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1 UNITED STATES OF AMERICA

2 NUCLEAR REGULATORY CO?CiISSION

3 -----------------

:g

4| In the matter of: :s
,

.

.

5 COPS!ONWEETH EDISON COMPMY : Docket Nos. 50-295
: 50-304

6 (Zion Station, Units 1 and 2) :
: (Spont Fuel Pool Expansion)

=
7 -________________

0
.

9 Lincoln Ballroom,
Holiday Inn Illinois Beach Resort,

10 Sheridan Road at Nadsworth Road,
Zion, Illinois.

11

Friday, 15 June 1979.
12

13
The hearir.g in tho above-entitled was reconvened,

14
curcsant to adjournment, at 9:00 a.m.

15
BEFORE:

16
JOHN WOL?, Esq., Chairman,

j .;. Atomic Safety and Licensing Board.

DR. FORREST J. REMICK, Member.gg

h
39 DR. LINDA W. LITTLE, Member.

.

20 AP7EA%.NCES:

21 On behalf of the Licensee, Commonwealth Edison Ccmpany:

22 MICHAEL I. MILLER, Esq.,
PHILIP STEPTOE, Esq.,
ALAN P. BIELA% SKI, Esq., -x

~

Isham, Lincoln and Beale,
One First National Plaza,24
Chicago, Illinois 60603.

,
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wb i on behalf of Intervenor State of Illinois:
2 SUSAN N. SEKULER, Esq.,

ANNE K. MAIUGY, Esq. ,
3 Assistant Attorneys General,

Environ = ental Control Division,
4 188 West Randolph Street, {

Chicago, Illinois' 60601.
S '

On behalf of the Regulatory Staff:
6

RICHARD J. GODDARD, Esq.,
*

7 STEVEN C. GOLDBERG, Esq.,
Office of E:tecutive~ Legal Director,

s United States Nuclear Regulatory Cor.m3asion,
Washington, D. C. 20555.=

e
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,
3 CHAIRMAN WOLF: We'll be back on the record.

'

3 Whereupon,,

( 4 FRANK M. AIJiETER.

5| and

0 EDWARD LAUTZ

*

7, resumed the stand on behalf of the NRC Regulatory Staff ard,
'I IO having been previously duly sworn, were examined and testified

.

9| further as follows:
,

,

10 CHAIRMAN WOLF: Ms. Sekuler, are you ready?

11| MS. SEXULER: Yes, I am, sir.

2 CIIAIRMAN WOLF: Very well, you may p1.cceed.

13 , CROSS-EXAMINATICU (Continued)
i

i

14 } DY MS. SEKULER:
I

5' Q Are either of you gentlemen or are both of you,

:6 gentlemen able to tectify about the effect of higher burn';p

17 on fual?

*

3, A (Witness Lantz) I'm not.

|
jg i A (Witness Alt.;etcr) I'm not.

'.

yo Q May I just ask if aither or both of you has ev.ir

It seen a paper -- I do not intend to put thic into evidenca,

12 j I'm just asking i.? they have over seen this particular do:u-
I

E3 , ment. It's called " Fission Gas Relf.:ase from Fuel at High ~

l

g4 Durnup." It is written by R. O. Meyer, C. E. Doyer, and 3. C.

25 Vogelweed. Heyer and Vogelweek are of the Division of Sy tems

2326 005
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eb2 1 Safety, Office of Nuclear Reactor Regulation, U. S. Nuclear

h 2 Regulatory Commission. Beyer is an NRC consultant fromi

!

3 Battelle Pacific Nortiniest Laboratories, or he was when this

O 4 work was performed.
,

5 This article was published in Nuclear Safety,

6 Volume 19, Mumber 6, November - December 1978.
*

7 I will give you this dccument to read. Just tell

4 8 me if you can identify it, if you've over seen it.
.

9 (Handing document to tha witness panel.)

;0 A I've not read this docunent.

1 A (Witnesc Lants) I've scen it, but I didn't ra!.d

2 it in detail.

;3 Q Thank you.

4' Are either one of you aware of the e:cperimenta;

,3 use of higher burnup at Zion?
,

i6 | A Hot until I heard about it here.
i

,7 Q Mr. Alneter, ware you aware?

*

ja A (Witness Almater) I hadn't heard abcut it until
i

49 this proceedings.
.

F.0 Q Was the consideration of higher btrnup fuel b:.!ng
1

p,; placed in tha spent fuel pool taken by either of you in . caking

12 your assessments of this modification?

- A (Witness Lantc) The ascess: tent is, to my way of -

E3

3 thinking, is independent of the burnup of the fuel.

CEAIPlGN WOLF: I think the questien was, did fou75 ,

2326 006
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%

eb3 1 take it into consideration?

2 WITHESS IuwTZ: Yes.s

s

3 CHAIRMAN WOLP: Is that correct, Ms. Sekuler?
r
(

'

4 Was that your question?
,

5 MS. SEKULER: 'les, Mr. Wolf. Thank you.

O WITNESS ALMETER: I did not take this into con--
.

7 cideration in my area of review.

4
,

3 BY MS. SZKULER:
.

9 0 In the testimony you pr'.sented for this hearing,

iO on page 11 you discuss recent surveys by Vesterlund and

:1 Olsson in Sweden, by Johnson at Battello, by Weeks at

f2 Brookhaven.

:s You then discuss, a little further down in the
_

it. paragraph, defective fuel that was placed in uater pools at

15 Windscale, and examined after nine years storage..

16 Was any of the fuel in the defective fuel high

y burnup?.

.

c A (Witnscs Almeter) I cannot recall. I was just,

,9 citing the references there, and the observations that were
.

20 given in those references. I cannot recall about the buraup

El on the Wirdacale.

22 O on page 6 of your testimony you cite data frcn
~'

p,3 the Draley and Ruther study of 1956 in the first complet) '

;.4 paragraph on page 6.

3 Co you know of any later studies that have beca

2326 007
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eb4 * done in this area?

2 A No, I could not find any later studies than this

3 that would relate to.cpecific aspects of the typa of
,

O 4 corrosion rates I was looking for in my literature search
,

C to find the types of environments diat woul'd ha typical or

G {i
applicable to the Zion spent fuel pool.

:

'.' | - I aas looking specifically for experiments dono
*

d
8 in the pH range and the temperature range, and the type of

.i*
,

- 9'' distilled water, pure watcr.

' O. : O Can you tell me how the Draley and Ruther experi-
t

u! ments of corrosion rate in distilled unter of pH 7 at 212
|

g, jj degrees Fahrenheit relates to the storage of spent fuel in
h

:p j borated water with a pH of 4.5 at approximately 120 degrees
!I

p,y' Fahrenheit?
!'

g l' A R wculd not relate to a borated water. I geva
i.

-

NC h thic as an anample to scope the type of corrosion that would
u
I

g h occur in deionized water which is distilled water.
I*

:s n And in Draley's experiments, he went further atd
li

te i tried to give a type of corrosion that would occur in perhapa
!<

! a dilute acid or a dilute alkaline solution. This would
ac |I

i!
;; scopo the range of the type of corrosion rate that would

22 |!
occur in perhaps a borated water where they had a pH of around-

:

l
p,3 d' 5, which would be slightly acidic. -

!.

2.4 But boron is a very mild type of acid solution.

Q Does the Draley study consider pitting of aluminum-

25
i

'i'
2326 008
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eb5 1 at a pH of 5 or less?

2 A I could not find that he was directing this

3 specifically to pitting type of corrosion.i
i.s

4i O On page 6 of your t.estirony, the first sentenca of
,

i

5 .' the first full paragraph states:
I
I

s{ "Unanodized 1100 aluminum also forms
i

7' an initial protective film within the firct five
*

**
e, days of Lamersion in dictilled water before the

*

I
g, corrosion rate becomes linear."

{
!c ; Do you have a quantification of the rate of

!
il . corrosion in the first five days?

|2 , A I believe that was approximately one order of
i

:3 ' magnitude larger or higher than you would find after you
!'

established a lower rate of corrosion after the formation ofg

the protectivo film.:c
. a ,

6 Q Is this the result of galvanic cdtrosion or

general corrosion?7

*
A This would be general corrosion..g

g| Q Are galvanic corrosion and general corrosion
.

additive?20

A In the case of stainless steel coupled to aluainumg ,

I it would not be additivo.,,

|
. .c

'
Q Uhat would the rate be if the aluninum was'

"

;;.3

i anodized?,3

^ ' ' 9 U'5 t-

2326 009
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eb6 1 Q In reference to the statement that you made here,
2 "Unanodized 1100 aluminum," et cetera, ....the first five

"

3: days of immersion in distilled water," under this rate
I
'n

: 4 rather than unanodized 1100 aluminum, if you had anodized
i

5i 1100 aluminum, if necessary?

6 A I don't believe you would find any cccelerated
7 corrosion with an anodized surface. In fact, I don't believe-

#
0{ you'd find a lower rate of corrosion. The anodized surfa::e

'
.

.

E- | would have a vary adhorent and very protective film.
i

,
,

f 0 |h
I'm not sure if I understcod you correctly. Y?uQ

!! ' would or would not find that the--

12 A ' lou would not find the type of fast corrosion
i

>3j rate with an anodized surface upon first immersion into a
f

44 ' water or aqueous solution.

5, O Okay. Than:t you.
- i

|

16 [, On page 7 of your testimony you cite scme more
a
.?

rj research by R. A. U. Huddle and AsRE-Harwell.,

i:

m i A Chis individual is from the Atomic Energy Research* '

I
i

Establishment at Harwell.39 ,l
i.
..

ao j 2 I'n sorry, it icoked like a name the way it was
1

-stated there.21 i.;
-

..,

E2 !' Would you give me the nama of the AERE section2

: -

23)|.again? What does that stand far? -

d)
I A Atomic ReGoarch Establishment-- I'm sorry, A'.omic24 |l
f

i

1.I
<m. i .! Energy Research Establishment at Perwell.

;

1

| 2326 010
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eb7 i
i O Thank you.
I

2; And the paper was written by R. A. Y. Huddle. Is
|
13' that correct?

,

[ 4, A Yes.
.

5' Q And it was written in 1955; is that correct?
i

6 A yes,

!
* "'

Q And presented in 1956.

r+
3 Would you please expand c bit on the contents of

*
I

' 0 ,' the research that was reported in this paper? What were the
i

10 ! test conditions?
I

i.

li i A This individual wasn't giving any specific experi-
'
.

12 ' nental conditions. He was giving a theory of how corrosion
i

13 of aluminum would occur in an aqueous solution, and he was
i

14i stating, frola perhaps his previous experiments or his know-
t
!

:S lere about hcw the aluminum would react in a pH ra. ige of.

la ;6 4 to 3
; 2326 011.

-7 i
,

!.

:8 !
i

19 '
- ;

i

'10 i
1

21 |i
;

' .b'

-'
'

.

s

as
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:
*1B agbl Q Did ha specify any parameters?

:2

A No, he did not.
3

O Did he specify any test neriod?
4t

1.30 | A No, he did not. 'He was giving an example cf the
3

theory bett cen anodic type of corrosion, cathodic type of
G'

i corrosion and the theory of if it was coupled to a dissinilar
*

7
metal.

'''
3 ,

O Did he use any test data as a basis for his

9|
| theory?

10 l
! A No, he didn't give any specific test data.

11
O Did he discuss the poscibility of nittine?'

i

12 1
Did you hear the cuestion, I asked if the researcl'

13 '1l that you cite by Huddle discussed pittina.

! A Yes, he ud.

'~

O What were his cenclusions about nittina?
[G

A As I stated in my tastimony, he found that a

' 'r
;-

t protective film would be negligible as far as the dissoluticn
'

IB '
or breakdown in a slichtly acidic or alkaline acucous enviren-t

_ ment, but it would revert to an anodic attack :.n the adincent
t

20 |'

i area of the coupling or right at the ccupline between
'
i

'1 | dissimilar metals. And this did not result in a aeneral*

i
I

~ n~ I type of corrosion. It would result into a localized nittina
~

U
.

type of corrosion at only a few spots in the area of the
,

ui" coupling.

15 CHAIrdtA'1 WOLP: Ms. Sekuler, before vou ask the

2326 012,
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i
agb2 next question:

'
2

" j Do you agroa with the ccnclusions you have iust
3

_ stated?
( 4

WITNESS ALMETER:* Yes.
5

CHAIRMAN WOLP: And what's the basis for your

G
conclusions? What other work have you done other than raad thztt

7i-

j article?
" 3I

WITNESS ALMETER: I've done some exnerimentcl.
,

9
work in aluminum alloys.

10
CL ' .RMAN WOL7: Mhat is nome? I don't under-

,

11 !
stand that.'

!12
WITNESS AL.METEP: '1 hen I was in che aerospace

13 l
industry, I was workinn on some cerrocion problems with

;

! aluminum alloys. And I have sponsored under contract work,

'

when I was with the Department of Interior, aluminum allovs

16
for desalinization, where I was responsible for monitorine

i; '7

| at our research laboratory in Freeport, Texas - - it was under

iS i*
contract by the Dow Chemical Company -- and I *tas dilactinn

- this type of research looking at different tynes of alloya.
i

40 i
~ j We looked at aluminum 1100 allovs, 300 series aluminum

'11 I
alloys, 600 -- 6000 series aluminum alloys.,

i

And the results that we saw in hich concentratien
-

23 i
brine would be typical of reaction we would sen perhaps in

94~~

normal or other aqueous type solutions.

93-

The corrosion of aluminum, when it is coupled

2326 013
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i .

agb3 to dissimilar metals, does not renult in a general corrosion
2

of the whole surface of the aluminum, it results in a pittina
3

in the local vicinity of the coupling. This was in a welded-

4
joint or in a mechanical joint to a dissimilar metal.

5
CHAIFFAN WOLF: Thank you.

5

| IIS. SEKULER: May I procacd?
*

7i
| CIIAIRMAN WOLF: Yes.

3
- 37 MS. SERULER:

9
0 In reaching the conclusions renardina the

10
degree of pitting corrosion, did Huddle cite anv test data?

11| A (Witness Almeter) No, he didn't c:ito any

12 |i
specific test data.

13
Q Did he specify hou deen the pits would be in

14
those localized areas of pitting corrosion?.

I

13 *
!

.

A No, he didn't no into that type -- that depth
!

19
of analysis.

|

17
O Was the aluminum which was theoracically opr.a

,

18

.

to attack by pitting 1100 aluminum?

19
- A I don't believe I undarstand your question.,

19 I
l

'

O I mean was the substance he was iiscussina
i

21
1100 aluminum? -

>

|
~

A He was discussing 1100 aluminum and other series
"

9,
'~

of aluminum alleys.

v"
Q Did he distinguish betvnen any one series of

's''
aluminum a?.loys and any other in terms of their corrosion ratej:7

2326 014
-
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1

agb4 A He did not specifically discusa a corrosion rate
2

for any of these alloys. He was discussing the theory of the
3

type of corrosion that would occur on these alloys.,

4
Q Was there any statistical sample at all?

S

A Not in this study. He was more -- as I state,
3

ho was looking and discussing the theoretical basis for the '
'

7
corrosion.

r
3

'
O Do you think this is a reliable study for the-

9
purposes of this particular problem?

10
A Yes, I do. That's why I read this article,

11
because it was relating to tho thsory of the tvne of

12
corrosion that would occur, whether it would be icokina at

13
the possible film breakdown to where you could cet additional

ta
''

corrosion in the alloy and how it uould be passivated by the
~

type of general corrosion.

3'6
The article was really a theoretical analysis

17
; on the theory of corrosion for these types of alloys..

10'

Q Later in the same paragraph on page seven of your .

testimony, you cite Oak Ridge National Laboratory tests,-

20 i
i Report Number OPRL-TM-1030.

2<
"

A Yes.

x]"~

! O -- published in Septamber, 1966:
i *'

j "... tests on 1100 aleninum in contact
i"
| with stainless steel in an o: ygenated daninerali-
'

| zed water at a DH cf five and at 194 decrees

2326 015
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I

agb 5 Fahrenheit...," and state that the results:

| " ...show that galvanic corrosions

3

between dissimilar metals results in pittines

4

corresien of the ancaic' material, alumin:m,
3

and no attack of the cathodic material of
6

stainless steel."
*

7,
Do you know how nuch pitting wac recorded in these

- tests?
9

A They did not stata the depth of pitting 3r the
to '

size of the pit. They found that the coupling did not rc.sult
li ,

'

in a general corrosion of the aluminum surface, it resulted
! P.

in 1ccalized pitting. And this was their purpcso in their
13

studies, to determine how a specific coupling ::etween
14

. dissimilar metals would perform in this type of environvent.
i

15 !.

O Do you know what the rate of nittina corrosion
f5

| was?

17|
, j Their experinents would not relato to a specificA

13 j
; rate of pitting. It was based, again, on weight gain or

19

weight loss type of measurenants, which would not specifically-

,

?.o |
give you a specific rate of pitting in this case.

21

|
0 Did they mention hou much of an area of tl.a

22j
i exposed metal was covered by pits?

-

i, -

a
A Yes, it was only at the innadiate contact sr.' face

24
area where pitting would occur in this casa.

15{ Q Do you kncu hou long the test interval was ".n

2326 016
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!

agb6 the Oak Ridge test?
2

A They ran theso testa for approximately one year._.
3

0 In relation to the present hearing, what areas
4

of the racks will be subject to pitting?
O

i
A In the type of design of this rack, when p.acino|

'I
| the Boral betueen the two stainless steel shrouds, there is a

. ,,
i
; dimpling along the full length to give support to the storage
1e 3
! cell as far as a type of structural integritv to prevent

9
buckling and also to hold the Boral plate in place. In this

m.
case. there perhaps will be some pitting or galvanic action

11

[ at these locations.
12

O Could this occur where the chroud and clad
13

flat surfaces come into contact?
la

A Yes.

IS
*

Q Mow in the testimony on page seven, the lart
ta

paragraph, you refer to the Exxon Nuclear tosts of 1979
| '' I

Over what period were those tests conducted?
.

13
A They looked at samples at three months, sb

1D
months and one year..

10
0 You state in your t3stimony:

.!1
"The frequency of pitting did not

w I^

{ increase with lenger exposure time."
~D . ~

Iiou much was the longer exposure time?,

A They looked at samples after six months, and thevg
i

compared these samples with their obscrvations after onc year.

2326 017
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1

agb7 And their conclusions were that they didn't observe any
?

additional pitting other than the pitting that was already
3

there.s
'

4
Q Did the pitting that existed already continue?

5
A In some cases, it did.

3
Q What would be the results for 40 years?

*

7
A They did not give an anticipation for 40 yecrs,

'

3i
as far as the rate of pitting. I think if wo looked at the-

9
mechanism of pitting, if the corrosion product was fillino

10 |
the area of the pit, the routo of the pit, perhaps the

11
solution conditions would change, and eventually if thero

12
was not a replenishment of the solution, it perhaps wculd

"

eventually be limiting.

!!

Q What would happen if there was a replenishment

13.

of the solution?

13
A If the corrosion product was completely w.'.shed

, 17 | out of the pit arca, it perhaps wou'd continue at the normal

r3 |
| rate of pitting.

19 | 0 And so olone as thera.
i

' was a continuous solution-

'io .

; there could be continuous pitting?
:

21
A The bulk solution conditions would remain the

-" |I-a .,

same. And if the bulk solution did not wash all the oxide

23
~

i
out of the pit, I believe then it would come to be limit?.ng.,

?A | In this case, you would have to have a very high velocit:r

~3 |9
flow across the surface to begin to wash out the pit area.

2326 018
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1

agb8 I've observed this in my other obsarvations of work that I've
o.

f performed.
3

, Q You state in that same paragraph that the edge
4

attack was confined to the area of the leak path.
5

For a vented cell, what is the leak cath?
G

A Well that would be the -- if there was a.

r

hela at the bottom and perhaps a hn19 at the top, you would
3

find scme, as far as a leak path, you would begin to see
-

9

galvanic attack if the stainlocs steel was touching the
10

aluminum in thi.c vicinity.
11

Q Would the whole surface of the edge of the Eoral
m i

~ ' .
13 ||

in a vented call be the leak path?
i'
'

A Yes. You'd begin to fill up the cavity with,

!
14 ;

water if you had a hole at the bottom or at the top, it vould,

13 h.

begin to fill up eventually. And in this case, there would
;

10j
be the aqueous envirnment at the edge of the Doral.,

~| ',
'

Q Would the aqueous environment or the leak path,

18

also be the entire flat surface of the aluminum clad of the
19 i*

|'
Boral?

20
A Yes, I think it would be.

U !
| 0 Would there be any difference in the leak path

12 !
| in a cell that was closed at the bottom but open at the tap?

,92
~~

A In that case it would taka some time, I beli2ve,
o; i' '

for the water to sink completely to the bottom of the cell
en
~~

as far as the 14-foot length. 7.*ithin time, I believe, the

2326 019
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'!

.he,

3
igb9

3
whole call would be filled trith the pool water, but I tolio te

e. . , , ,

;} there would 1 a the initial attack -- if there was couplie.
3 jI.

4

o there would be the initial attach ricrht around the top "e.nt
?.
1

.
; hole.

. !|..

Q IIas thara been any e::perience uuing a vonten callq
>-

''
ahich was closed at the bottora and open at the top?

. u
,,

o CIIAIR'-IMI WOLF: Defore he anc-cers that, I'd

3 !!
- !' like to point out that his last annwer was not responsiva

t

3s
}j to your question.

in l,I
|| 'Icur quentien callad for a yes or no answer,
u

/i :I
*

t

!! WITNESS ALME'JER: Oh I'ra corry. |.i
. 'l 6

Cl!AIRIGN WOLF: Do you want 't read back?
I

'3 J
II UITNESS ALMETEnt Yeu.
It

.;o
! (Whereupen, the Reporter read from the reccrd, I

''

.i
-. .,

- a
as roquarted.)-,

'i

WIT:'ESS ALMETER: My colle igue -itst informmi n'3

!

that at Monticello they had a hole at the top of the ca;...,.

ff
*

m .'
.i t1ad initially the gas bubble out cf the hole --

i
d CIIAIRMAN UOLF: ' hat I':n trying to got 70u

*

.n
is yes or ao and then c::pInin it.

.

,.

j WITNESS ALMETER: Oh, I'm corry.
i i

12 '

CHAIE E WOL7: The rccord becon'ec vary
,

,,
-

~

difi. cult if you den 't anr,wer sho nrocir:2 question. Cor w 21,

,: ,

' Jill allow ycu to caplain ".ny ?nsver you nahe. 'Icu don- .,

' " ' ,

' . I hawe to do it before -- {
i

e
i 2326 020
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agbl0 WITNESS ALMETER: Yes. In this case it would .
3

9~

!,bo different.g
3 t |

[ NS. SEKULER: I'm afraid I sort of lost trach !

4[ '

of where I was.

3|
CHAIRMM; WOL7: Yes, but I thought it was inportant

3

to have tha record clear.;,

I \
So now will you m: plain your answer, pleasa?

3
- And then ycu can get back on to the cross-examination.

9!
i WITNESS ALMETER: The reason it was different
.

!O '
! Was because the gas that uns fermed during the initial

.. I
ti -

| corrosicn of the aluminum when the water entered the cell
!2 i

| in the area of tha top vent hole was that the gcs began to
I

3|^ bubblo out of the hole, whereas if there was not a hole ct

i :> '
| the top but a hole at the bottom, vou uculd see the gas,

e6
tha reaction and the water would continue to ecma in thrtugh

~3
the bottom hole and the gas then would begin to go to the;

i -, I
'

L top of the cell. So there wculd be -- yes, there wculd he

~8 ,

j a difference as far as the rate, I believe, the rate of

i .,
! replonishment of the water to the corrosien area.

"
"

,

10 '
en.113
en 131oom

., ;'

Laadonflus

2: 2326 021
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1MEL/wel 1 :;
I! O My next question, I believe, was:

, . .
Was there any onperimental data regarding vented'-

b
3 tuhes where r. hey were cloced at tha bottom and open at tha

a , e=w .

d..

Can you anawar that?!3

i

3 I! A 11 0 , I've not seen any . ..

l
i ,.

7 I (The panel conferring.)

-

Gj Mr. L' int: say0 that Wac tho Game case at Monticello
.

Oi G Okay. How; when you htve a closed -- a tube that
i

f10 . is closed at the bottom and cpon at the tcp, in there any
:

1

11 1 differer;e in the leak path?
i

| (Pausa.)m~ .

13|, Does Mr. Lant: know the anm/er?

i

A I can't v.isualize at the_ noment the ':ype ofla ,L
s

.! nachanism that would occur there.
* $ *?

I
If you had unter entering the hole and you had'

.G $I
.

corrosion cccur; ring, if thoro was hydrogen gaa involved from'

t7,
i

.
| the corrosion reaction, it would try to be forced o'Ut of the'

:0

hole.'

-
,

This is difficult for to right now, to visualisc
20

ithe- fiffernaca betu2en the t.fo,, of the water trf ng to er.t0:'
h.

..
'l
9 the :' cla and the gas coming out sinultaneously.

n...
,

t

Q You said the Exxon test chowed the galvanic cc2p:.e
13

,

l' ,l did rot acca.~, err.te the general corrosion rate of cluninrn
:14

~

in the boral matrix.
'15 I

! 2326 022 |
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1 -- What is the general corrosion rate of this mairix,
._

2h cluminum?
!

3! A Thcir experiments didn't explain specifically
l'

4j about the general corrosion rgte of the matrin in the boral.

5 Their observations indicated they didn't see an 'accelercued

G general corrosion. If the pit formed, that was it. There
'

7 was just a pit forming in the matrix.

O Q Does general corrosion causo weight gain or wcight

1

0j loss?
'

i

10 i A It's weight gain.
i

11 0 Does pitting cause a weight gain or a weight .7. ss?

!2 A It could cause, in this case, a weight gain.

!S O Why is that?

g} t A Because the difference in the density be' ween thec
!
1

!5 ; onida and tha base material..

a

!6| 0 The tests you * cite in your testimony were only
i

! a year or so in duration, is that correct?,
-' i

.

A Yes. The maninum hims they did those tests w:. 1?8 ,
I

I

19 one yecr.
e 1

I10 O How do you, therefore, decide with certain 1 the

u effects of corrosion over a four-year lifetimo?

12 A In their data the results they presented were

%3 based on an entrapolation of the potential total weight c : tin '

_g after 40 years, on a percent basis.
!
'

Q What was that? Can you give T.e a number?;g

2326 023
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wel 3 '217.

I A I think they extrapolated that to a maximum of
.,

n l'
d 4.3 percent.
1

3j Q Percent of what? By weight?

4| A By weight, yes. .

I

5d O How thich is the aluminum clad on the 3cral?
n
.i

3p A It's 10 mills, or 1/100ths of an inch.
'

7 O Hr. Almater, in ycur deposition -- I'm sorry -- in

0| your affidavit which was filed in this case as a part of the
.

9 Nuclear Regulatory Ccrmission Staff's motien for summary
i

10{ dispecition, filed January 31, 1979 - which I hand to you --
1

11| (Docurtent handed to the witness.)
i

12) It has been marksd as part of the Alzetor depoaition

!3 nunber 1 for identification, and which I would like you to
si
i

I4 I identify.

!5 |!| A 'les. This in the affidavit I filed, based en I.y.

9

iG initial review in this cacc.

C7 ' Q In that affidavit you stated en paga 5 -- and I
.

is . quote:
|
,

i9; " Corrosion tests of 2cral with a len:c in the
,

t

t) ctainless steel covering have shown a corrosien rate

~4~

11 of 1.8 x 10 to 3.4 :: 10 inches per yea- for the

32 aluminum in the Ecral ccr.pocite plate."

Extrapolated out to 40 years, would this not h:-
'

y3 ,

1

3 in exceDS of the thicknOss Of the cluminum clad on th3 Bc'. .'il?.

d| A YCS.73

2326 024
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I Q Did your testimony filed in May in this hearing --
2 for thic hearing -- include any figures to show corrosion rate
3 of the aluminum clad on the Boral plate?
4 A !!o, I don't shes any specific figure in my tea 2imony .

5 0 Uhy did you not includo such figures in your
G testi:r.ony?

'

7 A I finally obtained the original article, and

.

compared -- that I looked at in my affidavit, and I3

9 reevaluated this data, and realized that the corrosion rates
10 Ehat were stated, if you extrapolated that it would -- and it

11 i was maskad by the point that it is really pitting that wns
12 occurring, not general corrosion.

[3 And in my initial analysis, I was considering c.s

14 looking at the summary and their conclusions of what they

found, and when I got the original article and could studyis

16 the method of how they did their experiments, then I realized

7 that ny initial interpretation of their summary was perhr.ps
~

g3} in error, and I'd have to reevaluate and correcu that.
I

, !9| And I corrected that in ny testimony.
!

10 0 Would you say that the original figures apply :.a

j the rato of pitting over 40 years?o,;

33 A Yes, I think that would have to apply to pittir g
33 ; in this caae.

.

!
3,3 , Q Uhat uas the original article you ment'.oned? 'ou

!

25 : did not mentica its name.

2326 025
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'
|I A It was titled, "rhe Cc olina-Virginia Nuclear |

4
|2 Power Associates, Incorporated."

i'
3 ,!' The initial work on that was donc by Westinghcuso,

I!

4[ but it was under the sponsorship of this organization.
I

b5d O Do you know what the tsat that was done in that

G | particular situation was?
. i

'

7': j A These tests were done i1 deionized tratar.
t

3 Q What was the pH?
_

3 i A They dida't specify the pH. It specified the
F

10 ' temperature of 190* F.
1

11 (j Q Do you know if there was any boric acid in thc.t
ii

72 ; water?

13 A Mo, thera was no boric acid in the water.
s

i4 G "id they do other tests that also were in a.,

15 sinilar tecperature but had acidic aqueous solutions?

;G A Ho, th3y diC1't do similar tests in aqueous

17 ;t. solunicas.

-

Ja[0[ Q Your tastimony on page 12 mentioned that fregtency
!!

toj of pitting did not incraa 20 with 1cnger exposure time.
'

!;

That's in ralation to the Exxon studies, is thn' correct?10 i

11 U A 20S-
!!

33 Q But your testimony C.cos not cantion a second
,

l'

u || fincing regarding pitting in the Enxan study. ~

'l

.:.4 . !j I show you for purposes of identification, to -

'

25 ' make sura wa're talking about the sar.e thing, a document

!. 2326 026
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7
'

that hcs bcon supplied to me in discovery by E::xon Nuclear

2 with a number at the tep, XN-NS-TP-009/MP, entitled " Fuel

3 Sterage Racks Corrosien Program, Boral Stainless Stool, Non-

4i Frcprietary Version, March 1973."
|

5 | This is the one without the numbers in it.
|

G (Docur.ent handed to the witnoas.)
l

'

7' A Yes, I reviencd this report.

G Q
_

This is the one that,was the basis -- the propriatar y

9i version -- for your testimony?
!

10 I A Yoc.

11 Q Cn page 4.5 and 4.6 of this document it states:;

!
[2 | " Tabic 4.6 shows that the pitting characteristics

f3! after 12 months were very similar to thoco after 6

t

14y nonths. Those specimens and environnent combinations

15 i|-
{

which did not pit er showed little pitting tendancy-

I

iGj after G nonths chowed no or few pits after 12 montha."
<

f That's adbstantially what your testimony cays, isi

~

ro (!.
that ccrrect?

!

!s i A Yec.
~

ei

10 Q It goes on to say:
!

:n [ "IIcwever, those with significant pits after 6
1

;2 |d
months had a large number of pits after 12 months.

|k
'13 q Increased pitting wac observed in the plain speciman 3

.

.g 3 in the A environment, and in the edge cealed specima
i.

I

15 i ,

in the A and B environments. The other sr.ecimens sh;wed
i.

2326 027
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wel 7 I, nearly the- same number of pits after 12 mcnths as
i

7 after 6 months. The pit depth, however, increased

3 with the extended 12-month exposure. In come cases

~' 4 where pits had not penetrated the aluminum clad in

5 5 months, they had dono so after 12 conths."

6 MR. MILLER: Mr. Chairman, for the convenience of

- 7 the 3 card, that article is an attachment to Dr. Draley's

e prepared testimony, and it might be of some convenience to
.

9 you.

:o CHAIRMAN If0LF: Thank you.

'; MS. SEKULER: Thank you, Mr. Mill'r.e

' ?. 3Y MS. SEKULER:

; _Q Did it not seem significant to you, Mr. Almster,

4 that sattples with significant pits after 6 months had a :.arga..

5 number of pits after 12 months?
,

'G A Yes, it seemed significant to me, btt thero were.

17 three types of elmples they tmed.

~

18 There was a plain Boral, not coupled to aluminum -

39 I mean, I'm sorry, -- stainless steel.

,9 There was ancther type of sample that was a Bo ral

.: 3 with two sheets of stainlesa steel on each side, and the

: p, edge was exposed.

,

13 There tras another sample that was a corc.pletely ---

!

3,3 enclosed Boral sampla in c';ainless steel shrouds, and there-

25 was a hole drilled through the stainless steel to assimi.". ate
,

2326 028
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wel 1 -

I a leak path to the Doral.

1 This is the type of specimen that I consider uould

3 be typical of the fuel call storage rack in Zion, and thi.1

/' 4 is the data that I was looking,at on that sadple.
5 The frequency of pitting and continning of pitting

3 that.you're quoting was a summary that they saw in the sample

7 that was a plain Doral shcot. They did not observe that
'

3 specifically in all of the samples that had two stainleas'.<

9|I
.

| stool sheets, and the edge of the Boral exposed.

Oi - So I disregarded that sample -- or-theso two-

l
samplos, because it was not representative of the actual

i [I;!

; y condition of the Zion fuel call rack, if it was vented.

P

ad. Q Is the roanon that you did not mention the fact
I;

j that the pits dsepened and ate through the clad cinilar to4

5[ the reason you just gave for the other observation?
,

,

.o O A Yes. The pit in the enclosed cell type with a
I
f

y3 leak path, the pits in those particular samples weren't as
I

~

0- deep as those in the coll with just the plain stainless :J eel

L9 shaats on cach side of the Ecral.
h.

:o I That is what I could derive from the typos of

,; experiments that they were performing. They did not obsaeve

:3 as deep a pits.

(- O At another point in the Exxcn study, 4.7, ther e's -
a ,

's another paragraph. You relied on the Exxon study to man: ion
Ii

j }| some findings rogarding bulging, but it seems that you di-l

2326 029
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I not include the findings from this paragraph, which is the
2 first paragraph on page 4-7 under 4.5.3,'Bulgos, which

I'
'- 3 states:

4{ "Sevoral bulges were observed on the 12-n:onth

3 exposura apacimens. Similar bulges were not observed

6
on specimens exposed for 2 or 6 months."

'

7 Dulgas are defined here as:

G " Separations between the aluminum clad and the
.

3 B4C aluminuta catri::."

M
Is that correct?

'

' A That was their observations.
'

0 And it is stated that the bulges:-

f ... appeared to result from gas pressure caused
' "

4
~4 by internal corrosion."

'

0 Would you agree with that statement?.

G A Yes.

r Q Did it not scem significant to you that it took
'

'S at least 12 mcnths for tho bulges to develop?

E A The conclusion on thoir observations with that
\-

T' particular sample, they found that thers wasn't a completa
;5 bonding of the binder in the cora to the aluminum claddity

22 on the coro. And they attributed thin bulging to the fact

1"
23 9 that it was a void thero, and the gas cccumulated in this -

it
ti .

:ic ji ragion and caused a slight bulging of the aluminum -- the

:5 [ 10-mi.'.1 aluminum aheet.

i 2326 030
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.sl 13

1! From what I could detect from their experiments,

2
is it did not bulge the stainless steel shroud.

,

3

o 4t -
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UEL2 ebl '

1 Q Uow long were those experiuc.nts carried out?

I A Those were the up to one year experiments.
(

'

I. O So there is no way of knowing how rnch more
I
I(] d bulging uculd have occurred af,ter the year?

5 A I believe they concluded that that was the linf. ting
G amount of bulging that would occur in this caan.

' '-

Q But there is no substantive data on which to base,

6

8;| that conclusion? That van an extrapolation?
. .

9 A .C believe that was an extrapolation.1

:O O Is it not significant that that type of bulging
1 occurred in a vented cell?

'2 A I don't consider that as significant because it was

3 apparently a defective sarple.

4 If you had a good cample that was cempletely bonded,

3 to the aluminum reatrix in the core to the aluminum sheets,

c I don't be2ieve you would cce this type of bulging occur.

7 Q Then what you're saying is that this bulging wts
-

atypical and due to a deficient Boral matrix?y

9 A Yes. I think you perhapc cee that in a defici:nt
.

a type of bonding.

y Q Was it the matrix or the bonding?

2 A Excuse me?
' '

3 0 Was the deficiency in the matri:: or the bondix.g? "

j I'm afraid I asked you aboat the matri:: and you referring :o

the bonding. I want to make sure I understand shat was ti'e-

2

2326 032
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I

WEL/eb2 1 deficiency.

$
2u A Apparently thoro wasn't a-- In the Boral core

1

3 ' there's aluminum used as a bonder, and apparently there wasn't
C 4 a sufficienc amount of aluminum intermixed with the Boron-

5 carbon powder to form a uniform area throughout the full

6 surface. In this one particular spot there was no bonding

7| between the aluminum bonder to the aluminum sh2et.-

,

G, Q I sec.
.

'.

9| Are you satisfied that that problem that you juct

'O described is an atypical problem and will not occur in the
i
l

il ! future?

;2 A I believe that would depend on the quality contrcl

i3 formulation of the Boral plates, the particle size of thu
,

'4 boron carbon, and the uniform m2.xing of th o aluminum bonder

3 with the boron carbon in the formulation of these plates.,

'G If this is under goed quality control I belic!c

7- that you would not see this in a typical fuel cell.
I

-

8{ Q Okay.
!

9 Aro you familiar with the E::xon design for Boral
-

#

;o | racks for spent fuel storage pools?.

.1 A Yes.

.2 Q Are you aware that as a result of their teste they

,3 decided not to vent the cells?' ~

4 A I believe at these proceedings there was a paser

3, circulated on that issue. 'That was.my first knowledge of this,

2326 033
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UEL/eb3 1 and clso that the E ccon at the Salem case -- it was the

2 preference of the utility to have the sealed cell.
/

- 3 Q In your opinion, is this a more conservative er

A 4 lens conservative approach?
.

5 A I'm not partial to either approach. I believe-

6 either cpproach could be succeselui, and I would not be

|

7| biased to any one approach, to say that I would want to.

n; control that type of -- in my position, to say that they
. I

would havo to have a vented or a scaled cell.x 9 g

:0 MS. SEKULEn: Mr. Chairman, I have a few more.

questions to ask of these witnesses but I believe it's about.; ,

|
:2 - 10:15. I wonder if we might take a five-minute break.

,- CHAIRMAN WOLT: Yes, you may. Let's make it ten

minutes.4

End WEL i (Recess.)g
Bloom fis.
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fl~ Landon '

c3~ '
ebl NN WO2: We'll be on d e record.

|
2 Will you proceed, please?

/

3, BY MS. SSKULER:
i

/ 4 Q Mr. Abneter or Mr. Lants, is cither of you f.xi-
;

i
5i liar with the history of the swollen racks at Monticello?

6 A (Witness Lants) Is it not true, Mr. Lant=, th P.t

- 7, although those racks were vented after the swelling was
1

0; detected, that saveral of thoco -wollen racks ticre never to
I.

c eturned to normal size, or became reswollen?

10 A Would you repeat that again, please?

:! O Is it not true that although the racks which tsre

'

12 swc11en and then vented-- Let me rephrase it. I'll brea k

'
3 it down so you can understand it better.

4 Is it r. rue that the way that they alleviated . ar

5, m ,11ing of the racks was to drill holes in them and vent
t

them?6 i
!

'7' A Yes..

!
-

s Q They also did-- On some of them they had to
1

.9 : press the wall back.
i.

:0 A What happened uhen they swelled uo, the thin
I

1 wall got stretched and they had to push that strotched w;.ll

3. back.

-

r3 i O Which is the thin wall? 2326 035
~

i

.d'I
: n The inner wall.

3 Q The inner stainless steel wall?
!
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.

eb2 i A Yes.

2 O Okay.
,. ;

3 ! So that drilling itself did not alleviate the

''

4, problem in all of the suollen racks; is that correct?
'

I
A That ir correct, after the swelling.5|

GI Q Are there still racks at Monticello which have
l.

7| some sws111ng in them?-

i

a: A Not due to gac pressure.
I

g Q Wh t are the swollen racks at Monticollo-- In

10 : the swol'r.en racks which exist now at Monticello, what is the
:

11 | swelling attributed to?;

g3[h A The stretched inner wall.
I

13 Q These were racks that once did swell?

g A Yes.

3 .2
Q These are racks that hcd to have mechanical 202ns?

.

16 to push them back into the.tr original shape?
; A Yes.

.f.

Q Is it definitely known whether the continuedgg ,
I

;9 swelling was due to a failure of the racks to return to

10 , nomal si::c, r is it a'so possible that they became re-
I.

,, swollen despite venting:,

. .

.~ .. . .

i A It's knc.fn that they did-- It's a failure to'l

return to....You can't push that-stainless back to its ncrmal'

y -

g; position. It's stretched material and it has to buckle

somehow. And the problem is entirely due toele buckling. -,,..o
;

2326 036
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eb3 1 It's not due to gas generation.

2' Q How do you know that?

3 A Because the vent holes are open. There's no gas

O 4 in there. .%..

5 Q Do you know that there's no other possible source

6 of swolling?
I

7| A I don't know of any.
'

!
i

8 i , O Is the fact that the swollen tubes did not return--
.

9) Excuse me.

10 1 Is the fact that the swollen tubes did not return
1 to their original configuration an indication that the metal,

:,2 in those tubes want beyond yield strength?
I

3 i A (Nitness Almeter) That's a problen with the form-
1

ing of any metal as far as when you stretch it, it has goneA >

S| beyond its yield strength and when you try, it causes a.

e, cortain amount of deformation in the metal so that it does
i

7 |i
not always return to its original shape.

'

g| In this case they could not force, because the

9|| metal, the stainicss steel on the inner side had to take --
-

! had to have a larger area to consume the amount of daform-.10

I

| tion that it saw during the bulging. Sc when they tried to,1
t

K2! go back and mechanically form it to the original shape,
'

i,

E3 there wasn't enough space there to reform that metal back '

,

I

,; beyond the area so that they could restretch it into a no.:mel

g shape. It would have to be takan out and reformed in a die

1 2326 037
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.

eb4 1 again in this casa.

2 Q Are you faniliar uith tosts, either of you, whi.ch
\

.

3 have been done by Brooks and Perkins to test the stainles:

4 steel Boral galvanic couples fc r PWR environments?

5 A I think you have to clarify specifically what

6 you're asking us have we ccen.

7| Q I'll show you n documunt. Tne one that I have is-

O
Oq the .second report to D. J. Wenger and Al Mollon from Hughas

.

9 A. Kar: mar of Brcoks and Perhina, the June update dated

o June 7th, 1979, Subject: Intorim Report on Stainless Stsal

! 3 oral Galvanic Couples for PWR Enviroir:! ants.

2 This is a report of testing that was done to

3 determine corrcaion behavior of a PWR tube in spent fuel

.c which was done to find out uhether or not venting configura-

3, tions would bo preferable for use in such spent fr.el poola.
,

!

3[ MS. SZKULER: Mr. ChairI:;.an, this is one of the

I
,| documents which I meantioned I was unable to duplicate.

e. Would it be preferable to take a minute and pass it around
'

igj so that people will know what I'm talking about?

O CHAIRMAM WOLP: I think it would help, yes, p1 Lase.
|
'

71 MS. SEKULER: Thank you. I'll show it to the 2 card

! first, and then to Counsel, and then give it to the witne;ses.
.

a

'.c (Pause.) 2326 038 -
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1

1D agbl MS. SEKULSR: Mr. Chairman, I've just been
2

'

3.090 informed that the dccument I was cbou': to use in a proprietary
3

documant and has not bec.n previously supplied to the wite.esces. ,,

4
,

As a result of that information, rather than
5

delay the hearing, I will withdraw my question regarding that
6

particular document.
'

7
CHAIRMAN WOLF: Very well. Thank you.

8
B*I MS. SEKULER:-

9
Q Nr. Almeter and Mr. Lantz, are.you familiar v3th

10

a letter dated May 29, 1979, written by Fred J. Mollerus
11

of Nuclear Services Corporation to Mr, George Pliml of

12 i
! Ccmmonwealth Edison on the subject Closuro Welding, Zicn

Fuel Storage Tubes?
'

14
A (Witness Almeter) Yes, I'm familiar. My f:_rst

15-

: knowledge of this memo is at these preceedings where I i

a

16
received a copy of that.

17
MS. SEXULER: Mr. Chairman, I would like t; have

.

!8
this letter marked for identification as Intervenor's

is

Exhibit NEmber 6.*

10
(Whercupon, the documen.:

11 |
previoucly referred to as

i2
Intervenor's Exhibit >x,

.

23
,;- was marked for identii.catioa.)

24f
BY MS. SEKULER:

>S'

O Do you have a copy of that letter in front of you ?

2326 039
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i

gb2 A (Witness Almeter) Yes, I do.
2

O And can you tell me what that letter regardc?
3

A It regards some experbtents apparently that ware
' 4

-

performed for Nuclear Sorvices Corporation in regard to the
3

corrosion rates of Beral and stainloss steel in a particular
5

.

onvironment. And the environment was a PWR pool with 5,600
'

7

parts por million of boric acid versus 2000 parts per million

S|I of boric acid and a pH range,at the 5,600 boric acid condition-

9i
j the pH was 3.9 versus the normal pH of S.

10 j

j It says also the samples were not representrtive
11

of the Zion tubes.
12 '

Q However, as a result of this research that's
!3

being reported to Mr. Plim1, en page two of th'a letter, the
1.t

lant paragraph raads, does it not:

85 !
"In summary, USC recommends weld

;6

closure of the tube corners as a prudenu change
7

based on available data showing deaerated,

8

corrosion rates to be low and lack of corrosioni

'9I
| data for long-term aerated FWR condition 3."

*

.0

Is that a corract statement tho way I read 4.hau?
': I

A It's correct as it states in thin letter here.
'2.

(. O Now, do you agree with this solution?
.

43
A I'm not at this stage to give an evaluation of

.M
thie,because I've not had time to fully review the type af

15
experiments that were done here and under apacific condi5. ions

2326 040
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1

agb3 with auch a short mom o.
2

( Normally in my procedures of reviews of those
3

cases, I like to centact th'e. source, get more information

{' :1

to fully evalusta what their dxperiments entailed, so thcu I
5

can relate it to my review in the normal processos of my work
6

at the NRC.
* 7

This letter was dated on May 29. I was out en
3

travel when this, particularly when this memo was given, and,

9
I really haven't -- I can't give an opinion ct this stacc ,

10
because I haven't had the time in the day or twc to fully

11
evaluate what these people have done.

i2 i
8 0 Is that true for Mr. Lantz also?
!13

j A (Witness Lant ) 'Ic a .
-

14|I 0 Okay. Thank you.

13|
'

MS. SEKULER: Mr. Chairman at this time I
*

I
IG

I wculd .like to have entered into evidence this letter fro:.
I

17 '' Nuclear Servicas Corporation to Mr. George Plin1.
. .

CHAIRMAN WOLF: Well, you know, I don't think,

p'i
', you've qualified it, Counsel. Mr. Pliml wac here. These.

1

'O -~

-parties can't qualify it.
,,

I'

MS. SEKULER: In terms of authenticity and --
.

2
CHAIRMAN WOLF: I beg your pardon?

\_/
.

,

~

MS. SEKULER: All right. I uill resarve ant7

'l#
put this in at anothar time. I have it marked fer ident4Jica-

tion, and I'll just leave it lii:e that.

2326 041
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1

agb4 BY MS. SEKULER:
2

Q On'page 14 of your testimony, you state that
3

criticality calculations for the spent fuel pool modification
(' 4

ware made using mini =um values of 0.02 grams of boron ~10
S

.

isotope per cquaro centimetar of Boral plate.
G

And you state you were depending on Commonwnalth
7<

Edicon to assure the verificatica of the 3-10, is that
S,

I correct?,

9
A (Witness Lantz) Yes.

10
O And Cor.monwealth Edison replied that it, in turn,

,

11

was depending on Erooks and Perkins' quality assurance program ,

12 '
I is that correct?

13
A I don't know as that's correct. It's not c 11y

14 !
'

the Brooks and Perkins, but also it's their cwn OA program.
15

'

'

Q Does it not state on page 14:

13 '
'During our review of the applica-

|7
! tion, we asked the Commentrealth Edison company

:8i'

j how the minimum value would be verifisd for all
19

of the Boral plate area. Its responsc, which.

10
'

was transmitted to us by letter dated

January 24, 1979, is as follous:

2
'The manufacture of Boral and

'

'3 .

'

fabrication into plates is controlled by the
'1~.

Brooks and Perkins quality assurance program,'"

That's in your testimony, isn't it?

2326 042
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1

agb5 A Yes.
2

-

Q Are you aware of the recent shipment of Brooks
3

and Perkins tubes without proper documentation to Leckenby?
( 4

A Yes. *

5
0 Are you aware of the fact that Lackenby accepted

3

the shipnent without documentation?

7<

A No, I was not aware of that.

8
Q Aro you aware that Nuclear Services Corporation,

released that shipment without dccume tation?

10
A No.

11
! Q Are you aware that it was finally determined

17~

that the tubes were defective and that they did not contain

13
the minimum cpacified amount of L-107

|
14 '

A I learned that the minimum amount, one of them
'

.;'"

j had a 0.0186 grams per square contincter valus.-

16 ''
O If the tubes with insufficient B-10 had beeni

made into racks, how would they have been checked?
,

'

18
Do you understand my question?

19 :
A Yes.-

.

20|
' ! I don't underntand hcw they found out. Thr.y

!
i

u
" ; .found out that they were low, right?

|e~j Q Yes.
v. |,, .

''"{ A WAsn't this part of their ordinary procedurr?
.. ;
"

Q Wall the questien is if the ordinary proce&'.res
3 were followed in the fashion in which they were followed and

..
. 2326 043
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1

agb6 it had not been detected --
2

'
A If the error ~1ad not been detected?'

3

0 Yes. And in that case then --
( 4

i .

A Then that plate could have gono into the racks.
5

Q And how would they then check the racks to Jind
G

that out?
*

7
A I don't know as they would. I don't know the

8
full procedure.-

9
Q Does commonwealth Edison uso neutron attenuation

10

tests to check such B-10 content?

A It doesn't have the accuracy te determine that
12

nuntber.
13 #

I O
I

Have you seen Commonwealth Edicon's proposed '

14
*

! procedure for neutron absorption testing?
13

A Not in detail, but I understand they'ra goina
16

to check every storaga location with a source and detector.
17

Q Would you recommend the use of underwater
.

18
neutron attenuation tests to find out if the racks were

|?
-

properly filled with boron once they were installed?
20

A You can't get sufficient accuracy at that.ciage.
11

Q Are you still confident of the statement tltt
12

you made en page 15 cf the tentimony:?
'- '

13 I .

"...there will indead initially be

:14 | at least 0.02 grams of B-10 per square centi-
15

meter of Boral plate."?

2326 044:
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1

'5b7 A As far as the k-effective of the fuel pool, yes.
2

I Q Are you still confident that it is correct
3

_ that thero will indeed bc 0.02 grams of B-10 por square
.

centimeter of Boral plate?
5

A Not at every square centineter, but on the averago,
6

yes.
'

7
Q Are the NRC criteria for monitoring of cor osion

8
-- excuse me. Arc tharo NRC criteria for the monitoring-

9
of corrosion of the Boral tubes and the racks, as referred

10

; to in Contention 2(e)?
11

A Would you please repeat the question?
12

0 Are thero NRC criteria for the monitoring c:.

i3
corrosion of the various types mentioned in 2(e) (3) and

14

| 2 (e) (4) ?
15.

A (Witness Almeter) No. The Staff has not form:-
IG

lated any criteria to monitor these samples.
17 '

O Will technical cpecifications he required for
''

.

to'

each surveillance progran?

- 19!'

A (Witness Lantz) No.
'o
-

A (Witness Almeter) No, I don't think we wet J.d

al
require a technical specification for this typo surveillcnce.

'2"

( Q Will the' pool be allowed to be raracked prior
,

.:3
to a final plan for surveillance being approved?

'

"dh ,
A (Witnoss Lantz) We already hava.their plan.

O Have you approved it?

2326 045
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1

agb3 A Yes.
2

Q Has it officially bcon approved on paper?
*

3
A no, that won't be done until they get theirr''' 4

.
~

amendment change.
5

Q Will the rerack be done prior to the officin1
G

approval?
*

7
A No.

0
O Will the rerack go forward before actual.

9
monitoring program becomas availablo? '

10
MR. MILLER: Objection, Mr. Chairman, the

11
quastion is vague is stated. The word "available" is

12
unclear.

13
DY :S. SSKULER:

14
C Ui?il the rerack go forward befers the monitaring

15.

devices arn bef..ig placed in the pool for uso?

1G
A ('litnces LantT) I really don't knew, but it's

- immaterin1 because -- there's nothing in the chort perica
.

18
of time that :hece sempics are going to tell you.

19
0 is it not trua that certain types of corrosion

*

20
occr." in the accelerated form in the first five days of

21
inn 2rsion in water?

22
A You, but that's going to happen, we expect thac(,

.

23
ta happen.

24
0 We:ll is it not true that if you have the rr.eks

25
in prior to putting tho samplos in the pool, tnat you will

2326 0463,
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1

agb9 not be able to track exactly the amount of corrosion on the
2

( racks?
3

A This is going to be accelerated corrosion. It's
4

been done, oh, five or 10 timas. We kncv it's going to happen
5

and it's not going to disintegrate the aluminum or anything.
G

|
You're just going to build up your layer in tha first

7*

couple of days, you're going to bubble, and then it's go.~.ng
3

- to be over with.

9
0 The camples then will not be an accurata

10
duplication of tha exact corrocion as it applies to the rack,

11
Boral and tubes in the pool?

12
A It'll be eccentially accurate, yes.

13
Q Essentially accurate or identical?

14
A UcIl it'll ha accurate enough for our purpouas.

15
0 IIou much leeway will there be between placeuant

is
of the rachs in the pool and the installation of the conoons

17
before it becomcc inace'cate?

'

13
A Well I don't knew, 2:mybe a yehr.

-

g
.

20:i

21 2326 047
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*

lel ebli Q Does the NRC intend to give Cor:monwealth Edirrn :s

2 year beyond the time the racks are placed in the pool beforef_ .

3 it implements its monitoring program?

i 4 A No.
,

5 A (Witness Almeter) I would like to make a state-

6 ment, that Mr. Lantz and I are a part of a Staff' team and

*

7|i
I don't think that either of uc can stare the policy at tb.ir

*

3 ntage, or what the license amendment will be, as individuale,
.

9 because it is the team work of tha NRC Staff. And when that.

10 license amendment is written, then that will be the HRC

4 ,; policy.

:2 0 After the licence amendment is written and ott.or

3 "mbers .sf your Staff take over, will I&E inspections in-

4 volve review of testing procedures?

A I cannot make a statement about that at thisc, - ,
,

i

3| stage.
t

'

Q Do you know if there will be inspections that'vi2137

'

18 verify that the tests are being done and are being prope::1y

t. carried out?,g

A I don't know.
10 ,

i
j A (Witness Lant.z) I don't know.,,

..
,

t

0 Do you know whether there are any pIsns or prc::c-2
t

13 dures which have been developed which will be put into ef ect -:

g if accelerated corrosion, severe pitting, loss of asutroa

absorbar, swelling, or another unanticipated event occura?5<

2326 048
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eb2 1 A World you repeat that question, please?

'

2 Q Do you know if thorc are any plans or procedures

3| which have been developed and uill be put into effect if it
i'c

4 I is indicated that any of the following occur: accelerated
!

5j corrosion, severe pitting, loss of neutron absorber, swelling,

6 or another unanticipated evcnt affecting the rncks, tube,
i

7| and Doral?
*

:

3[ A There's none for accelerated corrosion because
I

-

g[ we expect that in the first five days or so.
|

10 We expect some pitting.

11 ' What wo don't except is the loss of B C, and if
4

there were a losc of 3 C, it would be a gradual thing whicha 4
!

13f
we will pick 2p in the surveillance testing.

14 Q Are there any plans or procedures developed to

deal with a loss of B C715 4.

A Not at the present time.f6

Q Are there any plans or procedures developed t:!7
'

deal with swelling?gg

~
;g We have deelt with r, welling in the past. IA

1

I

0 suppose we'd use the same plan.
.

. Q Are there any plana, procedures, or NRC policiss,,3

'
to deal with unanticipated proble:as?,

t
' A No. ~

. . ,

w
'

O Is there any plan you know of to deal with pre-y,,,

tacting fuel in the rack should it beccne tecessary baca seg

2326 049
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eb3 1 , of swelling or damage to the fuel?

2: A (Witnesc Lantz) There again we'd do the came thing
t'_ ' t
'

3| as when the Haddan Ucck fuel swolled, I suppose.
!
!

4: Q Are there any plans, involving Commomicalth Edison.m.,
,

3[ presently developed which would make it possible to invecti-

|
6i gate the nature of detected damage to cach of tha racks?

h.
-

y; A (Mitnesst Almeter) Yes, they have submitted to the

ai . NRC Staff a plan for surveillance in the spent fuel pool, ar.d
I.

! outlined the type of specimens they will put in the pool,3
I

10| and the period of tima they will inspect these samples.
i

| Q Is there any plan, however, with relation to tnet;

!

'2[ actual racks in the pool, other than the inspection of tha

!3 coupons?

;4 MR. MILLER: Objection, Mr. Chairman. I'm not ::or-

f5 tain that the inspection plan itself is limited to coupon:;
.

g only. The question lacks foundation on that basis.

I

| BY MS. SEKULER:j .f
~!

qh'

Q If by means of the test coupons and other mos:-

99 of tect paraphernalia that are used in the pool -- that'c
.

,9| probably the wrong word -- as listed by Commonwealth Edis n,
I

N it is discovered that some damage may hava occurred to tha.,,

i..

s
I

o! racks, is there any plan cr proceduro currencly developed by"

?

,| which it would be possible to investigate the actual speni
'~

~

.,- i

i

y| fucl racks in the pool?

A (W|.tneca L nts) Ua have general-- I could sa:7 ke25

2326 050
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eb4 I had experience at Haddam Neck and we'd follow essentially the
2' same procedurso.y

3h MR. GODDJtRD: Objcction to the question,
'

1|'

Mr. Chairman, even though the. witness has already answered.

I
a' It. These cuestions would more properly have been put to

i
6. Mr. Kohler o'f the Third Region ISE when he was testifying

'
,

'

7 ,! on these precedures in the audit of Ccumonwealth Edison'n
;

8 procedures several days ago.
'\9D MS. SEKULER: Mr. Chairman, I'm asking those
4
il

10j questions in relation to the conitcring program, and how the
7

11j monitoring program will affect the use of the racks in tn2
i

12 !; pool.

i
13

-

CHAIRMAN WOLF: The question has been asked an1

1 ans;cred.14
I!

,

t

;3 We'll procced, Counsal..

'G HS. SEKULER: Thank you.
1

7 !{ BY MS. SEKULER:
.

c Q Will the NRC routinely be advised of the results
i

9| of the monitoring tests?
. ,

|
:.0 MR. GODDARD: Sa=c objection, Hr. Chairnan.

|
y CHAIRMAN WCLF: I'll overrule it.

22 You may answer, if you know.
,

'd-

23 WITNESS LAMTZ: I don't kncw.

y WITNESS ALMETER: I don't know. We haven't se.

3 any standards of what the utility is supposed to be looking
1

,

2326 051
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1

eb5 1| at, at this stage.
t

2{ BY MS. SEKULER:7
\ f

3! Q Will the NRC be advised of abnormalities that
~

4 might be discovered as a resu.\t of monitoring?s

5 MR. ZiILLER: Objection, Mr. Chairman. Again tho
i

GI word "abnormalitics" is e.xtremely vague in the content of
I

this nynmi'ation.<.

!

8! CEURMAN WOIS: Can you reword that question,
!.

9 please?

10 BY MS. SEKULER:

11 Q Will the NRC be advised of any unanticipated
d

12|! corrosion effects which arc indicated by the monitoring
i

!13 dGvicos?

14 A (Witness Alneter) I don't know at this stage.

!5 The normal procedure for advising the Staff and NRC of un-.

16 anticipated events is through the Licenace Event Report.

Now if that is required in.the license amendment;f i

'

'8 when that is drafted, then it will be reported to the Staff.
i

i;9 Dut at thic stage, I cannot say what the full ccope of the
-

i

:o | license amendment will be,

2.1 CHAIRMAN WOLF: Shouldn't such a report be re-

a quired?

L
u WITNESS LANTZ: In general practice it is.

- ~

p,4 WITNESS ALMETER: It is, sir, but that is dependE,nt, . .

i on-- If it is like a technical specification, it han to Se25
i
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.

eb6 1 reported to the Staff, or it can be written into a licence

2 amendrnent, that it be reported to the Staff.
c

3 BY MS. SEEULER:
'

4 Q Should tho monitoring program reveal certnin con-

5 ditions for which Cocce.awealth Edison decides remedial

G| programs are necessary, will the NRC ha'/o any involvement or
}

7j make any contributions to the design of such programs?.

I

8[ A (Witness Lants.) I would say yes. If we feel that
I.

9! that number on the average, the amount of boron in the racks,

10 han gone below .02 on the average grams per square contimater

1i of Boral plate, thoy would be involved, yes.

12 | Q Uero you in'Jolved in Haddam Neck?
!

1:: A Yes.
*

14 MS. SEKULER: Thank you.

i5 I have no more questions.
.

igg CHAIRMAN WOLF: Thank you.

17 Do you have any questions, Mr. Miller?

+

ja | MR. MILLER: Yes, I do, Mr. Chairman.-

I

19 BY MR. MILLER:
.

20f Q Dr. Almater, turning first to page 6 of your
!

11 '. prepared testimony, certain corrosion rates are a:: pressed in
i

In the first full paragraph of that page. Is thai. right?

i

'

23 , A (Witness Almeter) Yes. -

;

24 O Do you know, Dr. A11neter, whether or not the
.

25 corrosion rate of unanodized 1100 aluminum varies over t.1r.e?

2326 053
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*

!

eb7 1 A Yes, it varies over time.

2 Q And is the rate greater at tha first exposure cf
(

3 the aluisinum to an aqueous solution than it is at a subse-

'l 4' quent time after a longer expo,suro to the aqueous solutien?

5 A Yes, the corrosion rata is much greater during t!.e

6 initial five days.

7| 0 And it's a fact, is it not, that after the in.itia.1-

:

3i period of corrosion, r.ho rate of corrosion essentially tcpe:s
!.

9 off and is barely discernable. Isn't that correct?

10 A Yes. It becocco stabilised.

I1 C Now have you had an opportunity to review

12 i Dr. Draley's prepared testimony and attach =ents which are
|

I3 submitted in this proceeding?

14 A Yes, I looked at his....

33 i Q And one of the attachments to Dr. Draley's prs-
,

IG pared testimony-- Excuse me.

,7 Do you have it before you?

'

;g A I'm sorry, I don't.

ig Q We'll supply you with one. It might expedite
.

10 things.
!

3 (Document handed to the witness panel.)

_
/.2 CHAIRMAN WOLF: What page are you raferring ta,

Mr. Miller? *,e..a

34 MR. MILI2R: I'n about to do that, sir.

3Y an. MIu sa:,s

2326 054
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eb8 1 Q One of the attachmonts to Dr. Draley's testime,ay

2 is an article entitled "The Corrosion of 1100 Aluminum ir.
|

3 Water from 50 Degrees to 95 Degrecs C." It's by J. 3. Dralcy,

R 4 Shiro Mori, and R. E. Locas. ,It's a two-page article, ard
5 I believe it's the third attachment to Dr. Dralcy's testi--
6 mony.

7 There are two diagr:ma at the bottom of the pcge.-

8 Do you ceo thoza?
.

9 A (Witncas Almeter) I believe I have the wrong

10 page here.

13 Q Perhaps Mr. Steptca can direct you to the prcper-

12 page.
I

13 A I don't see any diagram here.

1,g (Pause.)

15 Q Have you found the article, sir?
:

1G A Is this the one from the Electrochemical Socitty

17 Publication?
!

gg Q Yes, sir, the one that is Volume 114, 4 April-

19 1967*
.

20 A Yes, that's it. I have it.

3 Q Have you caen that article before you saw it
i

32 attached to Dr. Dralcy's testimony?

(
'-

33 A No, I did not read this article of Dr. Dralcy'3. '

.g Q I see.

g Well, would you take just a :2inute and look at tr.e

2326 055
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eb9 1 diagrams on the bottom of the first page?
2 A Yos.

3 Q Can you tell me what, if anything, those diagrcr.c
4 discloso about the rate of corrosion cf 1100 aluminum over,

5 timo?
!

0 ,, A It shows in-- In Figure 1 it shows corrosion of
!

7 I a sample wh2rc it's giving the units as far as corrosion in-

;l
a !| milligrams per squaro decimeter, showing with time in day.1---

1-

9i ONe curie shows woight gain and one curve showc metal corroded.
,

:0! Q Yes, sir.
!

it And the timo scala along the bottom of the diagrcm

12|
-

is a log scale, is it not?
; . . .

n! A Yes.
I

a{ Q ilow the lina for metal corroded, that is'the pl.ot
I

;; for mets 2 corroded on the diagran, shows as a straight
Ito ascending linc, does it not?
I
,
'

.y i A Yan.
'i

|

rr, | Q If we were to translate that plot frem a loga-*

;9) rithmic time scale to a linear tima scale, what would the plot'
\

10 ;i show after tho first five days?I

I

,, | A It would show a rapid increase and then it woutd

I becoma a hori:; ental scale.3

3 0 In othc- words, it would be a straight horizortal *

.j line across the plot?

s || 2326 056
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eblo I Q And that would indicate, would it not, that ti.ere

2 was no significant corrosion after the first five days; is

3 that correct?

4 A That's correct.
.

5 Q So that, turning back to your prepared testimeny

6 at page 6, in fact the rates of corrosion that are expre:. sed

7 ', in that testimony probably overstate the amount of corroeion-
-

!

B that will take place over a 40-year period. In that corract?

i
-

9| A Yes. I think that the rates quoted are really

10 |
*

! on the conservative side.-

!

| Q When you say " conservative," you mean they arc11

l
1E I conservatively high?

13 i A Yes.
I

!4 Q Uow during cross-examination by Ms. Sekuler, very
el

13 ,; early in the examination she asked you about whether or rot |i.

la! pitting causes the surface to lose any raterial, and I
!

17| believe your response in substance was that there was a
'
, .

'

ta corrosion product formed and that some of it might flake e.wz.y

to if there is a high surface velocity across the pit.
.

to Do you recall that; testimony?

p A Yes.

Il

n || 0 All right, sir.
d

y, You used the term "high surface velocity." C n you
~

i

y, quantify what you mean by a high surface velocity?

A ~;n my previous experience, in ordar for this tou;
I

i
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ob11 1: occur and the pitting to be increased or accelerated, ficw
2' velocities would have to be something like up to 32 feet per-

3 second across the surface of the material.
^1 4j3,

, ,

si 2326 058
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lE (2) 1 0 Do you know what the velocity, if cny, is of the
WRB/wb-1

?- aqueous solution in the spent fuel pool over the boral and

3| aluminum-- wall, over the 1100 aluminum that's in the tube?

'

4 A I don't believe that has ever been measured,
''

5 but I think it would be almost nil. Because'there's very

3 little-- In observing the pool, you me no turbulence in the

7, water as far as any current.-

!

0| I understand at the inlet there is a certain
.

9 velocity to bring the water in, and it flows across the Lottom

10 of the pool and goes into circulation. But as far as in a

|i | small vented hole, for that velocity to even get into the

j p, cell, it's almost inconceivable.

!3 O Well, do you have an opinion as to whether or not

:
iM the velocity of the aqueous solution in the spent fuel peol

15 is sufficiently high to cause any material that is formed as
,

gg a corrosion product in a pit to flake away?

,7j No, I don't think it's going to cause it to flakeA

|
gg away in the coll..

|
;g i O Thank you.

i

10 N w I'd like to turn to Mr. Lantz for just a

second.3

l
. ,2 You were e:camined, Mr. Lants, by Ms. Sekuler

'

regarding page 14 of your prepared testimony. The single. , . , -

. ;w

( spaced material on that page starts out with a paragraph

which she road into the record, in which the significant wo;:ds"
232'6 059
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wb2 1 for the purposes of the question were that the fdarication

2 by Brooks and Perkins is " controlled" by the Brooks and'

3 Perkins quality assurance program.

'
4 Mr. Lant=, do those words mean to you that the

i ,

5 Commonwealth Edison Company quality assurance program har nc.

3 role in assuring the quality of the boron-10 loading in e ach

7 boral plate?..

a A (witness Lantz) No.
.

9 Q Do you know what procedures, if any, Commonwealth

10 Edison Company will utilize to assure that the boral borca-? O

11 is in accordance with specifications?

12 A I don't know specifically, and I don't review the

13 QA program. But I do know you have an approved QA progran,

ja and that's whc t I rely on.

g MR. MILLER: Mr. Chairman, at this time I would

;g like the Reporter to mark as Licensee Exhibit -lio.1 a two-

page document which is entitled " Spont Fuel Racks - Receivinga- _,

g Inspection Checklist.".

,9 CHAIRMAN WOLF: For identification.
.

10 MR. MILLER: For identification.

::::.z x=x
,3 (Nhereupon the document referreel tc

7 was marked Licensee E:thibit No. 1.

i

3 f r identification.) -

!
! BY MR. MILLER:24

Q Mr. Lantz, I represent to you that that is une'

2326 060
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wb3 I spent fuel racks receiving inspection checklist which han been

2 developed.by the Quality Assurance Department of Commonwcalth

3 Edison Company with respect to the modified spent fuel racks
n
f 4 which are the subject of this proceeding. And it was

5 identified by Mr. Shewski in his cross-examination by

6 Ms. Sekuler, I believe it was two days ago.

'' 7 Now I'm not asking you to accept my word that that

8 is in fact the case, but, assuming that it is, would you
.

9 look at numbered paragraph 6 on the first page of Licenses

10 Exhibit No.1 for identification, and I ask you whether you

il can determine from looking at that paragraph whether thera is

12 a check at the time the racks are received by Commonwealth

T3 Edison Company with respect to the boron content of the tube s?

14 A Witness Lantz) Yes.

15 0 And is there such an inspection required?.

IG A Yes.

!7 Q All right, sir.

.

la MR. MILLER: Mr. Chairman, I don't believe it's

:9 appropriate to offer Licensee's E::hibit No. for identification
.

.0 through this witness, but we'll do so at some aubsequent ap-'

u propriato time in the proceeding.

32 CHAIRMAN WOLF: Very well.
:

'

13 BY MR. MILLER:

:'.4 O Now, Mr. Lantz, if you would please turn to

15 Dr. Draley's prepared testimony, and I believe the fourth

2326 061
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wb4 1 attachment to his prepared testimony is a four-page documant

2 entitled " Neutron Absorber Sacpling Plan - In Pool," dated
..

3 May 5, 1979.

4 Have you found it, sir?
]3

3 A (Witness Lantz) Is it the last onc?

5 O No, it's not quite the last one. It's just csafuro

7 the Exxon Nuclear report.-

3 A Yes, I have it.
.

9 Q It's a fact, is it not, that the second paragraph

10 of that attachment comnits Commonwealth Edison Company t;

11 install the test samples in the spent fuel pool when the racks

32 are installed; is that right?

A YO8*
13

Q All right, sir.y

And turning to the second page of that attachr.cntIS

to Dr. Draley's testimony, it's also a fact, is it not, th a'.
16

in addition to coupons there are additional samples that arey

going to be placed in the spent fuel pool; isn't that also-

g

correct?,g
.

A es.
20

0 What is the nature of those test samples, sir?y

A The statement is that, " Additionally, two fullg

( .- length vented fuel storage tubes will be suspended in the,s, ,

pool. They will be observed periodically for signs of
,4

swelling, and they will be opened and examined should the s:,all
la,

2326 062
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wb5 I specimens indicate any loss of absorber material below .C2

2 grams per. square cantimeter of boron-10."

3 Q Thank you.

(]) 4 By the way, Mr. La,ntz, what is a coupon? We've

3 been talking about those. Can you describe what a coupon

5 is for us, please?

7 A It's a small piece of aluminum -- boral sandwiched-

I8 in stainless steel which simulates the composition of tha
.

9 racs.

10 0 All right, sir.

11 Perhaps you are not familiar with this area, but
i

12! Ms. .Sekuler went into it and I ticukd like to for just a minute
|

13- as well. . .

'

.

14 Do you have any familiarity with the technical

15 specifications that are presently in effect and applicable,

is to the cperating license for the Zion Station?

17| A No.
t

'

10 Q Are you generally familiar with the format of

pg technical specifications?
.

10 A YG8=

3] Q Ckay.

g It's a fact, is it not, that ordinarly there are

( '4'

--

!3 reporting requirements contained in technical specificati.~ns -

g which a licensee is obligated to follow?

A Yes.3-
~

2326 063
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wb6 1 Q Do you have any reason'to believe that those

2
technical specifications would be any different for the Zion

3 '

Station?

A No. .

5
Q All right, sir.

G
Assuming there was some unanticipated loss of

7''

neutron abscrbing capacity or some structural d.eficiency :n.

a
the coaorbor plates -- the absorber racks, world you expe:t

.

U
that Commonwealth Edison would be obligated to report thaP.

O
as a ; tatter of just routina under its present reporting I:-

'I quirements?
,i
'' A Yes.

3- Q Thank you.

4 !!R. MILLER: I have no further questions.

5 CHAIRMAN WOLF: Do you have any redi. rect,.

6 Mr. Goddard?

7 MR. GODDARD: I have jtut a few qtzutions, si r.

4Ezx x 'G REDIRECT EXAMINATION

9 BY MR. GODDARD:
.

10
4

-
Dr. Almeter, on questioning by Ms. Sekuler yc/Q

; .

l [ stated you did not take into considers. tion the situation sht rc
I -

2' high burnup fuel might be pinccd in the Zion pcol; is thu-

'2 correct?
'

A A (Witness Almotor) Yes.

:15 Q How would you define high burnup fuel?

2326 064
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wb7 1 A I'm not in that field to really explain that to

2 you. My background is metallurgy. I'm not that familiar,

3 in the nuclear area. Mr. Lantz is a nuclear engineer.

4 In my review-- That is beyond,my scope to even be prepax;d to-

5 cornient, because I've addressed my review in this partic.?la;

g case to corrosion of materials in the spent fuel pool.

7 Q If you will assums from the questioning here thtt !~

3 high burnup fuel will be placed in the Zion pool and that
.

9 this fuel is Zircaloy-clad PWR fuel with a burnup of approxl.-

10|
mately 50 parcent more timo than the normal burnup for such

gj fuel, are you able to state an opinion as to whether youi

i2 w uld expect adverse effects upon the Zircaloy cladding in

the Zion spent fuel pcol environment?
!3|,
g| A I don't think I would anticipate adverse effects.

; MS. SEKULER: Objection, Mr. Chairman. I beliere,

!

16| that Mr. Almatar has just said that he has no knowledge '"

this particular type technology, and I don't believe hds

*

qualified to render an opinion.g

MR. GODDARD: I .2sked the witness, Mr. Chai man,

if he could express an opinion as to an adverse ef fect u; '.n10

; the Zircaloy cladding. The cladding of this fuel is a ub-,

ject within the knowledge of the witness. If he can anscar

this question I ask thathe be allowed to do so. If he cannit,
'

he can so state.
4,

CHAIRMAN WOLF: Does this ccme wichin your

2326 065
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wb8 I metallurgical knowledge, Mr. Almeter?

2 WITNESS ALMETER: I'm not an export in this aver.

3 I've read some on this. I could make an opinion fronmy
.

4 general readings on this. I haven't made any studies.

5 If you would like an opinion....

3 CHAIRMAN WOLF: Mr. Goddard, don't you think wr.

"

7 cught to have it from someone who's qualified in that parP.i-

8 cular area?
.

9 HR. GODDARD: We may have to, sir.

10 CHAIRMAN WOLF: Let's proceed, then.
I

t

I1j BY MR. GODDARD:
,

I

la | Q Hr. Lantz, in the event that vented spent fue|.

I
storage racks were to swell, could they be revented?13 ,

14 A (Witness Lantz) Yes.

5 0 Would you anticipate that such a reventing of a.

!6 can would cause any additional problems?

7 A No.

.

!e Q If you assume that al.l of the aluminum clad c1

g the boral in a vented rrck were converted to a corrosion,

i,

4.,9
\

product by virtue of ~ interaction with the water in the pc alc
-

i

3 I what would you expect to be the effect upon the stainless att 21

shroud?'2
' '

.A It would swell somewhat. But the thickross c?.:3

:4 the boral initially ic 76 mills, .076 inchos, and you won =.d
i
0

3,3 enpect that it would not more than about double if all th a

2326 066
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wb9 I aluminum were corroded to aluminum os:ide. And this is nc t

2 sufficient to stick a fuel assembly in the storage-rack. i

3 Q What, if any, effect would such corrocion, stch
-

|4 extrema corrosion have upon th,e neutron absorp<: ion capabili'.y
,

I
5 of the racks?

G A We don't expect it would have any. We expeci
i

7 the B C uould stay in the compacted aluminum oxide held by-

4

3 the stainless steel.
.

9 MR. GODDAP.D: Thank you, Mr. Lantz.

10 I have no further questions for these witnesres.

End Bloon iI

Landon fls
12

'
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1
1 EXMilliATION 3Y TIIE EOARD

2 BY CHAIRMAN WOLP:

3 0 Dr. Lantz, would you give ma a definition of
_.

4 high burnup fuel?
,

5 A (Witness Lantz) My definition would be something

6 beyond 45,000 megawatt days per matric ton.
O

; || CHAIRMMi WOLF: Thank yot...

G Dr. Famick?
.

9 BY DR. REMICK:

10 Q I'm not sure which of you tuo gentlemen to

11 i address the question to, but would you rafer first to pare
12 1 of the joint testimony. The very la: t sentence at the

i

13 bottom of that page says:

;a
i *Eoral is a composite panel o! B C/ aluminum matri::

4'

!5 blad with 1100 aluminum alloy."
.

16 | How, as for the question:

i7 Do you think that is a good difinition of Borrl?
'

A (Witness Almeter) Yes.-

ig

;9 Q Now, let na refer to page 6 of your joint
.

3.0 testimony, last paragraph, last sentence. It says:

3 "The aluminun cladding of the 31:al neutron

12 absorber plates. . . "

~'

Is that inconsistent with the fi.ut pugo of that,.23
'

for Boral?~y

2326 008A no.,3
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wel 2

1 Q Well, one place it says Eoral incluCes.the

2 cladding, and in another placo -- which is the correct,

'~'
3' definition of Boral?

<~

4 A (Witness Lantz) The, first page is the correct
~

5 definition of Doral.

6 Q Including the cladding?

7' A I believe so.
'

B Q But I thought at timen you'd been talking abcut
.

9 the Boral aluminum matrix and the aluminum cladding separatcly.

10 A Yes, that's true. We were ambiguous,

11 ! A (Witness Almeter) Well, that is my visualization

12 of how the compaction is formed.
I

13 ' When they ranufacture -- you see, the sheets of

91 aluminum are on the outside of the core, one solid piece.

. :5 The core between thesc two aluminum sheets is a mixture cf

H3 boron carbon powders and aluminum. And then it's rolled cut

7 or pressed out into sheet form, and then the aluminum
.

~

is cladding is put on top of this, or on each side.

19 0 Yes. I understand. My concern is for the citrity
.

;10 e of the record, when we're talking about corrosion of
f

11 aluminum, we're talking about corrosion of Boral, and thca

22 we're defining the two as one.

s

13 A (Witness Lant:) For the purpose of the record, all
~

::4 the corrosion is on aluminum. The B,30 does not corrode,

3 which is in the matri.M. So for essentially all the corr: ?ien

2326 069
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. '263.

1 is aluminum corrosion, regardless of the statement.
2 Q All right.

3 On page 2, last paragraph, about the middle of
.m

4 that paragraph,it says: .

5 " Eighteen vented test samples of Boral
3 cnclosed in stainless ecoel..."
7'

-

Would you explain whether that Eoral is clad titil
8 aluminum or it's the 3 C aluminum matrix?4.

9 A (Witness Almeter) It's clad with aluminum.
10 Q Thank you.

11 Continuing on in that paragraph, the last sentence
|

12 i discurses the -- it says:

i3 "The program is designed to evaluate the
'

i4 1cng-tern effects of galvanic corrosion between

dissimilar metals with a large electrical potential.5 i

| dif ference . . . " and continues.16

!

7 . I believe it's talking about the test samrles.
:

Would thore test samples be grounded in any way to the poolta

19 structure or racks?
.

10 A I understand that they're going to be placed iitc
11 the pool similar - as a rack. They would not no ground c!

to the pool liner or any other type of structura, the way12 ,

3 I understand it. .

g A (Witness Lantz) You mean a deliberate ground in.re'

15 You maan that type of thing? I'm pretty sure there will N

2326 070
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,

I metal contact between the rack and eventually the pool 1:'_nor.

2
; But if it? s a separate ground wire, I'm not sure.

3 Q Is the electrical potential betwcon the metalc
!

4
! a function of whether the coupons would be grounded or nct?
.!

5, A No, I don't believe so.

6 O It would be the same, whether the enternal,

il

'I f stainless steel was electrically grounded or if it was
-

8|i
|

floating within the system?
|-

9| A Yes, I think you can hava olectrolytic corrosion
|

N k'i
without grounding.

i1 ! A (Witness Almetor) In this case, the corror: ion
:

l? ' would occur just by the contact of aluminum to the stain.'.es s

13 { steel in the sample, which is the shroud, simulating the
i

14 whole call structure. As to my knowledga, if you're
[|t

15 referring to an electrical ground wire, that could connect,

l
13 o it to any other structure in the pool other than along the

,

i
17 ,j rack, the ground wire - any means of hooking it into the

13h]
.

~

pool or hanging it into the pool should not affect the
U

19 [ sample, to my knowledge.
.

4

20' || Q So the rat;c of corrosion would not natter, wi; ether

7.1 | the coupons were electrically grounded to the liner?
|

22 A (Witness Lants) I don't think so. I think the
<

23| currents are so low ' hat just the conductivity of the wat ar '

l

24 is enough to carry the electrcns.

3 Q All right. Are you familiar with the nunber :.nd

2326 071
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I sizo of the vent holes that will be used in the fuel tubes,

2 fuel storage tubes?

3 A I've seen it, but I've forgotten exactly whether

4 it's 3/15 or . . I'm not sure..

5 0 How about the number of holos?

6 A My recollection is that it'a only one.,

;

7| 0 Is there any dcnger of clogging of those holes--

!
3 from correcion products?

i*
'

9 A (iiitness Almater) I don't believe there would be
10 t any danger of clogging there, of the vent hole, because that

will be only in the stainless steel region of the cell, and:

i
i

12| not in the arca where there would be contact directly wita
i

13 | the aluminum.

14 So I wouldn't expect any corrosion product to

15 form, from corrosion of the stainless steel to block that,

'

p3 hole. And I wouldn't expect to see any aluminum corrosion

37 p product flo: sting to the top of the call to block that hola,
'

13 becauce of the density of aluminum oxiele or hydroxide.

19
'
,

Oh I

~ l 2326 072
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1 O Ilow far will the drilled hole be away from the
2 Boral -- what I would prefer to. call aluninum clad Boral?s

-

3 A We cannot tell from the drawing here.. I cannet

4'

say where they're going to place that vent hole at this

5 stage.

6 Q Would the possibility of clogging be dependent
**

7 on how close they were? I think you stated that there was

3 no danger because the hole would not be near tho -
.

9 A Ucll, normally, what I've sean in other -- at

to other facilities, the vent holo uould be at the corner of

11 the square cell, in one corner. Because that forms a comolete

12 channel the full length of the fuel coll, or the storage cell,
'

13 to allow any- gas that accumulates in there to have a fre -

14 accesa to an open channel.

15 ;i O Are you aware of whether these holes will be,

d
16 drilled in the corner?

(

17 , A I don't know what Commonwealth will . ..
i-

'

la! O All right, 'could I refer you to page 3 of your
!

19| testimony, third paragraph. The statement is made:.

10 ' "It is our finding that this venting .till

.n j eliminate the potential fo" any significant ar.ount

22 ' of swelling of tha stainicas steel tubes."
( '

.

23 Could you just summarize tha sources of owelling
.

9.4 ! that you're referring to there? What are the nachanisms tha:
1

25 you're making that statement about?
2326 073



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

,

12r7
wel :' -

1 A In the case of what I observed in soma of the

2 tests, particularly the Exxon test, there might have been
s

3 scme slight bulging of the aluminum olad away from the''

,n 4 Boral matrix.
n. .

5 If that cccurred, and you had a vent hole, it

S would be very minute, because the gas would be immediately

7 permeated through the open channel and cut into the pool..

a environnent.
.

'

9 Q I'm sorry. I don't think you understood my

10 question,

j; I'm asking: ifnen you talk about there will ha
,

12 j no significant amount of swelling, from what causen ars

13 you referring to there?

A Well, if thero was any corrosion of the aluminumi4

iS ccurring-
,

9,3 Q So, a volume increase due to corrosion products?

Is that what I should infer from that?,7

*

A (Witness Lant ) Yes.,g

A (Witness Almet$r) Yes.gg
,

Q Any other cause?g

A Hone that I know of..g

I A (Witness Lants) None that I know of.,,

' - Q Weren't we talking about the generation of
.g

.

hydrogen from. corrosion of aluminum?.,4
(

A Yes, we assunn that venting will take care of,..o

that.

2326 074
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I O Does your statement include, thenj that there'll

2 he no swelling for both of those machanisms?

3 A (Witness Al .ieter) No, I didn't include it as that,

p 4 as far as the corrosion product. I considered that the

5 corrosion product wouldn't cause significant - I didn't put

0
, that-into my statement.

7 The statement I made was basically referring to..
,

i
!

. 3|
any gas that would be formed. And that's why, if it's ver.tei,

' i
9~ then -

10 0 And that gas was hydrogen gas --
i

11 A Yes.

12 ,O_ -- from the oxidation of the aluminum, is that

13 correct?

14 A Yes.

15 ; Q All right. Were the Exxon sar:ples that indicated
"

l.

16 ! that some bulging occurrad of the aluminum cladding on the
I
i

17| Doral, was that under neutron exposure, by any chanca?
!
, , - .,

f8 | A No.*

|
is| Q Are you aware of any gases that might be prodecad

.
'

20 under neutrcn irradiation of Boral?
:

| A Yes.21

12 O Nhat is that mechanism?
!

13 A That would be a neutron absorber plate that ir -

24 fabricated with boron carbon and an organic binder, to hold
l'

25 the boron carbon particlec intact.
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1 Iee! A (Witness Lantz) Let's gc back. Coni' I talk '.*

t

-i^

thi:. a little bit, ' chin <Iucstion?j'
y

3 0 Pleaue ,
,

/[
'

A The acutron flu.: ..a the pent ;;ual rool is vn''
'

-

; l o. It's rnny orders of 1..agnituda beby.i that ..a e mact: ,3 ', w,
!

,4 ,'a. and it really isn't sicnificant. 9 2t i 2 you':e ta3 Ping C .m
~

i,

6.

T )i: boron in a ., actron flux, you do got heliara ga s cenert.te:1.
'--

3'
.

; Dut the amount of halien gas generc:ed here 11 insigni.*ic i ! . .
.

3 Q So you have considered, then, the g raibility
n

1) ||helica gu being genorcted as a result of neut::an ti:rorpti, a
. ii.
d, in tas boron?'!

;!
:!

) 6- S

.*3. 4a .4 .;j k.

.3 Is tnere any posnibilit.7 that that 'irr.ile' c Tu'' 3i .,

I
.

i

' t :j sope:a hlon cf t'ae clade.ing fr:r. the Boral matri :?
..

+

; ii .i Not in the cpant fuel p ol,:aa.
w
li

O hhat nrn the nourron f3.t zes ir. the 0:!cn spent ! . r.': '
.

.

!/ pool m pected to be with cortpacted sto:aga?'

.

13 i A It dapanda en uhether thiy puc a cvrem
'

li
'] ,' An old courcs nonetimi in the life of tu pl ur: --aH -

.
. .
.

'

2) nc c:? . 93, you hava a etic-critict.J. ner. tron n :ltip'| t.catio:. it : .

c

r h' of 20, and your chrongest sourcos r ruuad nra a::a.ni Is. ,
'

da

i.$ 10 * neutrono par square centir.atar per sceand.
,,

a

A
' a :i So 2.0 tim:s chat is abot _ the max ynn wc uli e::_ _!; -

...
'\|

; t y to hr. 2 in the 7. col. But ,than ycu :or.aidar tha. tle 21r2 n
U

2 3.1 ran<: :or is like Ir " r 10^f', you" . : c. bon . 5 cr 7 cri.ar
, . . 1

,

j 2326 076
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1! magnitude down from what's in a reactor, and it's really 71

2 insignificant amount of neutron absorption. You have es.%nt !.al:ly'
|

3 no depletion of your B10. I
_(' a] Q So you did include that possible mechanism in 71 -

|-

5L'|considerationsinthistactimony?
I

G A Yes.
.1:

" !ij Q Are you familiar with any prob 1ces of neutron--

I

irradiation of B C absorber and control rods of pool typce 4
~.

t' reactors?

iG ' A Yes, we've looked at that experience. BWL r u
' l

:i I had B C for a long time, and they do get depletion. And '

i 4

12 eventually they're going to havo to take them out. But
:

13 ' j that's not tha case in the spant fuel pool. ;

i
1M Q That's a boiling water reactor. I was referrir;r {

$

i to pool type research or test reactors used B C powder.!3 ~
! 4

;

|s[ A Used Boral. There's one in Arkansas, I believ ,

g where they used Scral control reds in a research reactor, .m .
~t

-
, ,*

?g . .i they did hava a problem of blistering.

p; !,n But I think that wss, lika you say, probably di a i

*

i

t I'
,

o I to tha helium gas generated by the boron fission from neutre.c,!
i

O Do you know if they subsequently vented thosog ,
;

I
'

|

;; ||! contr:1 rods?
'''-

23 h A No, I did not follow that. -

j|;| -

CHAIRMAN WOLF: Are there any further gr.estientj
it

of these witncases?7 ., i
.

2326 077
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I fin. 21 ILLER: None from the Licensee, Mr. Chair:nn.

2 MS. SEKULER: I hava one question.
/%

V
3 I CROSS-EXMIIIIATION ON EOARD QUESTIONS

|

{ 4 BY MS. SEKULER:
,

5 Q Regarding Licensee's Exhibit Murier 1 for idc1ti:i-

G catica, I believe that you said in responso to a question fra:a
i

7 Mr. Miller that Stop 6(b) {l) would make it possibla for-

G comr.on;ecalth Edison to assure that the baron centent of t%e
1.

,

9 tubes wau correct.

10 In that a correct interpretation of what you saic?

II A (Witness Lants;) Yes ,
,

12 | Q Is that particular step in ths QA/QC procedurc
;

13 a 6ccurantation check?

14 A It's a check to make sure that they can trace
t

15 the t- aceability of tha boron loading to tube sarial numb ar,.

.!

id || and they can trace it all the way back to the manufacturc :.
.7 | Q It's a documant check, though?

|-
~

13 * A '' Review documentation in accordance with. . . "
I
i

1a Yec.'

'
.

2:) t 0 Is there any way -- axcuse me. I:: there anyth'..v
4

21 | cn this check list which would indicate that there was ar i

I i
!

, ,
22 kind of physical check of the borca content of the tubes

k _.)s
2,3 at that point? "

s

, 2.4 A The physical measurements were nade, already n at ,'

!

33 It's a natter of naking sure that that particular plate _.
'

2326 078
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wel 7 | !
1 I in that storage rcck.

2 { Q Is there eny way by which the Colmenwealth Eciisca
(3 \v

| QA/QC people will be authenticating the documentation th,=
_

0

i

4 | they receive?C ,

;

'
5 I4R. MILLER: Objection, Mr. Chairmari. Authent ic ;-

3 | tion as used in the quorition scema vague and ar.biguous.

7 MS. SEKULSR: I'll clarify it.
-

O
S1 CHAIFl4AN WOLF: How is this witness qualified to

.
-

,

9 gin you an answer to that question, Ms. Schuler?
,

:!
:0 1 MS. SEKULER: He was able to answer the question

!I fron Mr. Miller. I assur.ed he had some knowledge of it.i

.I

12 CHAIRMAU WOLF: I don't know that he is qualitiel
.
'

i .: from hic cwn knculedge. I think td ' have to csk that c:
!

3 ; the Applicant when they pilt on a witness to qualify tha
'
;

i

M; docurents .
,

-

id I MS. SEKULEE: I'll do it at that tin:a.

47 CHAIR GN WOLF: I think that would be better.

. *
.3 The Board wants to take just a minuto before .: 3

i
19 ; excusa these witnesses.

. i
-.

to (The Board ccnferring.)
i

I CHAIRMAN WOLF: Mr. Goddard, Dr. Reflick has a;f
|

. 22 ' question for you.

'

?.3 ; DR. RE!!ICK: Does the Staff intand to offer c ~

l

f.
;g | witness who could speak to the -- what would be the Staff:s

i

15 intended requiramsnts or their requirements for inpleman'c:t.cn
,

2326 079
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I
! and inspection of the corrocien program if the racks aro
|

2| inst.alled?( ) , . 'w,
,

# I MR. GODDARD: I'll have to chech that with tha
i

O di grosece manaccr, Dr. Remick. I do noe hnow at this time
:

5! uhather we have in fact fornulatad inspection and enforca :.ar t
I

-4
C

j procedurec to racnitcr Commonwealth's progran.

7/ DR. REMICK: I'm not thinking only of inspecti:n
**

C and enforcenent procedures, but wh2t the Licensing Staff,11
*
.

9 they intend to require and what they might require about che
i0 ' inspection and racnitoring program, what Staff's current late.nt'

11 is.

'22 IIR. GODDARD: I'll hirn to report bcck to you on

13 , that, sir.

I

24 DR. REMICK: And, of course, if there is inforn--

t

13 ticri, if IEE would follow up, that's fine. But our curren:,

16 h interest is what is the Licensing Staff currently intendi1g,

!? . if anything, about requiring thesa .T.onitoring programs to
' la j be in technical specifications, or whataver.

Is MR. GCDDARD: We'llreportbacktoyou$ nit, 312;
.

20 0|
t

CHAIR!WI WOLF: In therc anything else before un
!

21 adjourn for lunch? We're going to come back at 1:00 0* clock.
} '

22 ! The witncasts may be e::cused. '

( i '

jx.

(Witnesses excused.)23 ' ~.

i
. f

. _ . 24 i
(Whereupon, at 12:00 noon, the hearing was rec ast 24,I.

'

23 to reconvene at 1:00 p.m., thic same day.) -

f *

I
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1

1F agbl AFmERNOON SESSION
2

( (1:00 p.m.)'

V/ ,

a
CHAIRMAN WOLF We'11 he back on the record,

O 4
\

.

| Dr. Ramick has art additional question for yr u,
3 !

| Mr. Goddard.
3 ;

DR. REMICK: Mr. Goddard, I'm not sure that I
7

made it clear what the Board intended with the cuestion T
3

., raised of the Staff about an additional witness before the
9

luncheon recess.
10 '

What we had in mind, in some proceedings, tha
11

Staff dcos provido a draft of a proposed licence or a pro po: ad
12

license amendment that wculd be put into offech if the 1:'es 30
13

or amendnant re granted.

14

if Bacically what I had in nind,.if the Staff tas
is

-
''

a draft of what a licence amendment, technical cpecificatio:0
.

1G || and so forth would look like if the license cuandment wers
! *'7

granted, this wculd be very helpful to the ' Beard to see , .ta'
.

*

28~

type of conditions the Staff proposes to put on the ament--
19

ment..
.

20
MR. CCDDARD: Yes, sir.

21~

I talked to my project manager, Mr. Gary 2' ch.

22'

over the lunchsen brenh. And he was of the impression -- I
.

was under the impression at that time that you were refei ri: ty
24

/' to a tech spec or license condition referencing the
'

surveillanca capsule program, are you now referring to tie

2326 081
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1

agb2 entire Sanges to the tech spacs which would occur if this

!'

|
modification woro granted?

,

3
! DR. REMICK: That's right, including, I worid,

presume, the nonitoring program spchen tc.
5

MR. GODDARD: It's my understanding, after Pav..ng
3

spoken with Mr. Zech, that the surveillance progran by ti a
7..

| Licensco is voluntary and vould not be included as eithsr
S

, part of the license amendment or technical specificationr.
9

ER. REMICK: I thirft that antwors the quest: on.
* *)

Then the Staff dcas not intend to require c.
:1

cur'Isillance program as part of the proposed license ama .4m.mti
12

MR. GOCDASD: That's correct. Thtt's my uti Ar -

13
standing at this timo. Mr. Sech vill be back next week,

14
and I will ascertain the correctnces of what I've just

15
~

utated to you.

16

DR. REMICX: Thank you.
;7 '

MR. MILLER: Mr. Chairrcan, with the Board' t.,
.
* !8

pernissien, the Licensee would lika to re-call

19
Dr. Eurtron Johnson to the ctand. Dr. Johnson has scne.,

?.0

informaticn uhir:h may be responsivo to certain of the Ec .?:d s'

11 I
| questions rsgarding the offect of the high burnup fuel and

22
cerrosion in the spent fuel pool.

|
13 -

So with thc Board's permission, if you wish
21

we'd he glad to re-call him for any questicns the Board

''
Inight hava. }}}6 Q82

i
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1

agb3 CHAIRMAM WOLF: Uculd ycd do that, Mr. Millorit

2
' MR. MILLER: Dr. Johnson, would you resun ;he1

~ .

stand, plange?

([ 4
- Whereupon, -

5 ,

A. GURTn0N JOSTSON, JR.
9

resurend the stand on behalf of the Licensee, and, having
'7..

.i been.proviously duly corrn, testified further as follcun:
si

8h
., j CUAITWAN WOLF: ' lou're still under oath,

9
Dr. Johnson.

10 !

| FURTHER DIRECT EXMf! NATION
!1 .i

BY MR. MILLER:
1 ?.

O Dr. Johnson, could you just describa for us

13
briefly what affect, if any, high burnup of fu:el has on the

14
ability of the Zirculoy cladding of the fuel to withstanc

the spent fuel pool environmnt?*

, 1

iri '

,

| A First, I'd like to su'.ztarice cerc.e informati n

17
that I'm aware of regarding tha effoct of the reactor

'
'

is

expecitre on the #tel, because I believe that gives a pe.:1pe :ti'te
I to the question thout the cubsequent exposure in the anrnt,

.

E0
fuel pool.

>< <~~

I'm aware of sems fuel which was exoosed in t a
' 22'

Zorita reactor, which is a Westinghouse FWR, it wouid ..Jic7re/s

r3 -~

the same water chemistry as in the Zicn reacter primary
2*4

- cystem. The fuel is Zircaloy-four cladding, so it'c the

32

same cladding.

2326 083
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agb4 { And ht: ara were some reds which went as hic. a:
2!

| 62,000 megewatt-days per metric ton of uranium. The
< \

38

| termincicgy there is the peak rod average burnup.
-'';

4 ]|| In 1977, there udc a paper given at St. Chcrl a,
3l

'

Illinois which summarized tha c::aminations which had been m .de
3

on fuel frcm that samo lot which had gone to a burnup of
'.s..

53,000 megawatt-days per metri; ton. And that papar is3

8 !
8 available to the public..,

3
That paper indicated thct they can no unustr'

10
and unexpacted changcc in the properties of either the

11

mechanical proporties or the correcion or hydriding.
12 1

'

The average correcion fi!r thicknacs was 0.L m.11,
!3

which in no threat to the cladding. There were some pat:her
14

where the crud was relatively thick where they had caen
TS'

oxide thickrassen up to about 2.5 milla, but again, this li-
t

iG
'

not present a life-limiting problem for the fual.

!7
The other properties also were accaptable.

.-
fS

So we 're talking hera about, in stamary, 313 ca: oy ,
19 l| clad fuel which had gene to hurnups of 50.000, and that I'v-:,

.

i
-

20 :-

| re~cntly spoken with the Spanish junta which -- about otirr
:"3

rods which had gone to 62.000.
:2

Now it's my understanding thatftel which is :n
I

r,
^'

Zicn now is intended to cio to cither shon.t 40,000 or, if che ,"
~>4

decide to, they will leave it in until it goes to abatt'

,

'S '~

55,000. So there is already experience which e.:cceeds th i .p
'
.

2326 084-
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agb5 which is intended for the fel which is ac.e being enposw!-

eI
-

i in the " ion reactor.( ;
'

?
There is relatively little experience on

long~tum exponnrsa of high burnup fuel in pcol storage,
5

though there is soma. And there in coca work going on neni
3

: in Gemany to destructively excmine PWR fuel which has gone
7d-

i' to burnupc of 39,000. The fuol has been in tha pool for
3I

abo 2t four years, it will be destructively examined - i:. I tct,
,

3
!: it's undcruay -- and then t* icy will put the fual bcck in .:o

io !!
y a pool and return for subsequent examinations periodica.~..y

'1 !!
I to conflirm that the high burnup fuel is continuing to c: ora

12
satisfactorily.

!3
So I would offer that to the Board, and wou'.d

14
! ba villing to entertain any questions.
1

CHAIRMA17 WOL7: Do councel have acy questic:ic?
-

15 t
. lj for this vitne03?

!17
'

MR. GODDARD: The Staff has none, sir.,.

*-
13

CHAIIU Mi MOLP: Thank you.

19'

MS. SEKULER: I havo just two or thrce quel .it ac.,
'

D !
| CROSS-2XAMINATION
-

:>.
~~

BY MS. SEKULER:
,o
~"

Q My first question relatec to the lata you

just utentionad, the paper that was given at St. Charles,
h ie Illinois.

ii

D
Uere any changes in ductility difforent frc: 4

2326 085-
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1

agh6 the types of changes that are noticed in louc>- burnap fu 21

|
( reported at that time?

3
A Tha ductilition duo to radiation damage cat Irrbo

I'\ 4
'

fairly quickly. In the first cycle, or first ono or two . c?. s, '

.

a -
I.

[
the ductility saturatco rend thore is very little changer i i

I6

| uhe ductility on going to higher radiationn. !
7..

| There could be changen in ductility due te
n.
'I hydrogon pickup, but the data frcm the Spaninh feal rods tlat :.,

c *
~! want to f8,000 indicated that they had less thnn 90 parts

i

10|
; per r.illion by weight of hydregan pickup. And this is n1

,

il| |
j threat to the ductility of the fuel from the ctandpoint af '

.
, m'

-|
; storaga in a poo.l or even expecure in a reactcr.
! !

13 | O When you talk about hyarogen picLup, are ye1 1

!4 '
! tr.1 king about hydriding?

A That 's righ"-

16
'

, O Dut thera uan additional hydridir.g beyond taa'

17 {
which would ba cxperienced in On1, On/, with a burnuy

.-
:a~

of 25,0007

10
A Really, Westinghouse 's expcriance has indit . t it-

. i.
I

E0 I i
that, over a range of burnups, that they see pickups of

'

icss than 90. And oven the high burnup still was withi:,

99"'
that rango of less than 90 ypm., co it fa1.ls uithin the ca. g2,

(
23 i '-

that has baen c:cperienced even iwith lower bu:.nup fuel. ,

'1 l'f' '
'

O nave any of th230 bundles which "are capos.:- 1

~5 ic
to thoso 43,000 to 50,000 -- naylv! I have the wrong nm.dcr . I

,

2326 086 i
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agt.7 A 58,000.

2
O 58,000 -- tho numbers up to 53,000 megawatt-dnyc,

-

3
per netric ton been stored in spant fuel pools?i

(^T t, I A only for a period df about sin meaths. Teh'

I
"e

They were i: hen moved to dry storage, they are now in dry
c. d
'

Stcraga at tho junta nuclear -- EnergiG Ucclecire in
'' '

Madrid.

So the very high burnup rods are in dry storass,
.

at thic point. There is como in51 cation that they woulu

' O
censider putting them into wet Otorags. 2ut there are othar

I d rods uith -- as I've indicated, with burnups cf about 40.iOC)
- |i

i
-

{ uhich arc in wet storage.
'I

^ 'i." I thinh the point here is that tha fuel rod;

#- have survived a much more aggressive environr. cat in the
O reactor successfully, also in boric acid chemistry. And nt1.

<

{ we're putting them et a cuch lower tenparature into spen:U

I

' 7| fuc1 pool, which is still boric acid chemistry.
.~

O So cur projeccion would be that the cpent '-.el

9
,

,

pool environmant would be much lens aggrecsive than the
. ..

.

0 || environment that they've already been cubjectsd to.

I--I O Are thers any other ctudies or re ports regt -di se e'

;2
the ranction of Zircaloy-clad fual to higher turnups, ot..er

' 3 '

than the St. Charles paper you mentioned?

- l'. 4rm p A There is other experience, but I don't hava tL 2
|i

- f I
detaila at hand to go into the details on the corrosion

2326 087
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i
o,,

anb3
-

. :M. and b'-dridir.ti to tho extent that I':t feniliar with on thic- -

_ q |
.

( - ;:
h rc.to oZ fuel.

.. ,

u Q Than': you.
f I l'

b MS. SEKULER: I h'ava no further qua;tions.
-; 3||

II EXTJCMATION B7 T;I?. BOARDi!,-
.

l BY DR. F2iCCZ:i

>-..
n

O Dr. .Tohnson, I'd liko to taho arivantage of ?/our .

i,

- ,:
1

*
i ccing on the atand to ack ycu n question. %'ere you procent.

I

ac%om lunch when the Staff witnesses Almator and Lant:
!,,

? tcore being questiona by the Doc.ru cn their caatinony')i

!f
|; A I uas hora periodically. I was eckcd to go
3: s
It*

it out for a bucinesc retcen, so I wann't hero during all tha
!J Il

,

; costizony.

:|'

- b,|:
3 0 All rignt. Let rac junt cck the question:

<

1

h Do you know, when cne la considering galvanic
*

d
U corrosion, whethar it would be important on -- whether

- !

one part of the cell was grounded, electrically aroundcd ',,
i;,-

!:ac

vercus not being grounded, on the rata of galvanic corroclor
h

-
1r. d thah rtight cecur?'

i
.

d
20 q .

i
Tt IP/ responso e culd depend rer rauch on condue:i- |f

.' ' t.
!.;j vity and - Ycu're talkin; about a apent feel pool onvire,- >

,... Ii !

O nont? I
'

v
. ;-

d
.2 ,

.! Q The propose.d Zica pool conditions.
'

2 .. *

/
|I A And wa're talking about grcunding ol what ac1?i
I

e .r. itc
'

O All richt.
.

2326 088 !
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1

agb9 Apparently coupons are going to ho introduc2d
?.

() into the pool for curveillance of corrosion. My questic2 is'

3
specifically addressed, dcas it matter whether those are

(^3 4
groundcd to the racks, or thc stcci liner, or not ground :d

3
on what the results night be if one is looking at galvanic

F'
corrosion?

.. ,
'

A It's my recollecticn that what ne have then

U
is o stainioss ctool sandwich with aluminum-clad Boral*

.

9
between the stainless ste31 platos. Is that it?

'O| 0 And then venting, I believe.

'
A I think the most important galvanic interac.:ica

'

"

would be bettican the atainless steel and the aluminum u Lth

which it is in contact, which is prototypic of the couplc
4 which eno uculd have in the actucl racka. So I believe lhet

i.:
' the important galvanic interacticn is there.-

'
I think that what I might suggest is, there

~I
could be cena measurements made to see whether it matter..d

-

6
whether that specimen was coupled to the stainless steel

n
liner or not.

.

That could be easily made with electronic
"

,

10 equip. runt which is readily available, and one could then
"I determine uhether coupling was important or net.

2 But right now I Uculd say that the importan:,

NJ
.J.

-

couple is probably already prcsont with or Uithout the

4eS grounding.

5 Q But you're not perscnally aware of whether ur r.ot

2326 089
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'nt '
i:

p- :2f 3 |.

,
i i

I t;
ceb:0~ h it is important to t1-* -'*o ,f corrosion? It's your cpf.aic1 |

'

. !|:
i
/ th it's not ir:pertant, ic that correct?e

., s., t

j A Noll ac I cay, I thin!: tha imper;:nnt coup -) i3
.

/ :1 $
- t

,! already present in the spacinan.
- 0
- , Q .. c . iac

}.
'

;

}L
A Su;: it wculd be cacy to detornine that by :

|.

fairly simple t:ancurencnt, n:nsurinJ the ccupin c;:ninloc'-.;

- iu, t
'. to-r.luminti1 potor.tial with the specimen grounded and wi'.h ;.

. ,I
-

-
,

s

'! it irgre:nnded and ycn can. tall ti.rn '7h ther thare was an |
'

1.1. I,
"'

i portant additional potential from grounding to tho st:f.n: aas!
!

1' .
'

| Otsal liner.

,- .i

t!
-

Q '2 hank you. |
'~

,

,! i
"

C'I?.TPl!IJT 5|O LF : ?.ny other gudstiens of this
, :

' ;~ Yi
il aitno33?
i
6

MR. 7! ILLER: .;O h a'c thi3 time, Mr. Chairt.a.1 1 c.

i -i ' , CHAIRUL" MOLF: Yon may bc c::c Ittd, thanh r ,c.

- :
; (Tho aitncca ecened.) :,.

|" . -

TiR. CO32LCD: Mr. Chai..unn, at tlia tine,th' !,

1 i
..

''
:! Staf f would like to recal". Dr. FranI: 31r:.ater rimply for th

|
.
-

i i
M , _ Ij purporo or elar.- . rya.ng an anc'.rer t'ha. ..ca he gare er was unt.:lr ;

1 i

to gi';c carlier. i
'

,

o
.

f'
l''- ] CHAIEMM UCLF: You may do that.- -

d
a

'
.

! 'on. GCDDLRD: Uculd yc.u take the utand, p12 :.s: i

1
b.

' 'i Dr. Almater? '

it-

31 2326 090 -
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1
agbil ;; Uhoraupon,

E l. TEAMIC M. A*)4ETERi
h
1;.

O h
!' re.cumed the stand was a uitnesc on behalf of the Regulatory

f'. 4 i '

Staff, and, having been previcusly duly sworn, testifiol
3

fur L2r as follcwo:.

I
.

e
?URTHER DIR2CT E72iINAT. TON

7 .I<*

y EY fir. GOCDARD:
d

01
[1 Q Dr. Alnster, over tha lunch hcur, I discussid.,

9'
the q uestion which I asked you carlior r garding high h~t im :

10
p fuel. This is the question which is incorportted in tha

if
record ac transcript page 1250, and which I showed to yo :,

I
l ~'~ i

' o nr the lunch hcur.
- D
#3 a

9 Did you minu:.dorstcnd that questien as it ina
il

s1 r

^l originally acked? '
.

>- ,[ A 7es, I did.
' ' '

4
d

. c*'
i 0 Would you state the effecta on Zircaloy-cl.:d
I

*.

3 !:- FUR fuel when it's cxposed to higher than norr.01 levels of
il

MY radiccion in tha reactor?
I

rg!
I A Well it perhaps causaa sema change in the.

. ,

n'f'-

properties of tho taterial. Liha perhar:s it would causa
1

,. d

3; grac. tar hydriding, cause perhcp3 scrac additienci corro :1 an in"

i

P?

the reactor, ind parhaps we'd see a thicker layer of~

" [( Zirconium oxido cn the cladding while it was in the reac :a
-,

l

,^ o'
i'

at thic high level, flunen. !

,, .
1

i, O I'm going to reask the quantion t.hich I ac.,2d i
;*

i' |

2326 091
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I

'agb12 you earlicr:

() If you will assume from the e mtioning hero

j thac high hurnup fuel will be placad in the Zica poc1 an:t,

4 is.

that this Cuel ic Zircaloy-clad MTR fuel with 2 burnup a'
5

appro:timately 50 percent nora timo than the normal burnup
G

for such fuel, are you oble to stato en opinica as~to whit!nr
7,.-

you uculd erpoct adverca effects upon the Zircaloy claddf.nc
0

in tho Zion spent fuel pcol environmant?*
. ,

9 i

!

A I would crpect none, becauco whatever changas
o

have occurred in the Zircalcy cladding ac far as mechanf. :a3
1

proportics, physical proporties, that it a.iculd have
i

occurred in the reactor. Ur.dcr mero c::treme ter.porature t,

j pressure, and of ccurco the higher flu *:cs, ycu put this at
a

Ij the pool, the terparature ic much lower, thcrs is not the
U 't. '

high pressurcs, and any gaIma fluxos that are in the pec3
6

are a much greater order of magnitudo lower thnn what yo 1,

~7 '
h would find in the roactor, co I uculd expect any additicaa3

- ig
! damage to then Zircaloy.
+c.

- n

.0 ,];
O If one such fuel was removed from the reactor at.

|| placeddin a spent fuel poc1 icr a period of 40 years, wh t
1 il

; if any changea uculd you expcet to occur in tha claddiny'
~2

|{
2 \.| *

A Hone.

il Q Thank you, Dr. alr.eter.
. .]-

I ;l MR. GODDARD: I havo no further questienc.
1.5
| CHAIIiMAN NOLF: Any qu?ctions as a result eV

2326 092
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1

agb13 that further direct?
?.

(' . MR. MILLER: Ko.'

.. 3
CilAIRMMT UOLF You may be excused, Dr. Alnater.,

(~ ' :, |
*

'

ThwJe you. -

S ,

(The witnsas excused.i

C

2Afltra

7 !!..

l

8
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2a abl 1 MR. STEPTOE: Mr. C'1 airman, tho Applicant's next

2
t vitness is Dr. Joseph E. Draley, and no would like him to take() l

3 the ctand cnd be sworn at this tina.o.
,

4|<m
| CHAIRMAN WOLP: Vor,y well._

3 Whoraupon,

6 JOSEPH E. DRALEY

7 |I"'
was called as a vihnons on behalf of the Lic3nces, and

i
!

J lj having been first duly sworn,was examined and testified :.s
*
.

9 follcus:
i

5.240 10 CHAIRMAN WOIE: Will you state your full name and
I

i) it address for the record?
.,

di2 i THE WICICSS: My name is Joseph E. Dralcy. I ';:1
!

13 h emplcyed at Argonne National Laboratory. My address is I.n
!

14 ' Hine dale, Illinois.

15 DIRECT EXAMIUATION

16 ; BY MR. STEFTOE:
;

I
{7 , Q Dr. Draley, arc 'rou familiar with the testimoty

*

;.-
ta , which has been filed in your name in this matte.r?

|
|

19 ' A Yes.
Il

'
.

20 | 0 It consists., does it not,'of-15, pages of testimoi.y,
I

ri [ followed by a professional resume consisting of 11 pages,
!

22{ and a single-page statement of professional qualificaticts,

23 and then six references which are used in your writtan te st'--
~

!

3; mony proper. Is that not correct?

25 A res.
2326 094
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eb2 i Q And the si:: references which are attached aro
'y.

p listed on page 15 of -he testir.:ony itn61f. In that not correct ?U i

3| A Yes, ths.t's right.
t

,$A

C O Ucw do you have any, corrections or changes yor.''

3 would like to mako to this tentimony?
.,

6 A I'd like to correct wh-at appears to be a typo-|.

7- graphical error that nay be worth correcting. There are one
I

e or two additional one that I think might not be worth
., .

3i correcting.
,

'O , But on page 13, the last line of my testir.ony, tie
y

11 |} rentence begina, " Generic offects,'' and it should be "Genaric

12 f defects."
|

!3 ; Then I want to bring atnention to the fact thr.t
:

la[ thu Reference 3, the copy of Reference 5 that was attachel to

15 i tha tastimony vac incomplete..

:
;.

i6 ij Q Referance 5 is a two-page docuuent entitled
!!

i7 " neutron Absorber Sampling Plan - in Pool"?
'

m 4; A Yos.

is | It.uaa incomplete by virtuo of the fact that
*

!.

20 : Ta.bla 1 and ri~gura 1 were inadvertently omitted in assent 1.12g
i

the, material.11 ,

12 ; MR. STEPTOE; Mr. Chairman, I believe that all
( !

23 ! parties and the Board have been supplied with this Table .t "

M and Figure 1. Do you have copios?

5 CHAIR 1.!K.I NOLF: Yes, we do.

2326 095
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i!
.

,

!!
eb3 1W SY Im. STEPTOC:at /

t

'- Q Mcw add: occing yo irealf co Figura 1, is there any,,

(
ti

- q change you ucuid 1._as to maku on Figura 17
n

- i:
I 4i A As originally prepc;c-d, Pigure 1 chcwed, in ec nni.c-

\
I tien with the identilcr. tion of a hole that was drilled ir. tho

~

.

,
i.

6 i}Ioido of the ansertly, tha words 0.062 diamctor hole, typiua.
-

.'
'I " top c.nd botten, .h illed befora asceably,

"*

v

3l That chould be chcnged no the wordu "and nott:_n"
. ,
-

1

3 [:, n r a e.' a l a t e d . The raason is that it will now simulate bette:

h
l ') ;! the o.ctual - tt,'.bos for fuel utcrc.ge.

,

11 | 0 So that holac will only be in the hop of the

12 | coupons; is that ccrrect?
4

9d A Yes.
i

i Q Now as corrected e.nd cupplo:teartad with Table . and-

i .; Fign e 1, in your tactir.cny, tha prcMorsional rener.c, thc

j. [ statement of protessicaal qualificatic.s, and the refererece.
4

.; attached tharcto, is all that true :.nd correct to the becc,

1,
*

I;3 -! of ycur knowledge and b,diaf ?
,

| ^f d 700.
. i.4

R2. STEFTOR: Mr. Chairman, at 3his .:ime ve meta20 )
.i

y ] that the testimony of .Toacph E. Draloy and the attachments
.

1 |
:y, |. : ha.ro statau befora in cl1 recpecta as if thm had,been

h
l reed. ~r

~3 1
i

,' CG.IRMAN UCLF: Any objectica tc the notion Erh. - Ii>-

.:
,

,

4 1

25 't;
ME, GCEARD: l'o cbjection air. j

-

!! i
h |

| 2326 096r
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eb4 1|| C H A I R M A IT W O T.,F : -- to incorporate Mr. Draley'r:
H

.. o
i jj testix.ony inta t.t: record? '

, ,

\ i

3 'l
i

Withou~ chjaction then, die testinony of Jose!'nt c
._ .,

I 'I Draley ar.d t':e attach:12nto thereto which haJe doen enu::ct: aced
,

., by Counsel vill be bound into the record as if road.
i

G. (The d'oc=nents follow:);j
,

i

** 7 .!
'I

3:1 2326 097
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UNITED STATES OF AMERICA
\

NUCLEAR REGULATORY COMMISSION

,

i
BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

,

In the Matter of Commonwealth ) Docket Nos.' Edison Company (Zion Station, ) 50-295
Units 1 and 2) ) 50-304 '

,

.

TESTIMONY OF J. E. DRALEY

Contentions 2 (e) (3) : Corrosion
2 (e) (4 ) : Surveillance

Program

Contention 2 (j ) : Possible Boral
Corrosion and
Swelling

.

Contention 2(k) : Possible
Degeneration
of Boral Density

May 31, 1979.

'
'
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Testimony relative to Commonwealth Edison Company
.

.

proposed change to Operating License for Zion Nuclear Plant
-

by J. E. Draley.
.

My testimony is in the form of general statements

concerning corrosion and related reactions of the stainless
..

steel /Boral storage rack tubes, followed by specific replies

to the contentions of the State of Illinois, as identified
,

,

as issues in this case by the NRC Licensing Board in the

Board's " Order Following Prehearing Conference," January 19,

1979. A statement of my professional qualifications is

attached, as are the references which appear in this testimony.

GENERAL STATEMENTS CONCERNING CORROSION

A. Boric Acid Solution

.

The solution used in the Zion spent fuel storage

'
Pool contains boric acid dissolved in high purity dionized

water. The solution is purified by passing a stream (approx.

100 gallons per minute) through a mixed bed ion exchanger

that does not remove boric acid substantially. This purifi-

cation process has not been run at all times and the concentration,

of the boric acid has not been constant. The average concentra-

tion of boron has been a bit less than 2500 parts per million

(ppm), ranging from 2000 to perhaps 2520 ppm, and the typical

pH has been 5.4, ranging from 4.7 to 5.6 in one period. The
,

" normal" temperature of the pool water is 70*F, calculated

x

2326 099
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to increase to-lll'F when a 1/3-core discharge of spent fuel is
/

added (143*F if only one of the two cooling heat exchangers

is operating).
.

Boric acid is typically a benign chemical in other-

wise pure water from the point of view of corrosion, so long

as the pH is not too low. A significant adverse effect on

the aluminum corrosion can.be predicted if the pH is below
,

about 4, depending on the temperature, the presence of other
,

solutes, and the rate of flow of solution past the metal

surface.
,

B. Corrosion of Type 304 Stainless Steel

In pure water at storage pool temperatures, the

uniform corrosion over the surface of austenitic stainless

steel's such as Type 304 is so slow as to challenge the ability

of experimenters to measure it. In fact, I know of no accu-

"

rate measurement of this corrosion rate. In my judgment the

uniform penetration of 304 stainless steel is likely to be

less than one ten thousandth of an inch in 40 years exposure

.

to high purity water or to the 2500 ppm boric acid solution.

Under some circumstances, stainless steels, includ-
9
'

ing Type 304, are susceptible to stress corrosion cracking.

However, there is considerable experience with stainless

steel racks and pool liners. No stress corrosion cracking

_

of either has been found, even in weld-sensitized and residual
'

stress regions,(1) and none is expected to occur in the

Zion pool.
(

2326 100
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In sufficiently aggressive solutions such as those

containing a high concentration of chloride ion, and espe-

cially in the presence of crevices, stainless steel has been

f
known to suffer localized attack or, pitting. This type of

attack has not been observed in storage pool water and is

not expected to occur for the lifetime of the Zion pool.(3)

C. Boral,

This product is manufactured by Brooks and Perkins r

Inc., and, for Zion, consists of about 48% by weight of boron'
.

(B C) particles embedded in a matrix of commerciallycarbide 4

pure (1100) aluminum. The size of the B C particles is given

i as 60-200 mesh. This boron carbide-aluminium material is

formed into a plate, clad with 1100 aluminum on both sides.

The same aluminum alloy is inserted between the cladding

plates at each end so that the resultant piece, after cutting
for use in the racks, is covered on four of the six sides by

.

1100 aluminum; the side edges are left without cladding.

As in the case of stainless steel, the actual

corrosion rates of aluminum alloys such as 1100 are so low
~.

after an initial period of exposure to pure water as to have

challenged the skill of experimenters to determine it. In

fact our own observations for tests running nearly three
_

years have shown that after an initial period lasting for

several days the amount of corrosion increases only very

slowly with further exposure times for temperatures of 50*C
.

'
.'

(122*F) and 70*C (15,8 'F) in pure water. At 70*C, after the

'
2326 101



. - . - - . - ..

.

-4-

initial period, the amount of corrosion has been shown to

k- vary with the logarithm of time for at least two years.(2)

The logarithmic intercepts and rate constants published in-

\'
1967 by Draley, Mori, and Loess (3) * indicate that for storage

pool temperatures the amount of uniform corrosion of 1100

aluminum should not exceed one ten-thousandth of an inch in
'

40 years of exposure in high purity water. Tests in boric
*

acid have not, to my knowl' edge, extended long enough to
*
.

predict with precision the uniform corrosion rate to be

expected. Short-term tests have shown that less corrosion

occurs in the presence of a dilute boric acid solution than-

in water but it cannot confidently be stated that the corro-

sion after 40 years will be as low as or less than that for

pure water. Consequently, I can only conservatively judge

that the amount of corrosion in boric acid solution in the

storage pool should be less than one thousandth of an inch
,

in 40 years of exposure.

There has been enough testing of the bare edges of

., Boral in which the almninum-boron carbide core material and

the 1100 aluminum cladding is exposed to show that little

, or no accelerated corrosion occurs. For example, Weeks (4 )

reports no measurable deleterious attack in 19-1/2 years

exposure in the Brookhaven Medical Research Reactor.

'

In pure water or in boric acid concentrations not
,

exceeding those in the storage pool no stress corrosion crack- -

ing or significant pitting is expected of Boral.

'
!
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D. Boral-Stainless Steel Couples

When dissimilar metals are held in electrical con-
'~

tact, the corrosion of the metal that is electrochemical 1y;

more active is sometimes accelerated and the corrosion of

the metal that is electrochemically more noble is sometimes
retarded. The increased corrosion of the more active metal

~

is known as galvanic attack. In the present instance, 1100

aluminum and the layered Boral product are anodic to or

more active than the stainless steel jacket. In deionized

water, essentially free of chloride ion, galvanic attack of

aluminum coupled to stainless steel is very slight as long
as the water purity remains high. In the presence of boric

acid solution, at concentrations corresponding to the sto-

rage pool water, one can expect some pitting of the edges

of the Boral plates and perhaps the 1100 aluminum cladding

when the electrical contact with the stainless steel jacket.

is good. The extent of pitting is not readily predictable

because of lack of sufficient data in boric acid solution
representative of that expected within the Zion tubes and

*
.

uncertainties in the contact resistanct between the two
'

metals that form insulating oxide films in air prior to fabri-.

cation and in the presence of water or boric acid solution

when exposed to that environment. In any event, the resultant

galvanic pitting is likely to slow down to such a low rate as
7

to lead to little further pentration. The explanation for
.

this nearly self-limiting process is probably related to the
'
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very limited conductivity of the solution through pores in

the oxide that covers the growing pit. It is necessary for

"
such ionic conductivity in the solution for the pit to continue

'

to propagate. The formation of pits of limited depth and

the expected existence of oxide on the surface make it unlikely

that a significant amount of boron carbide will be lost from
-

the edge of the Boral.

Although there are no known careful examinations

of surfaces after galvanic corrosion in boric acid solution

containing 2500 ppm boron, Brooks and Perkins has measured the

electric current flowing between Type 304 stainless steel and

Boral during such exposure, both in aerated and deoxygenated

(bubbling nitrogen gas) condition at 65'C (149'F). In addi-

tion, a closed experiment has been run at 21*C (70*F),

with no addition of gas "(herein called stagnant) . For the

aerated and deoxygenated tests, the current varied irregu--

I

larly with time, with an apparent trend downward after the

first few weeks. The galvanic current deoxygenated was about

*
one-fourth that in the aerated test. In the stagnant test,-

the current declined throughout, reaching negligible values

*

after two or three months. Additional testing has also been-

done by Battelle Memorial Institute at a higher boric acid

concentration, 32 g/1, containing about 5600 ppm boron. The

pH was 3.8, the temperature 49'C (120*F). Galvanic currents

between stainless steel and Boral or 1100 aluminum were higher ~

than in the more dilute solution during the 54-day test.
I
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Periodic inspection of the 1100 aluminum specimen during
,

'

thd course of the test showed severe pitting that appeared

[ visually to have grown little deeper but covered an increasing

area. This galvanic corrosion was clearly more severe than

that which occurred in the more dilute boric acid solution.

REPLIES TO CONTENTIONS--

Contention (2) (e) The amendment request and supporting docu-
.
*

mentation do not adequately discuss monitoring procedures.

In the light of the proposed modification and long time

storage of nuclear spent fuel the Applicant should clarify

the following:

(3) Method for detecting the loss of neutron absorber

material and/or swelling of stainless steel tubes

in storage racks. - -

(4) Details of a corrosion test program to monitor
.

performance of materials used in the construction

of the racks.

Reply -
,

,

Consideration of the corrosion behavior of the Boral leads

to the judgment that significant amounts of boron will not be.,

lost from the Boral composite by corrosion. Similarly it is

anticipated that no serious swelling of the vented steel

tubes will occur in the storage racks, since the only known
(

- mechanisms that might produce substantial swelling involve .

the entrapment of gas inside the tubes or the production of
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solid corrosion product with a volume greater than that of

-) the metal from which it was produced. The former should

not occur because the tubes will be vented and swelling by
.e-

the latter mechanism should not reach serious proportions,

as will be shown in the reply to Contention (2) (j ) (3) .

To assure that unexpected damage is not occuring,

the surveillance program that will be put into effect whena

the new racks are installed (5) will provide an opportunity
4

for inspection of specimens that are expected to behave in*

the same way as the actual tubes. Small vented specimens,

' very similar in character to the * actual tubes, will be stored

in the pool. These will be removed periodically, opened,

and examined carefully for corrosion damage. In addition,

two full-size storage tubes will be exposed in the pool

near stored fuel so as to reproduce the radiation condition
,

as well as exposure to the solution. These tubes will be
,

examined periodically for visual signs of swelling and will

be opened and examined for loss of boron if examination of
10 oron content in those speci-the small specimens indicates b

.,

2mens below 0.02 gm/cm ,

It is believed that with this program, indications,
,

of corrosion damage involving the possible loss of neutron

absorber or swelling or other damage to the tubes will be
~

detected in time to take any necessary remedial action for

the storage tubes in the pool. It is believed that the'
,

corrosion reactions will be sufficiently slow that any

(

.
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damage that occurs will not endanger the safe and effective

operation of the storage pool.

Contention (2) (h) The amendment request and supporting docu-
>

mentation have not analyzed the long term (including storage

during the operating lifetime of the reactor) electrolytic

corrosion effects of using dissimilar alloys for the pool

liners, pipes, storage racks and storage rack bases, such"

as the galvanic corrosion *between unanodized aluminum as is
.
' used in Brooks and Perkins storage racks, and the stainless

,

'

steel pool liner. -

Reply

As has been indicated above in sections C and D it is not

expected that there will be a significant electrolytic

corrosion effect between boron carbide and 1100 aluminum,

although it is likely that there will be a galvanic corro-

sion ef.fect between the Boral and the stainless steel tube.,

Whatever the magnitude of this effect, and it is not expected

to pose a problem with respect to the integrity of the Boral,

there will be no residual effect of the galvanic interaction.
.

outside of the-stainless steel tubes, so that the materials

inside the tubes will have no interaction with fuel or with.

the tank liner.

Contention (2) (3) The mmendment request and supporting docu-

mentation do not give sufficient data to fully assess the

~ durability and performance of the Boral-stainless steel tubes ,

which form the spent fuel storage racks:
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(1) There is inadequate analysis of the corrosion rate

of the tubes.-

.-

Reply

( In Section B above I have provided (nformation concerning

the anticipated corrosion behavior of Type 304 stainless

steel, the material of which the tubes are comprised. It

is expected that the corrosion will be negligible as indi--

cated in that section. .

(2) There is no calculation of the effect of water'
'

chemistry on the Boral within the stainless steel.

Reply .

,

This is discussed in Section C above. It is judged that the

water chemistry will be favorable for the corrosion of Boral

and that the total uniform corrosion of this material will
not be in excess of 1/1,000 in. for the forty year lifetime

of the racks. There could be a greater amount of local
.

attack on the edges of the Borel and possibly at some loca-

tions on the 1100 aluminum cladding on the Boral where it

faces the stainless steel. In neither of these two loca-
.

tions is the attack expected to be great enough to lead to

serious loss of the neutron absorbing boron, or to cause
,

swelling to an extent that would interfere with free move-

ment of the stored fuel.

(3) There is no mention of the possible swelling of

_' Boral within the stainless steel tubes, a condition'

.

which could affect, among other things, removal
s

of fuel assemblies from the racks.
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t

'- I am aware of two processes that could lead to swelling of

the Boral within the stainless steel tubes.' In the first,
{;

if the quality of the Boral is poor so that there is porosity,
there could be a path for permeability of the core material

by water. It would then be possible for reaction of this
water with the aluminum at some internal place to produce"

hydrogengasinquantitie[sufficienttoexpandtheBoral,
,
.

as by the formation of an internal blister. The location of

such a blister might be some distance beyond that of the

water that produced the gas, the hydrogen diffusing ahead .

of the water. This type of swelling should be self-limiting,

since expansion of the blister should deform the piece
,

In theenough to allow releast of the hydrogen pressure.'

second mechanism some local corrosion or pitting might be

induced by galvanic interaction between the aluminum of the
.

Boral and the stainless steel tubes (where the plates are

pressed together). The solid corrosion product has a greater

volume than that of the corroded metal, and local swelling'
-

cculd result.

With respect to the first process, due to acci-'
-

dentally porous Boral, there has been no experience of this

kind of swelling at pool temperatures of commercial grade

good quality Boral either in the old formulation (see
7
# reference to the material in the Brookhaven Research Reactor ,

above in Section C) or in the new formulation, for which
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there is less extensive experience. It did occur in some
,

~

tests run by Exxon Nuclear Company (6), using speciments of

I material, not used commercially, containing quantities of
fine boron carbide, of the order of'minus 300 to 350 mesh.

It was at locations of such fine material that Exxon found

the blisters to form. During mechanical testing of this type
-

of material (not in contac_t with water or r_queous solution),

Brooks and Perkins found areas of imperfect bonding between
,
,

the core and cladding. Specifications for the boron carbide

powder (size range) were then set at -60 + 200 mesh, and

no areas of poor bonding were discovered. This is the product

that is used commercially. Because of universally good

experience with the commercial product and the non-applicability

of the Exxon results to such a product, no swelling of this

type is expected in the Zion pool.

Concerning the second swelling mechanism, the extent-

of galvanic corrosion may be limited by solution depletion,

depletion of available oxygen in the stagnant area, or poor

electrical contact, as indicated above in Section D. If it''

is not so limited, it is conceivable that the entire thick-
'

ness of the Boral might be converted to the aluminum corrosion'

product, a hydrated oxide, expected predominantly to consist

of a crystalline form known as bayerite. Using the density

( of bayerite (2.42), it can be calculated that the corrosion
.__

product will occupy a volume some 3.2 times that of the alumia -

num from which it is formed. For e total Boral thickness of
|
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0.073 inch, the maximum swelling would then be 0.234 inch,

an amount that would not interfere with the movement of fuel'
-

within storage tubes.
g

Another possible swelling mechanism for unvented

tubes, not involving the swelling of Boral, is the accumu-

lation of entrapped gas between the Boral and the stainless

steel tube. Assuming a leak near the bottom, access of"

solution to the aluminum and the production of some hydrogen
~.

as a corrosion product will be allowed. If the resultant gas

(perhaps a mixture of the hydrogen and the air originally

entrapped during the manufacture of the tube) nearly fills

the free space between the Boral and the stainless steel

tube, its pressure near the top will be in excess of that

outside the tube by an amount that could bulge the stainless

steel sheet. This is the mechanism believed to explain the

swelling of same tubes in the spent fuel storage pool at,
,

the Monticello Plant last year. It should not occur at Zion

due to the use of vented tubes.

Contention (2) (k) The amendment request and supporting
..

documentation do not consider possible degeneration of the

, Boral density due either to generic defects or to mechanical

failure which would diminish the effectiveness of Boral as
neutron absorber, thus leading to criticality in the spent

fuel pool.

Reply .

Generic effects in the form of porosity have been discussed

(
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in the preceeding reply. If there are mechanical defects,

) in which the Boral would fragment or break, the stainless'''

(~ steel tubing would keep it largely in position. However,

the fragmentation is considered highly unlikely in view of

the good record of Boral products and in view of the ercellent

record for integrity of the Boral cladding alloy, 1100 alumi-
..

The risk of developing criticality in the pool on thenum.

basis cited is deemed negligible.
,
,
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R. K. Hart: Morphology of Corundum Films on Aluminum; Fifth Inc. Congress
for Electron Microscopy, 1962.

(-
'

CT-3029 J. W. Arendt and W. W. Binger:, Corrosion of Aluminum - Tuballoy
Alloys; June 5, 1945.

CT-3030 W. Binger: Galvanic Corrosion of 304 Stainless Steel, 2S
Aluminum and 72S Aluminum; June 2, 1945. (Confidential)

CT-3047 G. English: Corrosion of Unbonded Aluminum-Jacketed Slugs,.

in Aqueous Medium; Jan. 30, 1945 (Confidential).

CT-3095 John Mann: Improvements in Internally-Heated Slug Test;
*

June 30, 1945.-

CT-3096 John Mann: Internally Heated Slug Test at 100% Power Level;
June 15, 1945.

dI-3040 J. Mann: Simulated Storage Basin Corrosion Tests,
June 30, 1945.

ANL-5500 W. E. Ruther: Corrosion Experiments with 2S Aluminum at
200*C; March 1956.

ANL-5889 R. B. Bernstdn: HydrogenandOxygenIsotopesApgliedtotheStudy of Water-Metal Reactions. Exchange of D 01 with Alpha2
Alumina Monohydrate; Aug. 1958.

ANL-6144 Raymond K. Hart and M. J. Heyduk: Meta 11ography of Aluminum.

and Some Aluminum-lv/o Nickel Alloys; March 1960.

ANL-6230 Raymond K. Hart and Westly E. Ruther: Film Growth on Aluminum
in High Temperature Water; April 1961.

% III. Publications in the Area of the Corrosion of Thorium, Uranium, and their Alloys

.T. H. Kittel, S. Greenberg, S. H. Paine, and J. E. Draley: Effects of
Irradiation on Some Corrosion-Resistant Fuel Alloys; Nuc. Sci..

and Engin., 2, 431-449, July 1957.*

Sherman Greenberg and Joseph E. Draley: Effects of Irradiation on Corros' ion
Resistance of Some 111gh Uranium Alloys; Nuc. Sci. and Engin.
_3_, 19-28, Jr.n. 1958.

g J. E. Draley, S. Greenberg and W. E. Ruther: The High Temperature Aqueous
Corrosion Recietance of the Uranium-5% Zirconium-1-1/2% Niobiumm

'Alloy; J. Ele.ctrochem. Soc., 107, 732-740, Sept. 1960.

J. E. Draley and S. Greenberg: Aqueous Corrosion of 5v/oZr-1 /oNb-Uranium
( Alloy; Proc. Met. Info. Feet. , Oak Ridge, April -13, 1955;

TID-7502, pp. 640-652 (1960). '

~
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. TECHNICAL PUBLICATIONS OF JOSEPH E. DRALEY (Contd)q)

J. E. Draley: High Temperature Aqueous Corrosion of Uranium Alloys Containing
( Minor Amounts of Alloying Elements; International Conference

on Aqueous Corrosion of Reactor Materials, Brussels, October
14-16, 1959. TID-7587, pp. 390-404.

J. E. Draley and S. Greenberg: Corrosion of Uranium Alloys; Reactor Handbook,
Second Edition, Vol. I, pp. 183-191, Edited by C. R. Tipton, Jr.;
1960 (Interscience Pub.).

..

CT-1943 J. E. Draley and G.,.C. English: Corrosion Research - Tuballoy
and Alloys; July,1, 1944.

CI-3043 N. Bensen, R. P. Straetz, and J. E. Draley: Autoclave Tests
of Tuballoy Metal and Purified Hydrogen; June 20, 1945.

CT-3044 R. P. Straetz and J. E. Draley: A Study of the Reaction Rate
between Tuballoy Metal and Purified Hydrogen; June 20, 1945.

CT-3045 R. P. Straetz and J. E. Draley: A Study of the Reaction Rate
between Thorium and Purified Hydrogen; June 11, 1945.

ANL-4862 J. W. McWhirter and J. E. Draley: Aqueous Corrosion of Uranium
and Alloys: Survey of Project Literature; May 14, 1952.

ANL-4908 J. E. Draley: The Corrosion of Thorium; Oct. 3, 1952.

ANL-5029 J. E. Draley and J. W. McWhirter: Effects of Metal Purity and
*

Heat-Treatment on the Corrosion of Uranium in Boiling Water;
April 14, 1953.

ANL-5030 J. E. Draley, J. W. McWhirter, F. Field, and J. Cuon: The_
Corrosion of Low-Zirconium / Uranium Alleys in Boiling Water;

,, April 14, 1953.

ANL-5078 J. E. Draley: Preliminary Report on Low-Columbium / Uranium
Corrosion Resistant Alloys; June 24, 1953.

ANL-5530 J. E. Draley, S. Greenberg and W. E. Ruther: The High
'

Temperature Aqueous Corrosion of Uranium Alloys Containing
Minor Amounts of Niobium and Zirconium; April 1957.

Publications under his Supervision

{ Sherman Greenberg: Corrosion of Irradiated Uranium Alloys; Nuc. Sci. and
Engin., Letter to Editor, 6_, Aug. 1959. -

CT-2548 Rosner: Rate of Reaction Between Tuballoy and Water in a
Hydrogen Atmosphere at Various Temperatures and Pressures;
October 1944.

~
CT-3023 R. B. Hoxeng: Corrosion of Construction Materials, Bonding

Materials, and Uranium - An Electrochemical Investigation; .

Hay 2, 1945. (Confidential)
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TECHNICAL PUBLICATIONS OF JOSEPH E. DRALEY (Contd)'
. .

'

CT-3031 Joyce M. Hopkins, Frederick Nelson and W. W. Binger: Corrosion
; of Tuballoy-Molybdenum Alloys by Water; May 31. 1945.
(./

CT-3035 Joyce M. Hopkins, W. W. Binger and Frederick Nelson: Aqueous
. Corrosion of Tuballoy-Silicon Alloys; June 14, 1945.

' ~ ~

CT-3036 J. W. Arend t, W. W. Binger, J a Hopkins and F. Nelson: Aqueous
Corrosion of Thorium and Thorium Alloys; June 23, 1945.

CT-3052 Frederick Nelson, W. W. Binger and Joyce M. Hopkins: Corrosion
Testing of Tuballoy-Columbium Alloys; June 19, 1945.

.. CT-3055 W. A. Mollison, G. C. English, and F. Nelson: Corrosion of
Tuballoy in Distillgd Water; June 23, 1945.

ANL-5672 W. E. Ruther and W. B. Seefeldt: Aqueous Corrosion of Uranium,
* and Uranium-6w/o Zir or'_um Alloy; Jan. 1957.

ANL-7006 J. Y. N. Wang: Corrosion of Experimental Thorium-Base Alloys;
Feb. 1965.

.

IV. Publications in the Area of Corrosion of Zr, Ef, and their Alloys
by Water or Oxygen

, J. Levitan, J. E. Draley, and C. J. Van Drunen: Low-Pressure Oxidation
of Zirconium; J. Electrochem. Soc., 114, 1086-89,(1967)

D. H. Bradhurst, J. E. Draley, and C. J. Van Drunen: An Electrochemical
Model for the Oxidation of Zirconium; J. Electrochem. Soc.,112,
1171-77 (1965) .

. .

ANL-5165 W. E. Ruther and J. E. Draley: Solution Potentials of Zirconium
Dec. 25, 1953

-

n: .a : - . ..

ANL-7252 J. Levitan, J. E. Draley, and- C. J.-Van Drunen: S tudies- in
Zirconium oxidation; December,1966

.... . . . .. .

Publications under his Supervision
''

, R. D. Misch and W. E. Ruther: The Anodizing of Zirconium and Other
~

Transition Metals in Nitric Acid; J.,E1.ectrochem. Soc.,.

100, 531-537, Dec. 1953; .: ,-
~

. . . 7. : ~ .' ". . . .... ... .

R. D. Misch and E. S. Fisher: Variation of Anodie Film Growth with Grain
Orientation in Zirconium,-Letter to Editor, Acta Meta. 4,

(,
222, March 1956. 5

- R. D. Misch and E. S. Fisher: Anodie Film Growth on Hafnium in Nitric Acid; ,

J. Electrochem. Soc., 3,, 153-156, March 1956.

'

R. D. Misch: Dissolution of the Oxide Film on Zirconium; Letter to Editor,
( Acta Metal. 5,, 179-180, March 1957.

,

R. D. Misch: Comments on Corro'sion Behavior Zr-U Alloys in High Temperature
Water, by W. E. Berry and R. S. Peoples; Corrosion, 14, 67, *
Dec. 1958.
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TECHNICAL PUBLICATIONS OF JOSF.)H E. DRALEY (Contd)

t !
'^

R. D. Misch and F. H. Gunsc1, Jr.: The Electrical Resistance of Oxide Films
on Zirconium in Relation to Corrosion; J. Electrochem. Soc.,

( 106, 15-20, Jan. 1959.

S. Greenberg: Zirconium Alloys for Use in Superheated Steam; Letter to
J. Nuc. Mat., 4, 334-5, Aug., 1961.

R. D. Misch and C. Van Drunen: The Oxidation of Zirconium Binary Alloys in
700*C 0xygen for Times up to 200 Days; Pub. in GEAP-4089, Proc.
USAEC Symp. Zr Alloy Dev., Nov. 30, 1962, Vol. II, pp. 15-0,.

through 15-46.
,

Sherman Greenberg and C. Arthur Youngdahl: Corrosion of Zirconium Alloys
*

Containing Minor Additions of Iron and Copper or Nickel in-

Superheated Steam at 540*C and 650*C and 600 paig; Corrosion,
2jt,113-124, April,1965.

,

R. D. Misch: Electrode Reactions of Zirconium Metal; The Metallurgy of
Zirconium, Editors Lustaan and Kerze, pp. 663-677, 1955
(McGraw-Hill).

ANL-5229 R. D. Misch: Anodizing as a Means of Evaluating the Corrosion
Resistance of Zirconium and Zirconium Alloys; Dec. 1953.

ANL-6149 R. D. Misch: Characteristics of Anodic and Corrosion Films on
Zirconium; March 1960.

ANL-6259 R. D. Misch: Electrical Resistance Studies of Anodic and
Corrosion Oxide Films Formed on Zr; May 1961.-

ANL-6370 R. D. Misch, C. Van Drunen: Corrosion Studies of Ternary
Zirconium Alloys in High Temperature Water and Steam; July 1961.

ANL-6434 R. D. Misch and G. W. Iseler: Electrical Measurements on theN ' Crowing Scale on Zirconium-Titanium Alloys; Oct. 1961.

V. Other Corrosion S;udies and Reviews
_ _ .

'

J. E. Draley: Pundamental Corrosion Studies; In Hearings Before Subcommittee'

on Res. and Dev. of the Joint Com. of At. En. , Eighty-fif th -
Congress of U. S.; Second Session in Phys. Res. Prog. Rel. At.
Energ., Feb. 3-14, 1958; pp. 304-313.

J. E. Draley, J. A. Ayres, W. E. Berry, E. Hillner and S. P. Rideout:
( Corrosion in Aqueous Systems; 3rd Int. Conf. Peaceful Uses At.
'

Energy, Oct. 1964, Vol. 9, pp. 470-481. -

_

J. E. Draley: Some Consequences of the Maintenance of Equilibrium of Alloying
Constituents Between the Surface of Stainless Steel and Sodium
in a Recirculating System; Proc. AIME Symp. Chemical Aspects4

of Corrosion and Mass Transfer in Liquid Sodium, Detroit,
,

Oct.1971 Ed. S. Jansson, AIME,1973; pp* 242-252.
.

CT-1944 C. Wohlberg and J. E. Draley: Corrosion Res., Film Problems, 1944
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TECHNICAL PUBLICATIONS OF JOSEPH E. DRALEY (Contd)(

(..

ANL-4837 J. E. Dreley and P. G. Drugas: Corrosion of Materials for
Transparent Radiation Shields; October 28, 1949.[. '

ANL-6206 J. E. Draley, S. Greenberg and k. E. Ruther: Corrosion of
Some Reactor Materials in Dilute Phosphoric Acid; April 1961.

Publications under his Supervision

W. E. Ruther and R. K. Hart: Influence of Oxygen on High Temperature Aqueous
,-

Corrosion of Iron; Corrosion,19,,127t-133t, April 1963.

R. D. Misch: (Discussion); Co'rrosion,19,, 420t, Dec.1963.
*
.

James Y. N. Wang: Titanium and Titanium Alloys in Mercury - Some Observations
on Corrosion and Inhibition; Nuc. Sci. Engin. ljl,18-30,
Jan. 1964.

W. E. Ruther and S. Greenberg: Corrosion of Steels and Nickel Alloys in
Superheated Steam; J. Electrochem. Soc., 111, 1116-1121,
Oct. 1964.

James Y. N. Wangr Effect of Metallic Additives on Mercury Corrosion of
Titanium; Corrosion, 21, 57-61 Feb.1965.

R. K. Hart and J. K. Maurin: Growth of Oxide Nuclei on Iron; Sixth Int. Cong.
Electron Microscopy, Kyoto, Japan, pp. 539-540, Maruzin Co. Ltd.,
1966.

.

CT-1703 Raymond B. Hoxeng, Interim Report: Electrochemical Corrosion
Research; May 1, 1944.

ANL-6070 S. Greenberg and W. E. Ruther: Aqueous Corrosion of Magnasium
Alloys; July 1960. '

s

Publications Concerned with General Corrosion Theory and Test MethodsVI.

~ J. E. Draley and W. E. Ruther: Some Unusual Effects of Hydrogen in Corrosion
.

Reactions; J. Electrochem. Soc., 104, 329-333, June 1957.
.
*

J. E. Draley: Discussion to paper by Carlsen; Corrosion,14,, 55t-56t, Jan.
1958.

S. Greenberg, J. E. Draley and W. E. Ruther: A New Dynamic Test Facility
for Aqueous Corrosion Studies; Corrosion, 14, 191t-192t(

' April 1958.
.

-

J. E. Draley, W. E. Ruther, F. E. DeBoer, and C. A. Youngdahl: Measuring
Equipment for Polarization Studies in Distilled Water;

f J. Electrochem. Soc. , 106, 490-494, June 1959.
-

.
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TECHNICAL PUBLICATIONS OF JOSEPH E. DRALEY (Contd)
i

J. E. Draley, F. E. DeBoer and C. A. Youngdahl: The Polarization of Metals
in Boiling Distilled Water; J. Electrochem. Soc., 108,(_ 622-628, July 1961.

,

Corrosion of Film Forming Metals - I; Chem. Engin., M ,J. E. Draley:
256-259, Nov. 12, 1962.

Corrosion of Film Forming Metals II; Chem. Engin., M ,J. E. Draley:
152-156, Nov. 26, 1962.,.

J. E. Draley: (Discussion); Corrosion, g, 407t, Dec.1963.

J. E. Draley: High Temperature Corrosion Tests; in Nuclear Reactor'
'

Experiments, pp. 329-335, Feb.1958; (D. Van Nostrand).

S. Mori, R. E. Loess and J. E. Draley: pH Microelectrodes for Use Near
Corroding Metal Surfaces; Corrosion, g , 165c-168t, May 1963.

J. E. Draley and J. R. Weeks (Ed's): Corrosion by Liquid Metals;
Proc. TMS AIME Symp., Philadelphia, October,1969; Plenum Press,
New York, 1970.

J. E. Draley: Corrosion by Valve Metals; pp 185-234 in Corrosion Chemistry,
Ed's. George R. Brubaker and P. Beverly P. Phipps, American Chem.
Soc., Washington, 1979. .

Publications under his Supervision . ,- -

W. E. Ruther: An Eddy Current Gauge for Measuring Aluminum Corrosion;
,

Corrosion, g , 387t-388t, Dec. 1958.;. ...- ...
. - -

.

C. A. Youngdahl and R. E. Loess: Instrumentation for Potentiostatic Corrosion
'-

' Studies in Distilled Water; J. Electrochem. Soc., 114, 489-492,
-

- - - - - - -

May 1967.

ANL-5227 W. B. Doe: Eddy Current Type Diameter Gaug.e for _ Corrosion
, -

Measurements.*

~
--

' '

VII. Published Educational Lectures

CL-606 Part 5 J. E. Draley: Corrosion; in Training Program Lecture Notes,
1943. ,

-

,

,

o

J. E. Draley: Aqueous Corrosion of 2S Aluminum at Elevated Temperatures;
A Short Course in Corrosion, U. of California, Feb. 1953; .

pp.106-109 (U. of Calif. Press).

( J. E. Draley: Corrosion in the Atomic Energy Industry; Corrosion Short
Course, Univ. of,0klahoma, April 1958, pp. 215-240. -

,

VIII. Publications Concerned with Specific Reactor Systems 2326-l24
J. E. Draley: Fluid Fuel Power Reactors; Trans. Am. Nuc. Soc., 2_, 46-47,

Nov. 1959.
-

- - . -. -
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TECHNICAL PUBLICATIONS OF JOSEPH E. DRALEY (Contd)

TID-8507 Joseph E. Draley, with 14 Co-authors: Report of the Fluid
Fuel Reactors Task Force; Feb. 1959.

J. E. Draley and S. Greenberg: The Application of Materials in Low
Temperature Water and Organic Liquid Cooled Reactors;
Symposium on Behavior of Materials in Reactor Environment,
Feb. 20, 1956, (Institute of Metals Division of AIME) Special
Report No. 2, pp. 33-53.

ANL-6360 C. E. Stevenson, J.*E. Draley, L. W. Fromm, Sheffield Gordon,
H. P. Iskenderian, A. A. Jonke and R. R. Rhode: Organic

, Nuclear Reactors - An Evaluation of Current Development
Programs; May 1961.

IX. Publications Related to the Environment and to Fusion Reactors
,

Report of the Study Group on Environmental 1ollution, Argonne National
Laboratory, February,1967

J. E. Draley, B. R. T. Frost, D. M. Gruen, M. Kaminsky, and V. A. Maroni:
An Assessment of Some Materials Problems for Fusion Reactors; Proc.1971
Intersociety Energy Conversion Engineering Conference, Boston,1971,
pp 1065-75.

Summary of Recent Technical Information Concerning Thermal Discharges into
Lake Michigan, by Center for Environmental Studies and Environmental
Statement Project, ANL, for the Environmental Protection Agency,-

August 1972 (Section VI. Chemical Inputs, by J. E. Draley).

J. E. Draley and S. Greenberg: Some Features of the Impact of a Fusion
Reactor Power Plant on the Environment; Proc. Symp. Tech. Controlled
Thermonuclear Fusion Experiments and Engineering Aspects of Fusion

' Reactors, Austin. Texas, Nov.1972; Tech. Information Service,1974.
'

ANL/ES-12 Joseph E. Draley: The Treatment of Cooling Waters with Chlorine,
February 1972..,

ANL/ES-23 J. E. Draley: Chlorination Experiments at the John E. Amos
Plant of the appalachian Power Company, April 9-10, 1972; .

June, 1973.

ANL-8019/LA-5336 T. A. Coultaa J. E. Draley, V. A. Maroni, R. A. Krakowski: '

( An Environmental Impact Study of a Referen.ce Theta Pinch Reactor.
*February 1974.-

'

,
,

I. Other Publications
i

CC-3019 R. A. Gustison, E. J. Frederick, E. F. Story, Jr. and -

, J. E. Draley: The Determination of Emall Arr.ounts of Impurities
in Water; April 30, 19I.5. .
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TECHNICAL PUBLICATIONS OF JOSEPH E. DIALEY (Contd.)

.\' CH-436 Joseph E. Draley: Convective Cooling of Heated Surfaces by
a Parallel Supersonic Air Stream. Applied Physics Laboratory,

(' Silver Spring, Md., May 1947. -

TID-17940 J. E. Draley and F. W. Young, Jr?. : Visit to Soviet Corrosion
Chemistry Institutes; June 25 - July 4,1962.

Publications under his Supervision

'' F. E. DeBoer: Analysis for Magnesium in High Purity Aluminum; Letter to
Editor, Nature, 184, 54-55, July 4, 1959.

F. E. DeBoer: Purification of Met'als by Gas Chromatography; Letter to.,

Editor, Nature, 185, 915, March 1960..

.

Raymond K. Hart: Electron Diffraction Techniques and Their Applications
to the Study of Surface !tructure; Progress in Nuc. Energy
Series IX, Analytical Chemistry, Vol. 7, pp. 1-20, Pergamon.

Press, 1966.

R. K. Hart and D. G. Pilney: A Compact Vacuum Path 20 Scanner; The Electron
' Microprobe, Edited by McKinley, Heinrich and Wittry, pp. 472-479,

John Wiley and Sons, Inc. 1966.

R. K. Hart, T. F. Kassner and J. K. Maurin: Residual Gas Analysis in an
Auxiliary Pumped Siemens Electron Microscope; Sixth Int. Cong. .

Electron Microscopy, Kyoto, Japan, pp. 161-162, Maruzin Co.
Ltd., 1966.

*

Raymond K. Hart: Composite Aluminum-Nickel Evaporated Films; J. Appl. Phys.,
37, 2918-2919, June 1966.

R. K. Hart; Electron Microscopy: The High Voltage Approach; Twenty-Fifth'
' Annual Meet. Electron Nder. Soc. Am. , Aug. 29-Sept. 1, 1967,

Chicago, Illinois. .

R. K. Hart and D. G. Pilney: Effect of Spectral Line Shif t on Microprobeg
Data, Sec. Nat. Conf. Electron Microprobe Analysis, June 14-16,
1967, Boston, Mass.

.

CT-3049 C. Wohlberg, A. Schwebel, R. W. Berger and F. Nelson: Film
Studies and Protection of Hydrous Oxides; June 18, 1945.

| ZI. Patents i

.

J. E. Draley and W. E. Ruther: Nuclear Reactor Component Cladding Material;
U. S. Patent 2,871,176; Jan. 27, 1959.

( Joseph E. Draley and Westly E. Ruther: Nuclear Reactors and Subassembly
Therefor; Br. Patent 811,528; April 8, 1959.

,
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Professional Qualifications of

Joseph E. Draley
'

.

At Argonne National Laboratory I manage the OTEC (Ocean Thermal
Energy Conversion) Biofouling, Corrosion, and Materials Project,
carrying out a national program for the Department of Energy. In
the present instance, testifying before the NRC Licensing Board, I
speak on my own behalf and do not represent Argonne National Laboratcry.,,

At the Metallurgical Laboratory of the University of Chicago (3 years).
Oak Ridge National Laboratory (1-1/2 years), and Argonne National
Laboratory (20 years) I studied the corrosion and oxidation of metals,

% serving as group leader or Section Chief before going into management.
A considerable. amount of the corrosion work done has been of direct
interest for nuclear power plants. I have also studied the environmental
impact of nuclear power plants in connection with construction permit
or operating license applications. A professional resume is attached,
giving these and other details.

Over 150 technical publications have been authored by me or people
working in groups I headed. Of these, I was author or coauthor of
nearly 100 publications. The preponderant majority of all these
publications were on the topic of corrosion or oxidation; many dealt
with the aqueous corrosion of aluminum and a smaller number with the
aqueous corrosion of stainless steel and zirconium alloys. In a number
of instances, publications dealt with nuclear systems. A list of
technical publications is attached.-

I have been active in corrosion affairs in the Electrochemical
Society and the Metallurgical Society of the AIME, serving as Corrosion
Division Chairman and corrosion editor of the official journal for the
former, and chairman of the Corrosion Resistant Metals Committee of the
latter. I helped to originate American Corrosion symposia related to
nuclear energy and an international meeting (Brussels, 1959) on the*.
same topic. I participated in the Geneva Conferences on the Peaceful
Uses of Atomic Energy.

1 I hold a bachelor's degree in chemical engineering (1939) and a
PhD degree in chemistry (1947).
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INTRODUCTION

.

.

The current delays in establishing a national fuel reprocess-
'

-

ing center have required many of ,the LWR licensees to expand their
fuel storage capabilities either by modification of existing pools ,

.

or addition of new fuel storage pools. This report reviews the

potential corrosion problems that might develop during the long-
term (10 plus years) storage of nuclear fuels in these storage
pools. A detailed review of the integrity of the fuel in storage
pools is being prepared by Johnson for ERDA,I I which has served ,
as a basis for auch of this report. Sircaloy-clad fuels with*
burnups up to 33,000 MNd/MTU have been successfully stored in fuel
storage pools for periods up to 13 years in U.S. pools and 14 years
(at lower burnups) in Canadian pools.
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types of materials are generally in contact with the -
r Three

fuel storage pool water: the pool linar which is commonly stain-
less steel, the storage racks which are , commonly stainless steel
or aluminum, and the materials present in the fuel alament bundles
which commonly include stainlass steel, Inconal 718, 17-4 PH, and
Eircaloy 2 or tircaloy 4 cladding. Table 1 lists the materials and
water * chemistry used in the fuel' storage pools at a number of LE

'

nuclear stations, as available to the writer as of July 15, 1977. -,

*

Experience with storing these materials for long periods of
time in reactor canals has been reviewed by A.B. Johnson, Jr. (1)
Maximh:m residence in U.S. Pools of spent aircalcy-clad fuel is 13

None of these materials should suffer significant corrosienyears.

in this environmant in periods well in excess of 10 years, as has-
been borna out by experience.

.

e
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U ZZ WATER CHEMISTRY

( 5ecause during the fuel unloading procedure the water in the
fuel storage pool and the reactor primary coolant mix, an attempt
is anda to maintain water purity in the fuel storage pool to ap-
proximately the same limits that are set for the primary reactor'

coolant.
.

1. BWR Fuel Pool Chemistry.
*

Ih a BWR this means that high purity domineralized water'

is typically maintained with a filter-demineralizar to a total
heavy ion content of < 0.1 ppa, a pH range of 6.0 to 7.5, and a
condugtivity ci < 1 umho/cm. The water is sampled daily to meas-
ure conductivity, and weekly for other impurities, including
chlorides. The domineralizers primarily remove silicates from the
water, and are typically checked for their capacity to remove this
species once weekly. The primary source of the silicates may be
dust frem the air; the pools are normally uncovered. On the aver -

age, fresh resin beds are installed monthly, primarily becausa of
increased pressure drops. from silicate absorption.(2) The primary

contribution to the conductivity is dissolved CO r when the conduc-2

tivity exceeds 1 prho/cm the domineralizers are changed.(2) During'

a visit in June,1977, the water in the Vermont Yankee fuel pool
'

appeared extremely clear, with a distinct blue tinge to it, appar-'

ently as a result of scattering of the longer light waves by the
water and the use of mercury vapor lighting.

;

2. PWR Fuel Pool Chemistry

In a PWR, the fuel pool frequently contains several thcu-.

sand ppm beric acid, which is added to other othe.m. aise highly pure
,, No neutralization with LICE is used in the fuel storage- water. '

pools; a typical pH(3) value is 4.5. A pertion of the fuel pcci

,

<
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coolant is continuously passed through a domineraliser resin and
'~

impurities, such as halides or sodi1sn ions, maintained below 0.15r

ppm. Periodically the demineralizer resids are checked for their

ability to remove halides and sodium ions; resins have been devel-
*

oped by Rohm and Haas that are specific for removing halides .in
'

the presence of boric acid. The manufacturer's claims in this mat-
* *~ ter have been confirmed experimentally by one of the reactor van-

dors. UI
~. .

3. Biocides:

Biocides are not commonly used in fuel storage pools at
nuclear power plants. Maintaining tha watar of the high purity

needed for safe storage of fuel appears to inhibit biological
growth, and the use of stainless steel liners in the storage pool
also tends to control biclogical growth. The radiation levels

from the spent fuel stored in the pool also tend to sterilize the
water, although radiation resistant bacteria are known. Finally,

the continuous domineralization of a portion of the pool water
serves to filter out any biological growth. No biological fouling

'has been observed in 31/2 years operation of the Prairie Island
spent fuel pool,53I in 31/2 years operation of the Vermont Yankee,
> 5 years operation of the Maine Yankee, and > 10 years operation
of the Yankee-Rowe fuel storage pools,I I and no biocides have'

been added.

The use of biocides can Isad to the presence of c,hloride-
,

ions in the pool which are potentially harmful to the corrosion
resistance of the materials stored in the pool, and would be unac-
captable during the mixing with the reactnr primary coolant that
occurs during refueling. They have been used in the ICPT fuel pcol

_ at Idaho Falls, which is a painted concrete poc1. IIII
,
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III CORROSION OF MATERIALS IN FUEI STORAGE POOLS
~ The corrosion rates of zirconium, stainless steals and Inconel(

in water of the quality maintained in the fuel storage Pools should
Generalbe negligible during periods upwards of twenty years.

corrosion rate measurements for these materials in water of this
quality and temperature are not generally available, and any esti-
mates of corrosion rates must be extrapolated from measurements,

The primary difference between the ,at much higher temperatures.

water chemistry in the fuel pools and that in the reactor (other'*

than the temperature) is that the pools are exposed to the air and
are presumed to contain dissolved oxygen up to the saturation

Since all the materials used are passivated by oxide films,Point.'
the presence of oxygen in the water should not affect their cor- .

resion rates.

1. Stainless Steels
Since the stainless steels are used ,for the primary pip-

ing at substantially higher temperatures and in the presence of
oxygen in BWR's where stainless steels are deemed satisfactory for
Periods up to 40 years, corrosion in the fuel pool should be much
less than in the reactor, because of the icwer temperature.

.

2. Aluminum Allovs

The anticipated corrosion of the aluninum alloys,1100
or 6061, is negligible in water of this quality at temperatures

.

at 125*C (257*F) a corrosionup to the boiling point of water:
mils / day (5) has been measured for alley 6061~4rate of 1.5 x 10

aluminum, in water of pH 7, which correspends to a total corrosic:
Since the oxidation rate will cen-of 1.1 mils in twenty years.(

tinue to decrease slightly over this period, this estimate should "

.

be conservative. At icwer temperatures, the rate will be even

2326 136
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'x ' lower. There is little difference in the corrosion rates of these
_ two alloys at temperatures below 150'c. The anodization of the

aluminum components, which is occasionally used, should protect
them even further from corrosion.

.

3. *3ircaloy Cladding
** The rate of corrosion of aircaloy in fuel storage poc1

waters is very low. Berry (6) gives a corrosion rate in 500
-2

,

., water of 2 x 10 mils / year, and shows it to be continually de-
creasing up to times in excess of 10 or 15 years. At tha lower
temperatures that prevail in fuel storage pocis, the corrosion

IIrates should be even lower. Morgan describes the corrosion

rate of zircaloy in pool water as being sufficiently low to pro-
vide an adequate containment barrier fer at least 100 years. *

The oxygen concentration in the pool water abould not
adversely affect corrosion of zircaleys. Zirconium and its alloys

~

are protected from aqueous corrosion by a strongly passivating
oxide film. The oxygen in the water should serve to promote and

Imaintain this passivation. Further, Uhlig .8I has stated that
this passivity is maintained both in strong acids and in strong
alkalis.

. 4. Other Materials

The fuel bundle and storage rack materials may also
include type 17-4 PH stainless steel and Inconal 718. Neither of-

these alloys should undergo measurable general corrosion in fuel
storage pool waters.

.

,

5. Stress corrosien- -

(
- Stress corrosion of stainless steels and zircalays in .

fuel storage pools is highly unlikely to occur provided the water

2326 137
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chantistry is maintained within the specified Itaits. Stress cor-

- resion of sensitized stainless steals that are highly stressed has
(

been observed in oxygenated water acidified to pH 5 nitric acid at
tamparatures up to 140*F. OI This is, however, a slow process

which took 6 years to develop and occurred only in one highly,
stressed, highly sensitized area. While it is impossible to rule

out completely that stress corrosion of the stafniess steel 'or-

Inconal components will occur in ,the fuel storage pool, any such
occurrence would be highly locall' zed and rare, and not Isad to .

serious problems with the storage racks or fuel bundle components.
No sign'ificant difficulties have been observed in fuel bundles
examined from a number of reactors. Stress corrosion of 17-4 PH
is unlikely to occur if the material has received an 1100*r heat
treatment. This heat treatment is ccanonly specified for this .

material when it will be exposed to reactor coolants. Components
of 17-4 PH given this heat treatment have been in service in the
Brookhaven High Flux Beam Reactor (EFER), which contains high
purity D 0 acidified with nitric acid to a pD cf 5 and containing2
greater than 8 parts per million of oxygen, for periods in excess
of 12 years without any evidence of stress corrosion or pitting. 0)

.
8This water chemistry and temperature (145 F max.) are similar to

that prevelant in PWR fuel storage pools.
.

6. Galvanic Corrosien

Galvanic couples between stainless stsels, Inconal and.

zircaloy do not appear to give rise to any localized corrosien in
fuel pool environments, sinca all of these materials are protected
by highly passivating oxide films, and are, therefore, at similar
Potantials in pure water. Aluminum alleys, which are also protected

( by passivating fi1=s, nevertheless eu be pitted in an acid environ-
' '

ment such as that present in PWR fuel storage pools, when coupled
to stainless steel. The anodization of aluminum fuel storage racks

2326 138
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(. should minimize this occurrence. In But storage pools, the high

electrical resistiyity of tha water shonid also serve to pravant
'

( . galvanic attack.

At the oyster Creek Nuclear Powe'r Station, aluminum
racks were originally placed directly in contact with the stain-
less steel pool liner. See of these racks have been removed
and examined after approximately 7 years of service in typical
BWR pool water.(11I No observable pitting of the aluminum was

~~

found at th9 point where it contacted the stainless steel.(11) -

N At least one nuclear utility (Vemont Yankee) ha's also elected to
provide additional protaction against this potential problem by
placing stainless steel feet on the racks, which, in turn, are

electrically insulated from the aluminum with ABS plastic inserts.
These have been determined to be sufficiently far from the radia -
tien source to prevent their decomposition by high energy gn==a
fluz. W These organic inserts are, in my opinion, additional

insurance that galvanic corrosion will not occur.

.

e

e
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IV stmVEIIIANCE

l A spent UnReprocessed Fuel (SURF) program is under development
by the ERDA Division of Waste Management, Productit.in and Reprocess-
ing, to be initiated in FY 1978.(12) Under this program, the char-
acteristics and condition of spent fuel in storage will be ev,aluated
on a continuing basis. Although the details of the examination to

thebe performed in this program have not yet been worked out,
,

.

untional scope of this program, (acluding periodic examination of
a few selected fuel bundles from both PWR and BWR storage pools, .

N

will provide addiuional assurance to the NRC of the continued integ-
rity of fuels in storage throughout the count:7

.

.
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,- significant corrosion of nuclear fuel components is highly un-
\ likely to occur during storage in fuel storage pools at the reac+ar

sites in periods or upwards of 20 years, provided that the water
quality in the fuel storage pools is maintained within specifica-
tions, and that chloride levels in the pool water are kept to

- minimum levels (< 1 ppm) . Stress wrrosion of stainless steel com-
Ponents or Zircaloy cladding cannot be entirely ruled out because
of the lack of understanding of the stress states and the degree -

s
of sensitization of stainless steel. Should such a problem develop
on the Zircaloy cladding it would be readily detected by routine
monitoring of the fuel pool water for radioactivity. Should it

develop on the stainless steel or Inconal components of the fuel
bundles, it would be highly localized and unlikely to lead to sig-
nificant overall deterioration. Periodic surveillance of the
materials in storage at a number of nuclear utilities ir being
planned under the auspices of the U.S. Energy Research and Develop-
ment Administration.

'

.
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The assistance of Dr. A.B. Johnson, Jr., of Battelle Pacific
Northwest Laboratory, in providing draft copias of his review
(Reference 1) and in several useful discussions is gratefully ack-

~

acarledged. Representatives of the Northern States Power Company,
Yankee Atomic Electric Company,,Duquesne Power and Light Company,
Jersey Central Power and Light company, and the Fortland General5 ,

Electric Ccutpany were very helpful in preparing this review. This
work was performed under the auspices of the United States Nuclear

*

. Regulatory Commission

.
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TABLE I- -

MATERIALS AND WATER GENISTRIES IN LWR FUEL STORAGE 700I4.

( .
PIANT MATERIAL USE ENVIRONMZhi

.
.

*

AR31HEA8 304 33 A-276-71 or Aack 1800 pse baron as
(WR) - '

,
'

a-187-74.

308 or 308L. Electrode boric Nd
304L ASTM-A-147 Liner 120*F

b

3EAVER TALIZT 83, 17-4 PE Racks, bolts 2000 ppe boron as*

(PWR)
* boric p d,. .s A,' .

.-3 C1 ,F < 0.15 3pm *

ER3342CK _ # 304 88 Liner, racks W "F Omar 150*F)..

/ C W 83 .E308 Iloctrodes
a c a d < lanh o / a n17-4 PE - 50, - Bolts

E1025 ps 6.0 - 7.5

_ C1" < 0.2 ppm -

DRESCEN le stainless steel Liner remineralized watarT.and 3 Al-6061-T6 Racks
(BWR) As w .3 209 ouno filtars and

deep bed daninar-,'
/

y . alizers.

*FT. C1LICUN 404 83 As'6(-A-276-71 aneks 120*F
or A-167-74

308 or 30tL us1d ppa baron as

boric acid

GDDOL, R.Z. 304 SS Racks Soric acid.

(PWR) ~
-

ZACRC33Z Scrated is and 304 SS Racks Domineralized water ~ T1 (ENR)e ,- --).

NZLLSTCNE 304 SS Liner, racks Domineralized water

ff["t* f - 302NT I
g 7 F11 tar and damiser-

S
'

alisarI,
NZLLETGtt 304 85 Liner, racks Dominera112ed wats:,

#{g'- 302NT 2 ,

g + 2000 pga boren as
/

.

boric acid
s.3? /.

,

<
.,

7. s

,y e.

e.

'
:._ u 2326 144-
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TABLz I
.

(ccatianad) *

P1 ANT MATzRIAL cs,z h IRONMENT

WINE M212 304 SS Back Deniaeralized water
of ENR primary cool-

,

ant quality 125'r

i ~ YSTER CRI2% Entire rack 304 83 Dunineralised watarr C
Plata, har Maso1M solids(SWR) ASTN-A-240 .-

.

sheet
*

\ AS M-A-193 Rivets, bolts 0.5 m
A82-A-194 hts

308 SS, ASME SFA 5.9 WsId antarial |'

0 I

FALISACES 304 83 Racks 122*F - 157 F
2000 pga borop as

horic acid -

*tzst2M Same rack desip as .

(BWR) Vermont Yaakee
,__

2000 pga boren ash 2NT REACE 304 33 Racks .

1 and 2 horic acid 130'T
(FWR)

PRAIPIE 23M ND 304 SS Backs, liner Domineralized watar
1 2 Zircaloy, IN-718 PE11 bundles =

g,y < 0.15 ppn

+ 2000 pga boron as

boric acids

ps 4.5,120*F

1 QUAD c:T:Z3 Saas rack design as
1 and 2 Dresden

(3W)

TRCL7AN 304 83 Racks, line: 2000 ppm boren as

(FWR) Incocal Grid Mat'1. boric acidr

17-4 PE - 31100 Solts and
I m oula threaded 140%.

- <=== ci , F , 0.15 m
- -

.
.

~ ea..s
.

.
.
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- TABI.E I
(continued).( .

PIJLNT MATERIAL USE ENVIMNMINT

TGUCET POINT Entire rack 304 ss Desineralized water |
3 and 4 Free standing rack 6 U M p W on !

-

(MGt) ASTM-A-240 steet, plate
ASTM-A-276 Sar as horic acid
ANS-E-308-15 maid wire-

ANS-E-308-16 Wald wire ,

WJHCNT YANIZZ 356-T51 ASTX-3-26 Alum. Grid castings. PE 6 - 7.5g ,

(BWR) 6061-0 or 5052-E32 Alum. Cans (Cu, N1, Fe, M, etc.)
6061-T651 Altan. Plates
2024-T4 Alum. Solts, Pins < 0.1 ppa
All aluminian alloys, 125'Fanodized

, 4
304 SE Limer, feet Radionuclide < 10
ABS plastic insulators .

between feet s alum.
cans

-

.CZ RowE 8061-T6 Altaa. Back 130*F, same baron,
* Stainless Staal h-

chlorides < 0.5 ppm

Z2CH 304 SS Back Berated water
I" '

105'F,

.

%
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The Corrosion of 1100 Aluminum in. -

.

Oxygen-Saturated Water at 70*C-

J. E Dreier, Shiro Mori, and R. E Loess
q Argonne National Laboratory, Argonne, Illinois

ABSTRACT

In oxygen-saturated distilled water at 70*, the rate and amount of corrosionI

during short exposure are influenced by experimental conditions. One note-
worthy effect is that contamination of the watet by the reaction increases the
corrosion rate. Subsequent to the orst several days, the amount of corrosion
varies with the logarithm of the exposure time. This behavior holds for at least
180 days; it is believed to hold for as long as tests have provided reasonable
data, the longest being about 650 days. These results are interpreted in terms
of local film rupture and growth. A method of averaging the over-all corro-
sion rate on the basis of cyclical local reactions is derived.

The corrosion of aluminum in nearly pure water termined, and for the latter there is derived a rate
-

has been under study in this laboratory for a number expression which seems to at the known facts.
of years. Originally 1100 aluminum (then 2S) was
chosen for study at temperatures below 100* because bperimmel

5-
it was under consideration for use in water-cooled Water.-High quality water was provided for all
nuclear reactors. Subsequently, when the research tests by passing ' laboratory steam condensate
objective became simply the determination of cor. through ion exchange resins and then distilling. Oc-
rosion mechanisms, the same alloy was continued camional spectrographic analyses showed only a few
under s}udy. Although this alloy contains a number metallic elements present above the limit of detec-
of impurities, the major ones being iron, silicon, tion. Sodium, potassium, and magnesium contents
and copper, its behavior is reproducible, and the varied from a few ppb (grams per 10'g H:0) up
backlog of information previously obtained is help- to 50 ppb.
ful in interpreting more recent results and in test. This water was vigorously boiled in Pyrex carboys
ing hypothesized mech =ai.m._ at room temperature (by pumping with a steam

A certain amount of research has also been done ejector) for degassing, and oxygen was bubbled
with pure aluminum in water. From the point of through it for a period of time. Periodic measure-
view of kinetic studies this material does not lend it. ment showed the water to have a pH of 6.5 0.2,

'

self to relatively simple treatment because of the and speciSc resistance 1.4 = 0.2 x 108 chmycm. No
local penetrating attack which takes place at grain noticeable change in pH was caused by passage over
boundaries, and because of a sensitivity to the the specunens; there was sometimes a slight increase
amount of impurities present. In resistivity, indicating that the oxide-covered

In a previous publication (1), many of the fea- specimens had somewhat purified the water.
tures of the corrosion of 1100 aluminum in oxygen- Afethod of expo sre.-Eight (or fewer) specimens
saturated distilled water at 70* have been described. were suspended on Pyrex glass in the chamber
Of particular interest to the present investigation shown in fig.1 (thermostatted to 70* c 1*C). Fresh

( A) No gross pitting occurs, although micropits water from the carboy was added continuouslyare:
of the order of 20,s in diameter form. These do not through a regulating section of Pyrex capillary,"*
grow in size, but their number increases. Localized, and the excess water was diwharged to the drain.
self-stifling reaction is indicated. (B) After sufR-
ciently extended exposure, bits of the corrosion O Y
product slough or flake off, leaving a metallic sheen. *

I The corrosion product does not again grow thick in ""

those places, and there is no observable increase in **

i

corrosion of the specimens. It is apparent that, at
least at lone exnonsre *imes. tS.a ,-a-*= c--i h I ' ' '
. . ..m :.nc . . . c n ..: corrosio.1 pract comung - C'- ~ ~ ~

is not significantly protective. :

___--C 1 M
. g

@b _]-Also in the same publication, some aspects of theI kinetics of the reaction were given. For the first sev-
-- _- , _- _ _-- ,- -

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

by a period of diminishing corrosion rate. The shape b hf
.-

.
- ~ - ~ ~l of this part of the curve was not established. _7 _In the present publication, some of the features

- .__- $ . _ .__(y _- -] _._ -- ~
of the initial period of corrosion are explored, the ._ y .

kinetics of the reaction during long exposure is de- Fig.1. Commes tem chember
*

822

2326 148
. . . . .. = = = = . -- -. ...



Vol. H0,No.6 CORROSION OF 1100 ALUMINUM 623 -

The difference between the ternperature and pres- oxide (bayerite) indicated by x-ray diffraction to,

sure in the test chamber and those in the stor- comprise the bulk of the corrosion product. '

age carboy (2-4 psig 03) caused continuous slow There are two chemical methods available for de-,

evolution of oxygen gas during the corrosion ex- termining directly the amount of unreacted metal at-

posure. For the test of long duration, two cham- the end of an exposure. The metal can be dissolved in q'( bers were used in series, with the refreshing water a solution of iodine in methanol (2), or the oxide can /
passing through each in turn; the rate was about be dissolved from the surface (1) Both of these meth-
15 cc/ min for the first 5 days and 7 cc/ min there- ods have been considered urnathfactory for the pres-
after. ent research. The errors for the specunens used range

Material and sample preparation.-The material from about 0.1 mg (for the Alm removal method) to
source was one batch of commercially extruded 1100 something several times this magnitude for the metal
aluminum rod. Analyses showed impurities to con- dissolution method. These errors are objectionably
sist of: 0.54% Fe, 0.12% Cu, 0.07% Si, 0.017% Zn, high and would make impossible a satisfactory de-
100-200 ppm Ti,25-50 ppm Zr,5 ppm Mo. Samples termination of the kinetics of the reaction of 1100
were prepared by careful mar'hining to a size just aluminum with water after the arst few months of
slightly too large for use in the eddy current thick-

l- exposure.
ness gauge. They were then degreased and etched In addition to the inaccuracy of these two methods
(10 ce conc. HNOs,1 cc 48% HF,89 cc H O; about there is another problem. Digerent specimens char-
60*C) until approximately 50p had been removed.

acteristically corrode to a diferent extent, even
Specimens were rmsed and annealed (15 min at though the corrosion rates in an individual test are'% 360*C, slow cooled) before being weighed, meas- generally identical, as well as can be measured,
ured in the thickness gauge, and corroded. after extended exposure. Any method of determin-

Determination of amount of corrosion.-Since the ing the amount of corrosion which destroys the sam-
predommant corrosion product is an adherent oxide, ple for subsequent exposure adds a kind of statistical
specimen weight gain provides an approximate scatter in the data which has made it impossible to
measure of the amount of corrosion. However, some determine curve shapes with reasonable confidence.
of the oxide is lost to the water (dissolution, spalla- A specially developed eddy current thickness
tion, etc.), and the composition of the product gauge is insensitive to the amount of oxide costing.
changes with time as well as with exposure condi- For a few years it has been used in obtaining data
tions. These features are illustrated in Fig. 2 where, which are believed reliable and of acceptable pre-
for a single specimen, the gain in weight (G), the cision (= 25A penetration). The change in the in-
amount of metal corroded (L), determmed by the ductive properties of a eil are measured as a func-
eddy current gauge to be described, and the amount tion of the thickness of meel placed within it. De-
of aluminum lost from the specimen (f) during ex- tails of this gauge are yet to be reported, although a
posure to On-saturated water at 70*C are shown.

first model (3) and a usable but less sensitive ver-The amount of metallost was determined by chem- sion have been described (4). The calibration curve,.

.ieal analyses of the emuent solution from the test as used in the present investigation, is given in Fig.
chamber, after it had been concentrated by evapora- 3. The straight line drawn through the points for,

tion. It was necessary to correct these values for the samples which were etched in HNO -HF solution3
, amount of aluminum initially present in the water. continued linearly, beyond this figure, up throughI using the approximation that the composition of 200 mg of metal removed per sample. since all speci-

the corrosion product is Al(OH),, the value of x is 2mens had the same surface area (29.19 0.01 cm ),
this calibration curve could readily be used to de-*.* G+t 27i readily shown to be equal to . This ratio termine the amount of corrosion in mg/dm8

L-f 17 The solid points are for specimens which had been
is ouserved to accrease wnh exposure time for tne co.roued in water; most of those showmg more cer-,

* present experiment, although other types of change
have sometimes been observed. It is typically nct
equal to 3.0, the stoichiometric composition of the | j !

, ,
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rosion than 10 mg/ sample were the ones used in with the eddy current thickness gauge. Each of these
.,

determinmg the kinetics for extended exposure. In specunens was subsequently reinserted in the test '

all such cases, the weight of metal corroded was ob. for further exposure, up to a total of about 13 days,
tained after removal of the corrosion product coat- The points representing continuous exposure are -

ing following exposure. It is noted that these points connected by a solid line in Fig. 4. This line is quite b
'

( generally fall below the line. This is apparently a similar in character to data previously reported (1).
consequence of uneven corrosion of the specunens. There is apparently a logarithmic corrosion behavior
During the early part of the exposure the specimens up to something less than half a day, followed by
had less corrosion product near the ends than in the an increase in slope of the line on semilog coordi- j
eenter, suggesting that less corrosion had taken place nates. t
at the ends. As a consequence it is believed that data Note that after initial exposures through I day i

Ireported at present can be expected to apply to the all specimens corroded at much lower rates on re-
central portion of the specimens only. The phenom- exposure to the water. The dependence of the rate ,$
enon is believed related to a water contamination on further exposure is not well determined, but A
effect during the initial stages of the corrosion reac- there is a common break upward in the curves after 4

*tion (see next section). For the longest exposure a time of the order of 5 days. It is thus evident that
Ttimes, there is also another factor contributing to removmg the specimens and drying them causes a

,,

deviation of the points from the line. This will be substantial reduction in subsequent corrosion rate 7
described later. and a delay of the upward break in the semilog plot.

Data and Results Number of specimens.-There are a number of
% Short time behavior.-In ref. (1) it was indicated indications that durmg the initial stages, a product i

of the corrosion reaction contanunates the water and !that the amount of corrosion in water at 70' is pro-
'

portional to the loganthm of time through about increases the amount of corrosion occurrmg. One of
the first 7 hr of exposure. The characteristics of the the indications of this is illustrated in Fig. 5. Two

.

corrosion kinetics in this stage have been investi- tests were run identically except that one chamber
gated somewhat further. It is not considered suitable contained eight specimens and the other contained

,

to discuss here all of the experimental parameters nly one. It is characteristic that substantially more J

which influence the rate and amount of corrosion c msi n occurred per specunen in the chamber i

during early exposures. However, it is considered containing the greater area of corroding metal. j
desirable to point out a few of the important ob- A number of other such comparative expenments
servations for the purpose of adding perspect4ve in have shown that the time of onset of the upward ',
the consideration of the longer time corrosion. break in the semi-log plot and its magnitude are the

ms se e as s of h comskn reacdon toEgeet of exposure interruption.-If it is desired * * * **to make a series of measurements of the amount of
corrosion on the same sample, with further corrosion Refreshment rate.-When the number of speci-
exposure between measurements, it is important to rnens in the chamber was made the same but the .

know whether the amount of corrosion has been in- rate of addition of refreshing water was changed j
fluenced by removist from the test water and drying. from 5 to 16 ml/ min similar results were obtained.
Subsequent to the first several days of exposure, Apparently the higher flow rate diluted the con-

when reaction rates have become low, it has been taminant and reduced the magnitude of its corro-
demonstrated that there is no discernible effect of sion-inducing effect. 3
this interruption of the exposure. Further illustration of this effect is shown in Fig. *

For short exposures the situation is different. A 6. Here the gain in weight of specimens corroded in j

series of 10 specimens was placed in one chamber identical fashion for 16 hr is plotted as a function'

and corroded together. These specimens were re- of the rate of refreshment. It is indicated that for
moved one at a time for exposures up through 48 hr, these particular conditions, something above 20
dried, and the amount of metal corroded determined ml/ min refreshment rate mmimizes the effect of the ,

,
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Fig. L Effect of rete of refreshaneet es eennat of corresee

Fig. 3. Leeg terie kinetic beherwr; o, encerrected; e, corrected
,

| sh fairly wide range, and this has inAuenced the height
_

j ; 1| pi e ' A'
|

of the Anal plateau.
,

/ i' (/ j j "i Long Time Behaoior} , !;j
!

'% 8

T ' !!| t -|.i The results of one long test will be described
f ~ here. As a precaution against possible metallurgical"

,; , ,

| changes in the specimens which would inAuence thej || |' ;j/ p sJns e c!***". readings taken on the addy current thickness gauge,
'

,,

| || - . .t .
,

! j ,. - ! | Ah I ii I three specimens were maintained in a helium en-

I || | | vironment. These were kept in the same constant'
. .

| temperature bath which was used for the corrosion

|
,

| exposure, and they were removed and replaced at.
' ' .| ;,

I '''
o, the same times as the corrodmg specimens. Their
o , , , ,

ms. eses apparent thicknesses, as determined by the gauge,
j

| Fig. 7. Verisme effects of weser centendseties wm Mcorded periodically.
The changes in thickness gauge readings were

contammant, and that further increase in the re. significant, but very erratic. The general trend
freshment has no further efect. The specimens in and all total changes were in the direction op-

this series of experiments were wet-ground before posite to the change caused by corrosion, al ~
exposure, but the results are believed to be indica. though there were irregular reversals, sometimes
tive of the behavior of initially etched surfaces. The quite large. It was concluded that some metal-

i

weight gain provides only an approximation of the lurgical changes, influencing thickness gauge read-'

amount of metal corroded, but the trend is evident. ings, were occurring at corrosion temperature.

.
In Fig. 7 are shown curves which seem to 11- Aging was suspected as the primary change; its rate

| lustrate all of the three efects so far diu-ad: in- and even the rate law were not satisfactorily de-
"3 terruption, number of specimens, and refreshment termined. It was clear that the change was minor

i rate. Comparison of the top two curves inthr ates for about the first 180 days of test.
that a high refreshment rate provides a smaller For corrodmg specimens, plots of thickness gauge,

[ amount of corrosion (abetted by early interruption). readings from 8 days onward showed that corrosion
Comparison of the middle and bottom curves shows was legarithmic for 180 days exposure. Such data*

;,
that the effect of the number of specunens was for one specimen (No. VI) are shown as the open

;

| greater than that of the refreshment rate. The middle circles in Fig. 8. A good straight line is formed, with
f curve was run at conditions which have now been relatively little scatter. Subsequent to 180 days,
! taken as standard. For the earliest part of the ex- consistent deviation of the points from a straight
' posure the now rate was maintained high to min. line is observed. Only one reading, at one day, was

5ia *% **a-* M contamination: subsequently the taken for each specimen at times less than 8 days.
'

(
.

- ' - ' -
. . . . . . . . . . . . . . . . .

!
_

ing the long time expenment. olated long-time une. It is mmented that at thait tune
Reproducibility.-For longer tests it is charac- the amount of corrosion had not yet reached the .

teristically observed that different specimens in the plateau following the upward short time break in
j same test show amounts of corrosion which differ the corrosion curve.

jf
by perhaps 10% although the rates of corrosion seem At 180 days, there remained six specimens in each

- to be identical. This effect is a consequence of vari- chamber; two from each had been removed earlier #

i able behavior of specimens during early exposure. to provide data for calibrating the thickness gauge.
The slopes of the logarithmic curves generally have Data from these twelve were plotted (uncorrected),

been equal prior to the upward break: however the as in Fig. 9, and the basic constants of the logarith-
time at which the break occurs has ' varied over a mic curves were determined for all except No. XV

2326 151
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.

tra'.ed in Fig. 8, the " corrected" points formed rea-
*

*

sonably good straight lines on the semilog plots for e'

the full test duration. There was also a slight in-s
'

| crease in slope in going to corrected values, but in
i view of the uncertainties in the corrections it is not' ' considered desirable to report the corrected slopes,

| and intercepts.
* 8

s i Some years ago, before the thickness gauge had
j .h .{ been perfected, a corrosion test was run, at the same

i nominal conditions as those for the present report,. . ,
*

for a ' total exposure time of 940 days. The average
Fig. l. 3eeseseed cwremen et ese point gain in wcight of all the specimens varied linearly '

with the logarithm of time from 18 through 650
(which unexplainably showed too much scatter to days. Beyond that time, the weight gain showed
be used). The slopes and the extrapolated amounts some decrease and some erratic behavior, probably
of corrosion at one day (logarithmic " intercepts") because of the sporadic sloughing of some of the
are shown in Table L The intercept values perhaps e rrosi n pmdud. mwgh me weW gab h not' 5
reflect the fact that the exposure was interrupted considered to be a truly reliable indication of the j%
at I day and thus must be considered representative amount f corrosion, these observations tend to sup- i a
only of the particular experimental conditions em- port the opinion that long-term corrosion remains 4

g ployed. logarithmic.
.

. Specimens II through VII were in the second Discusisen -
<

chamber; their refreshing water was the ef!!uent The dependence of short time corrosion on many )3

from the first chamber. The chamber containing experimental parameters indicates the need of ex-
specimens X through XIV received refreshing water tensive investigation to understand the reactions.
directly from the storage carboy. Both the slopes and In particular, the nature of the water contamination
intercepts cf the second chamber specimens were by the corrosion reactions and how this influences

, ;

greater than those of the specimens in the first corrosion rate should be studied. Some efforts to do y
chamber (by about 17%), this are being made in this laboratory. The variation y

It was clear that the available information was of the pH of the water is being measured as a func-,

,

not sufficient to determine whether corrosion con- tion of time and position, both along the surface and
,

tinued logarithmically to the end of the test at 547 normal to it. Substantial pH changes do occur, par-i

I
days. In an effort to provide a reasonable estimate, ticularly close to the corroding surface (0.1 mm). 1

corrections were calculated from the thickness gauge It has seemed to be true that initial corrosion is
readings of the statdard samples which had been logarithmic and is followed in turn by an increase
aged in helium. It was assumed that the aging (or in rate and by a subsequent extended period of
other metallurgical change) had occurred at a con- logarithmic reaction. It has not been determined

,

'stant rate throughout the time they were kept at for how long this extended period endures. The '

70', and that the average for the three standard rate law seems clearly to hold for at least 180 days;
specimens could legitimately be applied to each subsequently, it can only be guessed that to a total
corrosion specimen. Accordingly the "least squares" observation time of 650 days no change in kinetics
slope of all of the thickness gauge changes of the occurs.

standards (as a function of time) was determined It is interesting to speculate as to the mechsruem
and used to calculate " corrections" to be added to which is responsible for the long time, reproducible,g

the basic data for the corrosion specimens. As illus. I garithmic corrosion behavior. Previous observa-
tions. as pointed out 5 the ht eduction. h.tve indi.

Table I. Ceestenes for leserit6 enc corrosies cated that at any one time mucn of the corrosion re-
lite Alumlaum. dieuDad water. 70*C. Os.eaturated SCtion occurs at a small number of localized points,,,

'

and that most of the corrosion product coating is not
slope.* ''Ma/d.'F influential in determining corrosion rate. These ob-Specimen No. ag/dma.e7tle (estrapolated) servations suggest that previous derivations (5) are

not sufficient to explain the corrosion behavior. The
f Ilowing development of a rate expression is basedI .

on the periodic logarithmic growth and breakdownIV 3.28 33.47-

7.t n m of protective oxide.(
gy g g surrace corroaton fouows logaritamic curves of tr.e ~

type Indicated m Fig. 9. Subsequent to each time
X 2.82 30.20 that breakdown of the protative film occurs the
XI 2.83 30.37 initial rate of reaction is ;ess than at the preceding

( XII 2.91 30.15 break. The total amount of corrosion occurrmg in
2.'7 each cycle is the same; consequently the duration

Average 2.78 30.20 of succeeding cycles is longer.
It is also assumed that at any time the various

e neterman.d crea uncorrect.d d.t points on the corroding specimen are behaving as

2326 152
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It has not been possible to demonstrate that this.

derivation correctly explains the logarithmic de- '.'

5?
, p" pandanae of the amount of corrosion on time. It does

, . _ emmen to At the known observations. It is an attrac-, _

tive hypothesis in that the amount of corrosion for ,

*
*

each cycle at any particular point on the specimen
' I surface is constant. This suggests that the cause of

I # the break is some direct efect of the total amount
,

r* of corrosion which occurred during this cycle. At
this time the part of the corrosion process which is

Fes.18. Hypeetee6 eel rate curve ier see ttne preferred to explain this is the liberation of gaseousi

hydrogen beneath the protective oxide film. It is
|

; though at random points along a characteristic assumed that a axed percentage of the corrosion
logarithmic growth curve. Thus, corrosion rates of product hydrogen is produced beneath the oxide
pomts on the specimen are equal to alopes of various alm (6); that when the gas at any point reaches the'

portions of the following general equation from 0 t amount required to generate pressure sufficient to
t ' (illustrated in Fig.10) rupture the oxide, the Alm is broken and the next

,

cycle of the logarithmic growth is ready to begin.
L' = a + b In (t* + f) [1] This analysis suggests that a given area is alter-

nately cathodic and anodic (in accordance with
The valust of f determines the initial slope. t ' is the
end of the curve segment, and s is the (constant) surface appearance), and that the cathodic activityg

is Jargely responsible for activation and the changeamount of corrosion occurring in the cycle. to active anodic corrosion.
The average corrosion rate will be the average There is nothing in the present research which

.

miope of this line from 0 to t.*. The value of this is oRers an explanation for the apparent fact that lo-
cal zide growth is logarithmic. Evans (5) has de-dL' s

[2] rived such a rate expression in which it is assumed--

dt* t.' that there is healing or alling of internal cracks
Now, realizing that a is equal to L ' - L.', an ex- and voids in the (protective part of the) oxide alm.

i

pression for it can readily be obtained from Eq. [1]. On the basis of a number of observations, this ex-
Rearranging, by solving for t.', gives Eq. [3] planation seems tenable, although the actual pore-

filling mechanisms seem '"tely to be different from
.te' = f (ed- 1) [3] the simple one used by Evans.

substituting this into Eq. [2] gives Eq. [4], which It is believed that the present method of deriving
!s the average (over the surface) rate of corrosion an over-all rate expression for nonuniform corro-
for the specimen at any one time, sion is potentially applicable to many corrosion

systems. A limitation to the value at the present
dL' s time is that it appears to be quite difficult to de-*

,

g ;- = j g ,, _ g [4] termine experimentally the constants basic to the
mechanism.

In order to decrease (with respect to time) the
corrosion rate immediately following the various The work on this paper was performed under the
breaks in the local corrosion curve, it is now as- auspices of the U. S. Atomic Energy Commission.

Any discussion of this paper will ap ar in a Dis-sumed that f = ct. Substituting this into Eq. [4] and cussion Section to be published in the Eecember 1963'* dropping the ', since we are dealing with actual JovmMA1
corrosion rather than a hypothetical curve for some REFERENCES
Mt y .-. . .. . w . a .4. .m .

~
,

[5] is obtained. anc of Alu ickel' ys. ' in'gs of.

AEC-Euratom Conference on Aqueous CorrosiondL 8
'

7 " et (e*'* - 1) E of Reactor Materials. Brussels, Oct. 14-17, 1959:
TID-7587 (U.S. Atomic Energy Commission), pp.
165-187.

Integrating, and usirfg the bcundary condition that 2. M. J. Pryor and D. S. Keir, This Journal. 102, 370
L = a when t + ct = 1, the expression given in Eq. (1955).
[6] is obtained' 3. W. B. Doe, " Eddy Current Type Diamet r Gauge,

for Corrosion Measurements," ANL-5001 (Feb.1
, 1953) Argonne National Lab.

( L=a+ In [t(e + 1)] [6] 4. W. E. Ruther, Corrosion.14,3871 (1958).t

' ,(,m _ g ) 5. U. R. Evans. "The Corrosion and Oxidation of .

Metals." pp. 829 30, 834-35, 837, Edward Arnold.
This is observed to be a simple logarithmic equa-
tion of the form L = K + K In t. 6. J. E. i) Icy an . E. Ruther. This Journal,104,

i

329 (195'l). 2s
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The Corrosion of 1100 Aluminum in Water from 50 to95 C
J. E. Draley, Shiro Mori, and R. E. Loess

Metallurgy Division, Argonne NationalLaboratory, Argonne,I!!inois

After an initial period of a few days duration, the Materials and general methods were the same as
amount of corrosion of 1100 aluminum in water below described previously (2). Water resistivity remained
the boiling point varies with the logarithm of time well above 1 megohm-cm; it was saturated with cyl-
(1-3). Reproducibility in measured rate constants has inder oxygen or helium to provide a choice of two
not been good. This is felt to be due largely to varia- levels of dissolved oxygen, and passed at a low rate
tion in test parameters such as the water refresament (18 cc/ min for Srst 4 days, then 8 cc/ min) through
rate and Sow pattern, and the number and position of the test chamber containing 4 specimens. For those

"the specimens in the chamber. Sensitivity to these instances where the saturating gas was helium, the
things has appeared to be maximum during the initial oxygen content was monitored with a thallium column
exposure period [ct ref. (2)). (small modlact. tion of IndustrialInstruments Analyzer

For purposes of considering reaction mechanisms it type OA-1). For the 50* and 70* tests, the water en-
is desirable to know the dependence of corrosion be. tering the cell averaged 0.41 mg Os/1 (range: 0.31-
havior on temperature and dissolved oxygen concen- 0.50); entering the 95* cell dissolved oxygen averaged
tration. Because of the variability of past results, it 0.60 mg/1 (range 0.43-1.00). Perhaps 3/4 of this

% has not been possible to determine reliably the inSu- amount would be expected to be lost to the gas phase
ence of these parameters. The present experiments when the solution was heated to 95*.
were therefore run with identical Sow rates and speci- Speefmens were from the same extruded rod as had
men disposition in order to provide comparable data. been used previously. They were machined, annealed,

*

|

30
'

* = .,. . .

I
-

,=.
' . , ,I I /. *. ''
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(
\\ . , .
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-
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Fie.1. Carrones of a sisele specimeee le He.esturoeed Hs0 et Fig. 2. Corressee of a sioele specumee in He-seturated H O et2

70'C. 95'C.
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354
J. Klectrochem. soc : ELECI'.ROCHEMICAL SCIENCE AprH 1967 .. ,

Ts6is I. Lagerwksic sie,es and laseresses for servense of oxygen content resulted in lower intercepta and higher 4* ,
.

lige sessnesse is weser slopes. This is logical in view of: (a) known ability ,

of oxygen to ammiah the local pH increase observed
"" ""'*"**'' at the specimen surface during the initial stages of,

corrosion (1,5), (b) the direet dependence of intercept-

,g, 3(T ,saw,. ,,, - on solution pH (1). From these factors, the absence 'N%, .e ,

of oxygen can allow the development of a higher pH Jand a thicker oxide (boehmite) Alm during initsalse j$ Es !$ EU stages; later, when the alkalinity has dispersed, thesaa as se a.ts saas thicker film might lead to lower corrosion rate.m am m se n
At 50' the presence of oxygen again generally ledA's gg gg gg j,j$ to lower intercepts and higher rate constants. Within,e

s.te st.ss a.st sess each test there was correlation opposite to that at 95':
$$ !!E $2.s EM higher rate constants accornpanied higher intercepts.:

Avs 3 ao st.ss s..e ss.es At 50' (but not at 95') a relatively heavy layer ofse e as v.to s.ts 11 2s porous bayerite (A1(OH)s] forms during the initial!$ !E as I!$ exposure period. It is suggested that, when this layere.oo ess s.ts son is heavier, conditions are less favorable beneath theAvs m m m an.tt bayerite at what is believed to be the rate-controlling
film of boehmite (AIOOH).

and etched under the same conditions as before. An Arrhenius plot of rata constants does not lead to,,,

They were removed periodically from the test, start- a particularly good straight line. The approximateing after 4 days' exposure, weighed to m 10 og (29
cm2 areal after air drying (in the constant tempet- slope corresponds to the low activation energy of 4

kcal/g-stom. On the basis of the best kinetic modelature and humidity balance room), and the change in we have to date been able to develop, the corrosiong the average metal radius determined to a e 50A with rate is determined by the properties and thickness ofthe eddy current gauge developed for the purpose (4).
Gauge corrections for metallurgical change in the a cracked layer of boehmite formed by degradation

of the (always thin) primary product, perhaps alsospecimens at corrosion temperature were required only boehmite. Variation of the protectiveness (related toat 95*. Total test duration was typically 45 days. porosity) of such a layer with temperature is un-Corrosion was approximately logarithmic in all six
tests, for the 4-45 day interval Data for two typical known;if the porosity decreased with increasing tem-
specimens in helium-saturated water are shown in perature, an unusually low temperature coefficient
Fig.1 (70') and Fig. 2 (95'). Slopes and logarithmic for the corrosion rate constant would be expected.
intercepts (extrapulated values at I day) of the metal Manuscript received April 11, 1966; revised manu-
corroded curves are given, for all sim.io.s., in Ta. script received Dec. 21 1966. This work was

under the auspices of the United States Atoma. doneble I c En-
There is a consistent increase in rate constant (slope) ergy mm salon.

with increasing temperature, and with increased ox-9 Any discussion of this paper will appear in a Dis-ygen concentration. Intercepts are much lower at 95* cussion Sect 2on to be pubu'shed in the uecember 1967than at 50* or 70'. Joviusas
i

The specimen weight gains increased with time
slightly more rapidly than did the metal losses at REFERENCES
50* and 70*, as illustrated in Fig.1. At 95', however, 1. J. E. Draley, Aq. Corr.1100 Aluminum and of Al-Ni
it can be calculated from Fig. 2 that (old) corrosion Alloys Proc. AEC-Euratom Conf., Aq. Corr, Re-
product was being lost to the water more rapidly than actor ifaterials. Brussels Oct. 14-16,1959: TID-
new product was being formed during the interval 4 ^ .b*

to 47 days. 2. J. E.
Journal,if9,622 (1963).o i, and R. E. IAess, This

ra
There is evidence in Table I that precautions were

not sufficient to provide rate constants and latercepts 3. M. Kawasaki, S. Nomura, H. Itami, Y. Kondo, T.
which can be compared to obtain accurately the ef- Kondo, N. Ito, and C. Akutsu; Work on Corrosion

of Aluminum in Water at Japan Atomic Energy
fects of temperature and oxygen content. It is possible, Research Institute: Proc. Conf. Corr. Reactor Ma-however, to make qualitative comparisons. At 95 terials. Salzburg, June 4-8, 1962, Vol. I, pp. 427--

%
there was an inverse relationship between intercept 4 (1nt. A En gy A n )

4, g, 4and rate constant. In fact, a continuous trend was
19 269t (1963observed in these values for specimens from the two 5. S. Alori, R. E. I$) ess, and J. E. Draley, ibid.,19,165ttests (oxygenated and lowoxygen). Generally, higher (1963). ^*

~,
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INTRODUCTION-

(' .

Boral l's a carnet of Boron Carbide "B C" in aluminum clad in4,
*

alumintse. It is manufactured in rolled sheets using techniques
similar to those used in the production of uranium aluminum fuel ele-

,
,

ments. The core of the standard Boral contains 35% boron carbide by
,

weight. Cladding material is typical 1100 aluminum. Where it is ex-
posed to water in service, the edge's of the Boral are recommended by

4 the manufacturer to be clad with aluminum by welding. -

In Spent Fuel Pool (STP) racks, the Boral is usually not a
structural member but is inserted in cavities between the spent fuel
storage positions in the racks. In these locations it is sealed by
velding to prevent access of water. Inherently, however, the cor-
rosion of the Boral, both the boren carbide-aluminum carnet and the
aluminum cladding, should be minimal in a spent fuel storage pool.
The cavities into which the Boral is sealed are typically fabricated
of aluminus alloys, i.e. type 6061, or stainless steel. In either

~

case, these are tht structural members of the SFP racks.

In an SFP, water chemistry tends to be strictly controlled be-
cause the S7P water mixes with the reactor coolant during refueling

'
procedures. In STP's at BWR sites, water chemistry is typical of that
of a BWR i.e. high resistivity neutral water. In SFP's at PWR sites

; water chemistry typically contains 2 to 3,000 parts per million pga
boron as boric acid, which is there primarily to prevent dilution of,

'

the reactor primary coolant during refueling and is not relied on for
criticality considerations. The water chemistries and anticipated,,

(
. .
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\corrosion of SFP materials were reviewed in an earlier report. BNL-

C (' NUREG 23021 July,1977.

CORROSIDE OF BORAL-

.

(

Corrosion problems have developed in SFP's where water has
inadvertently leaked into the cavities containing the Boral. In a BWR
Pool, swelling of the racke has been observed when water leaked into

e

the cavities through a flaw in the seal weld at the bottom of the cav- .

~

ity. j

N The swelling observed arises from the rapid initial corrosion of -

Al by water. Draley and Ruther (ANL-5001, Feb.1,1953) have shcun
that aqueous corrosion of 1100 Al can be described in terms of a
steady state slope and an intercept, as sketched in Fig.1. This
intercept was measured by them to be 21 + 5 as/da2 " metal corroded"
over a range of temperatures (100 - 175'C) and pH (5 - 8.5). This
" intercept" corrosion occurs within the first 5 days of Lamersion in
water by a resetion of the type

1A1 + (3+x)R 0 A1 0 .x H O + 3H - *

23 2 22

Thus 21 mg Al can produce 21 X 3, or slightly more than
2712.

1 millimole H2 Per da2 of surface. The Brooks & Perkins Report
#577 says there are 3.4 x 102 da2 Boral per tube in SPF racks such
as those at Monticello or Brown's Ferry, so one could produce ap-
proximately 3.4 I 102 x 22.4 = approximately 7500cc H / tube, at'

2
'

STP. This is more than enough to produce the necessary 6 psi to bulge
the cladding in a void volume of 130cc..

*
.

There is no reason to believe, however, that any 3 C will be4

lost from the Boral by corrosion in the SFP water. In the Brookhaven ,
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Medical Issearch Reactor, Boral has been exposed to the reactor coola
\- ant since January, 1959. Figure 2 shows a schematic of this reactor.

, The 1/4 inch Boral sheets are in the form of 2 half-cylinders. The
,

/

upper edge of these sheets is unclad. The, vertical edges appear by
examination in situ with a periscope to be clad. In July of this.

.,

year, samples were removed in the form of small punchings, three from
each of the half-cylinders as shown on the attached sketch, figure 3.. .

Each of these six specimens was cut in half, and one-half mounted for
,

.

metallography. The resultant microstructures are shown in figures
4-9. Clearly there appears to be no systematic loss of the baron car-

N bide. The other half of each of these specimens was analyzed by neu-
tron attenuation at the University of Michigan under contract with
Brooks and Perkins, the primary supplier. The neutron attenuation re--
suits are shown in figure 10. All the results are within 20%, which

with the small size of the specimens is probably within analytical er-
One specimen #5, was analyzed wet chemically by Brooks andror.

Perkins to contain 41.3% B C in the core, which is in the upper4

range of baron concentrations for material produced in the 1950's.
It, therefore, seems reasonable to conclude .that no boron was lost
from the core of this' Boral by exposure to the BMRR coolant over the
19 1/2 year period. In th's locatic. of the BMRR where it is used,*

there is little measureable neurton flux. Water chemistry in this re-
actor is outlined in Table 1.

'

PITTING OF AI.UMINUM IN CONTACT WITH STAIHLESS STEEL

i When aluminum is contacted with stainless steel in impure water, s
potential exists for a galvanic attack of aluminise at the point of-

contact. In a SFP enviroasent, this attack is especially likely in a
.

PWR pool containing boric acid at a pH around 4.5. Further, aluminum-

( '
.
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. borates can be produced which appear as a white fluffy dispersion in
('

the water at a pH greater than about 4.5. Maintaining the pH helow

_ 4.2 causes the white fluffy satorial to disappear. Corrosion currents
at a staialess steel to aluminum galvanic couple in boric acid were'

,

measured to average 2 mils per year although the presence of oxygen or , ,

hydrogen peroxide increased this value substantially.
.

.

A number of references exist showing that pitting corrosion can
..

occur in slightly acid watere at aluminum to stainless steel.

junctions. English and Griess (ORNLdTM-1030,1966) report pitting
depths up to 45 mils in 12,500 hours (11/2 yearc) in pH 5 nitric acid

-

N

solutions at 100*C. Lennox et al. (Materials Performance, Vol.13,

#2, page 31,1974) measured pitting where type 5086 alaninum is
coupled to type 304 stainless steel of the order of 30 mils in a year
and one-half in Catun Lake, Panama, and up to 40 mils in two years in
the Potomac River at Washington. The general corrosion of this alloy
was negligible in both environments.

.

In the HF3R STP, water chemistry is similar to that in a BWR STP
except that conductivity may be slightly higher, and the pH slightly
lover. Typical data are given in Table 2. Specimens of aluminum and*

stainless steel in contact with one another have been exposed in the
RF3R pool for a period of six months at which time they were examined
and then reinserted for continued testing. There appears to be a
general discoloration of the aluminum where it contacted the stainless'

steel and a maall enount of pitting around the edges as shown in

i
figure 11. It is highly unlikely, however, that pitting of this mas-
nitude would result in significant loss of the baron should the Boral
containing cavities be flooded over an extended period of time.

( ,

,

~
'
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Venting the upper end of the Boral chambers would probably al--.

() leviate any concerns over swelling due to hydrogen generation. It
might produce pitting corrosion and some of the white aluminum borate

(~ deposits. I would recominand that a surveillance program including
,' aluminum to stainless steel couples be installed in STP's in which the

Boral cavities are vented. Any swelling due to hydrogen production*

should occue within a week or so of the time the water enters the an-
'.

nulus containing the Boral. However, should a leak develop in one of
the seal velds at some future date after the racks are installed, the-

swelling could occur at that time. .'For this reason, venting or the -

capability for future venting, is probably desirable. In general, Ig

think the localized pitting corrosion that might result from venting
the Boral cavities in SFP racks would be less of a safety concern than
the swelling that might ocetr should they not be vented. In all SFP's
the rack design should prevent contact between Al a;> the zircaloy
fuel cladding, as this galvanic couple (especially in boric acid
pools) can lead to hydriding of the siccaloy during storage, as de-

'

scribed by A. B. Johnson in BNWL 2256, September,1977.

*

CONCLUSIONS AND RICOMMENDATIONS
.

.

1. The swelling that has occurred in the Monticello SFP racks and
might be anticipated to occur in other similar SFP racks results from
initial corrosion of aluminum and not from corrosion of the boron
carbide carnet.s

2. Venting of these cavities in a BWR pool should not produce
significant loss of the boron and should, therefore, be accepted by
NRC provided the venting occurs at the upper edge so that any hydrogen
pressure from corrosion of the aluminum cladding vill not build up to

,

cause swelling of' the racks.

<
.
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( 1' 3. Venting of the Boral cavities in a PWR rack might produce more
pitting. corrosion of the Boral. Again, hovaver, it should not lead to

_

'
'

major loss of the boron carbide.
.

~

4. Anodizing the Boral in these cavities would tend to reduce the
hydrogen production in the cavities should STP water leak in to them.
Anodizing would probably not, however, prevent pitting of the

_

aluminum. .

..

5. In any fuel pool in which the Boral cavities are flooded
-

'

intentionally or inadvertently, surveillance specimens should be pres-
eat to determine on a periodic basis, i.e. once every few years, what
is happening to the Boral in these cavities.

6. In any STP, galvanic coupling between Al in the racks and the
- zircaloy fuel cladding should be avoided, to prevent hydriding of the

cladding dur.ing long term storage.
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TABLE I *

.

BNRR NUER CHEMISTRY

'

.,

H

Temperature Inlet Outlet T.S.

Reactor ON 100 F 115 F 136 F*

s
Peactor OFF 75-80 75-80 -

(Rstactor CN less than 10% of time)
,

Conductivity Normal Regenerate Alarm T.S.

Domineralize

(umho/cm 025*C) <2 2 5 10

Alanned only once in 20 years, during S leak. T.S. never exceeded. ,

,

.

S

:
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TME$ ZZ
s

HFBR SFP CIDMISTRY

Rasistivity Tamp. *C ppb C1" pH
*

mas-ohn-cm

.24 = .6 30-35 4-20 5.9-7.0

(low pH coincidas with low resistivity)

.

.
,

s
4

2326 168
: *

I :

.

8

--

.
-m, w



:
--. . .

,

.

. .

-
.

- w
$ e

.

-
.

m-

a -
.

N
m,

'

us ;
.

-

~u.

w a. .

i
~

a- -30
. .asw 4 .

- g
E

.

'u)
R - 20 . j'

ao w -
.

E z
. J

~

d - 10 e
' '

.y . ,
. -

.- ; . g
-

.

- z0 = .az$ . .
o I

-

i 1. -- ~ TIME, DAYS - ti
j s'

.

o .| : 2' 3 4 5 3 7. -
i

,

ua-
.

gg. -

<U ' 5. k
-

g i
- . -

,

'

- 10 -
.

8- -
-

1 2O INTERCEPT $5
.' '

,

o ,

do 20 - >~ 1 ~
.

. S$ SLOPE p',
.

,

'ao -30no -

.

.
- -

.. .

. .
.

.

. .

.

|

.: -

'

-g3,c
-

.e e.- -
.

, .., , .



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

.

.

. . . . . -
1 -

.

.

I M .9RRW32 atria. % | ==W,ft see .gus
"' s* w r

.
'

%
I

~

.e.1w
% . .

.

- m' h.X K,M $. . .'== - - -

---
g., gig gag. en.sn am

. * **' .

.: u i v w-' . . . -1 : ., ;.- romst e a,eN ---

:
N

^,. - ,, am.

_ . _ _ "_
8-

.

,
,

....

.... . .
.

.. .. .
- u. .

- -

.
- -. ... . ...

...

..
. _

.J~ SoRALi '. : - . -- "

.... . ......,.
- :,, .; .

- -:. .. . . ;to , -.
,ptg /,a,r,.,,.,.,.,._.== = unt su==r :$ ... . . .

.. .,, ' ..** [ggag .N
,

...
;. ; y w~y: .- .-.

. .
,,

. .. . ... ... : *. . ; .g a ..
~ n . u. ..,

,
. .;|.i e, . ; - g - .s .

,

.I c. . .. .. . ,, , . .. . . . . .. . . .
. . .. | . . .

".. , :- :y . . : HP... .. ,., .... . -
- ... , ..

. . . . .. .. .- : : nams.m

:4
.. .

.s.:. . . . . . .... ..
, ,

., . .. .. ... ,gu. . y; * . . .n ... .. 3 . . ..

. . .... in ,i .

(auaL --- _- e.ps ** *- **M*- * .fu * * . * .
|

. '" 3. * *.4f.M* .!]::7. \..h.1,...j,:,;,*.
. ..

. . ' , ' * ,'N 4 f'i f|: --
.

* * *

i1
...

. .....4 .. . . . ..

:... , . . . ... . ::. w ...
'...g , ~ , ~ ~ . . ~ . J ,. ,c,

,

. ,

..~ s - ,,,u, . . . . . . -

g-g , M ~ 'c 'E/ /.'(,,,, , N :.; *. *l *-"a 5ms== =~ ] -
* A**I , ,

~ , ' " ' ' * "*,| f de. 8, /',J,'/ &
. ", ', ', ', V,, ', L

- /A.' *

. 6 ;. %- 4 .s >
w .

* GWuBIETH.
., ,,1 r -

i *..J-
* . ..

V. .,s,r',uW',M -

.

-'(Detnasturg pas, aw,

_- - E
-

. :su wrism . - . _ ..,,m.. .

.t, ,,,,,<

, , -

.......1:,u , x. 1 . . . .<, - , , , , , , . , .....g r... -.- i i i ,.
~

., ,,,i,.>>
. , . , . , , , , , , , , , <

- -

s ,.,.,a,,, .... . . . . . . . . , . ~ . ,,..
r j.. .. . .:,.-

r 7,, , , 1. i-,. n. . , , . ~
. . y$ n '

- 1 ( **'*
. , . *. ,.,y . f oam i. .,1{.g.:: g ,

M., , ..'.,, j:.; g.....; g r
m ... . . .

,KT "." ~ . ' . + k **

3. . . .
.- ,.. ...
**:* -;- ' , . , , . . , .,

, . ., , .J
' '*' - .-

.

, ,, ::,, ,

. .. . ..: .. f

. . . : .co.u
.j.w ,e . . . ; 4. . . .

. . . . .

, .?.
: .. .g....

:4
. , . . . . . .

i. . . . . . . . , ,4....
.. .

s t . .. .
. . . '

.

~ . . . -c ... r.i
-

; . ...a . .
. .... . ..... .. . . . . . ,.. .- . . .

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

. . . . . . . . . . . .. ..- .. - . . . . . . .. . . ... ,

... . .
,

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

.

- .uvent
. . ...

... . .-y, ,
.

. ..

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

.

.. ........:.
.. .

... ... ..:.. . . . . . - . . .~ . . . . ... . .

:::..... . . - . ... : . :- .wr e.a. r. . . . . .. . . . .
-

m. x .. :: . . ~ . . . .:.a;ur. ,,e.,.e . .

. . . . . .
....

. . . . ~ . . . . . . .
.., .. . . . .. . . . . .. .. ... . . . . . . .. . . .

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

..u... . . . ge ..

g
. .

. . . . . .

1
~

. .
.

.
.

.

.
. . -

. -

/- . = . ur .
**=ana.. . .

*
.

. . .

WW' 8 *
y

. - . . ,.
. .
. . .

.-wure
-

. .

cru.EA
f.
1

.

w2 - -
. .

. . .
,,

.
.

.. .
,

,
. .

.
.. -

,. . . . . m . .... . .. .,.

.

B:us s.e
re u- - .

. .m.
|.
.

' pie. 2' BMRR Raactor haseinbiy.' ~ Hiiid ' drawn ~ h~ -
- N

""''~

arrows indicata exposed Boral Sheets.
From BNL-600.

2326 17f)
,

- -

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



... . _ . . . . .

.
.

.
.

. .
.

.
,

. .. .

.

.

I .

..
. .

( -
.

.- ---
.

. ....
.. . .

- .
* '

i. g.-\ _ _

- -
..

.

gg' \"~
. :

'

4
*4 #3 - -

--
'.

. /2:
'

.' .
. ...

,

.
.

.

.

..
- -

.

. . .
.. .

.

. '

o #5 .#3 o -

.

.
-

. . .

' ',

#4 o .
'. o #6- -

'

..

, ,
"

.

h| .
I''|" d - -

e---- -- o-*

.

.

.
.

..

s
-

. .

'

,

.

.

.

- .

4'- ~
.

.

. .

.
.

. . .
-.

&

. .

s.
-

-
.

.~

~ .
.

.

. y-

.
. . . . __

. . .
-

.
- ... ,

..
-

.
.,. .

,

.
. . .

.
.

.

.

( *w -
. ..

SOUTH
~

NORTH
_t

f__
-

el .
m

r NQ -|
*

.

FIG. 3 Schematic of 1/4' Boral Sheets in BMRR,
Indicating Incation of NaeMngs }}}h }/}

11 .

. .
*

yo
-# '' * - * - * wee r *w.- ,,

. _
_

, . . m w g. p. s ee. .+w4<+wa+ w -e- emeeww m, .m -. e e .-.r, , gg.



' ^ * ' - - , - _ . . . . . . . . _ _ , ,

.

*
,

.
*

|. . ..

.
.

e

<*

.

*
.a

f j .

# -

; g.~

A. '

-

'x.

.

4 .

'i

*

'
w%.

,

' ~ \
n

- % ~ .

.i
%^

-

% w

8

4

,
. c.

j

. no. ad - . ...h...

,

i
-

* _ ,_
_ g%' ":y

~ *

.*. . ... 4.- 7.;%26**!h%. +- 2 ='*. ,6 e y e g.
_ -A aw_ -m S-

@
. , -

@-mt --* - .__. w pnw- - :_.
3g

Sp-

meg
- , ,

n.
. '

,,
. - . . - . Q' c m

&'

fpss . 3C

&W'33 - ' ~ ~''h
y >s q w &a.

-_
-- 3,- Q; _ . .,- tU

, m- ..~

N ]> [ ' b - . rq :_._.x( - e.nyn ;, = -

LN N ^* O N '

s

6-------r-.-------.....---' --

FIG. 4 .

~ 2326 172.
.

.

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



,e. W.e at G .-- A e mmi*- al. On,e .eeN .e - e **m.- . em

.

G
9

S S

t

I
k,_ i

.

f* . anr
,4s.e av ;.%D,<'4, 47 4.tLW o 9 ,,,, e$h.&f; ;g% ?*''M99%

- f . ;-- %.- y~

t" #-t ." -,- _ -emimm-*

? I ! W f &. - A
.. u} & , 9 i, ;v. Q;.y ,,%, ' k,s:w . n ; M&pgr g. . m..g. g-

ww_ . - -- m. . . . :R . r . .
%,, . ,. .

.... . . . .., t a ,....
~- ,,- :.n~.-

. . ~ yw. -,

-

bb*wd k.eMWp,WMkh %k,.oeg k
. .

2%. . $ ,.,gfag.ew' .,e . . 1.%. . ..#*.
- vg .N,n.r--W ;.-MT - WW .,..s..

m m 4
...gj. . '.,w

y -

.

:
,

w
AWM4Q &0$' .$;4.m w O'Q . :. . . -
M

- %,,4,s.gt ip,-f 4pe .4g ,
.

* ~*- ,,
. 3

--Wh. -- ... at. p; ... ..%s . .- g, . 9 . m.s .;,+ p.9 g,.s.y,,s

. . . * wxm m.;, .- ... .,

'
- <

"d>MiVWR?s%@&# -
-

nt*NYDM M $Nnm&nAEN
*

-

.2 g- t** *. ' r & . ' " * *; &~

- W h [;- @ A% h2~4., [[ $
-

.s.- .-,,.-.y
"

% .

3
. k

%?i2&tStWMs%
b

B a
S_~.: _s.R Ria-%fE & M

-

.-s%.-L x - g-~+ eu s

% h NI b. Y '.Y~
w> Y g- k h k '' .

-
.

.

h. 5
ne- w ~>.y- &w.mmtw -g. ~ a +

...
.

. ., .,

- . .?
(

. . .

*. y ..
,

.. ,.

,g -"e .

....b . . . - .
._

_ .,.. -

*
. .. s .. ** - . .-

- 8 ,

FIG. 5
2326 173-

-

.

13
-

+< v e
m..e me eawwe+.g.. a. -.--W--m e,=e m. go .e ep.w+- we,=.+ g ie eq . .+m.--a.w-s -.i.pm. . , ,

. , ,



.. .. - - ~.

.

, , . ,

:f .. -

. .-*
/ s _-.

_

*
i ~'

. Q .;
-

'-- t
!

.' d
- X-

. . 1
,

-

.

-c
.

s . -

,

r'
.

'

.

(
,

_

. ~ . . .
. . .

,
,

.

N'.UU) -dk( - k2*"
. .

b~ ,_ R. ':m" - g
~Y: ,---.-

v. , , _ _

h YD_:; d-
,

dsw&* __ 7 = = = = " % f ; - - Cf)
, , .

.- _
_ ,

. .

'

aj
*

-

..;
~, ;a p-

.'
-- _ _

_ -

. ~Q -?

.-.,m- ___

- --
4 . . .

_:
- -

. 3;
- YY *T

.

- r _
, w. w-~- ~~ 7;_r w .. ,. . ._

_

' W - ..
,

- ' ... % g-~;;~jf,_ ,,_ ' DM ~ .+ aW4
" 9^FRPnfaQy, l K' ~# ^2"'

- --- ,=#

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

FIG. 6

2326 174
'

-

14
,

-- -

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



. . ..

.

. .

.
.

.

%

v. . ,

.

, .

.

ac . m. ,. .; . , :.v.m.. , .
.

9 <y.=.ac jw,+.mw gj w %:a.. .,

%< ..m.
.

o.w%' s:vyz- 2. . .r:* + Av . m&3u c: f2%,% v.g:n"%- -

:.e, w .+. .

,

h P
'

' vy%gw; m,Ye g y rs ; w x r b[
'

--
; ..-

+yn ><
sw . . %-kggsy?

+ . . .

.,t g rg .; r.. . ,%. . .,m, . a..e%s
.. 4m ..

. e e r ; w s g .W F 3. ,,K g .fWM
.

%gg& m%? $ k: % W '..,

use4%1 '

[W;.h.@W@M+YMki&&
N

4TMhJ ,

Jgir'a m -w % -; M SF.v:e,
VM.Mh%4 ** $ '

w-

%o
U M * M M @ NE 5 ,

7My. . w m.ws+= m A.
..

. s a
%*y-*-..

#'

.
.. .. ~. .. . ..

.. ,. .

. . . . _ .

g . @y_y' .
t:M.,*

-

19*'_ .
. .,.

- -.

.,

W.". . - - u:.~ s. - w ..g
-

. .

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

J^..fsm.y ? - - =
.- m . .

-

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

. *. . . ..
.

. -. use -we : o . u...

. . . -
-

. .. ..
. . .

-^ .a.-*
- .-

,
, . .- -

.1
.. .- _

_
.. .

m~ - 'r:
.

m __
;y.;, .

s
. . . . . . . . . . . . . . . . . .. _ ... _. . . . . . .

2326 175-

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

TIG. 1 .

15 -

. -. .. . .. -- .. -

.. - - - -



. . - . .

.
.

. .

. . . .
. .

.
.

$

.

./' I

(

o
?%gM.Qy&mq%Qffy,fM'

'

'* Q-

-

,

:ws% u&-
..

- ,4~- cay u -.+-ww%m.,.54.. a
.y R ..m y, g

M : i= 7 W " * f=e n? M, % 5-Z Y. 4' . ' "' ' g
,

.-h Q e 4r
''

-

.

O%~. .*, ,3. % n ..-

.. .p- .n. . 9. . , ,, ~ 1%-
--

.
.

-
. . ..

f*'*&5A. ?'.r>. 2:q.p=k-5yC .:s - -

- Q*.: e vnt r .yig-| y E..r.i g : ,. M- %w-

-
.

~'

%py* m?gs,.qV p...
'

. hb 1.* ' 7!. k[,ss. -
- % -. .. . .

*
.

: 5 2
v .$4g.c;.aL % 'p M-QR %.-Q_?- @;x . .* -

ys- .-

kh $
p% i W C 5 -?? 3 I N TstvstMexWFA ;4

1.-

9'
wm.-w n- ,m ,m.m

- % -N'
.

a:n y h .= %.n-,%em-
- r my?-www -

-

y - - - v&'%Wsn' ---L- awee*S
w. ... . .-

_ _ _ _

A: . .r, --. :. :-

.

| .
- s .r.

, ' . -- ~ .*isg.. ~ ... .gs--.- - ~.

,- --
. , __

...

- ca . .<
r

. ~ w_%-
.

ym..
- .

n ,

e
, - ,w we=-

iiii!$5Mihiffi!!ff_

.-
_._

.. : .. v m - . '-'- s ,,.
- g ." I . .'J*<t*' N.*?*,

m . ,. w. ._.._g.. . .
-

_ ,. n"m'" e'" m,
--

. -,
.

( ~ an -
~ <= - wT1mg& ..;~ pw & * ; E *r* 4 T ''' . *

E
' .- Aem - ~ -.rw _. .n.,s_ a _#_

... . - . .. _ .

FIG)8 }}}{ {[h*

.

16

. . -

. - , . . - . - , . . < -..+-w. . .-..u. . . . . . ~ . . - _ - , _ . ..



*m.-.% e . . ...e,. ..,g. . ,,.m,,,,w,,

* *
,

.

* * e

*
f

# .

s

/ '

t .

.

' ' ''

m.,e 3 .y y ooer -' - < . .

$:
...: .

, .f L ag,,,,, *$.? > ~A"f. *,~ D
.

.4,

> w's:? M
.

~........,o

. sM(w%v ?t'w 's :n
h . . . ' ma >-

w * 3 '.- ...

:'~.; - ~ '-+t % ;
--

.

. - e.%. . .- s .. . .t*Ar,y 4. e. .d. gh , A *L'%.qg,

% 4st- ' -Q ,4 t . '
' r-

ae, - .y ,,,,...r. ,. m . - C'

y46} p" y%
,-

4 N,=WW '. . ' ' C

AQ |$'@w f* X
.

S Z Ef.w:W;s,- s'[:cq[s_._3d.M., '' . ., ,,. s p % -- y3 . , c __ -

-
,,,

... - s w- w,.:w,w ;= n.. g .y; . .- .

Q', &:.: .7',& . .i"''Yr* :. .-a. ;.;r. .a.-

.
.

+.6. :-W *~ m ;- w n w w .2g.=
" '''-Qn+ k...e. : M , ';,a .*R

.

-

. -5
* *

.-
* ' ,:

b &. .' .

.yy ..Q - :y;*
.

. . ~
.

. $-' '
---

.

' *WQ t,V%y.. . c. , . . . y .g
'

.

, p m g M r.<, N N 'Yh M. -

:wc .c . . r, 7
-.m ..

- -

.
e
b

.

-

co
,, ..

-
- ;wsypy.m -

1
.. , - ?.e -

.

.

9

30

= -t, y, ' f uk
- .

*.

f ' Y,#
m.*6 ,

,, _

, w e' -

.

g f a -, y.- .. .- . . . . . - . . . . . ..- ..

j h |[[FIG. 9

t
'

17 ,
_

_ . . .

,.. -4 , y.ee,.--w,s ..e-- ----wa.... ewan.. --,9 . . . , , .e,



~

.. 4 ,* 4 ,

F

i - .: .--
, ,.

. .
_ -. ..

'

'

: 0.08 i
-

,
, ,

.

-o ,

#- /~

. , lo'0'07 #4 4/ #5 '

. --

hb
#2'

# j-
.

.
,

0.06
.

. //y 7
-' -

. .

rn - - -#6
n,,. gl r

.
- -

a z .-

r. r .o 9, -
.

* ! " ,|,, diO.05

--

.

A !
;'

' -
-

//[ym
.

o-

$v'/.
'

"
a s .

.

W ihE$ O.04 s s.<S .
~'

-
--

-
. se -

,ga 4 ''

08!% M""'

.

'

!$| z O 03 # 1 ----- *4 aaaaa==i -
-

ol '-

-a8 ct i #2 . #5 xxxxxxxx
'

4

i- '
'

5 0.02 #3 __ # 6 _
-

, . ,
, ,

-

Z
... .

I I I

0.06 0.09~

0.03 -

-

i

NEUTRON ENERGY, eV
~

u
N .

&
.

-

-coa .
.

''
. .



. ... . . . . .. . .. . . . - . .

.

.

. . *
,

: .

.

~

/

(

.

.

'
.

, ,
M '."%1't

$h$kb j'
* ; . '' '- .r .egm . - mD h w mt,.t'n u,--%2. ' '

__ . , {7g? 7d1_[EC - -hMh^

. (. is
--

-
;

. ,

F"94 PLOW ,

:'
-- **

. 7 ,
'

+ - m >

n.
- sg

l
-

:
.

|i:v -

</ g '' G w a - . , . . ,

* e_*
'

..
.,

'

2 ,r

.,
-

,

..Q p:J m c_--
'- _

$ I
- ..) h|:

__ f4* w n zu m
-- - p. /. *j['

_

.,- -
w- a -

'i '' j;[ d
--

,

,

.. .:. _ _ _

C'=_ __

_

'
. . ' ...

' =~a-

y
----

,,

,N
.. .

,
~__

-

,

- ;;
_

^

~
.

.
,,. e - W "t_C__?_&-

-

g" #w _e TA"TmW. git.L. _ .. A

%;.) -

.
'

.;5p % y;_Myg;gy --P ' -
-

_ - -

..& $' h!$?$-$4h$$$$t|1f2NisT&*f2*KLM!:t*r-QpW&Qt29_.' ,,4. . . . . .
"

.
.

FIG. 11 Aln=4 mm surfacss in contact with Stainless Steel
"

/ aftar 61/2 months Exposure in the EFBR SFP 2.5x
i .

2326 179
,

,

19
.

+ .m.
- . . . . . . - - . - . . . . , . - - , - , - - . , .-..e . . , ,.



. . . . . . _ _.. _ _ . _ _ _ _ ... _ _ _ _ _ __ .. _ _

*
.

.

. .

. . ...,

- , }/.
DISTRIBUTIQt LIST,

,. / i

30tC Division of Operating Reactors

V. Noonan .

W.S. Hazelten
.' F.M. Almeter (10)*

-
.

~

l Division of Systema Safety
-

J.P. Knight
S.S. Pawlicki .-
H.F. Conrad

'' B. Tnwlin
'

, Brooks and Perkins

R. Karzmar
,

Brookhaven National Laboratory

W.T. Kato
R.W. Powell
Corrosion Science Group Files (25)

,.

.

~

2326 180

:

't
.

.*

h

s *

.

20
.

..v . . - . - . - - .e ; - + <m . .- . . .- , - % .. . .e



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

..
-

4

May 25, 1979

NHJIH2i ABm6 SAMPLDG PIAN - IN PCXL
4

'Y

A supling plan to verify the integrity of the neutron =W-Nr material ernployed
-

. in the high density fuel racks in the long-tem envirement is described.

'!he test conditions represent the vented carditions of the spent fuel tubes. 'Ibe

sanples will be located adjacent to the fuel racks and suspended frm the spent

fuel pool wall. Eighteen (18) test sanples are to be fabricated in accordance with-

Figure 1andinstalledinthepoolidEntheracksareinstalled.
.. .

'Ihe procedure for fabrication and testing of sanples shall be as follows:

1. Sanples shall be cut to size and drial in an oven for five hours at 170*F,

followed by a cycle at 600'F for three hours.

2. Sanples shall be weighed innaMately following renoval frm the even and weight

in milligrams recorded for each sanple.

3. Sanples shall be fabricated in accordance with Figure 1 and installed in pool.

4. 'No sa::ples shall be removed per schedule shown in Table 1.

5. ' Carefully cut samples apart at the weld without damaging the neutron absorber,

Wash with a soft brush in a mild abrasive and detergent solution, imerse in

nitric acid to remove surface products, followed by a rinse of clean water and

alcohol. Dry in a 175'F oven for five hours, followed by a cycle at 600*F for~

three hours.
:

6. Weigh the samples and evaluate the weight change in the neutron absorber material

in milligrams per square centimeter per year.

7. Visually examine the clad surface for pitting. Take micrographs of the edge sur-

( face and any other suspect areas.

8. If pitting is present, the depth of the four major pits are to be recorded and
.

the average pit penetraticn in mils of an inch per year determinec.
.

c326 181
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9. Prepara report of saiple test results ard observations.
,

10. Should any adverse ocnditions be detectad, the samples nay be Wect to a

B10 loadinJ analysis.
,

11. Additionally, two full length vented fuel storage tubes will be suspended in

the pool. 'Ihey will be observed periM4cally for signs of swelling, and they

will be opened and exanined should the anall g=-imans indicate any loss of
,

ahLex material below .02gVcm , ml0,2

-
.

12. Retain sa ples.g
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3 TABLE 1

Date Installed

INITIAL FINAL WEIGHT PIT
SAMPLE WEIGHT WEIGHT CHANGE PENETRATIC.'i

NO. SCHEDULE (ag/C.Y.2-Yr) (mg/Ca -Yr) (mg/Cm2-Yr) rail /Yr ,2

1

.'-

2 90 day -v .

3
s

4 180 day V
'

5 2326 183
6 1 year v

i
7

,

8 5 year V

9 ,

10 10 year 'r

11

12 15 year ir

13
.

14 20 year V

j 15

16 30 year v

17 -

18 40 year y
& -

.
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IllPORTAtlT fl0TICE REGARDIflG C0flTENTS A!!D USE OF THIS 00CUtiEPIT

1. Exxon Nuclear Company's wtrranties and representatives
concerning the subject mat'.er of this document are those
set forth in the Agreement between Exxon ituclear Company,

Inc. and the Customer pursuant to which this document is.

issued. Accordingly, except as otherwise expressly provided
in such Agreement, neither Exxon fluclear Conpany, Inc. nor
any person acting on its behalf makes any warranty or re-
presentation, expressed or implied, with respect to the
accuracy, completeness, or usefulness of the information,

contained in this document, or that the use of any information,
apparatus, method or process disclosed any liabilities with
respect to the use of, or for damages resulting from the use
of any information, apparatus, method or process disclosed
in this document.

2. The information contained herein is for the sole use of
Custoner. *
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ABSTRACT

.

Exxon nuclear Company, Inc. has conducted a Boral*-Stainless Steel

Corrosion Program during the past 18 month to establish additional
performance information for use of Boral ?lates in spent fuel stor-
age applications. The program consisted of a detailed review of

~

related literature, an evaluation of test programs conducted by
others, and additional corrosion' tests performed at Exxon Nuclear

s facilities.

The objective of the Exxon Nuclear test program was to obtain
corrosion data for Boral-304 stainless steel test specimens in
' simulated PWR fuel pool environments so that reliable predictions

could be made of what pnysical changes would occur in a defective,
i.e., unsealed spent fuel storage cell af ter a 40-year exposure.

The Exxon Nuclear tests indicate that storage cells, containing a leak
simulating hole, will sustain aluminum corrosion at a rate which can
be expected to consume of the aluminum in the Boral
core af ter a 40-year exposure. *

Should Boral plates be exposed to a typical PWR pool environment, the
.

material is subjected to pitting, edge attack, and internal gas pressuri-
zation; but no effect on criticality safety is expected over the lifetin:e

0 of storage cells due to dislodgement of B C particles.
4

2326 189.

.

* The Boral test samples discussed in this report are a neutron
absorbing, shielding material manufactured by the Grooks and
Perkins Company. The Boral specimens are a ccmnosito material
consisting of boron carbide evenly dispersed within a matrix
of aluminum and clad with aluminum.

i
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2.0 TEST PROGRAN DESCRIPTION

2.1 SPECIMEN DESCRIPTION
,

Exxon Nuclear's test program placed emphasis on investigation
of Boral utilized in conditions typical of expected storage
cells and PWR pool water environments. Consequently, storage

.

cell component sections were fabricated which resembled the

larger, full-size stovage cells. Specifically, these reduced-
size storage cell specimens consisted of inner and outer*

stainless steel 304 shrouds into which four (4) Boral plates
were inserted. The complete assembly was sealed welded,

resulting in 6" high x 6" wide test specimens. Each completed'

cell specimen was made to simulate a leaking condition by drill-
ing 1/16-inch holes as described in Appendix A.

In order to separately observe and reasure various corrosion
and material properties during the test, additional test
specimens were utilized. These additionai specimens consisted
of 2" x 2" coupons made as folicws: ' <

1) Open-edge Boral/ stainless steel composite;

.

2) Sealed-edge Boral/ stainless steel composites with a leak

simulating hole; and,

3) Unencapsulated Boral coupons.

2326 190
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2.2 EllVIR0flMENT DESCRIPTI0tl

Insulated nine (9) gallon polyethylene tanks, with fitted
covers, were used for the pla'in Doral and open-edged Boral-
stainless specimens. Thirty (30) gallon tanks of the same
construction were used fer the closed-edge tests. Each tank

was fitted with a stainless imersion heater and stirring
,

mixer, which were affixed through openings in the tank
*

Covers.

\

A stainless steel screen was used to hold the specimens off
the bottom of the tanks and permit circulation of the environ-

'

ment on all sides. In order to isolate the plain Boral speci-
mens from the stainless steel screen, a pedestal was fashioned

from phenolic plastic. The open-edged composite samples, a

2" x 2" Boral piece sandwiched between two 2" x 2" stainless
steel pieces, were held together with four (4) Met-clip
springs, one along each edge. These were placed on the stain-

less screens so that the clips held the specimens in a hori-
zental position over the screen.

.

The initial environment in each tank was defonized water with
a pH of 5.85 and a conductivity of 0.75 u mno/cm. Boric acid

,

(H 80 ) and lithium hydroxide (LiOH H O) additions were made
3 3 2

to produce the following:
t

Environment A) Deioni:ed water plus 13.3 g/l Boric Acid
(resulting in 2300 ppm Baron at 150*F).

.

2326 191 -
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Environment B) Deionized water,13.3 g/l Boric Acid,
0.0121 g/l lithium hydroxide

.

Environment C) Deionized water plus 0.0121 g/l lithium
hydroxide

* The specimens, were imersed in each environment on July 1,

1977. The initial temperature and pH of each environment

s were measured as follows:

Environment pH Temoerature, 'F

1 5.20 146.4

2 5.53 147.2

3 9.15 153.4

The temperature and pH were measured daily. The temperature

showed some fluctuations and variacs were installed in order
to gain better temperature control. The pH in the borated
solutions, 1 and 2, remained constant but in the alkaline
tank, C, it dropped into the 7 range within days. In

order to keep the solution pH in the alkaline range, addi-

.
. tional additions of lithium hydroxide were made.

2.3 INITIAL MEASUREMENTS
:

Appendix A of this report contains descriptions of all Beral
and stainless steel specimens utilized for the test program.
The initial measurements and cleaning programs are also pro-
vided in Appendix A.

2326 192
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3.0 SIAHARY

.

No corrosion, pitting, nor stress-corresion cracking was observed
on any of the stainless steel coupons, or: storage cell specimens used
in this study. The austenitic stainless steel can be expected to
withstand exposure to borated fuel pool environments for the pro-
jected forty-year life of spent fu.el racks. Similarly, without a,

leak path through the stainless . steel liners, the interior Boral
,

plates would not be subject to degradation as a result of aqueous
'

corrosion. In the situation of a leak path through the stainless
liners which permits the interior space to fill with the pool environ-
ments, the results of the 2 month, 6 month, and 12 month exposure studies,
show that Boral is subject to general corrosion, pitting and edge attack,
and clad deformation due to internal gas pressurization. To various
degrees, the severity of each of these corrosion effects depends on the
particular environment chemistry and the specific geometry of the exposed
materials. Based on comparisons between the four (4) specimen types and

the three (3) environments used in this study, the following sumary can
be drawn concernir.g the corrosion resistance of Boral and its suitability
for use when exposed in stainless lined storage cells to borated environments.

The general corrosion rate, as determined by weight gain measurements.
.

When all the storage cell specimen data are examined on a semi-leg plot,
the amount of aluminum consumed in conversion to oxide after a 40-year:
exposure, is: percent for the low pH and percent for the

higher pH environments.

.
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The weight gains were lowest for the storage cell specimens in each
of the three (3) environments, followed in general by the plain,
open-edged, and edge-sealed specimens. The weight gains, measured
for the plain and open-edged specimens, w'ere nearly identical to

each o. her in the three (3) environments. This similarly indicates

that galvanic coupling between the stainless steel in the open-
edged specimens does not accelerate general corrosion in the Boral.

*

In all three (3) environments, the edge-sealed specimens showed the
greatest weight gain. -

s

.

.

:

Similar considerations apply to edge attack of the Boral. However, .

the depth of edge attack did not increase significantly between the

3-2
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6 and 12 month exposure. The deepest edge penetration, 0.028", was

measured on the open-edged specimen in the low pH environment. No
measurable edge attack was observed in the vicinity of the leak
simulating hole in the Boral plates of the storage cell specimens.

Gas generation, due to corrosion of the aluminum in Boral, has been
observed in the edge-sealed specimens and the storage cell specimens.-

This gas has been observed to bubble from the upper hole in each of
the storage cells. In several o'f the specimens removed after 12 conths,

,

bulges were observed between the aluminum cladding and the B C aluminum4

Core.

.

The occasional unbonded layers of the Boral matrix occurred randomly
and were observed in concentrated areas of very small B C particles

4

(i.e., >l50 mesh). It has been determined that the Boral specimens

provided by Brooks and Perkins for the ENC corrosion test program con-
tained a much higher concentration of small B C particles than utilized

4

for production Boral plates. Accordingly, it is possible that the small
bulges observed on the sealed specimens may not occur in finished plates
where improved 0 C and aluminum bonding result with larger B C particles.-

4 4

iie occasional lack of bonding between B C and aluminum particles also.
4

allows a small amount of water to enter the inner portions of the bulged

specimens. Normally, water does not penetrate into well-bonded Boral
plates and no internal corrosion can occur.

The small bulges have not been reported or observed in prior related
corrosion test programs. They appear to be a scif-limiting phenomencn,

'
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where'the gaseous corrosion product both causes the bulge and dis-

places the water causing the corrosion. Aminspection of both the
aluminum cladding and ioner Boral matrix demonstrates that no clad
pitting or dsterioration of the inner face of cladding and Boral
material occurred near the bulged areas. . Consequently should randCa
small bulges occur, any dislodgement of 8 C particles will be of no

4

significance on neutron shielding or attenuation properties.

.

e

~
'
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On June 30, 1978, afteranominal52-monthexposure,the
remaining three (3) plain Boral and three open-edged
Boral-stainless composite specimens, were removed from

the three (3) heated tanks. On August 10,1978, the,

edge-sealed, and storage cell specimens, were removed
from their environments. These twelve (12) samples were

' subjected to visual, metallographic, eight gain, and
pit depth measurement analyses.

'

This section of the report places emphasis on the de-
tailed results obtained from the storage cell specimens.
Appendix B presents additional test results for other
specimens and contains most referenced tables and figures
for infonnation presented in this section. Table 4.1
provides specimen identification numbers and exact lengths
of exposure for each of the twelve (12) specimens eval-
uated during the final period.

4.1 Internal Environment Of Edge-Sealed And Storage Cell Scecirer.s

.

The pH of the solution, within the edge-sealed and storage
cell specimens, was measured using indicator paper for

,

the former, and a Ceckmann pH meter for the latter. Accroximately

2.5 grams of solution was contained in the edge-sealed speci-
mens and 39 grams in the cell specimens.

In Table 4.2 is a sumary of the interior p.li of the edge-
sealed and cell specimens for the 2 , 6 , and 12-ncnth -

'
e4 sures.

2326 1W-
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For the high pH lithium environment, the interior pH
consistently shows a decrease in pH toward a neutral
value for all exposure times. A similar trend toward a
more neutral pH is exhibited for the acidic environments
for exposures up to 6-months. Nfter12-months,the

interior pH is the same as the bulk solution or, slightly
more acidic.

.

4.2 Visual Accearance ,

s

The storage cell specimens were disassembled and cut open
to separate the Boral plates from the stainless liners.
A visual examination of each Boral piece was conducted

using a low pcwer stereo-microscepe. The following

observations were noted:

Storace Cell Specimen #3 (S.C.S.-3)

Surfaces were generally metallic in coloration. Extra

corrosion products, and some pitting, were seen en the
faces and along the edges where the leak simulating holes
were drilled through the stainless liners.

Storace Cell Specimen #6 (S.C.S.-6)~

Specimens are darker than SCS-3. Pitting is much less.i

Rust existed alcng edges where holes were drilled.
Bulges were observed in the dimple area of plate S.C.S.-6(1),

on both the outside and inside.
2326 198
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Storage Cell Soecinen #9 (5.C.S.-9)
.

Specimens were white in coloration with rust colored
deposits along the edges where holes were drilled. 8C3
stringers were evident, but no pitting. Plate S.C.S.-9(4 )
had a 1-1/4" pure aluminum strip on one short edge.

.

4.3 Weight Gain
'

s

Af ter the visual analysis, the appropriate Boral plate
specimens were weighed, even-dried, and reweighed in

order to determine the amount of. absorbed moisture in the
core and the change in weight due to exterio7 and inte-
rior corrosion. The specimens were dried in stages in an
air-circulating oven for two (2) hours at 150, 200, -

'

250*F, and for 24 hours at 300*F. The original weight,
the weight prior to even-drying, and the dried weight for
each specimen, is listed in Table 4.3

A suninary of the moisture absorbed weight percentages,
for the 2-month, 6-month, and 12-month exposures, is
given in Table 4.4. The overall average for all specimens, - - - - - -

-

environments, and exposures, was This corresponds
to a minimum average porosity level in the Snral core of
approximately The absorbed moisture decreased,

between 2-months and 6-months and increased between 6-months
and one year. This may be the result of an initial decrease
in porosity as corrosion products were generated in the
core followed by a porosity increase as additional corrosion
enlarged the pores. The greatest moisture absorotion occurred
in the open-edged specimens in the A environment. This
specimen also showed the greatest number of pits and would,
therefore, contain the greatest amount of material capable

4-3 2326 199
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of absorbing moisture. The least moistu,re, on the average,
was in the storage cell Boral plates, which may be due to,

their larger size and lower edge to volume ratio.

In Table 4.5, the corrosion weight gain percentages are
summarized for all the specimens tested in the progran.
The values, in brackets, have been corrected to account-

for the fact that certain of the 6" x 4" Boral plates
in the cell specimens contain,a strip of solid aluminum,

along one edge. Since this strip did not contain the
normal porous core structure, it could contribute weight
gain only by external surface corrosion. To_make valid
comparisons, using these specimens, their weight was re-.

duced by a factor corresponding to the reduced core
volume. Under the assumption that the weight gain per ' -
centages are an indication of the extent of uniform

corrosion in these specimens, the results presented in
Table 4.5 show that the corrosion rates have decreased
with increased exposure time. The results are plotted for
each specimen type as a function of environment in Figures
4.4 through 4.6.

._. . _ _ . . _ .

-

The weight gains are largest for the edge-sealed specimens
in each environment. Similarly, they are the smallest for
the storage cell specimens. In between, with very similar4

results, are the plain and open-edged specimens. The
similar weight gains, experienced by these two (2) specimen
types, show that the general corrosion is not accelerated
due to coupling with stainless steel.

2326 200 ~
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When the weight gain values for the storage call speci-
mens are considered on a semi-logarithmic scale, the
relationship appears to be amenable to extrapolation, as
shown in Figures 4.7 through 4.9. From these figures ,

the extrapolated weight gain percentage and the calculated
percent of aluminum consumed af ter 40 years exposure, are:

.

.

'

,

4.4 Pittina
. -

To evaluate the extent of pittir,g h the 12-month exposure
specimens, the corrosion products were cleaned from the

surfaces of a portion of one of the four (4) plates from
each cell specimen. A sumary of the pitting frequency
and pit depth, for the 6-month and 12-menth exposures, is
given in Table 4.6. The pit diameter for the 12-month
specimens is also given in the table.

- Table 4.6 shows that the pitting characteristics after
12-months were very similar to those af ter 6-months.
Those specimens and environment combinations which did

,

not pit or showed little pitting tendency after 6-months,
showed no or few pits after 12-months, however, those with

significant pits after 6-months had a large number of
,

pits af ter 12-nonths. Increased pitting was observed in
the plain specimens in the A environment and in the edge-

.

sealed specimens in the A and B environments. The other
specimens showed nearly the same number of pits after

12-months as after 6-months.

2326 201
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The pit depth, however, increased with the extended 12-
month exposure. In some cases where pits had not pene-
trated the aluminum clad in 6-months, they had done so
af ter 12 months. ,'

:

4.5 Metallography I

-

Sections of Boral from each specimen were mounted and

metallographically p,olished in order to observe the
thickness of surface oxidation films, the depth of edge,

attack, the undercutting around drilled holes, and the
nature of surface bulges. Sections were made along an
edge for the plain and open-edged specimens, and through.

the drilled hole in the Boral for the edge-sealed anti
storage cell specimens. In addition, sections through
bulges in the specimens were made to characterize these
structures. The specimens were back-filled with epoxy
under vacuum conditions to impregnate surface porosity,
then rough polished on silicon carbide papers and final

polished on diamond using automatic vibratory equipment.

4.5.1 Surface Corrosion Films

~

The surface corrosion films on several of the specimens
were thick enough to measure using a filar eye piece at a
magnification of The film thickness, as measured for,

these specimens, is listed in Table 4.7. The thickness
for the C environment specimens was thickest, being a
maximum of for the plain specimen. Where the
bulge in this specimen caused the surface layer to break

apart, the corrosion films were much thicker. Appendix 8 -

contains photographs showing the surface film in one area

away from a bulge and, for comparison, on a bulge.

4-6 2326 202
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4.5.2 Edge Attack
.

Table 4.7 also shows the depth of corrosive attack at the
Boral coupon edges in the plain and open-edged specimens.

The attack was greatest in the A environment and was
somewhat greater in the open-edged specimen than in the
plain specimen. Only one specimen of the six (6) edge-'

sealed and storage cell types showed accelerated corrosion

.. around the partially drilled leak simulating hole. This

was the edge-sealed specimen in the C environment. The

similarity in edge attack between the plain and open-edged
specimens again indicates a lack of corrosion acceleration
due to galvanic coupling of the Boral to stainless steel.'

4.5.3 Bulges i

Several bulges were observed on the 12-month exposure

specimens. Similar bulges were not observed on specimens

exposed for 2- or 6-months. Table 4.8 lists the number

of bulges observed on each specimen. Photographs demonstrating

bulged areas are shown on Figures 4.2 and 4.3.

~ The bulges are separations between the aluminum clad and

the B C-aluminum matrix. They appear to result from gas
4

pressure caused by internal corrosion. The corrosion of.

aluminum would generate hydrogen gas following the

reaction

2A1 + 3H O - A1 02 3 + 3H '
*

2 2

.
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Such gas generation has been observed in the edge-sealed
and storage cell specimens. To generate a bulge would
require sealing of the edges with corrosion products to
enable the internal gas pressure to increase sufficiently
to expand the ten mil aluminum cladding. The edge-sealed
specimens each had four (4) bulges. These specimens also,

showed the largest corrosion weight gains which could result
in the sealing of edges in these specimens.

'

.

unna

'
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ob2 3 i MS. SE"UL3R: Ycs, I have sever'l quescions.
!

2| CROSS-CIAIEliATION
i

~

d' BY 24S. SOKULCE:
:)

'

O D:c. Draley, ycu ara an a:: pert in corrosion of~

:

I
i alucir.um; 13 that correct?

,

" A Yes.

!|
*

*] Q Have you done any rascarch PGrsonally with Boral?

!I
O !! A A catall amount only.

,

Oy Q Can you describe that rosearch, please?
!*

d A We have e::poseti Ecral spacimens to high temperat'.re5
:

'|
. , i' water and we have e:enmined them subccquent to the exposure

t

.

12 j. cnd ua have exponsd nyecimens of Boral at water tom;erature:_
I.

o, in the order of 50 to 7G Cenligrade for short pariods and
340 i

i , il exarnined thoce after ucst,
;

'l
244 Q Can you tell ma what "shorc period::-' are defined13 i

a

ni || a s ?
t
4

i

.

A I think not Scre than a week or two. Let's cty
i

.

3 4 few week 2; thc.t's a little more accurate - e the lowp
,

!

Ip m.ceratura, and at the high ten:perature, probably e ncn* cr
,

a, t.co.

;, Q Are the 10v temperaturec equivalent to thost :h . .-

' ;i wculd be f?vnd in the spen!. fuel pool at. Sicn?
,

I

_
A Teuard the upper range of tamp.ratu;cs, yes.

"

|
, ,

! 0 Wr.n the water in which these cenplc0 w3.re i m rnEd |.2 ;
.I
i

e, .'r?:ata d?'
~
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cb3 i A Mo. It waa occentially pure water.
,

3 0 Nhat were the reculuc of this part.:.cular survey

1
-|- that "cu nad3?
F

i. The behavior in de pura watt:r vics quite good.A
.

.i Thers was no local attack evident, and although we had not
a
;.

G: neasurement of the acount of uniform cteac.'c, it was quite
i
!
,

"J * ovidently nah very large.-

.

3{ At de high temperature, the Borcl sho ted local
. -

|
9y swellings that.is typical of the behavicr of a'.uminum allcya

it
;0 !!! othar than those that are cpscifically decigned to atcid tha

it

i; , prob 1cm.
i

'l
, . ii O We.s the aluminur. in the Ecral that you nacd in

i,

13 g you" e:tperimenta 1100 altrainem?
et

i,:. || A Yas.
', t

1
i. Q Una it cnedized?. ,

a
l i

: p A No.
It

.

g ;; Q When you caid that the suelling unc typical of
,'

m y'I uhat you'd expect, can you tal;. as what would be typical).y'

- h
i

n ti 1:cpacted at those temperaturec cf that kind of aluminum in
It

'

i

rr L| that type of matri:t?- .
,!

.; !

p, - A If the terc.per ture of the water is high enough,
n
'I

ap, il moet aluainma alloys will su.25er a kind of local attach. ,

o (
.i i
E, atn.:t.ing w:.th the appearanca cf leccl mrelline. or b.'.ista. cine !-

a.
.; i

. 5

u. 3; xnd increa;ing with tima and accels.rcting to i.: u .timats |
~

,

lisiategratien cauccd by the ina'il ny of the natoria'. cudo. ., -._ p
,c ,

i
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!.

! [ itu coravalan product film to protect it fren the attack.ab4
t

'! O hould cladding t.he Boral protect-- E;:cuse ma.,.

!

L <' elould cl:dding the Ecral with aluminum protect
i

e il the Boral matri:: f cy. exposurq to this cypo ,f cwelling and
n

a! doterioraticn?

G A No. As I thin't you asked th3 question, the answer
.

~

' !' is 1:o.tl
|I

5] It's ;cacible-- 10 uculd be posnible in my judg-
i

9il =snt to clad it with specially decigned and prepared alloys
'l

10 that would nahe a difference.
,

!
.

i'
.

O t' hat typa of alley would that be?'

h
?:

U. '! A Well, the only one that I knew that is ccmmercially
1

I
1.1 available is called 8001, and it contains nichel added to

o

i, the allof,

y Q 'ticuld en 2ncdicca clad of 1100 aluninum provent

.; that problam?

.~i L No.
_

;3 EL STEPTOE: Gbjection, Mr. Chairman. I believe
:
I

19 ij we'rc talking thout high temperatura expo 3rra of Boral and
- i

i
i

3, I there is singly no foundation i.c the record which nupporto
}

the asserticn t Mt the Ucral rackc will be e:mesed ::o this3 i
.i i.

kind Of onviron.nent, or that the problem to wh ch Counsel_9.._: i

!, refers is evident in the /,lon cpent fuel ecol, '
s-
.a -

.i

I

7 M3. SEXULER: Mr. Chairman, ::scy I raspond?

.. 1i
, CIAI:U.'AN EOLE v.'o 11 permit .:he wi;nas, to answer.y
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i MS. SEKUL3R: 5.' hank you.

3|.
-

s

LY MS, SEKULER:
:
:

0| 0 The question was whccher an anodised aluminun
!,

4i 1100 clad would prevent the type of effect that ycu had

3 described in the Doral at the higher temperatures?

G| A The ant. war is no.
.

t
* '7

i 0 Can you tell me what those higher tar.paratures
0

y
1i

I.l
wc.r2?

.

.
3 A ?cmorhing over 300 degrecc Contigredo. I think

to probably 315 wild he cheut the temperatura va did the tact
i

1 in.

Ii
1:1 j Q Did you do cny tonting .it'about 1*/0 degrees?

a
!t

lja A Centigrade?
i

l

i . i. O Centigrado.
I

!'

se A !!c, I don 't think so. I .made an affort to look

b
lip ;I back in the records in the last few weeks and hr.va been un-

! abla to lind an-j cuch record, and I think wa did not.g
- ;!

n; |; O i!har about 170 degrees .?ahranhei'.? Did you d.3
e

|i|
i s. anything in that rangc?

i
l

20 :! .1 ^: ell, I:va hind of forgotten the convetrien betwcan
D

q
Can!d.grada nud E'anrenheit.;,; q

.:
i.

3. h O It's . 2 to one, or s0:nathing, I balieve, or .T.uj- h:( i
:

.n. - 4 a liLtic lacs. '

3
I

I2, j A I!o, I don't think we -iid. I'm no: - enlly certcin,
i

then.3. The tecto usro nct very e::cansive, cind ca haven'tn
-- 1,

'
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.i
.

ll- L a ,s, O |
._ .

ieb6 i [ even -fehlf.cnod thaia. And I don't think that un tocted ac
.

&' that tclapcratura. It could he that w did in fact test to
i
..

s

'

hiyhar tempuratures, on up to the boiling po'.nt, but I don't
J

,i
'

.i: racomber then. *

,t
:t
.,

S ?. O Could ycu just toll no whan :. hose tests were done?I.
1
y is Zn tnc d,arly 19G0a, I thin'c vould ho the ti o

. 8

H frc-na, sc 2vhore kotween 1960 and '55.
!i

a(i Q Have ycu done any additional research on Bor2.1.,

!,i

' i: since that tins?
I

.O .It 1.'O .

: G Havo you dono my rudios on che beh:.vjor of Doral
in relation to Obainloca qtual?,.

, :, h Only in erreti:d.ng the natorials that have been6

n
'

.

a ,j aucu.a. .c..a
a.a cc:21ceta..cn ulca ta..xa .naarr..ng, but as a separato

..
et

k

i ..: .i ' rennerch project, no.I
,

.

:

- .
Q 2.h

i! Cralc."., have you ever inspected a spent ''nel.s

n 'i pcol?
-

e ).
m !, A 'in s , : 've Icakad at a feu.i

|t
jl

m :!. Q Canlou tell ma ihers they Uere?~ 1,-

-

g ,.

.!

.g;- p Jell, 25u vc seen the pools at a nin6er of res'urch
i.

m.. i: .reac ter J and have, I thinh, :conthehcolc.t",icnpriorto. , . .

i
: 5i: the tino it '.;r s ejerating. 1

-

'l
if

.

;,. o.s u.e. i t...

,, ., _ w4..,..s.....
.

. . . ...~.,e. . awe n;. ...,.. w..
.

, ..e .s ,. ,.% , . . . ,f --
_

s .,e
t

.n rm.1 :.m. in .wene e . scoso.

!.:. x.

,tf

1, .....,m,w,,s..~.......c,.. ,.w,+_..,.. . ~
. 4,s.. , , . . .

, .. i., .v s. .; < .e .
,..

.<
it

. . %,
,

,1.,

.
l
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i

eb7 : ' Q Have you done other research that relates to the,

t
'

21 behcvior of materials in spent fuel pools?

A Yec. I think m"cl$ of the rosearch that I have dono3 |II
a "' in ouro water and in unter to.which enall amounts of

,

3 chamicals woro added is portinent.

S' Q Dr. Dralsy, appended to your testimony there is an
*

attachmsnt which is callad " Neutron Absorbor Sampling Plan -' ,

i

Jl.i In Pool." Correct?
t.

'Iai A Yes.
I

toh 0 This uns the plan to which you just testified there
9
!!

1- ( were seme ascendments and changes? Is that correct?
!}

12 !! A Seco caission.
n
'
y

a ;r Q Thero was a change on-- I just want to mako sure
:

,.; I have this correct. On Figure 1 attached to that you de-

lated tha words "and bottom."3 ;. ;

g. j A Yes.

Il

7t G Otharuise this plan, which includes a preceduro 1
i

.

rg through 12, and then Table 1, which is a schedule and Figuree

h 1, whid is a diagram, ic the total plan that was included?:9 i
u-

P

to .;j I'm nob nissing any paget/
.

::
'

3. r.
A That's right.

O Is this the same plan that una subnitted by,; ;

|
.

3 c m enwealth Edicen in responsa to the Nuclear Regulatory "

Cc= mission question number 5 in their first reund of cacstions j,. i
~

i
i

g and anaxers, the questien being: !

2326 212
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a

eb8 "Per the proposed type of racks, a cur-
d

A]1 veillance progran is required to show the centinued
, i

:: prosenco on boren uhroughout the life of the racks,
n

u

|| Provide a description of -tCw horon surveillanca
.

3, progra:a that you will perform. "!

il

] A2td then there Uta an Attachnent A that had a
d

o
'

.

j neutron abccrber campling plan in pool.
i

Gj Are you familiar with that? It was subnittsd last.

8
1 .

O| 2e'd.*uu.m.] . '
-

f
i

10 | A I kncu thic uns prepared by the Conacnwaalth Edison
)

11| Coupany, and I think that you've idgntified the question for
12 uhich it was prepared, but I'ra not positive.

:

!3 i Q Did you prapara that annwor for tiat question?
!

14 A Mo.'
.

t
? 5 |j G How Ccea the answer to the questica as in una pre--

f
!

id pared diffar front the sampling plan which is attached to your
i

I7| teehimony?
-

.

Ja A I'd hava 1.o lock to ase the differences.
1

, ic '| Q I can chew you Attachment A that was culmitted on
i

l

a, 12 Tabruary and a copy of your-- Do you have a copy of your
4'
I

c' own plan?

1 -

A Tas..n. r. y, '
.

d
;3 ;{ '"har: ic ecim naterial added to the end of the text

.

a ,

i

Oc2 ; il what is labalsd attachzant 1, cr tha title is 'Ar.ta':hnent
n
- A, Neutron Absorbar Sarpling Plan - in Pool."u i
t

| 2326 213
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1
.

-|eb9 0 Uhat is that cddition?

I
o 6 A Thora are nine ittma on Attachment A, and there are

1

:; || new 12 items on the Jiny 25 th Reference 5 of my testinony.
!!
!i
| 0 Were you responcible for these additions?-

.i A I can't ancuor that question cicanly. There was

' soma discuanion betwaca ma and people from Commonacalth,

-

Edison, and a decision was anda to add those materials. I,

q. didn't decide it; they decided it.
!

*

a! G After consultation with you it was decided to amend
i
:

y' the plan to add thosa parts?
!

l A It 10 my undarstanding that the an3Ucr to your,,
14

I

question is yes. If there had been a decicion to make thatg
!

,, | change prior to the discuacion I didn't hear it.
'

i
i, ,

| Q Could you road the three additional statements,

!

that were added, or actually it cheuld be procedures.'
..

I,
li A Number 10 is:. r. c.
.i

l'!
~

t "Should any advcran condirlocs 'ce de-
.. 41.

f
'

.!: tested, the c2mples .nay be subject to a B10 load-
, t.,

3
.

i
'

ing analycis..gs.

ij "11. Additionally, two full 1cacth7.,.,
,,

o!! vented fuel storage tubos will be cuspendcd in tha. , ,a-
i

pool. They will bc observed periodienlly for nigns
'

.,,

u.

. , . ,. of cuelling, and they will be opencd imd e:tanined '

.2.

t

!
:...

chould the small specimens indicate any lecc of !,

i

i foscrber material below .02 grams par ccuara, , ,
~

| 2326 214
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ebl0 i centinater of boron 10."
t

' .

I |'
c

i Iten 12 ic: " Retain camples."y

IJ; Q Did you raving this entire plan?
I
,

i. A Yes.<
.

I t
i.

J !! G Did you find it satisfactory?
n
'l

i J a Yes.
t

.

Q The original plan did not Lacludo a neutron
.I

3 f| attenuation tect, did it?
,

3 A ?!o .

'a O Mill neutron attenuation be practiced aa part of
i, th.,neu plan?

!!
..! h A It isn't corr.L ted that acutron attenuation be

I!
i

taeasured in the plan. They will be available for doina that.ta i

It is eciauitted that an indication of absorbor;>

i3 , materic.1 concentration u:; thin the cpecimen be measured, and

!G it is peccible that neutron attenu2tien uill be the system
I

g | used to dc co, but it isn't cpecifi2d in the plan.
.

;3 Q Co ycu kncu what method of testing would be used

0; if a nouiroa attenuation plan were used?,

20 A If it worc used., or if it were not used?
i
I

;j d Q If it were ucef?
Il
l'
1

1. A Il neutron attenuation were uned, then that tiould
i

-{ ba E.e test to be used. I'm a little confused,
.

;

l
n 1 0 ''m afraid mayba I'm ccnfusing you wiE.1 ny ques-i

.

i

n O tien.
~0 2326 215
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,

)

ebli ij Uill you explain the test?
!

2 || A one can pass a neutron beam through a specimen
il

3 0 and censure the intensity of the neutron beam that pene-
il
l

f tratec. If this is donc carciully cne can tall how much
!

5! absorbar natorial is present in the specimen.
!

'i i Q Would this have to be deco prier to the installa-
'
..

-

tion in the pool?,

,

i

)5 MR. STEPTOE: Objection, Lir. Chairman. The ques-
d i

t

J !| tion acems vary vague to me. The test will be dona to what?
t-

10 MS. SEKULER: Would the. test for neutron absorbing
i

capacity as described by Dr. Draley in his answer to my last' !!

I

la . question ba performed prier to the rack's i=marsion in the -

:

!:, ', pool?
'i
1

.

{' CIIAIRMAN WCLF: Dr. Draley, can 'ron anater the1
,

i i:: question, or would you like it restated?
,

m, THE MITNZSS: I think I understand the question.

g The ansicr is it depends on the sensitivity that |
'

.

n- !. you need in the result whether you shculd mer.sur2 the attenua-,

,

| tien beforo putting in. For the sansitivity that is neededp3
,

,

s. ' for this case, I'n not sure I knot; the answer.
,!

qi . My guessing Mculdn't be useful I think.
I
!

~! SY MS. ST2KULER:2
.

I !

. . .y Q It would?
~

-

i,

f.
li

,
A,a y It would not he useful since I don't really know.

f,

3) Q ch, your guessing would not be useful,
i

2326 216
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ebl0 I Could you tell no, in a tect undervater more or
i

' !; lesc concitive -- to uso your word ''.:ensitive. "

.i
- A Undcrwater would be less censitivo in general than

i testing out of the wa*er. We're talhing about neutron attenun;c

. I
!'

J tion?

.t
Q That's right.>

!
- ',

;; Do you belleto thct the plan as presented in your
it

d! '

testimony for neutron abcorber scupling in completo and
4 !

I

| adequat97d

!

N| A I think it is adequate. I don't know the definitior.
,

f

1: ; cf "completc." It is couplete insofar as -- oh, the present
.

d commitment of the ccrpany.

!2 In other tiords, it deceribes the precent comiit-

22 14 |,' nent of the cor.pany. I think in that conse it's Ocmpleto.
i,

,-.i

!

mi 2326 217
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i

'! O What ou you nota by the commitruenc of the company?

2P-NRB/wbl 2| A I think the cocpany will be committed by the plan
1; that they have prepared,!

b
d! O To--?

.

5 A To carry out the plan as it is Uritten.

i
d| Q Committed to the NRC?

i
*

7 A Yes.
&

C7 0 Q Other than ccaculting with come of the Commonwealth
. 4

'l

0 ||i
Edicen officials regarding those additiona to the plan that

.

10 we discussed just provicualy, did you have any other input
!

ri j into the devalo ment of the surveillance dacign for this pocl?
!

12 1 A I dcn't think so. Because therc's no wording
;

I

;3 changed in the document, other than that. And tho document
i

74 I that Was identified as Attachcent A was prepared prior to the '

d
.i 11 2,2 that I had any connection with the case or discussion

i

gi about then.
I

pf j Q Other tubn =cdifying tha chart -- I think it's
.

I

;c; | Figure A. --other than making the modificati-on on Figura 1

m where you indicated that tha bottom hole would be delched,
-

f

20 ' you had no responsibility for drawing up that chart er
!

y; [ designing that chart; is that corract? t

il
.

2;|:
A That's corract.

33 Q What wculd be the effect of a significant louc-- "

i

y[ Excuno mo; lat me to back and ask a further groution. !
'

h I
.a c What would you de:Ina es a signaricant !.acc ofa ,

2326 218
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wb2 ' neutron absorbor,
i

"gl
'

O The tena "cignificant" tends to be relative,
t

3 In the present contsxt I tiould define "significant" as
<-

i indicating a risk that the po.bson properties of the neutron

5 absorber would not be as high an desirchie for safo opera-

6 tion, with some safety factor, of the storage pool.
.

7 Q That vould be the offect of having a significant

i
ui Icas.

.

9 Can you defino hcw much neutron absorber may be

10| lost prior to having that effect?
i

i
1: A No, I don't know that. That's a nuclear calcula-

12 tien, and was perforced by semcone uho iden tified .02 as
i

13 the quantity that they thcuuht was cn appropriate one.

la O Regarding the test rods than are nuw gaint to be

i5 included in the plan, it states that two full length vented.. . .

15 i This ic No. 11:
i

i
17 li "Two full length ventzd storage tubes

V-

jg will be sucpended in the poci cnd vill be examined

;g chould tha sample prcgram in- icats any loss of,

,
iil

go [ absorber material belo:r .02 grama."
l
,
*

2: Will there be any examination of the full sized

f

22 test reds at any tine othar than then?

4 i
25 q A I'm afraid I Jas reading a sentenaa and I'n not !.

.,~ sure whether you read all of it or only part of it.
. .,

There's a sentenac that cays, "They will be cheerved periodica$ly2S
1

2326 219
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I
e

I

wb3 1I for signs of swelling, and they will be opened and examined,"
i
1

?. ,' et cetera.
!

3' O I don't have that on my copy.

..I A Oh, don' t you, roc,lly?'

i

3 I Q Uo. 11?
I
i

G ; A Yes. Could I soo your copy?
|

'

7 (Document handed to the witness)

J C I may have a copy that was handed to me previously.
1-

0! Is your copy the correct one?
i
i

10 | A 'lo s . No. 11 reads:
!
I

le l- " Additionally, two full longth vented
i

'

j2 fuel storage tubes will be suspended in the pool.
!!

] They will be chucrved periodically for aigns of,-

i

, ,i swelling, and they will be opened and examined'

;!
3g i should the small specimens indicate any loss of

,

i
16 ; absorbcr material below .02 grams per square

a
l'

d contimeter of boron-10.3-

li.

g3 |* O The part that was missing from mine is, " Thcy

I will be obsarved periodically for signs of swelling." Andm,
'q.

73 || that ansvers tha cuestions I was trying to ask.
1 i

.n. .i Will this observation bc visual? I
-

,

$ A Yes ...
i44

|
t
i DR. REMIC.T : Excuse me, Ms. Sekul.ar. .I'm not -g. ,

g., sure now which is the version ne chould be looking at. I
.

<

t '

| find that my two copics are also different, tha :ne originnily ,

;
.

I

2326 220
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.I

wb4 i ? in Mr. Draley's testimony and the one we received yesterday

3 ' from counsel. So I'm confuecd.

~

MR. STEPTOE: Tha fault in curs, Dr. Remick.
,

,

-

1|
{ The firct two pages of the Neu, tron Absorbing Plan which was

3 fj filed, as filed, is the correct version, I believe. That is
|n|

'i the version that was just read. The thing we supplied you

*

7 with yesterday, the first two pages are wrong in that that

!.

0 i: minor change uns made beforc we made the final draft which
.

9| Was filed. I apologize to the Board Ehat wa handed that out.

10 CHAIRMAU WOLF: Do you want to strika come of it

*; ! from the record? We ought to have a definitiva statement
?

!?. 13 abcut the thing so that wo know what we're looking at.
4

13 |i
e

THE WITNESS: How about the reading that I made

M a fau ninutes cgo standing as the correct testimony, or the
t

j3 correct Item 11?

is |I CEAIRMAN WOLF: Dccc your counsel agree to that?
!
4

- i:7 Are there any other changes which should be made?
i-

;3 , MS. SEKULER: Mr. Chairman, may I su3 gest that

i9 ii perhaps Dr. Dralay read into the racerd his copy and make any
1.

;9 corrections that cust be made, and then we can all fcilow
!

21 along and have a correct copy in the record?
I

i

;2 2 MR. STEPTOE: I have no objection to that,
t
4

Mr. Chairman. And, againt I apologi=e for this dif ficulcy.;g

9
4 Parhaps we could go off the record for a =cnsnt
4
o
"

25 and I can point out to you what the change was.

2326 22i
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I

1.fwb5 CHAIRMAU UOLP: Yes. We'll be off the record.
>

'

(Discussion off the record.)'

3 .![ CHAIRMAN WOLF: On the record.
:

i
J dn. STEPTCE: Mr. Chairman, once again I apologizo!

. .

.

: for this confusion. The correct description of the neutron

G abuerbar sempling plan in pool, which --

7 CHAIRi!AU WOLF: Dated May 25, 19797*

0f MR. STEPTOE: Yes -- which Commonwealth Edison
!

*

9j pinns to uso includes the -- the first two pages of that plan

I

f.o! are the pages that you have in your testimony as filed. The
i

1; !! last tuo pages are a Table 1 and a Figure 1 which uere handed
!!
il

12 i: to you yectorday.
|

13 | CHAIRIiAN WOLF: Thank you.
!

14 MS. SERULER: I have one or two more questions

15 i clong this lino.

16 BY HS. SE%ULER:

j7 0 If, in testing, it was discovered that the B-10

| !*

mi centent of the sanples fell below the range of criticality }
I :

19 and inspection of the tuhen also indicated sc.te neutron
9

30; attenuatien, are there any plans to empty the fuel out of the

21 existing rache and inspect those racks also?

2; ! A It is the intent to make a judgment cn that when
t

1 ,

a the results are in. And I don't know if thera are any j-
af| detailed plans, I havsn' t discussed them.

i

23 0 Do you know if it would be possible for that to be i

2326 222
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!

II6 dona if tha necescity arece?
l

E:
1 A To produca a plan to do so, you maan?

2
O Well to nove the fuel.

A
A As a generality, yes.. What individual complicatior

e
"

thoro might be becauso at c particular time the racks are

G
nearly full, I can't address. But as a general statecent,

- -

it would be possible.
'

.'4
O All right.,

9 Let'a lock at your tactimony on pages seven and

eight, pleasc.

|is'
O CHAIRMM WOL7: What in the page, please?
I

1 sis. SEKULER: Ssven, going over to page eight.
;

13 j BY N3. SEKULER:
I

j "i ,

h; Q You stato there that a.7elling .3hould n6t cccur

'"{'. , . .

because the only known causes of swelling are entrapped gas,
d I which chould be alleviated by venting, and 'ho creation ofc

I
m

17 corrosion products with greater volu=e of metal fro:n that
.

I3 which it van produced which "should not reach serio2s

E i proportions.".

h
20

Ara thora tects and surveillence plana and pro- d
.I |

<{ cedures to monitor the prcduction of gas in the tubes? !

,,
c-

p-
h *b

- : A Not to my knowledge. '
-

t
I ._,

4)
; Q Ara theer tests te monitor the creation of
i

'A ! corrosion products to see if they do- in fact, attain greater
.

.

23 ''; - "rcach serious prcportion3?" !

!

,

2326 223
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LI
i !

ub7 i A If tho -- the coupons, the small specimens, vil*
<

ct.

; be examined periodically dcstructively, which neans thsy'll

3 j';
;f be taken apart and exacined, and the formation of quantities

3 |t
l

y of corrosion products that are deemad objectionabla or serious

., will be observabic. And in the event that it becomes neccessr-j

6
or desirable, then the full-ci=ed onescan bo taken apart and

- }'.
'

i examined in the anne way.
l'

e;
"

Q But there oro no procedurcs to monitor the actual,

|o
''

| creation of corrosion products within the tubes that are being '

10 I
| used, is that correct?

15'

A That's correct. By being used, I presume you mean

| to store fuel.
,

I'
O To store fuel, yes.

Iy -

Is there any way to determine the case of corro-.

,

'; r:

q sion products within the tuben being uced to store fuel,-'

M which raight be flakiny away -- corrosica products being the
' 'r t
-

p one that were finhing cz,iay?
!-

'p 's

A I have a little difficulty .11th the question.

E'y Let's see if I can --.

50 0 I'll rephrase it and break it up. |
.

2f l' Are there any tcsts for the size of -- encuse me, |
'I

!v b
' '- H strike that.

.

[
||

25 || Are there any tests planned to measure the size
I
l

?A of any corrosion product w'ich might flake off uithin then

25 || tubes being used to store spent fuel?

| 2326 224 |
,

. k .



n
!

! 1310
:

I

wb8 A I don't think so. That would be difficult..
? I,

p Q Are there any tasta proposed or devised to

L ''i
l monitor Nhe accumulation of crud and/or corrosion products

4,i
'

around the vent holes en the tubes?,

3|
| A I don't think there is a plan to monitor that.

G|
1 I haven't discussed it, cnyway.

. _

i
! O You chate in your testimony on page eight that
i

3:
| the sample specimcas are "e::pceted to behave in the same way-

9
! as the actual tubes." Ilhat is the reason for this expecta-

10 :
h tica?

11'|l
'

A I'm trying to find the placa where it says that,
i ?. !

If it refers to the full-sized tubes, it is

9, i3 *
h becauce they are in all respacts that we know identical to
i

!.i {
( the tubes that are used to stcre fual and they are immersed

IS i,
j in the same water and in tha presenca of nearly everything

16I
; ct the sama level. Soma tubcs have fuel in them and somei

17 |
, j don' t, and these will not have fuel in them.

10 '
and2B i

- 'I
to ?

\
-
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4WEL/wel 1 p
il Q That refern, then, to the full cino tubes? |' t

) (
i

2f A I'll havo to find it, to see what we were talking

3., about.
l

.? |! Q Okay. Second paragraph, page 8.
I

5| "To assure that unexpected dange is not occurring,
i

6{ the curvuillance program that will be put into effect
!

f |-| when the new rac'cs are installed..."-

t

3 A That sentonce is intended to stofer generally to
.

g, both the anall ones and the big ones. The cmall onec should

10 be similar in type of behavior, and the big ones should be

i essentially identical in behavior.n

O Havo any differences been considered between the12 !

13 small vented tubes and the large tubes that will be used to

1*, |i;| store fuel?
6

! MR. STEPTOE: Objection, Mr. Claircan. The questiong

,a is vague. I don't understand what is meant by = mall vented.o ,

I tubes., _ ,
.J

'

MS. SEKULER: I'm quoting from his testimony. '

.S :
s ,

!

g .; CHAIRMAN WOLF: Do you understand the question,

.ji
*

!
,! Dr. Draley?,)<.

THE WITIESS: I 'J1 ink I understood what she'
. , ,
w

rennt by small and large, but I didn't got the -~,
a n

d
|-

MS. SEKULER: "Small vented speci. mens," i3 war.t 's '~g

[; in the -- I'm sorry. I skipped a line in the testizony.,c,
p g.:.

BY MS. SEKULER:
ti !!

h
! O The question I'm asking is .f you have censid red

2326 226
,



y

|[| 1312wel 2
.

1'i what types of diflarences there might be battnen the amall

,d
'-y vented specimens and tha actual tubea used for storing the

u
~ si i

j fuel in the pool?
I

4 ;1
1

; A We havo thought of, sone differences, yes, related
!!

5 f, to the difference in si=o. There is a kind of difference

1
G ;; in the mechanical prope: ties of the stainless stcol cladding

3

'

7 with respect to how much distortion there will be from
t

0| pressuro differences.
.

9 !, Ua hava considered the fact that the vont holo

!O is a diffe-rent sina and whether that would make a difference

11 s in the way they behave.
1
e

12 And, in particular, wo certainly censidered the
i

12 ' facts. in which the small specir.uns are the san.e, namely the
b
'l

14 | save materials and in tha sama general errangsment with
i

is : respect tc each other.
!

is y Ha have concluded that the behavior will simulate
,

'
;7 tha big cnes adequately to be safe in the identificaticn of

'
.

,3] any unexpected suelling or problem that occurs.

is! Q So for that reason you have decided that it's
,

tc | not necessary to make regular inspections of the large test ,
,

,; tubes?,,

9
:(

a de have decided the opposita te that, that largs>2, I
!

23 tubes should be inspected regularly, bu.'. we think n visual
~

u

2-; f inspection ic adecuate.
I

15f Q Just for clarification, since we ha7c h 2en given
i

2326 227
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I

' [ several different numbers, do you happen to know uhat the
.,

aina of the vont hole will ha en the racks being used to
n

- , .

oP atore fuel?
I.

4[ A That's shown on the. drawing as a quarter of an
.

5 inch in diameter.
G, O Is that for the rack itself, or for the sample?

. .

7jj A Thatt a for the rack, or the tubos in the rack.
is

'lE 'n Q I see. Tho tubes in tha rack.
?

.

9 [o That's a quarter inch, is that uhtt you said?
:

IC i. A Yec.
I

11] C And vill the dummy celle or large ',ct collar.

:i

lE jj have the .:x e sits vent hcloc?
t

l

13 A Yec.

jf Q And what vill be the size of the vant hole en the4
; 1.

15li s aller specimen?
1
:
"

1G A As it shows in Figure 1, it's about r_ ci,ttecnth
.

I

17 ,e,: of an inch,

d-

: c ,'' O Is that representative to scalc -leborwinnd by the

;9 ::ina of the cmall opccimen in relaticn to the cina cf the
,

e
c

1,9 , largar spacinen?
,

2: A I don't hacw. But 12 so, that's noc t!.e 23200.t:
(

22 f ; fcr selacting it.
,.
.

-- .' C
,

.f
Uhat wac the reaucr. for salectin; c?n

.

1

p; I A I di d t really gat into that in de'- '1 rith

them. In fact, it would b2 a little cicser cimuladou to3

5 2326 228
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I performance, I think, if it were a little bigger. I didn't
h
d

2 tj think it was essential to reproduce it.

3; It's conservative in the sense that it is -- if
!

4; the small one dcas well, tharc's a higher probability than
i

E othentiac that the big onca will do well.

G Q Will the welded scams of the coupons exparience
.

7[ the sama stracs conditicns as a full-site rack tuba?

3 A That question is difficult. Evideably you mean
.

9| in the event sonathing happens will they undergo the sama
!

I

ic i : stresa conditions?
t

!

11 1 MR. STEFTOE: For the record, Mr. Chairman, I
b

12 i ebject to tnis. I don't think there's any foundation to
i

!

13j assume that there will be any stress conditions on the
:

14 large racks, and therefore it's causing the witness confusicn.

I CHAIPliAN if0LF: What is ycur respence to that,15
I

!S ..s. Sekule.r?"

;/ MS. EEKULER: ifnatever normal stressac uculd be
_ i

le j in the pool ic uhat we're interested in.
i
J

19 ( MR. STEPTOD: Wall, Hr. Chairman, perhaps ceunsel,

I should then ask what would be the normal stressas on tno20
;

21 ' walds in the spent fuel pool.

!

22 MS. SEKULER: I'll be happy to da :o.

23 CHAIPJ4AN WOLF: I think the witnoes can handle
~

! the question.24
!

THE WIINESS: The stresces on the VI,lds in the25 ,
I

''d ? 9
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i

i specimens and in the full tubes will be related to the

f

P. | fccion in which they're prspared and to pcssible stresses
i
!

3g- related to the weights of natorial that apply otrosaes while
li

4 they're in place.
.
.

5! I haven't made an analysis, but by analogy with

6 syntsac sinilar to that, if the welds are not utross relieved

7 after the production then the biggest stresses that are-

3| residual af ter welding will ba as a result of the welding
i-

gi and cooling itself, rather than as a result of the stresses
i
f

10 ! inposed by tne parts of the system.
I

11 and in that ovcnt, the strecces en the little

;3 enas vill be 7e.y similar to the stresacc on the big ones.
,

i !

13 ) ! BY MS. SEKULER:
i :

y |[ 0 I think you've ansvared my questica, "yes."
d-
H-

They uill be vary similar7
j g .|.|

g .!!! A I think so. I haven't been told whether they're

37 going to be stress relieved, but I imagine : toc.
h.

-

m [j-. 0 According to the schedule on Table 1, the first
g

!!!.
39 i cample will be tected 90 days sfter the coupon is picced in,

. ,

the pool. Will this be cdequate to datcet problems prior20 .

i .''
to 90 days?g

g' A In my judgment it will be, in that in my
. .

$ judgment, the probability of a problcn that one would need -g
!,,

!!.4| to take any corrective action for would be ve)."r small prior !44..

-

4
'

; to 90 dayc, and, in fact, I think it'c sm il at 90 and.zu_ ,

i
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l y.I cubsequent as well.
:

{e
4

| Q In your opinion is it possibic there could be a
4

5 !' significant arcount of swelling in a vented design?
I

4 A To answer that, I'4 have to know the meaning of

S significant as I might use it or as you might, but in rrt

6 opinion it is possible that there will be rceasureablei

V

/O swelling.
4

3 Q How would you quantify that swelling?
-

9 A By that, you mean how big is it likely to be?

10 { Q Yes.

11 A Well, thera's a rango of possibilitics. My

I
12 , judgment is that it is not likely to he in e::cass of perhaps

:

'

13 : a tenth of an inch, and that is as high as I 2xpect to see
!

1< ; any. ,

a

13 | In my testimony I estimated chat f: cm local
I

16 ' corrosion it would not be expected to a::ceed the number that
,

g is calculated, of .234 inch.
,

. '

to " Q It will not exceed .234 inch over the lifeti.ne
:

19 of the tube? Is that what you --
,

zo ' A 'les .

n- Q What would be the cause of that sualling?

12 A If that were to occur it would be becauco at sc=e
1

'23 tiine the Doral were completely - the thic%noss cf the Ecral ' '

i

3,; would be completely carroded, to form corrosi:n product and
I

the remaining boron carbida, which would not be corroded. 'x. ,

.

2326 231
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l
'

1 :[ Q I'm not quito sure I undarstand tha'c answer.
i

?- Faat do you mean by the thickness of the Boral

3 i.: would be completely corroded? Do you :ncan the clad?
|

4* A I mean it would be corroded all the way through
J..

3I the Scral, the cladding cnd the core material -- if that

3: ~ happened, unich I said I thought was not likely to occur,
I

'

7 [i the maximum swellings that I catinated would be about .234
!-

i t,

D'f. inch. And I don't e:<pect that to be execeded.
1.

! :

9 In fach, I don't expect it to be reached, either,
!
.

10 | : as I said a little while ago.
I.

11 : ; O If such an event occurred, and the 3 oral were

.

12 j 7 cornpletely corroded, why would the swelling be limited to
? .

13 d. : . a small amount such as .234 inch?'

m
F

14- 3 A That's based on a change in volume of the aluminum
,

,

15 !!j. content of tha Ecral when it is convertad to a corresion
t,.

product. The preCond.nant corrcsica product at the temperatureste -

a.

17 h tcat will be in the pool nearly all the tima goes by the
_ a

IL mine :al nrane of Bayerito, and from a kncwledge of its density13 b

;g [ it can be calculated the artent to uhich swelling will occur.,

20 In fact, my calculation is slightly more ecmplex
.,

i
2i tnan I indicated, since not all of the matarial in the

d.
' t

,

64,; thicknacs of the Boral will cerrode, sma of i . baing bcron jn
.

carbide, and not necessarily a perfoct packing of the corresion| -
'

23 ,

i
.

"

24 , product will exist. And thoaa two effects have opposite i

effects. I havc estimated that, en the conservativo eide, my25

|
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wel 0 1 ma::imum is still correct, in considaring thoco two.
2 Q Now, your assumption is based en a vanted tube,

3 is that correct?

4 A It wouldn't matter yhether it were vanted or not,

5j if I'm only talking about the corrosien product swelling.
6 My assumption, in answering your question, was

*

7' based on a vented tube.

8 O If the tube were not vented, would your answer
.

I

9| change?

10 A If the tube were not vented, than er orience at

11| lionticello indicates that it might swell :ccre in the event

12 that thora is a leak in an unfortunate location.

13{ Q If a vented tuba were to be pcrtially closed up
i

14 | by having the vent hola clogged, would that simulato a

15., situatica similar to Monticello, where the tt es were not.

I ventad?93
i

l

17 i A I don't believe so, no.

16| Q ifny is that?

A
jg-|i Decauce it doesn't take a very big hola to lot the

*

20 f gas out, and partial plugging wouldn't prcvenu the gas from
1

121 | 08 CUP H9-

22 Q Dies it make a y difference i: ycur analysis

23 whether the vents go all the way through the tube, top cnd ,'
i

24 bottom, or if they are c,1.y vented at the icp?

25 ||
A You nid all . .: uay . . I missed what you meant.

i
!

j d 93}
!
i
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1|| by that.

1 Q I have been told that the vent hole -- there would

3'I be holes at the top and bottom. There would he kind of a

4 space that went from the top to the bottom.

5 Lot me raphrase the question.

6-| Would it r.ake any difference if thoro were vent
.

, !

' holes at top and bottom, as opposed to only haOfig'the- tube7'
i; |

S'' i vented at the top?
,

;.
9'

~ A With respect to release of the gas I don't think

10- it would make any difference.

11~ Q Would anodising the alumintun in the Boral, or

12';I the Boral clad, reduce tha amount of corrosicn?

13. A My judgment is that it is not likely io r.ake any ,

!,

14.I difference in the 40-year lifetima. I'm not certain about

15, that, though, because it would depend on what'ler uhe

16 electrical contact between the stainless steel and tha Boral :
4

|.

17 wore impeded significantly for a long period.
.

m ,j Simply in terms of corrosien, I don't think it
!
!

is ; vould raatter, because the anodized coating doenn't lasb that,

i

?.0 i long. That is, its corrosion resistance doesn't 1:ct that

21 long.
,

t

22 . But if it in a sense accidentally retained an
! !.

23 , insulating layer betwoon the alumunin and t'2e stainiecs
;

24 ' necel, then it is possible that it would have an ef fect.
4

! !

25 Q Regarding the tining of tha sampling of the test '

i
I

e
'i

| 79/
"/'

]7 |'
- ~O

'

/
~ -s |i

! I



y
I
i 1320

wel 10~

1 coupons and specircas, do you know who determined the achedule

2 for sampling?

3, A The technical staff of Coranonwealth Edison. If
I

4! you want to know an individual,, I8:e not sure that I do know.
I

I
5~ Q You were not responsible for that determination?

6. A No, I was asked if I would look at it and givo
I.,

7! [ them any objection I might have.' '

i

6] O Do you know why it was decided not to test more
'

* ,

'

9 often after year-1 tha.a svery five years?

10 A I haven't discussed it with anybody. I can

11 ,' speculate tith you, in terms of the nunter of upccimens

12
'y

thau would be requirod, sinca specimenc arc destroyed whan,

l
'

13 ; they are taken cut and e:camined.

Ie
M; }; Q Welt do you know what would happen between

.
,

$5 ' year-1 and year-5 if cons type of unexpected event toch-

h
16 place? Would tiere be apy mechanism by 9.t.ich Edison would*

17 be alerted to inspect thosa coupons?
, o
r |

-

18[2 El. STEPTOE: Objection, Mr. Chairuan.
4 i

19 ''Unexpectied event" in this centext 'saems wry,

20 , ; vague to n.e.
,

,r

21 CIIAIIU4AN WOLFv Can you rephrase that, M3 Schuler?|i ,

1 '

22 "' 3Y ME. SEEULER:
.! -

23 '
'

O Is there any way in which Ccmmonwealth Edison |'. .

;
1

24 ' can -- let ce start that again. |
I.

25 i Should a change occur en c. of the test coupons !

I'

2326 235
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I between year-1 and year-5 which had not been predicted,

2 would there be any way of knowing, then?

3|
-

A It'= still difficult to answer, "Would there be

4| any way." .

5 f There isn't a provision in the plan that says they

6 :' uill detect this.
,

7 [)
'

Q There's no alarm --

6 A -- but it's perfectly obvious that if someone
' :

9 elected to change the plan and Icok at it mora frequently,

10 then he could.

t
'

11 O Do you think that it would be advisabic'"to changa-

I? I
'

the plan co that more frequent inspections were made?
i

13 A I don't believe that it'3 necescary. That's,

I

14 ! the raason I didn't advise them that I thought they should
i

15 i do it more often.
!

16 0 Your testimony on page 8 indicates:

17 i ". ..the surveillance program that will be put
. !

!O into effect when the new racks a::e installed. . ."

19 i Do you knew if all the elementa necessary for, i
,

20 the test program will bc roady at that time?

21 A To my personal knowledge, I don't know no, But
,

22 . it was intended to cernit them by writing it in the
i

23| testimony.
~

24 Q Do you know if tharc are plans to delay reracking
i

25 i until the surveillance program will be rondy?
|

2326 236
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wel 12
? A I don't know if there is any problon in havi.ug

O,.

^ 5 the sm veillance progrr rcedy on tima, cnd I don't kncv cf

. s
4 any pocaible plan for dolay. |

t
I

4! Q Co you know how am:urata the tent progran would.

5 be if it nere to be done after the racks were '.nstalled?
!

6| A I gueaa that dapands on how nuch afher. I think

? !!. it vould prchably be fine a.f it were a small fraction of the'

!
.

C' Sirst orpocura period.
*

,

9: Q !That is the 11argin of error?
1

10 : !!R. STEPTOE: Cbjection, Mr. Chaircan. I. don't
i

understand the usa of tha term "Ir.argin of error."1! |

,

t

|
12 |t FS . SM ULER: Could ycit read back the answer cc

18
>

i the pretticus qu 3 tion?"

4

>t
l

le !'t, 'Whereupon, tha Reporter raad from the record, asi
.

-a

15{ rcquested.)
.i-
na

:6 F. 3'l US. SEKULER: .

.l

6|
44

tr 1 Q Can you d2fina a naall fraction of the first
i

l .'

Ja 9 expcaurc period?
t

a,

19j A The firct exposure pariod is 90 days, and in my
, e

20 ,'i jurigeant a c=all number of weakn of dalay Uculd. not ba an
t

undtm risk of any hind.2; ,

1

22 'i 0 Turning to paga 2 of your testimony, ycb stcte,

'i
23 !| undar your goncral statenants concerning corronion, *

,

i I. Beric Acid Golution, in che first .r nran..r=.c. h., about--
u,

;
i

25 , ciducy down, this is talking about the :sthod by which the
.

I
e

! 2326 237
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!1'{ solution used in the Zicn spent fuol storage pool is purifiad.,

2, *This purification process has not been run
!

3 ;j [ at all times and the concentration of une boric acid
,; .

'
'

has not been constant." .

C J' As the boric acid content varies, dces the pH
ii ,

n .c - vary .in the pecl?
,

a
I

'
7 A Usually it deco, yes.

'

.,

1 't Q Do you know how it varies, what levels it varies
4

0, to?

10 ,
, A Cell, the ranga that I have givGn here is a

11 pretty accurate state:rsnt of a period of about a year, and''

I2 fer the year or tuo prior to that I gucus I'd have to consult
1

13 9 to see if there's any error in it, but it isn't far off, for

14 cartain.
it

15 G So the one period you refer to in the statenent

i s 'i. fror. 4.7 to 5.5 in ene period, that c: e paried is a year?
e
<

i

Yea, it was approximately a year. I'm not sure17 o n
.

;c if there'c a month or so deviation fren that,

i
.; 9 , O Do you kncw of any timec uhen the pH in the

,

20 , spent fuel pool has fallan belcw a pH of 4.7?

2! A Ihat's a matter of my recollection. I think

22; there probchly were times that they were analy=cd belou 4.7. !
3

i
I

c"3 | And if one constalted the data, that answer would ha i -
j
.

24 availablo. !

t'
'2.- 0 on page 2 you maxe the statenant, at the end of !
't

}c
l -

t

'"
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,

l'
1. the cacond paragraph,

!
E. "A significant advarca effect on the aluminun4

0
4

'3 y corrosion can be predicted if the pH 13 below about
o
|| -

4 '! . 4, depending on the tempqrature, the presencs of
i

i|;
3 . other seclutes, and the rata of flo;7 of sclutica pacti

i
:t,

=

0 :i! the netal aurfa:c."
b

7N'
Is that baced on your own research?

il
,

1

G 1., A Yes.
A 6

9 Q Can you tell ne what the temperatura would have to
t

1

10 ,
~ be to ma'cc a significant adverse effect poscibic?

!.
'i

1; y; A That also depends'on the solution flow rate.
!i, -

12 a At flow ratus of the order of 9 feet per second or greater,
.y
a

is ', then at tanparatures of the order of 70*C. at pH 4 there
4. .
4L it would be a high corrosion rate, an objectionchly high
.i
il

' 5 '1 corrosion r.:.tc.l

1.

16 At a louer flow raza, or in nearly stagnant

17 ' circumstancos, such as in the tubcc in the storago pool,
.

18 the corrocion rate would increase at thnt pII, but it would
I

'

sg nec becore very large in tarma of short c:cpecura creating
.

no ' much of a problem.

'
2; I haven't really v.ade au cetiIcato cf how Icw a

4

7, pH would be tolerable for how long, but I don't think a
,

,

,!
'

23 pli of 4 for a short tiue vould be cause fcr concern. ~

t
iy O Should a problem in ths Opent fuel peol coolingi '

:

25 syston cause evaporaticn of several fast of '.rator, although
.
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r

Ih it might not be sufficient to uncover the fuel, would that

o
, cauce seme change in the pH?

3| F.R. ETEPTon: Objection, Mr. Chair: tan. I really

4j den t understand. There has been no basis for this question.
d

3j
.

I don't kncu what Counsel is referring to by a " problem."
G IG. SEKULEn: Mr. Chairman, wn have already

*
7 submitted in direct testimony scme testimony by another

y *

8 [. witness who will appear next week regarding the possibility
,

!t

9j ' of boiling in the pool.
!
,

IC ! It is my intention to just elicit from the witness

11 some small amount of information regarding hic interpretation
i

12 '! of the possibility of some corrosion at the higher tempera-
t
i

13 | tures in the pecl below 17G, uhich the Applicant has ccacedad

14 is the temperature that may be reached in the pool with one

15 i train of the cooling systam shut off,-

l.
i,

C'y CHAIRImn WOLF: Do you expect to tio this
i

17| tactimony in with testimony no::t week?
|

18 '|
'

MS. SEKULER: YEO, I do.

19 { CHAIRMAN WOLF: You may go ahead.,

I20 ' ' THE WITNESE: Tho answer to the question, an you
i
i

2; asked it, ist

22| I believe that tha concentration of tha boric
!

22 i acid will increase in the pool but it vill not significanti.y
.

1

2s incrcase within the tube uhere the concentration is likely .!
!

25 ' to be lower than it is in the pool anyhoe!.
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1

I BY MS. SEKULER:
3

G hihy would that be?"

:i
'l

3!- A Becausa cone of the acid will have reacted withd
" the aluminun to yield solutica Vnoce hydrogen icn concentra-
5 tion is lover, and that means a lose concentrated acid

..

F
"

colution.
.

.

7j Q Would you then say that the 1cuor pH in the pool
0.'!

O p vould have no effect en the natals within tha tube?A. J
.f b.

se p| A If the time u: ec long enough, it night have anth
'.t i

10 effect. That is, if the level in the pool wore low for ai ,

I
^

1! long cnough time it night have an effect.,

11 - But for a short time of the order of a week er
> ! ..-

: J ,d - two, I think it would not,q

q.

14 || Q Mould you dafino a time as longer than two vechu
s

is j n long enough tine?
.

!6 A I'd have to reflect on that a little. To make upi
4

;/ t a nuricer that --
>.

m, O I'm using tno num':ers that you're giving me.
,

i A Two vecks is in the safa arca. I haven % said;9 ,..

..

:10 { what is th2 borderline between safo and unsafe, with racpech

at to changing the concentration,
i
n

2.q I It*a a natto of estinating hou nuch mining ther3
t-

23 13 hotween the Golutien in the pool and the solution within
.3

j

the - -.u.., .i.

1
I

43 0 I realize. vithouu giving you substantia.lly better
.
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wel 17 !
l'

1 nurborn, I'm asking for come speculation.

, ,.
": A I thin!: it is liholy that a racnth or so would be

.,

'! .-

C 't ancugh to ahcw a significant differenco in concentration
|l

-1
4 '

.. within the tuben. I haven't said anything to the effect of
3

5 ;,' whethor you cara.
U

6f G- When you're making those assumptions about the
!I
'[ offect of Icwor pH on the tubes, are you making an ascumption/

0'%
1

' g' that the bottom , of the tube is or is not vented?.
4, :

.a

9[1 A The botton -- I'n assuming the bottom of the tube
.

iN.
10 't' is not vented.

b
!) 'if Q Thank you.

n;
.I

12 ' }f. CHAIRFAIT UOL7: Itay I inquire if you have
' t'

13 d,' considerably more?.

'i
r 4 ' 'I,.. MS. SEKULER: This might be an opportune time to f

'l

!S.j' take a break. I have about another half hour or 45 minutes
;!

16 h Worth of quastienc.
i!

;7 CHAIRMAN MOLF: Let's take a ten-minute break.
-

t

12 (Recess.)
e
l
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l'I
., ,

2C agb1 CT. AIRMAN WOLF: !7a'11 be back cn the record.,

>r
! Ms. Sekuler, aro you roady to go forward?i

?
MS. SEKULER: Yes, Mr. Chair:nn.

2.

At this tirro, I have ccma proprietary doccmento,

5 |' with which I reuld liko to a: tamine the witnacs..

I

f~
CIIAImWI WOLF: Do counsel have any objections

e
_ 9/

,to the uno of theco doctrr.cnta?o
/ I

6i
A ! - MR. GT2PTCE: No, va do not.

6

9i
CHAIRUTdi UOLP: ARo you fa:ailiar with it,

10 l
Mr. Steptoo?

11
j MR. STEFTC2: *los, I holicva I am.

?2 '
C2LISET i;OL7: And are you, Mr. Goddard?

'

MR. GODUAIID: I'm vagnoly far.i".iar with them.
!

l a. i
~! Wo have no objection to their uco at this tir.;o.

il

'' |ta|
.n

CHAIENAN UCLP: When tha Ecurd takes up pro-
i
; priatary matters - I'm speaking to the peepic in tho
i

1? :
; audionca hora new -- under the rulca, it's necascary to,

is !
. clear the courtrocm until we Oct::picte the gmntioni.ng on

. i

'
i

39 | the proprietary metters, and only counsel and tteir erparts
-

,

"9
sho assist them cro parmitted to ha in the courtreem.

e

p".: . i
| So I'd like to ack the audience if thsy would
I

withdraw until tm finish with theco ttro docuronts. Underi
.

23 the rules, we havoto taake a separata transcript of tha
'

.q'"
! testimony that ic heard in connection with then. And tite

|
,

I
EU

i rules require that we ask cvarybody to leave during the titre
!
!

| 2326 243
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I.

!1

agb2 || that the proprietary ninttor that is unh r diccusaien. I'm",.

f

carry to inconvenionce you.
- ,

c!
: Counsel suggests: it vill take abcut a hal3 an

4
hour. If you'ro going to be tip in the lobby, we'll ack

coimbody to go up and announca that ne're thrcugh.
5

Giharaupon, the hearing was racessed to
'

'I
in ca*.: era sassion at 2:55 p.m.)

3'
*

.c.

(IN CAMERA session: pagos 1330 - 1354)
10

11
I
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ebl 1 (The afternoon session was resumed in open session:

2 (3 :40 p.m.)

3 hiereupon,

4 JOSEPH E. DRALEY

5 resumed the stond on behalf of the Licensee and, having

6 been previously duly sworn, was examined and testified

'
'' 7 further as follows:

*
.

'

8 '- CROSS-ELWiINATION (Resumed)
A

9 BY MS. SEXULER:

10 0 Dr. Draley, I just want to ask cne more gunstion

11 for clarification purposes.

12 Will the tubes in the spent fuel pool at Bion be

13 vented from the top and closed at the bottom?
,

14 A Yes.
) ,

15- Q And did you have any input into making that

16 decision?

37 A Yes.
'

18 Q And how were you involved in making that decision?

39 A My opinion was asked, whether it would be desirable
.

20- to close the bottom tubes for reasons related to corrosion

21 and electrochemical corrosion, and then decinions were made.

22 I didn't make any reccmmendations, but I told them my opinion.

23 Q And what was your opinion that you told themi '

P4 ||
A My opinion was that with the tubes vented at the

25 bottom, I thought the performance would still be satisfactory.

! 2326 245
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eb2 i In other words, I thcugnt the performance inside the tubas

2 in the storage canal would be better than the particular

3 specimens that Mr. Karzmar had tested, and cocondly, that

4 i the performance, that is, the nuaunt of galvanic or electrc-
i

'

S' chemical corrosion would be less if the bottom were vented,

G and therefore, there might be some advantage.

7 That was the general thrust of my cotuents..

G Q Were you concerned at all with the possibility
^

I
9 that there might be some bulging of the tube near the botton

10- due to internal hydrostatic when the nch tcas not submerged

;j if the tube was not vented at the bottem?

12- A A discussion of this was hold in my presence and

13 I didn't have any cc:nment to naka about it.

2d y
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2E wbl ! O 6 you ha*re any knowledge about that particular

1 issue, the bulging?
I

. Ji A only generally; kncwledge of materials. .And my
..

4 general conclusion is that the, strength of the tube toward

S bulging from an internal pressure ia greatest'near the ends,

G near where the edges are welded, and that it wou/ld be readily

10.250 ', possible for some engineer to calculate the strength with

a fairly good accuracy.
4

9 0 You do not thin't there is any danger from bulging

to at that point?

11 A I didn't calculate it to confirm it, and I wasn't

la a party to making a decision whether it was strong enough.
i

13 MS. SEKULER: I have no more questions at this

t .t time.

gg MR. GODDARD: The Staff has no cross-examination

16 for this witness,

t ., MR. STEPTOE: Mr. Chairman, I just have a couple

IC of questions by tray of redirect.

gg CEAIRIRN UOLF: Very well.

y; RIDIRECT El%'4INW2ICN

::sxzx::x BY MR. STEPTOE:3;

73 Q Dr. Draley, can you estimate the 2.ikelihood that

i

23 i corrosion products might become detached frcr.t the boral and -

~4 f1 at up and plug the holes in the top cf the atainicas ateel2

G
racks?

*"_

2326 247 !
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wb2 I A I think the likelihood is very small. First of

2 all, the amount of corrosion product that dotaches 10 st2all.

3 It tends to be nearly zoro in the early stagos of corrosion

4 and to remain that way for a 1,ong time. 'And then one getc

5 sporadic bita of product that 'come loose. Tha density of the

G' product is greator then tho dancity of the colution in which

* ' they will find themselves. There icn't any-- By the time

8 that any oxide comes loose there isn't any force that I knowi

9 of thau will tend to make them rise to go to the hole.

10 The amount of hydrogen bubbling which will occur

il early in the exposure of the boral to the water that leaks

12 incide the tubca, that hydrogen bubbling will have diminished

13 to such an extent that I don' t believe it will have a signi-

14 ficant offact by the time the corrocion prcduct starts to

15 ccmc off, with the possible excaption of tiny bita that are

a.rcre phenomenon.''
'

' ~ ~ ' "'

!G i
-

1; So I don't believe that there ic any significant
~

to probability that the hole will be reduced in sizo from that

w, acurco.
.

20 0 Dr. Draley, in vicw of the nonitoring progran cs

21 described in your testimony, do you believe it is necessary

22 to conduct tests of the corrosion effects which may be taking

place in actual tubes used to store spent fuel in the Zion ~23 e

l
I

Ec. opent fuci pool?

25 A No, I don't.think 30. I th:.nk the probability is

.
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wb3 I low that there will be an offect great enough to create ay

2 problem, and that the presence of full size tubes that can ha

3 pulled apart when there is other indication, as by the smaller

4 specimens, that there udght be, a problen will be enough to
.

S satisfy the need.

6 A storage pool is not a place where you cannot

*
do experiments and exanire things at a later time. The7

|
8, general cendition is rhat it will bo possibic to change plans

4

9 and to do other things if it becomes necessary.

10 Q Dr. Draley, to your knowledge has the pH of :he
~

.

1; Zion spent fuel pool ever fallon below 4?

ja A No. I have seen a series of pH values recorded

!3 that I believe are all of the pH values recorded for the past

t o. three years, and none of them is as low as 4.

;g Q Is the pH seclo logarithmic?

3p A Yes,

g .7 MR. STEPTOE: I have nothing further.
e

79 CHAIRMAN WOLF: Thank you, Mr. Steptoe.

gg EXAMIEATICU DY THE BOARC

x 22xzx gg BY JR. LITTLE:

21 Q Dr. Draley, how often is the pH menitored in the

22 pool?

A tee 31y is the norm. And I didn't look carefully ~
oe
za -

to see if any weeks were missed.ad

Q T hat's one of the weekly tests that they pe:: form25

2326 249
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*ub4
. with the grab samplo that they take?
l

E A I presume that's the same sample.

7 Q Thank you.

4 SY DR. RE!i!CK: ,

5 Q Dr. Dralcy, back at the early part of cross-

E e : amination Ms. Sekuler asked you about the size of the hole,
*

7 I believe, inths storago racks and in the specimons that are

6 part of th3 carrosion surveillancs program, and you made an

9 answer that they were quarter-inch holas, and I think you

10 said "as shcwn in tho drawing," or " figure." But I don't

11 .think you gavo 's a reference to that drawing or figure.

12j Do you happon to remember what that is?

|
13 A The drawing that I had access to some weeks ago

14 was an engineering drawing of the racks. And I believe that

IS Nuclear Services prepared it for Conronwealth Edison, and I
i

16! assume that it's available for inspection, although I don't

17 know if it has 'ocen offorad in any case.

|'

18 | DR. RE11ICK: The reason I asked that, I agran
t

19 with Ms. Sakuler that we have conflicting testimony I think in.

20 the record about the sine of those holes, and we should

21 clarify it, and I thought this might be the time to do it.

22 And I thought this perhaps was the witness to do it through.

I

23 i But at soms tim 3 I think the record needs clarifying, becauna
-

1

24 f I think we have testimony that they were three-si::teenth of
i
!

25 an' inch and--
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wb5 1 MR. STEPTOE: Ye=, sir, we'll supply that ne:it
i

E ueck. We don't naed this witness to do that, Dr. Remick.'

I
5t BY DR. LITTLE:

i
!

^I Q I have one other qgestion:

5 Is the dissolved oxygon level conitored in the

E pool?

*
7 A I don't think co. I'm not absolutely certain

!

S that it's never measured, but I don't remember saoing any
,

5 results .

1C 0 So the discuscica about onygen levals would be

11 theoretical based en the conditions in the pool rather than

12 based on known oxygen measurenanta in the pool?
.

T '335 12 A Yes. I don't think there in really much doubt

u that the oxygen content of the uater in an open pool exposed
~

15 to the air above it is a significant -- some significant.

fraction of the concentra' ion that would be in equilibrium16 i t
i

with the air, not necessarily exactly equal to it. That's17 i

.

13 because the air vill tend to dinsolve in the pool and thn
I

is icn exchange resin that is used to purify it dces not take it
,

'
zc up vary much.

21
|

The pertinent o.nygen concentration in the concen-

22 trction of the oxygen inside the stainless steal tubes.

22 Q And it vould not be easy to measure.

24 A And I t! ink I said in testinony that the concentra-

'
-e tion of the boric acid in that area would be lewar than in3

;

I
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"[ the pool. It will also be true that the concentration ofwb6 .

'

2 cxygen in that area will be lower than it is'in the pool.

3 There is an opportunity to speculato about.whether

4 the differance between performanca in deserated versus

5' aerated is related to cuygen or related to the ~ concentration

6 of the acid, and one doesn't havo enough information to draw

*
7 positive concluilens on that. In any case, the difference in

8 experiments is clear.*

!'

9 0 In tha experiments 'I presuma czygen levels ware

Ic; measured?

11 A I think not.

71 Q It's such an easy measurement to do.

I

q| Thank you'.

je CHAIRMAN WOLF: Any further questions?

;g MR. STEPTOE: I have nothing further, Mr. Chairman,

;g MR. GODDARD: Nothing furr. hor.

1i MS. SEKULER: No further questions.

.

CHAIRMAN WOLF: 7aankyou, Dr. Draley, you maym
,

I c. be ancused.
,

2C (Witnesa excus3d)

CHAIIU1AN WOIJ: Do wo have any matters we should21

22 take up before we adjourn?

|

[ MR. MILLER: I think just one, Mr. Chairma'1, and -
.,

r

that has to do with the proposed schedule for next week.y ,

f

I telieve that there is agreement among counsel
.j,
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'

wb7 oubject to the approval of the Soard that the coquence of8
E witnasses vill be as follous:l

0 Mr. Minor, who is the State of Illinoin' witness

i4 i on corrosion will locd off, followed by the witneaaos uho have

5 prepared testimony with respect to Centention 2(g) on possible

C pool boiling. And it is e:cpected that-if the Board will sit

*
7 that ovaning -- this would bo Wednesday evening -- that ne

'
G 8

L I
could also deal with the tectimony of the State s witucsn

9 Peter Cleary on Board Question 4 (b), which is Emergency

10 Planning. Mr. Cleary is availcblo caly, wa understand en

I? Wedneaday and Saturday. We thought it was desirable to have

12. him tactify on Wednesday in the event that we finish other-

12 uico on Friday.

14 On Thursday it's the parties' expectation that

15 uo'd be dealing uith contention 2(f) and its subparts, and
4

!2 that we would daal with all outstanding Board questions oxcept

17 Board Questions 4(a) and 4(b), that that would carry over -- |

.

10 that procons would carry over on to Friday, if necoscary,
,

je and ue would than have argumont en Contention 2(n) which was,

j strickon as a result of the Board's cummary diaposition order,ic

l
21 { and that wo would have the staff and licensee testimony en

22 Board Questions 4(a) and 4 (b) .

23 I should stata that we aro, of course, prepared
'

24 to stay on into Saturdaye should that become necessary.

25 CHAIRMAN WOI.F: That schedula you've outlined,
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wb8 1 Mr. Miller, will bo agreeable with the 3oard, and we'll be

2 prepared to start at 9:00 a.m. on the 20th, that's Wednesday

3 the 20th. And if you want the Board to sit, if it is helpful

4 we'll sit that night. .

5 MR. MILLER: Thank you, Mr. Chairnan.

E MR. GODDARD: Mr. Chairman, excuse me; we'd like

"
7 a clarification as to whethor Mr. Cleary will be available

s
8 Thursday in tho event his testimony runs over?

h.

9 HS. SEKULER: No. Mr. Cleary has informed me

10 that Thursday and Friday he is occupied elsewhere. Ho said

)! it would be impossiblo for him to be here.

I

12 j MR. GODDARD: The reason for this request,
t

!;, I l Mr. Chairman, is, during the conference call between all

14 parties and the Board last week (4s. Sekuler indicated that

If the Staff's origir.a1 schedule as set forthin the motion was

1E 3atisfactory to her. And there has been no showing, on the

17
|

record at least, as to why Mr. Cleary has baceme unavailable
D

16 at this point.
,

19 MS. SEXULER: Mr. Cleary informed as when-- I had,

20 set him up to be here early this week, not knowing whether

21 he'd be able to -- whether testim ould be required. He

22 informed me at soma point in time -- I don't really remember

23 when -- that he would not be available other than Tuesday of '

24 this week and then, perhaps at a later time,.17ednesday and

25 Saturday. But it was my impression that 4 (a) and (b) would
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wb9 I go on last, and that if he uns not taken early in the week
,

E we could put him on en Saturday. I didn' t inquire any further

3 into it. I was in"ormed that he would be unavailable.

*; GIAIGAN liOLF: Ucl,1, you know, the Board will he

S willing to sit late on Wednesday night if need be, if his

G testimony can't be had earlier in the day.

* 7, I think we can work it out.
.

. '. 0 liR. GODDMD: Very well, sir.
,

O CHAIR 2iAN WOLF: Anything else we should discuss?

10 (No response)

,1 CHAIRMAN WOLF: If not, we'll adjcurn now until

1- no:ct Wednscday, the 20th, at 9:00 a.m.

13 (Whoreupon, at 4:00 p.m. , the hearing in the

g above-entitled mattar was recassed, to reconvene

:3 at 9:00 a.m., Mcdncaday, 20 June 1979.)

h3

2326 255''

.

}b
> .

n,,
i

20

21

22

23
.

24 ,

23

i


