR: Will you spell that for the reporter,
~

1
*

19 please?
Ij 20 THE WITNESS: T-R-E-A-T, all caps.

| - 21 BY JUDGE LINENBERGER:,

) .t

22' O .Let me back you up momentarily to-page 107 and_-108-g

I'
23 of this same testimony, where there is discussion of- the,

8
'

24 possibility of introducing a gas: bottle.into the fuel pin,

25 plenum to presumably alleviate this. plenum gas'drivina1 force'

)
,

.

$
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L 1 phenomenon.

2 A Yes.

3 Q I should like to understand your position here with

4 respect to on the one hand saying there is enough time avail-

'
5 able such that it won't be a problem, and on the other hand

6 saying, "liere is the way we can keep it from being a problem."

7 One position or the other implicitly holds some

8 uncertainty which I don't quite understand. Perhaps you could

a comment on that.
.

10 A I will try. Based on best estimate analyses,
.

11 including some degree of uncertainties, the Applicant has
4

12 concluded that there would be enough time to prevent the-

13 potential for fuel compaction. On the other hand, the NRC-sc

\- 14 Staff and its consultants have indeed pointed out, through

15 their own analyses and, to some degree,.different assumptions,
8

16' that this potential can indeed exist, and in fact'the Staff

a 17 pointed out the desirability of e.liminating this potential
0-

y 18 by a possible design fix..

3

! 19 The Applicant, on the other hand, has agreed to
4

r

| |_ 20 look at this problem further through analysis, and if we

21 cannot resolve the issue through an analysis, the Applicant
r

22 has agreed to consider a design'fix.g-
I

23 Q Conceptually do I understand correctly ~that the#

.k
,

'

~

24 design fix discussed at pages 107'and 108 represents some sort
25 of a perforated. bottle'that would be inserted somewhere within1'

'
,

s

a

,

F

- g e- y ,e w .- - - -.--ar, ww
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|

I the fuel pin itself, such that in the event of rapid cladding,

2 failure, this bottle would provide an impedence to the rapid
i

|, 3 release of fission gas? Is that conceptually correct?
,

4 A That's essentially correct. Let me just make some

5 clarification. The fission plenum is located at the top of

6 the fuel pin, separate from the fuel matrix. What is being

7 proposed as a possible design fix is the introduction of a

8 gas bottle into that fission plenum, basically replacing the
,

9 spacer tube, if you will. That gas bottle will contain a

'lo number of small holes. These holes are sufficiently large

|- 11 not to impede the normal flow during normal operation of the

|. 12 fission cas from the fuel matrix to the plenum. On the other

13 hand, during accidental conditions, as we are discussing, these

/ I4 small holes would provide significant impedence to the gas

15 such that the pressure seen by the fuel matrix would be very
,

! G
16 small indeed.g End 6

,

$ i7
'

8
18,
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() 1 BY JUDGE LINENBERGER:,

'

2 0 On page 151, what does the all caps
3 acronym LSPP stand for?

. 4 A (WITNESS FAUSKE) It stands for the large-scaleL

5 pool phase.
I

6 0 All right. Thank you.

7 A I apologize for all these acronyms.j "

! 8 Q Page 152, bottom of the page, Item e, lower

case e, during the time when fuel loss'is occurring,9

io sodium re-entry is precluded. Can you.just briefly

11 claborate on that. What kind of mechanisms are at play

here that preclude re-entry of or cn' try' of sodiura?12
t

13 A Yes. The concern here is the possibler.,

( s/4

thermal interactions between the hot. fuel and sodium.14

! 15 If such interactions could take place, the sodium could. :
I

16' vaporize, hence leading to depressurization, which,
'

in turn, could reverse the fuel motion, and17.

! 18 lead to fuel compaction.!

1 -

' ~ | 19 Through analysis and many experiments, suchI
g. . 20 fuel interaction basically can be ruled out, hence. .

. f: 21 eliminating that concern.
t

22p . O Okay.:

E'

23

I.
. But why do you believe it?

. 24 A Why do I believe it?

25 0 Or let me alter'that just_a'little_ bit...

.

- '

$ - $

.

_
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I. kinds of things do you see happening in and around thei
f

2 fuel and sodium that make that a reasonable conclusion

a to draw?

4 A Trying to put it in several terms, basically

; 5 the fuel and sodium simply do not like each other very

6- well. The fuel is very hot, and as a result of that,

7 will generate a vapor blanket, if you will, consisting
:

a of sodium vapor which sparates the fuel and the sodium,,

9 hence preventing very rapid energy transfer or heat
i

10 transfer between the fuel and sodium.;

;

11 Q Okay. But again, looking at things

j 12 somewhat simplistically, I would say-I care not whether-

i 13 sodium and fuel like each other, but if the sodium vapor,

14 that's generated is at a higher pressure than the

lP enum gases trying to exit at the sar.e time, that15
,
.

i [ 16 sodium vapor is going to head for the lower pressure
, -

$ 17 region, and cares not whether it likes fuel or not, I
O

| is think.
I ^

*
19 Now, maybe plenum gas pressure is the driving

I
20 force that is keeping things from going in that,

- | 21 direction. I don't-know. But-I haven't heard you say.
' r

g 22 that.
N

t

f''

23- A Well, let me try to elaborate cn1 this a little'
.,

E
'

24 further. When the sodium ~and fuel comes in physical

25 contact,'the temperature established upon cont'act is.very

'

>
-

-

V

.-. - - . . - ... . .
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/~
(_N,/ 1 low. It is low because the thermal conductivity of

2 sodium is very large relative to fuel conductivity.

3 Typical values here would be thermal

4 conductivity for sodium maybe 30 times larger than the

5 thermal conductivity for fuel. What this means when

6 you bring the two materials together physically

7 contacting each other, the interface temperature would

8 be very low and rather close to the initial temperature

9 of the sodium.

10 This means that the vapor pressure corresponding

11 to that temperature also will be very low, and, hence,

12 the pressure generated upon vapor production would not

13 be sufficient to overcome pressures that may exist ine~x
f !

'# 14 the core region which is pushing the fuel out.

15 Q I think I have to believe the end result,,

;
9

16 but there is a step along the way that bothers me.g
8
* 17 You talk about the greater conductivity of
8

18 sodium compared with fuel, yes; on the other hand, weo

E 19 are in the core -- or the fuel is in a rather off-normal
I
j 20 condition. The fuel is very likely quite a bit hotter
I
g 21 than its normal operating of the fuel pellets, maybe
r
g 22 oven close to -- what's the word somebody likes to use --

23 solidus -- close to melting.

24 A I might correct you slightly in this point.

25 The fuel is probably above its melting point at this time.

,-m.
{ E

N.,I
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O I
Q All right. You're strengthening my wording.

2 A Okay.
3

O Therefore, with the good conductivity that

d
the sodium has, I see the sodium immediately adjacent

5 to tihe fuel in whatever phase it is in rapidly soaking

6 up heat from too fuel, which is at a much higher

7 temperature than the sodium --

8 A -That's. correct.

*
O -- and rapidly generating high-temperature

'O sodium vapor.

II
Now -- and I contrast that. image I have with

'2
what I thought I heard you say -- that the sodium vapor

'3
', temperature would really be pretty low, becuase of
'V 14

the high conductivity of the sodium. Now, perhaps

'
I'm looking at it --

S
''

$. A I may clarify.that a little bit. The fuel4

'I
temperature we're talking about here, you're-absolut'ely

0

'8
correct. It is quite high, maybe in the order of

A '
3000 degree. centigrade. I was specifically talkingi

20
[ about the temperature of the liquid sodium upon physical

21
contact.

3 That temperature will be quite-low. On

'

: - the other hand, when vapor is produced, certainly-that4 .

,

24
[ so'dium vapor can heat up, but. the pressures associatied

25
i with that process'is very, very benign, rather benign,

IO.

II%)
[-

!

!
E ..
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1

rh

k,) ! and in order to generate substantial pressures, you must

2 intermix some portion of the fuel with the liquid sodium

3 in order to transfer a Tignificant amount of energy.

4 Now, simply heating sodium vapor up to

5 elevated temperature will not cause large pressures.

6 Q And if my qualitative concept of this is

7 right, with respect to time scale, this is occuring at

a a time when high pressure plenum gas is trying to

9 escape; is that true or not?

10 A That's not quite true.

11 Q Okay.

12 A That's not quite true. Let me clarify this.

13 I thought we were talking about the large-,ess

14 scale pool phase --

15 Q yes.

G
16 A -- in this regard. And, in this case, ofg

a 17 course, the gas has disappeared.
O

{ 18 Q Ilas already exited, yes.
a

f Thank you.19

E
20 JUDGE LINENBERGER: I believe that's all theg

e

i 21 questions I have, Mr. Chairman.
I

22g JUDGE MILLER: Does the Staff have any
8 '

23 questions?3

8

24 MR. TURK: No, we don't.

25 JUDGE MILLER: Any redirect, Mr. Edgar?

3

G

_ _ .
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1 MR. EDGAR: No, Your Honor.

; 2 JUDGE MILLER: All right. We'll take a '

i

3 15-minute recess. The witnesses are provisionally;

4 ' excused.,.

;

-5 They may step down, but they will be retained
i 6 by counsel.

7 Plase be back promptly with or without counsel
,

8 in 15 minutes.
9 MR. EDGAR: We'll be prepared --

10 JUDGE MILLER: Let me just announce, somebody-
.

11 who has a blue Mercury Lynx, TN -- what's this --
12 Tennessee license, has got its lights on. Turn off your

! 13 lights, or you'll have a low battery.
'J 14*

MR. EDGAR: We'll bring our third panel +

15
,

forward when we reconvene.<

,

16 JUDGE MILLER: All right.-

enh7 17 (Recess)
8-

ni,

. I
i9R-

r
E

20 '

i -I
I 21
,

- 2 22
"

8- .

.,

23
'

| >. .u
r.
*

" 25 '

,

,

k

i
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a
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( ,/ 1 JUDGE MILLER: Are we ready to resume?

2 MR. EDGAR: Yes. The Applicants call to the witness

3 stand Mr. Eric Sliger, Mr. Lee Strawbridge and Mr. Wayne

4 Hibbitts.

5 JUDGE MILLER. All right. Those of you who have not

6 been sworn, take the oath, please. Have all these witnesses

7 been sworn?

8 MR. EDGAR: Mr. Hibbitts was an LWA phase witness,

9 but he and Mr. Sliger have not been sworn in this CP proceedina,

10 JUDGE MILLER: All right. Would you stand, gentle-

11 men, please, and raise your right hands?

12 Whereupon,
.

!

13 LEE E. STRAWBRIDGE,-

\ /
' - ' 14 ERIC K. SLIGER

15 and
,

I 16 H. WAYNE HIDBITTS
Q

$ 17 were called as witnesses on behalf of the Applicants and,
0

y la having been first duly sworn, were examined and testified as
3

| 19 follows:
E

} 20 DIRECT EXAMINATION
e

, } 21 BY MR. SLIGER:
' r

22 O Would each of you state your name and address forg

5
23 the record?,

8
'

24 A (Witness Sliger) Eric Sliger, Tennessee Valley

25 Authority, Chattanooga, Tennessee.

[~'T
U
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7
b) I A (Witness Strawbridge) Lee Strawbridge, Westinghouse

2 Advanced Energy Systems, Madison, Pennsylvania.

3 A (Witness Hibbitts) Wayne Hibbitts, Department of

d Energy, Oak Ridge, Tennessee.

5 MR. EDGAR: For the purpose of a proffor of expertise

6 in connection with Applicants' Exhibit 94, which is Applicants'

7 testimony concerning Board areas of interest related to

8 emergency plannino, we have Mr. Slicer, who is an emergency

9 planner from the Tennessee Valley Authority. He is directly

10 involved in the management of TVA's emeroency plannino

'I activities.

12 We have Mr. Strawbridge, whose area of expertise

13g3 relates to dose calculations, radiological considerations

b 14 associated with accidents; and Mr. Hibbitts, who, by reason

15 of prior experience, has considerable expertise in the area
G

16
$ of emergency planning relating to the nearby DOE facilities.

$ 17 We have previously marked for identification
8

18
e Applicants' Exhibit 94. We have filed no errata with respect
3

! I' to that testimony.
%

20 I have additional copies for the convenience of the

} 21 Board, if they wish, but the previously served copies wouldr
22

$ he unchanged.

8
23

g I have furnished the reporter with three copies for

24 insertion into the transcript.

25 JUDGE MILLER: Very well.

,ry
s.,s
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i BY MR. EDGAR:t <s,v

2 Q Do each of you gentlemen have Exhibit 94 before you?

3 A (Witness Hibbitts) Yes.

4 A (Witness Strawbridge) Yoc.

5 A (Witness Sliger) Yes.

6 Q Are the statements made in Exhibit 94 true and

7 correct, to the best of your information and belief?

8 A (Witness Sliger) Yes, it is.

9 A (Witness Strawbridge) Ye s,. '

30 A (Witness Hibbitts) Yes.

ii Q And do you adopt Exhibit 94 as your sworn testimony

12 in this proceeding?

13 A (Witness Hibbitts) Yes.

( )/ .

\._- 14 A (Witness Strawbridge) Yes.

15 A (Witness Sliger) Yes.
~

| 16 (The orepared testimony follows:)
.

17

8
18o

5

g to

2
20g

, h 21
; r
|

g 22
~

i 23

i s
j 24

|

| -25
!

/~'s
,
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| APPLICANTS' EXHIBIT 94
|

I

|

| UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION.i

BEFORE THE
ATOMIC SAFETY AND LICENSING BOARD

f

,

)
In the Matter of )<

)
UNITED STATES DEPARTMENT OF ENERGY )

)
PROJECT MANAGEMENT CORPORATION ) Docket No. 50-537

)
TENNESSEE VALLEY AUTHORITY )

).
(Clinch River Breeder Reactor Plant) J'

)

APPLICANTS' TESTIMONY CONCERNING BOARD AREAS OF INTEREST
( RELATED TO EMERGENCY PLANNING

O

Dated: July 5, 1983

O
|

!
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Q1. What does this testimony address?,.

A1. This testimony addresses Board areas of interest related to
_ ;

emergency planning. These are: a) Board Question 9, b)

emergency responses at DOE facilities, and c) Board

Question 7.

Q2: How do LWRs and CRBRP compare in regard to the kinds of

potentially released materials?

.

A2: The principal difference in kind of potentially released
~

radioactive materials in CRBRP relative to LWRs is that
,

i CRBRP contains radioactive sodium and the released

() materials could be accompanied by sodium oxides and

hydroxide aerosols. The radioactive' sodium conitibutes
less than 1% of any of the HCDA dose \ reported in CRBRP-3,

d

Volume 2, Table 4-3. The effect'of the sodium aerosols is~
t

, -

to ' enhance agglomeration and settling 'in containment, and -

,

x thus reduce offsite doses. Sodium is also important from

the standpoint of its strong affinity for iodine. During

! accident situations, iodine would be released from the fuel

to the sodium, where .it would react to form sodium iodide

(NaI). Any s1bsequent release of iodine would be in the

chemically bound f orm (not free iodine) . This chemically
,

'

bound iodine would be released to the containment as,,

particulate, where the release would be attenuated by,

.

\ '

q l

L o
i

;

I; -

1
| t

,
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i

agglomeration and fallout of the aerosol and by scrubbing

i in the containment cleanup system (for HCDAs). It is

! concluded that the kinds of potentially released

radioactive materials are similar between CRBRP and LWRs,
,

and the principal difference, the presence of sodium in

CRBRP, has the ef fect of reducing offsite consequences.

<

O

.

i
,

: V
|

5

|

|
. - , -. . . - - , _ . _
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Q3: How do LWRs and CRBRP compare in regard to the amounts of

potentially released materials?

A3: The following table compares the releases for comparable

meltdown accidents in CRBRP and two LWRs.

i COMPARISON OF RADIONUCLIDE RELEASES TO ATMOSPHERE

; FOR CRBRP WITH LWRs FOR A COMPARABLE MELTDOWN SCENARIO

Radioactivity Released (curies)

, Element CRBRP 2 hlb (3) ABIE(3)
[

Xe-Kr 3.6 x 107 1.0 x 10 8 2.1 x 108

I 2.1 x 10 5 2.0 x 106 1.1 x 106
2 0 0Na 9.4 x 10

i Cs, Rb 5.2 x 101 1.2 x 104 7.6 x 104
Te, Sb 4.8 x 104 2.2 x 105 8.6 x 105

Ba, Sr 7.5 x 102 3.3 x 104 2.2 x 105

Ru(1) 2.8 x 103 3.9 x 10 4 3.3 x 105

La(2) 4.1 x 103 2.9 x 10 4 2.9 x 105

(1) Includes: Ru, Rh, Co, Mo, Tc.

(2) Includes: U, La, Zr, Nb, Ce, Pr, Nd, hp, Pu, Am, Cm.

(3) From WASH-1400, Appendix VI, Calculation of Reactor
Accident Consequences, October 1975. The LWR scenarios
used for comparison here are PWR-6 and BWR-4 described in
Section 2 of WASH-1400, Appendix VI.

O

- -- - -
- . .
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The CRBRP release given for each element group is the'

|
'

largest release for that group considering all four HCDA

cases analyzed (re: CRBRP-3, Volume 2, Table 4-3) . For

each element group except sodium, the CRBRP releases are

lower than those for the LWRs. It is reasonable to compare

the sodium radioactivity to that of iodine since both are

strong gamma ray emitters. The sodium radioactivity

released is small compared to that for iodine (only 0.4%).

Therefore, the sodium radioactivity would have a negligible

effect upon the overall core melt consequences.'

( 04: Where are Protective Action Guides (PAGs) for Emergency
|

Planning specified?

O
A4: The U.S. Environmental Protection Agency, in conformance

with a Federal Register notice of interagency

responsibilities for nuclear incident response planning,

dated January 17, 1983, is responsible for establishing

Protective Action Guides. These have been published in the

" Manual of Protective Action Guides and Protective Actions
for Nuclear Incidents," EPA-520/1-75-001. This manual was'

published in 1975 and revised in 1979 and 1980.

$

05: What Protective Action Guides have been established for

plume exposure?

'

i

!
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)
For whole body exposure, the range of PAGs has beenAS:

established by the EPA as 1 rem to 5 rem. For thyroid

; exposure, the range of PAGs has been established as 5 rem

to 25 rem. The State of Tennessee has adopted these same

ranges. The plume exposure pathway includes:

i (a) Whole body external exposure to gamma radiation from

the plume and from deposited material; and

i (b) Inhalation exposure from the passing radioactive

plume.

The ranges recognize that different actions may be

appropriate for different levels of projected exposure. At

the lower end of the range, actions such as sheltering

() might be most appropriate. At the higher end of the range,

stronger actions such as evacuation would be more

appropriate.
i

Q6: Considering HCDAs, are PAGs required f or other organs for,

CRBRP emergency planning?
|

A6: No. The controlling doses for HCDAs are whole body and

thyroid. Other organs are less limiting; therefore, _ PAGs
|

j for other organs are not required for emergency planning
1

for CRBRP.

|

O
,

,, _. _ ______ _
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07: What analyses lead to that conclusion?

,

A7: The radiological consequences of HCDAs are provided in

CRBRP-3, Volume 2, Table 4-3.1 This table includes whole

body doses and doses for the following organs: thyroid, |

bone surface, red bone marrow, lung, and liver. Case 2 in

that table includes the effects of an energetic HCDA,

followed by the longer term ef fects of complete core

melting with penetration of the reactor vessel and guard
vessel. It is an appropriate case to assess the

controlling doses f or emergency planning.

The predicted doses for whole body and each organ were

() compared to the 10 CFR 100 guidelines or their equivalents,

and the ratio was calculated for each organ. For two-hour

doses at the Exclusion Boundary, the most limiting dose was

whole body (3.3% of guideline). All organ doses were less

limiting by at least an order of magnitude. For 30-day
;

doses at the Low Population Zone, the most limiting dose

was thyroid (28% of guideline); the next most limiting dose
was whole body (8.4% of guideline) . All other organ doses

were less than the limiting dose by at least an order of

magnitude. The whole body dose results, in larce part,
: from the release of noble gases. The thyroid dose results,

1 This table is also included in Applicants' Exhibit 46O (TR : 5410) .

t

! _ , . _ - . . - _ . __ _ . -
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|

in large part, from the release of halogens (principally

iodine). Plutonium releases are not controlling.

Consequently, the emergency planning related to HCDAs in

CRBRP can be based on considerations of whole body and

thyroid doses, which are also the limiting doses for LWRs.

08: If PAGs were considered for other organs, what would be

reasonable ranges for them?

A8: For purposes of analysis, one could derive a reasonable

range of PAGs for other organs by applying the ICRP-26

tissue weighting factors. The ICRP-26 approach is intended

to limit the risk f rom the irradiation of all organs

\ involved to a value equivalent to the risk from whole body

exposure. Thus, the whole body weighting f actor is given a

value of one, and the sum of the weighting factors for all

organs is one, as indicated below:

J
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1 1

I

O '

ICRP-26 TISSUE WEIGHTING FACTORS

' TISSUE W7

Gona ds 0.25

Breast 0.15

Red Bone Marrow 0.12

; Lung 0.12

Thyroid 0.03

Bone Surfaces 0.03

Remainder 0.302
1

1 -

O
.

.

J

|

i

.

I

|

2 W 06 foirim =i der rec. each of the five organs or tissues of thea eiving the highest dose equivalents.

.
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For those organs for which PAGs have not been established,

a reasonable range can be estimated by assuming that the

PAGs can be scaled using ICRP-26 weighting factors. This

could be done in two ways:

1. Use the whole body established PAG range (1 to 5 rem)

and scale f rom that. This gives:

!

PAG Range (Rem)

Lung 8.3 to 41.7

Liver 16.7 to 83.3

Bone Surfaces 33.3 to 167

Red Bone Marrow 8.3 to 41.7

O
2. Use the thyroid established PAG range (5 to 25 Rem)

and scale f rom that. This gives:

PAG Range (Rem)

Lung 1.25 to 6.25

Liver 2.5 to 12.5

Bone Surfaces 5 to 25

Red Bone Marrow 1.25 to 6.25
4

The more restrictive PAG ranges for other organs are those
j determined from scaling the thyroid PAG range. It should

be noted that the values so derived for bone surf ace are
the same as the existing PAGs for thyroid.

!

- -
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09: Would the application of these derived PAGs for other

organs have any impact on emergency planning considerations

for CRBRP?

A9: No. The derived PAGs for other organs were scaled from the
:
'

thyroid PAGs using the ICRP-26 tissue weighting f actors.

The equivalent 10CFR100.11(a) guideline values were scaled

f rom the thyroid guideline value also using the ICRP-26

tissue weighting factors. In Q/A 7 it was shown that the
whole body and thyroid doses were controlling for HCDAs

when compared to the 10CFR100.11(a) guidelines or

equivalent guidelines values. It f ollows that the whole

body and thyroid doses would also be controlling when

() compared to the PAGs for whole body and thyroid and the

derived PAGs for other organs.

|

:
l

!

I

*
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,

Q10: With respect to finding number 52 of the Board's

February 28, 1983 Partial Initial Decision, have the
!

Applicants considered emergency responses at the three
:

major DOE Oak Ridge f acilities?
:

,

.

A10: Yes. The Oak Ridge DOE f acilities will receive specific
>

consideration in CRBRP, State and local emergency planning.

The present high level of emergency preparedness at these

facilities, however, is expected to result in a minimal
!

additional planning and implementation ef fort; none of

i these f acilities constitutes a significant impediment to
I

evacuation. The preliminary evacuation time estimates for

CRBRP have included consideration of these three specific-

plants,

t

Q11: What are these facilities?

!
I

j All: The three major Oak Ridge DOE facilities are the Oak Ridge
:
i Gaseous Diffusion Plant (ORGDP ) , the Oak Ridge National

Laboratory (ORNL), and the Y-12 Plant.

012: What are the pertinent characteristics of ORGDP?

A12: The Oak Ridge Gaseous Diffusion Plant, located 2.5 to 3.5

miles f rom the CRBRP, enriches uranium for commercial power

reactors and develops advanced isotope separation

- - . -- - - - .
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g techniques. The total plant population is presently about(-sO
4300 with about 90 workers on each of f-shif t.

Q13: What are the pertinent characteristics of ORNL?

A13: The Oak Ridge National Laboratory, located 4.5 to 5.5 miles

from CRBRP, is a research establishment which contains

nuclear reactors, particle accelerators, chemical

processing and waste disposal facilities, and laboratory
experiments. Its total population .is presently about 4200

with f rom 50 to 160 workers on each of the various
off-shifts.

|
|

() Q14: What are the pertinent characteristics of Y-12?

A14: The Y-12 Plant, located 9 to 11 miles f rom the CRBRP, is a

weapons production plant which also houses a substantial

number of additional ORNL employees. The present total

| population including Y-12, ORNL, UCC-ND corporate staf f,

and construction workers is about 8000. Evening shifts

have about 1000 workers, midnight shifts about 450, and

holidays and weekends about 125.

015: What is the nature and status of existing emergency
programs at these f acilities?

O
|

| 1

'

|

.

. .

|
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A15: Each of these facilities has had long standing emergencyfsc
' programs which include the following elements:

.

1. Organization - Plant shif t superintendents are the

designated emergency directors having authority over

not only the emergency squads, but also all plant

personnel affected by the emergency. Emergency squads

generally consist of 10 to 15 shif t workers including

fire, security, operator, utility, and safety

personnel. Specialized organizational support is

provided, as needed, in such areas as analytical

services, environmental monitoring, engineering,4

j
'

security, waste disposal, decontamination, heavy

() equipment utilization, medical, transportacion, nucleari

criticality control, health physics, and industrial

hygiene. Emergency staff are on duty 24 hours per day,;

i seven days per week. Support personnel are on call
'

during off-shifts.

4

|

2. Plans and Procedures - Emergency plans are in effect at

each plant. These plans identify credible emergencies;

specify authorities, responsibilities, and actions to

be taken by facility personnel; identify required

emergency procedures; identify emergency resources;

identify conditions for shutdown or placing of

facilities or operations in a safe condition during an

.

,, -n , . - . . ~ - - - ---.
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.
emergency; establish recovery organizations; etc.

,

Procedures are in effect to instruct personnel in such

areas as personnel evacuation and accountability,

emergency notification, personnel monitoring and

decontamination, medical requirements, damage control,

reentry, and damage assessment.

3. Resources - Each plant has extensive emergency

resources which are available to assist each other and

the public. DOE's Oak Ridge Operations Office is

responsible for coordinating Federal radiological

assistance in the eight state region encompassing

Tennessee, Kentucky, Virginia, West Virginia, Arkansas,

() Mississippi, Louisiana, and Missouri. The resources

utilized for this purpose come primarily from these

three plants with supplemental assistance from other

DOE locations and the U. S. EPA's Eastern Environmental

Radiation Facility in Montgomery, Alabama. Assistance

to others is coordinated by DOE from the Regional

Radiological Response Center in the Federal Building,

Oak Ridge (approximately 12 miles f rom the CRBRP) .

Emergency environmental monitoring and overall accident

response coordination is conducted from this same

facility.

Q16: What are the emergency planning needs at these f acilitiesg
C/

.
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'

for response to CRBRP accidents?

,

j A16: The emergency planning needs for CRBRP accident response

differ somewhat from plant to plant. The Oak Ridge

National Laboratory has no inherent constraints to prevent

rapid sheltering or evacuation of "non-essential

personnel," or even " essential personnel," should

circumstances warrant. It is estimated that the Laboratory

facilities themselves could be evacuated in 15 minutes.
,

Shelter spaces for 12,000 people with' a protection f actor

of 100 to 600 have been identified at ORNL. (Several years

ago shelter spaces for 75,000 people were identified in Oak

j Ridge with a protection f actor exceeding 100. Most of

() these spaces were at these three plants.) The Laboratory

is beginning work on a new Laboratory Emergency Response

Center (1987 completion) which will provide a protected

location to monitor plant activities including radiation>

levels, utilities, security monitors, and other operations.

The Oak Ridge Gaseous Diffusion Plant is . at constrained

from prompt sheltering of all personnel, or from evacuating

the large majority of the plant's population.- It is

desirable, however, to maintain a small operating and

support staff to avoid shutting down the diffusion cascade
4

unless clearly necessary. Sheltering or evacuation could
|

| be accomplished in 15 to 20 minutes. Emergency planning
| *

,

.

t

.

I
. _ . . - - _ ., .__
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f s. for the ORGDP would emphasize those methods necessary to
1

continue plant operation while providing radiation

protection to the few remaining plant operators and support
!

staff. At the present time, a considerable level of

protection is believed to be available due to the location'

of the various control rooms and the infrequent need for
,

outside maintenance.
1

The 9 to 11 mile distance of the Y-12 Plant f rom the CRBRP

i and the resulting low doses makes it unlikely that

emergency evacuation would be needed. Never theless,

evacuation or sheltering could be accomplished promptly, as

at the other two DOZ facilities. If that should be

() necessary, a small security staff would be maintained.

This would not present a significant impediment to
:

| ef f ective contingency planning since the lower doses at the

Y-12 Plant would allow for implementation of suitable

protective measures.

Emergency planning for all three sites will include common

elements such as obtaining a clear understanding of the

consequences of likely and unlikely accidents, establishing

| a prompt CRBRP/ DOE f acilities notification procedure,

conducting drills and exercises simulating CRBRP accidents

and testing plant emergency personnel response, providing

for the needs of essential personnel (e.g. , radiation

.- .
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s protection, decontamination, tr ans por ta tion, food / water,'

I etc.), and assuring that plant personnel are f amiliar with
'

;

'
State / county evacuation / relocation plans so that if the

plants are ever evacuated, the employees clearly understand

their responsibilities in complying with these related

emergency plans. ,

; \

| Q17: What conclusions have you drawn about emergency planning

for the DOE f acilities?
i

i A17: Each of the DOE plants has extensive emergency planning,
i

i preparedness, and response experience which forms an

i excellent basis for assuring compatibility with CRBRP

() emergency planning. An evaluation of possible impediments

to ef fective planning reveals that few exist and none are
,

insurmountable.
|

1

|
|

|

|

O
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Q18: Applicants are requested to discuss commercial and

recreational river traf fic (if any) from two points of
f

interest:

i a. Practical methods of controlling same during

off-normal plant conditions.

b. The potential for hazardous cargo posing a threat
,

to the Clinch River Breeder Reactor Project.

i

:

A18:'

a. During periods of of f-normal plant operations,

commercial and recreational river traffic within
|

the 10-mile plume exposure pathway emergency

() planning zone (EPZ) will be controlled by the

Tennessee Wildlife Resources Agency (TWRA) ,

assisted as necessary by the U.S. Coast Guard f rom

Knoxville or Chattanooga, Tennessee. Upstr eam

lockage through Melton Hill Dam will also be

controlled by the U.S. Army Corps of Engineers

(COE) . Implementation criteria for this control

will be described in the CRBRP and State of

Tennessee Radiological Emergency Plan.

For that portion of the Clinch River immediately

adjacent to the CRBRP, within the Exclusion
,

Boundary, appropriate-and effective arrangements

;

. _ . , . . . - - . . . . _ . _ _ _ _ _ _ _ _ , _ _ _ - . - . _ _ _ _ . . _ _ _ . _ . _ _ _ - . . ~ _ - _-
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will be made with TWRA and the U.S. Coast Guard to

control traf fic and provide for prompt warning and,

removal of persons present in the area. Such

arrangements would allow plant operators to

immediately deploy suf ficient personnel to control

the river portion of the exclusion area.
t

Implementation criteria for this control will be

described in the CRBRP and State of Tennessee

Radiological Emergency Plan.,

4

b. No hazardous materials have been transported by

; barge past the site in the past, and none are
|
| anticipated in the future.

O:

Barge traffic past the CRBRP site would be either

j going to or coming from the Melton Hill Reservoir
!

since there are no origins or destinations between

the site and Melton Hill Dam. According to

records, steel is essentially the only commodity-

that has been shipped through the Melton Hill Lock4

since it was opened. Most of this traf fic was

generated by Allied Steel which has the onlyi

'

active terminal on Melton Hill Reservoir. Recent

i traf fic has consisted of 16 loaded barges in 1979,

16 in 1980, 27 in 1981, and 11 in 1982.
:

i O
L
|

|

!
. . .- .. . - - . . .- -- - . - - . - - .
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The COE maintains two reporting systems which

document the kinds of commodities being shipped on

the waterway: a vessel operations report

identifing the commodities shipped which is

required monthly from carriers, and a vessel log

report (which also identifies commodities) that is'

submitted by the towboat captain to the lockmaster

as each tow goes through the lock.
,

In the foreseeable future, coal is the commodity

having the greatest potential for increased

movement through the Melton Hill Lock. There is

currently one partially constructed coal terminal

() on the Melton Hill Reservoir. Completion of this

terminal has been postponed at least in part

because of the existing poor coal market.

Melton Hill has only a few potential industrial

| sites large enough to accommodate an industry

which would either use or produce commodities in
.

large enough quantities to take advantage of water

tr anspor ta tion. Therefore, it is unlikely that

hazardous materials will be shipped through Melton

Hill Lock in the future.

l

O
i

i

.

_,
_ _ _ _ _ - ___- - ----



8000
- 22 -

,

In the unlikely event that a new industry which

would ship hazardous materials locates on the
.

Melton Hill Reservoir, plans for a barge terminal

must be submitted to the Corps of Engineers and

TVA for review and approval. The information

requirements for the permit includes

identification of materials to be shipped if they

are known. If the materials are not known, such
:

as in the case of a public use terminal, the1

permit will be issued for the handling of

nonhazardous materials only.
,

I

i

O
;

.

'.

O

. - .
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STATEMENT OF QUALIFICATIONSO l

Name: H. Wayne Hibbitts |

Educa tion: B. A. Physics 1963, University of South Florida

M. S. Physics 1966, Vanderbilt University (AEC

Health Physics Fellowship)

Work Experience: May 1982 to present - Chief, Saf ety and

Environmental Branch, Public Saf ety Division,

CRBRP/PO, U.S. DOE, Oak Ridge, TN

October 1980 to May 1982 - Emergency Prepared-

ness Director, Saf ety and Environmental Control

Division, Oak Ridge Operations Office, U.S. DOE

August 1970 to October 1980 - Environmental

Health Physicist, Safety and Environmental

Control Division, ORO, USAEC/ERDA/ DOE

June 1968 to August 1970 - Occupational Health

Physicist, Safety and Environmental Control

Division, ORO, USAEC

September 1965 to June 1968 - Occupational

() Health Physicist, Oak Ridge National,

-
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.

Laboratory, Union Carbide Corporation--Nuclear

Division

O

1

O

|
|

I
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STATEMENT OF QUALIFICATIONS
i

Eric K. Sliger
Tennessee Valley Authority (TVA)
Chattanooga, Tennessee 37401

|
j I received a Bachelor of Science degree in Nuclear

Engineering f rom the University of Tennessee, Kno xville, in 1970.

While attending the University of Tennessee, I worked as a co-op

student at the Oak Ridge Gaseous Diffusion Plant. I have

completed all course work towards a Master of Science degree in

Engineering Administration through graduate work at the

University of Tennessee, Knoxville and Chattanooga campuses.

Upon graduating from the University of Tennessee,

| Knoxville, in 1970, I joined the Tennessee Valley Authority as a
1

nuclear engineer in the Division of Power Production. In 1971, I,

i joined the U. S. Navy, receiving a commission in November 1971.

I completed the U. S. Navy Nuclear Power School training in

November 1972, and U. S. Navy Submarine School training in

February 1973. From February 1973 to August 1975, I served

aboard the fleet ballistic missile submarine USS Ethan Allen
(SSBN608). During this time, I was a qualified Engineering

Officer of the Watch in a ref ueling overhaul, sea trials, and two

deterrent patrols, during which I held the various jobs of
Reactor Controls, Electrical, and Auxiliary Division Officer.

In September 1975, I joined TVA as a project engineer

assigned to the Clinch River Breeder Reactor Project, res ponsible
I for contract management of various LMFBR system components. In

( ) 1977, I transferred to Watts Bar Nuclear Plant as a preoper-(

|
|

l

. . _ . - .. -.
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4

ational test engineer responsible for development and conduct of

preoperational tests of various nuclear plant systems. In 1978,

I transferred to TVA's Division of Power Production Reactor

Engineering Section as a PWR licensing engineer responsible for

coordination of division input into licensing efforts for

Sequoyah, Watts Bar, and Bellefonte Nuclear Plants.

In 1980, I became supervisor of the Radiological

Emergency Preparedness Section, Division of Nuclear Power, and

presently hold that position. I am responsible for the

radiological emergency preparedness program for.. all TVA nuclear

plants.

.

O

.

w

l'

O
.

-
.
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STATEMENT OF QUALIFICATIONS

Lee E. Strawbridge
Manager, Nuclear Saf ety and Licensing

Westingbouse Advanced Energy Systems Division
Madison, Pennsylvania 15663

.

Since 1980, I have been Manager, Nuclear Safety and

Licensing with responsibility for directing safety analyses and

licensing activities perf ormed at the Westinghouse Advanced

Energy Systems Division, Waltz Mill site for CRBRP and other

nuclear proj ects.

I received a Bachelor of Science degree in Electrical

i Engineering from Pennsylvania State University in 1958 and a
,

Master of Science degree in Nuclear Engineering from

Massachusetts Institute of Technology in 1959.

() Following graduation from M.I.T., I joined Westinghouse

4 Electric Corporation in 1959 as a Scientist in the Atomic Power

Division and was in the position of Senior Scientist from 1962 to'

1964. In these positions, I perf ormed nuclear design analysis

for Pressurized Water Reactors and a wide range of advanced

reactor concepts including thermal, epi-thermal and f ast

reactors.

From 1964 to 1966, I was Manager of Nuclear Development

with responsibility for developing analytic techniques and

applying them to the nuclear analysis of Pressurized Water

Reactors and advanced reactors concepts. This included

conceptual nuclear design analyses of a modular 1000 MWe LMFBR.

Upon formation of the Westinghouse Advanced Reactors

v .

~w -- e- , , . - - , . , - , =e, y - - , - ,
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Division in 1966, I was named Manager of Nuclear Development,

with responsibility for all nuclear design analyses within the

division. This consisted totally of work on sodium cooled fast

reactors. I continued in this position until 1968.

From 1968 to 1971, I was Mannger of FFTF Nuclear Design,

with responsibility for the nuclear analysis and nuclear design I

of the Fast Flux Test Facility.

From 1971 to 1974, I was Manager of' LMFBR Saf ety and-

Licensing, with responsibility for the safety and licensing

activities associated with the LMFBR Project Definition Phase,

which formed the basis f or the Westinghouse , proposed for CRBRP.

The conceptual design activities for CRBRP were completed during

this period and the initial specification of structural margin
beyond the design base loads was made.

From 1974 to 1976, I was manager of .Saf ety Analysis with

responsibility for directing many of the safety analyses reported

to the CRBRP Environmental Report and the Preliminary Safety
Analysis Report. In addition, safety analyses were performed and;

substantial input was provided to the FFTF Final Safety Analysis
Repor t. i

From 1976 to 1980, I was Manager of CRBRP Margin

Analysis and Design, with responsibility for[ directing the
'

analyses of hypothetical core disruptive accidents.- This-

included the specification of structural and thermal margin

requirements to mitigate the consequences of accidenSa beyond the

design base and the preparation and s'ubmittal to_NRC of the
~

.

~ *
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i

document CRBRP-3, " Hypothetical Core Disruptive Accident
i I
t Considerations in CRBRP. " |
,

,

j I am a Prof essional Engineer, registered in the
i

i Commonwealth of Pennsylvania since 1967.
|,

i
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(D
V 1 MR., EDGAR: Your Honor, the witness panel is avail-

2 able for i'nterrogation. ,

'

, .

3 JUDGE MILLER: Any questions from the Staff?*

!

4 MR. TURK: No, Your Honor.

5 BOARD EXAMINATION
.

t

6 LY JUDGE LINENBERGER:

7 Q Gentlemen, you have heard in some of the prior >

8 discussions a mention of a 10-mile'EPZ evacuation time on the
'

9 ' order of nine hours. The Board appreciates the fact'that we
,

'

10 are at the CP rather than an OL phase of.this project. 'Never--

11 theless--and therefore recognizes there are some constraints

on us with respect ,to emergency planning detail that we will12

13 try to observe.O
U 14 Nevertheless, the nine-hour figure has come to

15 light in discussions and submittals before us to.date, and,

5
'

g 16 the Board would like to understand just a little bit more'

1' 17 about how that statement was arrived at, what kind of, let's

S
18 say, weather and other contingencies, road conditions,,theg

3

$1 '19 geography of roads, and so forth, went into arriving at that
t,

-)y'

20 nine-hour estimate. -

.i ,

g 21 Is this something_that;any of you gentlemen can
y, > - y

_ :: - 22 comment on here? /' I
":

{ 23 .MR. EDGAR: Judoe Linenberger, Mr. Sliger is

2
24. generally familiar with-the emergency planning from the overall . B

Nf h '. 25 .standpoi.nt.- We have an engineer who has done these calculations
#

5, (n <

'

[ ) \t j_,

Q';;f f 'r

, ,

3 ;# -
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CrQ 1 here, and he could join the panel and I think give a very

2 good description of the assumptions and methods, if you wish.
3 JUDGE I.INENBERGER: All right. Why don't we do

4 that then?

5 f4R . EDGAR: Then the Applicants would call to the

6 witness stand fir. Robert Bowman from the Tennessee Valley

7 Authority.

End 8 8 JUDGE LINENBERGER: Thank you.

9
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1 ROBERT BOWMAN

2 was called as a witness on behalf of the Applicants,

'
3 and having been first duly sworn, was examined and

d testified as follows:
,

'

5 DIRECT EXAMINATION

6 BY MR. EDGAR:,

i

7 0 fir . Bowman, could you give a brief description

8 of your current occupation with TVA, and a

9 very brief summary of your professional background
,
.

10 and qualifications.

II A Yes, sir. I'm principal civil engineer in
.

12 charge of highway and railroads for the Tennessee Valley-
,

13 Authority. I have been in the highway and railroad

14 design for 25 years.2

;

1 15 BY JUDGE LINENBERGER:.

5
'

16 '

g. 0 Well, Mr. Bowman, did you understand the-'

i g
17 question I put to the panel? Should I repeat it, or*

8
18g can you take.off from what has been asked and discuss

,
.

'! 39 the matter?'

4

} 20 A (WITNESS BOWMAN) I'd like for you to repeat'
'

:

| | 21 it, please.
r-

22g O Okay. The Board's interest here lies in

8'
23 what kind of thinking, what kind of analyses went-;

24. into the estimate that we have seen that indicates

25 that something on-the' order of 9 hours will.be
r

/D) required to evacuate the approximately ten-mile radius:
,

L.
i

'

_-
.
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i 1 EPZ, what kind of weather contingencies, road conditions,

I
2 geographical limitation on roads, intersections, et

; 3 cetera, traffic control that's involved in arriving at

4 that.

5 A The methodology used in the analysis which

6 was done by the Tennessee Department of Transportation

#

7 is the methodology that's described as the sequential

8 methodology which means that the movement of traffic

9 is sequential with the previous movement; in other

; 10 words, some of the traffic moves completely out of the
4

11 way before the next group of traffic starts to move.
9

i 12 The road conditions are the generic type of

13 assumptions that are made in the highway traffic

14 capacity manual and the manual for. traffic engineers,>

15 that is, that the major routes of travel that you travel, , .

g,

16 at 30 miles per hour, that the county roads you travel

I 17 at 20 miles an hour, all of the local roads, if the
8

18g population is below 100 in the sector that's using that
,

s
,

| 19 road, you're traveling at about six miles per hour.
t
j 20 .If the population is over 100 that's using
e

. { 21 that road, then you're traveling at about -- no, let's
I r _

22
3 see, I got that backwards.

! 8
23

g I guess it's about ~12 miles per hour if the;

'
24 population is under 100, and about 6 miles per hour if-

25 the population is over 100 that's using the road. All
|

. _ _ _ _ _ _ . . .-. _ .
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I of these roads as they intersect, you have a two-second
:

|
2 headway to get onto the roadway, two second delay, which

;

3 is the time that's used in all of the traffic manuals

d and it assumes that the population-has two and a half

5 people per car to get the population into the number i

6 of vehicles that's being handled on each road. '*

f 7 In this time that you're referring to in

8 the study, they assume that at the ten-mile radius
,

9 that you have a delay of 45 minutes due to adverse

10 weather conditions. So does this answer your question,

11 or should I go further with it?

12 0 Yes, it answers part of.it.j

:

i 13 Let's probe just a little further. What
'

14 assumptions are made about transportation availability?

15 In other words, is it assumed that everybody. that needs
- 4
1 16 to be evacuated will have under their personal

17 or family control adequate transportation, or does
8

18;g it assume that some bus facilities will be needed to
3

-I 19 'assist with transportation?'

F
20: 3 What's the situation there?

21 A Yes, they. consider!three different
1

i 22.g classifications of population. One is the' permanent

8<

23
j population,.who have their own transportation. They
'

i 24 consider the transportation-dependent people who will

25 need transportation provided for them. They have special

O
;

!

|-
!

. . - - . - . - - . .. . - . . - -.. -
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['/1s_ 1 transportation group, and the transient group, which is

2 the people who are working in the area or passing through

3 the area, or using the area as recreation facilities,

4 or the school children who are dependent on the bus

5 system, or even hospitals -- one hospital in the

6 ten-mile area, which also must be evacuated. And they

7 are dependent on transporation, of course, and this

8 is taken into consideration in the times.

9 Q I reviewed one such transportation analysis

10 which assumed bus speeds that exceeded state law

11 limitations on bus speeds and Department of Transportation

12 governors that were placed on such buses.

13g-- Now, I presume that nothing as silly as

' ' ' 14 that has confounded your analyses?

15 A No, sir. As I stated before, the maximum
7
3

16g speed used was 30 miles per hour on state highway routes.

I 17 That's after you came off the local road and have had
8

18 your headway delay to get onto the state roads.o
3

I 19 The other roads are 20 miles per hour, 12
I
} 20 miles per hour and 6 miles per hour, depending on
I
g 21 what type of road you're on.
I

22g Q Is winter icing a problem with roads and
5

23
g limitations on travel velocity?
?

24 A Yes, sir, and we did put in a delay for

25 adverse weather conditions.

Iv
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) 1 0 The nine-hour number that we have been

2 talking about, I would think has some fine structure-

i'
3 .to it. I would expect that some significant fractions

d of the people involved might be evacuated in less than
,

5 nine hours, and the nine hours represents some kind of

6 an upper limit- to the time to get everybody out.
;.

7 Is that a proper characterization on my part?

8 A Yes, sir. As we said, this is a sequential

9 movement of people which means that there are notification

10 times to begin with, where no one is actually moving.
,

11 - OE course, in reality, they would be moving.

12 There would be people moving all during the nine. hours,
,

13 and then completely removed out of the. zone. But in

14 order to build this sequential methodology which is very<

i 15 conservative, they' assume that there is

'[3 16 notification time where no one is moving; they assume
8
* 17 that one group of people, for instance, the permanent
o-

18| g population, would move on the roads before the next group
I

I 19 ~

'//[ of transient dependent population would be on the road.

$ 20 So- it 's very conservative , and you' re absolutely
n

I ) 21- correct. Many-people.would be moving out in'much less
| .I

22
i j. time than that.
> 5
|

23 g :Is this analysis that you're discussing..

24- specific to the Clinch, River proposed site, or is it-

| 25 a generalized-kind of thing |that might apply to other
~

OG .

'
.

i
;

|

.

' '
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1 TVA nuclear facilities?

2 A The time that we're referring to here,that
,

! 3 was cited specific for the Clinch River Breeder

. 4 Reactor. The times are very similar to what you would

5 find at the TVA nuclear facilities due to the fact that |
|

6 you have the same type of -- rural type of roads, and i

i 7 Sparsely-populated type of communities to move the traffic

4 8 out of, so you do get similar type of times. But this

9 is specifically for the Clinch River Breeder Reactor. ,

10 BY JUDGE HAND:.

11 Q Mr. Bowman, I assume bridges are invo]ved in
;

12 some of the routes for evacuation?

13 A Yes, they are.,

' 14 0 Would the loss of a bridge have an impact

15 on that time you're citing? Are there bridges or; ,

5
g one' bridge that would be -- if it would not be in16

.

1 .

* 17 commission, would be a major problem?
8

18 A No, sir. It would not be a major _ problem.g g
3

I 19 It, of course, would affect that particular route. In
I, j 20 our case, the routes that the bridges are a major. constraint
n,

} 21 on, we did not consider losing _a bridge in these times,.

t

22g but.the routes are not up to capacity in most cases,

5
'

23 and we could transfer --- we would have to detour theg
'

24 traffic onto another route,.which would' increase the. time

25 for that particular route, but would not'necessarily
|

"

i %
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i ( 1 increase the overall time to evacuate the population.

I 2 O What I had in my mind was a loss of a bridge

3 up in Connecticut fairly recently, and I just wondered
,

i
4 that if there were a failure, quite apart from any

;

5 nuclear failure, some other phenomenon caused a bridge;
i

6 to be lost, what impact that might have on the
i

7 continued operation of the breeder reactor. Would it be
,

a a situation that you would close the reactor down because
;

] 9 you've lost your ability to evacuate?
I

10 A No, sir. It would only change the time for*

) 11 that route.

; 12 We would have to use a detoured route, but

13 there are other routes to evacua*e.
* uJ id 0 And it won't change it too significantly
,

*

15 that the possible impacts from the events, the' emergency,

S 1

16g would be so severe that you'd be in trouble? ,

i 17 A No, sir.

8
18

.
g JUDGE HAND: 'All right.

7 3

jen)9 19 -Thank you.

I
20 '

y
e
'

g 21

i E

22g

b
23

1
'

: u
I

25
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1 BY JUDGE MILLER:4

2 Q Let me inquire with reference to the bridge1

1 i

j 3 situation. Have they actually made studies of one or more

f- a bridges and its actual impact, or are you giving aeneralized

; 5 consideration to those possibilities?
s

6 A (Witness Bowman) No, sir. We looked at all the'

7 bridges involved.

8 Q How many?;_

!
'9 A I don't remember the number.

10 Q Approximately.
,

f
II A There were four or five bridges that were on some

12 of the minor routes coming out. The routes which actually
,

13 controlled our evacuation time did not have the bridges on it.

O 14 Q How many major routes are there, approximately,
;

15 major ones?,

E
9
g to A Two.2

v
I 17 Q And how many significant arteries are there utilizino

i 8

|'t
18 those major routes? In other words, I am not trying to get

! a

:!. I'
'

down to country lanes, but I would like to get some. kind of
! I

20g a feel, if you had some multiple failures, for whatever reason,
U:
2 21 how extensively that would affect your1 sequential movement,r

22
3 and I guess'living in Washington, D.C., I have seen that one

!

| 5, 23 snowdrop can pile up miles and miles, so I would-like'to know
. !
! 24 what consideration is.given to the' physical aspects of those.

25 secondary bridges.

I

D
!

'|I

. ._, , ,,, , . . - - . . _ , . . - _ _ . . . _ .-
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1 A We looked at all of the bridges, and there was no

2 1.idge that would actually tie up our traffic. We could

3 detour any route that was controlled by a bridge.

d Q Would not some of the detoured routes themselves
5 have bridges, or matters of that type? Are you going to get

6 some multiple pressures? The more you detour, the more

7 pressures and the more chance, it would seem to me, of some

8 bottlenecks above and beyond what you have described. How

9 would you examine that?

10 A No, sir. We moved the population on the route.

II The capacity of that route that we have detoured on was not

12 exceeded. We still calculated the time based on the capacity
13

7
of the road, even with the additional traffic.

34 JUDGE MILLER: I see. Very well. Thank you.

IS
.

BY JUDGE LINENBERGER:.

I lo O Well, I guess in summary, then, we could interpret
* 37 what you have said as follows: The nine-hour estimate is a
t

38g reasonable and conservative one, and you do not foresee any
; a

[ l' combination of weather and road conditions having a sufficiently
| -%j 20 severe impact on evacuation that should those conditions exist,
! E
i } 21 you would reconmend that the-plant-discontinue operationr
! j because evacuation would not be practical, is that true?22

;g -

| 23z A .That is true.
- 2,

24 JUDGE LINENBERGER: I think that's'all on evacuation

25 times that I have.

. p) .
t '

v

-, -, -. . , . . . , , , . , . - ,. - , -
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r
( ,)\ 1 MR. EDGAR: May I ask, we have gotten now multiple'

2 copies of Mr. Bowman's statement of professional qualifications .

i
'

3 The document is entitled " Statement of Qualifications, Robert

-4 J. Bowman, Principal Civil Engineer for Highways and Railroads,-

5 Tennessae Valley Authority, Knoxville, Tennessee." I would

6 request v. hat that be marked for identification as Applicants'

7 Exhibit 97.,

8 JUO's MILLER: It may be marked.

9 (The document referred to was

10 marked Applicants' Exhibit No.

11 97 for identification.)

12 MR. EDGAR: I am handing four copies to the reporter

13 and one each to the Board and Staff and one to Mr. Bowman too.<

b
\-- 14 JUDGE MILLER: I think he is entitled. That's fair.

15 MR. EDGAR: Well, I think we will let him see what'
,
.

G . .

g 16 it is.
4 .

$ 17 REDIRECT EXAMINATION
0.

$ 18 BY MR. EDGAR:

.{ 19 Q Mr. Bowman, do you have Applicants'. Exhibit 97 in<
a .:

j 20 ' front of you? - '

} 21 A Yesi I<do.
t,,

g 22 0 And does that reflect an accurate stateraent of your
-n,

8 23 professional qualifications and experience?,

!!

24 A Yes, it does.

25 MR. EDGAR: Mr.-Chairman,.I'would'like-to' offer into

O
:s_J

|'

- - .1- . . ,. .
,l- -
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( 1 evidence Applicants' Exhibit 97, Mr. Bowman's statement of

2 professional qualifications.,

3 JUDGE MILLER: Are there any objections?

4 MR. TURK: None.
4

5 JUDGE MILLER: It may be admitted.

1 6 (The document previously marked
i
'

7 for identification as Applicants '

| 8 Exhibit No. 97 was received in

9j evidence.)

10 JUDGE MILLER: Are there any questions now by Staff

11 of the panel?

12 MR. TURK: One follow-up to Judge Linenberger's

13 auestioning of Mr. Bowman.

14 CROSS EXAMINATION ON BOARD QUESTIONS

15 BY MR. TURK:
? I

16 Q Is it true that there are other protective responsesg.

; 17 aside from evacuation which could be considered in the event
i 8'

18 of an' emergency at the plant, such as sheltering?o

! 19 A (Witness Bowman) This is not in my area. I'm sure
i

20g someone else on the panel can answer it.
e
y 21 A (Witness Sliger) I will'be glad to address that-r,

22i 3 question, if you would like.

8'

23.g Q Fine.
o

24 A Yes, sir, there are other types of protective

25 action responses other than evacuation which should be considered
,

J
,

., , _ . . , , . _ . ,_ , . , _ , . . . . , _ _ _ .-. , . . _ _ _ . . - _ _ _ . ,
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p)(s , 1 in the event of an accident where a protective action is

2 required, such as sheltering, but evacuation is not the only

3 protective action that can be taken.

4 Q So that in the event that it was determined that

5 evacuation was not a feasible protective response in the event

6 of a particular emergency, it is possible that other protective

7 responses could be considered?

8 A That's true.

9 MR. TURK: I have nothing further.

10 JUDGE MILLER: We are lookina at the notes for a

ii moment. While we are doing that, what panel--what witness

12 will be next?

13 MR. TURK: The Staff will proceed with its DBA,_s

[V
~

4

14 testimony.'

15 JUDGE MILLER: Okay.
,
_

k BOARD EXAMINATION16
4

$ BY JUDGE LINENBERGER:17

o

| is Q Mr. Strawbridge, do I understand correctly you
i
*

Up have reviewed Intervenors' limited appearance statement that
i

f 20 was introduced yesterday?
e

| 21 A (Witness Strawbridge) Yes, sir.
t

22 Q Is there anything about that statement or theg

f 23 contents thereof that would cause you to want to modify any-
8'

'
24 thing that is in this Applicants' Exhibit 94 with respect to

25 dose considerations and protective action guides?

A
! Iv

m
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A No.i

2 Q Intervenors seem to persist in their concern about

3 the exposure implication of inhalation from the radioactive

4 plume, and Intervenors' comments cause the Board to infer

| 5 that Intervenors believe the 30-day plume. passage implication,
t

6 augmented by a balance of inventory puff release at the end

7- of 30 days, is not conservative.
d

a The Board feels that you feel it is conservative

9 and is an appropriate way of handling things.,

10 Do you have anything to add on that subject, or
'

11 have I characterized your position correctly?

12 A The Applicants beli6ve.that the analyses of-HCDA

1- 13 consequences that were presented in the testimony that just
(~N

'

14 preceded this panel's testimony, Applicants' Exhibit 89, is

15 a fair representation of what the dose consequences would be

.f 16 from HCDA's, so we' stand with that as being our position and

8 17 as being reasonable.
i- o

[ is We believe, as the Staff has also indicated, that
"

i

! Up for beyond design base accidents, one should be keeping things
t

'

| 20 on the realistic side as opposed to extremely conservative
'.

:

| 21 side when one does such analyses, to keep things in perspective ,

-r,

22 and we have done that.

f 23 On that basis we stand by the' dose consdquences
'E

~'
24 -that we have reported.

25 .Q But even with respect to beyond design basis events,
i
4

O>

;

,

>

l

. , . . , , . , - . . . , , - , , , . .-- . +
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() i I gather from this current testimony Applicant sees no need

2 to consider any revisions to existing protective action guides, i

3 is that correct? ,

4 A That is correct, and that stems from our look at
].

. 5 what-are the controlling doses for HCDA's and the fact that

6 those controlling doses are either whole body or thyroid as
,

7 opposed to one of the organ doses, such as bone surface which;

j 8 the Intervenors have mentioned on several occasions, so if
i

! 9 the controlling doses are whole body and/or thyroid and those

to are the organs--the organ and whole body for which there are

11 already protective guides, we do not see that there would be

12 any impact of considering other organs and protective action

13 guides for other organs with respect to emergency planning.
i

14 I think the auestion and answer 6 and 7 on pages
P

; End 10 15 6 and 7 is where we discuss that.
;

I {' 16
4

17
3

O

18

a
~

'19g

r.
4

20 .

1 | 21
L r
I 22a

,

2
8-

23i ,
'

8

24

| 25 .-

A
V

f

I

_, , - , - _ _ _ . - - - ~ , _ . _ . - . . , - _ _ . _ . . . . _ _ _ _ _ . _ _ _ .
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) 1 BY JUDGE LINENBERGER:

2 Q On page 7, where you indicate in the second

3 paragraph that the 30-day doses at the -- for the 30-day

4 dose consideration at the low population zone, most
a

5 limiting cbse was thyroid. Refresh my recollection here.

6 What was assumed with resInct to thyroid behavior --

7 excuse me -- with respect to iodine behavior as to whether

8 it, in the context of this statement, whether it

9 primarily, or the bulk of it is released in vapor or

!- 30 gaseous form versus the bulk of it being carried out

11 in or swept out with aerosols, and forming particular

12 compounds such as cesium iodide, and so forth?

13 Does this statement assume the bulk inhalablegg
14 or does it assume that the bulk is bound up in some-

is kind of particular form?,

5
g 16 A (WITNESS STRAWBRIDGE) The statement is based
v
8
* 17 on the expectation that sodium would combine with
8

isg the iodine as the iodine is released from the fuel.
-3

| 19 There's lots of sodium around, and theyfhave
t
j 20 great affinity for one another, so'the release would be in
e.

| 21 the form of sodium iodide, which would have characteristics
t

22 ~of.an--aerosol, and would be released along with sodium3

8
23 as it boils from the cavity up into; the upper containment3 ,:

!
'24 and from there, enter the cleanup system as part of the

25 venting and purging process. So the expectation:is

fxO

. __
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'

1 <

it would be in the form of sodium iodide. j<

JUDGE LINENBERGER: That's all the questions

3
I have.

1 4

] JUDGE MILLER: Anything further?

5
(No response)

6
You may step down. Thank you.

7
(Panel excused)

8
MR. EDGAR: Your Honor, I have a matter of --

9
a formal matter here. I would like to reoffer -- the

10
Board had made a provisional ruling on the offer

'

11
of exhibits, and I would like to offer bpplicants'

F 12
! Exhibits 59 through 94.

The only exhibit on our list'thatwould not
,

have been ruled upon, then, would be Exhibit 95,

g which is our quality assurance testimony, which is yet
'

{ 16'

., to come.
$ 17.

JUDGE MILLER: The Applicants'. exhibits thus,

y" 18
identified will be admitted into evidence.

| 19
. TURK: Mr. Chairman, the next order ofr MR.

.

l''

gn

| business, I-suppose, is the Staff to go forward with
,

i
E 21

.g three of its panels. We will first put on our DBA
. 22
2 testimony, which involves.a panel of, I believe 11
0 23

| witnesses. That will be followed quite quickly with our
~

24
. panels -cn1 Board questions, 10, 4, 12, 14,.and.15.

:$
We'll then put on'our CDA panel for Board

b)'

-

R./

.

6

-- n - , --- n
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( 1 questions 1, 11, 16, and 17.

'- 2 Finally, to be followed by our panel on Board

3 question 9, and then per the original agreement with

4 Applicants approved by the Board, we'll proceed later

5 to address the quality assurance question raised by

6 the Board.

7 At this time, we are going to need a few

8 minutes to organize and to get the tables

9 relined up in order to accommodate a rather larger

10 panel, so I'd ask for a recess of about 15 minutes.

11 JUDGE MILLER: Hold it. How does this impact

12 upon the request for excusing permanently Mr. Strawbridge?
i

'
13 MR. EDGAR: Mr. Strawbridge has now completeds

14 all three of his appearances as a witness.

15 He has to leave at 4 :00 this af ternoon.,

5 tog He can remain here if there should be any need for his

'- 17 services.
o

18 MR. TURK: Mr. Chairman, may I ask'for a

( 19 moment to confer with the Staff?

I
20 JUDGE MILLER: Yes, surely.g

e

| _21 (Pause);

I

22 JUDGE MILLER: The Board feels that afterg',

8, 23 we have our luncheon recess, that you may_ excuse
O
'

24 Mr. Stawbridge so he can take care of his plans. If

25 there is anything that's going to come up, we_would-
!

_ ~s

,

aer k e 1%-- , e +
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-
- 1 endeavor to have it prior to the noon recess.

2 Now, with reference to the Staff, we are

3 concerned about 11 witnesses. We think that's just too
,

t' 4 many, to tell you the truth. We suggest that we give you

5 a short recess, you cut that down to not more than 5.

6 You may have witnesses standing by, if you want, but

7 it has been our observation that if you get much more than 4 or
)
'

8 5 witnesses, it gets kind of unproductive in the

i 9 sense everybody is stumbling over'everybody else.

10 At least, it is confusing to the Board.. We
7

11 ask that you cut down the number who will be on your "

12 front batting line here. We suggest 4 or 5.

13 Now, let them have backups, if you want, and

Id we'll be reasonable about letting them confer when

15 necessary, but we don't really think you need 11 people.
.

4
16J swinging bats at the same time, so we'll have a short

17 -recess, and then we'll resume.;

8
18 (Recess)end 11

3

, i9

5-

{ 204

+ e

k 2I
I I

22g,

8
23

1
' '

24

!
25'

i

d-'

:
s

4 _ _ _ , , _ . - . . , _ , . . _ _ - ,, .. _. ,_ ,
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( ,) i JUDGE MILLER: Will the 11 witnesses please stand

2 and take the oath, please?

3 Whereupon,

4 HUKAM C. GARG,

5 RICHARD A. BECKER,

6 DR. SHOU-NIEN HOU,

7 THOMAS L. KING,

a B. M. MORRIS,

9 CHARLES E. ROSSI,

10 ROBERT J. SCHEMEL,

in JERRY J. SWIFT,

12 ASHOK K. AGRAWAL,

13 JOHN E. HANSON

)\/ 14 and

15 EDMUND T. RUMBLE, III
:

f to were called as witnesses on behalf of the NRC Staff and,
O

! having been first duly sworn, were examined and testified as17

o

| 18 follows:
1
*

19 JUDGE MILLER: I think'it is understood, from a
r

f 20 conference that I have had with Mr. Turk, Staff counsel, but
=

| 21 at any rate, let me make it clear.
r

22 We have asked that-- This written testimony was

E
23 participated in, as we understand, in whole or in part by 11

8
'

24 Staff expert witnesses.

25 At the Board's request, five of you have occupied

,cx

.
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the first table here with the microphones to testify and
1

2 be asked guestions; however, we regard the testimony as
I

3 proffered as being that of all of the witnesses.
If there comes a point where one of the six4

5 witnesses not at the table should be heard, don't hesitate to

o indicate to the Board, and we will have them come forward and

7 take the microphone.

8 If, in giving responses, any of the five testifying

9 witnesses feel that they should indicate that the information-

10 necessary for a full and complete response entails work done

11 in part by others, including some of the six who are not at

12 the table, please indicate that for the record.

13 It is simply for administrative convenience that
fg

\~/ 14 we have asked that five rather than 11 occupy the testifying

15 table, but this does not mean that in any way we are regarding
,

-;

| 16 the testimony itself to be limited to the five testifying

I 17 witnesses, but will be deemed to include all 11.
O

| 18 If there develops a problem, don't hesitate to let
i
I 19 the Board.know.
I-
[ 20 Does counsel have anything further-in that regard?
e

| 21 MR. TURK: No, I don't.
E

- 22 JUDGE MILLER: Okay.g

f 23 MR. TURK: For the record, Mr. Chairman, let me
8
'

24 indicate that I have just distributed to.the Board and to

25- counsel for the Applicants'a copy of Staff Exhibit-32, which-

[)
U
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,a
( ) 1 is entitled "NRC Staff Testimony Concerning Adequacy of the

2 Design Basis Accident Spectrum." This is a copy of the

3 original testimony which was filed by the Staff on July 8,

4 1983, to which errata have been Inserted by pen and ink changes

5 consistent with the errata changes which were forwarded to
.

6 the Board by letter of Auaust 4, 1983.

7 JUDGE MILLER: The record will so reflect.

8 DIRECT EXAMINATION

9 BY MR. TURK:

10 Q Gentlemen at the table, if you would, starting at

11 the end closest to the Licensing Board, would you please

12 state your name, your title and by whom you are employed?

13 A (Witness Rossi) My name is Charles Rossi. I am

a section leader in the instrumentation and control systems14

15 branch at the Nuclear Regulatory Commission in Washington, D.C.,

a

{ 16 A (Witness Morris) My name is Bill Morris. I am
*
$ 17 chief of the electrical engineering branch, Of fice of Nuclear
O

| 18 Regulatory Research, NRC.
i
*

19 A (Witness Rumble) My name is Edmund Rumble,
tj 20 corporate vice president, Science Applications, Incorporated,
e

{ 21 Palo Alto, California.
r

22 A (Witness King) I am Thomas King. I am chief,g

f 23 technical review branch, NRC, Bethesda.
E
'

24 A (Witness Becker) My name is Richard Becker. I'm

25 a reactor enaineer in the technical review branch, Clinch

bv
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1 River Program Office, Nuclear Regulatory Commission.

2 0 Gentlemen, have you prepared statements of

I3 professional qualification for use in this proceeding?

d A (The panel) Yes, yes.

5 0 And are your statements of professional qualifica-

6 tion attached to and contained in NRC Staff Exhibit No. 32?
7 A (The panel) Yes.j

8 JUDGE MILLER: Is this true of the remaining

9 witnesses as well?

10 BY MR. TURK::
1

II Q Let me ask the remainder of the witnesses sitting

12 behind the table, the other six, your statements of profes-;

13 sional qualification are also attached to NRC Staff Exhibit

O Id 32 and made a part of it?4

P

15 A (The panel) Yes.i

3'

16
$ g .Are you familiar with the errata? - Here I am asking,'

|
'

17 I suppose, all 11 persons. Are you familiar with the errata
8

18
2 to your testimony which was filed on August 4, 1983?
3

l' A (The panel) Yes.
I

a a

j . g Q And is NRC Staff Exhibit 32 in fact a copy of'your20

21 written testimony to which your professional qualifications'

22
$ have been. attached and-in which all errata sent to the: Board
5 23

-. g on August 4, 1983, have been incorporated?

24 A (The panel) Yes.

25 Q Arc there any additional modifications or,

: O
$

.- , # ,c.. ~ ~ - . , ,e+ , _- $ --e _, ..- - . . ..-%. . .,.m ,-,,,4
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( )' corrections to your testimony or statement of professionali

2 qualifications which you would like to make at this time beyond
|

3 the changes which were made by errata of August 4, 1983?

A (Witness Rossi) I have a correction to make to4

3 the Staff testimony. It is on page 24. The. correction is

6 to Answer No. 27 on page 24.

7 The first correction is that in the answer, line

g No. 8 of the answer, the words "are being" should be changed

9 to "have been."

jo In line No. 11 of the Answer 27, foll6 wing the

i

ii word " general," there should be a sentence inserted that reads;

12 "These generic actions are delineated in generic letter 80-28

i3 dated July 8, 1983."
D(d 14 JUDGE MILLER: That ends the insertion of the

15 language?

16 A (Witness Rossi) Following the last sentence in
.

| the answer to No. 27, the following should be inserted as parti7
O

| 18 of the same paragraph: "In a letter from J. Nelson Grace of
I
; pp the Office of Nuclear Reactor Regulation'to Mr. Gordon L.
5
| 20 Chipman"--
t
e

! | 21 JUDGE MILLER: Spell that.
I

| 22 WITNESS ROSSI: C-h-i-p-m-a-n..

| 2

| 5 JUDGE MILLER: Thank you. Okay.23

8'

*
24 A (Witness Rossi) -- of the U. S. Department of"

| 25 Energy, dated July 25, 1983 (which included generic letter

p;isg
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(3
\~s I 83-28 as an enclosure), the Applicant was requested to address"--

2 JUDGE MILLER: You have got a paragraph there instead

3 of a sentence. Okay. Was requested to address--

d A (Witness Rossi) -- each item in generic letter"

5 83-28; however, resolution of this matter is not required

6 prior to issuance of a construction permit."

7 That is all.

JUDGE MILLER: That's it.End 12
9

10

11 .

12

137s

~- 14

15
,

4

16

e i7

8
18o

:

*
19

r
2

20g

h s 21

r
22g

23

3
'

24

25

t>s
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1 BY MR. TURK: '

2 Q Does anyone else on the panel have any additional

3 corrections or modifications to be made to the testimony or

4 professional qualifications? - -

5 A (Witness Rumble) No.

6 0 To the best of your knowledge and belief, are your
~

7 written testimony and professional cualificati0ns.as set forth
s- ._ s

. ,u
8 in NRC Staff Exhibit No. 32 and as now-revi.sedi.true and correct,

. - -s
9 and let me ask the entire panel of 11 persons this cuestion?

10 A (Witness Rossi) Yes.
,

11 A (Witness Morris) Yesi ''} [- ' '

12 A (Witness Rumble) Yes. [
,

y .- ~ s

13 A (Witness King) Yes. - ? '.'s
,

- '.

14 A (Witness Becker) Yes. -

\ -
.

g.
15 A (Witness Hanson) Yes.' ,'-

, %
. - .- *

3,
. .- .', , s s

t 16 A (Witness Garg) 'Yes. '- . , 'w ' s. * ~
t d ' '

. ~
~~. +

*- 17 A (Witness Agrawal) Yes.
~

* ** -
0 . - 'A * . - ~

'

$ '18 .A (Witness Schemel) Yes. - ' ^
~'

,
g q' - N + y,

I 19 A '(Witness Hou) Ye s . -
. f w ,

^

,,

, s~,. % , s, .- t --
-

| 20 A (Witness Swift) .Yes.
'

O'
,

I ~

3
-} 21- Q And,.again, to the panel of 11, do you adopt it

.

r Y.
,

, , ,

g - 22 as your sworn testimony in this proceeding? /~
.g .+ ; ,, . +

. _. ,

23 A (Witness Rossi) Yes. g s. cfg <
,2 . *

.

q, ,_

24 A: (Witness Morris) . Yes .s * '%\ ..: '

; .
' ~

25 'A- (Witness Rumble)' Yes. i \p
' ~ ~ '

.,

\,O '

. .
- _

, - q,

-v

w +
,

,
m

* *'
} . ,I,_

- ..' w .47
w $ Y

" Y['O .

- , -

N e ,g
,

. s '/ ;
,

'k 'M.

'

. . , . ,

_
h* '

y *
_
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(~)
(_,/ 1 A (Witness King) Yes.

2 A (Witness Becker) Yes.

3 A (Witness Hanson) Yes.

4 A (Fitness Garg) Yes.

5 A (Witness Agrawal) Yes.

6 A (Witness Schemel) Yes.

7 A (Witness Hou) Yes.

8 A (Witness Swift) Yes.

9 MR. TURK: Mr. Chairman, the Staff requests that

10 NRC Staff Exhibit No. 32, which was previously provisionally

11 admitted as an exhibit in the recuest, now be bound into the

12 record as if read.

13 JUDGE MILLER: All right. It will now be bound intos

~/ 14 the record. We will follow the'same procedure. It will be

15 carried directly into the transcript with transcript pace

to numbers as well as the internal pacination.

$ 17 MR. TURK: Thank you. Copies of the testimony have,

o

18 been prov'ided to the court reporter. Althouah we broucht down-y
3
*

19 as many as 10 copies to the reporter, I understand only three
t
| 20 copies are necessary, and we have provided those to the

i
g 21 reporter.
I

'

g (The document previously marked22

f 23 for identification as NRC Staff
8
'

24' Exhibit No. 32 was received in

25 evidence.)

r''s (The prepared testimony follows:)v)t,

s

s

1

b%( .

<
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY CONilSSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD
'

.'

In the Matter of
..

UNITED STATES DEPARTMENT OF ENERGY
PROJECT MANAGEMENT CORPORATION Docket No. 50-537
TENNESSEE VALLEY AUTHORITY

(Clinch River Breeder Reactor Plart)

NRC STAFF TESTIMONY CONCERNING ADEQUACY OF THE
DESIGN BASIS ACCIDENT SPECTRUM

Q1. Please state your names and affiliations.

A1. My name is Richard A. Becker. I am employed by the U.S. Nuclear

Regulatory Cwnission as a Reactor Engineer, Clinch River Breeder

Reactor Program Office, in the Office of Nuclear Reacter Regulation.~

i

My involvement with the Clinch River Breeder Reactor (CRBR) review
,

has been with the design basis accident analysis, heat transport

system and steam generator system.

'

My r,ame is Hukam C. Garg. I am employed by the U.S. Nuclear *-

i Regulatory Comission as an Electrical Engineer in the Equipment

Qualification Branch in the Office of Nuclear Reactor Regulation.

My invol u ment in the CRBR review is that I'am responsible for

review of the environmental qualification of electrical equipment

important to safety and safety-related mechanical equipment.

! My name is Shou-nien Hou. I am employed by,the U.S. Nuclear
i 's'

Regulatory Comission as Senior Mechanical Engineer in the t

'/

,O
'

Mechanical Engineering Branch;in the Office of Nuclear Reactorr
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Regulation. My involvement in the CRBR review was in the mechanical

engineering design aspects of piping integrity, including postulated

break criteria and seismic design.

.

My name is Thomas L. King. I am employed by the U.S. Nuclear

Regulatory Comission as Chief of the Technical Review Branch,

Clinch River Breeder Reactor Program Office, in the Office of

Nuclear Reactor Regulation. My involvement in the CRBR review is

that I am responsible for direction of the Technical Review Branch's

review of the fast sodium-cooled-related aspects of the CRBRP safety

review.

My name is Dr. Bill Morris. I am employed by the U.S. Nuclear Regu-

latory Comission. I am Branch Chief, Electrical Engineering Branch

in the Office of Reactor Research. During the construction permit

review until March 1983, I supervised the review as Section Leader,

Technical Review Section, Clinch River Breeder Reactor Program

Office, Office of Nuclear Reactor Regulation, and I participated

extensively in the issuance of the Safety Evaluation Report for

CRBR.

|

My name is Dr. Charles E. Rossi. I am employed by the U.S. Nuclear

Regulatory Comission. I am a Section Leader in the Instrumentation

| and Control Systems Branch in the Office of Nuclear Reactor Regula-
|

tion. As a Section Leader, I supervised the review of the CRBR

A instrumentation and control systems. I was also a member of an
V

|
|
|
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interoffice, interdisciplinary NRC Task Force established to

determine the generic implications of the two events at Salem which

resulted in the publication of NUREG-1000, Vol.1, " Generic Implica-

tions of ATWS Events at the Salem Nuclear Power Plant," dated

April 1983.

My name is Robert Schemel. I am employed by the U.S. Nuclear

Regulatory Commission as a Senior Human Factors Engineer in the

Human Factors Engineering Branch of the Division of Human Factors

safety, Office of Nuclear Reactor Regulation. My involvement with

the CRBR review has been to eview the control room design with

respect to human factors engineering.

O My name is Dr. Jerry J. Swift. I am employed by the U.S. Nuclear

Regulatory Consnission as a Reactor Engineer, Clinch River Breeder

Reactor Program Office, in the Office of Nuclear Reactor Regulation.

My involvement with the CRBR review has been to coordinate the

review of the radioactive source term analyses and the review of the

Probabilistic Risk Assessment of CRBR.

My name is Ashok K. Agrawal. I am employed by the Brookhaven

National Laboratory as a Nuclear Engineer in the Department of
i

Nuclear Energy. The Brookhaven National Laboratory has provided
i

| technical assistance onder contract with the U.S. Nuclear Regulatory
|

Comission in connection with the licensing review of the CRBR. As

1
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O
V part of that effort, I have been involved in the study of DBA

initiators and related analyses.

My name is John E. Hanson. Presently, I am employed by Los Alamos

National Laboratory. Prior to publication of the CRBR Safety

Evaluation Report (SER), NUREG-0968 I was employed by the Idaho

National Engineering Laboratory under contract with the U.S. Nuclear

Regulatory Coninission, assigned to the CRBR review in the areas of

design basis accident delineation and evaluation.

My name is Edmund T. Rumble, III. I am employed as a Corporate Vice

PresidentofScienceApplications,Inc.(SAI). Presently, I am

providing consultant services to the Nuclear Regulatory Consnission.

My involvement with the CRBR review has been as a member of an SAI

team providing technical assistance to the Office of Nuclear Reactor

Regulation on safety matters related to the proposed CRBR.

Q2. Have you prepared statements of professional qualifications?

A2. (Panel) Yes. Copies are attached to this testimony.

I. INTRODUCTION AND OVERVIEW

Q3. What subject matter does this testimony address?

A3. (Panel) This testimony addresses whether a reliable basis exists

for excluding the Core Gisruptive Accident (CDA) as a Design Basis

Accident (DBA) for CRBR.

Ov

L
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Q4. WhatareDesignBasisAccidents(DBAs)?'

A4. (Becker) Design Basis Accidents are a set of events and associated
|

conditions which are used to assess the way specific nuclear power

plant systems respond to abnormal conditions. As such, Design Basis

Accidents fall within the " Design Basis", which is defined in

10 CFR 6 50.2(u), as "that infonnation which identifies the specific

functions to be performed by a structure, system or component of a

facility, and the specific values or ranges of values chosen for

controlling parameters as reference bounds for design." The regula-

tion further states that "these values may be (1) restraints derived

from generally accepted ' state of the art' practices for achieving
,

functional goals, or (2) requirements derived from analysis (based

on calculation and/or experiments) of the effects of a postulated

accident for which a structure, system or component must meet its

functional goals."

QS. Does the Staff require that DBAs be defined and evaluated at the.CP

stage?

AS. (Becker) Yes.

Q6. What is the purpose of requiring a definition and evaluation of

DBAs?

A6. (Becker) While nuclear power plants, including CRBR, must be

designed to minimize the occurrence of accidents, the plants must

nonetheless be designed to cope with such accidents should they
.

h

.
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perfoming three basic safety functions: (1) control or stop the

nuclear fission reaction; (2) remove the generated heat; and

(3) prevent the uncontrolled release of radioactivity.

)
Nuclear power plant safety designs, systems and structures are

intended either directly or indirectly through the " defense in

depth" concept to assure that these functions will be performed. As

such, DBAs are selected and analyzed to determine if installed or

proposed safety features can cope adequately with postulated

accident events by performing the basic safety functions noted

above.

O The Staff requires that conservative margins be demonstrated by
D' applicants in their analyses of the postulated events. This is

accomplished by the use of conservative DBA analyses and
'

assumptions, as well as the use of conservative acceptance criteria.

Postulated events must be satisfactorily mitigated, i.e., the plant

must meet all specific acceptance criteria, even if single failures

are also postulated to have occurred in the safety systems under

evaluation.

Q7. How are DBAs normally selected?

A7. (Becker) Design basis accidents for nuclear power plants are

selected to represent'a reasonable envelope of the credible events

which might occur and which require mitigation by active systems or

passive structures. The choice of the specific events typically

.

** - - - - __ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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O depends on the type of reactor, with different sets of events being -

selected for BWRS, HTGRs, PWRs and LMFBRs. No regulatory criteria

have been established for making these choices. Instead, engineer-

ing judgement regarding the kinds of faults or phenomena which might. '

occur for a given type of nuclear reactor is employed. The selected

events may range from those which may occur one or more times per

year, to those events which may never occur during the life of the

plant.

When the occurrence of an event has been judged to be so improbable

that it is not " credible", the event is excluded from the design

basis envelope. For example, accidents involving an initiating

event and simultaneous multiple failures of the mitigating safety

systems have been judged to be so improbable that they need not be

included as design basis accidents for nuclear power reactors. Such

accidents have instead been designated as "beyond the design basis

accidents." Because such accidents typically involve some degrada-

tion of the reactor core, the tenn " core disruptive accidents"

(CDAs) is also used by the Staff to describe such severe accidents.

Although probability is a consideration in distinguishing DBAs from
Q4sually jaccidents which are beyond the design basis, the Staff does not
4

employ specific numerical probability thresholds. Rather, engi-

neering judgement, based on such deterministic criteria as quality,

assurance, compliance with regulatory standards, redundancy,
| independence, and diversity is generally employed in detennining

|
|

I

I
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that multiple failures of safety systems need not be postulated as

part of the design basis for nuclear power plants. Applicable

.

experience is also employed in selecting DBAs.

Q8. Please describe the means by which the DBAs for CRBR were initially

selected?

A8. (Becker) The CRBR DBAs were initially selected and submitted to the

Staff by the Applicants in Chapter 15 of the PSAR.

09. Does the Staff believe the DBA spectrum for CRBR selected by the

Applicants is sufficiently comprehensive suctr that all credible

accidents are enveloped?

A9. (Becker) Yes. As set forth in Section 15.1 of the CRBR SER, the

O,

Staff has determined that the DBA spectrum for CRBR is sufficiently

comprehensive so as to envelope all credible accidents for CRBR.

Q10. What is the basis for the Staff's judgement as to the comprehensive-
i ness of the CRBR DBA spectrum?

A10. (Becker) The Staff based its judgement upon an independent evalua-

tion of the CRBR DBA spectrum, involving the following elements:

1) A thorough review of the systems proposed for the CRBR design

j to perform the necessary safety functions.

| 2) A thorough review of engineered safety features which mitigate

the resulting accident should the primary system fail;

3) A thorough review of the DBAs proposed by the Applicants

O compared to the proposed CRBR design;
b

.
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4) A comparison of CRBR DBAs to LWR DBAs;

5) A comparison of CRBR DBAs to DBAs of other domestic liquid
|
I

metal-cooled fast reactors (LMFRs) that have been operated, are

operating or are under design; *

6) A comparison of CRBR DBAs to DBAs of foreign LMFBRs; and

7) An examination of available Failure Modes and Effects Analyses

(FMEAs)andinitiatorstudies.

The detailed bases which underlie the Staff's conclusions as to item

1 above is set forth throughout the CRBR SER, NUREG-0968. The

detailed bases for the Staff's conclusions for items 2 and 3 are set

forth in Sections 6 and 15 of the SER, respectively. In view of the

comprehensiveness of the Staff's review and evaluation with regard

to items 1-3 in the SER, this testimony does not further address

these items.

The comparisons referred to in items 4-6 set forth above are con-

tained in " Comparison of Clinch River Breeder Reactor Design Basis

Accidents with Those for Light Water Reactors and Liquid-Metal
i

Cooled Fast Reactors," EGG-NTAP-6152 (J. Hanson, Idaho National

Engineering Laboratory) (January 1983) and in " Comparison of CRBR

Design Basis Events with Those of Foreign LMFBR Plants," NUREG/

CR-3240 (A. Agrawal, Brookhaven National Laboratory) (March 1983).

The FMEA and initiator studies that were examined are listed in

response to Question $3 below. (; r :ry c' the St:f''' :=ly!?! (
n d es i i n aith r:;:rd t: it^ r ' ' 5-^ '^"t?'"?d i" ^^ N " E
SE", ..J o,c T. , U.s . dacribed ' ":rt "! Of thi: +-eti-ay Q
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!O A reference to the studies performed with respect to items 4-7 above'

I

is contained in SER Section 15.1.1.1 (p. 15-5). A summary of the

Staff's analyses and conclusions with regard to items 4-7 is con-

tained in Part IV of this testimony.

Q11. What are core disruptive accidents (CDAs)?

All. (Becker, Morris) A core disruptive accident is an accident so

severe that the reactor core or more specifically the fuel geometry

is significantly modified over a substantial region of the core.

Among the variations in the subsequent behavior are (1) successful

in-core cooling of the disrupted core, (2) reactor vessel thermal

failure because of inability to cool the disrupted core, and (3),

mechanical reactor vessel failure because of power bursts from reac-

tivity excursions or fuel coolant interactions which might occur as

a result of fuel and coolant relocation. These variations have been

analyzed and discussed in Appendix A to the " Safety Evaluation

Report Related to the Construction of the Clinch River Breeder

Reactor Plant" (NUREG-0968, March 1983) ("SER").

Q12. Under what conditions might CDAs occur?

A12. (Becker, Morris) A core disruptive accident could occur if either

(1) a failure to remove heat from the fuel at a sufficient rate
occurs so that fuel integrity is lost, or (2) a local failure in a

fuel assembly propagates beyond that assembly to adjacent regions of

the core.

O

-
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Failure to remove sufficient heat from the fuel could occur if any,

or a combination, of the following should occur:

(a) Failure to shut down the nuclear chain reaction when

necessary during an over-power or a flow reduction tran-

sient,

(b) Failure to maintain sufficient primary coolant inventory

to keep the fuel covered with coolant,

(c) Failure to maintain sufficient coolant flow to provide a

heat removal path from the fuel, or

(d) Failure to extract sufficient heat from the coolant to

maintain fuel integrity,

p Propagation of local fuel faults to large regions of the core could

occur if there is a failure to shut down the nuclear chain reaction

prior to the point at which sufficient local damage has spread to

other regions of the core.

Q13. Are CDAs a DBA for light water reactors (LWRs)?

A13. (Bccker, Morris, King) No. CDAs are considered incredible in LWRs

and are, therefore, outside the design basis.

Q14. On what basis are CDAs considered to be incredible for LWRs?

A14.(Becker, Morris, King) The evolution of LWR licensing has produced

a body of design crit ria and practices applied in the Staff's

review of a nuclear power plant design which fonn the basis for the

judgement that key safety functions can be performed with high
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O reliability. Key aspects of these criteria and practices are the

general reliability concepts of redundancy, diversity and

independence as supplemented by testing and inspection. In

addition, requirements for quality assurance at all levels of

design, construction and operation provides confidence that

structures, systems and components will perform satisfactorily.

Fundamentally, these practices grew out of the Staff's use of

engineering judgement infonned by engineering assessment of the

performance characteristics of the various systems and components in

a nucler power reactor and of the kinds of system or component

failures that may occur. Application of these criteria and

practices has become known as the deterministic approach and has

become formalized by the requirements and guidelines embodied in

10 C.F.R. Part 50 and the " Standard Review Plan For the Review of

Safety Analysis Reports for Nuclear Power Plants, LWR Edition" (SRP)

(NUREG-0800, July 1981), and in the various Regulatory Guides and

NUREG documents used by the Staff in the review process. An

additional factor in this approach is the " defense in depth"

concept, which recognizes the importance of accident prevention as
;

well as mitigation and tennination, and encourages the design

approach of multiple protective systems and features. Also, the

deterministic approach includes consideration of generic concerns

identified as TMI Action Items and/or unresolved generic safety

issues.

m

s

|

|
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|

O
V Probability-based methodologies such as risk assessment and

reliability estimates are being assimilated into the licensing

process and may be useful in some fashion in making decisions

regarding the DBA spectrum. However, it is the Staff's judgement

that these methodologies have not matured sufficiently at this time

to be used as a decisive basis for determining whether CDAs should

be excluded from the DBA spectrum. Presently, engineering judgment

based upon the: deterministic approach is considered to be the most

tested, mature and comprehensive licensing methodology available for

making such decisions.

It is the Staff's judgement that a nuclear power plant design which

has undergone a thorough review using the deterministic approach and

which has been found to be acceptable can exclude CDAs from the

design basis as being improbable, because multiple failures of

subsystems or systems of high reliability and high construction

quality must occur to produce a CDA, and such multiple failures are

not likely to occur.

Q15. Does the Staff consider CDAs to be beyond the design basis accident

spectrum for CRBR and, if so, what is the basis for that judgement?

A15. (Becker, King, Morris) The Staff considers CDAs to be beyond the

design basis spectrum for CRBR. We base that judgement on the

utilization of the LWR deterministic methodology, appropriately

modified to account for the salient differences between CRBR and

LWRs. Although most comonly utilized for the licensing of LWRs,

,

|
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this approach is sufficiently universal and flexible that it is

applicable to the licensing of all reactor concepts currently under

consideration for comercial application, with appropriate modifi-

cations, including the CRBR.

One objective of the Staff's review of CRBR is to assure a level of

safety comparable to that of LWRs. Application of the deterministic

approach by the Staff in its construction permit review for CRBR is

expected to result in the achievement of this comparable level of

safety. In LWRs, as discussed above, CDAs are excluded from the

design basis by application of the deterministic approach. Since

! the safety functions which must be performed to prevent CDAs are not
i

|

!
fundamentally different in CRBR and LWRs, CDAs can be excluded as a

DBA in both reactor types. In sum, it is the Staff's judgment that

the application of this deterministic methodology, appropriately

modified to account for the salient differences between LWRs and

CRBR, provides a sufficient basis to exclude CDAs from the CRBR

design basis as well.

Q16. How is the remainder of this testimony organized?

( A16. (Becker, King, Morris) In the remainder of this testimony, the
|

| Staff sumarizes (1) the significant differences between CRBR and

LWRs and the resulting modifications to LWR deterministic criteria;

(2) the safety functions which must be performed in CRBR to prevent

CDAs, and the means by which the perfonnance of these functions is

accomplished; (3) the method by which the design basis accident
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O spectrum for CRBR was verified; and (4) the role of the CRBR

probabilistic risk assessment (PRA) and reliability assurance

program.

II. MODIFICATION OF LWR DETERMINISTIC CRITERIA FOR APPLICATION
TO THE CRBR

Q17. Please describe the significant differences between CRBR and LWRs?

A17. (King, Morris) The significant differences between CRBR and LWRs

are associated with:

(1) the use of liquid sodium as a coolant in CRBR, which

requires 'that the plant be designed to accommodate sodium

leaks, that equipment be qualified for the sodium and

sodium combustion product environment, and that a means to

control the sodium inventory be established;

(2) the higher temperature operating conditions, which

requires certain different design considerations and

analyses;

(3) the fast neutron spectrum, higher power density, and

higher enrichment of the core, which require added

assurance of adequate shutdown and heat removal

capability; and

(4) the limited experience with LMFBRs as compared to LWRs.

Q18. Have these differences necessitated a modification of the LWR

deterministic criteria as applied to the review of CRBR?

O
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A18.(Becker, King, Morris) Yes. In its safety review for CRBR, the

Staff perfonned a comprehensive review of all safety criteria

included in an LWR review, identifying instances where modifications

were needed as a result of the differences between CRBR and LWRs.

In many areas, no modification of the LWR safety criteria was found

to be necessary. In other areas, these differences resulted in

significant modifications to the LWR general design criteria. These

modifications are identified in SER 6 3.1, in the discussion

concerning the CRBR Principal Design Criteria (PDCs). In view of

the differences between the CRBR and LWRs, as discussed in response

to Question 17 above, these modifications resulted ir. the following

f major requirements for CRBR which differ from LWR requirements:

O (1) Two fast acting redundant, independent, diverse reactor

shutdownsystems(RSSs);

(2) Redundant, independent, diverse decay heat removal systems

such that after an initiating event and a single failure,

at least two heat removal paths remain available;

(3) A means to prevent or detect conditions which could lead

to fuel failure propagations;

(4) Provision in the design for sufficient sodium coolant flow

and maintenance of sodium coolant inventory;

(5) Features in the design to acconinodate sodium leaks and
.

! sodium fires; and

(6) A coninitment to implement a fonnal reliability assurance

program.
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A detailed description of modifications to the LWR criteria that

have been made for the CRBR can be found in SER 9 3.1, " Principal

Design Criteria."

Q19. Please describe the function and requirements of the Principal

Design Criteria.

A19. (King) The Principal Design Criteria represent the Staff's general

design requirements with which CRBR must comply. More detailed

criteria and guidelines are then used by the Staff and Applicants in

implementing the PDCs, such as those contained in the Standard

Review Plan and the various Regulatory Guides used by the Staff in

its review process. The PDCs address requirements for those systems

and features necessary to acconinodate design basis accidents. In

general, the PDCs require that the plant:

a) be designed to high standards of quality,

b) be designed for external events such as floods and

earthquakes,

c) be designed to prevent and withstand fires,

d) be designed for equipment and systems to perfonn their

functions in the DBA environment, and
'

e) include systems and features to prevent accidents, control

the nuclear reaction, remove heat, monitor system

parameters and performance, and contain radioactive

material.

--
- - - - - -
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( In some key areas, more specific requirements on system redundancy,

diversity, independence, assumed failures, testing, and inspection
;

are also included.
.

4

Q20. How were. the CRBR Principal Design Criteria developed?

A20. (King) As stated in the Introduction to Appendix A to 10 C.F.R.
,

Part 50, the General Design Criteria for LWRs are considered to be

applicable to other types nf nuclear power plants and are to be used

as guidance in developing PDCs for a new plant. Accordingly, the

PDCs were based on the general design criteria for LWRs, contained

in 10 CFR Part 50,. Appendix A. In the development of the PDCs for
'

CRBR, the Staff considered the guidance in Appendix A to 10 CFR

Part 50, in the following manner: ,

(a) Where there was no substantial difference between CRBR and

LWRs, the Staff considered the LWR criteria to be

applicable and adopted the appropriate criteria.

| (b) For those LWR criteria considered generally applicable to

CRBR, the Staff adopted, to the maximum extent

practicable, the LWR criteria with appropriate

modifications to adapt them to CRBR.

(c) On the basis of its review, the Staff identified and

developed additional criteria for CRBR where there were

significant differences between LWRs and the CRBR.

The criteria in Appendix A to 10 CFR Part 50 were used to the

maximum extent possible. Wording changes were made only to adapt

the criteria to CRBR terminology, for completeness, or to includeO

.-
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l

'Ov additional requirements or conservatisms deemed appropriate because

of the inherent differences between LWRs and CRBR or the more

limited operating experience with LMFBRs compared to that of LWRs.

Adhering as closely as possible to the wording and requirements of

the LWP. criteria is considered appropriate because (1) the Staff's

goal has been to assure a level of safety equivalent to that of an

LWR, and (2) the LWR criteria are implemented by existing NRC guides

and technical positions whose effects could be impacted by changing

the criteria.

Additionally, the PDCs of the FFTF and SEFOR reactors were reviewed,

along with draft ANS Standard 54.1, " General Safety Design Criteria

for an LMFBR Nuclear Power Plant" (July 1981), to determine their

applicability. The results of these reviews were factored into the

development of the CRBR criteria.

Q21. Do the CRBR Principal Design Criteria contribute to the Staff's

conclusion that CDAs do not have to be included in the DBA spectrum?

A21. (King) Yes. The CRBR PDCs, like the deterministic LWR General

Design Criteria upon which they are based, require sufficient

redundancy, diversity and independence in safety systems so that

failure to perfom the basic safety functions which prevent CDAs is

considered incredible. Sincethesesamerequirements(asmodified

to account for the differcnces between CRBR and LWRs) are applied to

CRBR, the Staff has concluded that CDAs can be considered incredible

p at CRBR as at LWRs.
v

|
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III. PERFORMANCE OF PRINCIPAL SAFETY FUNCTIONS

Q22. What are the fundamental safety functions, in LWRs and CRBR, that

are necessary to prevent CDAs from occurring?

A22. (Becker, Morris) The safety functions which must be achieved to

prevent CDAs are as follows:

(1) Shut down the nuclear chain reaction, when necessary,

(2) Maintain sufficient coolant flow,

(3) Remove sufficient heat from the fuel, and

(4) Maintain sufficient primary coolant inventory,

In addition, in LMFBRs, special attention is given to a further

safety function:

(5) Avoid propagation of local fuel faults beyond an assembly.
)

Q23. How are these functions accomplished in CRBR?

A23. (Becker, Morris) In our review of CRBR, the Staff has determined

that these safety functions can be accomplished if the design

includes the features listed in Answer 18 above.

In addition to features to accomplish these fundamental safety

functions, the deterministic. methodology requires that attention be

focused as well on ancillary functions. A concern in this regard

for CRBR that is not present for LWRs is the ability of the plant to

accomodate a sodium leak. Accordingly, the Staff believes that for

the above features to function properly, the CRBR design must

include measures to protect against damage to equipment, structures,
%

3
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O and components from chemical reactions involving sodium (sodium

fires, sodium-water reactions, sodium-concrete reactions).

|

A. Shutdown of the Nuclear Chain Reaction

Q24. Please describe the Staff's review of systems necessary to shut down

the nuclear fission chain reaction?

A24.(Rossi) The CRBR RSS review was performed in accordance with

I Section 7.2 of the Standard Review Plan. The review criteria for

LWRs were used as the basis for the review of the CRBR instrumen-

tation and controls. The acceptance criteria used were the CRBR

Principal Design Criteria and IEEE Standard 279-1971, " Criteria for

Protection Systems for Nuclear Power Generating Stations." The

Staff's evaluation of the CRBR instrumentation and control systems,

including the RSS, is discussed in Chapter 7 of the SER.

Q25. Please describe the CRBR systems which are necessary to shutdown the

nuclear fission chain reaction?

A25. (Rossi) For shutting down the fission chain reaction in CRBR, there

are two independent and diverse shutdown systems, referred to as the

Primary and Secondary Reactor Shutdown Systems (RSS). Each_ system,

by itself, is capable of tenninating the design basis events without

exceeding specified limits even if the most reactive control rod in

that system cannot be inserted. One of these systems relies upon

scram breakers to initiate shutdown; the other system relies upon a

different component principle to initiate shutdown. The Staff's

,

|

. .
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O evaluation of these systems is documented in Chapter 7 of the CRBR

SER.

The Primary RSS consists of three redundant and physically separate

instrumenti channels for each measured parameter. The three channels

are used in a two-out-of three coincidence logic to generate reactor

trip signals. Three redundant logic trains are provided. The five

scram breakers of the Primary RSS are arranged in a manner such that

trip signals from two of three logic trains will open a sufficient

number of the scram breakers to interrupt power to the Primary RSS

control rods. Interruption of power to the control rods causes the

rods to be inserted into the core.

O
The Secondary RSS uses types of equipment different from that in the

Primary RSS and, in general, monitors a set of parameters diverse

from those monitored by the Primary RSS (neutron flux, however, is

measured by both RSSs). Neutron flux is measured by both the

Primary and Secondary RSSs; it is sensed with compensated ionization

chambers in the Primary RSS, and with fission chambers in the

Secondary RSS. Three redundant and physically separate instrument

channels are used to sense each measured parameter. Three redundant

logic trains are used in the Secondary RSS such that two out of

three trip demand signals will result in insertion of the Secondary

RSS control rods. The Secondary RSS control rods are tripped by

venting pneumatic pressure, which releases a latch on each control

/O rod. The pneumatic pressure is vented by scram solenoid valvesQ

!

. .
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O i
actuated by the Secondary RSS in a two-out-of-three configuration. ;

i

Scram breakers are not utilized. As with the Primary RSS, the

Secondary RSS control rods will scram on loss of power.

Since both Reactor Shutdown Systems consist of three redundant

channels and three redundant sets of logic, each system, by itself,

is capable of performing the safety function of shutting down the

reactor even if a single failure has occurred within that system.

The shutdown system designs include provisions such as the use of

physical separation and isolation devices to insure that

malfunctions in a channel or set of logic of one shutdown system

cannot propagate to a redundant channel or set of logic of the same

A shutdown system, or to any channel or set of logic of the second
U

shutdown system. All RSS equipment required to shutdown the reactor

is designed to remain functional following either an operating basis

earthquake or a safe shutdown earthquake.

Q26. With respect to design features to preclude scram failure, does the

CRBR differ from reactor shutdown systems used on current LWRs?

A26.(Rossi) Yes. As discussed above, CRBR has two independent and

|
diverse systems for detecting abnonnal events and automatically

initiating control rod insertion. Each system measures a variety of

plant parameters to determine the need for automatic rod insertion.

Current light water reactors have only one system (which measures a

|
variety of plant parameters) for initiating automatic rod insertion

i O following an abnormal event.
| G
|

1

|
,

__
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Q27. How does the availability of two independent and diverse reactor

shutdown systems at CRBR impact upon the likelihood of occurrence of
|

an anticipated transient without scram (ATWS) which could lead to a
,

|
CDA?

'

A27.(Rossi) The Staff has concluded that the probability of a CDA

initiated by an ATWS in CRBR is sufficiently low and may be

considered to be incredible. The events occurring at Salem 1 in

February 1983 (involving failure of two reactor trip circuit

breakers to open automatically upon receipt of a valid trip demand

signal) have not changed this conclusion, because the Salem plant

j (like other LWRs) has only one fast acting RSS. Further, generic

actions are being developed with respect to LWRs, to address the

circumstances leading to the specific type of failures at Salem, as

well as to improve the reliability of reactor shutdown systems in

general. If appropriate, these generic RSS actions will be applied

to the CRBR reactor shutdown systems to reduce the ATWS probability

even further.

B. Maintenance of Sufficient Coolant Flow, Heat Removal and Coolant
| Inventory

Q28. Please describe the Staff's review of the features needed to

maintain sufficient coolant flow, heat removal and coolant

inventory?

A28.(Becker, King,Hou) The Staff's review was performed in accordance

with the Standard Review Plan (Chapter 4, Reactor; Chapter 5,

Reactor Coolant Systems and Connected Systems; and Chapter 7,

O

.- _
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Instrumentation and Control), modified as necessary to account for
,

the unique aspects of CRBR. Generic external hazards such as

seismic events which could affect the heat removal systems were also

reviewed. The results of the Staff's review are set forth in -

Sections 4, 5, 7 and 15 of the SER.

Q29. What features of CRBR provide for sufficient coolant flow, heat

removal from the fuel and coolant inventory?

A29.(King,Becker) The features of CRBR which are proposed to provide

for sufficient coolant flow, heat removal from the fuel and coolant

inventory are (1).the CRBR heat removal systems (including their

associated features to prevent flow blockages and gas bubbles in the
)
'

core); (2) guard vessels for the reactor vessel, primary pump and

IHX, along with elevated piping; and (3) systems to prevent, detect

and accommodate sodium leaks.

Q30. Please describe the CRBR heat removal systems and their role in the

maintenance of coolant flow, heat removal and coolant inventory?

A30. (Becker) The CRBR heat removal systems consist of the main heat

transport system (HTS) and the Shutdown Heat Removal System (SHRS).

The main HTS is comprised of three identical heat transport loops

used to carry heat from the reactor core through a primary loop,

isolated from an intennediate loop by means of an intermediate heat
mhrwLdiaie.;t

exchanger. The heat transported by thej;nn:- g ioop generates
steam in two identical evaporator modules. The generated steam is

O passed through and superheated in a third module. The superheated

-- .. - - . ._ _ _ _ _ _ - - - _ _ _ -
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steam then passes to a turbine generator to generate electricity,

and the waste heat is rejected to the atmosphere. A pump in each

primary and intermediate loop provides motive power to circulate the

coolant. These three main HTS loops are designed to remove the full.'

power generation of the core.

The SHRS consists of subsystems utilized for removing heat after the

reactor has been shutdown (decay heat). The SHRS consists of the

three main HTS loops, plus a diverse heat removal system called the

Direct Heat Removal Service (DHRS). Decay heat is nomally removed

through the main Heat Transport System (HTS), steam, condenser, and

feedwater systems. Each HTS loop is also provided with a safety

grade backup decay heat removal system called the Steam Generator

Auxiliary Heat Removal System (SGAHRS). The SGAHRS utilizes steam

vent valves, and a steam-to-air heat exchanger to dump heat to the
ta sage.k eadi e

atmosphere. Feedwater is supplied bygauxiliary feedwater s%se, sykms vimmally uM. 4tchic osuMA wiled. 6e e/Ts.*Ja. os a. refa.kstemvaLL (13)onr*h.
similar to that utilized in LWRs.Moffsite or onsite power (other po %

mphthan batteries) is required for decay heat removal through the h%,tcan bo no
SGAHRS. This444r accomplished via natural convection in the sodium .-

loops, and via steam venting and the steam-to-air heat efanger in
the SGAHRS. Further infomation on the Staff's position concerning

/

the ability of CRBR to remove decay heat via natural convection is

proviaed in response to Board Question 4.

If for any reason, all three HTS loops are lost or unusable beyond

the Intermediate Heat Exchanger, operation of the Direct Heat
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Q Removal Service (DHRS) can be initjated, utilizing the reactor , ;

overflow path through a heat exchanger to reject the decay tiea't' '

'

s' .s.

through the air cociers used to cool the exive'ssell stoltgeitank '

\f-, ,,y

(EVST). The DHRS requires AC power (eitheq~froy olfsith gr'onsite ;
*

*

sources) and can accomplish its function even wit a,hiilglefhilure \m,. . , . -

of any active component. *
,

sy.
,

t s

When the reactor is operating at power, the main HTS prov'i & s, -s
m -

sufficient heat removal capacity. The RSS is tripped and the , ,

, . \
reactor is shutdown if tije paranster nonnal operation indicate ^

that the ability to remove heat is being impaired. TheHTSjn<i
- ~

,

reactor vessel also contain features to prevent lod . ficff glockages ,?
, .- . . 1

and gas bubbles from passing through the core.+ Thesti sto deSCHbed
.

s

:~;6 em_
,

in Section 4.4 of the SER. % , A '

. ~
, . . ,,

; .- . ,< , ., ,
_

*'.s e, .., , ~.

Q31. What roles do the guard;vess'els and elevated piping'perfonn N (s s
. . - -

,,
_

,

providing for sufficient 'coola.gt flow, heat removal and coolent
- w__

inventory? - c-
~ '

s,.

, ,

s .y + ,- y
A31. (Becker, King) Although C8iBP. does myt operate above the ' sodium '

' *s y 3
-

,

saturation temperatur6 a small leak [if left~ unattended) has the ,'
-ey >

potential of draining furge quantities of sodium from a system. The ) ,

, X
'

-

proposed CRBR design ackhowledges this possibility and has' ,,?.
,1 . ~

,

incorporatedguardvesselsaroundthereactorvessel,primaryp'dmps , ',. p,.

,

'd'-and IHX to maintain an adequate inventory. The guarQcsselsf i

_ _

/ , n- ,.

,

accomplish this function by being sized and designed ,tuch that'.a, -,. ,

., s4 -
, , , , ye

leak occurring within the guaEd vessel envelope willtfill the
. N;y

, , w., ,

v * ui.

*
.mg \ , '

4 "#
,

- .c v,x ; .,
% **gw # T' Xg , ,

..k- \|y * ' ' fr\
*n m- *- -
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annulus between the guard vessel and the component so that

sufficient sodium remains in the reactor vessel to cover the core

and exit nozzles, provided the primary pumps are reduced to pony

motor speed. This allows any loops without to continue to -

remove the decay heat. In addition, the piping between guard

vessels is elevated so that the possibility of syphoning is avoided.

To ensure that the primary pumps are reduced to pony motor speed,
,

procedures will require the plant to be shutdown upon indication of
, .

L a sodium leak. In addition, the Primary Reactor Shutdown System has
v ,.

4 an automatic trip on low reactor vessel level to provide automaticc. s

\y protection (i.e.,reactorshutdownandpumptrip)againstalarge-
,

;
' "

leak. Sodium inventory in the intermediate loops is maintained by

physical separation and independence of the three intemediate

loops, so that a leak in one loop is not able to affect the other. ,

two loops.
s -
\

s

'

032. How is the prevention, detection and accomodation of a sodium leak
,

,

#a

accomplished?,,

L A32. (Becker, Hou) CRBR is to be ~ designed with p :=:iti sodium leak
Thesa

detection syste for the primary and intemediate HTS loops. M.

,

a aNL) r.)
systep to be redundant and diverse and to be capable of

jbut,#1aak AoAg.s.,. weL. sedw % %a. dutw
detecting leaksy ca. te ouvot 100 sie,Ta/ b ;f ;;f y The piping
system is to be constructed of stainless steel in accordance with

c- -

ASME Boiler and Prehsure Vessel Code Sectionf, II, to accomodate

nomal and off-normal loads and to provide high quality control.

The low pressure-high temperature operating conditions of the sodium
_

'b

'

, (

k

\ '

3
\' .? . . -, .

- -+
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cooling system require a design utilizing thin-walled piping. The

seismic response of the thin-walled sodium system is quite different

from the heavy, thick-walled high pressure LWR cooling systems. In

addition, high temperature material properties must be considered
,

for both short tenn strength and long term phenomena such as thermal

aging and creep. ; Current design rules have taken these effects into

consideration and applicable design margins for the sodium systems

under seismic loads were analytically demonstrated. The Staff's

concerns related to the adequacy of current high temperature design

rules have been identified and resolved by a combination of
4

additional analytical . effort and further confinnatory materials

|
testing. Section 3.9.9 of the SER provides the Staff's evaluation

in this area. Further information is to be presented in a Staff

Exhibit in this proceeding.

The HTS sodium is not expected to leak, but even if an undetected

flaw were present and a leak occurred, the material properties of

the stainless steel are such that a small leak would develop in lieu,

,

,of a sudden large leak. In addition, Staff calculations have shown
|

|
that large leaks in the primary system, which are several times

larger than the Design Basis Leak (DBL), may be sustained during

operation before core cooling is impaired to the point of violation ,

'

of the<0BA acceptance criteria of no sodium boiling in the core, as

discussed in SER 9 15'.3.2. Leaks larger than the DBL are considered

highly improbable based on (a) attention to quality control at all

h stages' of design and construction; (b) comprehensive piping design
V p,

0
i

.

_ __
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O
V for anticipated loadings such as seismic, thermal transients and

other factors; (c) the expected presence of detectable small leaks

prior to large leaks; and (d) a sensitive leak detection system.
.

The ways in which CRBR accommodates the chemical reactions resulting

from a sodium leak are discussed in Section III.D of this testimony.

Q33. What has the Staff concluded with respect to the CRBR heat removal

systems?

A33. (Panel) The Staff has concluded, based on its review of the CRBR

heat removal systems, that the proposed design provides features

sufficient to prevent flow blockaga, and that there is sufficient

redundancy, diversity and independence in the systems to ensure

adequate coolant flow and heat removal from the fuel. In addition,

these systems have been sufficiently protected from loss of sodium

inventory such that the probability of a CDA resulting from an

inability to cool the core is sufficiently low. Accordingly, the

Staff has determined that CDAs resulting from a failure to maintain

sufficient coolaat flow, heat removal and/or coolant inventory may

be excluded from the CRBR design basis accident spectrum.

C. Avoiding Propagation of Local Fuel Faults

Q34. Please describe the Staff's requirements related to the propagation

of local fuel failures.

A34.(King) The Staff's concern with regard to local in-core fuel or

(~ blanket failures at CRBR is that the design must be adequate to
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prevent or detect such failures prior to their propagating beyond ,

the initating assembly. Accordingly, the CRBR Principal Design

Criteria include requirements on the prevention and detection of

fuel failure pro agation events. -

Q35. Are the effects of local in-core failures and the potential for

their propagation to other parts of the core considered in the CRBR

safety analysis?

A35.(King) Yes. Such events have been considered by both the

Applicants (in PSAR Section 15.4) and the Staff (in SER Section

15.4).

Q36. Which local in-core failures were considered?

A36.(King) The Applicants and Staff considered in-core failures of

fuel, blanket and control pins due to: (a) random or stochastic

clad failure; (b) local overpower; (c) local flow blockage; and

(d) gas bubble passage through the core.

Q37. Please describe the Staff's review of local fuel failures?

A37.(King) The Staff, assisted by los Alamos National Laboratory, con-

ducted a review of the Applicants' analyses, presented and

referenced in PSAR Section 15.4. In addition, an independent review

was conducted of the available literature concerning failure

propagation and detection; the results of a recent in-reactor test
94At

designed specifically to investigate failure propagationp also
reviewed.
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O Q38. What has the Staff concluded with respect to the capability of CRBR

to avoid propagation of local fuel faults?

A38.(King) The Staff has concluded that the potential for failure

propagation in CRBR is very low and that even if initiated, means

will be provided to detect the propagation in sufficient time to

shutdown the reactor prior to significant propagation. These

conclusions are based upon the following considerations:

a) Failure propagation has not been observed in any operating

LMFBR for which data are available (data from communist

countries are limited and, therefore, no conclusion can be

drawn with regard to failure propagation in their LMFBRs).

b) CRBR if to contain features to minimize the potential for

local flow blockage, overpower assemblies and gas bubbles

in the core.

c) The results of extensive analysis and testing perfomed to

investigate various types of local failures and their

potential for propagation indicate that only certain'

conditions of local heat-generating blockages (i.e., fuel

expulsion from one pin causes local blockages around its
:

neighbors) cause failure propagation, and that the speed

at which this propagation occurs is slow enough to allow

detection and reactor shutdown prior to significant

propagation.

d) The proposed CRBR design includes a delayed neutron

monitoring system capable of rapidly detecting any local
|

f
failure events which could result in failure propagation.
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O Until such time as operation with failed fuel is welle)

understood, restrictions (as discussed in SER Section

4.2.1.3.2.6) will be placed on CRBR operation with failed

fuel. These restrictions will minimize the potential for

' failure propagation due to unanticipated failed fuel

behavior.

Therefore, based upon the above, the Staff considers that CDAs

initiated by fuel failure propagation are of sufficiently low

likelihood that they may be excluded from the CRBR design basis

accident spectrum,

f
,

i D. Accomodation of Sodium Leaks and Sodium Fires

Q39. Please describe the differences between CRBR and LWRs with respect

to the environmental qualification of equipment.

A39. (Garg) The significant difference between CRBR and LWRs in the area

of environmental qualification of equipment is that the equipment in

CRBR may be exposed to sodium aerosols and combustion products,

whereas equipment in the LWR environment may become exposed to

chemical or demineralized water spray.

|
|

Q40. Have the Staff's concerns with respect to this matter been resolved'

to the Staff's satisfaction?

A40.(Garg) Yes. As discussed in Section 3.11 of the SER, the

Applicants have committed to qualify all Class 1E electrical

equipment for the sodium environment to which they can be exposed

. - -
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'

during any DB$ Mechanical equipment will be qualified for
'

.

anticipated environments or will be protected by enclosures. Based;

on the fact that it is feasible either to qualify or to protect the

; equipment, the Staff finds that the environmental qualification -

criteria can be satisfied for the CRBR.
.

.

Q41. Is it important that the CRBR have the capability to accommodate

sodium leaks which could result in sodium fires?

A41. (Becker, King) Yes. One of the primary differences between CRBR

and LWRs is that in CRBR, the liquid used to cool the reactor and ;

transport heat reacts chemically with both air and water. When

exposed to even small amounts of oxygen or water, sodium will

combine readily with the oxygen (burn) and give up heat. When

exposed to concrete, the sodium reacts readily with the water in the

concrete, releasing hydrogen and energy.

Q42. Has the Staff determined that the CRBR will be able to accommodate

sodium leaks which could result in sodium fires?

A42.(King) Yes. It has been coninon practice in LMFBRs to surround the,

I
radioactive primary heat transport system with steel-lined cells,

which can be inerted; this design approach has been continued in

CRBR. Each primary loop has its own steel-lined cell which will be

purged with nitrogen until the oxygen content is about 2%. This

reduces the impact of'a leak and any subsequent fire. The steel

liners in the cell remove the possibility of sodium-concrete '

reactions which could cause hydrogen generation and possible

. _ _ _ _ _ _ _ _ _ _ _ . - _ . - - - - - - -- -
|

-
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'

overpressure, and failure of the cells. The Staff's evaluation of

sodium fires appears in SER ll 9.13.2 and 15.6.2. The cell liners

are considered to be Engineered Safety Features, as noted in SER

Chapter 6; the cell liner evaluations appear in SER li 3.8.3 and *

9.13.

Sodium fires outside the primary system, where the sodium is not

radioactive, are controlled with catch pans and fire suppression

decks. These are shallow steel basins at the bottom of air-filled

concrete cells which allow the sodium to drain away while limiting

the surface area that is exposed to oxygen, thus pemitting the bulk

of the sodium to e.ool and solidify.

O
CRBR has been designed so that the potential for sodium-water reac-

tions realistically exiskonly at the steam generators (SGs).

Relief systems are to be provided on the SGs to dump reaction pro-

ducts from a sodium-water reaction to inerted dump tanks so as to1

prevent the sodium-water reaction from damaging the primary system.

In addition, the water is to be rapidly dumped from the affected SG

to terminate the reaction.
!

|

Finally, the design is to be reviewed with respect to the environ-

mental qualification of safety-related instrumentation and

equipment, to limit systems interaction common mode failures and to

ensure the ability to monitor operations during accident-generated

environments.
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IV. VERIFICATION OF THE CRBR DBA SPECTRUM,

043. Has the Staff verified the comprehensiveness of the CRBR DBA

spectrum?

A43.(Becker) Yes. The ways in which the Staff verified the comprehen-

siveness of the CRBR DBA spectrum are summarized in response to

Question 10 above.

Q44. Has the Staff considered the DBAs of LdRs, LMFRs and other LMFBRs in

assessing the comprehensiveness of the CRBR DBA spectrum?

A44. (Hanson, Agrawal) Yes. The objective of the comparisons of DBAs is

to utilize the disciplined thought processes of other plant
.

designers and engineers to discover DBAs which might have been

overlooked for CRBR. With these comparisons, it is possible to be

confident that the CRB" DBAs comprise a sufficiently complete set.

DBAs do tend to be design specific and the importance of types of

DBAs may vary between plants of different design. The general

safety functions which must be performed, the systems required to

perform these functions, and the requirad engineered safety features

are similar for different types of plants. Accordingly, each event

| must be examined to determine if it represents a DBA applicable to
i

CRBR or simply an accident unique to the plant (or system) for which

it was considered.

i

Q45. Are there additional reasons why CRBR DBAs have been compared with

LWR DBAs?

OO
.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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A45.(Hanson) The Staff has stated that the review goal for CRBR is to

ensure a level of safety comparable to that for a LWR. Also, there

are generally similar functions that must be perfonned in both reac-

tor systems. It is, therefore, appropriate that the CRBR DBAs be

compared with those of LWRs, as referenced in the Standard Review

Plan, NL' REG-0800.

Q46. Did your review of LWR DBAs result in the identification of any DBAs

which should be but were not included in the DBA spectrum for CRBR?

A46.(Hanson) No. This review and comparison provides additional

assurance that the CRBR DBA spectrum is complete.

Q47. For which domestic liquid metal-cooled fast reactors were DBAs com-

pared with the CRBR DBAs?

A47.(Hanson) The review of domestic LMFRs covered FERMI-1, SEFOR,

EBR-II,FFTFandtheproposedLargeDemonstrationPlant(LDP).

Q48. Did the Staff's review of DBAs for domestic liquid metal-cooled

reactors result in the identification of any DBAs which should be

but were not included in the DBA spectrum for CRBR?

A48.(Hanson) No. This review and comparison provides additional

assurance that the CRBR DBA sprectrum is complete.

Q49. For which foreign LMFBRs were DBAs compared with the CRBR DBAs?

A49.(Agrawal) The review of foreign LMFBRs was based on LMFBR plants

having power levels comparable to or higher than that of the CRBR,

;

-. .--
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[ which are either currently operating or are in an advanced stage of\

design or construction. The plants reviewed are the PHENIX and

SUPER PHENIX plants in France, the SNR-300 in the Federal Republic

of Germany, the MONJU reactor in Japan, and the PFR in the United

Kingdom. Not included in my study are a number of smaller plants

and plants for which data were not available for review.

Q50. Please summarize your findings on the comparison of CRBR DBAs and

the DBAs of foreign LMFBRs?

A50. (Agrawal) There are two key findings. First, the methodology used

in the selection of the design basis accidents for foreign LMFBR

plants is similar to that used by the Applicants in CRBR. Secondly,

the list of DBA events considered by the Applicants is comparable to

those considered in the foreign LMFBR plants.

Q51. Did your review of foreign LMFBR DBAs result in the identification

of any DBAs which should be but were not included in the DBA

spectrum for CRBR?

A51.(Agrawal,Becker) No. However, the Staff has detennined that

further analysis should be provided in the Applicants' FSAR con-

cerning the potential for freezing of sodium in the steam generator,

| in the event that a sufficient quantity of very cold water were

allowed to pass through the steam generator. In the CRBR, if such

an event were to occur, protection may be provided by a safety func-
|

| tion dependent upon a primary-to-intermediate sodium flow mismatch

! trip. Further, the direct heat removal service (DHRS) would be

.
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available to remove decay heat if all three heat transport system

(HTS)loopsweredisabled. Notwithstanding these considerations, in

the event that sodium freezing is determined to be a concern upon

the conclusion of Applicants' analysis, a plant protection system

(PPS) trip could be added during the OL review stage to resolve this

matter.

Q52. What conclusions do you draw from your comparison of foreign LMFBR

DBAs with those of T.RBR?

A52. (Agrawal) The comparison of DBAs for CRBR and for foreign LMFBRs

provides additional assurance that the CRBR DBA spectrum is

complete.

O Q53. Which FMEAs and accident initiator studies were examined by the

Staff?

A53. (Becker, Rumble) The FMEAs considered by the Staff were those in

Supplement 1 to Appendix C of the CRBR PSAR. The initiator studies

considered by the Staff were those contained in "CRBRP Safety Study"

(CRBRP, March 1977) ("CRBRP-1"); " Estimated Recurrence Frequencies

for Initiating Accident Categories Associated with the Clinch River
,

Breeder Reactor Plant Design," NUREG/CR-2681 (E. Copus, Sandia

National Laboratory) (April 1982); "LMFBR Accident Delineation

Study, Phase I Final Report," NUREG/CR-1507 (D. Williams, Sandia
,
.

National Laboratory) (November 1980); and " Risk Reduction

(
- Feasibility Study of Selected Modifications to CRBRP Safety
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Systems," SAI-83-959-WA (B. Atefi and R. Liner, SAI)

(September 1982).

054. Were any additional accident initiators or accidents found in

examining the available FMEA and accident initiator studies?

A54. (Becker, Rumble) No additional accident initiators or accidents

were found from the examination of available FMEA and accident

initiator studies. The examination of these sources provides

additional assurance that the CRBR DBA sprectrum is complete.

Q55. Has the Staff's review of the selection of DBAs for CRBR taken into

| consideration the role of human error?

| A55. (King, Morri% Becker, Schemel) Yes. The Staff's review at the CP

O stage concentrates on ensuring that the design criteria applied to

the plant include requirements directed toward minimizing the

potential for human error. These requirements are embodied in the

deterministic criteria applied to CRBR (Principal Design Criteria,

Standard Review Plan (NUREG-0800), and the other Regulatory Guides

and NUREG documents applied in the CP review), and minimize the

potential for human error by specifying requirements as to

j (a) redundancy, diversity and independence of safety systems (see

Chapter 3.1 of the SER); (b) application of human factors

engineering principles (see Chapter 18 of the SER); and (c) appli-

| cation of requirements resulting from the TMI accident listed in

10 C.F.R. 9 50.34(f), many of which are directed toward reducing the

p potential for human error.,

|
|

t
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The plant design at the CP stage is only reviewed with respect to

its potential for meeting the criteria; actual desian approval and a

more detailed review of additional considerations with respect to

human factors are scheduled at the operating license (OL) review

stage.

In addition to specifying' requirements as to safety system

redundancy, diversity and independence, the deterministic criteria

listed above specify: (1) when single failures must be assumed,

(2) what initial conditions must be assumed in the safety analysis,

and (3) where the design must include human factors requirements.

The requirements as to redundancy, diversity, independence, single

failures and initial conditions, in effect, require that the plant

be designed for failures (whether human failure or equipment

failure). For example, multiple human errors would be required to

reach the initial condition assumptions of certain DBAs because the

conditions imply multiple violations of procedures. Also, the

failures assumed during DBAs could be caused by either human error

or hardware failure, and the response of the plant is not affected

by whether the source of the failure is human or hardware.

Therefore, in effect, human error is considered in the selection and

course of DBAs.

o

|

- _ _
__
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f Q56. Would operation of CRBR present any more difficult challenge to the -

operator or present any more opportunity for human error than is

presented by operation of an LWR?

A56. (King, Rumble, Morris, Schemel) CRBR is comparable to a modern LWR *

,

with respect to the general ways in which human errors may

potentially occur, and the steps used in LWRs to minimize human

errors are directly applicable to CRBR. The CRBR is not considered

to present any more difficult challenge or opportunity for error

than is presented by operation of an LWR. Some features of CRBR,

such as the two independent, diverse, redundant shutdown systems,

provide additional margin to accomodate human error beyond that

which may be available in LWRs.

O
057. What does the Staff conclude about the comprehensiveness of the

potential accident initiators and design basis accidents considered4

for CRBR?

A57. (Becker) Indefiningandanalyzingthedesignbasisaccidenffor

CRBR, the potential initiators have been either described and stu-

died or generically bounded and studied. Basedupon(1)acareful

evaluationoftheCRBRdesignbasisaccidentspectrum,(2)acom-

parison of CRBR DBAs with the DBAs of LWRs, domestic LMFR and

LMFBRs,andforeignLMFBRs,and(3)anexaminationofavailable

FMEAs and accident initiator studies, the Staff has concluded that

the CRBR DBA spectrum'is complete, and that the entire spectrum of
.

credible accident initiators has been enveloped.

O

|
i. , - , . ._. .. --
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V. THE ROLE OF THE CRBR PROBABILISTIC RISK
ASSESSMENT AND RELIABILITY ASSURANCE PROGRAM

A. The Probabilistic Risk Assessment (PRA)

.

058. Has the Staff performed any analyses at the CP stage to gain

perspective of CRBR reliability and risk?

A58. (Rumble) The Staff and its contractors (NUS Corporation, Brookhaven

National Laboratory, Sandia National Laboratories, UCLA, and Science

Applications, Inc.) have performed numerous analyses to investigate

the reliability of CRBR systems and to delineate important accidents

which, if led to conclusion, could potentially cause core degrada-

tion and releases to the environment. The main purpose of these

analyses was to study the potential for system weaknesses which

could degrade the inherent diversity, redundancy and independence in

the CRBR design. Consideration of this reliability-oriented

infonnation has led to enhancement of safety system designs; the

most recent example of this is the upgrading of the Direct Heat

Removal Service (DHRS) to conform to the single failure criterion.

A list of the NRC-sponsored reliability oriented studies for CRBR is

| attached to this testimony (DBA Testimony Attachment 1).
!

Q59. What is a Probabilistic Risk Assessment?

A59.(Rumble) Probabilistic Risk Assessment (PRA) in the context dis-

cussed here is a methodology for estimating the public health risk

p due to the operation of a particular nuclear power plant. In order
| U

_. -_ -.
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to perfom this estimate, accident sequences are delineated and

quantified to obtain their likelihood of occurrence and public

health consequences. By systematically and comprehensively identi-

fying accident sequences which contribute significantly to the total

risk, a risk envelope can be established which bounds the public

risks of plant operation. The quantification of accident sequence

likelihoods involves the estimation of accident initiator

frequencies and the unavailability of possible mitigating systems,

functions and features. The quantification of consequences entails

the analyses of physical processes during accident progression, of

containment system response, of radionuclide release and transport,

| and of environmental consequences.

Q60. Are PRAs used to identify Design Basis Accidents for CRBR or LWRs?

A60. (King) No. The regulatory framework has not developed a means of

using PRAs to establish the DBA spectrum. However, infomation

generated by PRAs can be useful in gaining insights into the

comprehensiveness of the DBA spectrum.

Q61. Is a PRA for CRBR relied upon by the Staff to demonstrate that core

disruptive accidents ("CDAs") need not be included in the DBA

spectrum?

A61.(King) No. CDAs are excluded from the CRBR DBA spectrum by appli-

cation of deteministic methodology, as for light water reactors.,

This involves adherence to the general principles of redundancy,

diversity and independence, use of the Standard Review Plan, con-

|

L
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formance to regulations, regulatory guides and branch technical

positions, and application of adequate Principal Design Criteria.

Further confidence in the reliability and safety obtained through

this methodology is derived from the fomal Reliability Assurance

Program which the Staff has required CRBR to have. The

Probabilistic Risk Assessment of CRBR will provide a further review

of plant design and operations for potential weaknesses, but is net

required to support the determination that CDAs may be excluded from

the DBA spectrum.

Q62. Is there any regulatory requirement that a PRA be perfomed?

A62.(Swift) 10CFR%50.34(f)(1)(1) states:

(1) To satisfy the following requirements, the applica-O tion shall provide sufficient information to describe
the nature of the studies, how they are to be conducted,
estimated submittal dates, and a program to ensure that
the results of such studies are factored into the final
design of the facility. All studies shall be completed
no later than two years following issuance of the-

construction permit or manufacturing license.
(i) Perform a plant / site specific probabilistic

risk assessment, the aim of which is to seek such
improvements in the reliability of core and containment
heat removal systems as are significant and practical
and do not impact excessively on the plant. (II.B.8)
(Footnoteomitted).

'

In this regard, it should be noted that the requirements of 10 CFR

% 50.34(f)(1) are applicable only to specific LWRs and a

manufacturing facility. Nonetheless, the Staff has chosen to apply

the requirement for a,PRA to CRBR, to provide additional assurance

that the risks from CRBR operation will be equivalent to LWRs.

O

_ _
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Q63. Is there any requirement that a PRA be completed before a

construction permit can be issued?

A63 (Swift) No. Completion of a PRA before a CP is issued is not

required by regulation, nor is it the Staff's practice to so

require.
l

|

Q64. Has a PRA for CRBR been completed?

A64.(Swift) No. The Applicants commenced work on the PRA in or about

June 1981, and the effort is continuing.

Q65. Is it anticipated that a PRA for CRBR will be completed prior to the

issuance of a construction pemit?

A65. (Swift) No. The Applicants have committed in Appendix J of the
|
' PSAR to a schedule showing delivery of the completed PRA for CRBR in

December 1984; based upon this schedule, the Applicants are expected

to satisfy the requirement of 10 CFR 9 50.34(f)(1)(1) that a PRA be
;

completed within two years of issuance of the construction permit.

| Q66. Is the CRBR PRA to be comparable in comprehensiveness to the

"ReactorSafetyStudy"(WASH-1400)?

A66.(Rumble) Yes. The Applicants have, in Appendix J of the PSAR,

comitted to a PRA comparable to the Reactor Safety Study.

Q67. What is the primary objective of the CRBR PRA?

A67.(Rumble, Swift) The primary objective of the CRBR PRA is to deter-

mine the relative importance of individual systems and components to
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plant reliability and safety, so as to identify potential

weaknesses. It can also aid in identifying specific preventive and

mitigative actions to reduce risks.

Q68. What is the Staff's role in the CRBR PRA?

A68.(Swift) As described in the SER, the Staff is conducting an ongoing

review of the Applicants' PRA effort. The review effort is being

conducted with assistance from Science Applications, Inc.

Activities of the review effort include detailed review of specific

major elements of the study, integrated review of the overall PRA,

and continued monitoring by review of the PRA products and by par-

j ticipation in interactive meetings with the Applicants. The

n Applicants have comitted to interactive meetings to convey early
V information on methodology and interim results to facilitate the

Staff's review.

Q69. Does the Applicants' PRA appear to be of sufficient scope, depth,

and quality to meet the NRC requirements?

A69. Yes. The work completed to date and the plans to which the Appli-

cants have committed for the remaining effort indicate that the

final products will be of satisfactory scope, depth and quality to

meet NRC requirements.

This judgement is based upon the following considerations. The

! Staff has been reviewing the plans and products of the PRA since the

sumer of 1982. In addition, several meetings with the Applicants

--- -
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and their contractors have been held to discuss the PRA activities.

The IEEE/ANS PRA Procedures Guide (NUREG/CR-2300) and the Interim

Reliability Evaluation Program Procedures Guide (NUREG/CR-2728), as

well as recently completed and ongoing PRAs, provide a basis for

defining' the specific methods to be used in the Applicants' PRA.

The work which has been completed, the Applicants' plans for the

remainder of the PRA effort, and the experience level of their PRA

personnel indicate that the desired elements will be performed in

sufficient depth and quality to provide a satisfactory product. As

the work proceeds, the Staff will continue to review interactively

the Applicants' progress to help assure that the final products will

be satisfactorily completed.

A
U

Q70. Could the CRBR PRA identify other CRBR accident possibilities of

greater frequency or consequence than the accident scenarios

analyzed by Applicants and Staff?

A70.(Rumble, Swift) Yes, it could, although whether it will cannot be

known at this time. As indicated in response to Question 67 above,

the primary objective of the PRA is to determine the relative

importance of individual systems and components to plant reliability

and safety so as to identify potential weaknesses. Whatever

unanticipated weaknesses the PRA uncovers will be evaluated, and if

the Staff judges it necessary, the Staff will require modifications

to upgrade or install' appropriate safety systems, rather than

consider CDAs to be Design Basis Accidents. Based upon experience

7
(D with LWR PRAs, these improvements are not expected to be of such a i

\

.



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

* '

8084

- 49 -

magnitude as to cause a total redesign of the safety systems, since

the deteministic criteria applied to the design are expected to

result in highly reliable systems.

071. Is completion of the CRBR PRA on a schedule such that it can

realistically provide timely feedback for risk reduction?

A71. (King) Yes. The schedule, milestones and resource allocation for

the CRBR PRA are set forth in Section 4 of Appendix J of the PSAR.

The scheduling reflected in the PSAR pemits the PRA to influence

system designs as they are developed, in confomance with 10 CFR

950.34(f)(1)(1). This scheduling will also permit the PRA to

provide input to operating procedures early in their development.

O Q72. Can the PRA influence those aspects of CRBR design that the

Applicants consider to be already completed?

A72.(King) Attheconstructionpermit(CP) stage,asetofcri;eriaare

developed which the Applicants must comit to. The Staff's review

at the CP stage only determines that the proposed design appears to

have the potential to meet the criteria necessary for safety. At

this stage, the Applicants proceed with construction of their

designs at their own risk.

While some portions of the CRBR design have been completed by Appli-

cants, not all of the CRBR design is completed. Designs for long-

lead-time components must be completed early, but are still subject

~T to change. Even the major components that are already fabricated(b

_-
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can be changed if that is found to be necessary; an example is the

possible re-machining of major parts of the reactor vessel head

which might be required if that is determined to be necessary for

the head to achieve its required potential to accomodate a highly

energetic.CDA. Furthennore, it is a requirement that the results of

the PRA be factored into the design. Thus, the fact that the

Applicants may consider some portions of the design to be final will

not preclude the Staff from requiring at the OL stage that design

modifications be made, if such changes are determined by the Staff

to be necessary.

B. Role of the CRBR Reliability Assurance Program

Q73. Please describe the CRBR Reliability Assurance Program?

A73.(King) The CRBR Reliability Assurance Program (henceforth called

the Program) is a program to be performed by the Applicants through-

out the life of CRBR which will qualitatively and quantitatively

assess the reliability of those CRBR systems and features which

prevent CDAs and limit releases within 10 CFR Part 100 guidelines.

The reliability information will be utilized by Applicants to

enhance the design and operation of CRBR. Elements of the Program

are currently in place and underway. The full Program will be in

place subsequent to the issuance of the construction permit.

|

|

{
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(
Q74. Are there any existing NRC regulations or Staff guidance that

require a reliability program similar to the CRBR Reliability

Assurance Program?
*

A74. (King) No.

Q75. Has the Staff determined it is important to implement such a program

for CRBR?

A75.(King) Yes. Due to the limited operating experience with LMFBRs as

compared to LWRs, the Staff concluded that such a program would

provide an additional conservatism to account for this factor.

Accordingly, the Staff has required the Applicants to implement this

type of reliability program.

O
Q75. How was the CRBR Reliability Assurance Program developed?

A76.(King) The criteria for the Program were developed by the Staff.

These are given in Appendix C of the CRBR SER, and sumarized in

response to Questions 87, 88 and 92. The Applicants have comitted

to comply with these criteria (see letter J. R. Longenecker (DOE) to

J. N. Grace (NRC), dated March 2, 1983). The details of the Program
'

are to be developed and documented by the Applicants subsequent to

the issuance of the CP, with periodic reviews and audits by the

Staff during the operating license review.

Q77. What is the overall objective of the Program?

A77.(King) In general terms, the activities under the Program are to be

perfonned to help ensure that the risk to the public from CRBR is
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O comparable to that from a current LWR. The overall objective of the

Program is to evaluate and enhance the safety-related reliability

inherent in the application of 10 CFR Part 50, the CRBR Principal

Design Criteria and the other standards and guides applied to the '

design. This evaluation and enharcement will provide further

assurance that the CRBR design is capable of providing for accident

prevention, termination, and mitigation so that the likelihood of a

core disruptive accident or of exceeding 10 CFR Part 100 guidelines

is acceptably low.

Q78. Is the CRBR Reliability Assurance Program relied upon by the Staff

to demonstrate that CDAs need not be included as Design Basis

Accidents?

A78.(King) The Staff has based its decision regarding the exclusion of

CDAs from the DBA spectrum on the feasibility of achieving high

system reliability by implementing the deterministic criteria

contained in 10 CFR Part 50, in the Standard Review Plan

(NUREG-0800), and in the Staff's Regulatory Guides and other NUREG

documents which the Staff utilized in its licensing review of CRBR.

As stated in response to Question 75 above, the Reliability

Assurance Program is required in order to account for the limited

operating experience with LMFBRs as compared to LWRs. It is the

Staff's judgment that the comitment by the Applicants to perfom

suchaprograminaccordancewiththeStaff'scriteria(assetf
forth in Appendix C of the SER) will compensate for this difference

in experience. Reliance upon this comitment at this stage of-

. . . . - _ _ __ _ - . - - -J
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O licensing contributes to the Staff's conclusion than CDAs need not

be included in the DBA spectrum.

Q79. How will the iesults of the Reliability Assurance Program be

utilized by the Staff?

A79. (King, Rumble) The Staff considers the Program to be a systematic

method for reviewing and enhancing the CRBR design. As such, the

Staff will ensure that the results of the Program are applied in a

fashion which will result in design and procedure changes to improve

reliability, where such improvement is judged desirable. Based upon

experience with LWR PRAs, these improvements are not expected to be

of such a magnitude as to cause a total redesign of the safety

systems since the deterministic criteria applied to the design are

expected to result in highly reliable systems. However, certain

specific improvements in design or operating procedures to enhance

reliability may be identified and factored into the plant. In any

event, whatever changes are identified as necessary will be

implemented.

Q80. What is required by the Staff's criteria to ba in the Program?

A80.(King, Rumble) The Staff's criteria require that the following

three elements be included in the Program:

(1) reliability information gathering;

(2) feedback to' design, operation, surveillance, and

maintenance; and

(3) traceability and auditability.

'

i-
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Q81. What is reliability information gathering?

A81. (Rumble) The following activities will generate reliability

information and are considered the information gathering activities

for the Program:

(1) component level evaluations

(2) system level evaluations

(3) accident sequence level evaluations

(4) comon cause failure analyses

(5) system interaction analyses

(6) equipment testing

(7) equipment qualification

(8) failure evaluation

O Performance of the above activities in appropriate depth will ensure

a thorough review of those CRBR systems and features which perform

the safety functions of preventing or mitigating CDAs, and will

provide sufficient information to identify areas .for improvement in

the design. Evaluation of the component, system and overall acci-

dent sequence levels helps ensure that potential malfunctions at all

levels (including human error) are examined. The comon cause

failure analyses help provide assurance that built-in design
!

| redundancy, diversity, independence and protective functions are not
i

L defeated by comon environmental factors, common support systems, or

comon initiating malfunctions. System interaction analyses help to

identify system malfunctions, which may be acceptable by themselves,

O but which could propagate to other systems with unacceptable

___. . -.
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consequences. Equipment testing is used in't develo m ntal program +
~ -

,-
'

.
/,,

to verify design, to explore failure modes, equipmen,t perfonnance, w ~

Nr ' + __

g j]

'

and extended limits of operation in a qualitative reliability,:ense. % -

7
x . .

Equipment qualification is a standard reg'uiremeht fo,r ' nuclear' ',>

._
,

reactors' to ensure perfonnance under required environm?ntal condi-
- o $, . 3,

tions. Failure evaluation serves to ensure appropriate ogsign and "

operational feedback and corrective action. Section C.2.1 of the

SER (NUREG-0968) provides a more detailed description of each of the

above activities. -

. . ,
.

A -'

' ~

Q82. Can fault tree or dvent tree analyses be used in the Progrq'n?
'

s s
A82. (Rumble) Yes, both fault tree and event tree analises can be used

.

in the Program. '
, s

'.- ' ., , .

'

Q83. Is the use of fault tree and event tree analysis an accepted
'

-

analytic method? ^

A83. (Rumble) Fault tree and event tree analysis is a widely used and
^

accepted analytical technique in performing reliability analysis and '

risk assessments. The Reactor Safety Study (WASH-1400) u' sed such

techniques. TheIEEE/ANSPRAProceduresGuide(NUREG/CR-2300)and

the Interim Reliability Evaluation Program Procedures Guide

(NUREG/CR-2728) also rely on fault tree and event tree analysis.

The use of fault tree and event tree analyses in WASH-1400,'and its

continued use over the' past eight years has provided sufficient
ti

insight into the capabilities and limitations of these techniques so

s
<

; .6 i
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I, that they can be employed in a systematic and standardized fashion,-

to make meaningful rational decisions.o

L

, ,-

. -

(- 084. Is a reliability data base required for event tree and fault tree
.,

,

. s- analyses?

'A84. (Rumble) Yes. Reliability data are needed for input to reliability
'

.a .

analysis such as fault' tree and event tree analysis. When directly-

applicable data do not exist in sufficient quantities to allow a

statistical determination of failure rates, estimates of failure

[ \ rates are Inade using data from components of similar design ands
, ,

application. If this is not possible, engineering judgement is.

used. In instances whers data uncertainties are large, sensitivity

anduncertaintystudiesarhconductedtodeterminetheimpactof-

these uncertainties. In fonnulating decisions regarding feedback to

design and operation, these uncertainties (and their impact upon the:,-

reliability estimates) are considered along with the best estimate

infor; nation. Thus using this type of procedure, variations in the

supporting data base can be accounted for and meaningful reliability
'

information can be obtained.

.

Q85. Do sufficient data exist to support a reliablity program for CRBR?

A85.(Rumble) Yes. There are sufficient data available to support the

generation of reliability infonnation for identifying and making '

decisions regarding feedback to design and operation. This

_ judgement is based upon the fact that most of the components and

| subcomponents used in CRBR are identical or similar to equipment

9
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,

used in LWRs, other LMFBRs', and other industries. Additionally, the

ways in which human error can occur in CRBR are similar to the ways

in which human error can occur in LWRs. The Applicants also have

underway test programs for those components unique to CRBR which,

will help support reliability estimates. In any event, the Staff's

criteria for the Program require that the reliability data used have

a well documented basis.

,

086. How are uncertainties in reliability estimates taken into

consideration?

A86. (Rumble) It is a standard practice to perfom reliability

assessments using "best estimate" reliability data. As stated above

in response to Question 84, the effect of uncertainties in thesei

data can then be assessed by sensitivity and uncertainty analyses to

detemine to what extent uncertainties affect the overall results.

Based upon the results of sensitivity and uncertainty studies,

action can be taken to improve the data base or change the design to

reduce the effect of uncertainties which significantly impact the,

frequency or consequences of potential accidents. The Staff will
.

ensure that the Program adequately accounts for uncertainties during

! its review of the Applicants' implementation of the Program.
i

Q87. For which CRBR systems and features do the Staff's criteria require

that reliability infomation be gathered?

~A87.(King) Reliability information is required to be gathered for those

systems and features whose functions are necessary to prevent core

G

- .
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disruptive accidents, or to mitigate CDAs such that the likelihood -

of exceeding 10 CFR Part 100 dose guidelines is acceptably low. The

extent of the reliability activities perfonned for each system or

feature depends upon: (1) the response time required for these -

systems or features to perform their safety function; (2) whether or

not the system has active components or features; (3) whether or not

these active components or features are accessible for repair;

(4) the accumulated base of directly applicable ex fence in LWRs or

other LMFBRs; (5) whether the system is designed for prevention or

mitigation; and (6) the judged importance to the protection of

public health and' safety.

i

!

O In ranking the safety functions, reactor shutdown and shutdown heat
V

removal are considered of primary importance, and thus those systems

utilized in fulfilling these two functions will receive emphasis in

the Program. Furthermore, it was concluded that both the front line

and support systems (electric power, cooling, etc.) necessary to

perform each function will be included in the Program. Eight safety

functions have been identified for which reliability information

will be gathered in the Program. These are:

(1) reactor shutdown

(2) shutdown heat removal

(3) coolant system boundary integrity |

(4) features to' prevent core flow blockage

(5) features to prevent failed fuel propagation '

O !-

l
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(6) containment -

(7) spent fuel cooling

(8) active features to mitigate core disruptive accidents.

.

The specific infonnation gathering activities (described in response

to Question 81 above) to be applied to each of the eight safety

function sununarized in Figure C.1 of the CRBR SER.

Q88. Describe the Staff's criteria for the Program's second element,

feedback to design, operation, surveillance and maintenance?

A88.(Rumble, King) The criteria for the second element of the Program

require that the reliability infonnation be fed back into the CRBR

design process in time to affect final design. The second element

also requires that the Program remain in place during the lifetime

of the facility so that reliability information will continue to be

generated and utilized in the operation, surveillance, and

maintenance of CRBR. Thus, the various activities conducted as part

of the Program must provide a mechanism to accomplish this. Many

activities in support of this Program are currently undemay, as

documentedinaletterfromJ.R.Longenecker(DOE) top.S. Check

(NRC), dated hnuary 11,1983; this 3rtier also describes how the

feedback is t be accomplished for each of these activities. It is

the intent of the Staff to review the adequacy of this feedback

process during the OL' review.

O

i
\
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Q89. How is it envisioned that the numerical reliability results

generated by the Program will be utilized?

A89.(Rumble) The Staff envisions that the use of quantitative data will

be limited to relative comparisons arcang CRBR components, systems

and accident sequences and may include some comparison to NRC Safety

Goals or other LWR risk assessments. However, it is not a

requirement of this Program to employ a numerical goal or criteria

for specifically determining the nature and extent of the feedback

to the design. This is becaure the analytical techniques and data

used to predict numerical reliability values are not sufficiently

advanced to allow precise calculations. Qualitative and
'

quantitative reliability infomation will, however, be generated as

part of this Program and will be used in a qualitative manner to

help make engineering judgements regarding feedback to the design.

Q90. How is it expected that a decision will be made regarding whether or

not a design or procedure change is required?

A90. (Rumble) The Applicants have committed to develop the process by
i

| which the information is fed back into the design and procedures and-

the criteria or rationale used to control this process. As set

forth in Appendix C (p. C-7) of the CRBR SER, the Staff believes

j that generic criteria are preferred for controlling the infomation

feedback process, with additional criteria applied on a case-by-case
i

;_ basis. For example, the criteria may require that specific
|

reliability information be compared against the'CRBR Principal

Design Criteria, against comparable performance in modern LWRs, or

_ . _ .. -_ - .
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against the NRC's safety goals. The criteria may also require that

the reliability information itself be analyzed to identify specifici

large contributions to risk. Regardless of the specific

considerations utilized, the Applicants have comitted to provide '

clear documentation to assist the Staff in understanding these

considerations and how they are applied in determining the extent of

feedback on the design, operation, surveillance, and maintenance of

CRBR. The Staff intends to audit the implementation and results of

the Program during the construction of CRBR to ensure that it is

being accomplished in a fashion consistent with its goals.

Q91. Must the Reliability Assurance Program for CRBR be completed prior

to issuance of a construction permit?

A91. (King) No. If the Program is conducted on a time frame such that

information generated by the Program is evaluated and incorporated,

as necessary, into the CRBR design, then the Program's purpose will

be satisfied. The Staff has required in the SER (p. C-7) that the

Program be implemented in such a fashion, and the Applicants have

connitted to implement the Program consistent with this requirement.

Q92. Describe the Staff's criteria for the Program's third element,

traceability and auditability.

A92. (Rumble) The criteria for the third element of the Program require

I clear documentation from the Applicants which will allow the Staff
!

to make a detennination regarding the completeness and adequacy of

. the Program. Documentation should be generated for all Program
a

__ .___-- - -___
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activities, including Program schedule, results, criteria used in

assessing the need for a design or procedure change, and the changes

resulting from the Program.

Q93. Will the. Staff assess whether or not the Program is properly

implemented?

A93. (King) Yes. The Staff intends to assess the implementation of the

Program throughout the construction of CRBR. The Staff's evalua-

tions and conclusions in this regard will be set forth in the

operating license ("0L") SER for CRBR.

Q94. How will the Staff detennine whether or not the Program is

implemented properly and meets its objectives?

A94. (King) The Staff intends to maintain an an ongoing review of the

Applicants' Program through audits and reviews of the Program to

ensure that the requirements and oveqall objectives are being met.

095. What will be the Staff's criteria for judging whether or not the

Program is implemented properly?

A95.(King) The Staff's criteria for judging whether or not the Program

is implemented properly and meets its objectives will be to:

a) assess whether or not the Program is on a schedule to

impact final design,

b) assess the adequacy of the Applicants' criteria for

implementing design or procedural changes,

OV

__
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c) assess whether or not these criteria are in fact being

applied in a consistent and comprehensive fashion,

d) assess the adequacy of proposed design or procedural

changes, and

e) assess whether uncertainties in the data and models are

adequately accounted for.

In all cases, the Staff will require adequate documentation of the

Program in order for the Staff to perfom its assessments.

Q96. What is the interrelationship between the CRBR Reliability Assurance

Program and the CRBR Probabilistic Risk Assessment (PRA)?t

| A96. (Rumble) The CRBR PRA described in Appendix J of the PSAR will

provide an estimate of and identify contributors to public risk from

operation of CRBR using the information and design details available

at the time the PRA is completed. The PRA will evaluate risk from

all sources of the design, including external events. Results of

the PRA will then be used to study specific safety issues and to

identify areas for improvement in the design and procedures. Once

these activities are completed, the final report issued and the NRC
! review satisfactorily completed, the PRA will have served it purpose

with regard to licensing and no further fomal interaction with the

NRC regarding the PRA is contemplated thereafter.

The CRBR Reliability Assurance Program as set forth by the criteria

described in Appendix C of the CRBR SER (NUREG-0968) is a program to

;

1
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be conducted during final design but also to be continued throughout

i the plant lifetime. The criteria for the program specify a variety

of reliability information gathering activities which concentrate on

| those safety functions associated with prevention of CDAs and

limiting releases within 10 CFR Part 100 guidelines. These

activities will provide more detailed evaluations of specific CRBR
;

safety functions than the PRA and provide more detailed feedback to

i CRBR design and operation in these areas. The purpose of generating

models that will remain in place during the lifetime of CRBR is to

provide up-to-date tools to evaluate the impact of operating

experience and future changes.

;

| While there is no direct or formal link between the reliability

information gathering activities mentioned above and the PRA, the

Program's criteria do not exclude using models and information

developed in the PRA.

VI. CONCLUSION

097. Please summarize the Staff's conclusions with respect to whether

CDAs may be properly excluded from the Design Basis Accident

spectrum for CRBR?

A97.(Panel) It is the Staff's conclusion that by relying upon the

detenninistic approach applicable to LWRs, as modified to account

for the characteristics of LMFBRs, CDAs need not be included in the

DBA spectrum for CRBR. With only a few exceptions, the Staff's

( review procedures, the applicable criteria and standards in Title 10
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of the Code of Federal Regulations and the Standard Review Plan |-

!normally applied to LWRs, are applicable to LMFBRs. These criteria

are the basis for excluding core disruptive accidents from the

design basis accident spectrum for LWRs, and when supplemented with -

) the spe'cial criteria necessary to account for the characteristics of

LMFBRs, contribute to the Staff's confidence that CDAs can be made

very improbable for CRBP. In addition, it is the Staff's judgment '

that the safety functions which must be fulfilled to make CDAs very

improbable can be implemented for CRBR. This confidence is based on

two points. First, those safety functions which must be achieved

, for an LMFBR such' as CRBR are not fundamentally different from the
|

| safety functions successfully implemented for LWRs. Second, the

special characteristics associated with design and operation of an

LMFBR and the ways they could impact these safety functions are well

understood because of the general knowledge and experience gained

from design and operation of fast [dium-cooled reactors such as

FERMI-1, EBR-I and II, SEFOR, FFTF, and foreign LMFBRs.

In reaching these conclusions, the Staff has also taken into account

the analyses of other data in its review of the completeness of the
>

DBA spectrum, human factors, and the role of the PRA and the

reliability program.
>

!

The Staff considered the completeness of the DBA spectrum to be

important, because it assures that the fundamental safety functions

are being performed and that the effect of some lesser failure or

|

|

r
. . _ _ . _ . . --
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systems interaction with a potential for serious complications will

not go unconsidered and/or uncorrected (defense in depth).

By applying deterministic criteria similar to those applicable to

LWRs, the Staff has also taken into account the possibility that

human error could initiate accidents or complicate or defeat the

mitigation of accidents by safety systems.

Further, although it is not expected that the probabilistic risk

assessment or the reliability program will produce any substantial

modifications in the CRBR design, these elements will provide

further systematic evaluations of the plant design and operation

capable of identifying a need for corrective action and ensuring

that such corrective action is implemented.

Based upon the above, the Staff considers that CDAs may be excluded

from the DBA spectrum for CRBR.

|

|

O
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Richard A. Becker

PROFESSIONAL QUALIFICATIONS )

I am presently an LMFBR Engineer in the Technical Review Section, CRBR
Program Office of NRC responsible for systems review for Design Bases -

Accident Analyses and Safety Svetems for CRBR Licensing.

I have 25 years experience in the nuclear industry. Prior to coming with
the NRC, I was Manager, Energy Projects Development, a technical liaison
position between the General Electric Co. and DOE in the Fission and
Fusion technol1gies. Prior to that position I was associated with the
Southwest Experimental Fast 0xide Reactor (SEFOR). I held two positions
at that facility. First, Manager, Program and Analysis with responsi-
bility for acceptance testing, start-up testing, Operations support in
physics and engineering and the experimental program; and later as site
manager. SEFOR was a liquid metal cooled fast reactor dedicated to
measuring the doppler coefficient in a mixed oxide fueled system charac-

.

|
teristic of comercial LMFBRs. '

Prior to SEFOR, I was a Thermionic Systems Engineer and subsequently
Project Engineer on a space power system. In addition, I have held
engineering positions in experimental physics, thennal hydraulics and
heat transfer on a variety of LWR and gas cooled reactor sytsems.

I am a graduate of the University of Colorado with BS degrees in Engi-
neering Physics and Business Management. I have completed the General
Electric Co.'s three year Advanced Engineering Program.

Publications

. Becker, R. A., " Runaway Analysis For A Gas-Cooled Reactor,"
General Electric Company, (TID 4500), APEX 585, July 1960!

!

Johnson, M. L. and Becker, R. A., " Fuel Handling For SEFOR."
Proceedings of 17th' Conference on Remote Systems Technology,
ANS, 1669

Becker, R. A. and Russell, J. L., " Relative Effectiveness of-

j Reactor Control Materials," General Electric Company, GEAP
3201, July 1959

. Becker, R. A., " State-of-the-Art In Thermionics," Journal of
i Spacecraft and Rockets July 1967 - -

Becker, R. A. , "Thennel Stress: A Computer User's Guide," General
; Electric Company, DCL 60-11-710 November 1960

.

Editor and contributor to three final design reports for STAR-R
Project (ClassifiedSECRET)

O
.
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O' Hukam C. Garg
,

My name is Hukam C. Garg. I am employed as an electrical engineer in

the Division of Engineering, U.S. Nuclear Regulatory Commission,
.

Washington, D.C. I joined the NRC in January, 1981. My duties and
;

responsibilities include the review of licensee and license applicant

environmental qualification programs for safety-re' lated equipment. This

review encompases the methods used for establishing environmental conditions,

the systems and components selected for qualification, the analyses and test

procedures employed, audits of qualification documentation, and inspection

of installed equipment at the plant sites.
'

,

Priortomypresentposition,IwasemployedbyGilbert[ Commonwealth

Associates from 1973 - 1980. My most recent position was Supervising

Engineer for the Instrumentation and Control Section. In this position

I was responsible for the instrumentation and control aspects, including
4sr

the equipment qualificationAnuclear power plants. I had previously

worked for Fluor Power Inc., formerly Pioneer Service and Engineering

Company (1969 - 1973),in the design of electrical systems for nuclear

power plants.

In 1967, I received a Bachelor of Science Degree in Electrical Engineering

from the G.S. Technological Institute in India. In 1969, I received a

Master of Science Degrce in Electrical Engineer from Illinois Institute

of Technology. I am^also a registered Professional Engineer in the States

of Ohio and Illinois. I have also taken training courses in BWR Technology-

and equipment qualification.

. . . - --
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List of Publications

1.) " Engineered Safety Features Actuation System Follow-Up System
logic," H.C. Garg, S.V. Athavale, J.R. Oranchek. Presented at

'

the 1979 IEEE Symposium on Nuclear Power Systems.

2.) "RFI Effects on Nuclear Power Plant I&C Equipment," H.C. Garg,
S.V. Athavale, J.R. Oranchek. Presented at the 1979 IEEE

*

Symposium on Nuclear Power Systems.

O

,

l

|
,

O :

I
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PROFESSIONAL QUALIFICATIONS

DR. SHOU-NIEN HOU

.

!

,

-

i
i

| Dr. Shou-nien Hou is a Senior Mechnical Engineer, and is assistant to the

Chief of the Mechanical Engineering Branch (MEB) for performing independent
,

j reviews of generic matters and coordinating technical positions among the

Staff. He is also the reviewer and the technical contract monitor related
i

to the Clinch River Breeder Reactor in areas of mechanical design. Working
,

for the NRC and the former AEC since 1972, he has participated in technical,

reviews of nuclear power and plant design criteria, operating problems,
i

j safety issues, probabilistic risk assessment, and dynamic analysis and

! testing of piping, equipment, reactor internals and nuclear safety features.

He also served as the monitor of several' technical contracts, as the leader

of the Seismic Qualification Review Team for conducting plant seismic audits,

; and as the Task Manager for developing Staff positions on plant safety for

the postulated pipe rupture event. In addition, he is on several National

i

Standards Committees and has participated in the development of several

Regulatory Guides.

Born in 1934 in China, he came to the USA in 1957. He received his B.S.

! in Civil Engineering from Taiwan University in 1955, his M.S. in Structure

Dynamics from Virginia Tech in 1958, and his Ph.D in Structural Mechanics

from M.I.T. in 1968. After graduation, he had various working experiences

in structural-design, stress analysis, research and development in space *

vehicle dynamics, and technical review in nuclear power plant safety. HeO

n..' -_ - - - . -. - . ... -- -. . . --
.
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f was a visiting lecturer to universities in England, Chile, and to the

i government in Taiwan, China. He is the author of a dozen technical papers,
i

! a recipient of the Apollo Achievement Award from NASA, and a member of

Sigma X1, Tau Beta Pi, Chi Epsilon, AIAA and ANS.

:

i

|

;

4

i
,

O.

!

;

;

!
,

/
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Thomas L. King

PROFESSIONAL QUALIFICATIONS
.

I am presently Chief, Technical Review Branch in the CRBR Program Office,
Office of Nuclear Reactor Regulation, U.S. Nuclear Regulatory Comission.
In this capacity, I am responsible for the direction of the Branch's Review
of those aspects of CRBRP related to a fast, sodium cooled reactor. This
includes direction of the Branch's review of CRBRP sodium systems, fuel
handling systems, CDA analysis, support systems, reliability program, safety
criteria and analysis.

I received a Bachelor of Science degree in Mechanical Engineering from
i Drexel University. I also received a Master of Science degree in Mechanical
; Engineering from Stanford University.

I have over fourteen years of professional experience in the ' nuclear field.
while I worked for the Department of Energy (DOE), I held various positions
in the Division of Reactor Research and Technology. These included'O positions as a Reactor and Nuclear Engineer in the Core Design Branch, the
Liquid Metal Systems Branch, and the Components Branch where I worked on the
FFTF Project, the EBR-2 project and Facilities at the Engineering Technology,

Center in Santa Susana, California. In 1975 I was assigned to the DOE FFTF
Project Office in Richland, Washington where I held positions as a Reactor
Engineer in the Operational & Experimental Safety Division and Branch Chief
for FFTF Engineering until April 1982 at which time I joined the.NRC as a,

Reactor Engineer.
.

i List of Publications

1) "FFTF Reactor Characterization Program" T. L. King (DOE) & J. Rawlins
(HEDL)
ANS invited paper - 1981 Winter Meeting - San Francisco;

!

2) " Reactor and Plant Perfonnance During FFTF Nuclear Startup"
T. L. King & C. E. Moore - DOE
Ans Topical Meeting - September 1981 - Newport, RI
(Technical Basis for Nuclear Fuel Cycle Policy)

.

Oi

l
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PROFESSIONAL QUALIFICATIONS

O
I am currently, Chief of the Electrical Engineering Branch, Office,of

During
Nuclear Regulatory Research, U. S. Nuclear Regulatory Comission.

the construction permit review and safety evaluation report preparation -

I was Section 1.eader, Technical Review Section, Clinch River Breeder

Reactor Program Office, Office of Nuclear' Reactor Regulation, U. S. Nuclear

In this capacity, I am responsible for direction ofRegulatory Comission.

the technical review section's review of the fast sodium-cooled CRBRP

safety review.
.

I received a Bachelor of Science, M.S., and Ph.D. degrees in physics from
-

the University of Tennessee.
.

* I spent five years teaching engineering and physics at Worcester Polytechnical

I also spent five years doing research in engineering and nuclearInstitute.
In 1977, I

physics at Savannah River and Oak Ridge National Laboratory.
*

joined the Nuclear Regulatory Comission. Office of Nuclear Reactor

I then worked in the InstrumentationRegulation in the Reactor Safety Branch.

and Control Systems Branch. I then became a Section Leader in the Reactor

Systems Branch.

I have published several Journal papers in the fields of physics and

nuclear engineering.

O
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'

I have been with the U. S. Nuclear Regulatory Conrnission (NRC) since
'

October 1980. Since August 1981 I have been a Section Leader in the

Instrumentation and Control Systems Branch, Division af Systems Integration,,

Office of Nuclear Reactor Regulation. I am responsible for supervising the

review of nuclear power plant instrumentation and control system designs for
.

.

. compliance with regulatory criteria. From October 1980 to August 1981 I was
'

t

a Principal Reactor Engineer in the Instrumentation and Control Systems Branch.;
p

I performed the operating license review of the Callaway and Wolf Creek; :..
L

instrumentation and control system designs, the review of construction permit

applicant responses to Three Mile Island Lessons Learned Items related to

instrumentation and control systems, and the review of licensee responses to
4.

recomendations made by Babcock and Hilcox resulting from failure modes and

'. effects analyses of the Integrated Control System. -

![.
;E

; I have a Ph.D degree (1969) and M.E degree (1967) in Applied Physics from

[ Harvard University, a M.S degree (1962) in Physics from George Washington
'

> . .

University and a B.A degree Magna cum Laude Highest Honors (1958) in Engineering,

,

'
and Applied Physics from Harvard University. I have a certificate from a

?

! six month reactor engineering course given by the Bettis Atomic Power -

i'

j Laboratory (1960). I was elected to Phi Beta Kappa in 1958 and Sigma Xi in 1962.
b
t

From June 1958 to July 1962 I served as a comissioned officer in the

; United States Navy. I was assigned to Naval Reactors, U. 5. Atomic Energy

Co::. mission..where I reviewed and approved test and "o'perating procedures for

submarine nuclear power plant fluid systems and reactor instrumentation and,

|'
control systems designs for the pressurized water reactor at Shippingport, PA.

,
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From September 1966 to Noverber 1977 I held professional and management
'

positions in the Nuclear Energy Systens divfston of the Westinghoise '
'

Electric Corporation. As' a manager I supervised the preparation of system -

functional design requirements for nuclear reactor plant iystems which affect,
,

! plant control, protection, and transient performance. In addition to reactor

j control and protection systems, these systems included emergency feedwater 1

systems, emergency boration, systems, and steam dung systems. For four years-

I was the lead engineer responsible for establishing , functional requirements

for reactor control and protection systems used in the Westinghouse 3 loop
.

-

nuclear reactor plants and for performing transient and accident analyses of

these plants for safety analysis reports submitted to the Atomic Energy-

Commission.
-

.
,

-

From November 1977 to October 1980 I was Systems and Civilian AppTications-

'

Program Manager in the Office of Inertial Fusion at the U. S. Department of

Energy. In this posi-tion. I provided technical and administrative direction-

for studies,of the comercial applications of inertial confinement fusion.-

I am a member of the American Nuclear Society and past member of the IEEE Nuclear

Power Engineering Comittee Standards Subcomittee (SC-6) on' Safety Related

Systems. I have authored or co-authored over ten technical articles for

presentation at conferences or publication in journals. ,

I was a coJinventor for U.S. Patent 4,222.822 " Method for Operating a'Huclear Reactor
'

to Accommodate Load Follow While Maintaining a Substantially Constant Axial Power
, '

O oistrisotion.-
-

1 . .

.

:
%

*
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ROBERT J. SCHEMEL
'

PROFESSIONAL QUALIFICATIONS

HUMAN FACTORS ENGINEERING BRANCH

DIVISION OF HUMAN FACTORS SAFETY

~

' I am a Senior Human Factors Engineer in the Human Factors Engineering Branch
in the Division of Human Factors Safety. In this position I plan, coordinate,
and conduct the review and evaluation of assigned nuclear pcwer plant designs
and operations from the standpoint of human factors and man-machine systems
interfaces to enhance the functional effectiveness of operator interaction
with plant operation and plant shutdown following normal operation, transients,
and accidents. I participate in studies and analysis of human factors in
man-machine interface problems as they pertain to plant operations and to.

control room design and operations.

I studied Electrical Enginesring at Drexel Evening School, Philadelphia,
Pennsylvania, from 1938 to L'41. I served in the U.S. Arg Air Corps from
1942 to 1945 where I carried out surface and upper air meteorological obser-
vations and assembled and opercted upper air observation stations in the

! European Theater. I received a Bachelor of Science degree in physics and
mathematics from the University of Scranton, Scranton, Pennsylvania, in 1950,
and a Master of Science degree in physics from Union College, Schenectady,-

New York, in 1953. I studied Human Factors Engineering at the University of
;

| Southern California in the spring of 1980 and in a course given by Oak Ridge
Associated Universities in the Sumner of 1980.

.

!

In 1950, I was employed by the General Electric Company, Knolls, Atomic Power
Laboratory, where I conducted experiments on intermediate spectrum reactor
cores which aided in the design of the reactor used in the nuclear submarine
"Seawolf". This involved basic nuclear physics as well as dynamic behavior of
reactors. I acted as a physics advisor to the operating crew during startup
and initial tests of the submarine. I also conducted studies of the physics
of reactor and plant control with emphasis on safety system design requirements
and control schemes.

j In 1958 I was employed by Allis-Chalmers Atomic Energy Division. In my first
assignment, I directed a group involved in studying the physical characteristics

i

! of gas cooled reactors, the associated energy transfer systems, and the control
; and safety systems. I formulated equations, devised electronic analog circuits

for these systems and components, and conducted a dynamic analysis which resulted'

in the conceptual design of plant safety and control systems. In my second
assignment I had complete responsibility for startup, testing and delivery
of the 30 N R-2 Research Reactor, Studsvik, Sweden. I specified and directed
the test program required to demonstrate the performance of the plant from

.

startup through full power operation. ,

i

O

.
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In January 1962 I returned to the home office after completing this foreign
At this time I was Section Head Reactor Operations Section forassignment. This responsi-startup and operation of all Allis-Chalmers built reactors.

bility included review and direction of the preparation of preoperational
tests, reactor startup tests, plant operating manuals, technical specifications,
revisions to technical specifications, and radiological physics procedures.

In March 1967 I joined the Atomic Energy Comnission on the staff of the
From 1967 to 1974 I perfonned technical reviews,Division of Reactor Licensing.

analysis and evaluations of the nuclear safety aspects of (1) applications
for license amendments and technical specification changes for power, test
and research reactors and critical facilities, and (2) applications for
construction permits and operating authorizations for research reactors and

In addition, I was responsible for continuous review ofcritical facilities. Fromall operating reactors assigned to Operating Reactor Branch No.1.
1974 to 1980 I performed technical reviews, analysis. and evaluations in

This work was in reactor physics concerningthe area of core performance.
such things as; core power distribution and reactivity effects in steady
state and transient conditions; reactor physics measurements, accuracy of
core measurements, and core technical specifications.

From April 1980 to the present: I am a Senior Human Factors Engineer in theInHuman Factors Engineering Branch in the Division of Human Factors Safety.
this position I have conducted control room design reviews for three nearI have participatedO term operating licenses and for six construction pennits.
in the preparation of guideline documents for Detailed Control Room DesignI am at present in the processReviews and Safety Parameter Display Systems.
of reviewing Program Plans and schedules for accomplishing the control room
reviews required by the TMI Action Plan.

.

.
---
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; Jerry J. Swift
i

| PROFESSIONAL QUALIFICATIONS

| 1 am employed by the Clinch River Breeder Reactor Program Office, Office of
Nuclear Reactor Regulation, U.S. Nuclear Regulatory Conunission. The title
of my position is Reactor Engineer.

'

From 1980 to 1982, I worked at the U.S. Department of Energy on the environ-
mental and safety aspects of a variety of nuclear technologies, including
fusion devices, accelerators, transportation, waste management, and sewage'

irradiation.

From 1972 to 1980, I was employed in the Office of Radiation Programs of the
' U.S. Environmental Protection Agency, as a Nuclear Engineer and Environ-

mental Protection Engineer. During this period, I was involved in evaluating,

the potential radiation doses and radioactive contamination of the environment
! that might result from severe reactor accidents, with application to the
! development of Protective Action Guides. I was also involved in the evalua-

tion of normal operating releases from nuclear fuel cycle facilities in'

| support of the development of 40 CFR 190, " Environmental Radiation Protec-
tion Standards for Nuclear Power Operations." I assisted in development

O work for standards and guidance by EPA on management of high level wastes
and uranium mill tailings. I aided EPA's participation in nuclear policy
reviews by Presiaants Ford and Carter. I managed EPA's NEPA reviews of
environmental statements for two LWRs. I managed EPA's lengthy review of

l the Reactor Safety Study, WASH-1400.

I 'From 1970 to 1972, I held a position as Physicist in the Institut fur
I Reaktorsicherheit,, (now the Gesellschaft fur Reaktorsicherheit n6H) in -

Cologne, Gemany; in this position, I was primarily concerned with evaluat-!

i ing the nature and cuantities of radoactive materials that might by released
| in postulated nuclear reactor accidents, and the resulting radiation doses

that might be experienced. I was also involved inevaluating siting condi-
tions.

While a graduate student at the Catholic University of America, from 1966 to
1970, I held the position of Assistant University Radiological Safety Official,
perfoming health physics functions throughout much of the University.

|- I received the degree of Geological Engineer from the Colorado School of
; Mines in 1955, a Master of Science degree in Nuclear Engineering from Iowa
| State University in 1965, and a Ph.D. degree in Nuclear Engineering from the

Catholic University of America, Washington, D.C. in 1971. I have current
certification in Health Physics from the American Board of Health Physics.

In my present position, I am primarily involved in the review of those

O potential accident event sequences which may lead to radiological
consequences. This includes both sequences within the design basis and
sequences beyond the design basis. I also coordinate the efforts of other
technical reviewers on these topics.

- .. . . .- - . _ _ . _ _ _ _ _ _ _ _ _ .-
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ASHOK K. AGRAWAL

PROFESSIONAL QUALIFICATIONS

I am an employee of the Brookhaven National Laboratory, Upton, New York
which is operated by the Associated Universities Inc. for the U.S.
Department of Energy. Brookhaven National Laboratory is a recognized center
for scientific research and development. BNL provides, under a contract,
consulting services to the U.S. Nuclear Regulatory Commission in many areas
of light water reactors as well as the Clinch River Breeder Reactor. My own
current involvement in the CRBR technical review is in the areas of design
basis accidents review.

I hold an Sc.D. (Doctor of Science) degree in Nuclear Engineering from the
Massachusetts Institute of Technology, Cambridge, Massachusetts. Subsequent
working experience for the last fourteen years have all been in the general
field of LMFBR safety. I spent more than four years at the Argonne National
Labortaory, after a little over one year working experience in the Fast Flux
Test Facility (FFTF) with the Westinghouse Electric Corporation, I joined

O development of a major thermohydraulics computer code (SSC) for LMFBR and
BNL in 1974 and have since been involved with two key areas: the

the technical review of CRBR.

I have published extensively in the field of reactor safety. Some of the
publications are noted below.

Publications

1. Agrawal, A.K. and Khatib-Rahbar, M., " Dynamic Simulation LMFBR
Systems", Atomic Energy Review 18,329-552(1980).

2. Agrawal, A.K. et al., "An Advanced Thermohydraulic Simulation Code
for Transients in LMFBRs (SSC-L Code)," Brookhaven National
Laboratory, BNL-NUREG-50773 (1978).

3. Decay Heat Removal and Natural Convection in Fast Breeder Reactors,
Agrawal, A.K. and Guppy, J.G., Editors, Hemisphere Publishing Co.,
Washington (1981). ,

.
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JOHN E. HANSON

PROFESSIONAL QUALIFICATI0'NS

I am presently the Program Manaaer for Space and Military Reactor Programs
at the Los Alamos National Laboratory responsible for development, planning,
and implementation of space and military reactor programs at the Laboratory.

Prior to this position which I took in January 1983, I was employed for
three years with EG&G Idaho as Principal Engineer. In that time I was
involved in the formulation of the TMI-2 core examination program and the
NRC Severe Fuel Damage Program. I also participated in the new production
reactor concept evaluation, Clinch River Breeder Reactor licensing and
served on a DOE Fact Finding Group for Public Law 96-567.

From 1966 to 1979 while with the Westinghouse Hanford Company, I managed the
Fast Flux Test Facility fuel development and safety research programs;
programs of major national scope.

From 1956 to 1966 I was employed by the General Electric Company's Hanford
Atomic Products Operation in Richland, Washington; the Vallecitos Nuclear
Laboratory in Pleasanton, California; and the Advanced Reactors Division in
San Jose, California.

I hold a MS degree in mechanical engineering and professional engineer
licenses in mechanical and nuclear engineering.

.

O.

.
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Edmund T. Rumble, III *

PROFESSIONALQUALIFICATIdNS

I am an employee and Corporate Vice President of Science Applications. Inc.
(SAI), a nationwide research and consulting fim. In this capacity. I
perform contract research on energy-related projects. Presently, I am a
member of an SAI team providing technical assistance to the Office of
Nuclear Reactor Regulation of the U.S. Nuclear Regulatory Comission on
safety matters related to the proposed Clinch River Breeder Reactor Plant.

I received a comission in the U.S. Navy and a Bachelor of Science degree
from the U.S. Naval Academy. After graduation, I was qualified for and
served as a U.S. Naval submarine officer responsible for operational and
administrative aspects of a submarine nuclear power plant. Following my
honorable discharge from the Navy. I received my Master of Science and Ph,D.
decrees in Nuclear Engineering from UCLA. I am a Professional Engineer

O regis1Jpd in the State of California and am listed in Who's Who in TechnologyO Today, American Men and Women of Science, and Who's Who in California (14th
ed).

I have been involved in LWR and LMFBR safety research at UCLA and SAI for
the past ten years. My doctoral thesis involved modeling LMFBR core
accidents. I have made technical contributions, managed, and acted as an
advisor in deterministic and probabilistic safety analyses and assessments
of LWRs and LMFBRs. Recently, I managed a major portion of, and technically
participated in, a two-year, multi-organizational risk-oriented study of the
SNR-3 , an LMFBR under construction in West Gennany.

.
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| DBA TESTIMONY ATTACHMENT 1
.

NRC SPONSORED RELIABILITY ORIENTED STUDIES FOR CRBR
'

1. NUS-2001, " Assessment of CRBR Reliability Program and Safety

Systems," December 1976.

1 2. NUREG/CR-0405, "Markovian Reliability Analysis Under Uncertainty

With an Application on the Shutdown System of the CRBR "

September 1978.

3. NUREG/CR-0013. "LMFBR Fuel Analysis Task C: Reliability Aspects of

LMFBRs," February 1978.

4. UCLA-ENG-7682, "An Analysis of the Reliability of the Shutdown Heat

Removal System for the CRBR," August 1976.

5. G/21962, " Reliability of the Shutdown Heat Removal System of

the Clinch River Breeder Reactor," October 1976.

6. BNL-NUREG-31297 " Review of the Status of CRBR Licensing Technical

Issues Related to Heat Removal System and Severe Accident

Analysis," April 1982'.

l

O.
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7. NUREG/CR-1507, "LMFBR Accident Delineation Study - Phase I," .

i November 1980.
)
!

j 8. NUREG/CR-2681, " Estimated Recurrence Frequencies for Initiating
i
j Accident Categories Associated With the Clinch River Breeder
;
'

; Reactor Plant," April 1982.
?
!
!
'

j 9. SAI-348-83-PA, "An Estimate of Release Frequencies for CRBRP
:

j Potential Core Disruptive Accidents," January 1983.
1
i
4

j 10. SAI-83-959-WA, " Risk Reduction Feasibility Study of Selected
.

| Modifications to CRBR Safety Systems," September 198g-Dngt 'y

;O umt an--na .

!
i

!

i
!
I
i
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(,,/ 1 MR. TURK: Before turning the panel over to ques-

2 tioning, there is one other matter which I would like to take
4

3 care of at this time.
.

4 In questioning yesterday of Applicant panel and as
i

5 the Board may be aware, in Mr. Rossi's changes to his testimony

6 today reference has been made to a generic letter i 83-28.

7 which had been submitted to the Applicants on July 25, 1983.

8 The Staff would now ask that a document be marked for identifica-
.

9 tion as NRC' Exhibit No. 45, and that the document is, in fact,

10 the letter dated July 25, 1983, from J. Nelson Grace, Director

11 of the CRBR program office, Office of Nuclear Reactor Regulation

12 at the NRC, to Mr. Gordon L. Chipman at the Department of Energy.

13 Attached to this letter---s

\ l
'' 14 JUDGE MILLER: A little slower, please.

15 MR. TURK: Attached to this letter is Generic Letter
,

16 83-28, which is a letter dated July 8, 1983, from Darrell
4 y
i 8

* 17 Eisenhut to all licensees of operating reactors, applicants
,

' o

j 18 for operating licenses and holders of construction permits,
2

| 19 and at this time I will distribute copies to the court reporter
'

,

tj 20 the Licensing Board and counsel for Applicants.

E
'

g 21 May we go off the record for a minute?
r

22 JUDGE MILLER: Yes.g

8 '23 (Discussion of f the record. ):

5
'

24 JUDGE MILLER: Let's have the names also and the

25 order in which they're received, closest to the Bench first,

OV
t
! -

. _ . _ _ . _ _ . _ . __ .
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O
1 please.

2 WITNESS HANSON: My name is John Edward Hanson.

3 I'm program manager for Space and Military Reactor Programs
4 at Los Alamos' National' Laboratory, Los Alamos, New Mexico.

5 WITNESS GARG: My name is Hukam C. Garg with-the'

$ Office of Nuclear Reactor Regulation, NRC, Washington, D.C.

7 WITNESS AGRAWAL: My name is Ashok K. Agrawal,

8 A-g-r-a-w-a-1, employed by Brcokhaven National' Laboratory,

which has provided technical services to the CRBR Program9

10 Office, Brookhaven National Laboratory, located in Long Island,
11 New York. -

,

12 WITNESS SCHEMEL: I'm Robert Schemel, S-c-h-e-m-e-1,

i 13 Division of Human Factors Safety, Human Factors Division,
\s / 14 NRC, Bethesda.

15 WITNESS HOU: I'm Shou, S-h-o-u, hyphon, nien,,

. 16 n-i-e-n, Hou. I'm senior mechanical engineer responsible for4

$ 17 the mechanical design of CRBR and technical monitors and. work
O

| 18 for NRC.
I
*

19 WITNESS SWIFT: I'm Jerry Swift, reactor engineer
5i

g 20 with the Clinch River Breeder Reactor Office of the NRC.
{ 21 JUDGE MILLER: You may proceed.

;

i W

22 MR. TURK: I would ask at this timeLthat NRC Staffg

23 Exhibit No. 45, which has been marked for identification, be,

.24 admitted as an exhibit to this proceeding.
25 JUDGE MILLER: Any objection?

i

L L) .
1

4

b
i

!
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1 MR. EDGAR: None.

2 JUDGE MILLER: It will be admitted.

3 (The document previously marked

4 for identification as NRC Staff

5 Exhibit No. 45 was received in

6 evidence.)

7 (Staff Exhibit No. 45 follows:)

8

9

10

11

12

13

14

15
,
~

,k 16

8= 17

8
18o

I
19

i
) 20'

0
2 21

i

22
~

'

$. 23
,

,

24

25

Ob

1
,
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NUCLEAR REGULATORY COMMISSION
< WASHINGTON, D. C. 20555

g n _b " . y,c
..

'....I' July 25, 1983

NRC STAFF EXHIBIT 45
~~

Docket No.: 50-537 nn 77- - -

Mr. Gordon L. Chipman, Jr. :

Acting Director, Office of ;

!Breeder Demonstration Projects
Office of Nuclear Energy
U.S. Department of Energy
Washington, D.C. 20545

Dear Mr. Chipman:
,

SUBJECT: CRBR REQUIRED ACTIONS RESULTING FROM SALEM ATWS EVENTS

As a result of the ATWS-events that occurred at Salem I nuclear power
plant on February 22 and 25, the U.S. Nuclear Regulatory Commission
staff formulated intermediate-term actions to be taken by licensees
and applicantsi. These recomended actions have been reviewed by the
Commission. These actions have been developed based on the informatiori
contained in NUREG-1000. " Generic Implications of ATWS Events at the-

Salem Nuclear Power Plant," April 1983.

A generic letter (83-28) detailing these required actions was issuedO' on July 8,1983 and is included as an attachment. The majority of
these required actions are considered applicable to.CRBR because they
are generic. Although most of the actions are related more directly
to the Operating Licensing phase, you are requested to review these
items and submit to us your plans for compliance (including schedule)'

with each item. If you feel they.do not apply, please include your
complete rationale why they are not applicable.

Although, action item 4.3, the installation of breaker shunt trip
attachment, is listed as applying only to PWRs it is our position
that this action is also applicable to CRBR. Your position on each

' of the actions contained in the attached letter is requested within
90 days.*

! Sincerely,

0t
'

. Nelson Grace, Director
/CRBR Program Office

Office of Nuclear Reactor Regulation

Enclosure:
As stated

cc: Service List

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



.

- -2-. , ;, gip;

cc: Marshall E. Miller, Esq., Chairman Raymond L. Copeland-

.

Atomic Safety and Licensing Board Project Management Corp.
U. S. Nuclear Regulatory Comission P.O. Box U,

Washington, D.C. 20555 Oak Ridge, Tannessee 37830

Mr. Gustave A. Linenberger Barbara A. Finamore,

| Atomic Safety and Licensing Board S. Jacob Scherr
! U. S. Nuclear Regulatory Comission Ellyn R. Weiss

Washington, D.C. 20555 Dr. Thomas B. Cochran
Natural Resources Defense

! Dr. Cadet H. Hand, Jr., Director Council, Inc.

Bodega Marine Laboratory 1725 I Street, N.W. Suite 600
University of California Washington, D.C. 20006
P. O. Box 247
Bodega Bay, California 94923 Eldon V. C. Greenberg

Tuttle & Taylor
Counsel for NRC Staff 1901 L Street, N.W.
U. S. Nuclear Regulatory Comission Suite 805
Washington, D.C. 20555 Washington, D.C. 20036

,

William B. Hubbard, Esq. L'." Rib
Assistant Attorney General LNR Associates
State of Tennessee Nuclear Power Safety Consultants
Office of the Attorney General 8605 Grimsby Court

.
450 James Robertson Parkway Potomac, MD 20854

i Nashville, TN 37219
R. Tenney Johnson'

-

William E. LantH p, Esq. Leon SilverstromO City Attorney Municipal Building Warren E. Bergholz, Jr.
P.O. Box 1 William Luck
Oak Ridge, TN 37830 U. S. Department of Energy

1000 Independence Avenue, S.W.
George L. Edgar, tsq. Room 6-B-256
Morgan, Lewis & Bockius Washington, D.C. 20585
1800 M Street, N.W.
Washington, D.C. 20036 Michael E. Terry

Deputy Attorne/ General
Herbert S. Sanger, Jr. , Esq. Office of the Attorney General
General Counsel 450 James Robertson Parkway
Tennessae Valley Authority Nashville, TN 37219
Knoxville, TN 37902

Scott Stuckey, Chief
,
' Docketing and Service Section

Office of the Secretary
U. S. Nuclear Regulatory Comission

,

Washington, D.C. 20555'

O :

!

t
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y%. . . ,/ July 8, 1983v
.

TO ALL LICENSEES OF OPERATING REACTORS, APPLICANTS FOR OPERATING
LICENSE, AND HOLDERS OF CONSTRUCTION PERMITS

Gentlemen:

SUBJECT: REQUIRED ACTIONS BASED ON GENERIC IMPLICATIONS OF SALEM
ATWS EVENTS (Generic Letter 83-28)- ..

The Commission has recently reviewed intemediate-tem actions to be taken by
licensees and applicants as a result of the Salem anticipated transient without
scram ( Alk'S) events. These actions have been developed by the staff based on-

information contained in NUREG-1000, " Generic Implications of ATWS Events at
the Salem Nuclear Power Plant." These actions address issues related to reactor
trip system reliability and general management capability.

| The actions covered by this letter fall into the following four areas:
!

1. Post-Trip R view - This action addresses the program, procedures and
. data collection capability to assure that the causes for unscheduled

b) reactor shutdowns, as well as the response of safety-related equipment,
V are fully understood prior to plant restart.

'

2. Equipment Classification and Vendor Interface This action addresses the
programs for assuring that all components necessary for accomplishing:

i required safety-related functions are properly identified in documents,
procedures, and infomation handling systems that are used to control .

| safety-related plant activities. In addition, this action addresses the
| establishment and maintenance of a program to ensure that vendor infomation

for safety-related components is complete. ,

3. Post Maintenance Testing - This' action addresses post-maintenhnce operability
testing of safety-related components.

4. Reactor Trip System Reliablity Improvements - This action is aimed at
assuring that vendor-reccmmended reactor trip breaker modifications and
assctiatec reactor protection system changes are completed in PWRs, that
a c venensive program of preventive maintenance and surveillance testing
is imple ented for the reactor trip breakers in PWRs, that the shunt trip
attachment activates automatically in all PWRs that use circuit breakers
in their reactor trip system, and to ensure that on-line functional testing
of the reactor trip system is perfomed on all LWRs.

O
N

.

530 o80*69
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The enclosure to this letter breaks down these actions into several components.
O, You will find that all actions, except four ( Action 1.2, 4.1, 4.3, and 4.5) , '

1

require software (procedures, training, etc.) changes and/or modifications'

and do not affect equipment changes or require reactor shutdown to complete.
Action 1.2 may result in some changes to the sequence of events recorder or
existing plant computers, but will not result in a plant shutdown to implement.
Actions 4.1, 4.3 and 4.5.2, if applicable, would require the plant to be
shutdown in order to implement.

The reactor trip system is fundamental to reactor safety for all nuclear power.

plant designs. All transient and accident analyses are predicated on its
successful operation to assure acceptable consequences. _Therefore, the actions
listed below, which relate directly to the reactor tri.p system, are of the
highest priority and should be integrated into existing plant schedules first.

1.1 Post-Trip Review (Program Description and Procedure)

; 2.1 Equipment Classification and Vendor Interface (Reactor Trip
System Components) -

3.1 Post-Maintenance Testing (Reactor Trip System Components)

4.1 Reactor Trip System Reliability (Vendor-Related Modifications)

Q 4.2.1 and 4.2.2 Reactor TTip System Reliability (Preventive
V Maintenance and Surveillance Program for Reactor Trip Breakers),

,
_

4.3 Reactor Trip System Reliability ( Automatic Actuatio,n of Shunt-trip
Attachment for Westinghouse and B&W plantsI

.

Most of the remaining intermediate-term actions concern all other safety-
related systems. These systems, while not sharing the same relative importance
to safety as the reactor trip system, are . essential in mitigating- the conse-
quences of transients and accidents. Therefore, these actions should be -

integrated into existing plant schedules over the longer-tenn on a medium
priority basis. Some of the actions discussed in the enclosure will best be
served by Owners' Group participation, and this is encouraged to the extent
practical.

Accorcingly, pursuant to 10 CFR 50.54(f), operating reactor licensees and
copii ants for an operating license (this letter is for information only
for these utilities that have not aopiiec for an operating license) are
recuestec to f urnisn, unoer oatn and af firmation, no later tnan 120 days from

* the date of this letter, the status of current conformance with the positions
cortained herein, and plans and schedules for any needed improvements for
cor.formance with the positions. Tne schedule for the implementation of these
improvements is to be negotiated with the Project Manager. i

|

| \-

i

|

I
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Licensees and applicants may request an extension of time for submittals of
Q the required information. Such a request must set forth a proposed schedule |
L' and justification for the delay. Such a request shall be directed to the 1

Director, Division of Licensing, NRR. Any such request must be submitted
no later than 60 days from the date of this letter. If a licensee or applicant
does not intend to implement any of the enclosed items, the response should
so indicate and a safety basis should be provided for each item not intended
to be implemented. Value-impact analysis can be used to support such responses
or to argue in favor of alternative positions that licensees might propose.

For Operating Reactors, the schedules for implementation of these actions shall
be developed consistent with the staff's goal of integrating new requirements,
considering the unique status of each plant and the rela.tive safety importance
of the improvements, combined with all other existing plant programs. Therefore,'

schedules for implementation of these actions will be negotiated between the
,

NRC Project Manager and licensees.

For plants undergoing operating license review at this time, plant-specific
schedules for the implementation of these requirements shall be developed
in a manner similar to that being used for operating reactors, taking into
consideration the degree of completion of the power plant. For construction
permit holders not under OL review and for construction permit applicants,
the requirements of this letter shall be implemented prior to the issuance
of an operating license.

.

OThis request for information was approved by the Office of Management and
V'

Budget under ' clearance number 3150-0011 which expires Aprit 30, 1985. ..

Management and Budget, Reports Management Room 3208, New lxec, ice of
Comments on burden and duplication may be directed. to. the Of f

utive Office
' Suil ding , Washington, D. C. 20503.

- .

Sincerely, -

'
.

$ t LL
Da rrell G. 'Eisenhut, Director

L
Division of Licensing

Enclosure:
Recuired Actions Based on Generic

Implications of Salem ATAS Events

|
,

O

1
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.

~ 1

REQUIRED ACTIONS BASED ON GENERIC IMPLICATIONS OF SALEM ATWS EVENTS

|

1.1 POST-TRIP REVIEW (PROGRAM DESCRIPTION AND PROCEDURE)

Position

Licensees and applicants shall describe their program for ensuring
that unscheduled reactor shutdowns are analyzed and that a detennination
is made that the plant can be restarted safely. A report describing the
program for review and-analysis of such unscheduled rea.ctor shutdowns
should include, as a minimum: ,

1. The criteria for determining the acceptability of restart.

2. The responsibilities and authorities of personnel who will
perform the review and analysis of these events.

3. The necessary qualifications and training for the responsible
pe rsonnel .

4. The sources of plant information necessary to conduct the review
and analysis. The sources of information should include the
measures ancf equipment that provide the necessary detail and
type of infor ,ation to reconstruct the event accurately and in
suf ficient detail for proper understanding. (See Action 1.2) :-

,

5. The methods and criteria for comparing the event information with -

known or expected plant behavior (e.g., that safety-related equip-
ment operates as required by the Technical Specifications or other ,

performance specifications related to the safety function). '

6. The criteria for determining the need for independent assessment
of an event (e.g., a case in which the cause of the event
cannot be positively identified, a competent group such as the
Plant Operations Review Committee, will be consulted prior to
authorizing restart) and guidelines on the preservation of physical
evicence (both hardware and software) to support independent
analysis of the event.

7. Items 1 tnrough 5 above are consioered to be the basis for the
establishment of a systematic method to assess unscheduled reactor

d shutdcwns. The systematic safety assessment procedures compiled
j fro . tne above items, which are to be used in conducting the
( evaluation, snould be in the report.
i

p Applicability

' This position applies to all licensees and OL applicants.
|

| |
\
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%' Type of Review

For licensees, a post-implementation review of the program and procedures
will be conducted or the staff will perform a pre-implementation review
if desired by the licensee. NRR will perform the review and issue
Safety Evaluations.

For OL applicants, the NRR review will be performed consistent with the.

licensing schedule.

Documentation Required -
.

.

Licensees and applicants shall submit a report describing their program,
,

addressing all the items in the position.
.

Techncial Specification Changes Reouired

No changes to Technical Specifications a're required.

References

Section 2.2 of NUREG-1000
Regulatory Guide 1.33() ANSI N18.7-1976/ANS-3.2 -

Item I.C.5 of N'JREG-0650 " -
-

10 CFR 50 - 50.72
. _. . .

.

b

0

S
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1.2 POST-TRIP REVIEW - DATA AND INFORMATION CAPABILITY )

Pesition

Licensees and applicants shall have or have planned a capability to
record, recall and display data and information to permit diagnosing
the causes of unscheduled reactor shutdowns prior to restart and for
ascertaining the proper functioning of safety-related equipment.

Adequate data'and information shall be provided to correctly diagnose-

the cause of unscheduled reactor shutdowns and the proper functioning
of safety-related equipment during these events using systematic safety
assessment procedures (Action'1.1). The data and information shall be
displayed in a form that permits ease of assimilation and analysis by
persons trained in the use of systematic safety assessment procedures.

A report shall be prepared which describes and justifies the adequacy
of equipment for diagnosing an unscheduled reactor shutdown. The report
shall describe as a minimum:

1. Capability for a:sessing sequence of events (on-off indications) ,

, 1. Brief description of equipment (e.g., plant ce=puter,
j dedicated computer, strip chart) -

; 2. Parameters monitored
. .

3. Time discrimination between events - - - -

.

4. Format for displaying' data and information

5. Capability for retention of data and information
,

6. Power source (s) (e.g., Class IE, non-Class IE, non.
interruptable)-

i

2. Capability for assessing the time history of analog variables needed
to determine the cause of unscheduled reactor shutdowns, and the
functioning of safety-related equipment.

1. Brief description of equipment (e.g., plant computer,
ceoicated computer, strip charts)

2. Parameters monitored, sampling rate, and basis for
selecting parame,ters and sampling rate

| 3. Duration of time history (minutes before trip and
I minutes after trip)

. . -- __. - - - _-_ - - - . - . .- -.-- - -- . . - _- -
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0x 4. Format for displaying data including scale (readability)
of time nistories

5. Capability for retention of data, information, and physical
evidence (both hardware and software)

6. Power source (s) (e.g., Class IE, non-Class IE, non-
interruptoble)

3. Other data and information provided to assess the cause of
unscheduled reactor shutdowns.

~4. Schedule for any planned changes to existing data and information,

capability.

Applicability

This position applies to all licensees and OL applicants.

Type of Review

Data and information capability will be reviewed by NRR to determine
, whether adequate data and information will be available to support the

systematic safety assessment of unscheduled reactor shutdowns. NRR
will perform the reviews and issue a Safety Evaluation.

For licensees, a post-implementation review of the program and procedures "

will be conducted by NRR or the staff will perform a ,presimplementation -

review if desired by the licensee.

For OL applicants, the fiRR review will be performed consistent with the
licensing schedule.

.

Documentation Required

Licensees and applicants shall su'bmit a report describing t' heir data
and information capability for unscheduled reactor shutdowns.

Technical Specification Changes Required

To be determined basec on eveluation of requirec documentation.

References

Section 2.2 of NUREG-1000.

|

l
:

I
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2.1 EQUIPMENT CLASSIFICATION AND VENDOR INTERFACE (REACTOR TRIP SYSTEM
COMPONENTS)

Position

Licensees and applicants shall confirm that all components whose function-
ing is required to trip the reactor are identified as safety-related on
documents, procedures, and information handling systems used in the plant
to control safety-related activities, including maintenance, work orders, and
parts replacement. In addition, for these components, licensees and applicants
shall establish, implement and maintain a continuing program to ensure that
vendor information is complete, current and controlled throughout the life of

.

'

the plant, and appropriately referanced or incorporated in plant instructions
'

and procedures. Vendo'rs of these components should be ~centacted and an inter-
face established. Where vendors can not be identified, have gone out of '

business, or will not supply the information, the licensee or applicant
shall assure that sufficient attention is paid to equipment maintenance,.

replacement, and repair, to compensate for the lack of vendor backup, to
assure reactor trip system reliability. The vendor interface program shall
include periodic communication with vendors to assure that all applicable
information has been received. The program should use a system of positive
feedback with vendors for mailings containing technical information. This
could be accomplished by licensee acknowledgement for receipt of technical
mailings. The program shall also define the interface and division of
responsibilities among the licensees and the nuclear and nonnuclear divisions

/'') of their vendors that provide service on reactor trip system components to
~

'

(/ assure that requisite control of and applicable instructions for maintenance
.

work are proviced. .

_

. . ,. .

Applicability

This action applies to all licensees and OL applicants.

Type of Review
.

For licensees, a post-implementation review will be conducted. NRR will
perform these licensing reviews and issue a Safety Evaluation.

For OL applicants, the NRR review will be performed consistent with the
licensing schedule.

Docu entation Recaired

| Licensees and applicants shoulo suomit a statement confirming that they
have reviewed the Reactor Trip System components and conform to the'

pcsition regarding equiprent classification. In adoition, a summary
report describing the venoor interface procram snall be submitted for
staff review. Vendor lists of technical information, and the techncial
information itself, shall be available for inspection at each reactor
site.

- - --
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Technical Specification Changes Required

; No changes to Technical Specifications are required.
! Reference
4

)* 'Section 2.3.1 of NUREG-1000.
Section 2.3.2 of NUREG-1000.; 1
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? 12 EQUIPMENT CLASSIFICATION AND VENDOR INTERFACE (PROGRAMS FOR ALL
,m

SAFETY RELATED COMPONENTS)\'

Position

Licensees and applicants shall submit, for staff review, a description
of their programs for. safety-related* equipment classification and
vendor interface as described below:

For equipment classification, licensees and applicants shall describe1.
their program for ensuring that all components of safety-related
systems necessary for accomplishing required safety functions are

.

identified as s,afety-related on documents, procederes, and information
handling systems used in the plant to control safety-related activities,

Thisincluding maintenance, work orders and replacement parts.
description shall include:

The criteria for identifying components as safety-related1.
within systems currently classified as safety-related.
This shall not be interpreted to require changes in
safety classirication at the systems level.

2. A description of the information handling system used to
identify safety-related components (e.g. , computerized

fy equipment list) and the methods used for its developmentt, )''' and validation. ~

.

3. A description of the process by which station ~p'ersonnel
use this information handling system to deter.mine that an
activity is safety-related and what procedures for main-

.

tenance, surveillance, parts replacement and other activities
defined in the introduction to 10 'CFR 50, Appendix B, apply

.

to safety-related components. .

A cescription of the management controls utilized to verify4.
that the procedures for preparation, validation and routine
utilization of the information handling system have been
followed.

A cemonstration that appropriate design verification anc5. cualification testing is specified for procurement of safety-
related components. Tne specificaticns sr.all incluce quali-
fica:icn testing for expected safety service conoitions and
provice support for the licensees' receipt of testing cocumen-
taticn to support the limits of life recommended by the
supplier.

? ,-, lied
_ /*5arety-relateo structures, systems, and components are those that are re(

upon to remain functional during and following cesign basis events to ensure:
(1) the integrity of the reactor coolant bouncary, (2) the capability to shut|

down the reactor and maintain it in a safe shutdown condition, and (3) the
capability to prevent or mitigate the consequences of accidents that could
result in potential offsite exposures comparable to the guidelines of 10 CFR
Paet 100,
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.

6. Licensees and applicants need only to submit for staff review
the equipment classification program for~ safety-related

g' components. Although not required to be submitted for
staff review, your equipment classification program should
also include the broader class of structures, systems, and
components important to safety required by GDC-1 (defined :
in 10 CFR Part 50, Appendix A, " General Design Criteria, '

Introduction").
_

2. For vendor interface, licensees and applicants shall establish,
implement' and maintain a continuing program to ensure that vendor
information for safety-related components is complete, current
and controlled throughout the life of their plants, and appropriately
referenced or incorporated in plant instructionr and procedures.
Vendors of safety-related equipment should be contacted and an interface
establi shed. Where vendors cannot be, identified, have gone out of
business, or will not supply information, the licensee or applicant
shall assure that sufficient attention is paid to equipment maintenance,
replacement, and repair, to compensate for the lack of vendor backup, to
assure reliability commensurate with its safety function (GDC-1). The
program shall be closely coupled with action 2.2.1 above (equipment
qualification). The program shall include periodic communication with
vendors to assure that all applicable information has been received. The
program should use a system of positive feedback with vendors for mailings
containing technical information. This could be accomplished by licensee

p) acknowledgment for receipt of technical mailings. It shall also define
u the interface and division of responsibilities among the licensee and

the nuclear and nonnuclear divisions of their vendors that provide -

service on safety-related equipment to assure that requisite control of
and applicable instructions for maintenance Work'on tafety-related
equipment are provided.

Applicability

This action applies to all licensees and OL applicants.

Type of Review

For licensees, a post-implementation review will be conducted. NRR will
perform the review and issue a Safety Evaluation.

For OL applicants, the NRR review will be performed consistent with the
licensing sche::ule.

Documer.ation Reouired

Licensees and applicants should submit a report that describes the
e::uipment classificaticn and vendor interface programs outlined the
position above.

Od

. ._ _. - . .
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!

Technical Specification Changes Required

No changes to the Technical Specifications are required.

References -

.! *

Section 2.3.1 -of NUREG-1000.
j Section 2.3.2 of NUREG-1000.
,
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3.1 p0ST-MAINTENANCE TESTING (REACTOR TRIP SYSTEM COMPONENTS)

position

The following actions are applicable to post-maintenance testing:

1. Licensees and applicants shall submit the results of their review
of test and maintenance procedures and Technical Specifications to
assure that post-maintenance operability testing of safety-related
components in the reactor trip system is required to be conducted
and that the testing demonstrates that the equipment is capable of.

performing its safety functions before being returned to service.
~

2. Licensees and applicants shall submit the results of their check of
vendor and engineering recommendations to ensure that any appropriate
test guidance is included in the test and maintenance procedures or
the Technical Specifications, where required.

3. Licensees and applicants shall identify, if applicable, any post-
maintenance test requirements in existing Technical Specifications
which can be demonstrated to degrade rather than enhance safety.
Appropriate changes to these test requirements, with supporting
justification, shall be submitted for staff approval. (Note that
action 4.5 discusses on-line system functional testing.)

, Applicability

This action applies to all licensees and OL applicants. -

,
,

' " ' '

Type of Review

For licensees, a post-implementation review will be conducted for' actions
'

3.1.1 and 3.1.2 above. The Regions will perform these licensing reviews and
issue Safety Evaluations. Proposed Technical Specification changes resulting
from action 3.1.3 above will receive a pre-implementation review by NRR.

For OL applicants, the review will be perforTned consistent with the
licensing schedule.

Documentation Required

Licensees and applicants should submit a statement confirning that actions
3.1.1 and 3.1.2 of the above position have been implemented.

Technical Specification Changes Recuired

Changes to Technical Specifications, as a result of action 3.1.3, are to
be determined by the licensee or applicant and submitted for staff approval,
as necessary.

Reference

,Section 2.3.4 of NUREG-1000.

..

_ . . _ . _ . .
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3.2 POST-MAINTENANCE TESTING (ALL OTHER SAFETY-RELATED COMPONENTS)
|

.

Position

The following actions are applicable to post-maintenance testing:
.

1. Licensees and applicants shall submit a report documenting the j'

extending of test and maintenance procedures and Technical
Specifications review to assure that post-maintenance operability
testing of all safety-related equipment is required to be conducted |

and that the testing demonstrates that the equipment is capable of*

performing its safety functions before being returned to service.

! '- 2. Licensees and applicants shall submit the results of their check
of vendor and engineering recommendations to ensure that any
appropriate test guidance is included in the test and maintenance-

procedures or the Technical Specifications where required.*

,

3. Licensees and applicants shall identify, if applicable, any post-
maintenance test requirements in existing Technical Specifications
which are perceived to degrade rather .than enhance safety. Appropriate~

'

changes to these test requirements, with supporting justification,
shall be submitted for staff approval.

! Applicability

This action appli,es to all licensees and OL applicants.s .

Type of Review. -. . .-

For licensees, a post-implementation review will be conducted for actions
|
' 3.2.1 and 3.2.2 above. The Regions will perform these licensing reviews

and issue Safety Evaluations. Proposed Technical Specification changes
resulting from action 3.2.3 above will receive a pre-implementation review

,

by NRR.

I For OL applicants, the review will be performed consistent with the
licensing schedule.'

Documentation Required

Licensees and applicants should submit a statement confirming that actions
3.2.1 and 3.2.2 of the above position have been implemented.

Technical Specification Changes Required

Changes to Technical Specifications, as a result of action 3.2.3, are to
be detennined by the licensee or applicant for staff approval, as

|
.neces sa ry.q

Reference

Section 2.3.4 of NUREG-1000.

.
. _ ___.n __ _ ._ . _ _ _ . . _ _ _ . _ . . _ _ _ _ _ . _ _ . _ . _ _ . _ . . . _ _ _ . _ _ _
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4 REACTOR TRIP SYSTEM RELIABILITY (VENDOR-RELATED . MODIFICATIONS)

O
.1

.

Position

All vendor-recommended reactor trip breaker modifications shall be
reviewed to verify that either: (1) each modification has, in fact,

been implemented; or (2) a written evaluation of the technical reasons
for not implementing a modification exists.

For example,' the modifications recommended by Westinghouse in NCD-Elec-18
for the DB-50 breakers and a March 31, 1983, letter for the DS-416 breakers
shall be implemented or a justification for not implementing shall be made

,

avail able. Modifications not previously made shal) .be incorporated or a
written evaluation shall be provided. .

Applicability

This action applies to all PWR licensees and OL applicants.

Type of Review

For licensees, a post-implementation review will be conducted. The Regions
will perfom these licensing reviews and issue Safety Evaluations.

O For OL applicants, the NRR review will be perfomed consistent with the
licensing schedule. '

Documentation Required
' ~

-
,

~'

Licensees and applicants. should submit a statement confirming that this
action has been implemented.

Technical Specifications Required

No changes to Technical Specifications are required.

Reference

Section 3 of NUREG-1000.

.

O

:
. ._ - .. . . _ . - - .
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4.2 REACTOR TRIP SYSTEM RELIABILITY (PREVENTATIVE MAINTENANCE
AND SURVEILLANCE PROGRAM FOR REACTOR TRIP BREAKERS)

Position

Licensees and applicants shall describe their preventative maintenance
and surveillance program to ensure reliable reactor trip breaker operation.
The program shall include the following:

1. A planned program of periodic maintenance, including lubrication,
housekeeping, and other items recommended by the equipment supplier.

2. Trending of parameters affecting operation and measured during
testing to forecast degradation of operability.

,

3. Life testing of the creakers (including the trip attachments) on
an acceptable sample size.

4. Periodic r,eplacement of breakers or components consistent with ,

demonstrated life cycles.
'

Applicability - .

This action applies to all PWR licensees and OL applicants.

Type of Review'
'

.

~
Actions 4.2.1 and 4.2.2 will receive a post-implementation review by.

NRR. A pre-implementation review will be performed by NRR for actions -

4.2.3 and 4.2.4 (the circuit breaker lif'e tesfi6 pr6gra'm and the com-9
ponent testing / replacement requirements based upon the life testing
res ui t s) . A Safety Evaluation will be issued. ..

For OL applicants, NRR will perform the reviews for actions 4.2.1 and.

a.2.2 on a schedule consistent with the licensing schedule. NRR will
perfonn a pre-implementation review for actions 4.2.3 and 4.2.4 (the
circuit breaker life testing p,rogram and the component testing / replace-
ment requirements based upon the life testing results). Safety

:

| Evaluations will be issued.
l
- Documentation Reouired

Licensees and applicants should submit descriptions of their programs to
ensure compliance with this action.

Technical Specification Changes Reouired

No changes to Technical Specifications are required.

Reference

Section 3 of NUREG-1000.

_ _ _ _ _ _ _ _ _ __ - - __. _ .__ _ ,_ _ , - ._ , _ _ . _. _ , _ , . _ _ . . _ .
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~ 4.3 REACTOR TRIP SYSTEM RELIABILITY (AUTOMATIC ACTUATION OF SHUNT TRIP
ATTACHMENT FOR WESTINGHOUSE AND B&W PLANTS) |

|
Position

Westinghouse and' B&W reactors shall be modified by providing automatic
reactor trip system actuation of the breaker shunt trip attachments.
The shunt trip attachment shall be considered safety related (Class IE).

'

Ay licability

This action applies to all Westinghouse and B&W licensees and OL
applicantt. -

Type of Review

For licensees, a pre-implementation review shall be perfomed for the
design modifications by NRR.. A Safety Evaluation will b.e issued.

For OL applicants, the NRR review will be perfom d consistent witn
the licensing schedule.

Technical Specification changes, if required, will be reviewed prior-

to implementation.

Documentation Reouired . ,

Licensees and applicants should submit ~ a rep'6r't deferil5ing the
modifications.

Technical Specification Changes Required

Licensees are to submit any needed Technical Specification change
requests prior to declaring the modified system operable.

Reference

Section 3 of NUREG-1000.

|O

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



.. .-

- 8141

.

REACTOR TRIP SYSTEM RELIABILITY (IMPROVEMENTS IN MAINTENANCE
|4.4

AND TEST PROCEDURES FOR B&W PLANTS)

O(_,/
<

'

Position

Licensees and applicants with B&W reactors shall apply safety-related
maintenance and ' test procedures to the diverse reactor trip feature
provided by interrupting power to control rods through the silicon
controlled rectifiers.

This action shall not be interpreted to require hardware char.ges or
.

additional environmental or seismic qualification of these components.

'Applicability -

;= - .

This action applies to B&W licensees and OL applicants only.

Type of Review

For licensees, a post-implementation review will be conducted. The
Regions will conduct the licensing review and issue a Safety Evaluation.

For OL applicants, the review wil1 be performed consistent with the
j licensing schedule.

~~

Documentatic.n Recuired
O,,.

Licensees and applicants should submit a statement confirming that this
~

.

action has been implemented. -

n= , ., s.

.

Techniczl Specification Changes Recuired ~

,

Include the silicon controlled rectifers in the appropriate surveillance
'

and test sec'tions of the Technical Specifications.

Reference

Section 3 of NUREG-1000.

O

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



. .-

*$ 16 - '- *.

8142,

.

4.5 REACTOR TRIP SYSTEM RELIABILITY (SYSTEM FUNCTIONAL TESTING)

Position

On-line functional testing of the reactor trip system, including
independent testing of the diverse trip features, shall be performed |

Ion all plants.

1. The diverse trip features to be tested include the breaker
undervoltage and shunt trip features on Westinghouse, B&W (see

,

Action 4.3 above) and CE plants; the circuitry used for power
interruption with the silicon controlled rectifiers on B&W plants.

(see Action 4.4 above); and the scram pilot valve and backup scram
valves (including all initiating circuitry) on GE plants.

2. Plants not currently designed to pemit periodic on-line testing
shall justify not making modifications to pemit such testing. .

Alternatives to on-line testing proposed by licensees will be
considered where special circumstances exist and where the objective
of high reliability can be met in another way.

3. Existing ir.tervals for on-line functior.a1 testing required by
Technical Specifications shall be reviewed to detemine that
the intervals are consistent with achieving high reactor trip
system availability when accounting for considerations such
as: '

;

l. uncertainties in com.ponent failure rates -

2. uncertainty in common mode failure rates '
3. reduced redundancy during-testing u.

'

. s
4 operator errors during testing-

5. component " wear-out" caused by the testing
-

Licensees currently not performing periodic on-line testing shal,1
determine appropriate test intervals as described above. Changes to

) existing required intervals for on-line testing as well as the
intervals to be detemined by licensees currently not perfoming
on-line testing shall be justified by infomation on the sensitivity
of reactor trip system availability to parameters such as the test
intervals, component failure rates, and coxcon coce failure rates,

j *::licati'ty

This cetion ap; lies to all licensees ano OL applicants.

Tyce cf Review

For licensees, a post-implementi .icn review will be condu:ted for action
4.5.1. The Regions will perfom these licensing reviews and issueO Safety Evaluations. Actions 4.5.2 and 4.5.3 will require a pre-implemen-
tation review by URR. Results will be issued in a Safety Evaluation.

-

.

, + , . , - , - - - , , - . - , , , . , r e y .n-- - - ..,,-,-me em ,--. ,, .- ~ ~ g v ,,,,n ,, , - - , m--e , --



|
' *

.
e-

8143* ,

- 17 -
. :.

i

O For OL applicants, the NRR review should be performed consistent with the
licensing schedule.

Documentation Reouired

For item 4.5.1, licensees and applicants should submit a statement
confirming that this action has been implemented.

For item 4.5.2, licensees and applicants should submit a report describing
the modifications for staff review.

For item 4.5.3, licensees and applicants should submit proposed Technical'
Specification changes for staff review. ..

Technical Specification Changes Required --

For licensees, Technical Specification changes are required.

For OL applicants, Technical Specifications will be incorporated as
part of the license.

^

Reference .

l Section 3 of NUREG-1000. -

.

6 O T G

.

,

*
.

O

.
- - - _ _ - _. . .. . . . . -_
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. k,j, i MR. TURK: Mr. Chairman, at this time the panel is

2 ready for Board questioning and cross examination. I would

!.
3 note that next to various answers in the direct testimony are'

.

4 found the names of the persons who are primarily responsible

5 for those particular answers. The Board ma find it convenient

| 6 to ask questions of the persons whose names are indicated right
r

i 7 next to the particular answer and testimony which sparks the

8 further Board question or, in the~ event that the Board has a

i 9 question to whom they're not sure as to which witness to

io address it, then Dr. Thomas King, who is sitting at the table,
; *

it might be able.to assist the Board in finding the proper witness
n

12 to answer the.particular question.

( 13 JUDGE MILLER: Very well. Thank you.

i / 14 Applicants have any questions?

15 MR. EDGAR: No questions, Your Honor.4

2.

! 16 JUDGE MILLER: Either on the merits, as well as'

E
'

$ 17 voir dire?
o'

| 18 MR. EDGAR: Neither on the merits'nor voir dire.
3

g pp JUDGE MILLER: Thank you.4

%-

20 BOARD EXAMINATION

| 21 BY JUDGE LINENBERGER:
#

22 Q Gentlemen, please turn'to page 19 of Staff Exhibit

! 23 32, question and answer 21. If I read--make a literal reading
5
'

24 of the answer to question 21, I think what I see is a statement

25 that says because we, the Staf f, are going to put the right kinct ,

.

s_ / i
,

|

|

- . . . . . . . _ , , , . . , _ - , . _ , - - - . - - ~ _ , , . . , - , ,..,--m_,, - . _ , , , , m, .- .m_. . - . . . _ , , . . .
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1 of requirements on Clinch River, everything has got to be rosy.

2 Well, now, maybe that's not what is--not the message that the j*

l

3 testimony intended to convey, but it seems to me that just !

)

4 because certain design criteria which have been developed for'

5 LWR.'s and seem applicable to Clinch River are, indeed, applied

6 to Clinch River, doesn't in and of itself make everything okay.

7 Now, am I distorting the answer here?

f 8 A (Witness King) Perhaps you're distorting it a little

9 bit. The question says:~"Do the CRBR principal design criteria
,

10 contribute to the Staff's conclusion that CDA's do not have to

3 11 be included in the DBA spectrum?" You cannot take those
i

12 criteria alone and say because I have the right words on the

13 piece of paper or what we think are the right words on the~s

i - \~s 14 piece of paper that that's all we have to do. There are a

15 number of other things done in our review besides develop

f to design criteria. We looked at previous operating experience
e

$ 17 with LMFBR's. We looked at the design of Clinch River, the.

O*

| 18 proposed design. We looked at analyses. 'We did independent
I,

$ 19 analyses. There were a number of things that we did that take
E

'

,

g 20 the sum total of those and they add up to our conclusion that
'

'

| 21 CDA's do not have to be included in the DBA spectrum. The
1

: .g 22 main point I think we're trying to get across in this answer
;'

23 is that design criteria for LWR's have been developed in the.

i 8
'

| 24 past. They are implemented by a variety of NRC regulations,
:

25 standard review plan, NUREG documents, reg guides. He wanted

O.

i

-. . . . . - - - _ _ . ., _ _ _ . _ . . _ - . . _ _ _ . . _ _ _ , - . _ . _ . _ _ _ _ . , _ , -
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b 1 to build on that as much as possible, because that methodology

2 is in place, has been tested with time and experience to be

3 a complete review process, but we didn't want to scrap that and

4 start over. We wanted to capitalize on that as much as possible .

End 13 5 I think that's the real point we are trying to get across here.

part i
6

7

8

9

10
,

11

12

13.

'' __/ ja,

15
,
_

q 16
y

17

8
18g

.

I 19

ij 20

n
2 21
W

: 22
,

E *

$ 23

!
24

25
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( ) |
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1 Q Anyone else want to amplify on that, feel>

'

2 free to do so.

3 (No response)

4 Q Okay. Pardon me, but I've misplaced a

; 5 piece of paper. There being so few, I don't know how

6 that could happen.

7 (Laughter)
9

8 JUDGE LINENBERGER: Here it is. There was a

9 Bxtrd question addressed to the Staff, Board question 4, or

30 areaof concern No. 4, requesting the Staff to advise

11 whether it accepts connective circulation as a viable

12 mechanism for fuel protection and the reason for the

13 answer to this.-

34 Mr. Turk, is this panel appropriate to discuss.
,

;

15 that?,

E
v ,

16g MR. TURK: Dr. King is.the person who would-'

8'
* 17 be addressing Board question 4. We have not physically

'

'8
18 included our responses to Board question 4 in this-g

3

! - piece of testimony. But for the convenience of the19
'

g
20 Board, I can distribute that now. '

g
t .

h 21 JUDGE LINENBERGER: I'm sorry. I goofed.
I

g -22 I have a note to myself- here. All right.

8
23.g well __>

f -2
24 UDGE MILLER: Can we cover that now, nevertheless?

!

25 JUDGE LINENBERGER: Well,:-I have an alternate
i

o

| U .
!

, . . _ . , , , . - . . . _ . , , . . , , _ , -. . . ~ . - -
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i

() I way to' proceed here. I'm really interested in something

2 that appears on page 27 of this question and answer 31

3 that continues on page 28, and it looks as though both

4 Becker and King contributed to that answer.

I 5 Let me just ask the following question.

6 Does the answer to question 31 that's provided in this

7
; testimony offer support to the general proposition

8 that connective circulation is a plausible and feasible
>

9 performance mechanism to build into the design of the
,.

10 Clinch River facility?

11 WITNESS KING: Yes, they do.

12 From the aspect that the features talked

13 about in answer 31 are the features required to maintain
'

.

14 coolant
.

inventory, which you need to remove heat.

15 BY JUDGE LINENBERGER:, ,

5
j $ 16 Q But.this answer is supportive only to the
< ,

$ 17 extent of the inventory concern or~ question, but is
o

, o
18'

g not necessarily relevant to hydraulic forces, or flows
3

j 19 that would be needed for the connective circulation;
%

| 20 is that true?
5
g 21 A (WITNESS KING) That's true.;

- E

.22 - Q okay. With respect to local fuel failures,g
a

23 at the bottom of page 31 of Staff Exhibit 32, there is aa

L.

24 reference in the very last sentence at the bottom of the

25 page to recent in-reactor tests' designed to specifically.

O

' , ,
, . . . , _ ~, .

_. _ _ . . _ _ _ - __ . . . . . -
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O
k_s) I investigate failure propagation.

2 Can you identify what tests those are and

3 say where further reading about those tests

4 might be accessed?

5 A The test referred to is known as the P-4

6 test. It was conducted in the CLSF facility in Idaho.-

7 Q What do those initials mean -- excuse me?

8 A Closed loop safety f acility.

9 I will have to get a reference for that at

10 the break, and have to get it to you later.

11 Q All right. I would appreciate that --

12 A Okay.

13 0 -- because -- now, perhaps I just don't remember,c

14 perhaps it is treated more explicitly somewhere in the

15
.

Staff's SER, I'm not just sure.,

S
:: 16 If there is an SER reference to it, fine.y
8
* 17 That will suffice. You can tell us about it later,
8

18g but if there is no reference in the SER, then I would like
3

{ an explicit reference.19

_| 20 A Okay.
e

E 21. Q Thank you.r
22

13 On the following page, 32, at.the bottom of,
.

-23 the page, item d characterizes a delayed neutron
8
'

24 monitoring system capable of rapidly detecting local-

25 failure events.

O

- - - --
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~ (, . '
Can you put some kind of a quantitative'-

2
time scale on what " rapidly" means?

3
A 30 to 50 seconds after the event. Maybe I'll

4
add that time is dictated by the sodium transport time

5
to.get from the core out to the detector, which is

6
located out alongside part of the primary heat transport

7
system piping.

8
Q How does that time compare with the delay

9
rates of those delayed neutron emitting species that

to
are of interest in this detection system, s

11
A There are approximately six' isotopes that

12
emit delayed neutrons, and they range in half-lives

13

(~'% in the order of maybe 10 to 20 seconds up to somewhere in
\- 14

the neighborhood of a minute.
15

and"13a
.5 16
,

17

8
18a

'

a .

.{ 19 ,

k
20g

'

21

I

I
.f 23

7
'

24

2'5

-

- . . - .- .. - .
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.o -(~n
'h 1 BY JUDGE LINENBERGER:

2 Q But some of those I would think might be of

3 sufficiently small abundance to make them impractical for use
1

4 in this application, so is there a particular delayed neutron
5 precursor or set of delayed neutron precursors that are of

6 interest in this application because of their higher abundance
7 of occurrence?

8 JL (Witness King) I would have to check on that answer ,

i
.

9 I don't know offhand.
'

10 Q Okay. Well, for the purpose of this discussion,

; 11 let's assume that it is the transient time of the sodium from
12 the core to the detector that is governing here in your answer
13 of, I believe you said, of about 50 seconds..

* 14 The real thing I'm interested in here has to do-
.

]
15 with the possibility that the core might, for whatever reasons,,

1 ;

.! 16 be added for a beyond design basis event, and therefore the

i- 17 possibility that things might start happening cui a time scale
| 8-

18
} - g that is perhaps a bit short compared with 50 seconds, and-
.i 3
"

.I 19 therefore the possibility that this delayed neutron detection
I

20g system may be a little slow in telling the control room some-,

21 thing more than just that sodium has contacted fuel somewhere.
I

22g Now, is this a concern, or'isn't it?
e -

[ 23 A When we started our review, we had the same concern.
-2

24 After reviewing the.available data and experience on LMFBR's
.

25 we find no evidence that there is rapid failure ~ propagation
A
V

. . .

-n~. , .-e . r - 1 e ~,
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) that would lead to a condition where the propagation isi

2 happening so fast that the operator isn't getting a signal

j 3 to do something.

4 There has been no evidence of any failure propaga-

5 tion in an operating reactor. This P-4 test that I referred

6 to earlier was a test designed to specifically put in a very

7 worst case condition to see if a failure propagation would

8 occur, intentionally defective pins, very high over power so

9 that you get molten fuel ejection.

10 In that test the propagation that occurred occurred
4

11 in a time frame that was in the order of minutes, and based
i

12 upon that test, it was concluded that propagation beyond an

13 assembly, where you have not only slow propagation between pins

14 but you ha're to go through duct walls, would not occur any-

15 where near the time frame that you get a signal from the i,
' a

i to delayed neutron detectors. In other words, the operator would
v

| $ 17 have the signal long before a failure is propagated, even through
'8

18 the assembly that they started in.

{ 19 Q Well, perhaps you can see why I might be interested
&j'

20 or the Board might be interested in the details of these tests
5
g 21 at P-4, the P-4 test, but the answer you just gave, it seems
E,

22 to me, to be meaningful must make the assumption that in the.g

f 23 P-4 tests, there were no fuel temperature ramp rates exceeding
.5
'

24 any temperature--any fuel temperature ramp rate that might be

25 experienced in the Clinch River core under the_ circumstances

. . _ . _ .. .
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( ,) 1 of a design basis event. At least to me it seems that your

2 answer made that assumption. Noa, is that correct or not?

3 A That's correct.

4 Q In other words, you are saying you looked at the

5 P-4 results, and there were no temperature--no rates of fuel

6 temperature rise, increases, that exceeded those expected in

7 the Clinch River core.

8 A The P-4 test bounds anything that would be seen in

9 the DBA spectrum.

10 Q Okay. Now, is it the Staff's position that if the

11 delayed neutron detection system indicated that sodium and

12 fuel have made contact, that the plant should immediately be

13 shut down?,-
6 s

\- ' 14 A What we have said in our SER is that we are going
15 to have to, at the operating license stage, agree on a delayed,

5
s 16 neutron signal which will require the plant be shut down.v
8* 17 That's going to have to allow some room for background, both
o

h 18 from plutonium or uranium as well as from neutrons coming off
2

h 19 the concrete and reactions in the concrete. We are going to
%

h 20 have to establish that number.
I
g 21 Q Right. Let's wipe out all that background confusion ,r

22g and let me rephrase the question.

23 If the delayed neutron monitoring system indicates
'

24 that fuel from within a fuel pin or one or more fuel pins in

25 the core has made contact with sodium, is it the Staff's

,m
! k

\_,Y
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() i position that the reactor should be immediately shut down?

2 A The limit that we finally agree upon at the OL stage

3 will essentially be based upon that kind of consideration, yes.

4 0 Well, okay. I think I hear you saying there might

5 be some circumstances wherein fuel from within a pin might ;

6 contact sodium where you might not require shutdown.

7 A Maybe I ought to clarify that a little bit. The

a Applicants currently have underway a radiation test program

9 called the run beyond cladding breach program. One of the

10 things that that's looking for or looking at is what is the

11 fuel performance on a breach pin that could possibly get sodium

12 inside, and in doing that they are also going to--they have

13 delayed neutron monitoring systems on the EBR-2 where this test

14 is being run.

15 We really need to get the results of that program,

;

$ 16 before we set any limits and look at the considerations that--
,

8
* 17 the data that we get out of that. Maybe there'is some limited
0

{ is signal onL the delayed neutron monitor which indicates a very
2
*

19 benign situation in which we would not require reactor shut-
3>-

j 20 down. That's why I am being a little vague on this point.
'

I
g 21 Q Okay. Well, I may be_ pushing you.a little bit

i E

22 prematurely here, and I will try'if I can get by with it,'but
'

g
.

8
23 don't let me if I shouldn't.-3

W
2

24 At page 38, the bottom of page 38 and top of page
~

1

| 25 39, .there is question and answer No. L51, and at the top of

i -

> ,

|

l

!
l

,;
L
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I )
. \_/ 1 page 39, there is mention of a possibility that sodium freezina

2 could be a concern--a possibility that sodium freezing could

3 be a concern under certain conditions where heat transport
4

i systems or portions of same are disabled.

5 I should like just a brief elaboration on that, if

6 you would, please, and I care not who addresses it.

7 A (Witness Becker) I will address that problem--or
i

8 that question. Excuse me. Since others were involved in this,

9 Dr. Agrawal in his review of some of the foreign reactors, I

10 may call upon him to add additional things.

11 One of the things that was found when reviewina

12 the design basis accidents at the foreion reactors was in the

-s 13 German reactor SNR 300 they had a temperature trip associated
'# 14 with the feedwater. If the temperature of the feedwater going

15 into the steam generator were to drop below a certain level,,

x
9

16
3 the reactor was tripped.

$ 17
This is a very dedicated trip, and in following this

8
'

18
e dedicated trip, we reviewed the similar situation associated
2

! 19 with Clinch River,
t

h There is no dedicated. trip of this type on Clinch20

'
21 River. There is a reactor safety system trip associated with

Ei

22
3 the mismatch of the steam flow and the feedwater, which has
=

y 23 a temperature compensation associated with it, but in looking
2

24 at the other aspects of that particular situation, we didn't

25 see a systematic evaluation of the possibility of over-cooling
. .s

.

.

,

,

t

. . ~ .
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fw

- \ss) . 1 the sodium.

2 There is a great deal of attention in the DBA

i 3 spectrum to the under-cooling of the core, but no over-cooling |
4 of the sodium.

,

<

5 There are safety measures, as indicated in the
.

| 6 testimony, from a mismatch of sodium flow in the intermediate
.

7 heat transport system and the primary heat transport system of
:

8 the loops, which would undoubtedly protect you in this kind.of,

i 9 a situation if it were to be a major item; however, we reauested

| H) the Applicant to give us a systematic evaluation of the
4

11 possibility of over-cooling the sodium.
,

t

;- 12 If it is found to be a problem in the design,-this
:

i 13 is a rather simple one of including a temperature trip on the3
t )
N' 14 feedwater.

'

:

15 I think that's a fair elaboration of that particular
3

.g 16 problem.

17 Q 'What is the-- Well, excuse me. Making a transition

i { 18 now to the subject of the Applicants'' reliability assurance
4 3

'{ 19 program, I can envision this effort on the part of the
'

{% 20 Applicants as a progressive ongoing thing that begins to
4i g 21 embrace more and more of the system and more and more inter-
t

22g active types of considerations within the system, and as being
=

| ? 23 an effort--an undertaking that the Staff reviews on rather'a
8

'

24 continuing basis.

25 I can also' envision it as something that waits for

\-

. . . . . .. . _ . .
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- Q_ 1 one final document which is then dumped in the Staff's lap,

| 2 and you have got to scramble around to see if you agree with
I J

3 everytning in it or not.

4 Which is it here? Is it an ongoing effort that is
;

j 5 reviewed on a continuing basis?

i 6 A (Witness King) Yes, it will be an ongoisg ef fort.

7 We have got a commitment from the Applicanti to get their

a program plan for reliability assurance approximately six months

9 after CP. At that point in time the Staff intends to

10 periodically review and audit the results of this program and

11 the application of this program. I believe that's discussed

12 in our SER, those commitments are discussed.

13 JUDGE LINENBERGER: Mr. Edg~ar, I'm about to ask thisOv 14 panel about their answer to a question in this testimony which
,

is at a later time, when some of your future witnesses are on, I

j 16 want to ask the same question of. It is question and answer

17 No. 90, page 60 of Staff's Exhibit 32. So you might just
0

| 18 listen to the discussion here and alert your later witnesses.
I

{ 19 MR. EDGAR: Judge-- That's okay. e

a
20 BY JUDGE LINENBERGER:

| 21 Q Mr. King-- Well, I guess Mr. Rumble answered this
t

22 question. Implicit'here is the assumption that this reliabilityg

! 23 assurance. effort will progress at a. pace that makes it useful,-

a l
'

24 from the point.of view of feeding back information on a timely
_

25 basis, that can impact design or operation or specifications,

O
;

4
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-

1 or whatever.
,

'

2 Question 90 here asks how is it expected that a

3 decision will be made regarding whether or not a design or

'

4 procedure change is required.

5 What concerns me about the answer is I think it is

6 fine as far as it goes, but I can see situations arising wherein,

7 Staff and Applicant may have differing professional opinions,

a differing perspectives about the importance of what they see

9 in the results of the reliability assurance program.

10 Now, I'm a little bit curi6us as to what kind of

11 evaluation process the Staff will make to arrive at a deter-

12 mination or a judgment that this represents a must that must

13 be imposed on the Applicant, or something nice to do, or, well,

14 it is a gray area and you will gt to more important things.

15 Can anybody talk about this a little bit, give us

! 16 a feeling how this will be handled?
v
8
* 17 A (Witness King) Well, I think if I understand your

1 0

{ 18 question, we perhaps address that in our answer 95,! question
..

{.
~

19 and answer 95 on page 62 of our testimony.
- S

j 20 Q Well, perhaps sort of, but'I can still see room,

- r

E 21 for disagreements in judgment about the seriousness of things.
-r

22 Now,Emaybe;this-is too-vague a, question,-and my guestion for. y.

! 23 the Applicants later will be a-little more specific here about
5
'

24 internally how management decision. processes might work, but
.

i
25 within the. Staff, you must operate on--I would expect that you !

[
.J-

,

|
1

_1
-

1

, ._,_.- .-._- ._ .. . . , _ . . . , . . - . - _ ,_ . .
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1 operate on the basis of some sort of guidelines that say, "Well,

2 certain types of things are just nice, and we don't diddle

3 with the Applicants' internal affairs any more than we have

4 to. This is not too important. Let's' play it down," or,!

5 "This is extremely important and, by golly, let's make an issue

6 out of it and make sure the Applicant addresses it."

| 7 A (Witness King) I'm sure those kinds of concerns

( 8 are going to come up. Those kinds of problems are going to

come up. They have come up all through our review in developing9

10 the SER, and we just have to address those-on a case-by-case i

11 basis, sit down and discuss it with the Applicants, and if we

12 get to a point where we just have a hard spot where we can't

13 reach an agreement, we are just going to have to-take a position
~

4

14 on it.

15 MR. EDGAR: Judge Linenberger, could I make one,

i'
.

16 clarification here? The only remaining witnesses we haveg

$ 17 scheduled right now are QA people. Mr. Clare would really be
8

18
g the right person to address this kind of question, feedback

$ 19 into reliability.
4

y 20 JUDGE LINENBERGER: I thought there was a question--
'

s
p 21 a Board cuestion that asked about interaction between.the^

t-,

22g reliability assurance program and the QA program.4

23 'MR . EDGAR: Right, and the answer to that is in our
2 .

24 Exhibit 87, which is our DBA testimony.
j. .
I 25 JUDGE LINENBERGER: All right.

D
.bu- .

i

/
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i

:(_/ 1 MR. EDGAR: I have the citation here. I don't have

2 the transcript page yet, but it is our Applicants' Exhibit 87,

3 0 and A 140 at 168, and Mr. Clare will be here throughout the

' d proceedings, but I think that's our statement of--or our

5 response to the issue.

6

!..
JUDGE LINENBERGER: Okay. I think what I would

7 like to do is during the luncheon break, take a look at this

8 citation you gave me, but I don't want to interrupt these

9
j witnesses any longer on this.

10 Thank you, Mr. Edgar.

11 JUDGE MILLER: I think we will'take our luncheon '

12 break at this time. We will reassemble at 1 o' clock, please.

I

~(+3 (Whereupon, at 12:00 Noon, the hearing was recessed,13

V'

'd to reconvene at 1:00 p.m., this same day.)
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) 1 AFTERNOON SESSION

2 (1:00 p.m.)

3 JUDGE MILLER: You may proceed.

4
| HUKAM C. GARG,

5- RICHARD A. BECKER,

6 DR. SHOU-NIEN HOU,

7 THOMAS L. KING,

8 B. M. MORRIS,

9 CHARLES E. ROSSI,

10 ROBERT J. SCHEMEL,
;

11 JERRY J. SWIFT,
'

,

1 12 ASHOK K. AGRAWAL,

13 JOHN E. HANSON,
*

. ,

-14 EDMUND T. RUMBLE, III,

15
; resumed'the stand as witnesses on behalf of the Staff,
3

16
$ and, having been previously duly sworn, were examined and4

17; testified further as follows:
8

8 WITNESS KING: Perhaps'I should lead off~and1o
a

!
'

19' follow up on two things you asked me this morning.
'

b

20g JUDGE MILLER:- Were you able to locate that
E'

p~ ' 21 information?',

; :t

22
[ ' WITNESS KING: Yes. There are two references

- 23 I want to give you for'the P-4 experiment.

24 -One is_ referenced in our SER. It is on page

| 25- G-8. That's Appendix.G. And itlis-the second reference
'

g .

*

-

L

L
| -

, , , - . --. - .- . . . ~ . . ., , , , , . .. , ..
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1 'on that page. It is an Argonne report. The number is ANL/ RAS
2 82-15.

3 JUDGE LINENBERGER: Is that a proposed exhibit,

#
by the way?

5 Well, go ahead.

6
WITNESS KING: The second reference is a

report presented at an international conference on

) 8
fast breeder reactors in Lyon, France, on July 19 through

: *

94

23, 1982, and it's a paper presented by -- it is
,

.

10
authored by six people from Argonne National Laboratory.

11-

I'll read you all six names, if you want them.

12
JUDGE MILLER: If it's necessary for identifi-

13
cation, yes.

14
WITNESS KING: Okay. It's A. E. Klinckman;

'
e D. H. Thompson; W. A. Ragland; E. Wright, W-r-i-g-h-t;

6// R. G. Palm; and R. J. Page.
O

3 17,

The title is " Review of Recent ANL Safety,
' "

18

{ Experiments in SLSF and Treat."
*

19
{ MR. TURK: For the record, let-me note that

'4
'

20
@- the first reference provided by Mr._ King is contained
E

'
' |' in NRC Staff Exhibit No. 27 at page G-8, and neither of

e 22'

i the two references which Mr. King provided are exhibits

23j in the proceeding.'

.24
JUDGE MILLER: Thank you.

,

25
WITNESS KING: The second question had to do.

Lo

. . .
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I

7- ) I with delayed neutron precursors, what fraction of the's y

2 longer half-life ones are present.

3 The two with the longest half-lives are iodine

4 137, and bromine 87. Iodine 137 is approximately 15

5 percent of the total delayed neutron precursors, and

f/ 6 bromine 87 is approximately 13 percent.

7 The half-lives for these isotopes can be

a found on page 150 of the Applicants' DBA testimony.

9

10

11

12

13
7-'x

?

(_)\ 14

15
,
_

i 16

%

i7

8
18e

5
*

19

ij 20

5
9 21

i e

22g

23
.

t

24
|

|

25

,7%.
> |
\_/ 1

i

_ _



.

.

E16M1 8164

1 JUDGE MILLER: Thank you for the information.

2 JUDGE LINENBERGER: I appreciate that.

3 MR. EDGAR: Judge Miller, I wonder if we could get

4 a reading from the Board on Mr. Strawbridge's--

5 JUDGE MILLER: He may be released.

6 MR. EDGAR: Thank you very much.

7 JUDGE MILLER: Thank you.

8 BY JUDGE LINENBERGER:

9 Q Mr. King, in an earlier answer to one of our

10 questions you referred us to the panel's answer to question

11 95 beginning at the bottom of page 62 regarding Staff's

12 judgment about the kinds of things that the reliability assess-

13 ment program might offer and the feedback of those things into

14 the project.

15 There are five criteria listed there, or Case A

16 through E, and I don't see in an explicit way,-at any rate,
8
* 17 safety consideration coming into those five.
8

18_g Now, is it implicitly a part of one of those five
3

_{- 19 or more than one or all?
%j 20 A (Witness King) I think it is_ implicit in all.
1

E 21 I will expand on that a little bit.
t

22 0 Please.g

3, 23 A In looking at any particular result'from the-
2

24 reliability program, you certainly have to look at what piece 1

25 of hardware it affects and what's the importance of that
I

v

'
, ,

_ _J
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() I hardware-to the safety of the plant, and that's a consideration

2 in any aspect of this program.

3 Q This may come up later in a different context, but

4 let me ask the final question here, direct a final question

5 here about principal design criteria which are mentioned
*

6 several places in this testimony and which are explicitly

| 7 listed in the Staff's SER.

8 From the point of view of you gentlemen on this'

9 panel, do you consider that these--that the principal design

10 criteria stated specifically in the SER are final and complete,,

t

11 or do you think that there is any reasonable possibility or

12 likelihood that down the road two or three years, as you begin

13 to see things coming in from Applicants, as you make your own
,

14 further reviews, that there may be some additional criteria
J

; 15 imposed or existing criteria modified or drawn up in any way?,

;'

| 16 In other words, do you anticipate any change of significance-

,

$ 1-7 to the design criteria that are before us in the SER at present:i

18 A At this point in time we do not anticipate any
i I

*
19 changes, other than--let me throw one caveat on that. There

5j 20 are certain rulemaking activities ongoing in NRC right now

i- 21 that'could affect the~ general design criteria in 10 CFR 50,
' r

22 Appendix A. If those changes are implemented, we will haveg
K

; - 23 to assess application'of those to Clinch River, and they may
~

, g.
'

24 affect the principal design criteria.
i

25 Other than that, we do-not foresee any. changes to

L

!
.

-. , . _ ,-
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I those criteria.

2 JUDGE LINENBERGER: I believe I have no further
,

3 questions.

4 JUDGE MILLER: Anything from the Applicants?

I 5 MR. EDGAR: No questions.

6 JUDGE MILLER: Redirect?

7 MR. TURK: No redirect, but I would like to ask,

8 with the Board's permission, whether this panel has any3

9 comments to make with regard to the NRDC limited appearance
O statement.

11 Does the panel have anything they wish to say with!

12 regard to that statement?

13 WITNESS KING: We have one item we wanted to bring

14 up. That's with respect to Dr. Cochran's statement concerning

15 the use of the PRA.
3
$ 16 JUDGE MILLER: Yes.e

17 WITNESS KING: What I wanted to do was point out.

8,

18g that the way we envision or apply the PRA is covered in our
2

! - testimony, and let me just give you.those references.19

kj 20' JUDGE MILLER: First give us.the references'from
5 I

g 21 the Exhibit 125, which is Dr. Cochran's limited appearance'r
22j statement, and then give your own references in contrast thereto,

23 please.
! 4

24'

WITNESS KING: The paragraph I'm referring to in

25 Dr. Cochran's statement begins on page-8 of his statement, the

\
' s-)
>
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)
I second paragraph on the page.

.

|
1- ,

i 2 JUDGE MIIEER: Okay. I have it. .

!

3 WITNESS KING: It continues over to about the middle'

1
'

4 of page 9.

I 5 JUDGE MILLER: Very well.
'

:

6 WITNESS KING: Our response to that basically is
]
i

7 that as far as eliminating CDA's from the design basis spectrum,'

a we relied primarily on the deterministic criterion method.;

; 9 That's the same method that's used in an LWR.

10 JUDGE MILLER: For the record, perhaps you could

11 give a definition of the-deterministic method, especially in
,

i
'

12 this sense, would you, please?

13 WITNESS KING: The deterministic method is the

14 application of the NRC regulations that are covered in 10 CFR-

15 50, in the standard review plan in the NUREG documents and
,

;
~j 16 Reg. guidelines that the Staff applies in reviewing any nuclear

$ End 16 1.7 power plant.

I- 8
18a

a

', ! 19

i
j '20

: *
'

| 21

:
a 22,

2'

'f 23
s
'

j 24

25

,

s
|

2
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b I JUDGE MILLER: Yes, but someone not acquainted
,

2 with NRC terminology looking at that answer won't get

3 very much. In other words, I want you to explain for
.

d the record, for the public, who may be here, what is

5 the deterministic approach that is used, in a brief way,
6 but nevertheless, give it some meaning, if you would, please.

7 WITNESS KING: The deterministic approach requires
.

i

a certain features to be in the design. It requires a

'

QA program. It requires designing for external eventsd 9

30 such as carthquakes and floods, piping integrity,
,

il a whole list of safety systems that are explicit as

12 required in a nuclear power plant, and the criteria

.

or the requirements that implement those systems are13

3d what we call the deterministic method,

15 MR. TURK: For the record, let me note that
a
_

6

$
the question posed by Judge Miller is addressed16

8
*- 37 in the Staff's DBA testimony, the question and answer
O

{ 18 14' commencing.on page 11 of the DBA testimony.'

! 19 JUDGE MILLER: Fine. Fine.

. 2
20

3 Thank you.

5

| All right. You may proceed.'21

WelookattNePRAasg 22 WITNESS KING:
,

.g.
! :primarily a tool to evaluate'the design and.maybe. enhance23

2
24 the design, look for anyLpotential weaknesses.~

25- We do not use it as a method for deciding
-

q_) .. .

u
;

!
!

?

- - . , , ' ,
- , _, . . . -- . . - , _ - , _ . , _ , . . _ , . . - - , -
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1 on the envelope of design basis events, and I just

2 Wanted to point out in our testimony where we talk about

3 this,

d It is in our answer number 14, which is

5 pages 11 through 13, and on pages 43 through 50 of our

6 testimony, which discusses the PRA.
t

7 JUDGE MILLER: Anything further from anyone

8 else?

9 WITNESS MORRIS: I might add that specifically

10 in the answer 70 on page 48, the -- we note that if the

11 PRA shows that there is some deficiencies in the design

12 such that it may appear that CDA's would be more likely

13 than previous, we thought then our approach would be to

14 see that that design be upgraded and enhanced

15 rather than to consider CDA's as being the design
3

16 basis spectrum, and I think that's the key difference.

8 17 between what our view of this is, and what was
8

18g expressed by Dr. Cochran.
3

! 19 JUDGE MILLER: Anything furth'er?
2

20g (No response)
E-
g 21 JUDGE MILLER: Thank you.j
l

\

l 3 Anything further, counsel?22

$
23 MR. TURK: No, there are certain members ofs

i 2
24 this panel who will have to remain here to present'

25 testimony on either the CDA analysis, or with respect to

!

'
\

l
J. !

_._. _ . . _- .- . - , . _ . . _ . _ , . _ , _ . . _ .., , ., .
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( l certain Board questions, but aside from those persons,

2 I'd like to ask that the other Staff witnesses be

3 permanently excused.

4 JUDGE MILLER: They may be so excused.

5 You will make the judgment as counsel as

6 to which ones are necessary to remain for further

7
i developments.
|

8 MR. TURK: Thank you.'

9 JUDGE MILLER: Very well.
,

; 10 Thanig you very much. You're excused.
!

11 (Panel excused),

|

12 MR. TURK: At this time', Mr. Chairman,

13 I'd like to ask for a bit of guidance from the Board.s

14 The next' item of business, as far as the

15 Staff sees it, is to address certain Board questions, '*
.

a

{ 16 namely Board questions 4, 10, 12, 13, and 14. .4 was
8

17 on conductive circulation. 12 was on safeguards.
*

8
18 12, 13, and 14 have to do with programmatic objectives,g.

3

!, 19 fuel fallback positions, leaking fuel pins, and oper
%

h 20 items in the SER.
e

E. 21 I guess I'd like to ask for your guidance asy

22
3 to how best to proceed with presenting this.
3

23 One line of thought I have is, perhaps we3,

!
24 could take Board questionELO now dealing with_ safeguards, '

25 dispose with'that, and then present the other pieces of !
I

\

s_/
,

:
I

;

.
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I testimony as a combined testimony, so that we can address

all those other questions at one time. But I'm open to
3

guidance on that.

#
(Board conferring)

5
JUDGE MILLER: Any particular reason why

6 you'd rather not proceed with the eight CDA analyses at
#

fff this time?

MR. TURK: No, we could do that, also, but
'

in our mind, some of the Board questions relate
10

to the questions that were addressed all in the DBA

'' testimony, such as open items, I believe, in NRC.
'

JUDGE MILLER: We don't really have a strong
13

preference either way. You may suit your own convenience.

MR. TURK: Okay.
15

: May I have just one moment, please?
3

| JUDGE MILLER: Surely.
6 -

'
(Pause)

8
'O

i MP. TURK: At this time, I think perhaps3
* 19
5 the easiest thing for us to do would be'to address the
3

h Board ~on'the Staff's testimony on Board's question 10
20

>

| dealing'with safeguards.
21

3 JUDGE MILLER: Okay.

MR. TURK: And_I'd ask that Mr.fRobert Dube
~

o-
24

-be called to the stand and sworn as a witness.
25

O -

..
;N

~
-

-
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'
ROBERT J. DUBE

2
was called as a witness on behalf of the NRC Staff,

,

; and being first duly sworn, was' examined and testified

4
as follows:

MR. TURK: For the record, let ma indicate

6
that I have just distributed to the Licensing Board

,

7'

members, counsel for Applicant, and to the reporter, copies
8

of NRC Staff Exhibit No. 36, which is titled NRC Staff

9
testimony of Robert G. Dube on Board question 10

10
concerning material control and accountability. Three

11
copies of t'his testimony have been given to the reporter

12'

as per th'e' reporter's request.'

s JUDGE MILLER: Very well.
sL I4

DIRECT EXAMINATION

: BY MR. TURK:
C
4 16
y O' Mr. Dube, could you please state your full
$ 17

name; your title; and by whom you are employed.,
*

18

| A My name is Robert J. Dube. I.am Section
4 m

| Leader of the Regulatory Activities.and Analysis Section.

| 20
g in the Division of Safeguards at the Nuclear Regulatory
n
2 21 . .

g- Commission.
,

. 22
O Have you prepared a. statement of professional.

E

23
. j qualifications for use in this proceeding?-

#
A Yes, I have.

25 I

Ii

\

(~)%x.
'

|

|
,

k

+

F T T 'V-" ~
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3

1es

) 1 O And is that statement of professionals

2 qualifications attached to and contained in NRC Staff

3 Exhibit No. 36?

4 A Yes, it is.

5 Q And is NRC Staff Exhibit No. 36 a copy of your

6 written testimony with your statement of professional

7 qualifications attached, which was submitted for use in

8 this proceeding?

9 A Yes, it is.

10- O Do you have any corrections or modifications

11 you wish to make to either your written testimony or

12 your professional qualifications as they appear in.

13 NRC' Staff Exhibit 36?
14 A No, I don't.

15 Q To the best of your knowledge and belief,
7

*

16g_ is your written testimony and statement of' professional

$ 17 qualifications as contained in Staff Exhibit 36 true
8

18 and correct?g
* 2

' - ! 19 A Yes.
%

h 20 Q 1And do you adopt it as your' sworn testimony.
E
g 21 -in this proceeding?,

r
j. 22 A Yes.

'

.

3
. 23 MR. TURK: ;Mr.fChairman, at this time, the..

2 .

. .

24 Staff asks-that NRC Staff Exhibit No. 36 be bound into,

25 -the record ~as if read.

[oT

L
L
L
,

b_
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- t
JUDGE MILLER: Any objections to --

2
MR. EDGAR: No objections.

3
JUDGE. MILLER: -Staff Exhibit 36? The

4
evidence will be received. It will be incorporated into

5
the transcript as in the case of our testimony on other

6
exhibits.

7
(Prepared testimony follows:)

8

9

10

11

12

134

!

! b 14
'

:
'

15
. ,
..

,

# -9
16g~

17

0 t
0-

j e. 18
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-
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.
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UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
)

UNITED STATES DEPARTMENT OF ENERGY ) Docket No. 50-537 -

PROJECT MANAGEMENT CORPORATION )
TENNESSEE VALLEY AUTHORITY )

)
(Clinch River Breeder Reactor Plant) )

NRC STAFF TESTIMONY OF ROBERT J. DUBE
ON BOARD OVESTION 10, CONCERNING

MATERIAL CONTROL AND ACCOUNTABILITY

,

*

Q1. Please state your name and present occupation.

A1. My name is Robert J. Dube. I am Section Leader of the Regulatory
. Activities and Analysis Section, Fuel Facility Safeguards Licensing>

Branch, Division of Safeguards, Office of Nuclear Material Safety

and Safeguards.

:

Q2. Have you prepared a statement of your professional qualifications?

A2. Yes. A copy of my statement of professional qualifications is

attached to this testimony.

Q3. Please describe the extent of your participation in the Staff's

review of safeguards for the Clinch River Breeder Reactor ("CRBR")
e

and its supporting feel cycle.

A3. I had the principal responsibility for updating the safeguards

portions of the CRBR Environmental Impact Statement and for
, v

,

V

. . , . , . , , . , - . , , , - - . . , y . -,-y -- .., , . -._o * , . - , ..,4-,
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( responding to CRBR disenvery items in connection with the

environmental review; the environmental review addressed both the

CRBR and its supporting fuel cycle, notwithstanding the fact that

the Department of Energy (DOE) fuel cycle facilities are not

subject, to NRC licensing. I also testified at the LWA-1 hearings

for CRBR during November 1982 on the subject of safeguards for

CRBR and its supporting fuel cycle.

Q4. What is the purpose of your testimony?

A4. My testimony addresses the concerns raised by the Atomic Safety and

Licensing Board (" Board") in Board Question 10 regarding material

control and accountability. Board Question 10 states:

The Staff's testimony at Tr. 3694 anticipates the need
for further research and development on measurement

( capabilities to achieve DOE's goals for material
control and accountability at the DRP. The Staff is
requested to explain whether this additional effort is
currently underway or definitively planned for the
future, and the extent to whicn it is critical to the
effectiveness of CRBR fuel safeguards measures.

05. Is research and development in the area of measurement capabilities

for rapid material accounting at the Developmental Reprocessing

Plant (DRP) currently underway or definitively scheduled for the
'

future?

A5. Yes. Research and development of measurement capabilities for

rapid material accounting is currently underway at Los Alamos -

National Laboratory, Lawrence Livennore Laboratory, Ames

Laboratory, and Mound Laboratory. These activities include efforts
|
! in the area of passive and active neutron assay, absorption-edge
| C)

-. . .
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densitometry, x-ray flourescence, gama-ray analysis, and optical

techniques for isotopic analysis.

Q6. Are rapid material accounting systems intended to be used at the

CRBR?

A6. No. Rapid material accounting systems are intended for use in

facilities which chemically or physically process fuel materials.

The fuel at CRBR will be contained in large finished fuel

assemblies, and no processing of that fuel would be performed at

CRBR. Material control and accounting at CRBR will consist of

standard item control techniques such as visual inspection and

counting. These techniques, together with physical security

measures, provide a high level of safeguards for the CRBR.

Q7. Is the utilization of a rapid material accounting system a current

NRC requirement for the DRP or similar facilities?

A7. No. Current NRC material control and accounting regulations and

Staff guidance require only semiannual inventories in the shielded

portions of a reprocessing plant. A rapid material accounting

system, such as the one proposed for the ORP, is not required by

the Staff for facilities similar to the DRP.

Q8. Are research and development activities on measurement capabilities

for rapid material accounting, or development of a rapid material

accounting system, critical to the effectiveness of CRBR fuel

safeguards measures?p)%

. . .-- . _ - - - _ _ _ - - _ . _ . _ . _. . . . - _ . . _ . - _ _
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AB. No. As discussed in Answer 6 above, research and development

activities on measurement capabilities for material control and

accounting are not necessary the effectiveness of fuel safeguards

at the CRBR site. However, these research and development efforts
'

are desirable for the DRP but are not critical to the effectiveness

of CRBR fuel safeguards measures at the DRP and similar facilities.

Primary reliance for protection against theft of nuclear material

at the DRP is placed on physical protection systems (see Tr. 3725).

The primary role of material control and accounting is to provide

assurance that the protective systems are working effectively.

Physical security and material control and accounting do not have

to be considered independently. The Staff concludes that while

rapid material accounting may augment safeguards measures to prevent

unauthorized diversion of fuel at the DRP, the DOE comitments for

DRP safeguards meet current NRC regulations without need for a

rapid material accounting system.
:

'

a;

|
:

_____ _ _ _ _ - -. - -- - ' ' ~~
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(} EDUCATIONAL AND PROFESSIONAL QUALIFICATIONS

Robert J. Dube
| Division of Safeguards
| U. S. Nuclear Regulatory Commission - )
.

My name is Robert J. Dube. I am the Section Chief, Regulatory
Activities and Analysis Section, Fuel Facilities Safeguards Licensing
Branch, Division of Safeguards. I have had 20 years experience in
nuclear regulation and policy with the Atomic Energy Commission, the
Federal Energy Administration, and the Nuclear Regulatory Commission.
This has included 14 years of experience in safety, environmental, and
safeguards aspects of fuel cycle facilities. I am currently responsible
for the development of regulations, guidance, and acceptance criteria
for nuclear fuel facilities, spent fuel storage installations, and
non-power reactors. My responsibilities also include monitoring and
analyzing data submitted by licensees for safeguards implications.

Since joining the Division of Safeguards in 1976, I have been involved
in the resolution of technical safeguards issues, and in the development
of regulations related to material control and accounting and physical

, security for nuclear' materials, physical security for power and non-power
! reactors, physical security for storage and transportation of spent fuel,

and safeguards for reprocessing facilities.

,

.

!

; i

. 4

'
s

9

i

.
i

I

s

O
/

~?' ...-..--.._.:---,-. * : .. - -.,--|-. . . L:,. - L - ..9 * -- . -. . - - . , -
~

.



,

.j-17-8~ 8180
*

,<-

Li _) 1 MR. TURK: At this time, the witness. s

.2 is-available for. cross-examination or Board questioning.

3 JUDGE MILLER: Mr. Edgar.

4 MR. EDGAR: We have no questions, Your

5 Honor.
EXAMINATION BY THE BOARD

6 JUDGE MILLER: Mr. Dube, what was your

7 understanding of the nature and situation of Board question

8 10 to which you have responded?

9 WITNESS DUBE: I was not quite sure, to

10 be quite frank, in answering it, as to what the

11 situation was.

12 It appeared to be -- there were two possible
,

13 interpretations that I finally came up with.

\J 14 One was that which dealt with the DR processing.
,

15 JUDGE MILLER: Meaning what?'
3
$ 16 WITNESS DUBE: The developmental reprocessing
*

$ 17 facility or plant, which had been proposed in their

18 environmental report of last year.,

! 19 That particular facility, of course, is not
4

j. 20 part of this proceeding. The other possibility was

j 21 that there was some confusion as to whether the,

t

22'

g research maa development needs identified for the DRP

23 also were necessary for the reactor facility itself,
2

24 and as we have identified in the testimony,.it is not.

25 JUDGE MILLER: Do you recall that when ,

f'} we were holding the LWA-1, limited work authorization phase
q ,/

1

|

l
l

!
|

r . . - ,, -, 1
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\

) 1 of the proceeding, that there was extensive testimony._

2 by certain Applicants, as well as by Staff, I believe,

3 on the questions of safeguards?

4 WITNESS DUBE: Yes, Your Honor.

5 JUDGE MILLER: And you recall also

6 that there was considerable testimony regarding materia?.

7 control and accountability?

8 WITNESS DUBE: Yes.

9 JUDGE MILLER: Okay.

10 What was the situation, as you understood

11 it, of those lines of testimony in the LWA phase of the

12 proceeding?

13f3 That was. proffered testimony, now, you
( )
'' ' ' ' 14 remember.

15 WITNESS DUBE: (Nodding affirmatively),

;

! 16 JUDGE MILLER: Okay. Why was it proffered,y

b 17 I guess I'm asking you?
8

18g WITNESS DUBE: I'm sorry. I'm not sure I
2

{ 19 understand what you mean by " proffered."
i

j 20 JUDGE MILLER: Offered. Tendered. Not

$ 21 initiated as a result of anything that the Board
i

22g said or did at that time, was not as a Board question,
f 23 but it was offered and tendered in an LWA phase.
8
'

24 Now, why was it the subject of testimony then?

25 WITNESS DUBE: It was the subject of testimony

/

b )'

,
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I I because the Staff took a position that the Staff's en-
.

2 vironmental statement should deal not only with the reactor,'
,

itself, but the environmental impact of the fuel cycle,
|

3

,

| 4 also.
i
; 5 JUDGE MILLER: All right.

i 6 Now, the Staff's conservative position

; hasn't been altered in- any respect now that we are down7

:

i 8 at the CP phase of the hearings, has it?

9 WITNESS DUBE: No, sir, but Staff does not
,

lend 17 10 license the processing plant.
L

11

12j

.i 13
1
4
' 14 <

l
4

4 15
*

,
!

4 3
i 16
t-

' 8 -
i

* 17
4

8<

18e '
I i

; 19
| I

<j 20
, .

f |' 21

; r
! j 22
. ,

*E

j |.- 23

,! 8
24,

251
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) 1 BY JUDGE MILLER:
,

2 Q Well, that's true, but we are dealing with substances

3 that have some safety significance, and if something untoward

d happens, are we going to sit down and decide whether or not
i

5 NRC is licensing X, Y or Z facility? That's not practical,

6 is it? Do you understand my question?)

7 A (Witness Dube) I believe so, but I'm not sure.

8 0 All right. Let me make it very clear. If we are

9 going to look at' safeguards, if we are going'to look at it in

10 the whole context, not just the limited context, but the whole

il area of what has been done and should be done with' regard to

12 safeguards of the Clinch River reactor plant, then would not

13' NRC consider the whole spectrum of safeguard problems?,

# Id A There is no regulatory precedent, that I'm aware of,

15 for Staff during the safety phase of the licensing of the
,
'

3
16

.$ reactor to look at the safeguards aspect of the support fuel
8

17*
cycle.

8
18

$ Q Staff doesn't have any concern then or any interest
3

| f
19 in it?

i t
20

3 A I'm not sure it is a. matter of concern as much as
l' !

g 21 '
t authority given us by Congress.

r
22

E O Well, why wouldn't the NRC staff have the power,
8 23
g the apthority to examine all things it considers significant
o

24 and not stop at technical considerations of where its licensina

25 writ runs or doesn't run?.

O)'\m

w
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'L -A I'm not sure that I'm dealing with a technical issue

2 now or legal issue. .

3
Q Pardon me?

d A I'm not sure if I am dealing with a technical issue
i

S or legal issue.

6
Q Well, I am just trying to get the context first of

7 all in which you gave answers to the Board which were not

8 raised initially by the Board, but which were the subject of

' testimony by both Applicant and Staff, and as I understood the

IO nature of your testimony, you were not sure why we are even

II here, .and I'm trying to find out why you weren't sure, and I

12
am trying to find out also if you are more sure now or what the

'3 Staff's position really is.

%) 14
A I believe Staff's position is that during the

15
: construction permit state, we have not intended, nor do we

-7
16

3 intend now to do a continuing review of the safeguard aspects,
*

$ '7 other than the reactor itself.
8

18
[ 0 Is this true of'all other aspects of the fuel cycle

f
"

apart from the reactor itself?.

h
20 A I'm afraid I can't address the~other aspects of the

4

| fuel cycle.21

22
! $ O okay.- What do you understand to be the rapid
1 .

23 ~

material accounting systems that are the subject of inquiry?
O

#
l' A I'm sorry. I didn't understan'd'the question.

25
0 Yes. What do you understand are the rapid material

o'

.

'

._ _ _ .~, . , .



- . . - . - .

,

E18M3
8185,

0-

s,,/ 1 accounting systems intended to be used at Clinch River which
,

2 are discussed by you on page 3 of your testimony?

3 A I'm talking about a system which generally measures

4 the amount of material present in a facility within some

5 relatively short period of time, something on the time frame

6 of anywhere from fractions of a day to perhaps a week.

7 Q On page 4 now, I think you testified that research

; 8 and development efforts with reference to material control and

9 accounting are desirable for the DRP. Why are they desirable?

I 10 A They are desirable because it would provide better

11 accountability, we believe, than the minimum system required

12 by our own regulations.
*

'13 Q Required by what?

\
-

14 A Our own regulations.

15 0 Are you considering that the NRC's own regulations,

( 5
g 16 would have anything to do with the DRP?t

e
8-
* 17 A Our. regulations-- Well, again, the DRP, if built,,

d

{ 18 would not be subject to our regulations.;
I

j { 19 0 Then why are you interested in it?
%

h 20 A We were interested in it at the' environmental phase,

:-
| 21 because we concluded that it would be necessary for us to
i

22g address the environmental impacts of the fuel cycle.
$

23 Q But you are no longer interested in the environmentals

2

{- impacts of the-fuel cycle at the construction-permit phase of-24

25 the hearing?;

-- . . . _ __ _. - . . _ -
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1- A That's true.

2 0 Well, if that be true, then I don't see why the
,

3 research and development efforts of DRP are even desirable from

4 your point of view. If you are going to deal with them at
4

5 arm's length like they are strangers, why do you even bother

6 to say they are desirable? Maybe I am not understanding the

7 reason you use the language, so explain it to me..

8 - A The reason I use the language is because we have '

9 an ongoing program to try to improve our own regulatory

10 structure, and we are in fact giving consideration to proposing

11 to the Commission that they modify the existing regulations

12 to include this type of capability.

13 We have over the last few years worked w th DOE to

14 try to ensure that both of us are going in the same direction;-

15 therefore, we have some interest in what they are doing.

16 O So, in summary, the DOE, the Applicants'_ commitments
4
8
= 17 for safeguards at the DRP, whether or'not they include the

18y research on rapid material accounting really has nothing to do
*

19 with NRC's participation in this aspect of the licensing
I

20g proceeding, is that correct?
-

| 21 A Yes, sir.
I

22g Q And_it is sufficient, from your point of view, if
8 23
g the Department of Energy's commitments for safeguards meet the
O-

24 current NRC regulations, without even going into the' question

25 of-the need for a rapid material accounting _ system? "

(~') .
.

v

s

s
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\ 1 A Yes, sir.'
<

l

2 Q Now, if the current NRC regulations change and become.

1 3 more stringent in that regard, what, if anything, would the
,

4 NRC propose to do about it?

5 A Well, again, we are not going to be licensing that

6 facility if in fact-it is ever built. I'm not sure procedurally

7 what would be necessary if we reached that point.

8 JUDGE MILLER: I think that's all the questions I

9 have. Do you have any?

| 10 JUDGE HAND: No.

11 JUDGE LINENBERGER: Just one.

12 BY JUDGE LINENBERGER:
7

j 13 0 On the bottom of page 2, Mr..Dube, you mention some

' - 14 surveillance techniques, one of which includes absorption-

15 edge densitometry. What is it?, ,
.

3
g 1-6 A It is an on-line technique which is particularly
,

,

1:7 useful for measuring the material which has.already'had the
'

O

{ 18 fission products separated out of the material that's in a
3

' *
19 reprocessing plant. It has the capability-of measuring either

% '
,

h
' 20 uranium content or the plutonium content. It is basically an

E 21 X-ray technique,
r

| g 22 Q So it is not neutron absorption,-but X-ray absorp-

. ,8
4

23 tion, is that correct?
-@ ,

24 A Yes, sir.
f

h 25 JUDGE LINENBERGER: Thank:you.

(].J
,

'
.
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1

1 ' JUDGE MILLER: Anything further?.

2 MR.' TURK: I have very brief redirect, if the Board

3 will permit me.

4 JUDGE MILLER: S,ure. Go ahead.
i

S CROSS-EXAMINATION ON BOARD QUESTIONS

7 6 BY MR. TURK:
'

| O Mr. .Dube, I believe you indicated, in response to7

i
8 the Chairman, that you have no interest to address-the fuel

9 cycle'at the CP stage. I take it when you gave_that' answer

10 you were referring to the safety review of the CP process, is

Il that correct?

12 A Yes, that's correct.
,

.

13 Q You certainly did not'mean to suggest, .did you,,,

\' Id that with respect to environmental-findings that the Board-

~

IS needs to make-at the CP stage, that the environmental consider-
3j 16 ations are not part of construction. program licensing, did'you?i

k
'

17 A No, that's true. It is my understanding'of it that*

8
18

e the environmental stage has been completed in previous
a

! 19 proceedings, and it was on that basis that''I made the statement'
,

%s

20
_ MR. TURK: I'have nothing further.

. .

j. 2 21 . JUDGE MILLER: Anything.further?.
W-<

|| $ MR. EDGAR: Nothing here, Your lionor..22

. 23 JUDGE MILLER: Very well. Thank you, Mr. Dube.
2

24
i You are excused.

,

25 MR. TURK: May I ask that the witness beTexcused

|_ ~J
,

'l

a
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1
j permanently so he may return to Washington?

; 2 JUDGE MILLER: Yes, he may be.

3 MR. TURK: At this point I would like to ask that,

4 Mr. Thomas King take the stand again and that we proceed to

5 Board-Question No.-4.
6 JUDGE MILLER: Okay. You have been sworn and, of

7 course, remain under cath.

8 THOMAS L. KING

9 was called as a witness on behalf of the NRC Staff and, having

10 been previously duly sworn, was examined and testified as
i
'

11 follows:

12 MR. TURK: May we go off the r'ecord for a moment?,

13 JUDGE MILLER: Yes, off the record.

Id (Discussion off the record.)
-

15 MR. TURKS For the record,'I have distributed to
3

16g the Licensing Board members, to counsel for Applicants and

b
'

'

37 three copies have been aiven to the reporter,of NRC Staff '

8
18g Exhibit No. 37, and that is titled "NRC Staff Testimony of

I

! 19 Thomas L. King on Board Question 4, Concerning Natural
%

'

j 20 Convective Circulation."
: .

E 21 Mr. King has already been sworn. I ask that wer
22

3 dispense with the need for any reswearing at this time.

.

23 . JUDGE MILLER: Yes.
e

i 24

25
|

m
!,.,

4

|

.
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t ) 1 DIRECT EXAMINATIONw./

2 BY MR. TURK:

3 O Mr. King, very briefly could you just recite your

4 name and by whom you are employed?

5 A l'm Thomas King. I am chief of the Technical Review

6 Branch, Clinch River program office, NRC, Bethesda.

7 Q And have you prepared a statement of professional

8 qualifications for use in this proceeding?

9 A Yes.

10 Q Is that statement contained in NRC Staff Exhibit
11 No. 37?

12 A Yes.

13 Q,,s. Are you familiar with the errata to this testimony
i

\- / 14 which was submitted to the Board on August 4, 1983?

15 A Yes.,
_

3
$ 16 Q Are those errata contained in NRC Staff Exhibit No.
4
8= 17 37?
O

18 A Yes.
I

{ 19 Q Do you have any other corrections or modifications
ej 20 you wish to make to this testimony or to your professional
:

E 21 qualifications?
I

g 22 A No.
2

23 Q To the best of your knowledge and belief, is NRC,

'
24 Staff Exhibit 37 a true and correct statement of your written

25 testimony and professional qualifications?

jn,
\ .-)
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1 A Yes.

2 Q And do you adopt it as your sworn testimony in this
4

3 proceeding?

4 A Yes.

5 MR. TURK: Mr. Chairman, at this time the Staff

6 asks that NRC Staff Exhibit No. 37 be bound into the transcript

!' 7 as if read.
!

8- JUDGE MILLER: Is there any objection to Exhibit 37

9 of the Staff?

10 MR. EDGAR: No objection.

11' JUDGE MILLER: It will be received into evidence,

12 and it will become a part of the transcript of the proceeding.
;

13 (The document previously marked,

'
14 for identification as NRC Staff

!

15 Exhibit No. 37 was received in
,

S
16jg evidence.)

*

8
,

17 (The prepared testimony follows:)
'

8
18e

5
*

19-

ii

j 20

| 21
,

i r
! ' : 22
*

=

{ -j 23
a

' '
24

1 25'-

t

G.

:

:
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NRC STAFF EXHIBIT 37*

0 UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
*

UNITED STATES' DEPARTMENT OF ENERGY Docket No. 50-537
PROJECT MANAGEMENT CORPORATION
TENNESSEE VALLEY AUTHORITY

(Clinch River Breeder Reactor Plant)

NRC STAFF TESTIMONY OF THOMAS L. KING
ON BOARD QUESTION 4, CONCERNING

NATURAL CONVECTIVE CIRCULATION

Q1. Mr. King, please state your name, by whom are you employed, and the

nature of your responsibilities regarding the Clinch River Breeder

Reactor ("CRBR")?

A1. My name is Thomas L. King. I am employed by the U.S. Nuclear Regu-
'

latory Commission as Chief of the Technical Review Branch, Clinch

River Breeder Reactor Program Office in the Office of Nuclear Reactor

Regulation. I am responsible for direction of the Technical Review
'

Branch's review of the fast sodium-cooled-related aspects of the

CRBR safety review.

Q2. Have you prepared a statement of professional qualifications?

A2. Yes. A copy of my statement is attached to this testimony.

Q3. What is the purpose of' your testimony?

A3. My testimony addresses the concern raised by the Atomic Safety and

Licensing Board (" Board") in Board Question 4, which the Staff has

.. . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
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i O been requested to address, as follows:

The Staff is requested to advise the Board whether it
accepts convective circulation as a viable mechanism for
fuel protection, and the reason for its answer.

.

Q4. Is CRBR designed to remove decay heat from the reactor core via

natural convective cooling?

A4 Yes. CRBR is designed to remove decay heat from the core via natural

i convective circulation of sodium, including during the condition of

a 2 hour loss of all AC power (station blackout).

'

QS. What acceptance criterion must be met in determining whether the

decay heat will be adequately removed from the CRBR core via natural
;

| convective cooling?

AS. The Staff's acceptance criterion, against which natural convective.

cooling is evaluated, is maintenance of fuel and cladding temperatures

below values which would cause a loss of coolable fuel geometry.

For CRBR, the Applicants have implemented this criterion by maintaining

the sodium below its boiling temperature (1720*F in the core region).

This limit will ensure that the fuel remains in a heat transfer

regime which is well characterized, and that the cladding retains

. sufficient strength to maintain its geometry.
|

!

Q6. What features does CRBR utilize to promote natural convective
'

circulation of sodium in the core?
'

.A6. In CRBR, the following features are to be provided to ensure adequate;

natural convective circulation of sodium. The primary and inteme-O

!
. _--- . .. . ._ ._ . .-. _ . _ . _ _ _ _ _ _ _ _ _
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O diate sodium heat removal systems are to be designed with a low
l

-

enough hydraulic resistance and sufficient elevation differences to
! allow adequate thermal convective forces and flows to develop. The
i

decay heat is to be transferred from the primary and intermediate "

sodium systems to the steam system by means of the steam generators. |

Here, the decay heat is to be dumped to the atmosphere via steam

venting or steam-to-air heat exchangers called the protected

air-cooled condensers (PACCs). The steam system is also to incor-

porate an auxiliary feedwater system to ensure that adequate

feedwater is supplied to the steam generators. Redundant safety

grade battery systems supoly power sufficient for two hours, for
dt am em

instrumentation, valve control and PACCJoperation from the control

room. Of particular importance in the design is the fact that no

operator action will be required to initiate decay heat removal via
'

natural convective circulation. Plant hardware automatically puts

the plant in a condition acceptable for tais mo6o of operation upon

scram and loss of main feedwater. This is discussed in detail in

Section 5.6.3.1 of the CRBR SER, NUREG-0968.

Q7. Will the CRBR design allow the removal of decay heat beyond two

hours in a station blackout condition?

A7. Yes. Although removal of decay heat beyond two hours in a station

blackout is not r2 quired by the Staff, it is feasible with the

proposed CRBR design to remove decay heat via natural convective

circulation beyond two hours. This can be accomplished by the

installation of additional battery capacity to allow control of the

.. .- . - -
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dam priat

v' PACCl{and feedwater makeup from the control room, or by having planttdamusi
operators take local manual control of the PACC and feedwater flow

after the batteries become discharged. The need for providing for

decay heat removal beyond two hours in a station blackout will be ~

assessed subsequent to resolution of the pending generic safety issue

regarding station' blackout.

Q8. Has the Staff evaluated the capability of CRBR to remove decay heat

from the core thrcugh natural convective circulation?

A8. Yes. This evaluation included:

1) A review of the plant design requirements regarding

natural convective circulation.

2) A review of the plant systems, configuration and design
v

features which are required to function to allow natural

convective circulation.

3) A review of the Applicants' analysis and acceptance

criteria which predict fuel and plant behavior under

natural convective circulation conditions.

4) A review of the plans for verification of the Applicants'

analysis methods.

5) Independent calculations by the Staff as to the ability

of CRBR to remove decay heat via natural convectivei

circulation.

This review is documented in Sections 4.4 and 5.6.3 of the CRBR SER.

- . -- . . - . _. .
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O
Q9. What were the results of the Staff's review?

A9. The Staff's review of the Applicants' design requirements, acceptance

criteria, and plant systems, configuration and design features which

allow natural convective circulation did not identify any major areas

of concern. In addition, the Staff reviewed the Applicants' calcu-
'

lations which predicted CRBR in-core sodium temperatures during

natural convective cooling, and performed independent calculations

of in-core sodium temperatures for this event. Both the Staff's

and Applicants' calculations show that in-core sodium temperatures

would be well below the sodium boiling temperature. Few, if any,

cladding failures (fission gas releases) are expected at these tem-

peratures. These same calculational methods have also been compared

against actual experimental data from natural circulation tests

perfomed in FFTF and EBR-II, and have been found to predict the

behavior observed in those tests quite well. Thus, there is reason-

able assurance that the calculational methods employed in the CRBR

natural convective circulation analysis are satisfactory. In addi-

tion, the Applicants have consnitted to demonstrate adequate natural

convective circulation in CRBR via a whole plant test during the

initial startup testing program.

Q10. Does the Staff accept natural convective circulation as a viable

mechanism for fuel protection?

A10. Yes. Based upon the above, the Staff has accepted natural convective

circulation in CRBR as a viable mechanism for decay heat removal,

whereby the fuel is protected from a condition which could lead to
|

loss of coolable geometry.

_
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Thomas L. King

| PROFESSIONAL QUALIFICATIONS

I am presently Chief, Technical Review Branch in the CRBR Program Office,
Office of Nuclear Reactor Regulation, U.S. Nuclear Regulatory Commission.
In this capacity, I am responsible for the direction of the Branch's Review
of those aspects of CRBRP related to a fast, sodium cooled reactor. This
includes direction of the Branch's review of CRBRP sodium systems, fuel

| handling systems, CDA analysis, support systems, reliability program, safety
,

criteria and analysis.
I

I received a Bachelor of Science degree in Mechanical Engineering from
Drexel University. I also received a Master of Science degree in Mechanical
Engineering from Stanford University.'

I have over fourteen years of professional experience in the nuclear field.
while I worked for the Department of Energy (DOE), I held various positions'

in the Division of Reactor Research and Technology. These included
positions as a Reactor and Nuclear Engineer in the Core Design Branch, the
Liquid Metal Systems Branch, and the Components Branch where I worked on the
FFTF Project, the EBR-2 project and Facilities at the Engineering Technology
Center in Santa Susana, California. In 1975 I was assigned to the DOE FFTF
Project Office in Richland, Washington where I held positions as a Reactor
Engineer in the Operational & Experimental Safety Division and Branch Chief
for FFTF Engineering until April 1982 at which time I joined the NRC as a

| Reactor Engineer.

List of Publications

1) "FFTF Reactor Characterization Program" T. L. King (DOE) & J. Rawlins
(HEDL)
ANS invited paper - 1981 Winter Meeting - San Francisco

2) " Reactor and Plant Perfonnance During FFTF Nuclear Startup"
T. L. King & C. E. Moore - DOE
Ans Topical Meeting - September 1981 - Newport, RI
(Technica', Basis for Nuclear Fuel Cycle Policy)

'

..

O

. - - _ _ ._ - -_ _ . ..
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1- MR. TURK: At this time Mr. King is available for
.

2 questioning on this question.

3 JUDGE MILLER: Any questions?'

4 MR. EDGAR: No questions, Your Honor.
' '

5 BOARD EXAMINATION
;

i 6 BY JUDGE LINENBERGER:
,

7 :Q Mr. King, I do conclude--the Board concludes from

8 your testimony contained in Staff Exhibit 37 that the Staff's

! 9 answer to the Board Question 4 is yes. Is that correct?
i

10 A That's correct.
i
i 11 Q Of course, the question was, I guess, in-two parts.

12 First, do you accept conductive circulation as a viable-

13 mechanism, and then secondly the reason for your answer.
14 I.think the reasons are reasonably well laid out.

15 I gather that from an experimentpl and hardware,

?
'

'

16 backcround point of view, .that the primary confirmatory basis-
t

$ 17 for confidence that you can go to natural circulation derives

18 from tests performed at FFTP and'EBR-2, .is that' correct?;

| 19 A That's correct.
- t
i <

j 20 Q Now, those two. facilities certainly do have certain-,

Ii
'

2- 21 dissimilarities to Clinch River, as well'as similarities, and
; t

g 22 we would naturally want to know to what extent-the likenesses
0

'

'

23 and unlikenesses, if you will, have been looked at.to make
8
''

|
24 surei that the Applicants aren't doing something a little--
25 enough different at Clinch | River that wil11 scuttle the whole

t

bU
,

,-

h
-

- . . _ _ _ _ . , _ _ . _ . . , _ . , _ _ . ~ _ _ . - _ . . ,- ,
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O
(_) 1 idea of natural conduction compared with what you are seeing

2 at FFTP and CBR-2.

3 Can you address that point, please, sir?

4 A All right. Let me start with FFTF. FFTF is very

5 similar to Clinch River in terms of its fuel design, its hidden

6 vessel cell thermal hydraulics, its primary heat transport

7 System design. Where it becomes different is when you get to

8 the intermediate loop, it does not have the steam system. It

9 dumps its heat directly into the air.

10 There have been numerous component tests that were i

11 done in support of-- Prior to the running of natural circula-

12 tion testing in FFTF, the FFTF project dida number of component

13 tests similar to what the CRBR project is doing to characterizeg-ss

'~')\
14 their flow resistances, temperature mixing, that kind of thing,

15 to get input data so that they can do a good calculation or
3
g 16 prediction of natural circulation. The same approach is being
V
8
* 17 applied at Clinch River.
8

18
g When they actually ran the tests, they found that

$ 19 their -the actual data was very close to the predicted data,
%

g 20 which gave them confidence that their analytical tools were
E
g 21 very good.
E

22g Clinch River is taking the same approach, doing

23 experimental data, developing tools. They have checked these
2

24 tools against the FFTF data to see how well they predict FFTF,

25 and they predict it very well, so that there is some confidence

O
\vL

., . ., -,



, ,_ . . - . - -_ .

M

_

i

t' E18M12 8200

'
I that the calculations, the predictions for Clinch River do in

2 fact have some basis to say that they are reasonably assured
3 that they are going to come out very close to what they are

d saying.

5 EER-2 does have the same system,.although it is a

| pool-type reactor, so that the reactor vessel and the primary
6

7 heat transport system is not the1same or not similar to Clinch

8 River.- They ran their natural circulation-tests. They.did,

9 get data on what happens out in the steam system, which again

[ adds to the data base that the Applicants can use to predict30

II what's going tb happen in Clinch River.

12 The component tests-underway on Clinch River compon -
13

. ents, like steam generators, primary pumps, characterize their--

''# ' IdEnd 18 performance under natural circulation conditions.

15
,

, -

g 16
.

El

8
18.

5'
l| 19

i
'j 20

.g 21

! jr

22', g.
I e

f 23 ,

g ,

'
2a

|
25

i

: (_ /. j
e .

"
I

;.
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I
-
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I ' |)
| 5%/ I BY JUDGE LINENBERGER:
,

2
. .Q When you speak of tests having been run at

3 DPR and FFTF, are these tests in which core fission'

!
' d product decay heat has been the prime and only energy-

5 sou'rce for circulation of sodium?;
,

6 A (WITNESS KING) On FFTF-that~is true. It was

7 strictly - the motors were turned off, and the plant was.

a totally run by natural circulation, and the procedures,

' that were used to control the plant were the same plant

10 procedures -- were the same as if that was a natural#

f
H loss.

12
{ EBR-2, I think, did both. I think years

33
("N . ago they did a test where they simulated decay heat using

\~ 14 low power fission heat, and then later on, I

' 'S
c think they did one where they actually turned off:thet

3'

16
' |- pumps and let the-decay heat drive it.
g,

I 7-'

Q At page 2 of this Staff Exhibit 37,
8

'

18
; R answer No. 5 quotes a sodium boiling temperature of

=
i

;e *'

g 1720 degrees Fahrenheit in the core region.

f Why is.that number significantly higher'than20

21 what one reads in a handbook for'the boiling temperature.

,

22! of sodium?
' '8

23 '

g A Because the core is under probably 15 to'

24 20 feet-of sodium, and the static head of that coolant

i - 25 . increases.the boiling temperature.

| :

.

I

. .E
,~,.*3
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N
1 0 Wh'at about the imposition of a dynamic head

2 due to circulation pump action? Does that raise

3 the boiling tenperature still higher than 1720?

4 A .Yes, when the pumps are on, the boiling

j 5 temperature is higher.

j 6 Q About how much, do you know?

7 A I think there was a curve in the Applicants'

S testimony. I don't remember the page. But it showed it

9 as a function of the flow rate through the pumps, and it

10 goes up, like 1900 degrees.

11 O I. remember the curve. That's all right.

I 12 I just wondered if you knew the answcr.
,

|
13 (Laughter)-n

I \
\' 14 At the bottom of page 3 and the top of page

15 4, the subject of decay heat removal during a station.

: N
g to blackout beyond two hours into the blackout condition is
V
8

17 discussed, and at the bottom of page 3, the testimony*

8
18 indicates that removal of decay heat beyond two hours can

g

! 19 be accomplished by the installation of additional;

%

|
g battery capacity to allow control of the protecte'd air-20

| 5
- g 21 cooled condensers, or dampers, I believe it is, .or' should --

E,

I g be, as corrected, et cetera, or by having plant22

i 8-
i - 23 operators _take local manual control after the' batteries,

-$
24 become discharged.

25 Now, there are two things beyond that'

,-
N ,)

!

~ - - , . -. , .
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) 1 answer.
,

2 In normal operation are these batteries

3 sitting around waiting to be used for this-kind of

'
4 eventuality, or is this something that operators

5 must.do something about after about two hours,

6 go find some batteries and wire them up, or --

7 A No,'these batteries are permanently
8 installed in the plant, and their charge is ccustantly

9 being kept up by a battery charger, and they come on

10 automatically upon loss of AC power.

11 O Okay. And then the "or" phrase at the top

12 of page 4, having plant operators take local manual control,

13 after the batteries become discharged. Now, I guess Is

s/ 14 don't quite understand that " local manual control "

, ,5 .
15 Is this a manual manipulation of dampers?

3
i. 16 A Yes.
%

I - 17 Q Is it that?
8>

'
18 A Yes, going out to the PACC unitsg

a

|
'

19 and manually moving dampers.
$.

20 0 It is probably at least years premature to.g
-r
E 21 ask this question, but does Staff maintain some sort of a
r

22g checklist of procedural and operational requirements,
8

23 such as that down the' road sometime when you're reviewing -

3

-2
24 ~ Applicants' operations manual, or whatever it is called,-;

1

25 that something will trigger: Staff to say, let's see if

('') in those instructions operators are indeed advised that:

():

-
,

5

e . _. -- - -, , g y
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s

Ams} I after two hours and the batteries are discharged, j

l
2 they better go out-and manually maneuver dampers.'

,

3 I mean, does the Staff, to your knowiedge,

4 keep a checklist of this kind of thing?

5 A Our checklist is the SER, and I think
;

6 you'll find that that subject is talked about in the SER,
,

7 but there are a number of things that we put in there as
,

8 reminders to come back at the OL stage.

9 Q Fair enough.
a

10 JUDGE LINENBERGER: I believe that's all.

i 11 -JUDGE MILLER: Any further questions?

12 MR. EDGAR: No questions, Your Honor.;

13 MR. TURK: No redirect.

14 JUDGE MILLER: I'd.say you're excused, but

15 I think you have got some more chores.,

;

| 16 MR. TURK: I would ask that Mr. King remain,

.

$ 17 where he is seated, and that he be joined at the

8
18 witness stand by Mr. Richard Stark..

*
19 JUDGE MILLER: Very well.

tj#

20 MR. TURK: Mr. Stark has not appeared
, .

) 21 appeared previously, and he will need to be sworn.
; r

.

22 RICHARD M. STARK
2j 23 was called as a witness on behalf of the NRC Staff', and

. B'

'
-24 being first duly' sworn, was examined and testified as

25 follows:,

r\
V .

. _ - , _ _ . _. , _ _ .. .,- , , - . .
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( ,/ I DIRECT EXAMINATION

2 BY MR. TURK:

3 O For the record, I suppose I have to ask
4

4 you both to please state your names and by whom you're
4

5 employed.

6 JUDGE MILLER: We'll let you ask one leading

7 question if you want to.

8 WITNESS STARK: My name is Richard Stark;4

9
} I'm employed by the U. S. Nuclear Regulatory Commission
'

10 as Project Manager for the Clinch River Breeder Reactor

11 Program in Bethesda, Maryland.

12 WITNESS KING: I'm Thomas King, Chief of the

13 ' Technical Review Branch Clinch River Breeder Reactor,

14 Program, Bethesda.

15 BY MR. TURK:

0
g 16 Q Gentlemen, have you prepared statements

,
.

* 17 of professional qualifications to use in this proceeding?
O

| 18 A (FITNESS STARK) Yes.
I

I ~ 19 A (WITNESS KING) Yes.i
< v
' I

20 Q And are those statements attached to-and-

;

I
g 21 contained in NRC Staff Exhibit No. 38?
I

22 A (WITNESS STARK) Yes.g

. 23 A (WITNESS KING) Yes.
-

8

24 Q Is NRC Staff Exhibit.38Jin fact-a copy of-

25- your written testimony.which was submitted.on:Julys8,il983','
:, ~s

-

.

:

-
-

%

6 " $
'
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( 1 along with the professional qualification statements

2 attached to it?
.

'

3 A (WITNESS STARK) Yes.

4 A (WITNESS KING) Yes.

5 Q Do you have any corrections or modifications

6 you wish to make to this testimony or the professional .

I i

7 qualifications statements?

8 A (WITNESS STARK) Not I.

9 A (WITNESS KING) No.

10 0 To the best of your knowledge and belief,

11 is NRC Staff Exhibit 38 a true and correct

12 statement of your written testimony and professional

p qualifications?13

14 A (WITNESS STARK) Yes.

15 A (WITNESS KING) Yes.,

@ to Q And do you adopt it as your sworn testimony.g

$ 17 in this proceeding?
O

$ 18 A (WITNESS STARK) Yes.
1
*

19 A (WITNESS KING) Yes.
t

f 20 MR. TURK: Mr. Chairman, for the record, let

21 me note that I have distruautxd to the court reporter three
r
g copies of NRC Staff' Exhibit 38, and I've given22

23 copies to Licensing Board members and to counsel for
''

24 Applicants, as well, and at this time, I'd like to request
^

.25 that NRC Staff Exhibit 38 be bound into the record as if

<s |

N--] |

. .- _ _ -, __ , , _ , , , , , ~ _ - . . ,
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1 read.

; 2 JUDGE MILLER: Are there any objections to the

3 admission of Staff Exhibit 38?,

4 MR. EDGAR: None, Your Honor.
<

i 5 JUDGE MILLER: It will.be admitted into

6 evidence and will be incorporated in -the transcript in, ,

i. t

}- 7 the usual fashion.

8 (The document previously

9 marked for identification.

I 10 as Staff Exhibit 38-was
L

11 received in evidence.)
4.

12 (Staff Exhibit 38 follows:);

13

'

14

15
L .a

@
"

g 16.-'

., '

! 17

8
18o

1 . i

19
. W

'

.

20
- r ;

'

| 21
'

,

r

i, 22

23

: !_
24

I-
( 25
.'

, .

i 3 ,

l.

!.
,

. . . . .. :. . . . . . :- .. .
;-

.
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NRC ST/'F EXHIBIT M

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )

UNITED STATES DEPARTMENT OF ENERGY Docket No. 50-537
PROJECT MANAGEMENT CORPORATION )
TENNESSEE VALLEY AUTHORITY )

)
(Clinch River Breeder Reactor )
' Plant) ) .

NRC STAFF TESTIMONY OF THOMAS L. KING AND
RICHARD M. STARK ON BOARD QUESTION 12,

CONCERNING ITEMS IDENTIFIED
FOR RESOLUTION AT THE OPEP.ATING LICENSE STAGE

Q1. Please state your names, by whom are you employed, and the nature

of your responsibilities regarding the Clinch River Breeder

Reactor ("CRBR")?

A1. My name is Thomas L. King. I am employed by the U.S. Nuclear

Regulatory Commission as Chief of the Technical Review Branch,

Clinch River Breeder Reactor Program Office, in the Office of
.

Nuclear Reactor Regulation. I am responsible for direction of the

Technical Review Branch's review of the fast sodium-cooled-related

aspects of the CRBR safety review.

My name is Richard M. Stark. I am employed by the U.S. Nuclear

Regulatory Comission as Project Manager, Clinch River Breeder

Reactor Program Office, in the Office of Nuclear Reactor Regulation.

I am responsible for coordinating the construction permit ("CP")
|

safety review.

\ %-)
|
|

|

-

_ - . _ _
- .- - .
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Q2. Gentlemen, have you prepared statements of professional qualifica-,

tions?

A2. Yes. Copies of our professional qualifications statements are

attached to this testimony. '

-

Q3. What is the purpose of ycur testimony?

A3. This testimony addresses the concern raised by the Atomic Safety

and Licensing Board (" Board") in Board Question 12, which states as

follows:

NUREG-0968 contains many references to items that are
to be resolved at the OL review stage. In view of the
apparently advanced stages of hardware design and pro-
curement currently in being, the Board is concerned
that said OL review (assuming a CP issues) may require
substantive changes of a costly and time consuming
nature, or in the alternative, result in a compromise
of performance safety. The Staff is requested tos

offer comments upon this situation and to provide
whatever insights it can now offer for avoiding
such problems.

Q4. What types of items can be left for review at the OL stage?

A4. Pursuant to 10 CFR 9 50.35(a), a construction permit may be issued

where "an applicant has not supplied initially all of the technical

information required to complete the application and support the

issuance of a construction pennit which approves all proposed

design features," if the Commission finds as follows:

(1) the applicant has described the proposed design of
the facility, inc.luding, not not limited to, the
principal architectural and engineering criteria for

,

|the design, and has identified the major features or
components incorporated therein for the protection of
thehealthandsafetyofthepublic;(2)suchfurther
technical or design information as may be required to

.. . . .. . .
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complete the safety analysis, and which can reasonably
be left for later consideration, will be supplied in
the final safety analysis report; (3) safety features
or components, if any, which require research and
development have been described by the applicant and
the applicant has identified, and there will be con-
ducted, a research and development program reasonably
designed to resolve any safety questions associated
with such features or components; and that (4) on the
basis of the foregoing, there is reasonable assurance
that, (1) such safety questions will be satisfactorily
resclved at er before the latest date stated in the
application for completion of construction of the
proposed facility, and (ii) taking into consideration
the site criteria contained in Part 100 of this chapter,
the prcposed facility can be constructed and operated
at the proposed location without undue risk to the
health and safety of the public.1

These requirements are reiterated in 10 CFR 9 2.104(b)(1)(1).

! Q5. Please describe the types of items which have been left for review at

the operating license (OL) stage for CRBR?

AS. The Staff has evaluated each of the items identified in the SER as-

requiring review at the OL stage. These items may be categorized as

follows:

1. Items to justify design bases, limits, or analysis methodology.

These items could have a potential impact on design.

2. Items which are inherently treated during the OL review and are

considered to be actions required at the OL stage, such as:

Preoperational testing-

Technical specifications-

Operating procedures-

Component testing-

These items are expected to have only minor impacts on design.

a

_. . . -. . --
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O
V 3. Documentation and/or confirmation required to support design

concepts presented in the PSAR or design comitments which can

be completed at the OL stage, pursuant to standard light water

reactor (LWR) practices. Included in this category are issues

which would normally be listed as OL ftems in the Standard

Review Plan (SRP) for LWRs.

Many of these items are similar to items normally reviewed at the OL

stage for LYRs; the remaining items constitute more of a checklist for

use at the OL stage to make t:p for tte lack of an SRP in certain areas,

and to ensure that certain comitments which have been made by the

Applicants are tracked during further review of the CRBR.

Q6. In the Staff's view, has sufficient infonnation been provided by

the Applicants at this time to permit the Comission to make the

findings required by 10 CFR 55 50.35(a) and 2.104(b)(1)(i), as set

forth above?

A6. Yes.

Q7. Among the items that have been left for resolution at the OL review

stage, are there any items which could result in substantive changes

j of a costly or time consuming nature, or in the alternative, result in

a compromise of perfo 1 nance safety?

A7. The items included in the first category listed in response to

question 5 above are,'for the most part, those which have this

potential. These items generally fall within the following areas:,

|

I
a) fuel design limits, methodology and bases;

1

s

,. ,
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b) high temperature mechanical design limits and

methodology;

c) reactor vessel head structural capability;

d) PRA/ reliability analysis; and

e) natural circulation.

The Staff is of the opinion that the potential is low for any of

these items to result in a significant impact on cost or schedule.

This opinion is based upon three considerations: (1)eachofthese
items has beer. discussed with the Applicants in technical revfew

meetings prior to issuance of the CRBR 3afety Evaluation Report

(NUREG-0968), and agreement with the Applicants has been reached on

a course for completion of each item; (2) the Staff's (and Appli-

cants') knowledge of the technical issues involved in each areaO supports a judgment that the required confirmation or resolution

will not lead to major substantive changes in the CRBR design; and

(3) the Applicants already have in place reasonably designed

programs to address these issues.

The confirmation or resolution of these items will not result in

any compromise of performance safety. Such a resolution is

considered by the Staff to be unacceptable, and would not be
i approved at the OL stage of review.

Q8. Has a course of action' been identified which could help to

ensure that resolution of these items will not require substantive

i |
<

j

_ _ _ _ __ ___
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changes of a costly and time consuming nature, and will not result

in a compromise of performance safety?

AB. Yes. The Staff and Applicants are developing a reasonably designed

program and schedule to review and resolve each item on a time

frame which will support and minimize impacts on final design and

construction. This program and schedule will help to ensure that

all of the items identified for confirmation or resolution at the
|

OL stage of review will be accomplished with a minimal impact and

without any compromise of performance safety.,

Q9. Will the fact that-many items of equipment for CRBR are currently

in an advanced stage of design or procurement affect the Staff's

conclusions described in response to questions 7 and 8 above?

A9. No. Protection of the public health and safety is the fundamental

concern of the Consission. In the event that replacement or modifi-

cation of any equipment currently in an advanced stage of design,

procurement or manufacture is found to be necessary at the OL

stage of review, such replacement or modification will be required

by the Staff. Such a requirement at the OL stage is in accordance with

10CFR550.35(c). As stated above, the Staff does not believe that

j any major substantive changes will be necessary, and the Staff will

work with the Applicants to find acceptable solutions in order to

minimize cost and schedule impacts while appropriately addressing the

Staff's public health ~and safety concerns.
|

|
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Thomas L. King

PROFESSIONAL QUALIFICATIONSi

I am presently Chief, Technical Review Branch in the CRBR Program Office,
Office of Nuclear Reactor Regulation, U.S. Nuclear Regulatory Comission.
In this capacity, I am responsible for the direction of the Branch's Review
of those aspects of CRBRP related to a fast, sodium cooled reactor. This
includes direction of the Branch's review of CRBRP sodium systems, fuel'

handling systems, CDA analysis, support systems, reliability program, safety
criteria and analysis,

^

I received a Bachelor of Science degree in Mechanical Engineering from
Drexel University. I also received a Master of Science degree in Mechanical
Engineering from Stanford University.

I have over fourteen years of professional experience in the nuclear field.
while I worked for the Department of Energy (DOE), I held various positions

O in the Division of Reactor Research and Technology. These included
positions as a Reactor and Nuclear Engineer in the Core Design Branch, the

,

Liquid Metal Systems Branch, and the Components Branch where I worked on the i

FFTF Project, the EBR-2 project and Facilities at the Engineering Technology
Center in Santa Susana, California. In 1975 I was assigned to the DOE FFTF
Project Office in Richland, Washington where I held positions as a Reactor,

Engineer in the Operational & Experimental Safety Division and Branch Chief'

for FFTF Engineering until April 1982 at which time I joined the NRC as a
Reactor Engineer,

i List of Publications

1) "FFTF Reactor Characterization Program" T. L. King (D0E) & J. Rawlins.

: (HEDL)
ANS invited paper - 1981 Winter Meeting - San Francisco

2) " Reactor and Plant Performance During FFTF Nuclear Startup"
T. L. King & C. E. Moore - DOE
Ans Topical Meeting - September 1981 - Newport, RI
(Technical Basis for Nuclear Fuel Cycle Policy)

~

.

O>
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'

PROFESSIONAL QUALIFICATIONS
'

| I am a Project Manager in the Clinch River Breeder Reactor Program Office,

U. S. Nuclear Regulatory Comission. In this capacity, I am responsible

for the planning, integration, and management of the staff safety review

- of the Clinch River Breeder Reactor application for Construction Permit.

I am also the staff's primary safety contact with the applicants. I develop

recomendations for licensing actions and integrate the results of our
'

reviews into the safety evaluation report.

I received a Bachelor of Science degree in Electrical Engineering from the
'

Carnegie Mellon University. I also received a Master of Science degree in

Nuclear Engineeri.ng from Carnegie Mellon University. I am a Professional

j Engineer registered in the Comonwealth of Pennsylvania.

: 0 -

I have over eighteen years of profession experience in the nuclear field.

I worked for Westinghouse Electric Corporation and held positions in the
1

nuclear field as a Reliability Engineer, Systems Engineer, Licensing Engineer,

and Project Engineer. I was an Engineering Manager for Stone and Webster

Engineering Corporation responsible for all engineering on a nuclear

project. In addition, I have been the Project Manager for the USNRC for

the Callaway, Wolf Creek and Susquehanna Steam Electric Station license

reviews.

I

i

|
'

O
|
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n( ,/ 1 MR. TURK: At this time, the panel is

2 available for Board questions and cross-examination.

3 JUDGE MILLER: Applicants have any questions?

4 MR. EDGAR: No questions, Your Honor.

5 BOARD EXAMINATION

6 BY JUDGE LINENBERGER:

7 Q I did make a considerable effort to try

8 to generate some questions here, and didn't do too well at

9 it. I guess the major problem is the question and the

10 answer both deal with what might happen in the

11 future, and that's kind of a hard thing to get a handle

12 on.

13 Perhaps somewhat over simplified, I would,-

14 characterize this testimony as saying that the Staf f is-

15 not the least bit concerned about the future successful,
_

! 16 prosecution of the CRBR project being in any way compromised
v

$ 17 by the fact that there are a lot of' things yet to be
O

| 18 determined, decided, verified, and at the same time, there
i
*

19 are a lot. of things that are well along hi design, a lot
_

%
.j 20 of things have been finally designed,'a lot of things

5
2- 21 have been ordered, and a lot of. things have been procured.

~

I

g Now, is it really.that open and shut a case22

'! 23 that there is-just no way-you can see anything of
8
'

24 significance upsetting the orderly flow of the project?

25 A (WITNESS STARK) I think basically that is -

.

.
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r"N!

k-s 1 correct.

! 2 In our response to question and answer 7,

| 3 we feel that the Applicants have in place reasonably

4 designed programs to address those issues, so we feel that

5 it is being tracked, and that it is reasonably designed,'

6 and, therefore, we are -- we'll continue to follow it and

7 monitor it, and look at the results. But if

'
8 that's your interpretation, that's how the Staff views

9 it.
,

10 JUDGE MILLER: Have there been any changes in

11 the design in the course of the last few years?

12 WITNESS STARK: Yes, there were some that

7s the Applicants have made, and some that as a result of13

'- 14 the Staff review, that have also been made in the last

15 couple of years.
,

16r JUDGE MILLER: Have those been described
v
$'

17 and the outcome explicitly set forth in some fashion

8'

g by the Staff in this proceeding?-18

19 WITNESS STARK: They're addressed in~our
4

} 20 SER. The evaluation of the current configuration-is
i'

2 21 addressed in the SER.
t

22g JUDGE MILLER: And does the SER description+

8
23 indicate the nature and cause of whatever changes there,

-8
'

24 may be in these-various aspects?

25 WITNESS STARK: I believe so.-

O
V

. , , . . .. . . . . . . . - ,-
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( ) 1 JUDGE MILLER: Well, is there any question j

2 about it, Mr. King?

3 WITNESS KING: No, I'm -- as far as the !

l
4 changes that have been made, the SER talks about those, that

5 they were approached by the Staff review.

6 JUDGE MILLER: All right. Thank you.

7 JUDGE LINENBERGER: Well, in essence, the

8 final paragraph in the answer to question 7 occurring

9 en page 5 really says that the Staff is not going to accept

10 any resolution proposed by the Applicant if the Staff

11 believes it has an unfavorable safety implication.

12 Those are -- that's a very worthy objective.

13 Again, the Board will express concernsfs

( )
N/ 14 here that there may come a time, there may come a day when --

15 and there may come a dollar constraint when a desirable,

16 fix, a fix desirable based on safety considerations

8
* 17 just can't be accommodated on the basis of budget
O

o[ 18 considerations, and that may reflect a situation in
.

{ 19 which the Applicant can't quite satisfy the Staff that

20 nothing troublesome will happen, nor the Staff can't.

E
g 21 quite satisfy the Applicants that "better not start up
r

22 until that's resolved."g

h 23 I am not asking a question. Again, that
8
'

24 was some comments this morning. I just cite a very -- an

25 area of consideration that makes the Board uneasy. These
m

-
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'
assurances are well-meant.

2<

No aspersions cast on them are intended.

3
Let's just hope the rock and the hard place stay well

#
separated.

5
Okay. That's all I have.,

6
JUDGE MILLER: Anything further?

,

MR. TURK: One question on redirect, please.

JUDGE MILLER: Yes.
1

O
o

CROSS-EXAMINATION ON BOARD QUESTIONS,

BY MR. TURK:4

''
O With respect to Judge Linenberger's last

12
question, or comment, let me ask the panel if they are

13
! aware of any items at this point which have been

identified which would appear to have such a significant
15

2 cost or scheduling impact such that the Staff safety
7

$ concerns cannot be accommodated.
$ 17

A. (WITNESS STARK) I know of none.
8

i8
_j A (WITNESS KING.) No, we have no outstanding

f hard spots like that.

20
MR. TURK: Thank you.

&
21

| At thisLtime, I would ask that Mr. Stark'
* 22
2. be excused permanently, and that Mr. King remain for a

23
.few more moments.!

2
.

24
JUDGE MILLER: Mr. Stark, you-may be excused.

25
Thank you, sir.

|
z

l

4

7
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&
(,,) 1 (Witness Stark excused)

1

.
.MR. TURK: For the sake of simplifying things, |2

'

|
'

3 and hopefully, I won't be confusing them at the same
!

4 time, I'd like to now offer the Staff's testimony on

5 Board questions 13 and 14 together. Board question 13

6 had to do with fuel system fallback positions.
.

7 Board question 14 had to do with operation

a with leaking fuel pins, and it seems,'in my mind at least,
E

9 there is some correlation here, and perhaps we might be '

10 able~ to dispose of both questions togetner.,

11 - JUDGE MILI.ER: Very well. You may do so.
'

12 MR. TURK: Mr. Chairman and members of the

13 Board, the Staff's witness on Board. questions 13 and l'4 are-O
\- # 14 Mr. Thomas King in each instance. Mr. King has been sworn

15 already, but, again, for the sake of the record, let me

16 ask him to restate his name and by whom he is employed.
17 WITNESS KING: I'm Thomas King. I am Chief

0

| 18 of the Technical Review Branch of-the Clinch River
~

i

j. 19 Program Office, NRC, Bethesda .
.A

enf19 20
v.
k 21

'

:
I
.

$ 23
'8
'

.24-

25

[D,
Q''

1

-|
.|
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.
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() 1 BY MR. TURK:

!
2 O Have you prepared a statement of professional

3 qualifications for use in this proceeding?
;

4 A Yes.
f

5 MR. TURK: For the record, Mr. Chairman, let me

6 note that I have distributed to the court reporter three copies'

j 7 and to the Licensing Board members and counsel for Applicants
i

; 6 one copy of each of NRC Staff Exhibit Nos. 39 and 40.
4 7
~

9 NRC Staff Exhibit No. 39 is entitled "NRC Staff

10 Testimony of Thomas L. King on Board Question 13, Concerning

-

11 Fuel System Fallback Positions."

12 NRC Staff Exhibit No. 40 is entitled "NRC Staff
'

13 Testimony of Thomas L. King on Board Question 14, Concerning

.14 Operation with Leaking Fuel Pins."
!

| 15 BY MR. TURK: ';Mr. King, is your statement of pro-,

i .A

i 16 fessional qualifications attached to NRC Staff Exhibits 39 and

. 17 40, respectively?

8
18 A Yes.o

1

{ 19 -Q Are you familiar with the errata to your written
%j 20 testimony which was filed with the Board on August 4, 1983,

21 with' respect to both Staff-Exhibits 39 and 40?
I

I 22- 'A Yes.g

8- 23 Q' And is.NRC Staff Exhibit.39 and is NRC Staff. Exhibitg

2.

24. No. 40, respectively, a copy of your written testimony and

25 statement.of professional qualifications as revised by those

i- ,

,

. - # ~_m. . , , - - - + ,.e.._ - - . -, m . . _. , , - ~ ,,..r,. .,



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

1.
8222

1
!

E20M2

'
1 errata with respect to Board Questions 13 and 147

:

2 A Yes.,

'3 Q Do you have any additional modifications or correc-

d tions which you would like to make to either NRC Staff Exhibit

S 39 or NRC Staff Exhibit 40?
!

6 A No.
L

7 Q And to the best of your knowledge and belief, is

8 the wilitten testimony and professional qualification statements

' which are set forth in NRC Staff Exhibits 39 and 40 true and

10 correct?
'

11 A Yes.
,
J

12 Q And do you adopt those exhibits as your sworn

13 testimony in this proceeding?

14 A Yes.
,

.

15 MR. TURK: Mr. Chairman, at this time the Staff.,

:;
9

16g asks that NRC Staff Exhibit Nos. 39 and 40 be bound into the
8
* 17 transcript record as if read.
8

18 JUDGE MILLER: Any objections to the admission ofe
3

! 19 Exhibits 39 and'40 of the Staff?'

%

} 20 MR. EDGAR: None.

21 JUDGE MILLER: They will be admitted and incorporated
-t

22j with the transcript.
i 3
[ g (The documents previously marked23

o
'

24 for identification'as NRC Staff:

25 Exhibits 39'and 40 were. received

in' evidence.)

(The prepared testimnny followst) I

_ - < - . _ . . e. - . ._ _ , _ . . ,_ . - . _.._ _ . _ .._ ._. , . . , - . . , -
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY LICENSING BOARD

In the Matter of

UNITED STATES DEPARTMENT OF ENERGY Docket No. 50-537
PROJECT MANAGEMENT CORPORATION
TENNESSEE VALLEY AUTHORITY

(Clinch River Breeder Reactor Plant) )

NRC STAFF TESTIMONY GF THOMAS L. KING
ON BOARD QUESTION 13. CONCERNING

FUEL SYSTEM FALLBACK POSITIONS

Q1. Mr. King, please state your name, by whom are you employed, and

the nature of your responsibilities regarding the Clinch River

BreederReactor("CRBR")?

A1. My name is Thomas L. King. I am employed by the U.S. Nuclear Regu-

latory Comission as Chief of the Technical Review Branch, Clinch

River Breeder Reactor Program Office, in the Office of Nuclear

Reactor Regulation. I am responsible for direction of the Technical

Review Branch's review of the fast sodium-cooled-related aspects of

the CRBR safety review.

Q2. Have you prepared a statement of professional qualifications?

A2. Yes. A copy of my statement is attached to this testimony.

Q3. What is the purpose of your testimony?

.

O

|
'
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Ob A3. My testimony addresses the concern raised by the Atomic Safety and

Licensing Board (" Board") in Board Question 13, which states as

follows:

With respect to the fuel system, the Staff has identified
certain operational fallback positions potentially available
to mitigate unresolved problems (NUREG-0968, Vol .1, p. 4-47,
48). The Staff is requested to discuss briefly the extent if
any to which invoking such operational fa11 backs might
compromise the achievement of CRBR programmatic objectives.

Q4. What are the CRBR Prograanatic Objectives?

A4. The Applicants' programmatic objectives are documented in the LMFBR

Final Environmental Impact Statement Supplement, LMFBR Program

(D0E/EIS-0085-FS, May 1982, page 57) as follows:

o To demonstrate the technical performance, reliability,,

maintainability, safety, environmental acceptability, and

economic feasibility of an LMFBR centrcl station electric

power plant in a utility environment,

o To confirm the value of this concept for conserving

important non-renewable natural resources.

Similarly, the programmatic objectives are described in Applicants'

CRBR Environmental Report, Sections 1.2 and 1.3 (Amendment XIII,

April 1982) as follows:

o Technical performance - demonstrate all necessary LMFBR

technology.

o Reliability - 75% station factor during demonstration
,

period,

o Maintainability - minimum downtime.

o Safety - demonstrate LMFBR safety.

| .

_- -
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o Environmental acceptability - demonstrate minimal

environmental impacts of LMFBRs.

o Economic feasibility - provide data for use in estimating

costs of comercial-size LMFBRs. -

QS. What are the Staff's fuel system fallback positions?

A5. The Staff's fuel system fallback positions consist of restrictions

on CRBR operation which can be imposed to resolve the Staff's

concerns regarding the fuel system design basis, limits and

methodology if future analytical and experimental data do not

substantiate the Applicants' proposed design. Specifically, the

fallback positions are:

1) reduction of goal exposure (burnup);m
f i
V 2) reduction of peak power;

3) lower operating temperature; and

4) adjustment of plant protection system trip points.

These fallback positions are documented on pages 4-47 and 4-48 of

the CRBR SER, NUREG-0968.

Q6. Please describe the possible impact on the CRBR programmatic-

objectives which might result from imposition of the Staff's

fallback positions?

A6 The CRBR programatic objectives listed above are, for the most

part, general in nature, and any impacts must be discussed in a

qualitative sense. Quantitative impacts can be discussed, however,

p/ as to some of the more important CRBR design parameters related to,

\
7

fuel performance, i.e., breeding ratio and doubling time.

:
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O Listed below are the possible impacts on the CRBR programmatic

objectives which might result from implementing the Staff's fallback

positions:

1. Technical Performance: Fuel system perfomance would still be '

demonstrated but not to a perfomance level desired by the

Applicants.

2. Reliability: The 75% station factor objective could be impacted

if reduced burnup, power level or operating temperature were

imposed on CRBR, causing shorter cycle lengths (and thus addie

tional downtime for refueling) and/or lower power output (thus

not allowing CRBR to produce electricity at full capacity).

Also, if reduced trip points caused additional spurious plant

scrams, the station factor objective would be unfavorably impacted.

3. itaintainability: In one regard, the impact could be favorable,

by providing less of a demand for extended operation and more

plant downtime for maintenance; in another regard, the impact

could be unfavorable, by requiring some equipment (such as the

refueling equipment) to be used more often, thus requiring more
|

maintenance.

4. Safety: Reducing power level, operating temperature or trip

points would have a favorable impact on safety by providing

more margin between plant operating conditions and design

conditions. If the reduced burnup fallback were imposed in

time to affect fabrication, the enrichment of the fuel would

not have to be as high thus reducing excess reactivity and

providing more U-238 in the core for Doppler feedback.

- -- - - - - - - -
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5. Environmental acceptability: No impact.

6. Economic feasibility: All of the fallback positions have the

potential for impacting LMFBR economic feasibility unfavorably

if future relief from these fallback positions cannot be -

hweg oinco 4ka. obyckm 4 CR6R J,4e ebkhobtained.
cost da.4a. na. fa.llback posi&m 411 e1of gek h ob' gem *4..

Q7. Please describe the possible impacts on the CRBR design parameters

related to fuel performance which might result from imposition of

the Staff's fallback positions?

A7. The CRBR design parameters assessed for impact were breeding ratio

("BR") and doubling time ("DT"). The Applicants' design values

for these parameters for cycle 1 are BR = 1.26 end DT = 33 years.

1. Reduction in goal exposure: A reduction in goal exposure will

increase the average BR. This is because the BR decreases

over a cycle (due to the removal of U-238 by fast fission and

conversion to Pu-239), and shortening the cycle will remove

that portion of the cycle where the BR is lowest, thus

increasing the average BR. This increase in BR will be small,

however, since the BR changes only slightly over a cycle (for l

example, from beginning of cycle 1 to end of cycle 2, the BR
:

goes from 1.27 to 1.23). )
l

|
The effect on doubling time of a reduction in goal exposures I

is to increase slightly the DT. This is due to the reduced

plant factor caused by more frequent refueling outages and the

additional reprocessing losses due to more fuel going through

.

_ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ - - . , . . . - _ _ _ , , , ,y _ .. , . ,
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the reprocessing line. For example, the increase in DT for a
4

10% reduction in goal burnup would be 1 year (from a 33 year DT '

to34yearDT).

2. Reduction in peak power: A reduction in peak power would have

a negligible affect on BR but would increase the DT due to a

longer cycle length (assuming the goal burnup is unchanged).

For example, a 10% longer cycle would cause approximately a

10% increase in DT.

3. Mwer operating temperature: Negligible change in BR or DT.

4. Reduced trip points: Negligible change in BR or DT.
,

Q8. Is it likely that such fa11 backs will have to be implemented? If
i

| so, what is expected as to the magnitude of reductions in burnup,

peak power, operating temperature and trip points?4

A8. The Staff's judgement is that it is unlikely that any of the fall-

back positions discussed above will have to be implemented. This

judgement is based upon the fact that the Staff's concerns are

largely with the analytical methods and assumptions used in the

fuel design, and upon the fact that the Applicants. have comitted '

,

.to address these concerns with experimental and analytical programs.

In addition, FFTF has reached a peak burnup of 60,000 MWD /MT in its,

!

driver fuel under temperatures and peak power conditions very close

to that for CRBR, without a single detectable failure. Also, many

CRBR prototype fuel pins have been irradiated in EBR-II to peak

burnupt cf 80,000 MWD /HT or beyond, under prototypic peak power

conditions. Thus there is considerable experimental evidence that

!
|
|
l
'

. . - . . , =_ - - _ _ _ - _ . -- _ - - - - . .-
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the CRBR fuel is likely to meet its design goal of 80,000 MWD /MT

peak burnup at full power conditions. Based upon the FFTF

experience, 60,000 MWD /MT burnup at CRBR power and temperature

conditions appear at this time to be the minimum achievable.

Additional data at higher burnups are expected in the near future.

Reductions in trip points, if required, would likely be in the

range of a few percent and, based upon FFTF experience, would not

cause any impact on normal plant cperation.

09. Is it anticipated that the Staff's fallback positions will compromise

the achievement of the CRBR programmatic objectives?

A9. No. As stated by the Applicants in a letter from J. R. Longenecker

(D0E) to J. N. Grace (NRC), dated June 17, 1983 (attached hereto as

" Board Question 13 Attachment 1"), even in the event that the

fallback positions are implemented for the first core loading, it is

unlikely that CRBR programmatic objectives will be compromised.

This position is based upon the fact that imposition of fallback

positions at the OL stage does not necessarily mean that these

restrictions will stay in place for the life of the plant. Future

design changes and experimental data can be used by the Applicants

to demonstrate that their design goals can be achieved or exceeded.

If the Staff detennines that these design changes or additional data

adequately resolve the Staff's concerns, the restrictions on opera-

tion may be removed,

O\t

D

-. - . _. . . . -. ..
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Thomas L. King

PROFESSIONAL QUALIFICATIONS

I am presently Chief, Technical Review Branch in the CRBR Program Office,
Office of Nuclear Reactor Regulation, U.S. Nuclear Regulatory Comission.
In this capacity, I am responsible for the direction of the Branch's Review
of those aspects of CRBRP related to a fast, sodium cooled reactor. This
includes direction of the Branch's review of CRBRP sodium systems, fuel
handling systems, CDA analysis, support systems, reliability program, safety
criteria anc analysis.

I received a Bachelor of Science degree in Mechanical Engineering from
Drexel University. I alsb received a Master of Science degree in Mechanical
Engineering from Stanford University.

I have over fourteen years of professional experience in the nuclear field.
while I worked for the Department of Energy (DOE) I held various positions'

) in the Division of Reactor Research and Technology. These included-
i positions as a Reactor and Nuclear Engineer in the Core Design Branch, the

Liquid Metal Systems Branch, and the Components Branch where I worked on the
FFTF Project, the EBR-2 project and Facilities at the Engineering Technology
Center in Santa Susana, California. In 1975 I was assigned to the DOE FFTF
Project Office in Richland, Washington where I held positions as a Reactor
Engineer in the Operational & Experimental Safety Division and Branch Chief
for FFTF Engineering until April 1982 at which time I joined the NRC as a
Reactor Engineer.

List of Publications

1). "FFTF Reactor Characterization Program" T. L. King (DOE) & J. Rawlins
(HEDL)

'

ANS invited paper - 1981 Winter Meeting - San Francisco
f

j 2) " Reactor and Plant Performance During FFTF Nuclear Startup"
T. L. King & C. E. Moore - DOE
Ans Topical Meeting - September 1981 - Newport, RI

,(Technical Basis for Nuclear-Fuel Cycle Policy) 1

L-

'

.

,

O
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O
Department of Energy
Washington, D.C. 20545 JUN 17 333

Docket No. 50-537
HQ:S:83:256

-

!

|

|

Dr. J. Nelson Grace, Director ,

CRBR Program Office
Office of Nuclear Reacter Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Dr. Grace:

SUMMARY OF JUNE 10, 1983, MEETING ON PROGRAMMATIC OBJECTIVES

On June 10, 1983, the project met with the Nuclear Regulatory Commission
(NRC) to discuss the fa11 backs identified in Chapter 4 of the Safety
Evaluation Report and their impact, if any, on the Clinch River Breeder
Reactor Plant (CRBRP) programmatic objectives. The attendees are identified
in Enclosure 1 and the viewgraphs are in Enclosure 2.

In summary, the programmatic objectives of CRBRP are to demonstrate the
technical performance, safety, reliability, maintainability, environmental
acceptability, and economic feasibility of a liquid metal fast breeder
reactor operating in a utility environment. CRBRP is a natural progression
from smaller plants, in which lessons were learned, to larger plants and
will allow for the extrapolation of results on various systems and com-
ponents to larger LMFBR plants. As such, one of the purposes of a
demonstration plant is to identify problem areas that are not anticipated
from existing experimental data or from existing operating plants If the

problem areas are identified prior to or during CRBRP operation, design
modifications can be made in the plant and shown to be effective prior to

- entering into full-scale deployment of the reactor concept and plant design.

It is not anticipated that the potential fallback positions identified by
NRC will be necessary. Programs are in place to resolve the concerns of
NRC and to quantify the potential effects if they occur prior to CRBRP

In the unlikely case that these programs do result in thei operation.
necessity to implement any of the fallback positions, the fallbacks

'

necessary for the initial fuel loading will not result in compromises to
the achievement of CRBRP programmatic objectives. This-is because the
lessons learned in the initial operation of CRBRP can easily be factored

-

!- into reloid designs and will create the technology data base to be used
for the follow-on plant designs. ,

.

O !

!

.
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.
Further, the success of the CRBRP demonstration plant will be evaluated

! not only on the basis of fuel performance, but also on the bases of
; technology developed 'and demonstrated for overall plant and system

*

! performance, of which the fuel is only a small part.

More specific information on the impact of fuel fallback positions on
| first core breeding and doubling time characteristics is in Enclosure 3.

If you have any questions, please call Wayne Pasko at the CRBRP Project
Office (FTS 626-6096).4

Sincerely,i

.

/ ,- /'
|

- - <

, -s f |wwf (f/JT R ~ Lon eneckeron g
|

.-.

Director, Office of Breeder.-

/ Demonstration Projects'
-

i Office of Nuclear Energy

3 Enclosures

i cc: Service List
| Standard Distribution
| Licensing Distribution
1

j '

i

!
!

!
s

.

.
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Enclosure 1
, .

:

' ATTENDEES
.

'

'

,

S. Additon, WLLCO,

K. Peterman, CRBRP P0

W. Pasko, CRBRP PO

A. Schwa 111e, W-AESD

R. Stark, NRC

Lenny Rib, LNR
,

G. Sherwood, DOE
,

f

B. Neuhold. DOE
:

O. Ujifusa, DOE'

T. King, NRC .

k

i

$

$

$ *

;

i

,

! .

.

,

.

t

.
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Enclosure 2

.
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1
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1
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|

l
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I
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! EFFECT OF FAl.LBACKS Oil CRBRP

O FUEL SYSTEM PROGRAFFiATIC OBJECTIVES

.

4

l

O A. t. See ,<<1s

W-AESD
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EC - Srd_C.0ECLilS_Lnjis._01LEKl._SLSID.LKrdfn

o REASOMAELE BASIS TO EXPECT FUEL DESIGN WILL PROVE

SUCCESSFUL BASED ON:

C IRRADI ATED ROD FAILURE THRESliOLD UNDER LOSS-OF-FLON
CO:;DIT10! S TO AN EX?0SURE OF 50,000 Mi!D/MT BY A

MARGIN OF AT LEAST 200*F (BASED On 1000*F GUIDELINE)

i

o THEuxAL CONDITION OF FUEL AND CLADDING AT FAILURE
THRESHOLDS FOR 1RRADI ATED RODS (TREAT TESTS) ARE FAR

ABOVE CRBRP DBA BASIS EVENT PEAK THERMAL CONDIT10i:S
,

'

O CL.".LDING FAILURES F.OR EBR-II TEST RODS WERE VERY() S?/.RSE; ATYPICAL FACTORS Coi:TRIBUTED TO MOST OF
1EESE FAILURES (1.E., REC 0i:STITUTION)

.

1

S
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NRC - SF.R_C0HCFJiS ON FUELSYSIFE

o PLuTONIun CcNTEllT - EXTRAPOLATION OF 25% Pu
,

DATA BASE To 337. Pu

0 SLOW IRANSIENT OVERF0WER - VERY LITTLE DATA
.

BLANKET ROD BEHAVIOR - UNIQUE POWER HISTORY0

(InCREAsins POWER VERSUS IIFE):

|O| '

e FusLRonBEHAVIOR-buEL[.DJACENCYEFFECT
|-

8

:

.
i

*

6

.
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NRC - SFjl]DENTIFIED FALLBACKS.

!

i

i
REDUCTION OF 60AL EXPOSURE

,

o
,

'

REnucTIca or PEAK powero

.

LOWER OPERAT.ING.IEf4PERATURESC'

ADJUST!4ENT OF PPS IRIP SETTINGS
,

o
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O Casite encenArinArit OBaeC11vES

1. FINAL ENvin0NMENTt.L liiPACT STATEMENT SUPPLEMENT, .UiFBR

Pa00aAM (00./EIS-0085-FS, MAY 1982, PAGE 57):
,

O TO DdMONSTRATE IHE IECHNICAL PERFORMA!!CE, RELIABILITY,

ISAII;TAlt ABILITY, SAFETY, ENvlRONM.E!1TAL ACCEPTABILITY,

At:0 ECONOMIC FEASIBILITY OF AN U4FBR CEr: TRAL STATION

ELCCTalC POWERPLAtlT lt! A UTILITY ENv!RONMENT;

'O TOCONFIF.MIHEVALUEOFTalS~CcN:EPTFbRCON3ERVI!!G

IMPORTA'!T I!Of.!RENE'.lABLE NATURAL REscuRCES.

2, EN/1.n>:. MENTAL REPORT, CP3RP, SECTIONS 1.2 Ato 1.3 (hiENDMENT

O
,

x111 APr.1:. 1ss23: . .

o TECHNICAL FERFORMAtlCE - DEMONSTRATE ALL NECESSARY

UiSR TEcaSc 0GY._

76
O RELIABILITY .74% STATION FACTOR DuRING DEMONSTRATION

.

PER:cc.

0 ' Mall:TAlf: ABILITY - MINIMUM DOWNTIME.

O SAFETY - DEM0!! STRATE UiFBR SAFETY.

O ENVIR0t.F. ENTAL hCCEPTA31LITY - DEMot: STRATE MINIMAL

ENVIRONMENTAL IMPACTS OF U;FBRS.

O Ec e m ic FEASIBILITY - PR0vios DATA FOR USE 1N ,
,

EST: MATING COSTS OF COMMERCI AL-SIZE UiFERS.
'

.

9

|.
- - -
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Enclosure 3
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Treact of Fuel Fallback Positions on First Core
Breedina and Doublina Time Characteristics

1) Reduction in Goal Burnuo

It is assumed that the decision to reduce the goal burnup for
the CRBRP first core fuel is made after the fuel has been
f abricated so there is no opportunity to fine-tune the fuel

.

enrichment to compensate for the resultant shorter burnup
interval. The reference CRBRP first core breeding ratio,()'

with icw-240 grade Plutonium fuel, decreases from a value of
1.27 at the start of cycle 1 to approximately 1.23 at the end
of cycle 2 (328 ef pd and 80 mwd /kg burnup) and averages 1.25.
If the goal burnup is reduced 104 by truncating the cycle

flength, the cycle-average breeding ratio, which is the ratio
!of the production rate of fissile fuel divided by the
)

destruction rate of fissile fuel, increases slightly (to j
i1.252) due to dropping off a fraction of the cycle where the

.
breeding rate is lowest. The excess fissile mass gain

(fissile produced - fissile destroyed) would decrease in
proportion to the reduction in cycle length. For the CRBRP

first core, a 10% reduction in goal burnup, and a corre- ,

,

sponding 10% reduction in cycle length, would result in a
loss of approximately 7 kg from the total fissile gain of 80
kg in cycles 1 and 2. The doubling time is fundamentally a
measure of the growth rate of the fuelisystem-(ratio of the
fissile mass investment to the net fissile mass gain per

O- If the reduction in goal burnup persists into theyear).

,

e
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i
1

equilibrium cycles, the fissile mass gain per cycle is;

} reduced, but, because of the shorter cycle length, the

| average number of cycles per year increases in nearly a

| compensating fashion so that the doubling time only increases

f slightly (from 33 to 34 years for a 104 reduction in goal
burnup). This net increase in doubling time is, in fact,
attributable to a slight increase in fissile material losses

|
because the fuel must be reprocessed more frequently at

,

! reduced burnup levels over the plant lifetime.
!
!

| 2) Peduction in Oceratino Power Level

: If the plant power level is derated, the cycle length (in
|

calendar days) can either be. increased to maintain the-
:

j effective full power days of operation and the goal burnup,
j or the cycle length (in calendar days) can be field constant

which results in a reduction in goal burnup. In the first

case, the average breeding ratio is essentially the same'

f except for a small reduction associated with a decrease in

|
temperature-dependent resonance absorption in U238 The

i total fissile mass gain over the cycle is the same, but the
doubling time is longer because each cycle is longer at the

j

|
reduced power level. For example, a 10% reduction in reactor

|
power level requires a 10% longer cycle to achieve goal
burnup and this results in a 10% longer doubling time

i|

f
(approximately 36 years compared to the reference 33 year l

*

value). On the other hand, if the cycle length is held ]
| constant, the reduction in reactor power level results in a'

In this case, thecorresponding reduction in goal burnup.
total fissile gain during the cycle is reduced, and the
doubling time is longer. For example, the same 10% reduction
in reactor power level at constant cycle length results in a
10% reduction in fissile gain and a slightly longer ( 12t)
doubling time (the effect is compounded somewhat because of

O the somewhat larger proportion of reprocessing losses
compared to the gross fissile gain).

- .- . - . - . - - . . . . .. - _ - _ - _ - . - _ . - _ - .-. - - . - _ - - . . - _ . -
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O
3) Reduction in Fuel Temocrature or Trio Level Settinas

:

Reducing the core inlet or outlet temperature affects a
This fuelsimilar reduction in fuel pellet temperature.

temperature reduction has essentially no impact on the core
238 resonance |breeding ratio (except for the reduction in U

absorption which is negligible) or doubling time. Similarly,

a reduction in transient trip level settings has no impact on
the steady-state core breeding and doubling time characteris-
tic so long as the increased probability of inadvertent
reactor trips does not lower the plant capacity factor.

In summary,. invoking a f allback reduction in CRBRP core power
and/or burnup performance results in a very small increase in '

breeding ratio and a somewhat' longer doubling time. ,

O

.

.

*

O'

:
1

l
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NRC STAFF EXHIBIT 40
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COPNISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of -

UNITED STATES' DEPARTMENT OF ENERGY Docket No. 50-537
PROJECT MANAGEMENT CORPORATION
TENNESSEE VALLEY AUTHORITY

(Clinch River Breeder Reactor
Plant)

NRC STAFF TESTIMONY OF THOMAS L. KING
ON BOARD QUESTION 14, CONCERNING
OPERATION WITH LEAKING FUEL PINS

4

QI. Mr. King, please state your name, by whom are you employed, and

the nature of your responsibilities regarding the Clinch River

Breeder Reactor ("CRBR")?

A1. My name is Thomas J.. King. I am. employed by the U.S. Nuclear Regu-

latory Commission as Chief of the Technical Review Branch, Clinch

River Breeder Reactor Program Office, in the Office of Nuclear Reactor

Regulation. I am responsible for direction of the Technical Review

Branch's review of the fast sodium-cooled-related aspects of the

CRBR safety review.

|

Q2. Have you prepared a statement of professional qualifications?

A2. Yes. A copy of my statement is attached to this testimony.

Q3. What is the purpose of your testimony?
4

U'

<
|
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A3. My testimony addresses the concern raised by the Atomic Safety and

LicensingBoard(" Board")inBoardQuestion14,whichstatesas

follows:

Operation with leaking fuel pins could conceivably .

offer the opportunity for these pins to " inhale"4

some amount of sodium whenever the reactor is shut:

down. Should this occur, subsequent return to'

operation at, power might then result in a signifi- '

cant increase in pellet-to-cladding gap conductance
iwith an attendant off-nonnal perfonnance of the fuel.

The Staff is requested to comment upon whether it
! sees this as a problem requiring resolution and the
'

reasons for its answer.

Q4. Has the Staff considered operation of CRBR with leaking fuel pins?

A4. Yes. The results of our review are discussed in the CRBR Safety

' Evaluation Report ("SER"), NUREG-0968 Section 4.2.1.3.2.6 (pgs. 4-20

| and 4-21).

! Q5. Would sodium entry into a fuel pin result in increased pellet-to-clad
I

gap conductance with subsequent off-normal perfonnance of the fuel?

AS. Sodium in contact with fuel inside a pin may result in increased
,

pellet-to-clad gap conductance, depending upon the degree of gap

closure. However, it is the Staff's judgment that if increased

conductance between fuel and cladding results, it would not adversely

affect fuel perfonnance, for the following reasons. First, an

increased conductance would reduce the potential for fuel melting

by reducing the stored energy in the fuel. . Secondly, an increased

conductance would result in faster transfer of stored fuel energy -

to the coolant in a transient event. This could lead to a mildly

O

;

!
_ _ _ . . . _ _ . _ _ , _ _ _ . _ _ _ _ . . _ _ . _ _ _ _ . _ _ _ . . . _ . _ . . . . _ _ _ _ _ _ . . . _ _ . . _ . - -
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O adverse effect on the peak coolant temperature within the fuel

assembly during such an event, but would not be of practical conse-

quence unless the major portion of an assembly were so affected.

However, even if the major portion of an assembly was affected by -

4

sodium entry into fuel pins, fuel performance would not be adversely

affected by increased gap conductance.

Q6. Are there other concerns regarding sodium entry into a fuel pin?

A6. The Staff's primary concern with regard to sodium ingress to the pin

is the reaction between sodium and the fuel, the reaction product

; being less dense than the fuel and causing local swelling with the

| potential for flow restriction. This concern is discussed in the

CRBR SER, Section 4.2.1.3.2.6. The Staff has detennined that

restrictions on CRBR operation should be imposed upon the detection,

of fuel failure, which would require removal of the fuel assembly

containing the failed pins at the next reactor shutdown or at the

exceeding of a predetennined delayed neutron signal, whichever

occurs first (see pgs. 4-20 and 4-46 of the CRBR SER). These restric-

tions should minimize the potential for operation after the ingress

of sodium. Tests are currently being conducted at EBR-II to

evaluate operation with failed fuel; if data from these tests

indicate that these restrictions should be changed, appropriate

changes will be considered by the Staff.
.

O

- - -. - _ _--_ -. - . . -
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Thomas L. King
,.

PROFESSIONAL QUALIFICATIONS

,

I am presently Chief, Technical Review Branch in the CRBR Program Office,
Office of Nuclear Reactor Regulation, U.S. Nuclear Regulatory Comission.
In this capacity, I am responsible for the direction of the Branch's Review
of those aspects of CRBRP related to a fast, sodium cooled reactor. This
includes direction of the Branch's review of CRBRP sodium systems, fuel
handling systems, CDA analysis, support systems, reliability program, safety
criteria and analysis.

I received a Bachelor of Science degree in Mechanical Engineering from
Drexel University. I also received a Master of Science degree in Mechanical
Engineering from Stanford University.

I have over fourteen years of professional experience in the nuclear field.
while I worked for the Department of Energy (DOE). I held various positions

O in the Division of Reactor Research and Technology. These included
positions as a Reactor and Nuclear Engineer in the Core Design Branch, the
Liquid Metal Systems Branch, and the Components Branch where I worked on the
FFTF Project, the EBR-2 ~ project and Facilities at the Engineering Technology
Center in Santa Susana, California. In 1975 I was assigned to the DOE FFTF
Project Office in Richland, Washington where I held positions as a Reactor
Engineer in the Operational & Experimental Safety Division and Branch Chief
for FFTF Engineering until April 1982 at which time I joined the NRC as a
Reactor Engineer.

List of Publications

1) "FFTF Reactor Characterization Program" T. L. King (DOE) & J. Rawlins
(HEDL)
ANS invited paper - 1981 Winter Meeting - San Francisco

2) " Reactor and Plant Perfonnance During FFTF Nuclear Startup"
T. L. King & C. E. Moore - DOE
Ans Topical Meeting - September 1981 - Newport, RI
(Technical Basis for Nuclear Fuel Cycle Policy)

'

.

9

O
,
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1 JUDGE MILLER: You may proceed.

2 MR. TURK: The witness is now available for cross
3 examination and Board questioning. .

.

4 JUDGE MILLER: Any questions?

5 MR. EDGAR: No questions.

'

6 JUDGE HAND: No questions.

7 BOARD EXAMINATION
4

, 8 -BY JUDGE LINENBERGER:
4

9 Q Mr. King, on page 4 of Exhibit 39 there is reference

10 to a 75-percent station factor objective that might be impacted.'

11 I'm not.quite sure what is meant by that station factor of

12 75 percent. Perhaps you can explain what the significance of,

*

13 the 75 percent is.

14 A The 75 percent number we got from the Applicant.-

15 Exactly how he defines that, I'm not sure I can answer that,,

c ;

E 16 but I think in general station factor is a percentage of' days!
8 17 that you are at power producing electricity divided by the.

18 total number of days in a calendar year, for example. That's

{ 19 generally the way we define it.<

tj 20 0 Well, if one.made the assumption that there was
. .

+

h 21' no outage for refueling, would that 75 percent then become a
1'

r
22 hundred percent?g

.g.-
23 A Yes. ,

!*

24 Q Therefore, it is your understanding that the 75
,

25 percent represents essentially perfect performance on the part
a

- s_,f,

s !

)

- . . - , , . . . . - . - , . . . -. . -. -. - , .
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{
1 of the plant, accepting the requirement that there.will be

2 some down time for refueling?

3 A I'm not sure if there is another allowance in that

4 number for down time due to other reasons besides refueling.

5 I'm not sure of that.

6 MR. EDGAR: Judge Linenberger, I can give a citation,

7 which will clarify that, if it is useful.

8 JUDGE LINENBERGER: Thank you.

9 JUDGE MILLER: Yes, please. You mean you have it,

10 now? "

11 MR. EDGAR: Yes, sir.

12 JUDGE MILLER: Go right ahead.

13 MR. EDGAR: It is from the LWR proceedings. It
'

id is Applicants' Exhibit 58 at 17 through 18, TR 6423 to 24.
i

!
15 They are the references to a 75 percent availability number,,

i j'
g 16 which would be reached at some point in the five-year demonstra-'

i:
17 tion period.

8
18g JUDGE' MILLER: Thank you.,

8
2I 19 JUDGE LINENBERGER: Thank you.

I
h 20 BY JUDGE LINENBERGER:

21 Q Sticking with page 4 for a moment,' answer No. 4
t-

22j regarding a reduced burnup fallback seems to me to say-.that,

23 if that fallback position is identified early enough in time,
e .

24
! it can be accommodated by lowering fuel enrichment. Is that

| 25 what it says?

: s

,, -,,,,- = - . -
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1 A No. I think.the interpretation should be a little

2 bit different.

3 Q All right.

4 A What it says--or what it is intending to say is

5 that if at some point in time before you fabricate the fuel,*

6 then you still have time to effect enrichment, and if the

7' Applicant would decide he just wants to adopt those fallback;

i

f 8 positions right then and there, then he could back off on' his
.

9 enrichment. It is not intended to say that we would require

10 him to back off on his enrichment. That would be his option.

4 11 0 All right. I apologize. I did not mean--I did not

12- interpret it as a Staff requirement, but as an option.

13 How does the' Staff look at this in terms of living4

14 with it, _if you will, in terms of the program objectives that
'

15 are important to successive--potentially important, at any rate,,

;

| 16 to successive plant models, larger plants, perhaps ultimately.
~

17 commercial plants? Does the Staff feel that going to a lower;

8
18g enrichment really allows the overall program to get as good>

8 i

| $. 19 information with respect to fuel design for later design of
%

h 20 plants as perhaps doing something else to the fuel design that
*e

E

|
g '21 would permit you to go ahead with the condition that was first
E

22 decided on? I'm just curious what kind of a trade-off evalua-g

3
23

g tion the Staff has looked at here.
2

24 A The. Staff really hasn't done any trade-off evalua-

t 25 tion' We looked at Clinch River only. We did not look at what.

'
.

4 t,
:
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: 1 the impact of these would be on the LMFBR program. We looked

2 at Clinch River specifically, and we identified issues that

3 were Clinch River issues specifically and suggested fallback

; 4 positions for Clinch River only. We didn't try to extrapolate

5 that to the LMFBR program.

6 We don t feel that's our job, really. That is more8

i 7 the Applicants' job.

8 Q On page 6 with respect to the answer to Question 8,

9 there is a statement with respect to prototypical CRBR fuel

10 pins having been irradiated in EBR-2 to heat burnups of 80,000 |
'

11 megawatt days per ton or higher.

-12 As you probably or may have heard from previous
,

i

| 13 discussions this week, the Board is trying to develop a feeling

O'

14
; for the basis for confidence that CRBR fuel can safely
4

15 experience that high a burnup, 80,000 megawatt days per ton,,_

! - , ~
16

~

g so we are interested in this EBR-2 fuel experience. That seems

$ 17 to offer some hope that that's an achievable' objective.
'8,

18{ Are you aware of whether-- Well, first of all, do!

! 19 you know how many such pins experienced that burnup in EBR-2?'

%

'h 20 A The number I recall is approximately 3,000.
E
g 21 Q Three thousand?
I

.22 A- Yes.| g

23 Q Do you know whether there was any post-irradiation
2

.

24 examination of _ the pins?
!-

25 A Yes, there was. I don't know if all 3,000 were'

.

. , , . - . , . . . ~ - . w a- %,v., .- - w , ,,y , .- - . - - . , + - ,-
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) I examined, but a representative fraction has been examined.

2 0 And what did that examination show with respect
3 to, well, how near.the pins might have to be to some end of;.
4 life. constraint? How close were they to pooping out, if you

5 will?-

6 A I think the main results of the examination have
7 shown that some of the conservatisms that go into the' analytical
8 methods that are used to analyze fuel pins are in fact very
9 conservative. Such things like vibration wear of pins for

10 assemblies as prototypic as CRBR was found not to exist.

11 Cladding wasting is found.to be less than the design methodology
12 allows for.

13 The failures that have occurred have been pinhole
'

'' 14 failures. They haven't been catastrophic ruptures of the
t

15 cladding. They have reached the point where maybe there was; ,
'

5
s. 16 an inherent defect that was in the cladding. Now the pressurei

9
8
* 17 of the pin has finally reached the point where it causes it
8

18 to fail at that point. That's been the nature of the failures.o
,

; a

{ 19 As'far as looking at a pin.that hasn't failed and
%

h 20 predicting when-it will fail, I don't know the answer to that.
,

#

J 21' I'm not'sure that has been done.
,

,

; r
22g . I know a' number of pins have:been taken out beyond

8
23 the 80,000 = burnup,- in the neighborhood of 100, 110 thousand-,,

8
-

'

'
24 burnup. The numbers, though, I don't recall offhand. We can

25 get'that_for you, if~you would like.

[
,

,

4 . , .-4. . , . ,, - , ,-.a -- - -+en,..
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O)(.,, 1 Q Well, can you perhaps get a citation to some kind

2 of an examination report that might indicate what the results

3 were from those radiation examinations of these pins?

4 A Let me see if there is a good summary report. I

5 know a lot of these come out as individual reports on a

6 particular experiment, and you may have to get a truckload of

7 reports to get them all, but let me see if I can find a report

8 that summarizes a number of these.
9 Q I would appreciate that. In the meantime, though,

10 I would conclude from what you have said that fuel burned '

11 beyond 80,000 megawatt days per ton, upon post-burn examination,
12 these pins have not shown any serious degradation of any sort?
13

7g A Nothing unusual, that's correct. I mean you are
i !

''' id going to get--When you irradiate a pin, the cladding is going
15 to swell a little bit; your properties are going to change for,

5
16g the cladding, that kind of thing, but there has been no real

o

End 20 17 big surprises that have come out of these.*

8
18e

3

f 19

i; 20
E

g 21

r,

22a
R
E

| 23
H

24

25
!
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2 O All right. Let me change my words a little

3 and see if you still' agree with me. Nothing has been

4 observed that would cause the Staff to want to,

5 lower the 80,000 megawatt design perceived for BR fuel, i

o A (WITNESS KING) The experimental data so
,

7 far does not indicate that that burnup objective will

8 have to be lowered.

9 O All right, sir.

10 I would appreciate it -- if you are able to

i 11 find a citation to a summary report, provide that to us.

12 A Yes, I'll look for that and get back with

s - 13 you.
'

)
14 Q Going now to Staff's Exhibit 40 regarding

15 the question of operation with leaking fuel pins,
6
g 16 were you here yesterday when this subject was discussed
y

l 17 with Applicants' witnesses?
8
d 18 A Yes.
a

| 19 O' I guess the simplest and more efficient
'l

20g way-to approach this-is to ask you whether you heard anything
i e

{ 21 yesterday about the answers that you disagree with, or
r

22 have a different feeling or opinion about.g.

I 23 A I did not hear anything I disagreed with..
8'
'

24 There was one point you raised that1I. felt
4

25- maybe I'd like.to add a little bit to.

TN
\ iv,

,

s
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() i Q Please do.

2 A You asked the question, what happens to

3 cladding temperature when you get sodium in a pin, and

4 I'm not sure, maybe that was answered. The cladding
.

5 temperature basically stays the same.

6 The heat generation of the pin stays the

7 same. Therefore, the heat going out through the cladding,

8 to the coolant requires a certain Delta-T temperature

9 differential. That Delta-T is unaffected by the fact
,

4,

10 that sodium got in and is now interacting with the

11 fuel, and t.herefore, the cladding temperature essentially

12 remains the same.

13 0 To help me to understand that, if one

14 assumes that the gap conductance increases, and maybe you

15 don't so assume, but let me assume that gas -- gap

. 16 conductance increase,true, the heat generation
e

I rate within the fuel pellet or pellets probably stays the17

O

| is same. Gap conductance is higher; therefore, simplistically, *

I
*

19 I can say, all right, for the same heat generation.
~

'

'E
| 20 rate, maybe the pellet is going to operate at reduced
.

f 2i temperature, because there is better conductance, and
,

I s

22 the cladding is going to operate at a higher temperature
. e'

23 because there is better-conductance.
'5
'

24 Now, you sound as though you don't agree

25 with my approach here.
,

.

A The pellet will operate at a lower temperature.

,

. .. . --. .- .. - . .
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() 1 What will change is the Delta-T between the

2 fuel and the I.D. of the cladding, because now you have

-3 sodium in there and it provides for better heat

d transfer properties, but the temperature of the

5 cladding is pretty much driven by the temperature

6 of the coolant on the outside.

7 It is the same whether there's sodium in

8 the pin or not in the pin, and if you work backwards

9 in from the coolant to the fuel temperature, you're4

10 starting with the same sodium temperature on the outside

11 of the pin to tra.tsfer the same number of Btu's across --

12 the' Delta-T across the cladding basically stays

13 the same, and what changes is the Delta-T.

'' 'd 0 so what you're telling me is that the external

15#

sodium coolant will not permit cladding temperature to,

16.g rise just because of the good heat transfer between

$-
'

17 stainless steel and sodium?
|

8
isg A That's, I think, certainly a good way.to look

3

'! 19 at it, yes.

$n- 20 0 I gather that Staff is not-particularly
n

i 21
'

concerned about in-migration of sodium with respect'to
I

22-
| 3 any interaction with chemical or-mechanical with.the

-.

! ! 23 pellets such that there would be significant. change in
d

24 pellet dize, _ gross swelling, or --
i/ // - 25 A If you look at our A-6 on page 3,_we do have

O-
L -) .

!
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(.(_,) I a concern that if the sodium gets into the pin, the

2 reaction products between the fuel and the sodium end up

3 to be a less dense naterial than the pellet.

4 There is a concern that -- how much swelling

5 really occurs, and is that enough to cause a flow restriction.

6 'One of the things we're looking for out of

7 the Applicants' run beyond breach of cladding program is to

a get a handle on exactly--what the phenomena -- what

9 extent of that phenomena is. That's one of the reasons

10 we have put in our SER a position that if we detect on

11 the delayed neutron monitoring system the contact of

12 sodium with fuel, it will basically require the plant be

13 shut down, and that assembly removed until suches

- 14 time as we have data to show that we can run safely without

15 that concern.,

@
16g Q How will you identify which assembly that is?

$
* 17 A For sodium to get in there has to be a
O

h 18 breach in the cladding, and when the cladding breaches
3

$ 19 the fission gases and the gas tag comes out, the
a

h 20 fission gas monitoring system should be adequate to
5
g 21 identify the assembly.
r

22
3 Q So what you're saying is that before you

23 ever see a delayed neutron signal from the sodium, you
2

24 will have identified some candidate leakers, and if there

25 is no delayed neutron signal, okay, let them leak. But

(~h |
\ l s

|
N_/
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m

y ,) 1 if there is a delayed neutron signal, you know where

2 to start looking to see which ones it might have been,

3 the source.

4 A That is correct.

5 JUDGE LINENBERGER: Okay.

6 JUDGE MILLER: Any further questions?

7 Any cross-examination, Mr. Edgar?

8 MR. EDGAR: None, Your Honor.

9 JUDGE MILLER: Any redirect, Mr. Turk?

10 MR. TURK: No.

11 JUDGE MILLER: Very well. We'll take a

12 15-minute recess, please.

13 Is the witness standing by, or excused?,_s

( I
\' 14 MR. TURK: I guess he should be excused

15 temporarily so he can provide the reference in
3
g 16 support of his question.
!
2 17 JUDGE MILLER: All right.
8

18 He'll be excused temporarily.e
a

snd 21 19
e

203
*
.

t 21

.

; 22

=

23
.

24

25
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1 JUDGE MILLER: Are we ready to proceed?

2 MR. TURK: Staff is ready to proceed.;

3 JUDGE MILLER: Okay. Proceed.

; 4 MR. TURK: May I ask a procedural question ofi.the
:
'

5 Board which would help to arrange the seating for the different
:
1 6 witnesses? As we indicated during the conference before the

7 Bench while we were off the record, what the Staff proposes to
,

8 do is present its CDA testimony in essentially two parts, one

9 part being energetics. The other would be thermal and
i

[ 10 radiological dose consequences.
4

!

11 The Staff proposes to have seated at the table

i 12 whichever of those two groups the Board would like to address

13
7g questions to first, and the others would remain behind the table

'

-- Id in the row of chairs at the end of the room.

15 JUDGE MILLER: You have got approximately six and,

;
e

.

g to six, as you counted it?

i
'

17 MR. TURK: Yes. If we could, I would like to stretch
8

18 it to seven.- o
a

I 19 JUDGE MILLER: Seven?- Seven and five?-
5

~

'

ji 20 MR. TURK: No. Seven and seven. Some of the peop'le

E 21 will appear twice. That's a new way to get at 12.
I

22gs If that-number is unmanageable, we can work at six.
1 g-

; 23 JUDGE MILLER: Well, we have microphones; we have
!'

24 reporters. We have.to try to keep track.

; 125 MR. TURK: We could work with six: pretty well, if

I

w+
.
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1 the Board prefers.

2 JUDGE MILLER: Let's try it with six first,

3 JUDGE LINENBERGER: Let's do energetics first.

d MR. TURK: At this time I would like for all 12

5
^

persons whose names appear on NRC Staff Exhibit 41 to go over

6 to the witness table, and that the persons on the energetics

7 part of this testimony take the table,.and those persons are

a Dr. Theofanous, Dr. Bell, Dr. Allen, Dr. Morris, Dr. Butler

9 and Dr. Rumble. Forgive me if I have conferred honorary degrees

to on anyone who is taking the table.
j

11 Also I would ask that the remaining individuals on

12 the CDA testimony sit behind this group.

13 Before the witnesses are sworn, let me indicate to

. O' 34 the Board that in xeroxing NRC Staff Exhibit 41, one page,

15
e page No. 9, was inadvertently not xeroxed. What I have done is
4

16j I have folded page 9 into the official NRC Staff Exhibit 41.

$ 17 It is not stapled in, but it is folded in in that place,-so I
8

18g would ask the reporters and the Licensing Board members and
3

19
5 counsel for the Applicants not to lose that one page.
%j 20 MR. EDGAR: So noted.
t

21 EMR . TURK: For the record, let me indicate that I

22 ~

$ have now distributed three copies to the court reporter and one

23 copy each to the Licensing Board members and counsel for

24
~

Applicants, of NRC Staf f Exhibit No. 41, and I.would ask that

25 the" entire panel of 12 witnesses be-sworn at-this: time.

'N

x-)
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1 Whereupon,

2 CARDIS B. ALLEN,

3j LARRY W. BELL,

'
4 HOWARD B. HOLZ,

i

5 LEWIS G. HULMAN,
'

6 JOHN K. LONG,

' 7 B. M. MORRIS,

8 JERRY J. SWIFT,,

!-
9 CHARLES R. BELL,p

j 10 THOMAS A. BUTLER,
,

11 EDMUND T. RUMBLE III,

12- DAVID SWANSON

13-s, and

14 THEO G. THEOFANOUS

15 were called as witnesses on. behalf of the NRC Staff and, havingg,

k 16 been first duly sworn, were examined and testified as follows:,
:

' 17 DIRECT EXAMINATION
O
V

18g BY MR. TURK:
.

! -19 Q Gentlemen, we are going to need to.have-the-court'
tj 20 reporter take down your names, so I would ask you one by one
:f

'| 21 and slowly to please_ state your names, titles and by whom you
t

22
j .3 are' employed,-commencing at the end of the table closest to-

8'
23 the Licensing Board, and:I_would ask-that the response be:

. 8.
.- s

!
. 24 given by all 12--members of the panel.'

25 MR. TURK: ' Excuse me.-Judge. Miller, it might be at
.

Ov

.
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s
' I this time that since seating will change when the second group

2 takes the table, perhaps we need only identify by name, title

3 and position the six individuals seated at the table.

4 JUDGE MILLER: Yes, that wil'1 be sufficient and
5 help the reporters, I think.

6 A (Witness Theofanous) I am Theo--T-h-e-o--Theofanous

7 T-h-e-o-f-a-n-o-u-s. I am professor of nuclear engineering at

8 Purdue University, and I have been with CRBR as a consultant

9
; to the Los Alamos National Laboratory.

10 A (Witness Allen) I am Cardis--C-a-r-d-i-s--Allen,

11 A-1-1-e-n. I -am employed by the Nuclear Regulatory Commission

12 as a reactor engineer with the Clinch River Breeder Reactor

13 office here.

14 A (Witness Bell) I am Charles Bell, associate group
'

15 leader, safety analysis group, Los Alamos' National Laboratory,

16 Los Alamos, New Mexico.
; *
'

8
* 17 A (Witness Morris) I am Bill Morris, chief, elec-
8

18 trical engineering branch, office of research, NRC., o
a

$ 19 a (Witness Butler) I am Thomas Butler. I am a staff
4

,
j 20 member in the Advanced Engineering Technology Group, Los Alamos
E'

j 2 21 National Laboratory, Los Alamos, New Mexico.
t

22 A (Witness Rumble) Edmund Rumble, corporate vice3

| | 23 president, Science Applications, . Incorporated,'Palo Alto,
i !

24 California.

25 0 At this time let me ask allL12 members of the panel

'

.. .
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whether you have prepared statements of professional qualifica-,

3

2 tions for use in this proceeding.
,

A (The panel) Yes.3

O And are those statements of professional qualifica-4

5 tions attached to and contained in NRC Staff Exhibit No. 41?
A (The panel) Yes.6

7 Q Again, this is to all 12 members. Is NRC Staff

Exhibit No. 41 a copy of your written testimony and professional8

9 qualifications as revised by the errata which were filed with

, io the Licensing Board on August 4, 1983?
i

A (The panel) Yes.ii

12 Q Do you have any additional modifications or correc-

13 tions which you wish to make to your written testimony or
i

34 professional qualifications?

15 MR. TURK: At this time, Mr. Chairman, I would ask
:

j 16 that any errata changes be made by the entire panel of 12 so
?

! we can dispense with that.i7,

'
O

| 18 JUDGE MILLER: Very well.
1 -,

i9 BY MR.- TURK:

20 Q First, the centlemen at the table, are there any

} 21 changes to your testimony that you wish to make?
3
' r

. 22 A- (Witness Butler) Yes. I have two changes. In my-:
8

23 professional qualifications statement,'the last paragraph, the
g-,

'
24 first sentence of the last paragraph says I have 11 years of

25 professional experience in'the field of mechanical engineering.,

rs
l! \_s

!
t

I
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17m'( j) 1 That should read I have 12 years of experience, and the last

2 sentence in that paragraph says I have. been with the Los Alamos

$ 3 National Laboratory for the past six years. That should read

4 the past seven years.

5 I have another one at page 95 in the testimony.

6 That's under Section F, Annulus Cooling System. The answer

7 to Question 128, in the third line to that answer, I would

! 8 strike the word " direct," the third word in the line. Strike
!

9 the words " path in," and insert instead of " path in," the words

10 " barrier created by."

11 The revised sentence would read, " Basically, this

12 system breaks the thermal barrier created by the annulus between

13 those two structures by introducing a significant heat removal-s
,

\- / 14- path." ,

15 Q Does anybody else seated at the table have any.

16 modifications or corrections to make to their testimony?,

,
8
* 17 (No response.)

8
'

18g Q I would ask'then that the six individuals seated
a

! 19 behind the panel at the table step forward and identify any
A

} 20 modifications or corrections to their testimony or professional
I
g 21 qualifications which need to be made.,

r1

22j (No response.) *

.j 23 Q Addressing'this question to all 12 members of thej

d
24 panel, to the best of your knowledge and belief, is your written

25 testimony and statement'of-professional qualifications as set
'

O
,

!

. - . -- ,
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|
1 forth in NRC Staff Exhibit No. 41 true and correct?

2 A (The panel) Yes.'

3 Q And do you adopt it as your sworn testimony in this

4 proceeding?
,

5 A (The panel) Yes.

6 MR. TURK: Mr. Chairman, at this time I would recuest

7 that NRC Staff Exhibit No. 41, which was previously admitted

8 on a-provisional basis, now be bound into the transcript as

i 9 if read.

10 JUDGE MILLER: Is there any objection?;

11 MR. EDGAR: No objection.
'

!
;

12 JUDGE MILLER: Staff Exhibit'41 is admitted into,

i /

; 13 evidence and will be incorporated in the transcript.
'

;

i 14 (The document previously marked

15 for-identification as NRC Staff'

,

E,

9
16g Exhibit No. 41 was received in

,

8
* 17 evidence.)
8

18g (NRC Staff Exhibit No. 41 follows:)*

3

I9'

!ij' 20l

5
g 21

' r
22.g

23

.5
'

24

25

'

'

. .. . . . . .. .. .
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
)

UNITED STATES DEPARTMENT OF ENERGY ) Docket No. 50-537
PROJECT MANAGEMENT CORPORATION )

-

TENNESSEE VALLEY AUTHORITY )
)

(Clinch River Breeder Reactor Plant) )

NRC STAFF TESTIMONY REGARDING
ANALYSES OF CORE DISRUPTIVE ACCIDENTS

01. Please state your names and affiliations.

A1. My name is Cardis L. Allen. I am employed by the U.S. Nuclear

Regulatory Connission as a Senior Reactor Engineer in the Clinch

River Breeder Reactor Prnoram Office, in the Office of Nuclear

Reactor Regulation. My involvement in the Clinch River Breeder

Reactor (CRBR) review is the coordination of the review of the

energetics associated with core disruptive accidents (CDAs).

My name is Larry W. Bell. I am employed by the U.S. Nuclear-

Regalatory Commission as a Nuclear Engineer in the Accident

Evaluation Branch, Division of Systems Integration. Office of

Nuclear Reactor Regulation. I performed the NRC Staff's review of

the CRBR control room habitability and Design Basis Accident

analyses as set forth in the Applicants' Preliminary Safety Analysis

Report (PSAR), Chapters 6 and 15, respectively. I reviewed the

Applicants' responses to questions, conducted independent analyses
bv

1
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of the radiological consequences of DBAs and prepared input for the

Staff's evaluation of the control room habitability systems and DBAs
,

i
as set forth in the CRBR SER. In addition, I performed a CDA i

analysis, the results of which are set forth in Supplement No. 2 to

the CRBR.SER, at pp. A.5-1.

My name is Howard B. Holz. I am employed as a Reactor Engineer,

Technical Review Branch, CRBR Program Office, in the Office of

Nuclear Reactor Regulation. My involvement in the CRBR review has

been to review those aspects of core disruptive accidents (CDAs)

associated with the response of structures and components to poten-

tially energetic CDAs. For this type of CDA, the structural margins

beyond the design basis (SMBDB) have been reviewed.

My name is Lewis G. Hulman. I am Chief of the Accident Evaluation

Branch in the Division of Systems Integration, Office of Nuclear

Reactor Regulation at tha ll.S. Nuclear Regulatory Conunission.

My name is Dr. John K. Long. I am employed as a Reactor Engineer,

Technical Review Branch, CRBR Program Office, in the Office of

Nuclear Reactor Regulation. My involvement in the CRBR review has

been to review those aspects of core disruptive accidents (CDAs)

which occur subsequent to the loss of core geometry.

My name is Dr. Bill Morris. I am employed by the Nuclear Regulatory

Consnission as Branch Chief, Electrical Engineering Branch in the
J

|

1.

,
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Office of Reactor Research. During the construction permit review
'

for the CRBR until March 1983, I supervised the review as Section

Leader Technical Review Section, Clinch River Breeder Reactor

Program Office, Office of Nuclear Reactor Regulation, and I

participated extensively in the issuance of the Safety Evaluation

Report for CRBR (NUREG-0968, March 1983) (SER).

My name is Dr. Jerry J. Swift. I am employed by the U.S. Nuclear

Regulatory Commission as a Reactor Engineer, CRBR Program Office in

the Office of Nuclear Reactor Regulation. My involvement with the

CRBR review has been to coordinate the review of the radioactive

source term analyses and the review of the Probabilistic Risk

l Assessment of CRBR.
' OV

My name is Dr. Charles R. Bell. I am employed as the Associate

Group Leader of the Safety Analysis Group at the Los Alamos National

Laboratory. I am also presently providing consultant services to

the Nuclear Regulatory Commission. My involvement with the CRBR

review has been as a member of the management group assigned the

task of developing the h uis for an independent licensing position

on the encrgetics associated with core disruptive accidents.

My name is Thomas A. Butler. I am employed by the Los Alamos

National Laboratory as a staff member in the Advanced Engineering

Technology Group. I have managed the structural mechanics analysis

p for the Group's NRC CRBR technical assistance efforts, and am
N)

. _ _
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responsible for providing technical evaluation assessments

supporting sections of the SER dealtag with the review of the

structural design criteria for features provided to mitigate CDAs.

I have also had direct supervisory responsibility for the review of

the feasibility of the annulus cooling system and the containment |

vent / cleanup system.

My name is Dr. Edmund T. Rumble, III. I am employed as a Corporate

Vice President of Science Applications, Inc. (SAI). Presently, I am

providing consultant services to the Nuclear Regulatory Commission,i

fly involvement with the CRBR review has been as a member of an SAI
-

team providing technical assistance to the Office of Nuclear Reactor

Regulation on safety matters related to the proposed CRBR.

fly name is Dr. David Swanson. I am an independent consultant

specializing in the high temperature reactions between metals and

other materials and in related chemical engineering problems. I

have reviewed the reactions of sodium and core debris with concrete

as presented in the Applicants' CRBR analyses and compared them with -

a wide range of relevant experimental data.

!
|

My name is Dr. Theofanis G. Theofanous. I am employed as a
'

Professor of Nuclear Engineering at Purdue University. In addition,

I have been providing consultant services to the Nuclear Regulatory

Commission. My involvement with the CRBR review has been as;

| Chairman of the Management Group which was fomed to develop an

|

. . _ _ _ _ . ___ _ _ . .
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independent NRC position on the level of energetics associated with

core disruptive accidents in the CRBR.

Q2. Have you prepared statements of professional qualifications? '

A2. (Panel) Yes. Copies are attached to this testimony.

,

I. INTRODUCTION AND OVERVIEW

Q3. What subject matter does this testimony address? ,

A3. (Allen,Long) This testimony addresses the adequacy of the Staff's

analysis of core disruptive accidents (CDAs) for the CRBR.

Q4. Please sumarize the conclusions reached in this testimony with

respect to the CDA analyses performed by the Staff.

A4. (Allen,Long) The Staff's testimony will demonstrate that a con-

siderable level of attention has been devoted to the evaluation of

CDAs for the CRBR. These efforts have focused on two major areas.

The first aren is the evaluation of the potential for energetic

consequences sufficient to fail the reactor vessel head; the reactor

vessel head is the principal barrier preventing early containment

challenges from such events. The second area is the evaluation of

the longer term capability of the CRBR to accommodate the

consequences of less energetic CDAs, i.e., where failure of the

reactor vessel head has been ruled out. This area includes the

evaluation of the cap' ability to accomodate heat and radioactivity

released to various parts of the plant from such events.
'

O
s

..
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It is the Staff's conclusion that energetic CDAs sufficient to fail
,

the reactor vessel head are physically unreasonable and that the

consequences of such behavior are not a significant safety concern

for the CRBR. Further, it is the Staff's conclusion that the CRBR

will be capable of accommodating the effects of a CDA for a period

of time sufficient that radiological doses to individuals at the LPZ

boundary can be expected to be within 10 C.F.R. Part 100 guidelines.

This testimony summarizes the principal analyses and conclusions

reached in the Staff's evaluation of CDAs. More detailed

information concerning the Staff's evaluation are reported in
!

Appendix A of the SER, in SER Supplement No. 2 (May 1983), and in

supporting documents identified therein.

Q5. How is a CDA defined for the CRBR?;

AS. (Allen,Long) For discussion purposes in this testimony we define a

CDA to be a core melt accident in which sufficient fuel and clad can

| be relocated to substantially affect the neutronic (and hence power)

i behavior of the reactor. Such behavior generally disassembles the

core either by energetic or by non-energetic phenomena or by both

types of phenomena.

| Q6. Why are such events of interest?
1

A6. (Allen, Morris) Although CDAs are very unlikely, severe'

radiological consequences could result from severe core damage. To

assure that the risk frnn CDAs is acceptably low the Staff has
w)
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O evaluated the capability of CRBR to accomcdate the energetic

loads, thermal loads, and radiological releases from the core. In |
\

addition, because of the lack of extensive operating experience with

this type of reactor, the Staff believes it prudent to understand

the phenomena and potential consequences associated with such events

should they occur.

Q7. Are CDAs considered in the design of CRBR?

A7. (Allen, Morris) Yes. However, as explained in the Staff's

testimony concerning the design basis accident spectrum, they are

not used as design basis accidents.

Q8. Since the CRBR design basis accident spectrum does not include CDAs,

please explain in more detail why they are analyzed at all for CRBR?

A8. (Allen, Morris) LMFBR designers have historically included in their

design documentation the results of analyses of CDAs. These CDAs

were not considered DBAs but were nevertheless analyzed for the

purpose of determining the hypothetical consequences of a severe

accident at the facility. Physically, the reason CDAs have been

analyzed for LMFBRs is that, in an LMFBR, the possible positive

coolant void reactivity effect and the higher enrichment of the fuel

result in the potential for an accident which might lead to an ener-

getic event. Such behavior is not possible in LWRs due to their low

enrichment fuel and the need for neutronic moderation. CDAs could

I also lead to a non-energetic reactor vessel melt through event; such

ha events for CRBR are also analyzed.

I
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For the CRBR, it is the Staff's position that the likelihood of core

disruptive accidents can and must be reduced to a sufficiently low

| level to justify their exclusion from the design basis accident
|
'

spectrum. As discussed in the Staff's testimony on the design basis -

accident spectrum, this is accomplished in the CRBR by application

of deterministic criteria to the design. These criteria require

sufficient redundancy, diversity and independence of safety systems

to make failure of these systems very unlikely. However, because of

the difference in the amount of experience between LMFBRs and LWRs,

the Staff has required that additional measures be taken to limit

consequences and reduce residual risks from potential core

disruptive accidents.

Q9. What is the significance of considering CDAs in the design of the

CRBR but not classifying them as DBAs?

A9. (Allen, Morris) Bearing in mind that consideration of CDAs is not

specifically required by the regulations, such a procedure allows

flexibility in the application of criteria and use of conservatisms

in the analysis of such unlikely events. It is the Staff's

judgement that this flexibility is appropriate considering the low

likelihood of CDAs. Further, while CDAs are not expected, the

facility is not likely to be restarted if a CDA has occurred. Thus,

the acceptance criteria applied to CDA evaluations need not include

the capability for restart p h th c x i 22? For example,

deformations in the primary system that would be unacceptable under

p existing guidelines for DBAs can be tolerated for CDAs.
U

.

|
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010. Is there a general pattern of progression that all CDAs may be

expected to follow?

A10.(Allen,Long) Yes. In general, all CDAs progress through various

stages of core disruption, from an initating event through clad and

fuel melting and relocation (during which power bursts may occur

with some related energy release) to a pemanently subcritical end
,

state. That end state can result either from an energetic dispersal

of the core material (the energetic dispersal can take place within

the primary system or, if energetic enough, the material could be

dispersed outside the primary system), or from a non-energetic

dispersal into the structures surrounding the core. Both dispersal

modes could ultimately lead to penetration of the primary system via

thermal attack.

O
Q11. Does this testimony address the " energetics" aspect of CDA behavior

as well as that associated with penetration of the reactor vessel by

thermal attack?

All. (Allen, Long) Yes. The Staff's testimony includes infomation on

the entire CDA sequence.
~

Q12. How were potential CDA initiating mechanisms evaluated?

| A12. (Allen, Theofanous, C. Bell, Rumble) Several potential CDA

initiators were considered but only those which lead to a gross
i

undercooling or gross. overpower condition can produce sufficiently

! severe temperatures to result in fuel and clad melting. In general,

| a gross overpower condition can occur from an unprotected (i.e., nog

U

.
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,

scram) reactivity insertion event. A gross cndercooling condition

can occur as a result of an unprotected loss of flow event, or from

a loss of heat sink event.

Specific initiating mechanisms were identified to provide limiting

cases for these events based on reasonable judgements regarding the
,

likelihood of occurrence of these mechanisms. Bounding mechanisms

were selected to represent limiting cases involving the potentially

different ranges of phennmenology incurred in the various generic

classes, i.e., reactivity insertion, loss-of-flow and loss-of-

heat-sink (LOHS) events.

For the reactivity insertion mechanism coupled with an assumed fail-

ure to scram, a limit on the reactivity insertion rate from an

uncontrolled control rod withdrawal was selected. The basis for

selection of this reactivity insertion rate was that significantly

higher rates have a diminishingly small likelihood because of the

additional independent failures that must be postulated.

For the loss-of-flow mechanism a total loss of power to the coolant

pumps was assumed coupled with an assumed failure to scram.

For the LOHS we selected the protected event because it involves a

different range of phenomena than is associated with the unprotected

loss-of-flow and unprotected TOP events, and is much more likely

than the unprotected LOHS event. Our understanding of the phenomenaA
1 G

- .
.,.
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involved, and our detailed analysis of the protected LOHS and

unprotected LOFA, leads us to the conclusion that no unique (larger)

energetic circumstances are to be expected from the unprotected LOHS
'

than the other events we have considered in detail.

Q13. Please describe the consequences of the energetic aspects of CDAs?

A13.(Allen) As noted in response to Question 5 above, the core may be

dispersed by energetic phenomena. If energetic enough, such events

could threaten the integrity of the upper reactor vessel (RV)

closure head. This head provides a barrier between the reactor

vessel internals (reactor core) and the reactor containment building

(RCB) environment. Figure 1 illustrates this point. Figure 2

provides some detailed perspective of the reactor, vessel, head and

cavity regions. The operating floor (which is illustrated in

Figure 1) together with the head isolates the regions containing

primary sodium from the containment environment. If the head should

fail, radioactive materials could be released directly from the

disrupted core to the RCB environment. These materials would then

be available to leak to the atmosphere early in the CDA sequence.

In addition, such a failure could challenge the integrity of the

containment by sodium fires or missiles. If the head remains intact

the disrupted core will be retained within the reactor vessel or the

debris will eventually be discharged to the reactor cavity where it

will (at least initially) still be isolated from the containment

environment.

O
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O Q14. What are the major aspects of the evaluation of the energetics

associated with CDAs?

A14. (Allen, Theofanous, C. Bell) There are three major aspects. The
1
'initiation of CDAs, the production of energetic behavior during CDAs. '

and the consequences of such behavior. We will briefly address each

of these in turn here. They are discussed more fully in subsequent

parts of this testimony.

Energetic behavior can occur during CDAs because the cores of

commercial power-producing LMFBRS are not arranged in their most

reactive configurations. Relocations of the core materials can,

therefore, produce states of higher reactivity and hence higher

power. These relocation processes can only occur following a

postulated gross mismatch between power production and cooling

capability sufficient to produce coolant voiding and/or clad and

fuel melting. The way in which such mismatches are brought about

can have an effect on the subsequent events. Thus one major aspect

involves the consideration of a proper choice of CDA initiators.

Not all relocations of core materials produce an increase in

reactivity nor do such relocations take place at arbitrary rates.

| Rather they are limited by certain r: ell known physical phenomena.

In essence gravity and pressure forces produce motions while the

resulting reactivity feedback affects power and thus vapor

pressures. A tight coupling between reactivity increasing motions

and power level is an inherent characteristic of relocation events.

_ _ _ _ _ _ _ _ _ _ _ _ _ _
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The second major aspect of our review and evaluation of CDA

| energetics in CRBR has been to determine physically meaningful upper

bounds on the reactivity states and associated power and energy

releases against which the structural capability of the primary .

system may be assessed.

i

For the reasons explained in answer to Question 13 above, the focus

of the assessment of the primary system integrity was the reactor

| vessel head. The evaluation of the response of the primary system,

i especially of the reactor vessel head to loads produced by energetic

events is the third major aspect of CDA energetics evaluations.
;

;

'

Q15. Was the response of the reactor vessel head to loads generated by a

CDA the only dynamic load capability requirement considered for CDAs
,

in the CRBR?

A15. (Allen, Holz, Butler) No. All of the major components connected

| with the primary coolant system are being considered by the

Applicants with regard to their ability to accomodate the dynamic:

loads produced by CDAs in the CRBR. These components are described

in Section 5.2 of CRBRP-3, Volume 1, incorporated by reference in

the PSAR, Section 1.6. The Applicants have supplied appropriate

criteria and have considered the response of these components to
|

|
loads developed during a CDA as is described in Sections 5.3 and 5.4

of CRBRP-3, Volume 1.' The Staff and its consultants have reviewed

the criteria, load requirements, and analytical approaches used by

_the Applicants and have concluded that, since the load requirements-

. .- -
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are conservatively high and the analytical approaches are acceptable,
,

the components can resist loads generated during a CDA. Distortion

of components may occur but gross failure is not expected.

Q16. Is an evaluation of the effect of CDA energetics on the primary sys-

tem (especially the RV closure head) the only necessary considera-

tion in an assessment of CDAs?

A16.(Long) No. Even if the CDA produced no energetic consequences one

must consider the ultimate disposition of the core debris. The

Applicants have assumed that it is not possible, at this time, to

demonstrate that the debris can be cooled and retained within the

reactor vessel. The Staff agrees with this judgement. Thus the CDA

analysis must consider the consequences of failure of the bottom of

the reactor vessel due to thermal attack by the hot core debris.
_

Q17. Please provide an outline of the course of events that is expected

to occur subsequent to the initial in-vessel phase of the CDA.

A17. (Long) The Staff has evaluated in detail CDA sequences in which the

primary reactor coolant system ipses its integrity as a result of

penetration of the bottom head of the reactor vessel by the hot core

debris. Because of the total transfer of primary coolant.and core
,

1

i debris to the reactor cavity, assumed for this failure location, the

consequences of this failure path bound the consequences of otherI

I
failure locations within the primary system. The basic sequence of

| events following the loss of primary system integrity involves the

draining of the primary coolant system sodium inventory together

. . .



8286

- 15 -

with the disrupted core debris into the reactor cavity. The steel

liner on the floor,0f the reactor cavity is assumed to fail,

allowing the interaction of sodium with the concrete structure of

the cavity. Sodium in the reactor cavity eventually boils away and

the debris penetrates into the concrete structure below the reactor

vessel. Gas products of these reactions are vented to the

containment and, when required, the containment atmosphere can be

vented through a wet scrubber cleanup system to the environment.

Overheating of the containment structures is prevented by an annulus

cooling system. Hydrogen is generated during these processes but is

prevented from accumulating to high concentrations by being burned
'

when oxygen is present or by being diluted by containment venting

and purging with outside air.

O
Over the long term, the radioactive solid debris generated from the

CDA is expected to be retained within the containment system. Some

of this will accumulate within the cleanup system during the venting

and purging of the containment atmosphere. Downward penetration of

the core debris fMr the concrete basemat is predicted to stop just

short of the i rce turface of the basemat. Evaluations were also

made for tv, sie.:on in which complete penetration is assumed to

occur; these evaluations are summarized in Section A.4.2 of the CRBR
,

1

SER.

018. What features have been included in the design of the CRBR l

specifically to mitigate potential consequences of CDAs? |

v

- . . ,
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A18. (Long) These features are (1) the annulus cooling systems, (2) the

containment cleanup (filtration) system, (3) the reactor cavity vent

system, (4) the containment vent and purge system and (5) certain

containment instrumentation systems. All of these systems are

associated with that part of the CDA sequence which follows

penetration of the reactor vessel, and are applicable to mitigation

of the consequences involving sodium and core debris interactions,

with concrete. These features are described in Section 2.1 of

CRBRP-3, Volume 2, incorporated by reference in PSAR Section 1.6.

3 The Staff's evaluation of these systems is given in Section A.4 of
i
'

the SER and is summarized later in this testimony.

Q19. How were the potential consequences of CDAs evaluated?

A19. (Allen, Long) The Applicants provided several documents presenting*

their analysis of CDAs (see SER Appendix A). The Staff and its

consultants have reviewed these analyses and have held numerous

meetings with the Applicants on the material presented in those
V

documents. In addition, the Staff has obtained independent assess-

ments in several specific areas from highly qualified experts.

Q20. In what areas did the Staff obtain independent assessments?

! A20. (Allen, Long) The Staff obtained independent assesssments on the

sub.jects of: (1) the level of energetics associated with CDAs in

the CRBR, (2) the potential consequences of that level of

energetics, (3) the phenomena associated with the interaction of

q sodium and concrete, and (4) the response of the containment
U

_ . . _
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structures (including the role of the annulus cooling and

containment cleanup systems) to the consequences associated with

CDAs in the CRBR. In addition, the Staff obtained independent !
,

audits and analysis of the response of the containment environment '

(temperature, pressure, aerosol concentrations, and hydrogen

concentration) to CDAs, and the radiological consequences associated

with CDAs.
,

i

4

Q21. How is the remainder of the Staff's testimony on its evaluation of

CDAs presented?

A21. (Allen, Long) The remainder of the Staff's testimony on this

subject is presented in three parts. In Part II we address the

Staff's evaluation of the notential for energetic behavior during

CDAs that could challenge the structural capability of the primary.

system (especially the RV closure head). In that testimony, we will -

demonstrate that failure of the reactor vessel closure head due to
i

energetic behavior associated with CDAs is sufficiently unlikely

that it need not be considered in the assessment of risk for CRBR.
,

In Part III we describe the Staff's evaluation of the phenomena

following failure of the reactor vessel and guard vessel via themal

attack. We will demonstrate that the risks from this scenario are

no greater than those associated with LWRs for similar accidents.

Finally, in Part IV, we demonstrate that in the event of.either an

energetic or_ a non-energetic CDA, not accompanied by containment .

failure, the radiological consequences will not exceed the dose

guidelines of 10 C.F.R. Part 100.

_ . _ _ _ _ _ . _ _ . _ ._ . _ _ - . _ --
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Q22. What do you conclude from the Staff's evaluations of CDAs for CRBR?

A22.(Allen,Long) The Staff's evaluation of the potential consequences

of CDAs in the CRBR has been adequate in scope and depth, as is

demonstrated in the remainder of the testimony on this subject. The

Staff's testimony will show that sufficient attention has been given

to core disruptive accidents. Further, the Staff's testimony

supports the judgement that the risk from such events in the CRBR is

acceptably low.

II. EVALUATION OF THE ENERGETICS ASSOCIATED WITH A CDA

A. Introduction

Q23. What subject matter does Part II of the Staff's testimony address?

A23. (Allen) Part II of this testimony addresses the subject of the

Staff's review and independent assessment of the potential for

energetic behavior and the consequences of such behavior during CDAs

in the CRBR.

Q24. Please summarize the conclusions reached in Part II of this

testimony?

A24. (Allen) In Part II of this testimony, we demonstrate that the Staff

has given considerable attention to the " energetics" aspect of

postulated core disruptive accidents (CDAs) in the CRBR. Further,

we show from the results of the Staff's independent assessment that

energetic behavior during CDAs is not a significant factor affecting

the safety of the CRBR.

OG

''
__.
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025. What has been the objective of the Staff's independent assessment of

the energetic behavior associated with CDAs in the CRBR? ;

A25.(Allen) The objective of the assessment is to define the ragnitude

of the energy releases against which the capability for maintaining

the integrity of the primrv system, and of the reactor vessel head

in particular, should be assessed.

Q26. What are the concerns associated with the magnitude of energetics

associated with CDAs?

A26. (Allen) As explained in Part I of this testimony, the level of

energetics associated with CDAs is important because, if large

enough, it might lead to failure of the reactor vessel closure head.

This " head" provides the barrier between the reactor core and the

V containment building. Failure of this barrier would allow

relatively direct comunication between the disrupted core and the

containment building environment. Sodium fires or missiles

associated with head failure might also challenge the integrity of

the containment building.

Q27. How will Part II of this testimony be presented?

A27. (Allen, Theofanous, C. Bell) Part II of this testimony will be

presented in nine additional subsections, as follows:

B. Evaluation of Potential CDA Initiating Mechanisms

In this subsection we describe the general approach used

in selecting the potential CDA initiating mechanisms to be

evaluated in detail,

Of

. -
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C. Approach Used in the Evaluation
s

In this subsection we describe the overall approach used

in our review and independent analysis.

D. Evaluation of the Relationship Between Ramp Rate
,

and System Loads

Here we describe the relationship between the severity of

neutronic events (ramp rates) during CDAs and the

resulting loads nn the primary system. Based on this

relationship and the capability of the system to withstand

these loads, we estimate the most severe neutronic events

that can be accommodated.

E. Evaluation of the Capability of the Reactor

Vessel Head to Accommodate a 75 MJ Impact

() In this subsection we describe the Staff's evaluation of

the capability of the CRBR to accommodate the head design

requi rements.

F. Evaluation of Ramp Rates Associated with the

LOFA

Having established the range of ramp rates required to

reach energy release levels that might challenge the

integrity of the primary system, we describe here the

analysis of the ramp rates developed during a LOFA.

G. Evaluation of TOP CDAs

We describe.here the analysis of the energetic potential

developed during TOP CDAs.

|
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H. Evaluation of Protected LOHS CDAs

We describe here the characteristics and energetics

potential of the protected LOHS.

I. Conclusions '

Here we sumarize the conclusions we have drawn from our

studies on the energetics associated with CDAs in the

CRBR.

J. Answers to Board Questions 11 and 17

B. Evaluation Of Potential CDA Initiating Mechanisms

Q28. How might CDAs occur in the CRBR?

A28. (Allen, Theofanous, C. Bell) In general, a CDA can be initiated

g only by failure to shutdown the reactor when required or by failure

to remove heat when required.

029. Could CDAs occur under a variety of conditions?

A29. (Allen, Theofanous, C. Bell) Yes. However, our experience with CDA

evaluations has shown that these conditions can be represented by a

few generic cases.

Q30. Please explain how these conditions can be represented by a few

generic cases?

A30. (Allen, Theofanous, C. Bell) Depending upon whether reactor

shutdown has been achieved, core disruption may be initiated at

powers ranging from near nonnal to decay levels. The corresponding

heating rates vary by two orders of magnitude and define the first

- - - - _ - - _ - _ --_
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I

major classification of CDAs into " unprotected" and " protected"

respectively. The unprotected CDA assumes the reactor to be at full

power (the reactor scram function is assumed to fail) and initial I

core disruption may occur due to either an unterminated undercooling. ~

or an unterminated overpower condition. Mechanistically, the

undercooling event is assumed to be the result of loss-of-coolant

flow or the loss-of-heat sink, known as the Loss of Flow Accident

(LOFA) and LOHS respectively. The unprotected overpower event is

assumed to be due to an uncontrolled reactivity insertion. This is

commonly referred to as the Transient Overpower Accident (TOP). In

this study a protected CDA is studied by assuming there is a

sustained failure to remove decay heat. In general terms, these

three accidents exemplifv the generic behavior over the whole CDA,

spectra. Hence, they can be used to adequately characterize the

potential for energetics during CDAs.
4

Q31. Have other potential CDA intiating events and conditions been

considered?

A31. (Allen, Theofanous, C. Bell, Rumble) Yes, several potential

initiating events and conditions have been considered aside from the

ones just mentioned. For example, another class of CDA initiators,

that of Fuel Failure Propagation (FFP), has also been identified and

extensively studied in the past. All evidence to date indicates

that the attainment of whole core disruption through such a

mechanism does not occur. This subject is discussed at some length

p in the Staff's testimony concerning the design basis accident
G

1

l

- _ - _ _ _ _ - _ _ - _ _ _ _ . _ . - - - _ _ . _ _ -
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spectrum. Other failures or combinations of failure events can be

postulated such as an unorotected TOP in conjunction with an

unprotected loss-of-flow (T0P/LOF), core support failures due to

earthquakes beyond the SSE, or loss of piping integrity. Detailed

analyses of these events have not been carried out. It is the

Staff's judgment that detailed analyses of these events are not

warranted since their likelihoods are small compared to those

associated with LOFA, LOHS, and TOP events and are diminishing 1y

small in an absolute sense.

C. Approach Used In The Evaluation

Q32. Please describe the approach utilized in your review and independent

assessment of CDA energetics?

A32. (Allen) The effort began with a detailed review and evaluation of

the Applicants' positions and their technical bases. Following

completion of the initial review, a management group (Drs. T.G.

Theofanous and C.R. Bell) was fomed to direct the efforts of a team

(selected from several national laboratories, universities, and

consulting fims) to develop an independent assessment of the ener-

getics associated with CDAs in the CRBR. The independent assessment

effort (documented in NUREG/CR-3224) was completed in a period of

about seven months and contained original elements on one or more of

the following aspects: (a) accidents, phenomena, or effects taken

into account, (b) analysis methods utilized, and (c)1 experimental

evidence brought to bear.

O
'

.



8295.

- 24 -

As a result of its initial review, the Staff and its consultants

identified the "eight areas of concern" listed in Section I, Table 2
1

of NUREG/CR-3224. These concerns were officially transmitted to the i

Applicants as questions in June 1982. The Applicants' responses

were received in August 1982 and were reviewed by the CDA energetics

review team which was already working on the comprehensive indepen-

dent assessment reported in NUREG/CR-3224. The evaluation of these

responses by the team is documented in Section 7 of the Compendium

to NUREG/CR-3224. Resolution of these eight areas was a part of the

team's independent assessment effort. Each has been resolved to the

Staff's satisfaction, and the technical bases for resolution are

found in various sections of NUREG/CR-3224,

O
V Q33. Is the status of the "eight areas of concern" described in this

testimony?

A33. (Allen) Yes. A discussion of this subject is provided in Subsec-

tion J of Part II of this testimony.

034. Aside from considering the Applicants' evaluations, what methods

have you used in your own independent analyses?

A34. (Allen, Theofanous, C. Bell) Our approach consists of realistically

following each one of the three generic CDA initiators (identified

in subsection B above) through the core disruption phases until
'

termination of neutronic activity which, for purposes of energetics

analysis, is taken as the point at which sufficient fuel is removed

to assure pemanent subcriticality (see Answer 56 below). These CDA
J*

--
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analyses provide an overall framework against which the potential

for energetic phenomena is assessed with due regard for the

controlling physical processes.

Q35. Did you calculate a specific unique value that defines the magnitude

of the energetics generated by a given initiating event?

A35. (Allen, Theofanous, C. Belli It would be in error to expect that

such mechanistic analyses can, at this time, predict uniquely the

complete evolution of a postulated CDA from initiation to

termination. There is considerable complexity in the underlying

physical processes that has not yet been appropriately modeled. We

believe that such limitations may alter the overall timing of some

events, and may even affect the actual character and sequence of the
'

intermediate states. However, we also believe that these

uncertainties can be adequately handled within a properly oriented

overall effort. With this in mind we did not attempt to associate a

single outcome to a given initiator. Rather, we attempted to

establish a " range of phenomenology" consistent with experience and

known physical principles. Within this range we searched for

energetically-prone circumstances, identified the important

mechanisms, and quantified the energy release in a reasonably

conservative manner (i.e., avoiding excessive and clearly

non-physical conservatisms). Similarly, we identified the

tennination-favoring phenomena, the important mechanisms involved

and the various paths to termination. Based on these results we

g completed the assessment by considering various combinations of.

U
i

i

_ , .-. _ _ _ _ _ . -. __.
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sequences and their associated likelihoods. For example the various

paths that a CDA can take are illustrated for a LOFA in Figure 3.

The terms used in this figure to describe the various paths are

described later (see the response to Question 56-below). Our '

assessment calls for judgements in assigning likelihoods to these

paths. These judgements are based on our experience and on the

insights and knowledge developed in the process of carrying out the

evaluations.

Q36. Did you perform a quantitative analysis of CDA phenomena?

A36. (C. Bell) Yes. These analyses were carried out by means of the

system codes SAS3D (and to a limited extent the most recent version

g SAS4A) and SIMMER-II.

V
Q37. What do the SAS3D and SAS4A computer codes calculate?

A37. (C. Bell) These codes calculate the coupled neutronic, thermal and

hydraulic behavior of the reactor during the initial stages of a CDA

while the core geometry remains largely intact. Limited fuel and

clad relocation models are included in these codes.

Q38. What does the SIMMER-II computer code calculate?

A38.(C. Bell) This code calculates the coupled neutronic and fluid

1 dynamic behavior of the core as it loses its original geometry and
isubstantial material relocation is taking place. :

.

|
1
|

_ ,_ . _ _ _ _ , . . -. - _ . -
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j Q39. Are the codes used in the Staff's evaluation sufficient by
,

themselves to provide the answers required?

A39. (Allen, Theofanous, C. Bell) No. The codes are not used as " black

boxes" that require only geometry and initial condition data, -

punching.a " button" and taking the resulting output as the unique

verbatim answer. These codes are used as "integrators" of the

technical base and their results are interpreted, guided, scruti-

nized and/or augmented by employing special purpose analytical

techniques, in-pile experimental data and out-of-pile simulant

experiments as appropriate. As in all safety studies, the synthesis

of experimental data and analysis techniques to produce a quantified

basis for the conclusions requires approximations, involves uncer-

tainties and must be appropriately focused. Engineering ,iudgement

is utilized to provide overall guidance in this regard. Further

details regarding the use of these codes are provided in

NUREG/CR-3224 (for example, see p. I-6 of NUREG/CR-3224).

Q40. Were all potential CDA sequences studied in the same detail?

A40.(Allen,Theofanous,C. Bell) As an initial step in our independent

assessment effort we made the judgement that among all core disrup-

tive accidents the LOFA should be chosen as the subject of our most

detailed considerations. This was based on the following: (a)the
LOFA phenomenology spans the range of energetically significant CDA

i
behavior; (b) within the LOFA sequences our specific and significant

areas of concern were identified early in our review; and,

l
(c) exploratory examination of all other_ CDAs indicated anO,

s

%+--.- ,- -, ,. - - - , . . . , . -.. , , - - , , - . , - +..._-..y,,.- . , . - - . , ~ ---m ,e--,
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energetically benign behavior as compared to that projected for the

LOFA. Furthennore, this emphasis was to reflect the relative

complexity of the LOFA sequence as compared to that of the TOP and

LOHS accidents rather than any disregard of the unique aspects of -

these other (TOP and LOHS) CDA initiators. Indeed, these unique

aspects were also studied in detail and, with all assessments

complete, the choice of this distribution of effort was found

appropriate.

D. Evaluation Of The Relationship Between Ramp Rate And System Loads -

Q41. How can the significance of resulting levels of energetics

appropriately be evaluated?

A41. (Allen, Theofanous, C. Bell) The structural capability of the

primary system provides an appropriate perspective against which the

damage potential of a given energetic event must be viewed. In

particular, the capability of the reactor vessel (RV) closure head

to accomodate the energetics associated with CDAs provides a basis

yardstick against which these energetics can be measured. As noted

earlier (see Answer 13 of this testimony), if the integrity of this

head is maintained there will be no significant direct release of

radioactive materials and sodium to the containment or missiles

directed at the containment early in the CDA. Thus, containment

integrity would not be challenged early in the accident and control

would be maintained over potential releases from containment.
I

v

f

_ _ _ _ _ _
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O
V Although in-vessel cooling of the debris is then possible as we

shall see later (see the answer to Question 83) credit is not

currently given for this possibility and the CDA is conservatively

assumed to lead to failure of the reactor vessel and guard vessel by

thermal attack. The significant point is that failure of the

reactor vessel due to energetic behavior at locations other than the

closure head would also result in discharging the primary coolant

and debris to the reactor cavity just as in the case of failure by

thermal attack. The subsequent events in this case (that of failure

by thermal attack) have been analyzed and the Staff's review is

presented in Part III of this testimony.

Thus, the capability of the RV closure head to accommodate loads

from energetic behavior is the appropriate measure of the

significance of such phenomena.

Q42. What are the energetic loads of interest in this aspect of the

analysis?

A42.(Allen,Theofanous,C. Bell) In terms of evaluating the capability

of the head to accommodate such events, the item of major interest

| is the magnitude of kinetic energy imparted to the sodium above the
|

core by fuel vapor expansion that is developed during an energetic

; CDA progression. This expansion process accelerates the sodium pool

through the cover gas space that exists above the sodium surface

within the reactor vessel. The expansion thus imparts a certain

kinetic energy to the sodium pool. The kinetic energy of the sodium

|

|
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slug is specified at the time of the sodium slug impact with the

underside of the vessel closure head.

.

Q43. Is the CRBR head to be designed to accommodate such an impact?

A43. (Allen, Theofanous, C. Bell) Yes. The Applicants have stated that

the head shall accommodate such an event without failing. The

kinetic energy of the sodium slug, for which the CRBR primary system

is designed, is generated nonmechanistically by the Applicants. It

is detennined by the pressure-volume (P-V) curve representing a

hypothesized isentropic fuel vapor expansion starting from an

initial, highly disrupted core state, and proceeds to an end state

defined by a final pressure of one atmosphere. Based on their own

estimate of the distribution of the energy associated with such an

expansion process (661 MJ) the Applicants have comitted to a head

design that must accomodate an associated slug impact kinetic

energy of 75 megajoules (75 MJ). These tenns are discussed below.

Q44. Did the Staff independently estimate the loads on the head?

A44. (Allen, Theofanous, C. Ball) Yes. The Staff independently

calculated the fuel vapor expansion process in a conservative but

physically realistic manner.

Q45. Please describe the basic concepts involved in the Staff's

evaluation of the expansion process.

A45. (Allen, Theofanous, C. Bell) The term "isentropic expansion yield

to one atmosphere" is utilized to " characterize" the work potential

|

i -
_ _

.
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from a given high pressure, high temperature fluid. It is used

because it is unambiguous in that it represents the maximum possible

mechanical energy release in an unconstrained expansion to a final

pressure of one atmosphere. In practice this yield, which we have

tenned Ultimate Work Potential (UWP) to emphasize the idealized

conditions under which it is obtained, can be estimated by straight-
1

forward thermodynamic (isentropic) expansion and an integration of
:

the resulting P-V curve. The UWP is comonly cited in analyses

because it conveys the severity of a calculated energetic event

irrespective of the volume actually available for expansion (i.e.,

irrespective of reactor design).

A closely related concept is that of Impact Work Potential (IWP).
! This is used to define an ideal (lossless) expansion similar to the

expansion above, carried out, however, only to the volume available

| insile the reactor vessel (i.e., the cover gas volume). This is a

| more meaningful number than the UWP since it represents an upper

bound on the mechanical energy released to the vessel (primarily to

the head area).

However, in any real expansion, losses will be present such that the

theoretical IWP is never achieved. The actual reductions will

depend on the particular geometry and strength of any constraints

interfering with the expansion as well as mixing and heat transfer

phenomena occurring during the process (see Section II.2 of

NUREG/CR-3224).
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|

Q46. What are the major features of the reactor system that are involved

in the Staff's evaluation of energy levels required to fail the

head?

A46. (Allen, Theofanous, C. Bell) The levels of energetics required to

produce significant structural damage in the CRBR were evaluated

taking into account an " inner containment" fonned by the Core Barrel

(CB)/ Upper Internal Structure (UIS)/ Core Support Structure (CSS)

envelope. This configuration is illustrated schematically in

Figure 4. In addition, the pressure transmission characteristics of

the two phase expanding core medium and other materials found within

were also taken into account. These characteristics have important

implications on the resulting short tenn loading of the local struc-

tures (Core Barrel and Core Support Structure). This mitigating

behavior is the result of a compliant core state (distributed voids)

and it must be taken into account particularly since such compliance

is one of the crucial prerequisites for highly energetic behavior to

start with.

Q47. How was the Staff's evaluation of the energy levels required to fail

the head conducted?

A47. (Allen, Theofanous, C. Bell) The analysis of the energy level

required to fail the head was conducted in two steps. The first

step involved evaluation of the response of the " inner containment"

(i.e., the " cage" fonned by the CB-UIS-CSS envelope) to the fuel

vapor expansion process. If the " cage" boundary fails, the fuel

vapor can then expand against the sodium pool above the upper cage

!
!
1

-_ _ _
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boundary (i.e., the UIS). The second step in the evaluation

involves the analysis of the expansion into the sodium pool. To

assure conservatism in our analysis, all losses expected in a real

! expansion were not included. The analyses of both steps are

described in detail in Section II.2 of NUREG/CR-3224.

Q48. What are the results of your analyses?

A48. (Allen, Theofanous, C. Bell) Our structural analyses indicate a

level of energetics on the order of 1130 MJ (isentropic expansion

yield to one atmosphere) would be required to breach the inner

containment. That is, minimal energetic release against the

boundary of the primary system can be expected for any energetics

below this level. At still higher levels an upward displacement of

the UIS and a longer-term expansion against the sodium pool would

take place. Evaluations of the long-term expansion phenomena

indicate that an energetic event of nearly twice the above

magnitude, approximately 2550 MJ, would be required to produce a

slug impact kinetic energy close to the vessel head design

capability of 75 MJ conunitted to by the Applicants.

Q49. How can the energetics levels nf 1130 MJ and 2550 MJ, referred to

above, be related to reactivity insertion rates generated during a
i

CDA?

A49. (Allen, Theofanous, C. Bell) The 1130 and 2550 MJ energetic levels

referred to above correspond to 100 and 200 $/s ramp rate

O disassemblies respective 1v occurring in the two-phase regime. The

_.
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significance of these ramp rates is discussed below in Part F. As

demonstrated there, the expected values for ramp rates during CDAs

are significantly lower than these values.

E. Evaluation Of The Capability Of The Reactor Vessel Head To Accomodate
A 75 MJ Impact

Q50. Has the Staff evaluated the capacity of the reactor vessel head to

withstand a sodium slug impact of 75 MJ?

A50. ( Allen, Holz) Yes. The Staff has reviewed the Applicants' analysis

and has carried out its own independent assessment of the energy

accommodation capability of the present head design.

'

051. What is the result of the Staff's review and independent assessment?

A51. (Allen, Holz, Butler) Our evaluation of the energy partitioning

during sodium slug impact and the energy absorption capability of

the head indicates that the present head design may not be able to

accommodate a 75 MJ sodium slug impact.

QS2. Please describe the mechanism by which the present head design may

fail?

A52. (Allen, Holz, Butler) Evidence from the hydrostatic test of the

scale model of the vessel head indicates that failure occurs when

the intermediate rotating plug disengages from the large rotating

plug. The rotating plugs are the primary load carrying components

of the vessel head (see Figure 2 in this testimony). The

disengagement has been determined to occur principally because of a

,

.,. - . _
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kinematic condition that exists at the interface of the rotating

plugs. As the head deflects upward, gaps between the plugs at the

base of the head close. This forms a hinge at the base of the plugs

that forces the margin shear ring and plug lip to separate as the -

head continues to deflect upward.

Q53. Can the head be modified to provide an acceptable design?

A53. (Allen, Holz, Butler) Analysis of the failure mode suggests that an

acceptable design modification to increase head capacity may be to

machine away non-load bearing portions of the head at the hinge

point. This modification would increase the amount of deflection

required before failure would occur and would, therefore, increase

the energy absorption capability.

O
Q54. How has the Staff evaluated whether such a modification would be

effective?

AS4. (Allen, Holz, Butler) The Applicants have analyzed the effect of

this modification by using layout drawings of the head along with

deflection infonnation taken during the scale model hydrostatic

test. We have reviewed this analysis and concur with their conclu-

sion that appropriate machining of the existing head is likely to

give the head an energy absorbing capability beyond that needed to

resist a sodium slug with 75 MJ of kinetic energy.

O.
.)

_ . . . .
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Q55. Please sumarize the Staff's position with regard to the capability

of the head to withstand a sodium slug impact kinetic energy of 75

MJ.

A55. (Allen, Holz, Butler) Appropriate criteria have been established .

with respect to the capability of the reactor vessel head to accom-

modate a sodium slug impact. While the present head may not meet

these criteria, the Applicants have committed to develop a modified

head design to correct this deficiency, as set forth in a letter

from John R. Longenecker (DOE) to Dr. J. Nelson Grace (NRC) dated

February 14, 1983. The Applicants have also proposed an additional

testing program to verify the capability of the final head design.

The Staff and its consultants have reviewed the proposed design

modifications and test program and believe that modification of the

C/ head as required is feasible.

F. Evaluation Of Ramp Rates Associated With The LOFA

Q56. Describe the phenomena involved in a CDA initiated by a LOFA?

A56. (Allen, Theofanous, C. Bell) Fron the initiation of core disruption

(initial clad melting) the LOFA w,11 evolve through a continuum of

gradually escalating core disruption states until complete

disruption (melting of all fuel and inner blanket materials found

within the original core confines, also known as a whole-core pool)

occurs.

A cross section of the core is shown in Figure 5. This illustrates

the arrangement of the various hexagonal subassembly unitss,

|

-
__ _ _ _ . __ _ ,.



_ _ _ _ _ _ _ _ _ _ _ _ _ ________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

8310

- 37 -

(described in the legend below Figure 5). The open hexagons

represent fuel subassemblies. The geometric arrangement of the fuel

in three concentric rings is obvious from the figure (the outer ring

has several rows of subassemblies whereas the inner rings consist of

single rows of subassemblies). This configuration is the basis for

the terms used in Figure 3, i.e., " subassembly scale pools",

" annular pool" and "whole core pool".

Energetically, the prograssion through the various stages of

disruption is important while a sufficient fraction (approximately

60% for the CRBR) of the initially present fuel remains within the

active core region. Neutronically active states are then possible

through a variety of rearrangements of driver, blanket, structural,O
b control, and coolant materials. Permanent subcriticality, or

" termination" (i.e., tennination of energetic concerns) may occur

from any point along the continuum of core disruption states. When

the relocation of the appropriate quantity of driver fuel occurs in

a forceful manner, we speak of " energetic tennination" or hydro-

dynamic " disassembly." When this relocation is benign, we speak of

" mild termination" or simple " dispersal."

057. What was the objective of your LOFA evaluation?

A57. (Allen, Theofanous, C. Bell) Our overall objective was to determine

the relative likelihood of the two tennination paths (dispersal

versus disassembly) as a function of the degree of core disruption

and to quantify the damage potential of the energetic ones.
o
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Figure 5 Schematic View of Reactor Core Cross Section.
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Q58. How was the evaluation carried out?

A58. (Allen, Theofanous, C. Bell) The evaluation was perfomed in two

major stages. The first involved the CDA progression up to signi-

ficant clad and fuel melting. This is called the " initiation -

4

phase". The second involves the CDA progression from that point on.

It is called the " disruption phase". Energetic recriticalities are

possible only during the disruption phase, since significant amounts

of fuel and clad will then have melted and are available for

relocation. The relocation can result in either dispersal or

compaction of the fuel.

059. Are ramp rate values of 200 $/s (which was shown in section D above

to be needed to challenge the head) typical of the results to be

expected during a LOFA?

A59. (Allen, Theofanous, C. Bell) Not at all. During the initiation

phase of the LOFA we found much lower ramp rates with essentially no

energetics. During the disruption phase the ramp rates may be

larger (conservatively bounded by 100 $/s) than in the initiating '

phase but still result in a minimal energetics release against the

primary system boundary because of the mitigating effect of the cage

(see the answer to Question 46 above).

Q60. How did you reach these conclusions with regard to initiating phase

energetics?

A60. (Allen, Theofanous, C. Bell) A number of SAS3D analyses covering a
' broad range of the important parameters were carried out to charac-

!

. . _ _

. _ .-- - -



... .

h

8313
1

- 39 -

.

terize the range of initiating phase LOFA behavior. With one

exception, we found no significant energetics during this phase of

the CDA (see the answer to Question 61 below). Details of these

analyses can be found in Section 11.3 of NUREG/CR-3224.

061. Please describe the exception referred to in Question 60?

A61. (Allen, Theofanous, C. Bell) We have identified plenum fission gas

induced fuel compaction as a mechanism for initiating-phase ener-

getics. In the presence of plenum pressure, accompanied by fuel

column disruption, the fuel pin is subjected to unbalanced forces

resulting in rapid downward motion of the blanket and undisrupted

driver fuel pellets. We have been able to bound the reactivity

insertion rates from the fuel compaction process per se at approxi-

mately 50 $/s. This ramp rate would, by itself, result in a minimal

level of energetics on the primary boundary. However, at the time

of this energetic event, only one-half of the core has been voided

and the resulting high overpower could induce a LOF-d-TOP event in

the unvoided half. Because of the potential augmentation of the

reactivity from fuel motion within the pins of the unvoided regions,

such a combination of events is highly undesirable. We have

recomended, therefore, that steps be taken to limit the action of

the plenum fission gas pressures during the initiating phase of the

LOFA.

Q62. Does the Staff anticipate that its concerns with respect to plenum .

O fission gas compactions will be resolved atisfactorily?

_ _ _ _ _ _ _ _ . _ _ _ _
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O) A62.(Allen,Theofanous,C, Bell) Yes. The Applicants have agreed toy

review this matter further. If further analysis confims this

concern, they have comitted to make a design change to prevent the

plenum fission gas from rspidly acting on the fuel in a compacting

manner.

Q63. Is such a design modification feasible?

A63. (Allen, Theofanous, C. Bell) Yes. The Staff has considered a

proposed design inodification involving a flow restriction in the

fission gas plenum region. The Staff has made a preliminary

determination that.such a device could be made effective. The

Staff's review of this matter will be continued early in the OL
I stage.

U
064. How did you reach your conclusions with regard to the potential for

energetics during the post-initiation (disruption) phase of a CDA?

A64. (Allen, Theofanous C. Bell) The general behavior of the

post-initiation period was examined both in terms of a SIMMER-II

integral calculation as well as in terms of separate effects

evaluations of fuel dispersal and recriticality phenomena.

065. Please describe your general findings from the disruption phase

analyses. 1

A65. (Allen, Theofanous C' Bell) Based upon the disruption phase.

analyses, we have concluded that the most likely path for a CDA to

Q follow during the post-initiation phase is one in which mild
V

i
,
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low-energetic bursts occur while the core is being simultaneously

homogenized and dispersed, with dispersal being adequate to assure
.

permanent neutronic temination prior to fomation of an homogeneous
~

whole-core pool. '

Q66. How does the core become dispersed?

A66. (Allen, Theofanous. S. Bell) After fuel becomes molten and vapor

pressures develop, the molten fuel is forced axially upward and
'

downward through coolant channels and gaps between internal blanket

subassemblies, and radially outward through the gaps between radial

; blanket and shielding subassemblies. The pressures required to do

this are small and can easily be generated by mild bursts associated

with gravity slumping during disruption.
O:

i

Q67. Have you considered the extreme case in which a homogeneous

whole-core pool is fonned before sufficient fuel is dispersed to

assure permanent subcriticality?

A67. (Allen, Theofanous, C. Bell) Yes. For the whole-core, homogeneous

pool under perfectly symmatric conditions (geometry and power

distribution), a sloshing action is observed which, under certain
,

conditions of material configuration, may produce high reactivity

insertion rates. In those cases, single phase expansions dominate

neutronic shutdown and negligible energetics result.

068. Please explain what is meant by your conclusion that single-phase
'

expansions dominate.

'D - i- m 4e-- w- = --- -+-=ge--v-++e--=w m * y we ---7 -e et' ==wM -=
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A68. (Allen, Theofanous, C. Bell) High pressures which will disperse the

fuel and tenninate the excursion are generated promptly with little

addition of energy when there are few voids in the material under-

going the excursion. In that case the material is said to be in a .

single-phase (liquid) state, whereas when gas or vapor is present it
|

I is said to be in the two-phase state. In our studies we found
i generally that to attain high ramp rate recriticalities, the

recriticalities must invn1ve recompactions to the single-phase

state. Because of the dominance of the high single-phase pressures

; produced in this case, the process tends to be self limiting with

regard to the production of energy.

Q69. How effective is the single phase dispersal in limiting the

energetics?

A69. (Allen, Theofanous, C. Bell) As an example of the effectiveness of

this factor, in one whole-core pool case we considered an in-slosh

with 300 $/s ramp at prompt critical. This yielded quick, single-

phase thennal expansion shutdown and produced negligible energy l

release. This analysis demonstrated'the effectiveness of single-

phase dispersal in limiting the energetics.

Q70. Please quantify your conclusions concerning the energetics during
I

the post-initiation phase of a CDA?

A70. (Allen, Theofanous, Cs Bell) For the subassembly pool and annular

pool phases, we estimate ramp rates of approximately 40 $/s and an

upper bound limit of 80 to 100 $/s. These ramp rates (including thes

b

.
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upper bound limit) result in minimal loads on the primary system

: boundary.
,

|

G. Evaluation Of TOP CDAs -

Q71. What are the differences between a CDA resulting from a LOFA and one

initiated by a TOP?

A71. (Allen, Theofanous, C. Bell) The TOP-unique behavior develops

during the very early stages of the initiating phase. As a result
,

of the reactivity insertion the power rises quickly and produces

fuel melting and pin failure well before coolant and cladding

overheating. For a postulated r* ' 91ane failure location, fuel

motion within the fuel pin can have a significant reactivity

) augmentation effect and, unless it is moderated by an equally rapid
'

dispersal of the fuel escaping into the coolant channels, an

autocatalytic behavior could potentially develop.

Q72. How was the effect of potential cid-plane failures evaluated?

A72. ( Allen, Theofanous, C. eell, Rumble) Our assessment focused on

defining the margins for autocatalytic behavior for assumed

mid-plane failures. This behavior is controlled by the competition

between pin-internal fuel motion and pin-external dispersal, usually

referred to as sweepout. The relevant time scale is detennined by

the core-wide coherence of such pin failures which, in turn, is

affected by the core configuration and the imposed reactivity ramp

rate (coherence increases with ramp rate). For the CRBR the end-

O, of-cycle-three (E0C-3) core with the replacement of the six high
'

i
. _ _ _ - - _-.
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power driver fuel assemblies with blanket assemblies has the highest

potential for coherent (concurrent) pin failures when compared to

other core states. The reactivity ramp rate used was selected on

the basis of failure modes and effects analyses of the reactor

control system (see NUREG/CR-3224, pgs. III-3 and III-4). We

selected the 10-12 t/s TOP as a conservative upper limit for this
- - .-

investigation. Higher reactivity insertion rates are at least three

orders of magnitude less likely.

Q73. How was your analysis for these conditions perfonned?

A73. (Allen, Theofanous, C. Bell) The EOC-3 core CRBR TOP accident was

simulated with the PLUT02/SAS4A computer code. A failure

incoherence (time between failures) of more than 300 milliseconds

(/ (ms) for the first six groups of subassemblies was deduced. The

PLUT02 sweepout calculation was adjusted to reflect available

experinental data from the L8 TREAT test. (The L8 test involved

three full length irradiated pins in a flowing sodium loop which was

subjected to a power transient). The results indicate that the

PLUT02 calculations are sufficiently accurate for use in

conservative modelling of fuel motion reactivity effects in TOP

accidents.

Q74. What are the results obtained from this analysis?

A74.(Allen,Theofanous,C. Bell) The calculated sweepout was seen to

successfully cancel pin internal fuel motion reactivity (and a small

n amount of sodium voidino reactivity) and to produce shutdown with
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the first 100 ms. Thus, even under the most coherent core

conditions ( i.e., flattest power distribution) and the most conser-

vative pin failure Ircation (midplane), no energetic behavior could

be found for TOP events of up to 10-12 t/s.
.

H. Evaluation Of Protected LOHS CDAs

Q75. What are the differences between a CDA initiated by a LOFA and one

initiated by a protected LOHS?

A75. (Allen, Theofanous, C. Bell) The protected LOHS-unique

circumstances originate from the fact that, in this case, core

disruption occurs at very low power and in the absence of sodium

coolant. Under low power conditions the absence of coolant is

required to initiate the CDA since boiling can remove heat at decay

power levels. The core may become uncovered because of coolant

boiloff or failure of tha nrimary coolant system boundary at the

high temperature LOHS environment. The actual mechanism is not

important because it will affect only the disruption stage power

level which, in any case, is very small. Characteristically,

however, disruption would not occur until many hours into the

accident, indicating significant margins for recovery.

Q76. Describe the phenomena involved in a CDA initiated by a protected

LOHS.

A76. (Allen, Theofanous, C. Bell) At the characteristically low heating !

conditions all steel within the core will melt, relocate downward
,

and form a plug at the lower axial blanket region. The system will !

J ,.

|

.
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remain subcritical, and hence will continue to heat slowly, until

fuel settling occurs either due to softening of the pellets (as the

melting point is approached) or simply due to toppling and

compaction to a lower pornsity. The initial porosity is .

approximately 65%, while a porosity of approximately 50% would be

required to approach criticality. This eventual approach to

criticality would accelerate the melting rate thus producing, at

most, a moderate scale recriticality estimated at approximately 60

$/s. Such an event would be sufficient to disperse the core into

the vessel and provide permanent neutronic tennination. A smaller

recriticality, however, i.e., approximately 10-20 $/s, would be

considered more likely under these circumstances and it would be

insufficient to provide termination by fuel removal. A whole core

pool, with homogenization of all internal, axial and radial blankets

would result in this case. The resulting dilution would then be

adeouate to render the system permanently subcritical even in the

absence of the steel and control rod materials which will eventually

separate out.

Q77. Would energetic events duHng a LOHS accident produce the same

consequences as in a LOFA?

A77. (Allen, Theofanous, C. Bell) In the absence of the sodium pool

typical of the protected LOHS, even the most severe recriticalities
1

could provide no slug impact challenge to the reactor vessel head.

The only potential challenge could occur from impact of the UIS on

the head. To explore this potential, we considered the consequences

!
l
4

O
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of a postulated LOHS with a 200 $/s ramp rate. The expansion forces

on the UIS, conservatively assuming absence of significant

resistance by the UIS support columns, were evaluated using the

SIMMER-II code. An upper bound UIS kinetic energy (in the upward -

direction) of approximately 5 MJ was thus estimated. Such a missile

is of little mechanical consequence to the reactor vessel head.

I. Conclusions

()78. Please sunnarize the conclusions you have reached as a result of

your independent assessment of CDA energetics.

A78. (Allen, Theofanous, C. Bell, Butler, Rumble) We have systematically

evaluated the possible progression of all three classes of CDAs as

exemplified by the LOF, TOP, and protected LOHS accidents. Non-

negligible energetic circumstances were identified only as a con-

sequence of recriticalities within the LOFA sequences (assuming that

the plenum fission gas fuel compaction mechanism is eliminated).

The magnitude of recriticality events in the S/A-scale (i.e., prior

to S/A wall failure) and annular pool (i.e., prior to melting of the

inner blankets, which leads to the whole-core pool) phases are

limited to the order of 50 $/s or less, because of incoherence.

Neutronic activity, throughout both of these stages of core

disruption is substantial and contributes to pressurization and fuel

dispersal away from the core region. Thus, benign tennination prior

to entering the whole-core, homogeneous pool phase, is projected

O
b -

.
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even under restrictive assumptions for fuel removal path availablity

and fuel removal mechanics.

Whole core pool recriticalities exhibit a narrow range of signifi-

cant energetic behavior. This energetic regime is associated with

idealized perfectly symmetric geometry and completely homogeneous

pool s. Even so, the resulting level of energetics does not exceed

the structural capability of the primary system boundary.

The levels of energetics required to produce significant structural

damage in the CRBR were evaluated, taking into account, for the

first time, the structural enclosure fonned by the Core Barrel / Core

Support Structure / Upper Internal Structure, and the pressure
V transmission characteristic of the expanding core medium and other

materials within that enclosure. We conclude that an accident with

an energetic yield of about 1130 MJ (expressed as ultimate work

potential for expansion to one atmosphere) would be required to fail

this inner containing structure, and about 2550 MJ would be required

to challenge the reautor vessel head structure, i.e., to produce a

slug impact kinetic energy close to the CRBR vessel head design

value of 75 HJ. These levels of energetics roughly correspond to

two-phase whole-core disassemblies with 100 $/s and 200 $/s driving

reactivity ramp rates.

The capability of the CRBR vessel head to absorb the kinetic energy

p transferred to it from impact by a sodium slug (with kinetic energyb

.
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of 75 MJ at time of impact) has been evaluated. The Staff has

determined that the Applicants' comitment to a head design with

this capability can and will be met.

Based on these results we conclude that a CDA-induced energetic

vessel head failure is physically unreasonable.

Q79. Has the Staff's assessment been reviewed by other knowledgeable

bodies?

A79. (Allen, Theofanous, C. Bell) A review of the independent assessment

reported in NUREG/CR-3224 was made by a number of individuals and

institutions. The review process is described in NUREG/CR-3224

(pagesI-4,5). The results are given in the compendium to
Od NUREG/CR-3224. The results of those reviews support the approach

used and the general conclusions expressed above. The results of

the independent assessment and its review were also presented to the

ACRS at its meeting of April 14, 1983. The ACRS has concurred in

the Staff's position with regard to energetics and provided the

following comments:

An historical liquid-metal fast-breeder-reactor safety
concern has been the potential for large reactivity
excursions caused by, for example, a combination of
failure to scram and either a loss of coolant flow or an
insertion of reactivity. It is sometimes postulated
that such an excursion could lead to vaporization of
coolant and fuel and to rupture of the primary contain-
ment (i.e. reactor vessel, etc.) and possibly secondary
containment (i.e., the steel containment shell) due to
the pressures resulting from the vaporization. This
event is tenr.ed an energetic core disruptive accident
(CDA). Both the Applicants and the NRC Saff have inde-
pendently reviewed this potential ard have concluded

I

'

l

-
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that the probability of such an accident is quite low.
'

- Further, both conclude that, even if such a combination
of events did occur, the magnitude of the resulting
mechanical forces in the CRBRP design would be well
below the capability of the primary containment system
to withstand such forces without rupture. We concur in
the NRC Staff position.

(The ACRS letter containing these comments is reproduced in full in

Appendix I of CRBR SER Supplement No.1.)

J. Answers To Board Questions 11 And 17

Q80. Please respond to Board Question 11, which states as follows:
:

In discussing the energetics of accidents beyond design.

basis, the Staff offers the statement that there will be
an "isentropic expansion yield to one atmosphere"
(NUREG-0968, Vol . 2, p. A. 2-5). The Staff is requested
to discuss briefly what is the physical significance of

| this statement and the extent to which it contributes to
any conservatism in the analyses of energy releases.

N Phenomenologically, how has the Staff satisfied itself
that "approximatelv 9550 MJ would be required to produces

a slug impact kinetic energy close to the head design
capability of 75 MJ" (Ibid).

A80. (Allen, Theofanous, C. Bell) The concept of an "isentropic
,

expansion yield to one atmosphere" (the ultimate work potential

(UWP) described in answer to Question 45 above) is used only as a

reference point to indicate the relative potential severity

i resulting frem disrupted core conditions. It has been widely used

because it is an unambiguous and easily defined quantity. It has no

physical application in that such yields cannot be realized in real

systems. Since it is only a reference value, it is not actually

used in analyzing the capability of the system to accomodate CDA
;

: loads. Thus, it makes no real contribution to the conservatism in

! the analysis of energy releases.

O
. c
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/) The Staff has satisfied itself that "approximately 2550 MJ would beb '

required to produce a slug impact kinetic energy close to the head

design capability of 75 MJ" through a detailed analysis of a realis-

tic expansien process. The analysis is sumarized briefly in the

answers to Questions 46, 47 and 48 above. A more detailed

explanation is provided in Section II.2 of NUREG/CR-3224.

Q81. Please respond to Board Question 17, which states as follows:

What is the status of the Staff's review of, and what is
the Staff's position with respect to, "The Eight Areas
of Concern" listed in Section I, Table II of
NUREG/CR-3224?

A81. (Allen, Theofanous, C. Bell) As noted in the answer to Question 32

above, these areas were developed from an initial review of the

Applicants' analysis of CDA energetics. The Applicants' responses

to questions relating to these eight areas was factored into our

independent assessment efforts (also described in the answer to

Question 32 above). Thus, the resolution of these areas has been

included as part of the tasks associated with the independent

assessment. As such, the Staff's conclusion regarding each of these

areas is reported in various sections of NUEEG/CR-3224. As

discussed in answer to Question 32 above, each of the "eight areas

of concern" has been resolved to the Staff's satisfaction. The

status of the Staff's review and the Staff's position with regard to

each of the "eight areas of concern" is provided below, together

with citations to the appropriate sections of NUREG/CR-3224.

- .
-
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AREA 1

Can TOP become prompt-critical in such a way that internal fuel

motion in lower power channels is the key factor in the energetics

detennination? Is such an event possible only for mid-plane fail-

ures with low sweepout? How is the degree of sweepout determined?

What is the effect of intrasubassembly incoherence on sweepout?

RESOLUTION 1

TOP behavior is important in quantifying the energetics potential

because of an associated autocatalysis potential (self-amplifying

power transient) and because of the greater damage potential

associated with in-core sodium (higher and more sustained pressures

following core disassembly). This potentially energetic regime is
OV avoided if the reactor does not approach the prompt-critical

neutronic condition. The potential for producing this condition

depends on the axial location of fuel-pin failures, the number of

pins failing concurrently (coherence), and the efficiency at which

failed fuel is swept from the core by the flowing sodium, fission

gas, and locally generatad sodium vapor.

The concern was resolved by assessing the worse-case situation in

which midplane pin failure was assumed, experimentally supported

fuel sweepout characteristics were utilized, the core state (burnup)

that exhibits maximum pin-failure coherence was utilized, and the

| maximum reactivity insertion rate with a significant probability of
i

occurrence was imposed. Even for the worst-case situa?on, a margin
d

|
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against the autocatalysis regime was found (see Section III of

NUREG/CR-3224).

AREA 2

A LOF-d-TOP might still occur if the sodium void worth is 50-60

percent higher and internal fuel motion in TOP type channels can

occur. What are the reactivity uncertainties of sodium void,

Doppler, axial expansion and lead channel fuel motion? How do you

interpret the significance of these uncertainties?

RESOLUTION 2

The LOF-d-TOP concern is similar to that for the TOP (Area 1 above),

1.e., autocatalysis and in-core sodium. The potentially energetici

situation is avoided if the combined reactivity feedbacks from fuel

expansion, Doppler, sodium voiding, cladding relocation, and initial

fuel disruption are small (less than +1$) until voiding of the entire

core has occurred.

The resolution was achieved by establishing reasonable values and

associated uncertainties for the neutronic parameters, developing

reasonable ranges for assumptions in material relocation models

through comparison with experiments, and performing a conservative

integrated analysis including sensitivity studies to define the

boundaries of the LOF-d-TOP regime. The Applicants' best-estimate

(selected to be most representative of reality) analysis showed no

LOF-d-TOP tendencies even for the upward revised sodium-void,
(

,

1
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reactivity. Our independent assessment (see Section II.3 of

NUREG/CR-3224), which combined parameters and assumptions in a

pessimistic tranner for conservatism, indicated that this LOF-d-T0p

regime was not attainable unless unrealistic assumptions were made

or the plenum fission gas compaction mechanism is involved.

AREA 3

What is the potential for autocatalysis due to plenum fission gas

acting on the fuel calumn to force axial compaction as disruption

occurs in the initiating phase of the LOF?

RESOLUTION 3

The pressurized gas plena above the core pose the potential for

rapid compaction of the fuel from above. The result of some local

compaction is that the power increases, more disruption occurs, more

extensive compaction is initiated, and the power escalates rapidly;

thus, the potential for autocatalysis. This is also a mechanism for

promoting early positive reactivity feedback from initial fuel

disruption (early fuel disruption is generally dispersive with

associated negative reactivity effects after a minimal fuel burnup)

in the context of the concern in Area 2.

The resolution of this concern was based on analyses by both the

Applicants and ourselves. The Applicants' best-estimate results

indicated little compactive potential because of rapid discharge of
i

the gas from the plena prior to fuel column disruption. Our

- .
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analysis (see Section II.4 of NUREG/CR-3224), which incorporated

more allowance for uncertainties, indicated the lack of a direct
.

I
autocatalysis tendency from pressure-driven compaction but showed a I

general tendency for development of the LOF-d-TOP situation
.

(Area 2), particularly near the end of the burnup cycle. Resolution

of this concern was obtained with an agreement by the Applicants to

antats k h sk h bct heliminate this strong compactive tendency,dimawshak %I 4dCk.ApphCan4 s A.uudd h a. LamplG ,

Md3.3(t.Ae. yAlll nek ecCu/t.*

AREA 4

To what extent can steel blockages fonn throughout the core to

prevent fuel removal through normal axial blanket flow channels

during the early phase of the LOF? What is the location and

character of the steel blockages in these channels?

O
RESOLUTION 4

The concern in this area is associated with the potential for

closing the major path for early fuel removal and thereby assuring

the progression of the disruption phase to the high-inventory,

whole-core pool state with its potential for neutronic amplification

by sloshing. For this concern, the opposite end of the uncertainty

and assumption spectrum from that considered in Areas 2 and 3 must

be addressed. This is necessary because an energetically benign

initiating phase of the LOFA provides the greatest opportunity for

extensive steel relocation from the core and plugging of the coolant

channels in the colder axial blankets.

O

!
1

,~~::__.__.-___
_
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! This benign initiating-phase regime was analyzed by both the

Applicants and the Staff. The Applicants' analysis as well as our

own do not indicate complete, core-wide steel plugging prior to

substantial fuel disruption in the hottest subassemblies. Our

assessment is that the mobile fuel in these hottest subassemblies,

with its large reactivity effect, controls the subsequent power

response of the core and promotes power oscillations because of its

natural tendency to compact by gravity. The result is the

co-melting of fuel and cladding in a large part of the core, instead

of the separate melting and relocation of the cladding, thereby

assuring a significant number of fuel removal paths through the

axial blankets (see Section II.3 of NUREG/CR-3224).I

AREA 5

What is the basis for maintaining continuous subcriticality in the

high heat loss environtrent of early meltout phase? What are the

fuel losses (quantified) taking into account uncertainties in

removal path geometrics, driving pressures and freezing mechanisms?

RESOLUTION 5

The concern associated with the assumption of a continuous

subcritical condition involves the time frame to reach a completely

disrupted core state (whole-core pool). If subcriticality is

maintained (core boilup by steel vapor formation at decay power),

the heatup rate of the core would be on the order of 10 K/s requir-

A ing many tens of seconds for complete disruption. Therefore, the
U

.
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core disruption process could be analyzed using simple quasistatic

approaches uncoupled from the neutronic behavior. However, if

subcriticality is not maintained, the disruption process becomes

highly transient, nonlinear, much more rapid, and much more diffi-

cult to assess, particularly for assurance of neutronic tennination

by dispersal (gradual fuel removal).

This concern was resolved through our detailed reference analysis of

the overall accident sequence using state-of-the-art analysis tools

(see Section II.5 of NUREG/CR-3224), separate effects analyses (see

Section II.6 of NUREG/CR-3224) and fuel freezing and plugging data.

Our findings were that subcriticality would not be maintained

continuously, that the sustained neutronic activity would drive fuel
,

from the core as disruption progressed, that the number of fuel

removal paths would increase as disruption progressed, and that the

fuel removal process would dominate the accident sequence more and

more as disruption progressed. The complexity is greater but the

accident behavior is well bounded.

AREA 6

What degree of subcriticality is required to prevent pool

recriticality from thennal and fluid dynamics upset conditions?

What is your position on the potential for small recriticalities to

amplify? What is the justification for your position?

bj

:
I
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RESOLUTION 6

The concern in Area 6 was that whole-core pool transients could be

self-escalating if they contained sufficient fuel to be critical. A

small recriticality, initiated by a small thermal or fluid dynamic -

upset condition, could promote coherent outward movements of core

materials (nonenergetic disassembly) followed by coherent, gravity-

driven reassembly. The momentum associated with the reassembly

could cause a secondary recriticality larger than the first. The

process could repeat itself in an undamped manner until termination

by energetic disassembly. The magnitude of this energetic disassem-

bly was an open question and the focus of our concern,

i

This concern was resolved partially through static criticality

calculations by both the Applicants and the Staff. There was

agreement that permanent removal of about 40% of the original fuel

inventory was required to eliminate the recriticality potential

completely. Through our own analyses, and special experiments (see

Section 11.5 and II.7 of NUREG/CR-3224), we determined that sloshing

amplification was likely if the molten pool inventory was greater

than 60%. However, the dcminance of fuel removal reduced the time

interval for sloshing amplification to a degree that effectively
'

eliminated the concern. Also, the energetic yield of the high

ramp-rate sloshes was found to be highly mitigated (see answers to

Questions 46,67and68above).

|
|

O I
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AREA 7

i In assessirq benign termination from the boiled-up pool (upward

removal),just ify the fuel removal mechanisms and rates. In
i

particular assess the potential for upper pool sodium entry via *

rapid condensation of steel vapor pressure.

.

RESOLUTION 7,

The concern here relates to the ability for fuel to discharge upward

from a boiling pool at decay power. At this low power, vapor

velocities are insufficient to fluidize the liquid to a sufficient

extent to provide massive discharge. associated concern is

sodium re-entry as the molten core pool discharges through openings

in the upper axial blanket region and into the cold upper core

structure where rapid condensation could occur with associated

subambient local pressure. If this low pressure produced sodium

re-entry prior to sufficient fuel removal to prevent recriticality,

a pool transient such as temporary collapse of a boilup state could

result, leading to a recriticality or perhaps initiating the

sloshing amplification process (see Area 6 above).

Our independent analysis of the disruption process indicates that
,

this upward discharge from local opcnings in a sealed, boiled-up

core is irrelevant.

|

O
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I AREA 8

. What is your estimate of the force required to produce a
l

mechanically induced relief path via upper internals structure

displacement? -

RESOLUTION 8

The buckling of the support columns of the upper internal structure

is a threshold event that results in easy upward displacement of the

upper internal structure and upper core structure. This

displacement removes a major impedance from the core expansion

process thereby permitting the high core pressure, generated from an

energetic disassembly, to act directly against the sodium pool.,

|

This core pressure can produce larger kinetic energy in the pool
O
V and, subsequently, larger loads against the vessel head. Energetic

events that are incapable of buckling these columns produce

negligible loads on the head. In addition, the opportunity for

strong thermal interaction between the core materials and the sodium

pool is effectively denied.

This area was resolved using the Applicants' finite-element analysis

of the column buckling threshold, our own transient analysis models

(see Section 11.2, Appendix B of NUREG/CR-3224), and comparisons of

model predictions with SRI column buckling experiments (using scale

models of the CRBR upper internal structure and columns). As

indicated in response to Question 49 above, the column failure

threshold in tenns of accident severity, or ramp rate, was found to
O be approximately 100 $/s.

-
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III. EVALUATION OF EVENTS F0tLOWING LOSS OF CORE GEOMETRY

A. Introduction

Q82. What subject matter does Part III of this testimony address?

A82. (Long, Swift) Part III of this testimony addresses the adequacy of '

the Staff's analysis of core disruptive accidents in the CRBR, with

respect to those aspects of the CDAs which occur subsequent to the

loss of core geometry.

Q83. Describe the initial steps following loss of core geometry in the

subsequent long-term behavior of the disrupted core material?

A83. (Long) There is a- possibility that the disrupted core would remain

coolable and subcritical within the primary vessel. The uncertainty
~

in this course of events is great enough that we have assumed that

O it could not be satisfactnrily quantified. Therefore, we have

studied the more severe alternate course, namely that the core

debris was not coolable.

By the time the core debris has descended to the bottom of the

reactor vessel, it is expected to be in the form of small particles

(as predicted by experimental data) as a result of melting and

quenching and will have incorporated a significant amount of blanket

material and structures with it. This comes about whether the

initial dispersal of the core was rapidly energetic or whether it

followed a slow series of melt, slump and remelt sequences. If

rapid, the initial dispersal would be at least partially radial, so

that a small fraction of the relatively undiluted core material

i
I

I
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would fall initially to the bottom head, followed by remelted core

material incorporating radial blanket material. If the initial

dispersal is slow, radial dispersal v Suld not occur, but the core

would incorporate substantial lower axial blanket material in its

downward. melting and remelting progress.

On the bottom head, the finely fragmented core debris would form a

bed whose thickness and particle size would prevent it from being

cooled by the overlying sodium. Before the core debris bed would

reach its melting temperature, the lower head would heat and fail by

creep-rupture under the temperature and weight loading. The guard

vessel would fail soon thereafter in a similar manner.

4

The hot core debris in particulate form, with debris from structures

and the vessel head, would fall to the reactor cavity floor about

1000 seconds into the accident. The following rusn of sodium at

about 1000'F would disperse the fragmented core relatively unifonnly

throughout the floor of the reactor cavity. A reactor cavity vent

diaphragm would rupture at this time. The reactor cavity is filled

with an inert atmosphere (less than 2% 0 ) s that little sodium
2

oxidation would take place.

Q84. Can the core debris become critical again at this stage?

A84.(l.ong) There is little geometrical constraint to preclude

criticality, and the mass of fissile material is sufficient to allow

p criticality. Nevertheless, criticality is unlikely in this,

b

- _ _ _ _ _ . .
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situation. Considerable blanket material would be incorporated with

the core by this time. If initial disruption had occurred rapidly,

this additional blanket material would be largely provided from the

radial and inner blankets when radially dispersed core material

melted and incorporated additional 238-U in the debris. If initial

disruption had followed the slow melt-slump progression, much of the

, 238-U from the lower axial blanket would be incorporated. The rapid
>

flow of sodium into the cavity during and after the descent of the

core debris would lead toward unifonn dispersal of the debris

throughout the cavity floor, in a thin slab. The volume of fuel and

cladding alone, if spread throughout the cavity floor, would make a

slab less than 0.5 inches thick, which is clearly subfritical.

O If criticality should occur in some intermediate configuration of

this progression, the ramp rate, gravity driven, would be low enough

(based on the in-vessel energetics calculations) that no large

energetics comparable to that in the primary system would occur.

The pulses of energy accompanying recriticalities, when averaged

over time, would comprise only a small addition to the decay heat.

Low level energetics accompanying [ecriticality would aid in the

dispersal of the debris toward a uniform slab. No sustained
i

'

criticality can be achieved by the debris bed because of the lack of

geometric controls. The net energy contribution of recriticalities

would therefore be neg11 bible compared to the sustained decay heat

of the core debris. Eventually, dilution by blanket material and

O;
,

|

|
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concrete reaction products would prevent further criticalities from

occurring.
.

Q85. What would be the effect of the hot core-debris and sodium in the

steel-lined reactor cavity?

ASS. (Long) The Staff expects that the reactor cavity floor liner would

be rapidly penetrated by the initial contact with the high

temperature core debris. The few inches of insulating concrete

below the floor liner is not highly resistant to sodium and would

also be rapidly penetrated. Thus the surface of the concrete

basemat is assumed to be exposed to the sodium and core debris

almost immediately after vessel failure. From this point onward,

there remains some uncertainty about the rates at which the detailed

course of events will take place and about the challenges to

containment that will result. There is, however, a sufficient body

of experimental data to define the most likely courses that the

accident is likely to take and to bound the other uncertainties and

their consequences.

Q86. Af ter penetration of the reactor cavity floor liner, what are the

next principal events in the course of the accident sequence?

A86. (Long) The mixture of hot sodium and core debris will react with

the concrete. Water will be driven out of the concrete as its

temperature is increased. This water will react with sodium to
I generate hydrogen and sodium hydroxide. Exothennic chemical

reactions between sodium and concrete are possible, and the reactionn

|

,
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zone will advance downward into the concrete basemat comprising the

reactor cavity floor. The chemical reaction heat is significant but

not as great as the decay heat. Thermal energy is added to the

sodium pool bringing it up to its boiling temperature. A mixture of

sodium vapors and hydrogen is evolved through the cavity vent into

the containment building where it is ignited, forming copious

amounts of sodium oxidic aerosols and water (which will quickly

react to form sodium hydroxide). The oxygen content of the

containment atmosphere is reduced, until at about 6% 0 , hydrogen
2

will no longer be ignited but sodium vapors will continue to burn.

The hydrogen content of the containment atmosphere will again begin

to increase.

O The burning of the sodium and hydrogen transfers energy to the

containment atmosphere. Some of this energy will be dissipated

through the containment walls to the annulus cooling system.

Eventually either the increase in pressure or hydrogen content in

the containment building or the decrease in the oxygen content will

require that the atmosphere be vented.

Venting will take place simply by opening relief valves that permit

the atmosphere to blow down through a wet cleanup and filtration

system. The reduction in pressure at the time of venting will

induce considerable additional vaporization of sodium and the

creation of more aerosols.

'
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When the pressure in the containment is reduced to about one

atmosphere, exhaust fans in the vent lines are turned on and purge

valves are opened to admit fresh air. The fresh supply of air

assures that all sodium vapors in the containment will be oxidized

before they enter the wet cleanup system. The continued dilution of

the atmosphere will prevent the hydrogen content from exceeding

about 6%, so that it will not generate much pressure if it should
i

burn.

Sodium will be boiled away in the reactor cavity after about five

days, or less. The remaining core debris will continue to melt its

way into the concrete, withnut chemical reaction, until decay heat

declines and the quantity of involved molten concrete increases such

V that heat fluxes are low. Hydrogen and aerosol production will be

greatly reduced. After six months to a year, it is estimated that

heat fluxis will be o low that further penetration is at a

negligible rate when the core debris has penetrated 20 z 5 ft. into

the 26 ft. basemat.

Q87. What methods of review and independent analysis did the NRC Staff

use to analyze the melt-through sequence?

A87. (Long) The various steps in the review undertaken by the Staff are

illustrated in the attached Figure 6. Each of the steps in the

sequence was examined by independent calculations, duplicate

calculations, sensitivity studies, comparisons with experiments and
.

! with experience, and qualitative judgements as appropriate. The
m;,

.
- .
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Staff reviewed variations from the Applicants' proposed sequences at

almost every st9
|

The Staff engaged the services of expert consultants to provide

additional review capability in the areas of high-temperature

reactions among sodium, core-material, and concrete; aerosol

behavior; and the response and survivability of key structures.

Q88. Has a base case scenario been chosen with respect to which other

variations can be comparatively studied?

A88. (Long) Both Applicants and Staff have adopted as a base case the

scenario with penetration of sodium into concrete at the rate of

one-half inch per hour for four hours. This scenario is charac-

terized by a rather extended (5 day) period for the boiloff of the'

sodium, exposing the structures of the containment to the maximum

heat immersion. Containment venting is required at 36 hours, due to

the build-up of hydrogen in this scenario.

The principal events and characteristics of the Staff's base case

melt-through accident are illustrated in the attached Figure 7. The

consequences of this scenario, in terms of doses at the LPZ

boundary, are given later in this testimony, in Part IV.

1

089. Were alternatives to this base case also reviewed? !
1

A89.(Long) Some degree of study was devoted to each of the junctures in j

Figure 6. In some instances it was possible by a qualitative review
V

|
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to determine how the events in Figure 7 would be displaced or

altered. In other cases independent analyses were necessary.

The principal independent Staff analyses on variations of the base '

case scenario were in the following areas:

a. Sodium-concrete reaction rates CACECO calculations:
.)

1/2 inch per hour for 4 hours (base case).

7 inches per hour for 1/3 hour followed by 1 inch per hour

until sodium boils dry.

7 inches per hour for 1 hour followed by 1 inch per hour until

sodium boils dry.

These three variations were analyzed with and without wall

plateout. The latter two cases envelope all observed sodium
V

concrete interaction experiments by a wide margin, as shown in

Figure 8.

It was observed that the decay heat predominated over the

sodium-concrete reaction heat in all the above cases. Energy

input to containment is increased but consequences are not

severely affected by the rate of concrete reaction. Boil-dry

time is foreshortened to 70 hours in the more rapid cases. The

time of venting is reduced from 36 to about 24 hours,

b. Aerosol Behavior

Quantities in su'spension were independently checked using the

HAARM-3 code at various aerosol source rates. Applicants'

( HAA-3 calculations were determined to over-predict experimen-

-- _
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/ tally determined suspended concentrations. This is an import-

I ant conservatism, since the concentration of suspended aerosol 1

!
governs the release of radioactivity to the cleanup system.

c. Radiological Source Tenn Variations

Release of 137-Cs without fallout (base case includes a fallout

fraction).

Release of 10% of 131-1 without fallout (base case includes a

fallout fraction for all iodine).
These were sensitivity studies based on hand calculations. The

increased cesium source resulted in an increase of 5 rem to

bone, and 3 rem to liver and whole body doses. The increased

iodine source produced a net dose increase of 80 rem to thyroid

at the outer boundary of the low population zone.

d. Wall Deposition of Aerosols

Supplementary calculations of the wall deposition of sodium

oxidic aerosols were performed using the MSPEC aerosol code, in

order to detennine the extent of possible interference with the

annulus cooling system. This topic is discussed in response to

Questions 109 and 110 below.

e. Plutonium Source Term

The Staff has taken a more conservative view than the

Applicants of the amount of plutonium that might be released

from the sodium pool to form aerosols. This has taken the fonn

of an increase by a factor of ten in the amount of plutonium

released during the boil-off period, and a consequent increase

in the bone dose of approximately the same amour.- The release

. .
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of plutonium is discussed in response to Questions 148 and 149

below,

In addition, the Staff has reviewed, but not recalculated a number

of variations on the base case that have been submitted by the

Applicants. These include:

a. Reduced Decay-Heat Studies

In some of these alternatives to the scenario, substantial

hydrogen was produced before the sodium boiled sufficiently to

ensure ignition. It was determined that the levels of hydrogen

concentration could be controlled by purging.

b. Concrete Thermophysical Data

Sensitivity studies were perfonned by the Applicants on water

content and thennal conductivity,

c. Reactor Vessel and Floor Liner Penetration Time

Over a wide range (100 - 10,000 seconds) of sensitivity

studies, variations of these parameters had negligible effects

on the consequences.

d. Core Debris Bed Leveling Characteristics

Sensitivity studies with respect to core debris bed coolability

were submitted. The base case assumption that the debris bed

is not coolable appears conservative with respect to a wide

range of likely configurations.

The Staff's conclusions from these reviews were that sufficient

variations had been calculated to cover the uncertainties in the

OV
|

|
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OIg details of the sequence and to provide confidence that the overall

results of the accident are understood.

090. What other activities contributed to the Staff's review of melt-

through scenarios?

A90. (Long) The Applicants' general requirements for those systems and

features provided in the design to mitigate a CDA (SER p. A.4-19)

were reviewed with respect to the Staff's criteria (SER p. A.4-1).

Design specifications for the key structures and equipment were

reviewed in comparison with ASME and other applicable engineering

standards. Feasibility of the Applicants' proposed designs was

verified. Two items resulted from this review where confimatory

effort is required. These are in regard to the effect of a wall

plate-out of aerosols on the perfomance of the annulus cooling

system, and the confirmation of the failure criteria for cell

liners. Both of these items are scheduled for review and

confirmation by the Staff before the pertinent equipment is

installed.

Q91. How is the remainder of Part III of this testimony organized?

A91. (Long) The remainder of Part III of this testimony addresses in

sequence the following: (1) sodium-cencreteinteractions;

(2) aerosols; (3) hydrogen; (4) structural response; (5) annulus

cooling;and(6)ventcleanupsystem.

O
V

i
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A
U B. Sodium-Concrete Interactions

Q92. What are some of the problems caused by sodium-concrete

interactions?

A92. (Swanson) Sodium can attack concrete and penetrate some distance

into it. As sodium attacks concrete, hydrogen will be generated.

At the same time, sodium oxide aerosols can be fonned in the atmos-

phere. Aerosols can plug vent paths that are a key factor in the

release of radioactivity. Hydrogen, generated from the reaction

between sodium and water released from the concrete, can present a

combustion threat and is important in determining the time for

containment venting.

Q93. What factors influence the extent of sodium-concrete interactions?

A93. (Swanson) A number of factors influence the extent of

sodium-concrete interactions: factors affecting reaction chemistry

include the type of concrete, whether the concrete is dehydrated,

and the sodium pool temperature. Other considerations include the

the formation of reaction products, cracking, spallation, stress

conditions, the presence of rebars, pool depth, scale and

orientation of the surface being attacked.

Q94. What-is a realistic upper bound to the penetration rate of sodirm

attacking concrete?

A94.(Swanson) A sodium concrete penetration rate of 7 in/hr for the j

first 20 minutes, followed by a rate of 1 in/hr thereafter, will

p envelope all exit. ig experimental data.
G

|
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Very high initial penetration rates (approximately 7 in/hr) have

been observed in a few experiments but these rates have persisted

for only a short time. Long term penetration rates are

significantly less (less than 0.2 in/hr). Thus,.the above

penetration' rate is a realistic upper bound, adequate to include all

available data.

Q95. What is the maximum penetration depth of sodium into concrete?

A95. (Swanson) Two factors tend to limit the penetration of sodium into

concrete. These are the fonnation of large quantities of reaction

products and the exhaustion of water from the concrete. Based on

the quantity of water to be present in the concrete forming the CRBR

basemat, Sandia National Laboratories has calculated a maximum pene-
O
(,,/ tration of 30 in. This proposed maximum penetration exceeds the

maximum penetration observed experimentally (14 inches -- see

Figure 8) by a considerable margin, even in tests with a duration of
'

100 hours.

096. What are the effects of the products of chemical reactions on the

chemical attack of sodium on concrete?

| A96.(Swanson) Large volumes of reaction products are generated during
|

the course of sodium-concrete reactions. These products mix with'

sodium hydroxide formed during the reaction of sodium with the water

released from the concrete.

/^\!

l V
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At the conclusion of a sodium-concrete test, the reaction layer

looks like sandstone and gives the appearance of having been liquid.

At room temperature the layer appears to have substantial mechanical

strength. The layer rapidly becomes quite thick as the sodium '

attack on concrete proceeds. Eventually, the layer is thick enough

to prevent contact between sodium and concrete. The available

evidence from moderately large scale experiments strongly suggests

that the presence of reaction products limits both the rate and

depth of penetration of sodium into concrete.

Q97. What is the effect of orientation of the concrete surface?

A97. ( sanson) The orientation of the concrete surface (i.e., horizontal

or vertical) determines whether the reaction products can fonn a

O protective layer. If the concrete surface is horizontal, then

reaction products will reduce the extent of sodium attack. On the

other hand, if the concrete surface is vertical, greater penetration

should be observed under otherwise identical conditions. The

available experimental data confirms this view and provides strong

support for the role of reaction products in limiting sodium pene-

tration into concrete.

Q98. Will the extent of sodium-concrete reactions vary significantly with

the type of concrete?

A93. (Swanson) The choice ~ of concrete aggregate (e.g., basalt,

magnetite, and limestone) affects the extent of sodium-concrete

p\j interactions. Originally, the Applicants proposed the use of

.. .

. . . .
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calcitic limestone aggregate concrete; more recently, the use of

|
dolomitic limestone aggregate (higher magnesium content) concrete

has been suggested. Recent experiments at HEDL and Sandia suggest

that the use of dolomitic concrete will not present any greater

containment challenge than the use of calcitic concrete. Although

the dolomitic concrete database is limited, the material appears to

behave comparably to calcitic concrete with regard to sodium. The

effect of selecting dolomitic aggregate rather than calcitic

aggregate on aerosol behavior is discussed in response to

Question 114 below.

:

Q99. What is the effect of core debris on concrete?

g A99.(Swanson) Fully oxidized core debris will not react chemically with,

b' concrete, but will thermally penetrate by melting the concrete. The

. interface betwen the core debris and the molten concrete will not
i

greatly exceed the temperature of the melting concrete, about

2200*F, because of the high thennal conductivity of molten concrete.4

1

a

i Core debris by itself can penetrate 15-25 feet into the 26-foot

thick basemat over a period of time on the order of months,

according to TRUMP heat transfer calculations. The average

penetration rate is about 0.85 inches per hour for 70 hours, and

falls off substantially thereafter.

Q100. What are the combined effects of core debris and sodium on
,

l

O) concrete?
%.

__
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I calcitic limestone aggregate concrete; more recently, the use of

dolomitic limestone aggregate (higher magnesium content) concrete .

has been suggested. Recent experiments at HEDL and Sandia suggest,

| that the use of dolomitic concrete will not present any greater -

| containment challenge than the use of calcitic concrete. Although
:

; the dolomitic concrete database is limited, the material appears to

behave comparably to calcitic concrete with regard to sodium. The.

effect of selecting dolomitic aggregate rather than calcitic

; aggregate on aerosol behavior is discussed in response to

! Question 114 below.

| Q99. What is the effect of core debris on concrete?
.

: A99.(Swanson) Fully oxidized core debris will not react chemically with

! concrete, but will thermally penetrate by melting the concrete. The

interface betwf the core debris and the molten concrete will not
.

greatly exceed the temperature of the melting concrete, about,

2200*F, because of the high thennal conductivity of molten concrete.

Core debris by itself can penetrate 15-25 feet into the 26-foot

thick basemat over a period of time on the order of months,

according to TRUMP heat transfer calculations. The average

penetration rate is about 0.85 inches per hour for 70 hours, and

falls aff substantially thereafter.
.

Q100. What are the combined effects of core debris and sodium on

concrete?

. . . . - . .
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A100.(Swanson) There are two cases:

1. Core debris coolable - In this case the core debris transfers

its heat to the sodium which reacts with the concrete as

previously described. The presence of the heat source (debris) -

imediately adjacent to the reaction front may cause some

slight increase in penetration rate. We have allowed a factor

of five in penetration rate to take care of this 1.e., we havey
used one inch per hour whereas the experiments with heated

sodium would be bounded by 0.2 inch per hour.

2. Core debris not coolable - Sodium vapor prevents liquid sodium

fron contacting the particles of core debris. Liquid sodium is,

also excluded from the reaction zone by vapor. The penetration

of the debris into the concrete is a thennal effect. As
'

described above in response to Question 99 above, the rate

would average less than one inch per hour.

| These considerations indicate that the proposed realistic upper
!

bound penetration rate incorporates a margin sufficient to encompass

the combined attack of sodium and core debris on concrete.

Q101. Is there any problem in applying the results of the small scale

sodium-concrete tests that have been conducted to the size of the

CRBR reactor cavity?
'

A101.(Swanson) Sodium-con' crete tests have been conducted on a small

scale. Scale effects have not been observed -in tests in a size

range from one to three feet in diameter. 'However, this is smaller

9

4
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' than the reactor scale by an order of magnitude. Sodium penetration

into concrete appears to be limited by the formation of a protective

layer of reaction products. It has been surmised that this layer

could be swept away by turbulent convection currents in an accident

occurring on a large scale. However, experiments have been per-

formed where the concrete surface was oriented vertically so that a

protective layer cannot adhere. These experiments establish a

maximum long term penetration rate of 0.2 inch per hour, which is

still bounded by the proposed penetration rate. Therefore, the

results of these tests can be applied with confidence to the CRBR;

| reactor cavity.
.

,

Q102. Will concrete cracking and spallation affect the concrete penetra-

tion rate?
;

A102. (Swanson) The extent of cracking and spallation may be

scale-dependent. Also, the effect of rebars on cracking and

spallation may be scale-dependent. Therefore, the small scale tests

were conducted in such a way as to reproduce the temperature and

stress fields of a large event. The results suggest that the

proposed penetration rates will envelope large scale events.

Experiments at HEDL and at Sandia indicate that spallation processes

will generate only small chunks of concrete.

'
-

It is likely that substantial amounts of concrete will be removed

from the initial surface by cracking, based on observations in tests

n at HEDL. This is apparently related to the initial high temperature
U

- . _ - .
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gradient, and does not continue after temperatures become more

uniformly distributed.

Sodium does not penetrat all cracks in concrete, and hence such

cracks do not provide a short-cut path for increased interactions.

Rebars, observed in one test at HEDL, did not increase cracking.

Their presence should limit the extent of spallation.

The effects of cracking and spallation have been taken into

consideration by the Staff, to the extent appropriate, in the high

rate of initial concrete penetration modeled by the Staff.

Ob C. Acrosol Analysis

Q103. Are there experimental bases and well developed theoretical inter-

pretations to aid in the understanding of aerosol behavior?

A103. (Long) Yes. The experimental basis for sodium oxide aerosols is

very broad and there are also aerosol experiments dealing with fuels

and mixed materials. The theoretical treatment of agglomeration is

based on kinetic theory of collisions as fonnulated by Smoluchowski

and many others. The Staff has relied principally on the references

cited in the testimony in the LWA-1 hearings (Tr. 2523) and on the

user's manuals for the HAA-3, HAARM-3 and MSPEC aerosol codes.
!

Q104. How are aerosols of sodium compounds formed during the accident

scenarios under discussion?
J

l

!
1
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A104.(Long) When sodium vapors come in contact with 0 , CO , or H O
2 2 2

vapor, small particles of the reaction products, sodium oxides,

sodium carbonate or sodium hydroxide are fonned. In the following

discussion these will be referred to collectively as sodium oxidic

aerosols. These particles are initially in a size range of less

than one micron in diameter. Their subsequent behavior in regard to

agglomeration, fallout and plateout follows the characteristics of

aerosol behavior.

Q105. What principal roles do aerosols of sodium compounds play in the

accident?

A105. (Long) There are three principi.1 roles: (1) they serve as carriers

for particles of fuel and fission products; (2) accumulations of

these fine particles can create interference problems for mechanical

or electrical devices or by blocking flow channels; and (3) they may

serve as heat transfer barriers when deposited on surfaces.

Q106. During which phase of the accident is the ability of aerosols to

carry fuel and fission products important?

A106.(Long) This is particularly important during and after the period

when the sodium boils away in the reactor cavity. Fission products

other than noble gases that are released prior to or during the

boiloff period have been found to coagglomerate with the sodium

oxidic aerosols in th' containment building and their subsequente

behavior will be governed by the movements of the combined aerosols.

O'

V
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A certain fraction of these will fall-out or plate-out on surfaces,

from which their availability for subsequent release will be greatly

reduced. Fission products that will be likely to boiloff before or

during the sodium boiloff period include the cesium - rubidium

group, the halogens, the arsenic-antimony - tellurium group, and a

small fraction of the refractory materials, including plutonium

oxide. It is estimated that 80 to 99% of the amount of these

materials released to containment could become unavailable for

future release through the mechanism of coagglomeration and fallout

with sodium compounds. As discussed in Answer 108 below, 70% of

these materials has been conservatively assumed to be unavailable

for release in the Staff's analysis.

O Q107. Does the radioactivity carried by the aerosols affect their

agglomeration and settling behavior?

A107. (Long) The energy of the radioactivity is insufficient to have a

significant effect on the temperature of the aerosols. Recoil

effects are also too insignificant to alter the agglomeration

process. Aerosol particles carry small electrical charges which may

be augmented by the radioactivity. However, the net effect of

electrical charges is not as important as Brownian motion in

determining the collision frequency of the particles and their

agglomeration.

Q108. What is the potential for these aerosols to plug vital passages and

mechanical equipment?
Oq,,'



8359

- 81 -

A108.(Long) The reactor cavity and the passages from this cavity to the

containment building are filled with an inert atmosphere (less

than 2% oxygen) and consegeently the amounts of oxide aerosols that

can form are very limited. The capacity of the cavity vent tubes is
:

ample to provide for passage of these limited amounts of oxide '

aerosols without plugging.

When sodium vapor issues from the reactor cavity to the containment

building, it is completely oxidized by the air atmosphere. Not all

of the sodium will reach the containment, since some reacts with the

concrete. It is estimated, however, that up to a million pounds of

aerosols could be generated in containment from the primary sodium.:

It is conservatively calculated that at least 70% of this would be

v deposited as fall-out and plate-out on walls and floors. This

leaves 300,000 pounds of airborne particulate as the maximum amount

that would have to be transferred to the cleanup system. The

Applicants have connitted to demonstrate that the cleanup system can

handle this amount (CRBRP-3, Vol . 2, p. 2-8). Vent pathways from

the containment building to the cleanup system are two straight

pipes of extremely large (36 inch) diameter. These pipes are

unlikely to plug because of their size. In view of the large size

chosen for these passages and the Applicants' further commitment to

demonstrate the acceptability of the capacity of the system, the

plugging of these patiiways need not be considered a probable mode of

; failure.

O
'

|

i
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OV The operation of mechanical equipment within the containment

building is not required during or after the stage when large

quantities of aerosols are produced in the core-melt accident.

.

Sampling' tubes for determining the composition af the atmosphere can *:
. ,

be designed with some prefiltering and can be back-flushed if

necessary to prevent plugging.

Q109. What heat transfer effects are expected as a result of the deposi-
,

l

tion of sodium oxide aerosols on the walls? '

A109.(Long) In the worst case projections, aerosol particles that

deposit on and adhere to the containment building walls are assumed

to behave like loosely consolidated insulating materials. The

deposition is expected to be controlled by thermophoresis, which is

the term given to a diffusional process driven by a temperature

gradient. The deposits would increase the thermal resistance of the

containment inner shell which in turn affects the heat removal

capability of the annulus cooling system. Since some of the

deposition will consist of sodium hydroxide which melts at F,

and the containment atmosphere may exceed this, partial melting and

consolidation of wall deposits may occur. This would reduce the

fluffiness and insulation value of the deposits. Since the extent

of consolidation is unknown, this is a favorable but not a

quantifiable effect a'nd has not been included in heat transfer

calculations.

O
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Q110. How has the insulating effect been calculated, and what is the

calculated containment temperature?
!

A110.(Long) Thermophoresis parameters in the MSPEC aerosol code were

adjusted to agree with observed wall plating data from HEDL. This

permits a calculation of the mass deposited on the walls as a func-

tion of time. In order to estimate the insulation value of the

deposits, a density must be attributed to them (the density of wall

deposits has not been measured). It was therefore assumed that the

wall deposits would include the maximum amount of porosity

consistent with their holding together on a vertical surface. The

containment atmosphere temperature was calculated throughout the

duration of the accident while a material of 90% porosity and low

conductivity was gradually added to the surface as calculated by
/m(,j MSPEC up to a thickness of 1.2 inches. The maximum containment

temperature was estimated to be 1550 F in the base case scenario

with these deposits.

The value of 1550'F represents a higher temperature than that for

which the severe accident equipment was originally scheduled to be

qualified, but is not a level that would be beyond qualification

feasibility. Further work is being perfonned on the analyses of

variations of the base case scenario and their effects on

containment temperature. This further analysis will be reviewed by

the Staff at the OL stage. The Applicants have consnitted to qualify

the containment and other necessary equipment to whatever

temperatures are finally detennined to represent the accident.

V-
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The time when venting is required is only advanced by 2 or 3 hours,

to 33 hours at the earliest, due to the deposits.

0111. If a region of this wall deposit were to become locally dislodged,

would the excess temperature to which that region of the wall is

exposed cause the containment shell to fail?

A111. (Long) No. Calculations have shown that under the conditions

existing in containment, the stress due to a localized overheating

would be relieved by yielding before buckling or failure occurs.

0112. What is the likelihood of resuspension of sodium oxidic aerosols

after they have been deposited?

A112. (Long) In response to questions that the Staff raised with regard

to the asymmetric turbulent flow field set up by the burning sodium

vapor, the Applicants have perfonned analyses of flow velocities
'

throughout containment. These analyses have indicated that

velocities at floor level were on the order of 6 ft./sec. (4 mph).

During venting, air velocities at floor level are expected to be, at

most, 50% higher. The Staff has accepted the Applicants' analyses

as providing a reasonable evaluation of this phenomenon.

i

Since deposited and resuspended aerosols are generally coarser

particles than the original suspension, it is unlikely that these

low velocities would cause much material to be elevated to the

vents, located 50 feet above the operating floor.

OV
!
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Q113. What conclusions has the Staff reached as to the analyses of the

role of aerosols in core disruptive accidents?

A113. (Long) The Staff has concluded that the well-developed collision

theory of aerosol behavior has been appropriately applied to the

analysis of CDAs for CRBR, in analyzing the fallout of radioactive

materials, the plugging of important passageways, and the insulation

effects of aerosol deposits.

Q114. Please respond to Board Question 16, which states as follows:

The SER discusses the impact of aerosol behavior on containment
shell cooling. The Staff is requested to comment on whether
changing concrete aggregate from calcitic to dolomitic
limestone could significantly alter the behavior of the
aerosols, and explain the basis for the answer.

A114. (Long, Swanson) In order for a material to behave like an aerosol,
A
U it must be in the form of very fine particles, of the order of a few

microns in diameter or less. In these sizes it can remain suspended

in the atmosphere for an appreciable length of time and can partici-

pate in the Brownian motion and agglomeration that are typical of

aerosols.

In the containment volume, aerosols are fonned from the combustion

of sodium vapors and their subsequent condensation, the principal

mechanism by which such fine particles are produced. The vapor is

predominantly sodium combustion products (NaOH, Na 0), and contains
2

only minute traces of concrete materials because of their lower

volatility. The layer of wall deposits thus consists primarily of

sodium oxidic compounds with traces of concrete materials.

(a~h
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After .the sodium boil-off period, the rate of fonnation of concrete

aerosols'as a result of core debris - concrete interactions is very

much less than the earlier rate of fonnation of sodium oxidic

aerosols, because of the low volatility of the concrete. The

Staff's calculations of the effect of aerosols on containment shell

cooling have therefore only addressed the period during which sodium

is boiling in the reactor cavity.

The insulation value of a wall-deposit of non-metallic materials

depends on its porosity more than on its chemical composition. The

Staff accepts as most reasonable the calculations in which a high

value of porosity (90%) was assumed, as discussed above in response

to Question 110. In view of the high porosity and low concreteOV fractions, the insulation value of the deposits is independent of

whether concrete with calcitic or dolomitic aggregate is used.
,

The Staff also investigated whether the use of calcitic or dolomitic

aggregate would make a difference in the rate of attack of sodium on

concrete (see response to Question 98 above). No differences of

this nature were found. From this information it was inferred that

the rate of buildup of insulating wall deposits would also be

independent of whether concrete with calcitic or dolomitic aggregate

is used,

i

i

i
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Having reached these conclusions, the Staff has determined that

changing concrete aggregate from calcitic to dolomitic limestone

would not significantly alter the behavior of the aerosols.

D. Hydrogen-

Q115. What is the significance of hydrogen in connection with core

melt-through accidents?

A115. (Long) Free hydrogen can be generated from the reaction of water

with sodium. The concrete contains water which can be released when

the concrete is heated. The hydrogen generated by the reaction of

water released from concrete with sodium is a source of pressure in

the containment atmosphere by curning at low concentrations, and

could potentially rupture the containment if allowed to build up and

ignite at concentrations greater than approximately 9%. The burning

of hydrogen must also be regarded as a potential source of damage to

the vent cleanup system which might result from burn pressure.

Accordingly, the containment design includes a vent purge system to

control the hydrogen concentration inside containment. A 6%

hydrogen concentration has been selected as an upper limit allowed

in containment to avoid reaching potentially damaging

concentrations. The 6% hydrogen concentration value is to be used

as a criterion for deciding when to vent containment.

f

Detonation of hydrogen is not considered a problem since this can

only occur at concentrations well above 9%. To reach those hydrogen

ba;

l

I

l .
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concentrations would require a failure to properly operate the

containment vent / purge system.

Q116. How has the Staff calculated the concentration of hydrogen in the

containment atmosphere?

A116. (Long) The CACECO code has been used. This code calculates the

temperature profile in the concrete when its surface is exposed to a

heat source. Each change in temperature at each position in the

concrete is related to a water content of the concrete at that

point. Reductions in these water contents as the concrete

temperature increases ara interpreted as releases of water, which is

then made available for reaction with sodium.

The Staff and its consultants have worked with the CACECO code and

have reviewed the supporting documentation and experimental data.

We have concluded that the code provides reasonable guidance in

determining the rates of hydrogen release that are likely to be

encountered.

Q117. In the base case thennal margin beyond design basis (TMBDB)

scenario, what are the peak concentrations of hydrogen that would be

reached in the containment atmosphere?

A117.(Long) Applicants have submitted base case calculations with the

CACECO code that indicate a peak hydrogen concentration in the

containment of 4.4%, allowing for some holdup dissolved in the
;

V i

!
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|
primary sodium. Without this holdup, the concentration could reach

,

5.2%.

.

Based on its review of the CACECO code, the Staff believes that

these figures represent acceptable concentrations for the purpose of

accident calculations. In the base case scenario, hydrogen is

burned at the above concentration as the sodium vapor boil-off

becomes sufficient to ensure ignition. Hydrogen burning at these

lean concentrations would not generate pressures that would

jeopardize the containment structure. Subsequent purging assures -

that hydrogen will not accummulate beyond its flammable limit.

0118. Have variations on this base case scenario been examined to
/~N
Q determine if a worse hydrogen situation could develop?

A118. (Long) Many features of the scenario have been varied without
,

altering this picture of the resultant hydrogen behavior other than
.

slightly foreshortening or extending it. Variations have included

the sodium-concrete reaction rates, the thermophysical property data

for concrete, the reactor vessel and cavity floor liner penetration<

times, and the fractional failed area of the cavity floor liner.

Studies of the effect of reduced decay heat, as might occur early in

cycle, or in a scenario where core material was partially retained

in the primary system, illustrated a somewhat different but still

acceptable hydrogen behavior. Reduction to 60% decay heat extended

the ignition time to 24 hours, at which time hydrogen concentration

o
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had increased to 6.1%. Further reduction in decay heat extended the

ignition to even later times, but in these cases, purging can be
i

initiated to control the hydrogen concentrations after 24 hours. i
l

These lean concentrations do not develop large burn pressures, and '

it is considered feasible to design a vent cleanup system capable of

accomodating these pressures.

E. Structural Response

- Q119. Has the Staff evaluated CRBR structures to detennine their response

to loads generated during a core-melt accident?

A119. (Butler, Holz) Yes. The Staff reviewed the analysis perfonncd by

the Applicants as set forth in CRBRP-3, Vol. 2, incorporated by
|

; reference in PSAR Section 1.6. In addition, the Staff perfonned an

independent analysis of the containment building pressure boundary

and the thennal loading on the containment building. The Staff's

review is summarized in Apoendix A to the CRBR SER, Section A.4.6

(p. A.4-10) and in Attachment 2 to SER Appendix A.4, " Final Techni-

cal Evaluation Report of Thermal Margin Beyond Design Basis Fea-

tures".

| Q120. Which CRBR structures were analyzed to detennine their response to

loads generated during a core-melt accident?

A120. (Butler, Holz) Plant structures that must be considered during this

accident are the containment building pressure boundary, the

| confinement building, containment internal concrete structures, and
|
| the reactor cavity wall liners and pipeway cell liners. These have

~

,

-
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been analyzed. Of these structures, only the containment building

pressure boundary and confinement building must remain intact

indefinitely following a core melt accident. In this accident it is '

not important that the concrete internal structures or cell liners

survive after sodium boildry because their function is not required

af ter boildry.

Q121. What are the specific loads that act on the steel containment

boundary?

A121. (Butler, Holz) The critical portion of the containment building,

from a structural viewpoint, is the free-standing cylindrical steel

shell above the operating floor that has an ellipsoidal / spherical

head. The boundary is not loaded until a sodium / hydrogen flame

begins burning above the operating floor. Starting at that time,

the temperature of the steel shell and the pressure acting on it

increase until the containment vent / purge systems are actuated.

After that, the pressure loads are essentially zero and the

temperature of the structure increases little, if any. The

Applicants have calculated that the maximum pressure during the base

case TMBDB scenario is less than 24 psig; the Staff's review of that

determination has found it to be acceptable.

Q122. Is it feasible to design a containment which is capable of with-

standing the TMBDB pressure load?

A122. (Butler, Long, Holz) Yes. In fact, the currently proposed contain-

p\__/
ment design has been evaluated by Applicants and Staff and has been

|

|
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determined to be capable of withstanding a TMBDB pressure load of 40,

psig. The Staff's review at the OL stage will ensure that the final

containment design is capable of withstanding TMBDB loads.

It should be noted that the design of the containment is based upon

design basis accidents and is specified to be 10 psig. The contain-

ment is designed to withstand the design pressure in combination

with other loads such as those experienced during a Safe Shutdown

Earthquake (SSE). However, the thickness of the containment shell

is more strongly influenced by the SSE component _of the loads than

by the pressure component. Therefore, when the only primary loads

present, as in a core melt accident, are pressure and dead weight,

the containment shell has a pressure capability that iss

' approximately four times higher than the design pressure.

Q123. How were temperature distributions in the containment and

confinement structures determined?

A123. (Butler, Long, Holz) The TRUMP heat transfer computer code was used

by the Applicants to calculate temperatures in the containment and

confinement structures during the core-melt accident. The thermal
,

forcing function for the TRUMP model was based on heat loads pre-

dicted by the CACECO computer code, increased by 10%. The model

included effects of the annulus cooling system. The Staff reviewed

the Applicants' model'with an independent analysis using the ABAQUS

computer code. The Staff has determined that the Applicants'

(3
V

|

:
!
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predictions give conservatively high temperatures for the sodium

aerosol deposition thickness assumed.

Q124. What kind of analyses have been perfonned to ensure that the
.

confinement building will not fail?

A124.(Butler,Long,Holz) The confinement building was modeled by the

Applicants with the finite element computer code ANSYS. The Staff

has determined that the design techniques are conservative as are

the failure criteria that, for the temperatures experienced in the

confinement structure, are based on the American Concrete Institute

(ACI)buildingcoderequirements. The primary loads in the confine-

ment building are from dead weight and are low. The loads from the

thermal gradients are secondary in nature (that is, they are self

limiting because as the structure begins to fail, it becomes more

flexible, thus reducing the internal stresses). The Staff has,

determined that it is feasible to design a confinement structure

capable of withstanding TMBDB conditions.

Q125. Do the internal structures have to remain intact in. F ''ADB event?

A125.(Butler,Holz,Long) The reactor cavity walls and rea.-*.ar vessel
f

support ledge must remain intact for at least 50 hours, to ensure

that the heat capacity of the pipeway cell walls is employed in

extracting heat from the gases generated in the reactor cavity. All

the structures except the reactor cavity floor and floor liners have |

Jo heisrs, h 484 litst ha. ht A Atpheents edeu.(c.44. hh,
toremainintactuntilfcontainmentventingbegins. Other

structures, except for those that support the containment pressureO

1
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boundary, can fail after sodium boildry. The structures that

support the containment shell must survive indefinitely. The

Staff's review indicates that the structural design criteria

selected by the Applicants, as described above, are satisfactory.

Further, the Staff has concluded that it is feasible to design these
~

internal. structures consistent with these criteria.

.

Q126. What would be the consequences if the reactor cavity wall liners and

pipeway cell liners failed before the times specified in the

criteria for the core-melt scenario?

A126. (Butler) As noted in response to Question 125 above, these liners
,

have to remain intact until containment venting begins (assumed by

the Applicants to be no earlier than 30 hours). In evaluating the
A
V core melt consequences, the Applicants have estimated that different

portions of these liners fail starting no sooner than 30 hours.

Earlier liner failures would have some impact on the rate of

sodium / concrete reactions and could therefore have some impact on

the required vent time and the survival times of certain internal

structures.

Q127. What assurance is there that the reactor cavity wall liners and

pipeway cell liners will remain ~ functional for the periods of time

assumed in the core-melt evaluation?

A127. (Butler) The Applicants are performing, at the Staff's request, a

combined analysis and test program to verify analytical models and

to substantiate the proposed cell liner failure criteria (i.e.,,

! O
| v
i

|
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1

designlimits). If in-depth analysis of the present liner design

shows that it cannot meet the appropriate failure criteria, several

fallback positions have been identified by the Applicants that are
1

expected to lead to a cell liner design that is acceptable to the
;

l
; Staff.

|

F. Annulus Cooling System

Q128. What is the function of the annulus cooling system?

A128. (Butler) The annulus cooling system controls the temperature of the

containment and confinement structures. Basically, this system

breaks the direct themal path in the annulus between those two

structures by introducing a significant heat removal path. The

annulus cooling system is to be designed to remove approximately
7

5 x 10 BTU /hr (15 MW) from the containment. This heat removal rate

is sufficient to maintain the containment at a safe temperature.

0129. What are the components of the annulus cooling system?

A129. (Butler) Redundant fans, located in the Reactor Service Building,

supply air to the bottom of the annulus space. Partitions in the

annulus force the air through a spiral flow path around the contain-

ment shell. The resulting flow paths ensure sufficient air

velocities to achieve the needed heat removal rates. Leak-tight

motorized dampers are provided at the system boundaries. All power

requirements of the system are supplied from Class IE redundant

power systems. All active components are provided with backup

p capabilities so that failure of any one active component will not
V
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preclude 100% operation of the system (see CRBRP-3, Vol. 2,

Sec. 2.2.10).

Q130. Has the Staff evaluated the annulus cooling system and, if so, what

are the conclusions reached by the Staff's evaluation?

A130. (Butler, Long) The Staff has evaluated the currently proposed

annulus cooling system to determine that a system with the required

capacity is feasible to design. To estimate the annulus cooling

system capacity, the Staff perfortned calculations assuming steady

state conditions and average system parameters and boundary

conditions. Results show that the cooling system proposed by
7Applicants can remove approximately 5 x 10 BTU /hr (15 MW) from the

containment at 24 hours into the base case core-melt scenario. This

O)\._ heat removal capability compares favorably with the decay heat load

during the core melt, which is 6 MW at 24 hours. Accordingly, the

Staff has detennined that the design criteria for this system are

acceptable, and that it is feasible to design an acceptable annulus

cooling system.

G. Vent Cleanup System

Q131 What are the primary components of the containment vent cleanup

system?

A131. (Butler) The cleanup system consists of an air washer (quench

tank), a venturi jet scrubber, a high-efficiency wetted-fiber-bed

scrubber, and a redundant set of blowers. Gases and aerosols from

O

. -
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[ the containment building pass through these components sequentially

before the cleaned gas is released to the atmosphere.

Q132. What are the functions of these primary components?

A132. (Butler), The air washer ensures that all sodium oxide is converted

to sodium hydroxide and that the gas temperature is reduced from
,

1100*F to 160"F. It will also remove some of the larger particles

from the gas. The venturi scrubber removes remaining large

particles; the wet-fiber-bed scrubber removes smaller particles and

provides sufficient contact to remove condensible vapor-phase
f

species (CRBRP-3, Vol. 2, Sec. 2.2).

!

Q133. Are these or similar components comonly used by other industries?

A133. (Butler) All of the major components are widely used and are

comercially available. The quench tank venturi-scrubber combina-,

i

tion is used in many process applications, the most common being
,

4

combustion related (such as incineration and coal burning). Other

off-gas cleaning uses include blast furnaces, coke operations, and
i

: gray iron foundry operations.
;

r

Fibrous scrubbers are most comonly used for vapor removal.!-

; However, they are excellent devices for collection of submicron

particles. These scrubbers are often used for removal of mist from
'

acid plant gas streams,

i

|

O;

,

*
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Q134. Has the Staff evaluated the containment vent cleanup sy: tem?

A134. (Butler, Long) Yes. The Staff has evaluated the system design

criteria to detemine the feasibility of achieving an acceptable :

design with the required cleanup efficiency. *

Because the syste'm is not completely designed, an in-depth analysis

of the complete system is r.ot possible. To detemine system feasi-

bility, we reviewed results of tests ACl-AC that were perfomed at

Hanford Engineering Development Laboratory (HEDL-TME-81-1). The

systems tested in the AC test series included the three major compo-

nents proposed for the CRBR design, and utilized an aerosol from a

sodium spray fire. We also reviewed empirical equations developed

from these test results to detemine whether large differences in

system efficiency might result when the components are scaled up to

the size and put into the specific configuration required for CRBR.

Q135. What were the Staff's conclusions concerning the system design

criteria and feasibility of designing an acceptable containment vent

cleanup system?

A135. (Butler, Long) We have concluded that the design criteria are

acceptable and that an acceptable cleanup system can be designed.

Components similar to those proposed for the CRBR cleanup system are

readily available and are widely used. They give satisfactory

results when appropriately sized for the specific filtration demand.

Thorough similtude analyses need to be performed to apply available

data to the final design, and to allow differences in component size

|

|
,
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( and operating characteristics and aerosol parameters to be appropri-

ately taken into consideration.

0136. Whtt are the Staff's conclusions regarding core melt-through -

studies?

A136.(Long) Seven principal conclusions have been reached by the Staff.

These are as follows:

1. Accidents associated with core melt-through following loss of

core geometry have been adequately analyzed.

2. The general course of events in such accidents has been deter-

mined.

3. Possible variations at each key juncture of events have been

| studied to determine the conservative bounds of the accidents.

4. Detailed studies of each phase of the accidents and its varia-

tions have been accomplished, including vessel penetration,

concrete interactions with sodium and core debris, aerosol

release and behavior, hydrogen production and behavior,

challenges to structures and equipment, key mitigating features,

and radiological releases. '

5. The understanding of these events is adequate to conclude that

sufficient attention has been given to these accidents in the

Staff's CDA analyses.

6. As is discussed in Part IV below, the overall results of the

analyses show that radiological doses to individuals at the LPI

boundary in the event of a Class 1 Category II CDA can be

expected to be within 10 C.F.R. Part 100 guidelines.
d

.
.
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7. The design criteria developed by the Applicants for the features

to specifically mitigate CDAs are acceptable, and it is feasible

within the design concepts or fallback possibilities to meet

these criteria.

IV. RADIOLOGICAL CONSIDERATIONS ASSOCIATED
WITH CORE DISRUPTIVE ACCIDENTS

Q137. How is Part IV of this testimony organized?

A137. (Swift, L. Bell, Hulman) Part IV of this testimony addresses, in

sequence, (1) the radiological source tenn developed by the Staff

for evaluation of CDAs and (2) the radiological consequences of

these CDAs.

px A. Radiological Source Tenn
G

Q138. Has the Staff developed a radiological source term that is

representative of a CDA at CRBR?

A138. (Swift) Yes. The radiological source tern developed by the Staff

is representative of both energetic and non-energetic CDAs. The

postulated CDAs do not include either an initial head release or an

early failure of the containment or vent / purge system. This source

term is consistent with the conclusions described above concerning

the energetics expected in a CDA at CRBR. The source term

corresponds to a Class 1 CDA involving Category II primary system

failure, i.e., the " primary system [is] initially intact, but later

fails due to ineffective long-term decay heat removal (of the order

of hours or more)," as defined in Appendix J of the FES Supplement. j
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I Q139. What is the sequence of releases of radioactive materials from the

reactor cavity that is expected to occur in a core disruptive

accident?

A139. (Swift) The first significant release consists of some hot gases

and sodium oxide aerosols, from the initial reaction of the primary

sodium with the reactor cavity atmosphere, plus fission product

noble gases. This is followed by a flow of cavity-atmosphere

nitrogen plus hydrogen from the sodium-concrete reaction; this flow

contains a small fraction of aerosols and vapors of sodium, cesium,

rubidium and other volatiles. After the sodium in the reactor

cavity begins to boil, the fraction of sodium vapor increases
3significantly; at 6 g/m it causes ignition of the hydrogen in the

containment atmosphere. As the rate of boiling increases, so does

the amount of entrained aerosols, including sodium iodide and solids

such as plutonium oxide. This transport of materials in the flow of

hydrogen and sodium vapor to the containment atmosphere continues

until all the sodium is boiled away, a point in time called

"boi l d ry" . The period of sodium boiling may extend from 70 to 130

hours, depending primarily upon the rate of reaction of the sodium

with concrete. As boildry approaches, the materials dissolved and

suspended in the remaining sodium become more concentrated and the

boiling temperature increases. As the last of the sodium boils

away, other volatile materials (tellurium, selenium, antimony and

arsenic), which are less volatile than sodium, are also driven off.

v)
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When the sodium has boiled away, the nature of the transport

changes. The sodium is no longer present to react with the water

and carbon dioxide from the concrete; what remains is the core

debris with its radioactive decay heat generation, plus many tons of. '

sodium hydroxide, sodium carbonate, sodium silicate, calcium oxide,

magnesium oxide, iron oxide or more complicated combinations of

these, plus perhaps a half ton of fission products. As the concrete

is heated and decomposed, water vapor and carbon dioxide are

released, providing a flow of gases to transport radioactive

materials to containment. However, the sparging of solids by this

gas flow carries insignificant amounts of materials to the

containment. This type of release to containment begins after

boildry (70 to 130 hours after accident initiation) and may continue

for several months, until the decay heat generation rate has

diminished to the point where it is insufficient to cause further

melting or dissolution of concrete.

The sodium boiling stage of this sequence is perturbed by the

containment venting. The pressure buildup in the containment, to 2

or 3 times its design pressure, is relieved at about 24 hours by

allowing it to vent down to normal atmospheric pressure through the

containment cleanup system. Relieving the pressure results in a

short period of more rapid sodium boiling and venting of the reactor

cavity and pipeway cell atmospheres to containment. The short-tenn

| overcooling due to the ventdown leads to a period of reduced sodium
1

O vapor flow; this lasts for only a few hours, and then a strong vapor
| b
,

,
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flow resumes and continues at a relatively steady rate until

| boildry.
!

Q140. How did the Staff model the release of noble gases to containment?

A140. (Swift) The Staff's model postulates that 100% of the noble gases

are released to the containment atmosphere at the initiation of the

accident.

Q141. Does that model represent what the Staff expects would occur in a

CDA?

A141. (Swift) In a CDA, almost all the noble gases would be released from

the reactor core at the time of core disruption. Some however,

might move into the primary heat transport system when the reactor
'

guard vessel is penetrated and the primary sodium is drained into

the reactor cavity. In the reactor cavity, the sodium level would

initially be well above the level of the hole in the guard vessel

where the sodium drained out, and thus some of the noble gases might

be trapped in the reactor vessel. Such effects might delay the

release to containment of a portion of the noble gases, allowing

some time for their radioactive decay in a location which affords

more shielding.

Also, rather than at t=0.0, the noble gases would not be released to

containment from the reactor cavity until the vent to containment

opens, modeled as 1000 seconds after initiation of the CDA.

Further, even with the vents open, the noble gases would not be

V

-
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I

swept out of the reactor cavity and pipeway cell atmospheres all at

once, but only over a period of hours.

- Because the noble gases contribute only a fraction of the doses,

these conservatisms in the model result in only a minor conservatism

in the calculated doses.

0142. How did the Staff model the release of halogens to the containment?

A142.(Swift) The Staff's model postulates that 100% of the halogens are

released into the primary sodium at the time of core disruption, and

are subsequently 100% transported to the containment atmosphere at a

rate directly proportional to the rate of sodium vapor release to

the containment. The radioactive iodine is the halogen of concern;

( , the radioisotopes of bromine contribute negligibly to the doses.

Q143. Does that model represent what the Staff expects would occur in a

CDA?

A143. (Swift, Long) When the iodine is released from the core materials,
%

it will interact with the sodium and' form sodium iodide, which is

somewhat less volatile than sodium. Initially, this is a dilute

j solution, there being ahnut 500,000 kg of primary sodium and only

about 7 kg of iodine. Therefore, the reaction will tend to go 100%

; to sodium iodide. Because sodium iodide is less volatile than

sodium, it is boiled off at a lesser rate than is the sodium.

Research results indicate that by the time 50% of the sodium has

boiled off, only 10% of the iodine has boiled off. The Staff's
| OO

-
.
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O model, then, releases the iodine to the containment atmosphere
V

earlier than is realistically expected. Thus, the source tenn for

iodine has had less time than is realistically expected to be

diminished by radioactive decay before it is available to be leaked

or vented to the environment (through a cleanup system) in the

Staff's model. This is a conservatism, i.e., it tends to cause the

calculated doses to be higher than are realistically expected.

A further conservatism is employed in postulating that 100% of the

iodine is released to the containment atmosphere. It is possible

that some iodine would be retained on surfaces within the primary

heat transport system or within the reactor cavity and pipeway cells

before reaching the vent to the containment atmosphere. Also, at
<

the bottom of the reactor cavity, where the sodium and core debris

have been reacting with the concrete, considerable quantities (tens

of tons) of sodium hydroxide and other compounds are formed; a

fraction of the iodine may also be retained within this mass of

reaction products.

Uncertainties associated with this model are:

(1) The iodine (and sodium, etc.) released to the containment

atmosphere before venting has a greater probability of being

depleted from the containment atmosphere by plateout and fallout

than does the iodine released to the containment atmosphere '

during venting or during the operation of the vent / purge system.

The Staff's model assumes that about 20% of the sodium (and thusO
V

i

.
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20% of the iodine) is boiled up to the containment before

initiation of venting, and that most of this 20% would have been

depleted from the containment atmosphere before venting is

initiated. However, even if all the iodine is assumed to be

released to containment during venting and vent / purge operation,

the quantity released to the environment would not be increased

by more than 25% over that which is assumed in the Staff's

model, resulting in approximately a 50 rem increase in dose to

the thyroid.

(2) During the period of boiling of sodium, the rapid rate of
,

injection of large quantities of sodium aerosols into the

containment atmosphere (2 to 5 tons per hour) forces such a

rapid depletion of the aerosol by fallout and plateout that the

relative fraction of aerosol vented to the cleanup system is not

more than 30%. If some of the iodine, as sodium iodide, remains

in the pool until boildry and is driven off only as the

temperature of the residual materials increases, it may arrive

in the containment atmosphere at a time when depletion by

fallout has slowed significantly, thus allowing a larger

fraction to be vented to the cleanup system (assuming a unifonn

vent / purge flow). If 10% of the iodine is vented to the cleanup

system without depletion in the containment, the calculated

thyroid dose would show a net increase of approximately 80 rem.

.
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Having considered these uncertainties and the conservatisms
,

contained in this model, the Staff has detennined that the releases

to the environment calculated by this model represent that which is

expected to occur in a CDA (corresponding to the. Class 1, Category

II CDA discussed in the FES Supplement, Appendix J, Table J.2). In
,

addition, the Staff has detennined that sufficient improvements in

the containment cleanup system filtration efficiency are easily

achievable, should the uncertainties in the Staff's model remain at

the OL stage of review.

;

Q144. How did the Staff model the release of the volatiles cesium and,

rubidium to the containment?

A144. (Swift) The Staff's model postulates that 100% of the cesium and

rubidium is released to the containment atmosphere at one time,

i.e., at 10 hours after core disruption.

Q145. Does that model represent what the Staff expects would occur in a

CDA?

A145.(Swift) Research results indicate that, because cesium and rubidium.

'

are more volatile than sodium, as the sodium boils off, dissolved

cesium and rubidium boil off at a faster rate than the sodium.

These results indicate that almost all the cesium and rubidium boil

off by the time 10% of the sodium has boiled off. It is expected )
l

that almost all the cesium and rubidium would arrive in the l

containment around the time of ignition of the vent plume, i.e.,

around the time of the initial hydrogen ignition. This time is

,

n
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sufficiently early that the containment atmosphere would have been,

almost completely depleted of the cesium and rubidium aerosols by

fallout and plateout before the time venting is initiated. This is

reflected in the Staff's mdel.

It has been suggested that the release of some of the cesium might

be delayed. We have perfonned a calculation of a release of

cesium-137 without depletion by fallout in the containment; if 100%

of the cesium were released to the cleanup system, the resulting

30-day LPZ doses would be 5 rem to the liver and 3 rem to the whole

body and other organs, in addition to those of our base case. The

Staff considers that its model represents that which is expected to

occur in a CDA. However, this sensitivity analysis indicates thatO.

V even if no fallout of cesium-137 occurs, the resulting doses do not

cause the dose consequences of the CDA to exceed 10 C.F.R. Part 100

guidelines.

0146. How did the Staff model the release of other volatile fission

products to the containment?

A146. (Swift) Other volatile fission products are selenium, tellurium,

antimony and arsenic. The Staff modeled these as 100% initially

released into the primary sodium and later 100% transported with

sodium vapor to the containment atmosphere at a rate directly

proportional to the rate of the release of sodium vapor to the

containment.

O
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Q147. Does that model represent what the Staff expects would occur in a
!

CDA?

A147. (Swift) These fission products are volatile, but less volatile than

sodium; their volatility is like that of sodium iodide. Because of

low fission yields, short half-lives, and small dose conversion

factors, all radionuclides of antimony, arsenic and selenium and

most radionuclides of tellurium can contribute little to doses.

Some conservatism is added in the model by releasing these fission

products earlier than is expected. If their release to containment

is delayed until after boildry, only certain radioisotopes of

tellurium would contribute to the doses, but without a significant

effect on the total offsite dose.

Q148. How did the Staff model the release of the other radionuclides to

the containment?

A148.(Swift) The Staff's model postulates that 0.'.6% of all other

radionuclides (i.e., the Ba-Sr, Ru, are 'a groups, including Pu) are

transported to the containment atmosphere at a rate directly

proportional to the rate of sodium vapor release to the containment.

Q149. Does that model represent what the Staff expects would occur in a
'

CDA?

A149. (Swift) The model simplifies the situation, but in general it is

conservative. Most of the remaining radionuclides have volatilities

| like those of the fuel materials uranium and plutonium. (Barium and
|

p) strontium are usually considered to be slightly more volatile.) The
| \_.
i
t

.
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uranium and plutonium dioxides are chemically quite resistant to the

conditions in CRBR during and after core disruption. However, their

nature is such that when molten or vaporized and quenched in sodium,

they fragment into particles generally ranging in size downward from

about one millimeter in diameter. An appreciable fraction,

estimated to be as much as 15%, foms particles so small that they

may remain in suspension in the sodium. Some will interact with the

sodium and form sodium plutonate and sodium uranate, dissolved in

the sodium. A small fraction of these particles, uranates, and

plutonates will be entrained in bubbles passing up through the

sodium and will then be carried up to the containment atmosphere

with the flow of hydrogen and sodium vapor. Experimental data for

sodium boiling rates comparable to those which might be expected in

the reactor cavity indicates that the concentration of fuel

materials transported away with the vapors is generally less than

one part in one thousand of the concentration of the fuel materials

in the boiling liquid sodium. Other data show that for higher

boiling rates, the partitioning factor might be as much as ten times

higher, i.e., perhaps one part in one hundred. The Staff assumed

these values, 15% and one in one hundred partitioning, for the '

Staff's model; these values lead to a release to the containment of

0.15% of the core inventnrv.

Another mechanism for' release of radionuclides to the containment

could come into effect under certain conditions. In this mechanism,

p gases passing through a hot bed of core debris (perhaps as bubbles
b
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through molten core materials) would entrain small particles of the

core debris materials, principally by evaporating or subliming the

materials. This mechanism is sometimes called gas "sparging";

sparging might occur after boildry. The Staff considers that the

amounts transported by this mechanism would be insignificant, but

has nonetheless included them in ,the model by adding 0.01% of the

core to the 0.15% modeled as boiled up with the sodium, so that the

fraction modeled as transported to the containment atmosphere with

the sodium vapor totals 0.16%.

0150. What is your conclusion as to the radiological source term developed

by the Staff for a CDA at CRBR?

A150. (Swift) The Staff has assumed a simplified but adequate model of

the releases of radionuclides to containment following a CDA.

Though primarily realistic, the model incorporates a number of

conservatisms which tend to increase the estimates of CDA doses. As

discussed above, there are certain un: ri.ainties associated with -

this model. None of these uncertainties other than those involving

iodine could cause the 10 C.F.R. Part 100 guidelines to be exceeded;

with respect to iodine, if uncertainties remain at the OL review

stage, additional filtration capability can be provided in order to

keep calculated doses within the 10 C.F.R. Part 100 dose guidelines.

B. Radiological Consequences Of CDAs

Q151. Has the Staff evaluated the radiological consequences of a CDA?

v

. . . .. .
.
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A151.(L. Bell,Hulman) Yes. The Staff reviewed the Applicants' analysis

of the radiological consequences of a CDA. In addition, the Staff

performed an independent analysis of a Class 1, Category II CDA, as

defined in the FES Supplement, Appendix J. The parameters and

results of the Staff's analysis are provided in Appendix A of the

CRBR SER Supplement No. 2 (NUREG-0968, May 1983).

Q152. Do you consider that the CDA scenario the Staff has selected is

appropriately conservative and bounding for Class 1 CDAs?

A152.(Swift,L. Bell,Hulman) Yes, because of the conservatisms inherent

in the assumptions utilized in the Staff's analysis.

Q153. Please describe some of the important assumptions you used in

V modeling the CDA and contrast them with those of the Applicants?

A153. (Swift, L. Bell, Hulman) The scenarios selected by the Staff and

Applicants, respectively, assumed the following:

1. The Staff assumed that venting of the containment starts 24,

hours into the accident, whereas venting at 36 hours was assumed

by the Applicants.

2. The Staff assumed that the containment is vented at a constant

rate of 20,000 cfm over a three hour period, whereas the

Applicants assumed that venting coninenced at a flow rate of

24,000 cfm and decreased to about 8,000 cfm over the three-hour
;

vent period.

3. The Staff assumed that any fission product debris suspended over

A the reactor cavity would fall back into the pool for !

V
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re-evolution during the pool boil-off, whereas the Applicants'

model assumed that none of the fallout is re-evolved.

4. In the Staff's model, any activity released to the secondary

containment for the first 24 hours of the accident and present

in the secondary containment for the duration of the accident

after 24 hours was released untreated to the environment at a

flow rate of 100% of the secondary containment volume per day,

starting 24 hours into the accident. It is not clear to us as

to whether the Applicants made any assumptions with regard to

this potential source of radioactive release.

5. The primary containment was assumed by the Staff to leak at the

technical specification leak rate limit for the first 24 hours

of the accident, and at one-half the technical specification

leak rate after 24 hours (in addition to the vent / purge

leakage). All containment leakage in the first 24 hours is

leaked to the environment via the secondary containment and is

treated by the annulus filtration system. All containment

leakage (excluding vent / purge leakage) after 24 hours into the

accident was assumed to be untreated during the course of the

accident. It is unclear to us as to whether the Applicants

included the technical specification leak rate as a radiological

pathway in their CDA analysis.

6. The plutonium source tenn was assumed by the Staff to be 0.16%

of the inventory,' compared to the Applicants' source tem of

about 0.04% of the inventory.
|

v
l
t
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7. The fission products released from the pool boil-off were

assumed by the Staff to be released to the containment at a

constant linear rate over a 120 hour period i, tarting with the
'initiation of pool boiling at 10 hours into the accident. The

Applicants used a variable release rate over 120 hours.

8. In the Staff's model, the fall-out rate was held constant during

the course of the accident and was considered to be an average t

rate, but fallout was not initiated until 13 hours into the

accident. The Applicants assumed a variable rate for fallout,
, w'A 4. toco pound Attstaat ab todium a &w w. % aunA. sideaw+ failed so (im,.

andinitiatedfalloutfat10hoursintotheaccident. u deras a
9. All of the noble gases (100%) were assumed by the Staff to be (** W Ad

oce%
released at the start of the accident, and all of the cesium and tubs ,

+o to -

rubidium were assumed to be released at the initiation of pool

boiling at 10 hours into the accident, whereas all other

volatile isotopes such as tellurium, iodine, etc., were assumed

to be 100% released over the 120 hour pool boil-off period

starting at 10 hours into the accident. The Applicants'

assumptions in this area were very similar to the Staff's

assumptions.

Q154. Which computer codes were used by the Staff in the calculation of

the doses for the CDA?

A154.(L. Bell,Hulman) The Staff used the TACT V computer code to

calculate both the DBA and CDA doses. The TACT V code has been

validated through hand calculations and in comparing similar model

O
'

;

l

|
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runs betwen the TACT III code and the TACT V code. The TACT V code

has been documented in draft fom.

Q155. Please describe the resulting doses calculated by the Staff, using

the above assumptions?

A155. (L. Bell, Hulman) The results of the Staff's CDA dose calculations

are provided in SER Supplement No. 2, at p. A.5.1. All of the

resulting organ doses calculated are within the 10 C.F.R. Part 100

dose guidelines. The thyroid was the governing critical organ with

an estimated dose of 192 rem. In addition, the dose guidelines for

CRBR constitute a. risk equivalent to the dose guidelines used for

the siting of LWRs. It was detemined that the doses computed for

the above-described CRBR CDA constitute a risk no greater than that

b allowed for LWRs in the dose calculations perfonned to show LWR

compliance with 10 C.F.R. Part 100.

Q156. Please respond to Board Question No. 1, which states as follows:

In its Safety Goal Development Program announcement
(48 Fed. Reg.10772, Nrch 14,1983) the Commission
stated that during the 90-day period (ending June 8,
1983) for public coment on the proposed evaluation
plan "it is expected that preliminary information
on new radiological source terms will become avail-
able..." (Id., at 10778). The Staff is requested
to advise Wether that infomation will be evaluated
for any impact on this proceeding, and the reason

'

for its answer.

Q156. (L. Bell, Hulman) The Accident Source Tenn Program Office plans to
'

1
'

address the severe accident source terms for LWRs, and not for

LMFBRs such as CRBR which involve different coolant, fuel and
AI

i

:
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design. A recent memorandum providing a status report on the LWR

accident source term reassessment from William J. Dircks, Executive

Director for Operations, to the Cocinissioners, dated June 6,1983,

is attached hereto (" Attachment 1 to CDA Testimony").

Two source terms were used to evaluate the CRBR design from a safety

perspective: the source term used for Site Suitability and the

controlled CDA (CDA Class 1) source term. In addition, source terms

were developed to evaluate the environmental consequences of acci-

dents at CRBR for the CRBR FES Supplement (October 1982). The Site

Suitability Source Term (SSST) methodology parallels that used for

LWRs and is based on TID 14844, a reference document footnoted in

10 C.F.R. Part 100. The SSST was used to bound DBAs for the site

suitability determination in combination with engineered safety

features. A change in the SSST or environmental source terms in a

more conservative direction is not likely to result from the efforts

of the Accident Source Tenn Program Office. If the Accident Source

Term Program Office efforts do indicate that the CRBR SSST or

environmental source terms may need to be modified in a more con-

servative direction, it is unlikely that the Staff's conclusions

would change with respect to the suitability of the Clinch River

site for a nuclear power reactor of the general size and type of the

CRBR or the environmental consequences of CRBR operation. However,

changes in the SSST or environmental source tenns may require modi-

fications to the design of certain engineered safety features,

O

-
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such as the annulus filtration system. The Staff expects that such

changes could be accommodated by the CRBR design.

The source term used for CRBR to evaluate the controlled CDA has no -

parallel in LWRs; this source term accounts for fuel configuration,

aerosol behavior and deposition within the reactor cavity and vent

ducts, etc. Such considerations were not explicitly evaluated for

LWRs, but are expected to be factored into the development of the

LWR severe accident source term by the NRC Accident Source Term

Program Office. Since such considerations have generally been

evaluated for the CRBR already, a re-evaluation of them in light

of a revised LWR source term would not be expected to produce larger

source term estimates for the CRBR. The Staff, therefore, concludes

that it is unlikely that the Accident Source Tenn Program Office

findings will appreciably alter the controlled CDA source term or

affect the Staff's conclusion that the controlled CDA doses fall

within 10 C.F.R. Part 100 guidelines.

Therefore, the Accident Source Term Program Office deliberations

should not result in findings that would substantially impact this

construction permit proceeding. However, in the unlikely event that

a design change in the Annulus Filtration System and/or the

Vent / Purge Filtration System (such as by increasing filtration

efficiency) would be 'needed as a result of the Accident Source Term

Program Office findings, it is expected that such changes could be

accommodated by the CRBR design. The Staff will review theO

_ _ _ _ _ _ - - -_ _ - - - - - - - - - J
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.

conclusions reached by the Accident Source Term Program Office as |
|

'

well as the conclusions reached by other interested bodies with |
'

respect to this matter, and will ensure that appropriate considera-

tion is given to those conclusions during the OL stage of review.'

;
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O
PROFESSIONAL QUALIFICATIONS

CARDIS L. ALLEN

I am currently a Senior Reactor Engineer in the Clinch River Breeder
Reactor Program Office of the Office of Nuclear. Reactor Regulation.
U. S. Nuclear Regulatory Comission.

I received a Bachelor of Science and a Master of Science degree in -

physics from the University of Denver.

I worked in the area of LMFBR physics and safety analysis at General
Electric's Atomic Power Equipment Department in San Jose, California
from 1960 to 1964. During 1965 I worked on radiation detection systems
at the U. S. Naval Radiological Defense Laboratory in San Francisco.
I joined the Regulatory am of the (then) AEC in 1966. Since that
time I have worked on various assignments involving safety reviews
for both LWRs and LMFBRs. I am a member of the American Physical
Society and the American Nuclear Society.

O
.
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O PROFESSIONAL QUALIFICATIONS

OF

LARRY W. BELL

I am employed as a Nuclear Engineer in the Accident Evaluation

Branch, Division of Systems Integration. Office of Nuclear Reactor

Regulation. My responsibilities include the reviews and analyses of

designs and operations of nuclear power plant systems to determine the
|

acceptability of the plant safety.

I graduated from the University of Maryland in 1960, with a

Bachelor of Science degree in Physics. In 1967, I received a Master of

|
Science degree in Physics from the University of Maryland. In 1960. I

joined the Underwater Explosions Division of the Naval Ordinance

La -orstory in White Oak, Maryland. I was assigned to the development of

various computer codes to simulate the effects of underwater explosions
;

(both nuclear and conventional). In 1969. I joined the National

{ Aeronautics Space Administration at the Goddard Space Flight Center. I

was assigned the task of developing and analyzing antenna boom deployment.

In 1974 I joined the Nuclear Regulatory Comission as a Nuclear
Q-

Engineer in the Accident Analysis Branch, Division of Technical
*

,

Assistance. Office of Nuclear Reactor Regulation. In January 1980,I

joined the Incident Response Branch. Office of Inspection and

Enforcement. I joined the Accident Evaluation Branch, Division of j

'

Systems Integration Office of Nuclear Reactor Regulation in June 1981.

During sy employment with NRC I have modeled and evaluated numerous

O
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| design basis accidents for nuclear power plants during construction

permit and operating license reviews. I have been responsible for

reviewing the radiation sedels used in equipment qualification reviews.

I have been instrumental in the development of modeling techniques and

. the development or adaptation of computer codes used in the safety

review of numerous construction permit and oprating license

applications.
.
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HOWARD B. HOLZ

PROFESSIONAL QUALIFICATIONS

I am presently a Senior Reactor Engineer, Technical Review Branch, Clinch
River Breeder Reactor Program Office in the Office of Nuclear Reactor
Regulation. I am responsible for the mechanical and structural evaluations
of safety related primary coolant system components and piping preceding and
following a CDA event inside containment and the resulting challenges to
containment from energetic and postulated meltdown events. I am also
responsible for the review of a number of auxiliary systems in the CRBR
Safety Evaluation.

I have a Bachelor of Engineering degree in Mechanical Engineering from the
University of Southern California. I :n a Professional Engineer registered in
California. I have 27 years experience in Liquid Metal Reactors of which 16
years has been on advanced reactor systems.

'

I have held a number of positions bearing a range of responsibilities, includ-
ing supervisor in the Fast Breeder Reactor Group at Rockwell International.
I was Licensing Proiect Manager for FFTF, and worked on CRBR as a technical
expert in the late 1970's and on LWRs following TMI-2. In this capacity I
worked as a technical reviewer providing recommendations to a number of
utilities (both PWRs and LWRs) on how to satisfy the TMI Task Action recom-
mendations.

.
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! LEWIS G. HULMAN
PROFESSIONAL QUALIFICATIONS _ ,

.

I am presently Chief of the Accident' Evaluation Branch, Division of
I wasSystems Integration, in the Office of Nuclear Reactor Regulation.'

formerly the Chief of Systems Interaction Branch and Chief of the
.

Hydrology-Meteorology Branch, both in the Office of Nuclear Reactor
Regulation.*

My formal education consists of study in Engineering at the University
of Iowa where I received a BS in 1958, and an MS in Engineering
Mechanics and Hydraulics in 1967. In addition, I have taken
post-graduate courses at the University of Nebraska, MIT, Colorado State
University, and the University of California, and numerous management,
technical and computer utilization courses sponsored by the government.

My employment with NRC (formerly AEC) dates from February 1971 with both
the Office of Nuclear Reactor Regulation and the former Office of
Reactor Standards, and for consultation on siting of materials
utilization facilities. Assignments were made on both safety and
environmental matters. My responsibilities in the licensing review of
nuclear facilities were in the areas of site analysis, flood
vulnerability, water supply, surface and groundwater acceptability of
effluents, severe meteorologic events and diffusion analyses. In
addition, I participated in the development of the technical bases for1

i
safety guides and standards, and research identification and analysis in
these areas of interest.

i

From March 1980 through mid-April 1981 I was employed in private
industry as a Vice President with Tetra Tech, Inc. in Pasadena,
California. During this period I was responsible for business
development, and for managing several contracts involving various
engineering studies in water, including several contracts for government
and industry. Of note were studies of a nuclear power plant in
Yugoslavia for the International Atomic Energy Agency, flood protection
in the Dominican Republic, a refinery intake design in Indonesia, and
hurricane risk assessments in Texas, North Carolina, Florida, and New
Jersey.

From 1968 to 1971, I was a Hydraulic Engineer with the Corps of
Engineers' Hydrologic Engineering Center in Davis, California. I worked
in special hydrologic engineering projects with most Corps' offices,
participated as an instructor in training courses, and conducted
research. Special projects work included water supply systems analysis
for the Panama Canal, planning hydrologic engineering studies for water

L resource development near Fairbanks, Alaska, regional water supply and .

Iflood control studies for the northeastern U.S., hydropower and water '

supply studies for a dam in the northeast, and flood control studies in
Mississippi.

From 1963 to 1968. I was a Supervisory Hydraulic Engineer with the
| Philadelphia District, Corps of Engineers. As Assistant Chief of the
| Hydraulics Branch, I was responsible for design aspects of multi-purpose,

!
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dams, navigation projects, coastal engineering development and special
studies on modeling of dams, inlets, water supply, and shoaling, salt

I acted as advisor to thewater intrusion, and the effects of dredging.
District Engineer, Philadelphia, on drought problems in the 1960's and
represented him in technical meetings of the Delaware River Basin
Commission - chaired interagency committee which evaluated the effects'

of the drought.'

From 1958 to 1963. I was a Hydraulic Engineer with the Omaha District of
I was responsible for the hydraulic design ofthe Corps of Engineers.

flood control channels, hydraulic design of structures for large dams
and several flood control projects. I also received training in
hydrologic engineering, structural engineering, sedimentation, river
training studies and design, and water resource project formulation.

I have published in journals of the American Society of Civil Engineers,
the American Water Works Association, the Journal of Marine Geodesy, the
National Society of Professional Engineers, the American Geophysical
Union, and in internal technical papers and seminar proceedings of the
Corps of Engineers, the AEC, and the NRC.

I an a registered Professional Engineer in the States of Nebraska and'

I am a member of the American Society of Civil Engineers,California.
the American Meteorological Society, and the American Geophysical Union.

.
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PROFESSIONAL QUALIFICATIONS
OF l

JOHN K. LONG

My name is John K. Long. I am a reactor physicist in the Technical
Review Branch, CRBR Program Office, Office of Nuclear Reactor Regulation.
U. S. Nuclear Regulatory Commission Washington, D.C. 20555.

I graduated from Columbia University with a bachelor's degree in Chemical
Engineering, 1942. I was employed by the Hercules Powder Company,
1942-1945, in the manufacture of explosives. I worked at Wright-Patterson
Air Force Base, Dayton, Ohio, 1945-1949, in the development of aircraft
materials. I received a Ph.D. in Nuclear Physics from Ohio State University,' in 1953, an( was employed by Argonne National Laboratory from 1955 to 1974.

? At Argonne I participated in and directed research on reactor critical
:. facilities, analysis of reactor operating phenomena at EBR-2, and develop-
t ment of procedures for criticality control.
*

I have been employed by the Nuclear Regulatory Commission since 1974, and
,t have reviewed many problems related to the licensing of sodium cooled fast
( breeder reactors, including problems related to the accidental generation

of hydrogen and its release in containment. I was responsible for the
N' review of aerosol and containment analyses and dose consequence analyses in
I the FFTF review. Since the TMI-2 accident, I have participated in accident
I analyses involving hydrogen problems,for the TMI-1, Zion, Indian Point.

Sequoyah and McGuire reactors.

With the reactivation of the CRBR licensing activities. I have been given
t responsibility for review of those aspects of core disruptive accidents

. involving thermal margins beyond the design basis.

A list of recent publications is attached.

.
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* , List of Publications. ,

'A.' M. Broomfield, A. L. Ness, F. I. Amundson, Q'. L. Baird, E. F. Bennett, ;
'

W. G. Davey, J. M. Gasidio, W. F. Keeney, J. K. Long and R. L*. McVenn,| i 2PR-III Assemblies 48, 48A, and 488: The Study of a Dilute Plutonium-fueled
Assembly and its Variants, ANL-7759 (Ded.1970).

.

J. K. Long - The' Effect of a Metallurgical Phase Change on the Power
Coefficient of EIR-II. Xucl. Appl.1,0,17 (January,1971). ,

.

J

J. K. Long and' E. M. Dean, EER-II Codes for Processing Reactivity Data at Tull
,

and Ecduced Coolant Flows. ' ANL/EBR-020 (May,1970).~
,

| J. K. Long and D. Meneghetti, Anisotropic Scattering Calculations for a
! Stain 1 css Steel Reflector. Trans. /.XS 15,, 2, .796 (November,1972).

.

-

J. K. Long - Shortcomings of the Albedo Approximation in KINO Calculations.
Trans. ANS J7,, 269 (November, 1973)*

Safety Evaluation Report Fast Flux Test Facility, NUREG-0358, August 1978,
(J. K. Long responsible for accident con, sequence analysis) , ,

'

p Final Environmental statement. Clinch River Breeder. Reactor Plant NUREG-0139,
V , February 1977 (J. K. Long responsible fdr chapters 8, 9, and parts of 11)

Site Suitability Report, Clinch River Breeder Reactor Plant, March 1977,
(J. Long responsible for section on containment desig'n) -

..
.

$. D. Gasser, W. T. Pratt,' Radiological
J. K. Long, A. R. Marchese, T. P. Speis,d Fast Reactor Melt Through Accidentand Containment Analysis for a Postulate

I With Containment Venting Proceedings of the meeting of the European Nuclear
Society on fast Reactor Safety Technology, Seat 1 Ele, Washington, Aug. 19-23, 1979.

,

Preliminary Assessment of Core Melt Accidents at the Zion and Indian . Point. i

Nuclear Power Plants and Strategies for Mitigatirig Their Effects. NUREG-0850,
j

'vol.1. U.S. Nuclear Regulatory Comission November 1981. (J. Long responsible i>

for sections on hydrogen). . .,

Supplenent to Final Environmental Statement Related to Construction and Operation
of Clinch River Breeder Reactor Plant, NUREG-G139 Suppl No.1,'U. S. Nuclear
Regulatory Commission, October 1982 -(J. Long responsible for Sections of Chapters
7, 3 and 9). ,

,

. Safety Evaluation Report Related to the Construction of the Clinch River Breeder*

i Reactor Plant, HUREG-0968, U. S. Nuclear Regulatory Comission, ilarch 1933
(J. Long responsible'for Sections of, Appendix A). .

-
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J.1;. L:ng Analysis of the Static' Ttefer Ceefficient cf IBR-II with RcJuced '
Coolcnt Flow * Nu.cl. Appl. 6, 116 '1969) .

- -

J. K. Long, R. W. Hyndtan Pro =pt Teefosch P.eactiyity in EBR-II, Trans. mis.-
12, 2, 690 (Deeember 1959)

,

,

,J. K. Long, The Contribution of Fuel Eep$nzien to'the E3R-II Power Coeffi-
cient, Trhas. ANS,12, (Supple:ent) p. I S. ' San Juan, Puerto Rico, OctoberI ,

1959)
*

- '

. . .
. .

W. G. Dwey, A. Broo nfield, P,. I. Asund;en, Q. L. Paird, J. M. Gssidic,
.. . . W. P. Keency.. J. .K. Len. ,. F., G. Matleek, R. L. .:.':Vean, L. A. M:vntfords - --

R. 3. P'.her, R. O. Vesb.:r ;h. A Bench =srk 3eries of Plutonium-?ueled
Test Critical Asse=blies. Trans. #!S. E,1, 239 (June,1968)

J. K. Long, F. S. Kirn, Effect of Reduced now Conditions on the Power
Coefficient of EBR-II. Nsns. AUS, 11,1, 230 (.~une,1968)

.

P. J. fersinni, J. Kallfeln, F. S. Kirn, J. K.1:ng, R. Smith, IBR-II
,

Power C: efficient Vsriatiens Nring Operational Run 26. Trans. A'S, ~11,-

!. 1, 281 June,1968)
,

.

R. R. S=it)., R. A. Curb n, P., '7., Hyni:v:, T S. Kirn, J, K. Long, V, B. .

L'eeeenttein, J. T. I'.siell, T. R. Burp, sni ?. J. Persiani, Recent Operating
. ,

! Experience eith E3E 'I. 3rit7 ';ucl. Inergy See. Conf. on the Thysics of
,

| . :. - L 7 e.u .: a vea a.wu v.m uemn . .cmeg. .Jy).. .
.
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I R. R. 3-ith, T. R. Ba=p, R. A. Cushmn, F.. ~i. Hv5.d:xm, F. S. Kirn, W. 3.
. . L:cwenstein,. J. E.. L f;,..J. T.. *'.s.5 ell, P, J. Persiani .'6 - R. *r:milinn *

| T)e Effe:tr of en Over-coolei Stainic.*s, Steel Eenector on the E3R-II
; Power Cuefficient,. A :L-75L' , s'1?59) .,

|
. P. J. Perr.iani, T. R. Bu=p,' 3. A. Cush an, Ji K. Long, D. Kucers,

j k.alysis of the Variaticn in the 'IEE-II Toeer Ceefficient Due to Blanket
' ''''Ch:. e, Tr:nz. ANS., n , 1, Ec2,'iJunf, 1968) *-

,

< - .

T. 5. Kirn, J. K. Long, R. R. 2:nith, 3.ffect of the Stainlest-Steel Reflecter
on the Pc. der Coefficient of E3R-II, Trsns. AUS ,_O,,, 2, 6h8, (Nove:ber,1967)

, J . K,., Leng, A., ,L. Ness, R. L. M:Venn,. P,, J,..Ier.41;mni, A, J. Ulrich, Q . L . Esird,.
R. A. 3ennett, S. L. Ingstr::2, ??TF Critical Experiments -- Centrol Esd Striies

en 2PT.-3 Trans. A':S. ,10,1, 269 (June) 1967). -

.,

A. M. Rrce:.f; eld, P. I. A= unison, W. G. Izvey, J. M. Onsidlo, A. L. Mess,
W. P. Keeney and .i. K. Lcng "ZPE-3 Asse:bly ES: Studies of a Dilute Pluto-

. . nium Iuelci Ar.re=bly" Intar:stienal.Crnference o'n- Fast Critical Experiments- - -- --

.

md 'Their .tr.i.lyris, K L-73EC p. 2C5-21); ,19C6)
.
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P. J. Tc r:1 :ni, T. h. Lu ap, R. A. Cu:hmen, J. Lenc, and D. E.::ers, Analy:fr.*

ef the Ynri stion in the T,3R-II Pever Cc#"Ici' nt Luc to 21::rJ.et Ch zn-e, ir.-

"J.ecctor n.yrics Divi: ion Annual hepsrt; July 1,1967 to June 30, 1965,,"'

p. 203, A!!L-7h10.
,

_ _

P. J. Persiani, J. Kallfelz, T. Kirn, J. K. Long, and R. Smith, EBR-II Power '

Coefficient Enriaitions During Operaticasl Run 26, in "Reacter Thysics Division
Annual Feport; July 1, 1967 to June 30, 1968," p. 201, ANL-7410.

P. J. Persiani, J. K. Lone, A. J. Ulrich, and D. A. Kucera, Develop:nent of
the Critical Experi:.ent Trogram fer the Tast .M:els Test Tacility in " Reactor.

Tnysics Division Annum 1 Repert; July 1,1966 to June 30,1967," p. 232,
A!!L-7210 -

i
' R. Avery, C. Dicker =an, W. Y. Kato, J. K. Long, A. B. Smith, in "Tast ?reeder

Reactcrs," P. Y. Eva :s, ed., p. h03 h20. C:< ford, Ferge.x:n Press, ,1967 frc=-
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'
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PROFESSIONAL QUALIFICATIONS

O
I am currently, Chief of the Electrical Engineering Branch, Office.of

Nuclear Regulatory Research, U. S. Nuclear Regulatory Comission. During

!the construction permit review and safety evaluation report preparation,

I was Section Leader, Technical Review Section, Clinch River Breeder

Reactor Program Office, Office of Nuclear' Reactor Regulation, U. S. Nuclear ,

Regulatory Comission. In this capacity, I am responsible for direction of

the technical review section's review of the fast sodium-cooled CRBRP

| safety review.

,

I received a Bachelor of Science, M.S., and Ph.D. degrees in physics from

the University of Tennessee.

,
-

I spent five years teaching engineering and physics at Worcester Polytechnical

Institute. I also spent five years doing research in engineering and nuclear

physics at Savannah River and Oak Ridge National Laboratory. In 1977, I

joined the Nuclear Regulatory Comission, Office of Nuclear Reactor ,

Regulation in the Reactor Safety Branch. I then worked in the Instrumentation

and Control Systems Branch. I then became a Section Leader in the Reactor

Systems Branch.

I have published several Journal papers in the fields of physics and

nuclear engineering.

O
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Jerry J. Swift

PROFESSIONAL QUALIFICATIONS |
|
|

I am employed by the Clinch River Breeder Reactor. Program Office, Office of
Nuclear Reactor Regulation, U.S. Nuclear Regulatory Comission. The title

,

of my position is Reactor Engineer.'

| From 1980 to 1982, I worked -at the U.S. Department of Energy on the environ-
( mental and safety aspects of a variety of nuclear technologies, including
j fusion devices, accelerators, transportation, waste management, and sewage

irradiation.

From 1972 to 1980, I was employed in the Office of Radiation Programs of the
U.S. Environmental Protection Agency, as a Nuclear Engineer and Environ-
mental Protection Engineer. During this period, I was involved in evaluating
the potential radiation doses and radioactive contamination of the environment
that might result from severe reactor accidents, with application to the
development of Protective Actinn Guides. I was also involved in the evalua-
tion of normal operating releases from nuclear fuel cycle facilities in
support of the development of 40 CFR 190, " Environmental Radiation Protec-
tion Standards for Nuclear Power Operations." I assisted in development

O work for standards and guidance by EPA on management of high level wastes
and uranium mill tailings. I aided EPA's participation in nuclear policy

| reviews by Presidents Ford and Carter. I managed EPA's NEPA reviews of
| environmental statements for two LWRs. I managed EPA's lengthy review of

the Reactor Safety Study, WASH-1400.

From 1970 to 1972, I held a position as Physicist in the Institut fur
Reaktorsicherheit , (now the Gesellschaft fur Reaktorsicherheit abH) in
Cologne, Germany; in this position, I was primarily concerned with evaluat-
ing the nature and quantities of radoactive materials that might by released
in postulated nuclear reactor accidents, and the resulting radiation doses
that might be experienced. I was also involved inevaluating siting condi-
tions,

t

While a graduate student at the Catholic University of America, from 1966 to
1970, I held the position of Assistant University Radiological Safety Official,
performing health physics functions throughout much of the University.

I received the degree of Geological Engineer from the Colorado School of
Mines in 1955, a Master of Science degree in Nuclear Engineering from Iowa
State University in 1965, and a Ph.D. degree in Nuclear Engineering from the
Catholic University of America, Washington, D.C. in 1971. I have current
certification in Health Physics from the American Board of Health Physics.

,

In my present position,-I am primarily involved in the review of those -

O consequences.ident event sequences which may lead to radiological
potential acc

This includes both sequences within the design basis and
sequences beyond the design basis. I also coordinate the efforts of other
technical reviewers on these topics.

. .- - . . . _ - . - - - - . . _ _ - . -. - . - - - - .-
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PROFESSIONAL QUALIFICATIONS
,

.! Charles R. Bell

!! I have been a staff member at Los Alamos since 1975. I received my Bachelor
.I of Science degree in mechanical engineering from the University of Cincinnati
;! in 1965 and a Ph.D. in nuclear engineering from the Massachusetts Institute

of Technology in 1970. While at Atomics International from 1970 to 1975e
' I participated with the assessment of severe core disruptive accidents in

breeder reactors. I also led an effort to design, develop, test, and apply
a system analysis capability to investigate tube breaks in large sodium-
water steam generators. At Los Alamos I participated in the development
and application of advanced techniques for detailed assessment of severe
breeder reactor accidents. I have had a major role in establishing new
perspectives and in integrating these perspectives into national and inter-
national research and development programs. I am a member of the American
Nuclear Society. .

.
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PUBLICATIONS --

,

N. G. Galluzzo, C. R. Bell, and B. L. McFarland, " Design Considerations for
Systems Subject to Sodium / Water Reactions," ASME Paper Number 75-PVP-68,
Presented at the 2nd National Congress on. Pressure Vessels and Piping
Technology, San Francisco, June 1975

C. R. Bell, "TRANSWRAP - A Code for Analyzing the System Effects of Large-Leak
Sodium-Water Reactions in LW BR Steam Generators," Presented at the
American Nuclear Society Fast Reactor Safety Meeting, Los Angeles,
California, April 2-4, 1974.

C. R. Bell , N. P. Oberle, W. Rohsenow, N. Todreas, and C. Tso,
" Radiation-Induced Boiling in Superheated Water and Organic Liquids,"
Nuclear Science and Engineering, 53, 1974.

C. R. Bell , P. B. Bleiweis, J. E. Boudreau, F. R. Parker, and L. L. Smith,
" SIMMER-I: An

Sn, forImplicit, Mul tifield, Multicomponent, Eulerian,Recriticality Code. LMFBR Disrupted Core Analysis," Los Alamos
Scientific Laboratory report LA-NUREG-6467-MS (January 1977).

C. R. Bell, P. B. Bleiweis, and J. E. Boudreau, " Analysis of LWBR Core,

Disruption and Accident Phenomena Using the SIMER-I Code," Proc. Int.;
'

Mtg. on Fast Reactor Safety and Related Gysics, Chicago, October 5-8,
1976, CONF-761001.

C. R. Bell and J. E. Boudreau, "SIMER-I Accident Consequence Calculations,"
Trans. ANS 27, 555-556 (December 1977).

C. R. Bell and P. J. Blewett, " Assessment of Design Options for HCDA Energetics
Accommodation," Proc. Int. Mtg. on Fast Reactor Technology, Seattle,
August 12-23,1979 (Am. Nuc. Society, La Grange Park, Illinois,1979),Vol. IV, pp. 1952-1961.

C. R. Bell, J. E. Boudreau, J. H. Scott, and L. L. Smith, " Advances in the
Mechanistic Assessment of Postdisassembly Energetics," Proc. Int. Mtg. on
Fast Reactor Technology, Seattle, August 19-23,1979 (Am. Nuc. Society,
La Grange Park, Illinois,1979), Vol. I, pp. 207-218.

i

C. R. Bell and J. E. Boudreau, " Heat Transfer and Thermal Losses in Above-Core
Regions," Proc. 2nd Int. Seminar on Containment of Fast Breeder Reactors,
Int. Congress Center, Berlin (August 1979).

C. R. Bell, R. D. Burns, III, and L. B. Luck, " Impact of SIMER-II Model -

Uncertainties on Predicted Postdisassembly Dynamics " Los Alamos
Scientific Laboratory report NUREG/CR-1058, LA-8053-MS (October 1979).

C. R. Bell, J. E. Boudreau, R. D. Burns, III, L. B. Luck, L. L. Smith et al .. .
"SIMER-II Analysis of LMFBR Postdisassembly Expansion," Proc. Int. Mtg.
on Nuclear Power Reactor Safety, Brussels (October 1978).,,

..
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O.
M. G. Stevenson, C. R. Bell, W. R. Bohl, J. E. Boudreau, R. D. Burns, III.

J. F. Jackson, L. B. Luck, J. H. Scott, L. L. Smith', and S. T. Smith, "An -
Overview Assessment of Energetic Core Disruptive Accidents," Proc. Int.
Mtg. on Fast Reactor Safety Technology, Seattle, August 19-23, 1979 (Am.
Nuc. Society, La Grange Park, Illinois,1979), Vol. Y, pp. 1406-1414.

M. G. Stevenson, C. R. Bell, J. E. Boudreau, R. D. Burns, III, L. B. Luck, and
L. L. Smith, "The Use of Mechanistic Computer Codes in the Probabilistic
Analysis of LMFBR Core Disruptive Accidents," Proc. DOE-NRC-Japan Seminar
on LMFBR Core Disruptive Accidents, Tokyo, November 1978

R. C. Smith and C. R. Bell, "SIMER-II Simulation of Thermite Freezing andPlugging Experiments," Trans. Am. Nuc. Soc., San Francisco,November 19-December 29, 1981.

C. R. Bell, "A Calibration of the SIMER-II Boilup Capability," Trans. Am. Nuc.
Soc., San Francisco, November 29-December 4,1981.

L. B. Luck, C. R. Bell, M. W. Asprey, and G. P. DeVault, "A Transition Phase '

Calculation of a Large, Heterogeneous Core LWBR," Trans. Am. Nuc. Soc.,
San Francisco, November 29-December 4,1981.

i

C. R. Bell and W. R. Bohl, " Estimation of LWR Vessel Loads from PostulatedO In-Vessel Steam Explosions," Presented at the SMIRT-6 Post Conference
Seminar Number 9, Ispra, Italy, August 1981.

C. R. Bell, " Multiphase, Multicomponent Hydrodynamics in HCDA Analysis:
1

Present Status and Future Trends," Presented at the SMIRT-6 PostConference Seminar Number 10, Ispra, Italy, August 1981.

C. R. Bell, " Breeder Reactor Safety--Modeling the Impossible," Los Alamos
Science, Vol. 3, Number 1, (1981).p

C. R. Bell and L. B. Luck, " Transition Phase' Research Needs Based on
Exploratory Analyses with SIMER-II," Los Alamos National Laboratory,report to be published.

L. B. Luck, G. P. DeVault, M. W. Asprey, and C. R. Bell, "A Preliminary
Evaluation of a Complete Unprotected Transient Undercooling Accident for
a large Heterogeneous Core LWBR," Los Alamos National Laboratory report,to be published.

L. B. Luck, C. R. Bell, and W. R. Bohl, "An Assessment of SIMER-II Modeling
Needs " Los Alamos National Laboratory report in preparation.

SOCIETIES: American Nuclear Society, Tau Beta Pi, Pi Tau Sigma
.

AWARDS: NSF Traineeship, AEC Fellowships
,
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PROFESSIONAL QUALIFICATIONS

THOMAS A. BUTLER

I am a staff member in the Advanced Engineering Technology Group at the
Los Alamos National Laboratory. In this position I am presently responsible
for managing our group's structural mechanics effort for providing technical
assistance to the Nuclear Regulatory Comission in the licensing review of the
Clinch River Breeder Reactor Plant (CRBRP). Past responsibilities have
included being Principal Investigator in a program to analytically predict
the ultimate capacity of the Zion and Indian Point containment buildings,
providing analytical support.to Los Alamos's containment buckling research
program, and analyzing the response of a number of structural systems sub-
jected to thermal, seismic, impact, and blast loads.

I have a Bachelor of Science degree in Agricultural Engineering (machine
design) from Colorado State University and a Master of Science degree in
Aerospace Engineering (structural dynamics) from the University of Michigan.
I am registered as a Professional Engineer in the state of New Mexico.

I have eleven years of professional experience in the field of mechanical
engineering. I worked for Lockheed Missiles and Space Company for five years
where I was responsible for structural dynamic response analysis and testing
of large space vehicles and components. As a Senior Research Engineer, my

O. writing technical specifications, and acting as a technical monitor for sub-
responsibilities also included developing structural response computer codes,

'

contracts. I have been with the Los Alamos National Laboratory for the past
six years where most of my work has been involved with nuclear safety.

|
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| Edmund T. Rumble, III -

I

PROFESSIONAL QUALIFICATIONS
*

: -

!

! I am an employee and Corporate Vice President of Science Applications Inc.
(SAI) - a nationwide research and consulting fim. In this capacity, I:

i perfom contract research on energy-related projects. Presently, I am a
. member of an SAI team providing technical assistance to the Office of
| Nuclear Reactor Regulation of the U.S. Nuclear Regulatory Commission on

safety matters related to the proposed Clinch River Breeder Reactor Plant.
:

i I received a comission in the U.S. Navy and a Bachelor of Science degree
' from the U.S. Naval Academy. After graduation, I was qualified for and
| served as a U.S. Naval submarine officer responsible for operational and
; administrative aspects of a submarine nuclear power plant. Following my

honorable discharge from the Navy, I received my Master of Science and Ph.D.i

degrees in Nuclear Engineering from UCLA. I am a Professional Engineer-

b regis y d in the State of California and am listed in Who's Who in Technology,

i Today, American Men and Women of Science, and Who's Who in California (14th
ed).1

I have been involved in LWR and LMFBR safety research at UCLA and SAI for'

I the past ten years. My doctoral thesis involved modeling LMFBR core
l accidents. I have made technical contributions, managed, and acted as an

advisor in deteministic and probabilistic safety analyses and assessments
of LWRs and LMFBRs. Recently, I managed a major portion of, and technically
participated in, a two-year, multi-organizational risk-oriented study of the
SNR-30 , an LMFBR under construction in West Gemany.

.

O

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



- -

8414

DAVID SWANSON

O APPLIED SCIENCE ASSOCIATES
STATEMENT OF PROFESSIONAL QUALIFICATIONS

For the past eight years, I have assisted the Office of Nuclear Reactor
Regulation in the review and evaluation of the materials interactions
that can occur as a result of postulated core meltdown accidents. During
this period, considerable expertise in reactor materials evaluation and
analysis has been developed. Assistance has been provided on reviews
for the Clinch River Breeder Reactor Plant (CRBRP), the Floating Nuclear
Plant (FNP), the Fast Flux Test Facility (FFTF), the High Temperature
Gas-Cooled Reactor (HTGR) and the Zion and Indian Point plants.

Technical assistance has been provided for safety issues concerned with the
potential for a postulated core melt accident in the CRBRP. For this effort,
the problems associated with molten core-limestone concrete and sodium-
limestone concrete interactions were assessed and evaluated. Potential
sacrificial materials for proposed core retention concepts were examined.
Molten core debris and liquid sodium interactions with Mg0 were studied
extensively.

In the safety review of the FFTF program, technical assistance was provided
in the review and evaluaticn of materials issues. The interaction of liquid
sodium with basalt and magnetite concrete and the comercial insulating
and fire-resistant firebricks employed in the cell liners was studied.
Technical assistance in this area also included an examination of the problems

p associated with a core disruptive accident, including the interactions between
Q molten core debris and concrete and firebrick. The problems included the

rate of penetration by sodium and molten core debris into concrete and
firebrick. Other issues concerned cracking and spallation, the potential
for adverse chemical reactions and the extent of gas evolution.

Technical assistance has been provided in the review and evaluation of infor-
mation submitted by the FNP applicant (Offshore Power Systems) in the area
of materials interactions associated with the delay of core melt penetration.
This has included detailed technical assessments of molten core interactions
with concrete and with sacrificial materials for use in the preparation of
NRC safety and environmental review documents. In these studies, the effects
of mechanical and thermal shock, brick floatation, eutectic fonnation,
chemical interactions and slag attack have been investigated for the material
(Mg0) proposed for use in the core ladle.

In the area of High Temperature Gas-Cooled Reactors (HTGR), the loss of
graphite strength due to oxidation induced by water vapor and the presence
of contaminants has been examined. Review and assessment of certain programs
at General Atomic has been provided; this has included examination of various
core catcher concepts for Gas-Cooled Fast Reactors.

1 O
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Other core retention proposals have oeen evaluated. These have included ~

the use of borax and high-alumina cement.

I have conducted experiments to study the interactions of both concrete
and Mg0 with molten core debris and liquid sodium. Over forty experiments
with molten UO2 and molten steel were performed, including experiments in
which the UO.2 or steel was maintained in a molten state on top of either
concrete or Mg0. The interactions between the materials were thoroughly
analyzed and have been the subject of a number of published reports.

During the course of seven years of work for the Office of Nuclear Reactor
Regulation in this area, I have acquired expert knowledge in the area of
nuclear reactor accident scenarios which may lead to core melting. I have
also acquired a general knowledge of NRC licensing procedures, regulations,
requirements and safety criteria. I hold a Ph.D. in nuclear chemistry and
am a licensed professional nuclear engineer in California.

Note: - all my work has been sponsored by NRC for the last 8 years,

i
l

O

O



. . . . . - - - - - . - . .-

* *
i

8416..

|

O
,

1

Unclassified Publications In The Area Of High Temperature
Materials Studies Related To Advanced Reactor Systems

1. D. G. Swanson, J. N. Castle and P. D. Anderson, " Core Malt
! Materials Interactions Evaluations" Final Report,

Applied Science Associates, Inc., Palos Verdes, CA,
1982 (to be published).

2. D. G. Swanson, I. Catton and V. K. Dhir, "A Thoria Rubble
Bed For Post Accident Core Retention," Proceedings of
the Fifth Post Accident Heat Removal Information
Exchange Meeting (Karlsruhe, Germany), July 28-30,
1982, p.307.

3. D. G. Swanson, J. N. Castle and P. D. Anderson, " Core Melt
Materials Interactions Evaluations," 2nd Annual Report,
Applied Science Associates, Inc., Palos Verdes, CA,
1982.

4. D. G. Swanson, " Core Melt Materials Interactions
| Evaluations," ist Annual Report, Applied Science
; Associates, Inc., Palos Verdes, CA, 1982.
.

5. D. G. Swanson, H. L. L. van Paassen and A. R. Marchese,
" Molten Core Interactions with Commercial Firebricks,"i

i American Nuclear Society Transactions, 32, 525 (1979).

6. D. G. Swanson, E. H. Zehms, R. A. Meyer, J. D. McClelland,
and H. L. L. van Paassen, " Evaluation of Materials for
Retention of Sodium and Core Debris in Reactor Sys-
tems," USNRC, NUREG/CR-0900 (1979).

7. D. G. Swanson, E. H. Zehms, R. A. Meyer, J. D. McClelland,
and H. L. L. van Paassen, " Annual Progress Report for
Evaluation of Materials for Retention of Sodium and
Core Debris in Reactor Systems," The Aerospace
Corporation, ATR-79 (7814)-1 (1978).

8. D. G. Swanson, E. H. Zehms, H. L. L van Paassen, and A. R.
Marchese, " Interactions Between Molten Core Debris and

! Reactor Materials," American Nuclear Society
| Transactions, 28, 524 (1978).

9. D. G. Swanson, et al., Annual Progress Report, " Evaluation .

of Materials for CRBRP Core Retention," USNRC,
NUREG/CR-0076 (1978).

||
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() 10. D. M. Goddard, G. D. Kidwell, and D. G. Swanson,
"Small-Scale Sodium Concrete Reaction Studies," The
Aerospace Corporation, ATR-78 (7706)-1 (1978).

11. D. G. Swanson, E. H. Zehms, D. M. Goddard, C.-Y. Ang, H. L.
L. van Paassen, G. D. Kidwell, and A. R. Marchese, j

" Interactions Between Molten Core Debris and Core |
*

'

Containment Materials," American Nuclear Society
Transactions, 22,, 659 (1977).

12. D. G. Swanson, E. H. Zehms, C. -Y. Ang, H. L. L. van
Paassen, and A. R. Marchese, " Molten Core Debris
Interactions with Core Containment Materials,'
Proceedings of the 3rd Post-Accident Heat Removal
Meeting, ANL-78-10, 408 (1977).

13. D. G. Swanson, D. M. Goddard, E. H. Zehms, J. D. McClelland,
R. A. Meyer, H. L. L. van Paassen, and G. D. Kidwell,
Annual Progress Report, " Evaluation of Materials for
CRBRP Core Retention," The Aerospace Corporation,
ATR-77 (7608 )-2 (1977).

14. D. G. Swanson, E. H. Zahms, C. -Y. Ang, J. D. McClelland, R. -

A. Meyer, and H. L. L. van Paassen, " Annual Progress
,

! Report for Ex-Vessel Core Catcher Materials Inter-
l actions," The Aerospace Corporation, ATR-77 (7608)-1,

(1976).

15. D. G. Swanson, D. M. Goddard, J. D. McClelland, and R. A.
Meyer, " Sodium-Graphite and Sodium-Concrete
Interactions Experiments," The Aerospace Corporation
ATR-77 (816 2)-1 (1976).

16. D. G. Swanson and N. T. Porile, " Statistical-Model
| Calculation of the Angular Distribution of (a, n)

Reaction Products," Phys. Rev. C, 1, , 4 (1970).

" Average ggnges, Crosyg7 ,'917. D. G. Swanson and N. T. Porile, y
Sections and Isomer Ratios for the Ba (a, n)
Ce Reaction," Nucl. Phys. A144, 344 (1970).

|

18. D.G.ygygnsonandN.y34Porile, " Angular Distribution of
Ce from the Ba (a, n) Reaction," Nucl. Phys.,

A144, 355 (1970).
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PROFESSIONAL. QUALIFICATIONS
'

O T. G. Theofanous
'

For over a decade now I have been heavily involved in the field of Nuclear
.

Safety, both from the research as well as from the licensing point of view.
During this period of time I have had the opportunity to make original
technical contributions and to participate in the decision making process
over a broad range of technical problems and licensing issues for both
Light Water Reactors (PWRs, BWRs) as well as Advanced Reactor concepts

; (LMFBRs,HTGRs,FNPs). This rather unique mix of experience was obtained
1

through the pursuit of two principal efforts. As a long term consultant
; to the ACRS I focused my efforts on LWR safety issues for accidents within |the Design Basis Envelope. As a researcher at the Universit

associated activity as a consultant to the NRC (Regulatory) y and in anStaff my early
work was concerned with LMFBR Core Disruptive Accidents, and more recently
with LWR Class-9 Accidents. This experience was further complemented from
a number of additional activities including participation in review groups,,

'

special review panels, working groups of experts, editorial activities in
the scientific literature. Details are provided below:

I joined the ACRS effort during the early days of ECCS controversy andI

rule-making hearings. Since that time in addition to the ECCS and a
number of plant-specific subcommittees I participated in the ATWS, Fluid
Dynamics, THI-II, and Pressurized Thermal Shock subconnittees. I originated

O the efforts (while reviewing Grand Gulf) that led to the discovery of certain
" difficulties" with the MARK-I, II and III containment systems. As a member,

.' of the " Advanced Code Review Group" and the " Verification Review Group" I
had significant impact in shaping the evolution of these NRC-RES efforts.

| Over the period 1975-1979 I directed a University Technical Assistance
effort for the NRC Staff (Division of Project Management). This effort'

covered the areas of Thermal Interactions, Recriticality, and Initiating
Phase Phenomena (Voiding, Clad Relocation, etc.) of Core Disruptive Accidents
in LMFBRs. Based on this work I provided technical assistance and worked
closely with the NRC Staff during the reviews of FFTF and CRBR (Homogeneous
Core Design). This work culminated with NUREG/CR-0224 which is now one
of the key references in this area. Dased on this background I am currently
involved (as chairman of a management group) in the review and independent
assessment of Core Disruptive Accident Energetics of the new CRBR licensing
application (Heterogeneous Core).

Over the past three years (1980-1982) nty group at Pt.edue has addressed problems
in material interactions phenomenology arising in evaluating the consequences
of LWR core melt accidents. This work was carried out under a technical
contract for the NRC Staff (Division of Systems Integration). Based on this
work I have provided technical assistance and worked closely with the NRC
Staff during the reviews of the Zion / Indian Point and Limerick /GESSAR
Probabilistic Risk Assessment Studies. In addition I provided the technical -

support to the NRC Staff in commenting on the NRC-RES research programs
and plans in the area of Degraded Core Phenomenology.O

,
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'

Industrial & Consultino Experience '

Consultant, U.S. Atomic Energy Commission (presently Nuclear Regulatory *
Commission), Advisory Committee on Reactor Safeguards (1971-present).

Consultant, Argonne, National Laboratory, Reactor Analysis and Safety
Division (1971-1975).

!

Consultant, U.S. Atomic Energy Commission (presently Nuclear Regulatory
Commission), Office of Nuclear Reactor Regulation (1974-present).

Consultant, Aerojet Nuclear Company, Idaho Falls, Idaho (1975).

Consultant, United Nuclear Industries, Richland, Washington, (1975-1976).
'

Vice-President, Fauske. Grolmes, Henry and Theofanous Ltd. (1979-1981).
,

President Theofanous and Company, Inc. (1981-present).
! Consultant, los Alamos National Laboratory (1981-present).

Expert, U.S. Nuclear Regulatory Cor:.issicn, Office of scimar Regulatory
Research (1981 ,present).

Consultant, NUS (1982-present).

~~ "
.. . - - --- - .

Special Review Panels & Assianments

Official U.S. NRC delegation to Europe (1976).
Purpose: To visit France, Germany, and the United Kingdom to learn about
research safety programs and operating experience with demonstration LMFBR
plants and to exchange views on licensing, requirements and procedures.

| Advanced Code Selection Committee, U.S. NRC Office of Nuclear Regulatory Research'

(1979). -

Purpose: Select one of the three advanced codes being developed for the analysis'

of LWR Loss of Coolant Accidents. -

Ad Hoc Committee for the Review of NRC's LMFBR' Safety Research, U.S. NRC Office
of Nuclear Regulatory Research (1981).
Purpose: Review and comment.'on existing programs and make recomendations for
future directions.

,

.

*$
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Ad Hoc Technical Review Meeting on Steam Explosions, U.S. NRC Office of Nuclear
Regulatory Research (1982).
Purpose: Review and comment on the significance (applicability) of the_ new
steam explosion information on reactor safety.

Chairman of the Clinch River Breeder Reactor (CRBR) Core Disruptive Accident
(CDA) Energetics Review Management Group, U.S. Nuclear Regulatory Commission (1982).
Purpose: Manage NRC's licensing review team (consisting of R&D groups in
National Laboratories and independent consultants) to develop an independent
technical position on CRBR CDA energetics.

Other Professional Activities -

Member of the CSNI (DECD) group of Experts on the Science of Fuel-Coolant
Interactions and of Vapor Explosions.

Member of the CSNI (DECD) Liquid Metal Boiling Working Group.

Lectured extensively in this country as well as in France, Germany, England,
and Italy on topics of two-phase flow and on reactor safety.
Elbr ,
Y= L= - U:.. . '. h M Nuclear Engineering and Design.

Membership in Professional Societies

Member, Sigma Xi
Member, American Nuclear Society
Member, American Institute of Chemical Engineers

..-.

Citation in Biographical Reference Books-

Who's Who in Atoms
American Men and Women of Science
Who/s Who in the Midwest'

BOOK CHAPTERS

T. G. Theofanous, " Nuclear Reactor Safety: The Role of Accident Analysis,''
Nuclear Energy Issues ana Topics, Editor K. O. Ott. (inprint). ;

~

'
.

-
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ARCHIVAL JOURNAL PAPERS
.

..

T. G. Theofanous, L. Biasi, H. S. Isbin, and H. K, Fauske, "A Theoretical ,
Study on Bubble Growth in Constant and Tirr.e-Dependent Pressure Fields,"
Chemical Engineering Science, Vol. 2_4, No. 5, 1969, 885-897.

T. G. Theofanous L. Biasi, H. S. Isbin, and' H. K. Fauske, "Nonequilibrium
Bubble Collapse--A Theoretical Study," Chemical Engineering Progress
Symposium Series, Vol. 66_, No. 102, 1970, 27-47.

T. G. Theofanous H. K. Fauske, and H. S. Isbin, "On Some Aspects of Steam
Subble Collapse," Discussion J. Heat Transfer, Feb. 1970, 211-212.

T. G. Theofanous, H. S. Isbin, and H. K. Fauske, "An Integral Method fnr
Convective Diffusion--Butole Dissolution," AIChE Journal, Vol.16, No. 4,1970, 6SE-690. -

T. G. Theofanous and H. C. Lim, "An Approximate Analytical Solution for
Non-Planar Moving Boundary Problems," Chemical Engineering Science, Vol. 26No. 8, 1971, 1297-1300.

T. G. Theofanous, "A Course in Transport Phenomena," Chemical EngineeringEducation, Vol. 5. No. 4,1971,174-177. -

O
Henry C. Lim and Theofanis G. Theofanous, "On Unsteady State l'oving Boundary
Problems for Non-Plane Geometries," Letter to the Editor of J. ChemicalEng. Japan, 4_, No.1,1971,100-101.

V. F. Smolen, R. G. Barile, and T. G. Theofanous, "Pelationship Bet >.een
Dose Effect. Time and Biophasic Drug Levels " J. Pharmaceutical Sciences.Vol . 61, No. 3,1072, 467-470.

-
.- ,

T. G. Theofanous and V. F. Smolen, "Multichase Dose Kinetics of Pharmaco-
logical Effects of Indirect Anticoagulants," J. Pharmaceutical Sciences,Vol. 61 No. 6, 1972, 980-982.

T. G. Theofanous and R. G. Barile, ," Multi,,le Dose Kinetics of OralAnticoagulants: Methods of Analysis and Optimi:'ed Dosing,"
J. Phar.e.acuetical Sciences Vol.12. !;o. 2,190, 2El-265.4

T . G . T h- O f.v.04 a n c H. r. . /3 .e Effe:t of Ncnconcensibles or the.: . :

Rate of Sodium '.'acor Ccaden 4 tics fr . i ;ir.g'.:-N:wg .iC'A L.a Lld,"
.%clea r Technology, Vol.19_, :10. 3. 19 3. 132-139.

L. K. E ro.-fi el d , F.. N. :6:e cr.d T . . " . .: fc: .: .... . T . c . Z . . . ~ . .. .
'

Transfer at Free 'ies-Lic id : :en '- .--?.-i-' r- --

Int. J. heat anc '' ass Transic. , .M. E, 1976, ... .'- 2 1. .

:

.
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ARCHIVAL JOURNAL PAPERS, Continued

T. G. Theofanous and P. D. Patel, " Universal Relations for Bubble Gro'. th "-

Int. J. Heat and Mass Transfer, Vol.19_,197C, 4.:5 j2''.
~

-

_

T. G. Theofanous, R. N. Houze, and L. K. Brumfield, " Turbulent Mass .

Transfer at Free Gas-Liquid Interfaces, with Applications to Open-
Channel, Bubble, and Jet Flows," Int. J. Heat and Mass Transfer. Voi,1_9,,
1976, 613-624

.

T. G. TheofarIous, M. DiMonte, and P. D. Patel, "Incoherency Effects in
Clad Relocation Dynamics of LMFBR CDA Analyses," Nuclear Engineering and
Design, Vol. .36, 1976, 69-76.

.

L. F. Albright, T. G. Theofanous, and A. G. Rchrer, " Boundary Layer
Replenishment and Unsteady-State Phenomena in Hydrogen-0xygen Fuel Cells,"
J. of the Electrochemical Scoiety, Vol. 123, 1976, 445-448.

L. K. Brumfield and T. G. Theof anous, "On the Prediction of Heat Transfer*

Across Turbulent Liquid Films " J. Heat Transfer (ASME Trans.) Vol. 98,
1976, 496-502.

~~-

.

L. K. Brumfield and T. G. Theofanous, " Turbulent Mass Transfer in Jet Flow
and Bubble Flow: A Reappraisal of Levich's Theory," AIChE Journal Vol. 22,
1976, 607-710.

*

T. G. Theofanous. T. Bohrer, M. Chang, and P. D. Patel, " Experiments and
Universal Growth Relations for Vapor Bubbles with Microlayers," J. Heat
Transfer (ASME), Vol.100 No.1,1978, 41-48.

P. D, Patel-and T. G. Theofanous, "Fragrrentation Reouirements for Detonating
Thermal Explosions," Natura, Vol. 274, No. 5667, 142-144, 1978.

T. G. Theofanous, "The Boiling Crisis in Nuclear Reactor Safety and . ,.-

Performance " Int. J. Multiphase Flow, Vol. .6_, 1980, 69-95.

F. K. Fauske, M. A. Grolmes, R. E. Henry and T. G. Theofanous, " Emergency
Pressure Relief Systems Associated with Flashing Liquids," Swiss Chem, 2_,
1980, Nr. 7/8, 73-78.

,

P. D. Patel and T. G. 'heofanous, "Hydrodyr.amic Fragmentation of Drops,"T
J. Fluid Mechanics, Vol. 103, 1981, 207-223.

' Charles C. Miao and T. G. Theofanous, "A Fast ICE Solution Procedure for
Flows with largely Invariant Corpressibility," J. Computational Physics,
Vol. 4_0, 1, 1981, 254-261.

T. G. Theofanous and J. W.l'ean, "Turb;l a ce in T...,-Fhase ricos,a a,
-

.

Fluid Mechanics, Vol. 116, 1952, 343-362.

T. G. Theofanous, "A Physico-chetical Mechanism for the Ignition of the
Seveso Accident," Nature Vcl. 291 No. 5317, 1981, 640-64?..

T. G. Theofancus and M. Saite. * ' i.ssassnv. cf Cl.n:-9 U.ta c #ei .: .

Acciden 3 f;r FW'. :ry-Ur:.:n.: . : ,:: i
. J.... E g: .; . ;. . y., ,

""Vol. 6_6_, No. 3, 1982, 301-332.
,
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ARCHIVAL JOURNAL PAPERS, Continued

T. G. Theofanous, "The Physicochemical Origins of'the Seveso Accident. -

Part 1: Initial Heatup " Chemical Engineering Science (in print).
' T. G. Theofanous, "The Physicochemical Origins of the Seveso Acciden' .t

Part II: Induction Period," Chemical Engineering' Science (in print).
-

.

.

.

EXPERTS AND SPECIALISTS MEETING PROCEEDINGS

C. Miao and T. G. Theofanous, " Numerical Studies on Transient Two-
Dimensional Boiling in LMFBR Subassemblies " 7th Liquid Metal Boiling
Working Group fieeting, June 1-3, 1977 ECN Petten (Netherlands)
EUR/C-I S/421/77e.

C. Miao and T. G. Theofanous, "Intrasubassembly Coolant Voiding Incoherencies,
8th Liquid Metal Boiling Working Group Meeting, October 11-13, 1978 Centre
d' Etude de l'Energie Nucleaire at Mol, Belgium, EUR/C-IS/70/79e.

T. G. Theofanous, J. P. Sullivan, R. N. Houze, and D. E. Buenger,
" Turbulence in Two-Phase flows," Specialists Meeting on Transient Two-
Phase Flow organized by Committee on Safety of fluclear Installations of
the Organization of Economic Development, Paris, June 12-14, 1978, Vo. 2, S83.

,

T. G. Thec>fanous and G. N. Marrotte, " Fundamental Aspects of Mo.iten Clad
Relocation," Specialists Workshop on Predictive An'alysis of' Material
Dynamics in LMFERs Safety Experiments, Les Alamos UM, March 13-15, 1979,
LA-7938-C, 163-177. ~

T. G. Theofanous and M. Saito, "The Termination Phase of Core Disructive
Accidents in LMFBRs," Specialists Workshop on Predictive Analysis of
Material Dynamics in LMFBRs fafety Experi:ents. Les Alamos, fiM, March 13-15,
1979, LA-7938-C, 320-344.

,

T. G. Theofanous and P. D. Patel, "Hydrocyramic Fragmentation of Drops,"
Specialists Workshop cn Predictive Analysis of !'aterial Dynamics -in
LMFBRs Safety Experiments, Los Alamos, NM, March 13-15, 1979. LA-7938-C,
124-140.

T. G. Theofanous and D. M. VanZandt, "Out-of-Pile Studies of Power Brust
Energetics," Fourth CSNI Specialist Weting en Fuel-Coolant Ir.teractions
in Nuclear Reactor Safety, Eournemot.th, England', April 2-5, 1979, CSNI
Report No. 37, Vol. 2, 409 417, Paper FC14/P17.

,,

T. G. Theofanous M. Saito, and T. Ef thimiadis, "The Role of Hydrodynamic
Fragmentatic.n in Fuel Coolant Interactions." Fourth CSMI Specialist l's ting
on Fuel-Coolant Interactions in Nuclear Reactor Safety, Ecurnerouth, Er. gland,
April 2-5, 1979, CS11 Repor; 7t. 37. ;,i. 1, 113, fe w .-02/:E.

_,
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EXPERTS AND SPECIALIST MEETING PP.ESENTATIONS

Not available in Fme. edin.;r '

-

.. .

_

T. P. Speis, J. F. Meyer, R. P. Denise . and T. G. Theofanous " Core
; Disruptive Accidents and Associated Energetics - An Assessment of the

State of our Understanding," presented at a special meeting on LMFBR
Energetic.s held at'Argonne National Laboratory, May 1976.

P. D. Patel and T. G. Theofanous. " Shock Wave Induced Fragmentation ,

in Liuqid/ Liquid and Multichase Systems," Second Meeting of,the CSNI
,

Group of ' Experts on the Science of Fuel-Coolant Interactiont and Vapor -

Explosions, Argonne National Laboratory, Argonne. Illinois,. Dec.19;77.

T. G. Theofanous and P. D. Patel, " Fragmentation Mechanisms of
Impulsively Accelerated Liquid Drops," Third Meeting of the CSNI
Group of Experts on the Science of Fuel-Coolant Interactions and of
Vapor Explosions, Grenoble Nuclear Centre, September 27-29, 1978.

T. G. Theofanous and D. M. _VanZandt, "Enercetics of Expanding Multi-
component Nonequilibrium Systems," Third Meeting of the CSNI Group of
Experts on the Science of fuel-Coolant Inteiactions and of Vapor
Explosions, Grenoble Nuclear Centre, September 27-29, 1978.

O - .

.

SELECTED TECHNICAL REPORTS
'

T. G.' Theofanous, R. N. Houze, L. K. Brumfield and D. M. Johns,
" Structure of Free Boundary Turbulence and Interphase Mass Transport,"
PCHE 76-1, Puroue University, W. Lafayette, IN - 47907.,

| T. G. Theofanous, "fluitiphase Transients with Coolant and Core Materials
i in LHFBR Core Disruptive Accident Energetics Evaluations," NUREG/CR-0224,

July (1978).
: .

T. G. Theofanous and M. Saito, "An Assessment of Class-9-(Core-Melt) 1
Accidents for PWR Dry-Containment Systems," PNE-81-148, Purdue Univer:,ity,
W. Lafayet.te, IN 47907, June - 1981.

s

J. D. Simpson, M. Saito, and T. G. Theofancus, ' Termination Phase of Core
Disruptive Accidents, in LMFBRs," 1980 Annual-Report, PNE-81-151, Purdue
University, W. Lafayette, IN 47907 . June; 1981. ~

*

'

T. G. Theofanous, M. Saito and R. Viskanta, "Lb'R and HTGR Coolant ~

Dynamics': The Containment of Severe Accidents.]' NUREG/CR-2318 (1981).

n" ~d OE 6 (J2.-- "An Assessment of CRBR Core Disruptive Accident
'

nerge es, T. G. T fanous 'cnd C. R. Bell.
.

'
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O PUBLISHED ABSTRACTS (all presented in ?neetings) I
Transactions American Nuclear Society

-.

.

T. G. Theofanous, L. Biasi, H. S. Isbin, and H. K. Fauske, "The Rate of*

Bubble Growth in Superheated Liquid Sodium " Vol.11. No. 2,1968,
pp. 692-693

T. G. Theofanous, H. S. Isbin, and H. K. Fauske, " Sodium Bubble Collapse
and Pressure Generation," Vol.12, No. 2,1969, pp 909-911.

,

T. G. Theofanous and H. K. Fauske, "Tt e effect of Non-Condensibles onl
the Rate of Sodium Vapor Condensation from a Single-Rising HCDA Bubble,"
Vol. 15, No. 2, 1972, pp. 814-815. -.

T. G. Theofanous and H. K. Fauske, "An Energy-Dissipation Mechanism Due
to the Cladding of the Fission-Gas Plenum During an HCDA," Vol.16. No.1,
1973, pp. 195-196.

A. A. Reich and T. G. Theofanous, "On the Acoustic Detection of Local
Core LMFBR Accidents," Vol.17, No. 2,1973, pp. 288-289.

t

| T. P. Speis, G. L. Allen, R. E. Alcouffe, R. P. Denise, W. A. Kastenberg,.

and T. G. Theofanous, " Studies of Core Disruptive Accidents and Licensing
Aspects of Fast Breeder Reactors," Vol. 20, 1975, pp. 547-548.

,

', T. G. Theofanous M. A. Grolmes, G. A. Lambert, and M. Epstein,
"LMFBR/HCDA Energy Yield- Fluid Dynamic Aspects," Vol. 21, 1975, ,
pp. 279,-280. -

.
'

M. A. Grolmes, G. A. Lambert, and T. G. Theofanous, " Hydrodynamic
Aspects of Mild LMFBR Core Disassembly " Vol. 21, 1975, pp. 280-281.

. ,.- -

1 R. E. Alcouffe, L. Lois, J. Meyer, T. P. Speis, T. G. Theofanous,
,

| "Further Considerations on the LOF-Driven TOP Accidents for LMFBRs,"
Vol. 22,1975, pp. 402-403.

ii M. DiMonte and T. G. Theofanous, " Cladding Relocation Dynamics: '

| Incohere'ncy Effects," Vol. 22, 1975, pp. 405-406.
'

|

! T. G. Theofanous L. Lois, J. Carter, T. Speis, and R. Alcouffe,.

"Cla'dding Relocation Rate Effects on the CRBRP LOF Accident," Vol. 23,
'

1976, pp. 346-348.

T. G. Theofanous, K. O. Ott, and A. Sesonske, " Nuclear Reactor Safety.

Education at Purdue," Vol. 27,.1977, pp. 113-115. |.

!
C. Miao and T. G. Theofenous, " Boiling Incoherency Effects in Unpro-
tected Loss-of-Flow Accidents," Vol. 27, 1977, pp. 537-538.

(
P. D. Patel and T. G. Thecfancus, "cragrrentation P.equirement- for
Detonating Vaoor Exclnic ." '.*cl. "?,197E. po. ;51. 5 .

. --ec c'
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INVITED PRESENTATIONS

T. G. Theofanous, " Boiling (PRE-CHF) Heat Traiisfer in Nuclear Reactor.
Safety and Perforrance " Electric Power Research Institute Workshop on
Basic Two-Phase Flow Modeling in Reactor Safety and Performance, Tampa,
Florida, February 27 - March 2,1979.

T. G..Theofanous, "Modeling of Basic Condensation Processes," presented
at the WRSR Workshop on Condensation, Silver Springs, Maryland, May 24-25,.

1979. .
6

T. G. Theofanous, "The Cause of the Seveso Accident: A Physico-Chemical
Mechanism " Bericht Uber den StUrfall in Seveso,'Sbnderkolloouium am 4
November 1980 im Decherr.a-Haus, Frankfurt am Main W. Germany.

!
'

T. G. Theofanous "The Cause of the Seveso Accident: A Physico-Chemical4

Mechanism," Industrial Health and Safety Group of Society of Chemical
'

Industry Special Seminar, The Accident at Seveso-The Technical Lessons.
March 23,1981, London, England.

.

'

T. G. Theofanous, "The Physiochemical 6rigins of the Seveso Accident," '

presented at the 1/Associazione Italiana di Ingegneria Chimica (AIDIC),
C.so Venezia 16, Milano, Italy June 18, 1982; Hoffman-LaRoche, Basel,
Italy, June 16, 1982.

T. G. The'ofanous " Mixing and Stratification on Buoyancy Driven Flows,"
presented at the Joint NRC/ANS Topical Meeting on Sasic Thermal
Hydraulic Mechanisms in LWR Analysis.

.

CONFERENCE PROCEEDINGS-
..

. .

.

. L. K. Brumfield, R.' N. Houze and T. G. Thot.fanous, " Turbulent Mass.

Transfer at Free Gas-Liouid Interface With Application to Film Flows,"
! Joint AIChE-VTG Meeting, Munich, Germany, September '17-20,1974.

D. M. Johns, T. G. Theofanous, and R. N. Houze, " Turbulent Character-
istics of Two-Phase, Gas-Liouid Stratified Channel Flow," Third

|
Symposium on Turbulence in Liouids, September 1973 University of

- Missouri-Rolla, Published 1975, 250-258.
| ..

' M. Chen, P. D. Patel and T. G. Theofanous, " Nucleation and Growth of
Vapor Bubbles et a Solid! Liquid Interface," renptes-Rendus Sy ;esiun

O on Two-Phase Flow and Cavitation and Power Generation Systems, Grenoble.
March 30 - April 2,1975 Published- 1976, 29-25.

T. P. Spels, G. L. Allen. R. E. Alcouffe. R. P. Denise, M. A. Kaster. berg,
T. G. Theofanous, ''Stde: ct Core cisr: utive Acc senn anc ;.icer.:.u..-

_

- Aspects of Fast r.:ecer 122 t:cs, irst Esrc; ar: N W12 . ir.;eryJ .. s _~

Conference, Paris, April 21-25, 1915. hblishad 1976, 774-e,J1.
. e-- . . - . .. ~ .. .-.
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CONFERENCE PROCEEDINGS, Continued*

.

J. V. Mas'sey, L. Lois, T. P. Speis, and T. G. Theofanous, "A Method for
Assessing Core-Wide Incoherency Effects on LMFBR Whole-Core Accident'

Evolution," Int. Meeting on Fast Reactor Safety and Related Physics,.

Chicago, Illinois, Octo er 6-8, 1976. Conf-761001, Vol. III, 885-894.
'

C. Miao and T. G. Theofanous, "A Numerical Simulaf. ion of Two Dimensional
Boiling (Voiding) in LMFBR Subassemblies," Int. Meeting on Fast Reactor
Safety and Related Physics, Chicago, Illinois, October 6-8, 1976.
Conf-761001, Vol . IV,1467-1476. .

T. G. Theofanous, M. Chen, W. Prather, T. SPeis and L. Lois, " Clad
Relocation Dynamics - The Physics and Accicent Evolution Implications "
Int. Meeting on Fast Reactor Safety and Related Physics, Chicago, IL,
October 6-8, 1976. Conf-761001, Vol. II, 1697-1706.

p T. P. Speis, R. P. Denise, R. W. Starostecki, L. Lois, J. F. l' eyer and
T. G. Theofanous, "LMFSR Accident Energetics and their Role in Licensing,"
Int. Meeting on Fast Reactor Safety and Related Physics, Chicago, IL, '
October 6-8, 1976. Conf-761001, Vol. II, 369-387.

T. G., Theofanous, C. Miao, and G. H. Marrotte, " Coolant and Clad Behavior
During Unprotected Loss-of-Flow Accidents," Int. Meeting on fast Reactor
Safety Technology, Seattle, Washington, August 19-23, 1979. Vol. IV,

1977-1987. .~...

T. G. Theofanous, M. Saito, and T. Efthimiadis, " Fuel Coolant Interactions.

and Hydrodynamic Frrementation " Int. Meeting on Fast Reactor Safety
Technology, Seattle, Washington, August 19-E3, 1979. Vol. III, 1568-1577.

M. Saito and T. G. Theofancus, "The Torninstion Phase of Core Disruptive
Accidents in LMFBRs," Int. I'ceting on Fast Reactor Safety Technology,
Se-ttle, Washington, August 19-23, 1979, Vol. III, 1425-1434.

.

'

' J. P. Sullivan and T. G. Theofanous, 'The Use of LVD in Two-Phase Bubbly
Pipe Flow " Third Int. Workshop on Laser Velocimetry, Purdue University.
July 11-13, 1978. Eo. H. Doyle Thompson and Warren H. Stevenson,
Laser Velocimetry and Particle Sizing, 1979, 391-394. .

!
.
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CONFERENCE PRESENTATID'JS
-

.

Not available in Proceedings

T. G. Theofanous, T. Bohrer M. Chen and P. D. Patel, " Universal Solu-
tions for Bubble Growth and the Influence of Microlayers," 15th National
Heat Transfer Conference, San Francisco, California, August 10-13, 1975.

T. G. Theofanous .et al., " Transient Development of Two-Phase dets:
LMFBR-HCDA Energy Yield and Core Materials Transport," 15th National

.

Heat Transfer Conference, San Francisco, California, August 10-13, 1975.

H. Chen, P. D. Patel and T. G. Theofanous, " Nucleation and Growth of
Vapor Bubbles at a Solid / Liquid Interface," Comptes-Rendus Symposium on
Two-Phase Flow and Cavitation and Power Generation Systems, Grenoble.
March 30-April 2, 1975.
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POLICY ISSUE .

(Information) .

.

SECY-83-219
June 6,1983

.

For: The Commissioners

William J. Dircks, Executive Director for Operations
From:

STATUS REPORT ON LWR ACCIDENT SOURCE TERM REASSESSMENTSubject:

To infom the Commission of the status of t)e staff reassessment
'

Purpose:
of LWR accident source tems.

This paper is for infomation purposes only.Cateoory:

During the past 2 jears, the staff has devoted significant
attention to the question of the magnitude, timing,)and type of

Bac' orcund:
under LWR

radionuclide releases to the environs (source temsThe staff prepared a preliminary assessmentaccident conditions.
of the technological basis for accident source tems, NUREG-0772,

Following the publication of thispublished in June 1981.
report, the staff refocused the research program to further
develop the technical data base summarized in NUREG-0772 and to
apply the data base and its computer codes to several typical

The research program is. scheduled to produce theLWR plants.
bulk of its results at the end of 1985. Aowever, a substantial
amount of new infomation, iniiluding revised source term estimates
on typical LWR plants, is becoming available in 1983.

To plan for the timely use of the revised source tem research
in policy development and reactor licensing, the staff prepared
a program plan to implement the results of this research
(memorandum from Dircks to Denton, Minogue, and DeYoung, dated
December 17,1982). I fomed an Accident Source Tem Program

20, 1983, to ensureOffice (AST?O), by memorandum of January
the focused attention, on a full-time basis, of management and
senior technical ' staff on the implementation of the source tem

The ASTP0 staff is drawn from RES, NRR, and IEprogram plan.
bs offices that have interlocking activities and rc:;ponsibilities

in the accident source tem area.
Responsibilities forV

implementation of regulatory actions remain in the line
organizations.

CONTACT:
R. Bernero
aas eau

_ _
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.

Since the establishment of ASTP0, we have reevaluated the |

source tem agenda and restructurec une schedule presented in
my December 17, 1982 memorandum. 3y this paper, I wish to
provice you with a brief description of cur revised approach
for the source tem work. In addition, this paper provides
you with a revised schedule, current status, and set of
milestones for the Source Tem and Severe Accicent Research
Program consistent with our program review discussions on
April 27,1983.

A. Accroach for Source Tem Activities

The source tem work falls into two general categories:
(1) the technical basis for reassessment and (2) the regulatory
use of revised source tems.

Technical Basis for Reassessment

The process of accurately detemining fission product releases
under accident conditions is a difficult ene. Because of the
amounts of radioactivity as well as the time and costs involved.
it is not feasible to conduct full-scale experiments to ceremine'-

fission product behavior during reactor core cegradation,
melting and containment failure. For this reascn, fissicn

3 procuct behavior cttring accidents must be predicted by complex
computer codes which model the various phencmena which can
occur to snytnesize the appropriate secuence of events involved.
The phencmenological models built into the ccmcuter ccdes rest,
in turn, upon the results of a great number of small-scale
exceriments together with much theory that, taken together,
represent our present state of knowledge of fission product
behavior. To predict fission product behavior, one must ensure
not only that the phencmena are adecuately modeled, but that
the codes are correctly employed to examine those secuences
which are important in risk considerations and wnich represent
the spectrum of current reactor designs.

|
'ie believe the above precess, gener' ally referred to as validation,
to be essential and that it is best acnievec by scecific
systematic assessment anc tested by the scientific peer review
pr cess. inerercre, we have restructurec the technical data
part of the,scurce tem work ta give greater emonasis anc care
to scienti 1c valication anc seer review. In general, we have

; diviced tne technical source tem research work into fcur basic
elements, wnien are listec in Tasle 1.'

O

.
.
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TABLE 1

|

BASIC ELEMENTS OF THE REASSESSMENT OF

THE TECHNICAL BASES FOR SOURCE TERMS

ELEMENT 1: Summary of the Data Base for '/alidacion of Codes
to Predict Releases

ELEMENT 2: Source Term Estimates for Selected Plants and
Accident Sequences

. -

.

ELEMENT 3: Thorough Peer Review of the Scientific 3 asis for
Reassessment

;

|

ELEMENT a: Appraisal of the Risk and Regulatory Significance'

of Reassessed Source Termsg

4

e

5

|

%.

-,. . . .--.-. - . .. . . . . - .. . . . . . .
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O Element 1. A summary of the technical data base and validation
status of the computer codes used by 3attelle Columbus (3CL) to
predict plant releases will be dccumented by MRC contractors,
principally by the Oak Ridge National Laboratory (ORflL).

Element 2. Source tem estimates will be developed and
cocumented by BCL for five LWR plants (Surry, Piach Bottom,

'

Grand Gulf, Sequoyah, and Zion) and selected severe accident
sequences.

Element 3. Each of the BCL recorts summarizing the analyses
and results of the plants in Element 2 will be reviewed by
technical experts frcm the nuclear industry, universities,
consultants, public interest groups, and other countries. In
addition, an independent scientific organization will conduct
a thorough, broad-based peer review of the scientific basis
of the NRC contractor efforts listed above.

Element .t. The risk and regulatory significance of the
reassessed accident source tems will be appraised by the NRC
s taff. This work will incluce staff assessments, with some
technical assisOnce from contractors, of the state of the art
of containmcet perfomance during severe accident sequences,

O including loads and structural response. Additional support'

V for this element will include crecaring and document.ing a.
limited uncertainty and sensitivity analysis of the model
methodology by an NRC contractor. The results of the Incustry

Gegraded Core Group (IDCOR) and tne American Nuclear Society
( ANS) source tem ef' orts will also be reviewed and appraised
by NRC contractors and staff. *

These four basic elements constitute the basis for a major
report that will be prepared by the NRC staff: NUREG-0956, "A
Reassessment of the Technical Bases for Estimating Fission
Product Behavior During LWR Accidents." This report will ce

the sequel to NUREG-0772, "An Assessment of the Technical 3ases
for Estimating Fission Product Behavior During LWR Accidents,"
which was published in 1981. As we did with NUREG-0772, we
excect to initially publish NUREG-0956 in draft fem to ensure i

dice public review and ccmment since this technical document
could be the basis for significant regulatory actions.

I

O

.
. .. . . . . . .
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O
Regulatory Use of Revised Source Tems

i Currently, two reactor accident source tems are used in the
regulatory process. The first, the single source tem stated
in TID-14844, " Calculation of Distance Factors for Power and
Test Reactor Sites," was published in March 1962. It has since
been used extensively in the licensing review for calculating
the consequences of design basis accidents as well as for some
design standards, such as for containment building filters and,

;

equipment qualification.'

The second source tem widely used is the set of severe accident
source tems from the Reactor Safety Study (WASH-1400), which
was published in 1975. The WASH-1400 source tem, as it is
often called. is the basis for the analysis of the risk fran
the most severe accidents, which the staff provides in each
reactor environmental impact statement. It is also the basis
for emergency response planning since it is at the heart of the
reactor risk estimates in the joint NRC/ Environmental Protection
Agency (EPA) document, NUREG-0396 (EPA 520/1-78-016), " Planning'

Basis for the Development of State and Local Government Radio-
logical Emergency Response Plan's in Support of Light Water
Nuclear Power Plants," published in December 1978. The planningO basis in NUREG-0396 served as a principal foundation for the
joint NRC/ Federal Emergency Management Agency (FEMA) document,
NUREG-0654 (FEMA-REP-1) Rev.1, " Criteria for Preparation and
Evaluation of Radiological Emergency Response Plans and
Preparedness in Support of Nuclear Power Plants," published in
November 1980.

~

It is apparent that a significant revision in the accident source
tems can have a significant impact oa the regulatory process.
Sensitivity analyses were published last year in NUREG/CR-2229
" Technical Guidance for Siting Criteria Development." These
studies showed that a relative modest reduction in source tems
could have a significant effect on the calculated radiological
effects offsite from severe accidents. Source tem reductions
have their most dramatic impact on threshold effects like early
fatalities and injuries. Because of the sensitivity of offsite
accident consequences to changes in source tems, there is a
need to reevaluate regulatory positions in matters such as
emergency preparedness and siting.

The approach we are following in regulatory use of revised
source tems is a cautious one. We are concentrating first on
ensuring that we have a solid technical base with a wide review
and acceptance in the technical community for any source tem
revisions that might lead to revised regulatory positions.,

.

_ . , , _ . . ._m- , - __.m , --- .y . , , . _ , _ , , - . . . --
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If a significant revision of the source tems appears to be
justified, we intend to use the infomation first in emergency
preparedness and later in siting and design considerations. We

feel that this priority matches not only current regulatory
priorities but also the degree of precision in source tenn
estimation that is needed to deal with these issues since the .

bases for emergency preparedness considerations can be derived
using more approximate source tem estimates than those needed .

,

for considerations of specific alternative plant design features. -

As we consider potential changes in emergency preparedness
based on source tenn revisions, we should also consider possible
changes based on other factors. For example, the joint NRC/ EPA
document (NUREG-0396) is the basis of our current Emergency
Planning Zones. That document relied on the controversial-
accident probabilities, source tems, and health effects model
from the Reactor Safety Study. In acdition, the document
relied on the proposed EPA Protective Action Guides (PAG).
Thus, in addition to accident source tems, the accident
probabilities, health effects models, and PAG levels may need
to be reconsidered as sell.

'

Tnere is also a large body of operational experience that

O should be considered in evaluating possible. changes in emergency
precaredness planning and criteria. 'cle have had the experience
of implementing emergency plans at many sitas since tne planning
document (NUREG-0396) was oublished in 1978 and the criteria
accument (NUREG-OSE4) was puolished in 1980. Frem that experience
alone, we and the other concerned agencies can identify changes
or refinements that are appropriate. Therefore, our approacn
in this source tenn program is to follow two parallel courses
of action. While the work proceeds on the source tem technical
basis, we are working with EPA and FEMA to evaluate other
matters and prepare for prompt consideration of source tem
revisions when they are available and recognized as reliable.
With this parallel approach, we expect to do the technical work
with continuing peer review up to a point where we can
simultaneously prepare to issue (for public comment) the NRC
reaporaisal of source terns, the redrafts of 10 REG-0396 and
MUREG-06E4, and proposed enanges in .1RC policy anc rules on
emergency preparedness.

O'

!

U __ _ __ _ _ , , . . . . _ . _ _ _
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3. Senedule and Status

; The planned activities and schedule for the source tem reassess-
ment, including the related milestones of the Severe Accident
Research Program, are depicted in Table 2 and the associated
milestone chart (Figure 1). A discussion of the interrelation-
ship of these activities and their current status follows.

Jource Tem Reassessment
The data base available for validating the codes used by SCL to
predict plant source tems (Milestone 1) will be summarized in
an ORNL report scheduled for publication in August 1983. By

September 1983, the BCL draft reports on source tem estimates
for five LWR plants (Milestone 2) will be completed, including
peer review by technical specialists. Draft reports have been
prepared for the Surry plant (PUR) as well as for the Peach
Bottom and Grand Gulf plants (both SURs). The specialist peer
review of the Surry plant was conducted in January 1983, and
the review of the SWR plants began on May 24-25, 1983 and will
continue at a meeting in July. The specialist peer review of
the revised PWR reports and the data base report will be
ccmpleted by September. It is possible that additional review
neetings by this group may be held later in the year.

The specialist peer review meetings held so far, January 25-25
and May 24-25, have been successful. Both meetings were held -

in the main ACRS meeting rcom (H-1046) witn a full transcript
kept. Table 3 lists the invited reviewers and observers..

Attendance and participation have been good and many of the
peer comments have had a substantial impact on the work.

'

NRC contractor reports will provide the ma,jor informational
basis for the bread-based peer review (Milestone 3) by an
independent scientific organization beginning in August 1983
with completion expected in May 1984. Initial discussions with
the Anerican Physical Society have been completed and we expect
to receive a study proposal frorr the Society in early June.

.

Starting in the summer 1983, the staff will initiate its
appraisal (Milestone 4) of the risk and regulatory significance
of reassessed source tems based en NRC contractor analyses and
findings, results of the individual technical peer reviews, and
review of :ne IDCOR work. The draft staff appraisal (.!UREG-0956)*

will be available for public ccmment after -eceipt of te APS
findings witn the final document scheouled for cublication in |

December 1984 We envision a reevaluation of the NUREG-0956
findings for confirmation and modification in May 1986 (draft)
and October 1986 (final) to take-advantage of the substantially

s

augmented data ba,se available then.

--
_ _ _ __- _ _ _ . _
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TABLE 2

MILESTONE SCHEDULE FOR SOURCE TERM REASSESSME?li
AtlD RELATED SEVERE ACCIDENT ACTIVITIES !

|

1. Summary of the Data Base for Validation of Codes to August 1983..
Dredict Releases

2. Source Tem Estimates for Selected Plants and September 1983
Accident Sequences

2. Thorough Peer Review of the Scientific Basit for Fay 1984
Reassessment

4. Appraisal of the Risk and Regulatory Significance June 1984(Draft)
of Reassessed Source Tems= -Reevaluate December 1984 (Final)

May 1986 (Draft)
October 1986 (Final)

5. Joint Reassessment w.ith E?A of the Planning June 1984 (Draft)
Basis for Emergency Response January 1985 (Final)

6. Joint Reassessment with FEMA of the Criteria June 1984 (Draft)
for Emergency Preparedness January 1985 (Final)g

U 7. Reevaluation and Development of Proposed Changes in June 1984 (Draft)
NRC ?olicy anc Rules on Emergency Preparedness January 1985 (Final)

3. Staff Recccmendations on the Use of XI August 1983

9. Develop Current Best Estimates for Accident Secuence October 1983
Probabilities for Different Plant Types September 1985

10. Modify Risk Codes for Current Best Estimates Feoruary 1984
of Accident Consequences May 1986

11 and 17. Ccmplete Severe Accident Cost Benefit and June 1984
Generic Risk Assessments--Reevaluate November 1986

12 and 13. Ccmplete Severe Fuel Damage (SFD) Experiments August 1984
( (Phage I) in PBF for Temoeratures Less than Decemoer 1985

2400 F--Ccmplete SFD Experimengs in PBF for
! Temperatures Greater than 2400 K

la. Ccmolete Containment Failure Mode Studies November 1986
Yarious Containment Tyces

15. Cccolete Phase I Severe Accident Researen August 1984
Pr: gram--Ccmplete Phase II Novemoer 1986

16 and 18. Provide Reccmmendatiens for Criteria to the Sea:emoer 1984

| Ccmmission for Existing Plants to prevent or Jecemoer 1985
tlitigate Severe Accicents--Reevaluate

. _-_ . . _ _ _ _ .
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TABLE 3

!NVITED MEMBERS-

R. Potter, UX/ England
O- D. H. Walker, OPS -

R. Vogel , EPRI
R. F.it: man, SAI
R. Hilliard, HEDL
C. Johnson, ANL
D. Cooper, Harvard Air Cleaning Lab.
A. W. Castleman, Penn State
D. Rowe, Consultant -

D. Torgerson, AECL
W. Kastenberg, UCLA
A. Reynolds, Univ. of VA
L. Zumwal t, NCSU
F. Von Hippel, Princeton Univ.
S. Levy, Consultant

INVITED OBSERVERS:

J. Matuszek, NY State Board of Health .

D. Campbell, ORNL
5. Niemczyk, CRNL

'

T. Kress, ORNL
R. Wichner, ORNL
G. Parker, ORNL
S. Loyalka, Univ, of Missouri

Os W. Stratton, Consultant
L. Baker, ANL .

L. Neimark, ANL
T. Gi.nsburg , BNL

-

D. Powers, SNL
R. Elrick, SNL
A. Postma, Battelle Columbus Northwest Lab.
K. Winegardner, PNL
P. Owc:arski, PNL
C. Pelletier, SAI
R. Hobbins, INEL
D. Croucher, INEL
R. Sherry, NUS
H. Kouts, BNL
J. Kelley, Univ. of VA
J. Scott, LASL
J. Gieseke & Staff, BCL
R. Denning & Staff, 3CL
K. Canady, Duke Power
L. E. Mills, Edison Elec.
C. Thomas, Yankee At:mic -
I. Haas, LI Lighting
P. Karat:as, Boston Edison
G. Wagner, Commonwealth Edison
J. Lentsch, Dortland Gen. Elec.O W. Hockins, Bechtel (Gaithersburg)
R. Schmit:, 3echtel (San Franciscc)

.. __- . _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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IfNITED CBSERVERS (CONT)-

J. Herces ANLO P. Dunn, ANL
J. Griffith, DOE
W. Lowenstein, EPRI
A. Buhl, IDCOR
E. Wannan, Stone & Webster
K. Holtzclaw, GE

W
Mr. Rahe, 7 B&W

.

*

A. Scherer
G. Thompson, Union of Concerned Scientists
T. Cochran, Natural Resources Defense Council
J. Siegel , AIF
F. Tooper, DOE /HQ
M. Stamatelatos, GAC
R. Burns, EDS Nuclear
F. Abbey, England
G. Petrangeli Italy
S. Katsuragi, Japan
H. Rininsland, Germany
C. E. Ader, Stone & Webster (Wash. Oper.)
5. H. Hobbs, Miss. Power & Light
S. Hodges, ORNL
A.'J. Pressesky, ANS
A. Giamusso, Stone & Webster-

'J. W. Cobble, Consultant
H. S. Isbin, Consultant-

|

|

O
~
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Regulatory soolications

Initial staff efforts relating to the introduction of new
scurce tem infomation into the regulatory process are focused
on emergency planning requirements and implementation guidance.

A joint NRC/ EPA reevaluation of the planning basis document
(NUREG-0396) will be available in draft fem for public comment
in June 198A with a final version scheduled for January 1985
(Milestone 5). The initial thrust of this reevaluation is
based on a reconsideration of accident probabilities, health
effects models, and PAG levels with new source tem infomation
being incorporated as it becomes available.

Several meetings have been held with E?A to arrange for conduct
of the needed work by both . agencies. The EPA is not prepared
to staff a task force effort such as was used originally in
preparing NUREG-0396. We are now working to cevelop a structure
of specific NRC and E?A contributions which would enable NRC to
prepara the revision to the document.

FEMA and NRC have established a working group which is currently

O reevaluating the existing guidance and criteria contained in
NUREG-0654 This reevaluation will rely initially on a needs
assessment developed from infornation collected from FEMA and
NRC regional personnel and from state and local governments.
Experience in using the MUREG-0654 criteria over the last 3
years will be factored into the needs assessment along witn the
results of the source tem reassessment. The reevaluation of
NUREG-0654 may indicate that a revision is warranted; and, if
so, a draft of the revised document will be published for
ccmment by June 1984 with a final document issued in January 1985
(Milestone 6). Based on the results of the above reevaluation,
the staff will perfonn a parallel review of NRC ::olicies and
rules on emergency planning (Milestone 7). The purpose of this
review is to present proposed rule changes on a schedule consistent

;

with the availability of the draft source tem reappraisal and
the proposed revisions to NUREG-0396 and NUREG-0654

: Staff reccmmendations on the use of ;otassium iodide (XI) as a
preplanned emergency protective measure for public use have
been develooed based on the earlier source tem assessment
(1UREG-0772, June 1981), the recent draft 5atte11e Columbus
:.aboratories recort containing source tern estimates for tne

i Surry (PUR) plant, and a cost / benefit uncertainty analysis
conducted by Sandia National Laboratories and the NRC staff i

(NUREG/CR-1433, March 1980). The staff's rec:mmencations and
j analysis have received ACRS review, and we have just receivec )

!

:

- .- .- - .
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their subcommittee's comments. A policy paper containing final
recommendations will be forwarded for Commission review in
August 1983(Milestone 8).

Related Severe Accident Considerations .

The source tem reappraisal (NUREG-0956), coupled with the
informatic.. on accident sequence probabilities for different
plant types (Milestone 9) and modified risk codes for accident
consequences (Milestone 10), provide the bases for severe
accident cost benefit and generic risk assessments (Milestones 11

These assessments are the cornerstones for recommendationsand 17).to the Commission for severe accident prevention or mitigation
for existing plants, scheduled for September 1984 (Milestone 16),j

with reevaluation in December 1986 (Milestone 18).
,

1 Several important experimental programs, which are part of the .
'

Severe Accident Research Program (SARP), will augment the datai

| base for validating the models used in developing the reassessed
, source tenns. These programs include severe fuel damage (SFD)

experiments in the Power Burst Factlity (PBF) and containment

O failure mode studies (Milestones 13-15).i

# -- Milestones 15 through 18 correspond to the completion of the
- -

Severe Accident Research Program as outlined in the Proposed
Commission Policy Statement on Severe Accidents (SECY-82-18).

gi'

iT11amd.Dircks
Executive Director for Operations

Note: As this is a matter of general public interest, staff requests the
Secretary to place this document in the PDR by July 9,1983.

.
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1 MR. TURK: I'd like to indicate for the

2 benefit of the Board members and counsel for Applicants

3 that as was true with the DBA testimony for the

4 Staff, answers to the CBA direct questioning testimony

5 have the names of the individuals who are primarily

6 responsible for those responses stated at the beginning of

7 each answer, so if the Board may find it convenient to

8 direct an answer to a particular person who was primarily

9 responsible for that response. In addition, in the event

10 that the Board is not sure as to which individual

11 should answer a particular question, with respect to

//// 12 this energetics panel now seated at the table, Cardis

13 Allen might be able to help the Board in directing a

O 14 question to the proper witness, and when the thermal panel

15 takes the table, John Long would be able to provide.

:

| 16 similar assistance.

3 17 At this t;me, the Staff's panels are available ,

3
18g for cross-examination or Board questioning.

3

{ 19 JUDGE MILLER: Any questions?,

%

h 20 MR. EDGAR: No questions, Your Honor.
I4

g 21 BOARD ?XAMINATION
I

22g BY JUDGE LIMENBERGER:

23 0 I should like to raise a question or two
e.

24 that have their foundations in NUREG CR-3224, of which

25 I believe Dr. Theofanous was a principal author.

.

_ --_- - _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . . _ _
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1 Incidentally, you pronounce it Theofanous?
!

2 A (FITNESS THEOFANOUS) That is correct, sir.:

3 Q All right, sir.

4 There is a statement in NUREG CR-3224 at
1

>

5 page II.8-1 that says that the authors have presumed

6 that, and I will select parts of the sentence to read,.

7
| the vessel head capability will be restored.to its
.

s originally specified value of 75 megajoules sodium slug

9 impact kinetic energy.
;

10 Perhaps I'm placing too much emphasis on
.

11 'the word " restored," but that gives me the -- causes me

12 to infer that perhaps that had been a prior design,

,

13 objective that was backed away from, and now as a result

14 of analysis -- analyses that have been performed,

15 you, Dr. Theofanous, and others, feel that the design
i 5

g. value should indeed stay at the 75-megajoul value.16

! 17
; Now, perhaps I'm making improper inferences
'

O

{ 1a here. Can you comment on this situation, please?
a

_{ 19 A What we are attempting to say in the
I

20-g report is that the way at which we have-tried to evaluate
*

e

| -21 the impact of core disrupted oxygen on vessel failure was
'

r
22; g by. utilizing the steady design volume by:the project.

8'

23 Now,.whether -- I-think.you use the.s

I-
24 word that we feel that it is essential to=have'this' design

25 value.. We did not address this question. At the time

'- h> ..
-

b-.

1

-
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1 that we were preparing the report and going through our

2 independent assessment, we were told that, Number 1,

3 the vessel is designed to take 75 megajoules; No. 2, the --

4 all the work that was done with reference to establishing
,

f

5 design value did not at that time prove sufficient to
;

o actually support the originally stated design value.
<

7 So we by the same token also were told that
1

a the project will abide by.the originally specified
,

9 design value. So we did not make any attempt -- we

10 did not make any attempts to address as to whether a

11 lower valua might be an acceptable value, lower than

12 the 75 megajoules value.

13 0 Well, again, perhaps I'm misinterpreting

O,

14 what.you have said in that report, but the very, very
t

; 15 last sentence of the report says that you have,

5
.g I'6 concluded that the Applicants' energetic source term of
.

I $' 17 661'megajoules, (75 megajoules slug impact kinetic energy),
o

{ 18 is adequate.
a -

.{ 19 A. That is. correct. 'It is adequate -- we!

% ..

{ } 20 mean in the sense that if the vessel was designedLfor
'

'

.I 21 75 megajoules, we would find that adequate.
y

,

g Now, it is well'possible that also 30 megajoules22
.

.! 23 slug' impact is adequate, but we did not address this"

=$
24 question.

If.one was t'o look carefully through the.25 /
T

e

r)
- L

,

'
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1 whole report, one will find that in fact maybe there

2 are some margins, and we do say that the value of 75
,

3 megajoules provides significant margin in fact,
,

4 so that we claim as part of the conclusion of the
i

5 report that vessel failure, assuming a design value of

6 75 megajoules will be physically unreasonable.

7 Now, if on the other hand we were told

/// 8 that the design value of the head is rather, let's

9 say, for the sake of argument, 20 megajoules, we might;

10 not be able to use such a strong language without going

11 farther than what we have gone through in this report.

12 So we keyed our activities in this study to

13 the steady design value of 75.

14 0 All right, sir.
,

15 On page 13 of Staff Exhibit 41, there

16 begins an answer A-15 to question 15, and said answer

$ 17 continues at the top of page 14. The last sentence in !

*

O,

18 that answer says " Distortion of components may occuro
4 ) .

{ 19 but gross failure is not expected."
t

j 20 - This word " components" is used~in the text --
D'

} 21 in the context of major components connected to the primary
W

22 . coolant system. If I-turn to page 34 and look at theg

23 answer.to question 51, I cannot tell whether I see
' '

24 an inconsistency or not.

25 Answer 51 indicates that the present
1

j

|

r

t
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() I head design may not be able to accommodate a 75-

2 megajoule sodium slug impact. Is that inconsistent with
|
i

3 the statement on the top of page 14?
;

4 A (WITNESS BUTLER) I'll answer that one. The
,

5 statement in question -- or the answer to question 51 is

6 in -- indicates that the head as presently designed may not

] 7 be able to take a 75-megajoule slug.
,

I 8 Now, in the answer to question 15, we're-
;

9 inferring that the components will meet the requirements

10 that have been specified, namely, that the head
i

| 11 would -- in other words, we assume in answering that

|- 12 question the head would be modified if necessary,

13 based on the follow-on test and analysis program by*

14 Applicants.

1 15 It would be modified as necessary to be able,

a

|
'

16 to absorb those 75 megajoules of kinetic energy.

17 JUDGE MILLER: Pardon me.
t o

[ 18 Do you have a page 34 in this exhibit?,

3
-

{ 19 THE REPORTER: No, we don't.
t
') 20 MR. TURK: I apologize.

'
-

:

| 21 ' JUDGE MILLER: We're able to follow it,,

I

fg 22 and Judge Linenberger is using the old one, which does

8
23 have one, so we can continue, except I want the,

8
'

24 reporter's version corrected.

25 ^

b.u
-

,

i b- , -
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1 BY JUDGE LINENBERGER:

2 0 I'd like to go now to the panel's

3 discussion of the so-called eight areas of concern that

4 are noted in NUREG CR-3224.

5 That discussion begins on page 51 of Staff's

6 Exhibit 41. The paragraph at the bottom of page S2

7 makes reference to mid-plane pin failure, and to i

a experimentally supported fuel sweep-out characteristics

9 that were utilized.

10 Can someone on the panel advise the Board
,

11 what the experimentally supported fuel sweep-out

12 characteristics refers to? Where were the experiments

13 done, and where might we look to find the results

14 8 reported?

15 A (WITNESS BELL) The experimental data'for
16 fuel sweep-out is primarily that from the L-8 TREAT test.

! 17 This was a test that was performed through pin failure in
O

j 18 which the sweep-out was monitored. This-was an
3

j 19 in-pile neutronically heated test.
t

j 20 The way that data was'used was to take the
r

E 21 analytical modeling that's used.to address'these-types of.
~

I

g transients.and apply that modeling to the experiment as22

|, 23 it was run to determine how that analytical modeling could
8
'

:24 best represent the experimental data,'and then it was

25 ' applied to the reactor situation,.the reactor transient

U

. . _ - ._ _ . ..
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1 itself, for the other assumptions that were also

2 made, such as mid plane failure to determine how the

nd 23 3 reactor would respond.
'

4

5

6

'
7

8

9

10

11

12

13s

14

15
,

;

16
3

$ 17

8
18o

I
*

19
:

20g
=

[ 21
,

| 1
'

22.
%

23

: s
'

'

24

| 25
!

1

O !
,
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(O,/ 1 BY JUDGE LINENBERGER: Let me understand what you

2 are saying when you say that the analytical model was applied

3 to the tests. Is this the same thing as saying that the

analytical model was integrated to see if it would give results4

5 consistent with what the test gave?

6 A (Witness Bell) Essentially that, or another way

7 to say it would be that its unfixed parameters were varied to

8 determine how to match the test data.

9 0 I see. All right. In other words, the test data

10 was used in a sense to sort of normalize the model?
11 A Yes, sir.

12 Q Which then allowed you to apply it to the CRBR plant?
13 A That's correct.~

\-' id Q Going to page 32, the discussion of the resolution

15 of area 2, I should like to inquire about the last sentence.

5
16

5 on page 53 that is completed at the top of page 54. That

! 17 refers to--in that sentence there is a reference to an upward
0

h 18 revision of the sodium void coefficient of reactivity, and
3

I 19 although this has been discussed previously here, I should like
Ij 20 to ask you gentlemen the same question.
:

{ 21 What occasioned a revision to the sodium void
I

22g reactivity coefficient? How was the revision arrived at and,

5, 23 if you will, how much of a change upward are you talking about?
!

24 A- As part of our early review process, we undertook j
i25 to audit some of the analyses that the Applicant had provided '

,

("'; j
\u,)

|

I

L
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L

) I for review. Part of that auditing process was to analyze, with
i

2 different techniques, the value of the sodium void coefficient
4

3 for heterogeneous core.

4 It is well known that this particular neutronic

5 parameter is a difficult one to calculate. It historically

6 has had rather large uncertainty associated with it, and that

7 prompted us to take a special look at that particular parameter. ;

Sj In doing so, we utilized the latest neutronic cross- |
9 sections that were available, and we found that we were

| predicting values that were substantially above what had been10
,

11 published in the PSAR.

12; This precipitated this particular question to try

13 to understand what the difference in these new predicted valuesO:

14 relative to the published values was being caused by..
15 In comparison of these new calculations with the,

N
''

| g same techniques but with using the older cross-section data,16

I
$ 17 we found that that was.a major influence on the change in the
8

18y data in this particular neutronic parameter.,

P

j 17 That led to a considerable effort on the part of
20 the Applicant to further evaluate this parameter, utilizing

e,

| 21 the engineering.criticals that were spoken of yesterday. *

.I-

- 22 ---- g g- By this do you mean the zero power experiments?
8

23 A That's correct, that's correct. In that processg
24 they' generated also upward revised values.

| 25 The' total core'value was changed.from a value of

O
,

s

. s_ ..~ . - . -. + t' e ' " F '" '
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f3
(_,) 1 approximately a dollar-ten, $1.10, upward to I believe on the

2 order of S1.40 or $1.45. That's a total core value, the plus

3 and minus part of the core that was spoken of yesterday, added
d together. So that is the magnitude of the change that was

5 involved.

6 Q All right, sir. I have a problem with the unit ~

7 you expressed, the void coefficient going from--the positive

8 reactivity coefficient going from $1.10 to $1.40 because I

9 don't hear anything that ties us down to a unit void size of

10 some sort. Is this per kilogram, or what?

11 A No. I'm sorry. That represents the removal of

12 all flowing sodium from the driver reaches of the core, so
|

13g3 that's a complete voiding of the active drivers in the core.
5 i
' '' 14 0 By the driver portion, I believe you mean that

~

15 interior portion of the core fueled with plutonium, but excluding.

5
16g any blanket materials?

I 17 A Any blanket material or internal blanket material.
8

18g 0 Right. Okay. Now, wait a minute. That still leaves
3

$ 19 Does that represent voiding the internal blanket regionme--
%

h 20 of the core?

21 A No, it does not,
f

22j O It does not. Okay. By the way, are you the same

23 Dr. Bell listed as one of the authors of 3224?
?

24 A Yes, I am.

25 O Thank you. When you completed the analysis that
1

! .
' O
,

I

I

i
!

!
t

- _ - - - - - - -
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1 gave you the basis for an upward revision of this void reactivity

2 coefficient, do you feel that you were able to--or whoever did

3 the work was able to significantly reduce the uncertainties, or

d the error band, i f you will, in these values as a result of

5 plugging in experimental data, plugging in better cross-section

6 data, et Cetera?

7 A Yes. llistorically uncertainties in the order of

a 60 percent have been quoted for the prediction of sodium void

9 reactivity works for the core. Because of the representation

lo of the core in the engineering mockup critique and the obtaininc'

11 of data that very closely represented the actual core itself,

12 in a sense the calculated values could then be benchmarked to-

13 something that was experimentally real and representative, and

'd therefore the uncertainties could be reduced very substantially.

15 Q Do you care to quantify in some manner what very

16 substantially means?

$ 17 A I don't recall the exact numbers that we ended up
8

18g using in our analysis. I believe we were using predicted
3 .

19 values plus 20 percent, but could be lower-by approximately 50

} 20 percent, could be 20 percent higher.'

21 - Q Plus 20, minus 50?
I

fg 22 A- Minus 50.

8| 23
g Q If one compares the sodium void positive reactivity
0
'

24
| coef ficient with other reactivity coef ficients of significance---

25 and I presume we are talking about' temperature, et' cetera--of

.

N
-

1 g
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s) I the ones of major importance, is it the sodium void that still

2 has the-largest uncertainty, or is it some other coefficient?

3 A With the magnitude of the sodium void being in the

d range of one dollar to Sl.50, other reactivity feedbacks, such
''

5 as axial thermal expansion of the fuel columns, are of the same

6 order of magnitude.

7 The uncertainty in axial expansion can be quite high ,

8 Some people would say it varies from zero to something that

9 you would clasically calculate from the normal expansion

10 coefficients of the fuel, and this has to do with uncertainty

11 in the way the fuel behaves because of voids in the fuel, the

12 restructuring of the fuel, whether or not it is in some way

-~ 13 interfered with by the cladding, and that uncertainty can be

- Id of the same order of effect on a transient as this lower value
~

15 of sodium void coef ficient.,

: 16 Now, beyond that, when fuel begins to disrupt later

\ 17 in the transient, the fuel reactivity feedback begins'to
8

18g dominate the entire process, and then that's a whole different.

.:

'! 19 situation.
I

f ' 20 0 Let's go to area of concern No. 3, which is discussed

| 21 at pages 54 and 55. ~ Presumably some of you, at'least, have.
*-

[ 3
heard earlier. discussions with the Board on this subject,Jfrom22

'8
23 which : the Board concludal that Applicants are not as, -to say_ it

~

'~
24 simply, worried about this pressurized plenum gas effect as

,

25 perhaps you_ gentlemen ~are,-and that the primary. reason for.

m

v
i

.,_
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1 Applicants being less concerned has to do with their conclusion .

2 belief, conviction, whatever, that there is sufficient time

3 available between the onset of a cladding breach and an oppor-

d tunity for the fuel to move, sufficient time available for the

5 plenum gas to vent so that plenum gas driven fuel motion is

o not a very plausible consideration.:

7 I get a rather different picture of that from the

8 words I see in your testimony here, and I would like for who-

9 over you would'like to do so to come in on this.

10 Are you and Applicants really rather far apart here

l' on this question of time available for venting, or what can

12 you tell us about it?

13 A (Witness Theofanous} The timing depends on primarily

ld two factors. One is the geometrical dimensions that allow for

15: the path of the gas to cet out from the plenum, to get out
a G

16i | into the coolant region.

1 17 We feel that we do not know these. geometrical.
8

18g. dimensions very well, especially for fuel and blanket that hast

3

E l' been in operation for a certain period of time.,

I
;f To give you an idea of the time that is involved20

.

21 or the differences in timing involved, the Applicant uses'a

22
-

$_ time coincident of 0.25 seconds for- the gas to get out.
8

23} We use a time coincident of 0.5 seconds. So we are talking

2d about very small differences in time..

25 By us using'0'.5 seconds, we can get into this
q.

.f 1

LJ

:I

t.

'
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1 undesirable situation, so that is one factor, is how much time

2 does one allow.
.

3 The key idea here is that because of uncertainties

4 in the path, in the dimensions of the path that is allowed, we

5 cannot feel very comfortable that we cover a very good portion

6 of the cases with a 0.25 second time coincident.

7 Q Now, before you go further, forgive me, but I have,

8 got to interrupt here. If I understood you correctly, I think
,

9 you said that this uncertainty and what this time is is3

10 exaggerated or is worse in older fuel than in newer fuel. Now,

i 11 maybe--

12 A Not necessarily. The point is that we simply do not
I

13; know what these dimensions are to be if the blanket in the

'-' id
| reactor has operated for a certain period of time.

15 Q Okay..
;

f to A That is one factor. The other factor that affects

a'
17 this potential of getting into energetic behavior has to do

I 8
18g with the power history. Of course,'if:the power is'on a rapid'

3

I 19 rise, then we have less time available for the gas to get outi

I
j 20 before the fuel begins to disrupt. Again,-because of,

'

E

7
g 21 uncertainties in a number of areas) we do not feel that we canr

3 exactly ping F st the power' history to sufficient accuracy-or to'22
E

23 a sufficient degree to allow us to differentiate clearly
,8.
.

24 between a case in which we are,in this regime and in another

End 24 25 case where we-are clearly outsidelof this regime.'

D.xj'

\

l'
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O
$) I' BY JUDGE LINENBERGER:

2 Q Again, what is the source of the negative

3 reactivity feedback you just alluded to; is it fuel

4 motion?
.

5 A (WITNESS THEOFANOUS) It is both positive and

6 negative. By the time that we are potentially in

7 'this regime, we~can have positive effects from fuel motion

8 and,also,at the same time,in another part of the core

9 may be negative effects from fuel motion again. So it is

to a number of feedbacks going on all the time, and the

11 net total of all these feedbacks, that's what determines

12' the power history, and that power history in turn

13 affects how much time is available for gas to get out.

n\- 14 So I think we want to make it very clear that

is we'do not say that we can claim with any certainty that'

16 we are going to beLin this regime.

$ We.are saying that we cannot claim with.17
-

o
'

| 18 great certainty that we are going to tx3 outside of the
~

1 -

$ -19 regime.
t

f 20 Q All right.. In this regard, I am sure you're
.

u.
.

[ 21 familiar with the so-called perforated plenum ' bottle fix -
,

I

22 that' Applicants have suggested. 'Do.you-consider that a.
~

g

~! 23 viable way to, let's say,. mitigate'this problem?
a.

24 A Yes,-the answer is yes.

25 Q All right.

!,q

|- -

<
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(h
( ,/ 1 In the meantime, what kinds of things are

2 going on or will be going on in the next year or two, or

3 whatever, to help you satisfy yourself either that some

a fuel modification must be made, or, on the contrary,,

5 need not be made? Is this difference between Staff and

6 Applicants' view of these matters something that is going

7 to persist, and, thereby, you project that the

8 Staff will require a fuel design modification, or

9 do you think there -will be any analytical or experimental

10 refinements that might resolve this in the not-too-distant

11 future?

12 A We did not get into great detail with the

13 Applicants as far as all these other activities that might~s

i i
A-s' 14 possibly alleviate the need for this fix. From causal

15 conversations, I gather that there are some
e

16 experiments that are being planned.

17 .I don't know how soon they are going to take>

O

| 18 place. But we have used in our testimony the word
I
{ 19 " compelling evidence."
tj 20 We feel that we ought to-see compelling
e

. -} 21 evidence for us to: feel comfortable 'that there is
'

I

g sufficient cerutinty. forawarding this regime so that we do22

E
,

- 23 not, feel. obliged to ask for this' design fix, and
3i

'

' basically, we think that this quantum jump would require24
,

25 analytical certainty to -obtain more confidence.
4

.

t l
L.v.
i
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1 We don't see it happening in the next year.

2 0 Page 59, Resolution 7, relates to the

3 ability for the fuel to be discharged upward from a

boiling pool'at decay power. I should like a littled

5 amplification on what kind of mechanisms are at play
'

o' here-that.can indeed result in an upward discharge of fuel.
~

7- A (WITNESS THEOFANOUS) The basic phenomenon

8 here is very similar to one of opening a bottle of

9 Coke, for example. It is gas in the opening and the '

to liquid runs out'if you shake it a little bit.4

11 Basically, the mechanism is one in which you --

12 in the case of the Coke bottle, you generate gas in the

!// /r- 13 liquid and bubbles flow. They occupy volume,
44

14 and they do not'have enough time-to separate out of the

15 liquid and,ftherefore, push the liquid out., ,

5
4 to For volumetically heated liquid, the source

.~ ~ I 17 - of bubbles is the vapor that enucleates throughout the

8
18 -

1 g volume of this liquid. In decay power levels,
a4

$ 19 there will'be a source of liquid of vapor that will

E'

20- g basically produce a stream for vapor bubbles coming up. .'

2 -21 If this source of vapor is strong enough,
I

22 - there is not enough time for the-liquid to separate.outj
8, - 23 and it~ carries the lignid.with-it, so that there will'be

;

-2-
24 the physical phenomenon by which liquid fueli can go out af

25 this pool'into the upper pool region'.
'

rS . ,

- t i 1

; %.)

I
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( 1 Q Okay. Now, I understand.

2 My problem was, I thought that boiling

3 liquid was sodium and that the fuel was still solid.

4 Thank you.

5 Page 60, Resolution 8, last paragraph

6 averts to comparisons of model predictions with SRI

7 column buckling experiments.

8 Can somebody tell us where the results

9 of these column buckling experiments might be found, where

K) they are reported?

II - Is there a topical or a summary report?

12 Is that sited in 3224?

13,,e 3 A (WITNESS BUTLER) Sure it is.
\ 1' ' ' ' 3d Q Oh. All right.

15 Just give me the reference number and page
3

16
$ number, if you would, please.

| 17 A Okay. It is reference No. 5.
8

IB It is in Appendix B, and on page B II.2-9.g

! 39 Q B.II?
I

20
t A B II, no point.
e

} 21 Q Oh. Okay.
I

22i A .2-9.

8
23! Q All right. Thank you very much.

O

24 Now, the very last sentence on page 60

25 translates column failure threshold in terms of accident

,

t }
- |
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1 severity to a ramp rate of approximately $100 ' per second.

2 Well, let's assume for the moment that I

3 believe that. I don't know what I'd do with it. What

4- do I conclude from it? What is its significance? Is

5 this an acceptable value?

6 A (WITNESS BELL) This value of approximately

7 $100 per second represents a threshold in the entire

8 loading of the system as a result of.a spectrum of

9 different accidents increasing in severity- .

10 Accidents with a neutronic event often called :

11 a disassembly, a neutronic disassembly, driven by ramp

12 rates -- reactivity ramp rates of-valves less than this

f3 would produce very little loading on the primary system13

' id boundary simply because it has -- the system is designed

15 with what we have termed a cage, a: structural cage around,

@
16 the core made up of the core support structure, the core

$ 17 barrel, cylindrical structural components, and this large
O

{ 18 upper internal structure that sits above the active core.
3

! 19 Unless the pressures generated from the dis-
I
} 20 assembly process are large enough to: fail one of those

,

:

E 21 components, then the pressure is essentially contained
r
g within that cage, and is unavailable to rapidly accelerate-22,

-8
23 the sodium upward to impact the head.,

5
24 Q So to put it in rather different terms,

25 is this an example of how or why the conceptLof-isotropic
'

. O)q,-

,

, ,_ - - , , . % .,,m , - m --
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1 expansion is not realistic?

2 A (WITNESS BELL) That's exactly right.

3 Q Okay.- At page 62, the second full

4 paragraph, first. sentence discusses debris from structures

5 and the vessel head. That's the second full paragraph,

6 the first sentence.

~7 I can only make sense out of that if I

8 assume that vessel head refers to the bottom of the

9 vessel, not.the top head; is that correct?

10 A (WITNESS ALLEN) Judge Linenberger, that

11 testimony is part of the_ thermal margin beyond the

12 design basis. That's the panel sitting behind us.

'

13 0 All right. Sorry about that.-s

\~s 14 MR. TURK: If Judge Linenberger wishes, we,

~ 15 can ask a particular witness to come forward at this_ time.,

E'

| 16 JUDGE LINENBERGER. .I'll come back to it
i y

$
^

1:7 later. I zun beginning to see faces in the. back row-
' O

y
' le turning up here. I believe that's all the questions I have

3
**

19 on the energetics portion.

I
;20 JUDGE MILLER: Any further questions?y,

I
g 21- _MR. EDGAR: No, Your. Honor.
I

22 MR. TURK: No redirect.,

h .23 JUDGE MILLER: I think we'll take.about a ten-
1

24- minute recess, then, and you can bring up the other portion

25 of the panel.
.

.s-

,

L .

I. -

I
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1 MR. TURK: I'll ask all of the energetics

12 people to sit in the back row so they are available.
I

3 JUDGE MILLER: All right.

4 Thank you.

end 25 5 (Recess)
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(,,)E26M1 1 JUDGE MILLER: We will resume, please. Where were

!

2 we?,

I

3 MR. TURK: I have a few preliminary matters.
4

) 4 JUDGE MILLER: Fine. Go ahead.

5 - MR. TURK: Page 34 of NRC Staff Exhibit No. 41 has

6 been reproduced, and I have given each of the Board members

7 and counsel for Applicants a copy of that page, and I have given

8 three copies to.the court reporter, and I ask that that page
,

9 be bound at the appropriate place within the transcript of
10 the proceeding.

11 JUDGE MILLER: Very well.
,

12 MR. TURK: In addition, I would like, I guess at

13 this point, to indicate my understanding that the Staff's panel

Id on thermal questions and dose consequences has been sworn

15 already as part of the large full group panel. They have also; .

1:

{
1 16 indicated that their professional qualifications are attached

i 17 to this testimony, NRC Staff Exhibit 41, and they have adopted
; 8

18
; g the exhibit as their testimony in this proceeding, as revised

a
e

19 with the errata sheets in today's' testimony.=

,I'

h 20 DIRECT EXAMINATION
=

k 71 BY MR. TURK:i

I

22g Q At this time for the record and for the sake of the'

5 23
g court reporter, I ask each witness to slowly state their names,i

O.
'

! 24 their titles and by whom they are employed. Now I'am speaking

- 25 about'the six people at the witness table.
A

y%n.- - eq yp 9 en se--y w 4 9 y,g ,-r- .w 9-r h s--e ,
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) 1 A (Witness Swift) I'm Jerry Swift. I am a reactor
'

; 2. cngineer with the Nuclear Regulatory Commission, Clinch River

3 Breeder Reactor Program Office in Bethesda, Maryland.

4 A (Witness Larry Bell) I am Larry Bell. I am an

5 employee of the Accident Evaluation Branch in the Office of

6 Nuclear Regulation.
4

; 7 A (Witness'Hulman) My name is Lewis Hulman. I am

8 chief of the Accident Evaluation Branch, NRC.

9 A (Witness Long) John Long. I'm a reactor physicist ,

i 10 in the Clinch River Program Office, NRC.

11 A (Witness Morris) Bill Morris, chief of the

12 electrical engineering branch, Office of.Research, NRC.

13 A (Witness Butler) Thomas Butler, Staff member in the
i 6

\ 14 Advanced Engineering Technology Group, Los Alamos National
t

15
-

Laboratory, Los Alamos, New Mexico.,.

~4
tog MR. TURK: For the record, also, Mr. Chairman, let

17 me indicate that there is one other' individual to whom the
O

|- 18 Board may have questions in the thermal area, and that is Dave4

3

.I 19 Swanson. He is seated in the back' row, and if the Board
~I
j ~20 requires any particular point, he can be brought forward-to
e

k' 21 answer in that particular area.
'

r

5' J - 22- JUDGE MILLER: Very well.

8'

23 BOARD EXAMINATION
;' [o

24; BY. JUDGE LINENBERGER:
.

25 0 'I believe I first stumbled into the turf of you

[G;
-

.

,.

. , , -- ' ~ ~ , - . ,
_ . _ . - - . -- , - - . . . , , _ . , , . . . . . , .
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,m,

( ,) I gentlemen on page 62. With respect to the second full para-

2 graph on that page--this is Staff Exhibit 41--there is a

3 mention of hot core debris in particulate form from structures

4 and the vessel head, which is said to fall to the reactor

5 cavity floor about a thousand seconds into the accident.

6 I did not understand the reference to vessel head

7 there, and I presume it is not the upper head that has recsived

8 so much attention earlier in this proceeding, but let me not

9 presume anything. What vessel head is referred to?

10 A (Witness Long) You are correct, Judge Linenberger.

11 The lower vessel head is referred to here, and I guess in

12 general, throughout this half of the panel, that head will refer

13 to the lower head, whereas in the earlier panel it generallyg-

'- 14 referred to the upper head.

15 0 Okay. Let's assume for the moment a hypothetical

! 16 question, if you wish, that all that contacts the lower vessel
,

8
* 17 head would be boiling sodium. Is boiling sodium in contact
0

y 18 with the lower head a sufficiently severe contact that it would
3

| 19 fail that head, or must there be core debris associated with
5j 20 it?

--

h 21 A The boiling sodium would not by itself be sufficient
r

22 to fail the lower head.g End 26
23

1
24

+25

f3; j)8_
h
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.

.(Q,/ 1. BY JUDGE LINENBERGER:

'2 Q Are you saying, then, that to fail a lower

3 head, you need a higher -- one needs a higher

4 temperature heat source than is available from boiling

5 sodium, and that the core decay heat supplies that?

6 A (WITNESS LONG) Yes.

7 Q All right.

8 How does one really get a handle on a

9 number such as this 1,000 seconds for how long it takes

10 for the lower head or for the particulate debris to reach

11 the cavity floor?

17 A There is certainly a lot of uncertainty in

13 that. number, but it is based on the estimate of how long
O''- 14 it would take to deposit enough heat in the lower

15 head to raise it to a temperature where it fails by,

a

| 36 creep rupture, and the sources of-heat are, of

$ 17 course -- the source is the decay heat in the core debris.
8

18 What is not very.well known is how much

I -19 of the debris will have fallen to the lower head, and
Ij ~

20 then what the split in heat between upward and downward
:

) 21 directions will be, but making'the best assumptionsr
g' 22 .that.could be made, it came out about 1,000.
"

-

| 23 Now, it turns out that the-rate of change
8
'

24 of decay heat is a good deal less than being proportional-
25 to the time, so a factor of:10 in time only reduces the

O
1 }x_-

v

" .- _ _ , _ , , _ _ . _ _ _ _ _ _ _ _ . _ . - _ _ _ . _
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1 decay heat by about 40 percent, I believe, and for that

2 reason, even if we were incorrect about the time when the

3 head failed, and it failed, say, at 10,000 seconds instead

4 of 1,000 seconds, there is still substantial decay heat

5 present to carry the rest of the reaction forward in

6 much the same way as it would have if it had failed at

7 1,000 seconds, just on a little more stretched-out

a type scale, that's all.

9 Q Further in that same paragraph reference is

10 made to a reactor cavity vent diaphragm.

33 Can you refer me to a figure someplace

12 that would give a clue as to approximately where one finds

13 that diaphragm?

U Id A (WITNESS LONG) Yes. The figure following

15 page 9 of this testimony, Figure 1, if you have that figure,,,

3
16j the vents apparently are not labeled on that figure.

I 37 Their location is right about where the
0

18 No. 1 is, which points to the operating floor above
I
e

19: the pipeway cell.
t

20 It is not really shown'directly on this figure,

'} 21'

but that's the general relation that it has related-tor
22 ~the core.g

23 A (WITNESS' BUTLER)' There's three pipeway cells.

24 If you look just under the numeral ~1,.there

25 is.one pipeway cell, and directly across is.another one.
.

Qj

.
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r
T) There is a third one at 90 degrees to both

i

of those, behind the reactor cavity, and that's where the
2

vents are located, the two redundant vents, and gases
3

pass through these two pipeway cells into that third4
.

P peway cell, and vent it out.i
5

Q And so whatever is being vented.by the
6

rupture of that diaphragm is vented into the7

containment above the operating floor level; is that correct?
a

A (WITNESS BUTLER) That's correct.9 ,

0 On page 64, answer 85, it discusses
10

ji containment, challenges, and the last sentence adverts
to the existence of experimental data that support the

12

course of accident events, and allow one to boundi3(N
k_- the uncertainties and consequences.ja

What experimental data is being referred
15

*

to there?16

h A (WITNESS LONG) That statement refers to thei7

8 discussion which follows in the next series of questions,
; 18

I*

'really. The experimental data is of the. nature of
_

e
39

t
l' experiments of the penetration rate of sodium into.*

20
t.,

ff concrete, and the various aerosol behavior experiments
21

't
that have been made, and many other experiments that have22,

,

8 been undertaken to explain the subsequent course that23,

$
events are likely to take.'

24

! 25 O. So there is no single, let's say,

~f"h
* )
R/

$ -
.s .

e --.w-, . - . . . , - . - - ,
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I summary report or -- that can be cited here to --

2 with reference to this body of experimental data.

3 A Well, the SER has a more detailed --

d Q Yes.

5 A -- listing, and a set of references after

6 Appendix A, A.4, isn't it, A.4, that cover a good part

7 of this experimental data and the analysis, also.

8 Q All right. Thank you.

9 on page 69, paragraph e. discusses the

10 plutonium source term, and specifically addresses the

11 Staff's view that there might be more plutonium evolved

12 through the formation of aerosols than has been

13 considered by the Applicants, and, in fact, perhaps an

d increase by a factor of 10 in the amount of plutonium

15 released during boil-off, and a consequent increase in
;

16
$ bone dose of approximately the same amount.

i

'
8

17*
My question is: Where should I look for a

8 |
'

is
e reporting of dose consequences in order to find
3

! 19 that a factor of 10 increase in plutonium derived bone
:
} 20 dose is, indeed, acceptable?
I
e 21 Indeed, acceptable? In other words,r

22
5 I'm presented here with a f'.ctor of 10 increase in

23 bone dose. There must be someplace I can look
?

24 that will allow me to say, okay, if I multiply that

25 number by 10, I'm still okay, or that number already

O
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1 represents this factor of 10 inclusion.

2 Can you help me here?

3 A We can have Dr. Swift discuss the source of

4 the factor of 10, or Dr. Bell may -- or Mr. Bell would

5 discuss the final dose consequences which are reported in

6 our testimony,

end 27 7
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s

- s_) 1 BY JUDGE LINENBERGER:

2 O All right. Mr. Bell, please.
~

3 A (Witness Larry Bell) In Supplement No. 2, the

4 safety evaluation report, Table 2-A on page 8.5-4, the doses

5 to the whole body, thyroid, bone, lung and lip are reported, t

6 and these doses were based on a release of .16 percent

7 plutonium; therefore, if you released one-tenth of that amount--

8 I think it was-.15 percent the Applicant came up with--your

9 doses should go down by the same factor, by one-tenth. So the

10 bone as reported is 8 using .16 percent. If you only used one-

11 tenth of that amount, it would be about .8.

12 _Q All right. So in Table 2-A that you referred to,

13 the bone dose of 8 rem reported therein already has included

14 the factor of 10 that's discussed here on page 69 of the

15 testimony?,

3
16 A les, sir.

@

! 17 JUDGE LINENBERGER: All right. That was-what I had

18 trouble with. Thank you.

$ .19 MR. TURK: For the record, may.I indicate that
t

f. 20 SER Supplement No. 2 to which the witness has referred ~is
:

-| 21 NRC Exhibit No. 30, and the table appears ~on_page'3.5-4.2

I

22g JUDGE LINENBERGER: 'Thank you.

.f 23 BY JUDGE LINENBERGER: _
.8
'

24 0 Mr. Bell, perhaps while we are: talking about. dose-
.

25 values, perhaps'you can help the-Board withJsomething that

it~%c -

-- ms - -

.
.

i

:
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(_,/ 1 appears in Board Exhibit 125, the limited appearance statement

2 of Dr. Cochran, at page 15, the last sentence in the last full

3 paragraph of that page which says that the bone surface dose

4 is three times the 33 rem value, or 100 rem.

5 Now, can you give us a clue as to where Dr. Cochran

6 got that factor of 3?

7 A I believe what he is referring to is from the site

8 suitability hearings. We were talking about ICRP-2, total

9 bone as opposed to ICRP-30, bone surface doses, and there

10 was a conversion factor at roughly 3 to 4 in there. We said i

11 3. If you use ICRP-2 you jtst multiply by 3.

12 Q Okay. Fine. I lost track of that. Thank you.

137~ Back to Staff Exhibit 41, page 87, answer All5,
! )
'/ 14 there is--and it is perhaps a very small point, but there is

15 a threshold concentration of 9 percent mentioned there for

5
g 16 the admission of hydrogen, and I'm sure that is a number that
%
8 17 varies considerably with a number of factors, but for a long
8

18 time in light water reactor testimony the admission concentra-o
a

I 19 tion was quoted as 4 percent.
I

20 Now, is there a circumstance here at Clinch River

| 21 that makes the 9 percent a more reasonable value, or is the
r

22g 4 percent superseded by better experiments, or is the difference

5, 23 not really significant?
- 7

24 A (Witness Long) No. I'm afraid-- The 9 percent

25 that was referred to here was not intended to be an admission

f\
x;

m .



r !

i

|
|

8474E28M3

n/ 1 threshold. It is intended to be a number at which significants_

2 burn pressures would develop. If you would calculate the

3 abiabatic burn pressure, which is, perhaps, I guess somewhat

4 conservative, you begin to calculate pressures on the order of

5 40 to 50 pounds per square inch with a 9 percent concentration

6 of hydrogen,_and that's getting up where the containment would

i be challenged, and that's what I had intended to say here in

8 regard to the 9 percent.

9 We agree that admission at 4 percent is a good,

10 feasible limit.

11 Q All right. So this was not the threshold, as you

12 say. All right. I misinterpreted that.

13 I believe I asked you this question yesterday, butr

\- 14 I will ask it again. Page 93, Answer 124, talks about a

15 confinement structure capable of withstanding a thermal margin
7

16
5

bey nd d sign basis c nditi ns. The next-to-the-last sentence

$ 17 in that answer says that thermal _ gradients are self-limiting
-8

18g because as the structure begins to fail, it becomes more
n

[ 19 flexible, thus reducing the internal stresses.
t

.

j 20 Well, okay. Somebody gave a Coke can analogy answer
I
g 21 to this yesterday. I still' read this as saying that as a

't

22
3 structurd b'egins_to. fail, it evolves into an ability to better

23 withstand failure.
8
'

24 Now, maybe'-that is or~is not one'way to read it,

25 but somebody-please explain that to.me.

- r~s

. _. - . .. . . . .
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O
(m,/ 1 A (Witness Butler) I will address that one. First

2 off, let me clarify that we are talking about the concrete

3 containment here and not the steel.containmsnt.

d Q I'm sorry. I was thinking of cohfinement, yes.

5 A Of course, the gradient stays as is, essentially.

6 It is not changed in the building, but as you crack, you are

7 faced with a more flexible structure, and for thermal loads,

8 the more flexible your structure, the lower the stresses or

9 the internal loads in the structure, whereas if it was, say,

10 d. cad wbight, the load re. mains the same. As you start to fail,

11 then you will keep failing, but the thermal load, the stiffer

12 the structure, the higher the stresses. TheLmore flexible,_

13 the lower the stresses.

\ 14 Q Does this increase in structure-flexibility which

15 derives from, if I understand you correctly, the fact.that it
~

G.
tog is beginning to crack up, carry with it an undesirable implica-

$ 17 tion with respect to leakhge paths through the wall to the
0

y 18 outside air, outside environment?
3

I 19 A Not really. For these kinds of-loads you are talkina
?j. -20 about cracking concrete, which is' heavily reinforced, sorthe~

LE 21 cracks are hairline cracks, very small cracks, and they.are
t-

22
~

'

g more than likely on one side of the wall. _For these kinds of

8, 23 thermal gradient's, one of the walls would'be in tension'and
i

O
'

- 24 one? side'in. compression, so it is unlikely.the= cracks will

End 28. 25 propogate1 clear through the wal1~.
.

s_<

1 >

u |
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) 1 BY JUDGE LINENBERGER:-

2 o Well, okay. That sounds reassuring.

3 Are there any -- is there any body of evidence

4 to indicate that concrete really does behave that way?

5 A (WITNESS BUTLER) Oh, yes, sir, there is.

6 O Mr. Hulman, do you hav'e something to

7 add there?

8 A (WITNESS HULMAN) We want to note that even

9 if the confinement structure were to crack, and there

10 were to be leakage of radioactivity, we still have the

11 annulus fil.tration system for cleanup, so we have

12 engineered safety-features in the event there are cracks,

13 and there are leakage.

Id O. Well, I'm missing something here.

15 I. thought the. confinement structure was a

I
g concrete structure exterior to the steel containment16

-

17.- building, and under the circumstances we are thlking
o

,y 18 about here, where the concrete confinement buildin'g
3

I 19 . starts-to crack, I would expect there-to be out-leakage
Ij 20 .rather than in-leakage, and-the annulus ~ filtration system
:

.E 21 would not play-a role in mitigating that situation.
t

.g. HNow, perhaps.I'm: missing 1something.'22

8 23 A I think there are twoioftus that.a

2
24 have an answer.for you. Let me try~first','and then Dr.. Swift

25 may wish to add.

o

_

b

I6
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o
/ 1 - Q Surely.%-

2 A The annular space between the two structures,

3 between the steel and the concrete structure, is

supposed to have a negative pressure such that any leakaged

5 from the steel shell will go through the annulus

6 filtration system.

7 If the concrete structure was beginning

s' to crack _and if it cracked all the way through,

9 which you've heard is unlikely without a major failure,

30 there still is the possibility of a negative pressure

11 in that annulus space such that most of the' leakage from

12 the steel shell should still go-through the annulus

133 filtration system.

v id .It is only when you have a major failure, and

15 you can't draw negative pressure, would that annulus.
a

16 filtration system not work.

17 Q All right. I'm afraid I was assuming
8

isg that when the confinement structure began to crack up,
3

f' 19 one would lose the ability to. maintain a below-atmospheric-

t
20

i pressure in the annulus, and, therefore, one would move-
0

.}. 21 into a situation where there was a possibility for
'

;

22
:[ out-leakage to the environment. But-I guess I'm off base-

! 8 23
g here.
2

24 -A Not off base, justinot necessarily. . It

i 25 has to get pretty bad for that to happen. . We would
~

^D(
; \_ >

1
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(3
(v) 1 not expect that to happen. It could. The more likely

2 case is, we could continue to draw a negative pressure

3 and use that annulus filtration system.

4 Q Okay.

5 A (WITNESS BUTLER) Let me clarify maybe a

6 little more on the crack size. If you envision the steel

7 reinforcement in'the concrete, it doesn't yield for

8 these kinds of things going on, so your deflections,

9 because of that steel, are very small, and your cracks

to will typically be on the order of inches apart, so if you :
1

11 take a below-yield strain for the steel, .2 percent,

12 then you can very quickly figure that your cracks are going

13 to be very small, even if they went clear through, as,_

/ )s
\

\_ 14 well as the tortuous path for the gas to pass through.

IS A (WITNESS SWIFT) After the vent-purge system,

;

% 16 is put into operation, then releases from the containment
#
8
= 17 are exhausted through the cleanup system, and the steel
0

| 18 shell containment is drawn down to slightly below the
1
*

19 atmospheric pressure. And so there would be no out-
%

} 20 leakage where the confinement structure would corv into
:

} 21 play in that sense.
I

22 O All right, sir.g

8
23 On page 95, a very simple question with,

5
'

24 respect to the annulus cooling system. There is a cooling

25 rate quoted there, and all I need to know is, where does ,

i

[h |g
'

'n-)
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o)' ,/( 1 that heat go. What's the sink for that 5 times 7

2 to the 7th btu per hour cooling rate that's given there?

3 A (WITNESS BUTLER) That is exhausted to the

4 atmosphere through the exit of the annulus cooling

5 system.

6 Q Okay. And is that exhaust filtered?

7 A No.

8 Q So is it not anticipated that there will

9 be unacceptable levels of radioactivity in the
'

10 annulus at the time that this cooling system is

11 turned on?

12 A (WITNESS SWIFT) No, it is not anticipated

13 that there would be such levels in our dose estimates.fs

( )
'' 14 We -- the amount of radioactivity in the annulus at the

15 time was taken into account.,

U
16g Q And so it was assumed to have been released

17 unfiltered to the atmosphere in those dose calculations?
8

18 A That's correct.o
1

$ 19 JUDGE MILLER: All right.
%

| } 20 We will recess for the afternoon.
i .

h 21 Release the reporter.;

i r
22i

3 (Whereupon, at 4:50 p.m., the hearing was

3
23

g adjourned, to reconvene at 8:30 a.m., August 10,
O
'

24 1983.)

25

/N
| !
1/
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