NUCLEAR REGULATORY COMMISSION

» ¢ IN THE MATTER OF:

CCHMMCNWEALTH EDISCN COMPANY

(Zion Station, Units 1 and 2)

Cocket Nos. 50-225
50-3C4
{(Spent Fuel Pcol Expansicn)

DOMD AR A
POOR ORIGINAL

Pl°"'Zicn, Illinois

Date - Pages
1S June 1979 - - 1329
- 1254) »

- 134

{IN CAMETA szassion

[l

W L. V™
Wi\
wm oW

7 'y

2326 001

Teleprone
v mwAn

202! 347-3

ACE - FEDERAL REPORTERS, INC.
Official Reporters

444 North Capitol Street

|

1

!

|

| v‘.’O‘.flﬁSTCn D.C. 20001

NATIONWIDE COVERAGE - DAILY rd

Lo

o
©
-
O
0
3

<



CR 4828
WRBloom/wd
WELandon
1 of 2) UNITED STATES OF AMERICA
. : NUCLEAR REGULATCRY CCMMISSION
" et
: :
4! In the matter of: :
S COMMONWEALTH EDISON COMPANY + Docket Nos. 50-~295
: 50-304
8 Zion Station,; Units 1 and 2) 3
: (Spent Tuel Pcol Expansion)
- i ST . e el A e B A e B - e - o
|
A 4 3
. 1
9 Lincoln Ballrocm,
Holicday Inn Illinois Beach Resort,
10 Sheridan *ocad at "Yadsworth Road,
zion, lIllinois.
11
Priday, 15 June 1979.
12
13
. The heaxirg la the above-entitled wvas reconvened,
14
purusant tec adjournment, at 2:00 a.m.
15 |
BEFORE:
16 :
cCHN WCLF, Bsq., Chairman,
17 Atomic Safety and Licensing Beard.
" 10 DOR. FORREST J. REMICK, ember.
b !
19 DR. LINDA W. LITTLE, Member.
.
20 || APTEZARANCES:
21 On bzhalf of the Licensce, Commonwealth Edison Ccmpany:
|
22 i MICHAEL I. MILLER, Bsqg., ]
PHILI® STEPTOE, Esq.,
2% ALAN P, BIELAWSKI, E=q..
o Ishan, Lincoln and Beale,
24 One First Naticnal Pliaza,;
. Chicageo, Iliinoiz 60603,
25
2326 002




wb i On behalf of Interveaor State of Illinoia:

' 2 SUSAN N. SEKULER, Esq.,

ANNE K. MARKEY, Esq.,
Assistant Attorneys Ceneral,
Environzental Control Divizien,
188 West PRandolph Street,
Chicago, Illinois 50601.
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On bedalf cf the Regqulatory Staff:

RICEARD J. GODDARD, Esg.,

. - STEVEN C. GOLDBERG, Esq.,

Cffice of Executive Legal Director,

United States Nuclear Regulatory Commi 3sicn,
. Washington, D. C. 20555.
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PROCEEDINGS
CHAIRMAN WOLF: We'll be back on the record.
Whareupon,
FRANK M. ALMETER
and
EDWARD LANTZ
resuted the stand on behal? of the NRC Regulatory Staff ard,
having been previously dulv sworn, were examined and tes: . fied
further as follows:
CHAIRMAN WOLF: Ms. Sekuler, are you ready?
MS, SEKULER: Yes, I am, sir.
CHAIRMAN WOLF: Very well, you may picceed.
CROSS-EZAMINATICH (Continued)
DY MS. SEKULER:
Q Aare either of vou gentlemen or are Loth of you

gentlamen able to tegtify about the effect of higher bura p

on fual?
A {Witness Lantz) I'm not.
A (Witness Alreter) I'm not.
Q Hay I just ask if a2ither or both o% you has ev:r

seen 2 papa2: -- I do not .rntend to put this into evidenca,

I'm just asiiing i7 they have 2ver zeen this particular do:u-
ment. It's called "Pission Cas Relzase from Fuel at High
Burnup.” Iu is writtea by R. O. Meyer, C. E. Bayer, and 1. C.

Vogelvsead, Meyer and Vogelweak ar2 of the Division of Sv:tens
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129
Safety, Ofiic: of Nuclear Reactor Regulation, U. S. Nuclear
Regulatory Commission. Beyer is an NRC consultant from
Battelle Pacific Neorthwest Laboratcries, or ha was when tiis
work was pezformed.

This article was publiszhed in Nuclear Safetv,

Volume 13, umber 6, November - December 1978.
1 will give you this document to read. Just toll
me if you carn identify it, if you've ever gean i%.

(Handing document to tha witness panel.)

I'vve not read this Jdocunent.

;_1

A {(Witness Lantz) I've scen it, but I didn't r»:d
it in dstail.
G Thank you.

Are sither one of yeou awvare of the experimenta!

use of higher burnup at Zion?

A liet until I heard about it here.
Q Mr. Almeter, wore yvou aware?
A (Witness Almeter) I hadn't heard about it until

this prcceedings.

Q Was the consideraticn of higher burnup fuel b. ng
piaced in the spent fucl pcol taken by either of you in .cokiag
your assessmuents of this modification?

A (Vitness Lantz) The assesswent i3, to my way of
thinking. is independent of the burnun of “he fuel.

CEAIRMAN WOLF: I think the gquesticr was, did o

2326 006
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take it into considerxation?

WITHNESS LANTZ: VYes.

CHAIRMAN WOLPF: Is that correct, Ms. Sekuler?
Was that your question? .

MS. SERULER: Yes, Mr. Wolf. Thank fou.

WITHNESS ALMETER: I did not take this into con-
gideration in ny area of review.

BY MS. SEKULER:

Q In the testimony you prasented for this hearir:,
on page ll you discuss recent surveys by Vesterlund and
Olzson in Sweden, by Johnson at Battslle, by Weeks at
Brooxhaven.

You then discuss, a little further down in the
paragraph, deif2ctive fuel that was placad in water pools at
Windscale, and examined aftar nine years storage.

Was an of the fuzl in the defective fuel high

burnuos?

ly

(Witness Almeter) I caanot recall. I was just
citing the referznces there, and the observations that weea
given in those rafarences. I cannot recall about the durssup
on the Wirdicale.

Q On page 6 of your testimoay vou cit:e data fron
the Draley and Ruther study of 1356 in the first complet:
paragrsaph on page 6.

Lo you know of any later studies that have bea-:

2326 007
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done in this area?

A Ne, I could not find any later studies than this
that would relate to specific aspects o§ the type of
corrosion rates I was looking for in my literature search
to find the types of environmsnts that wou;d ba typical or
applicable to the Zion spent fuel pool.

I was looking specifically for experiments docno
in the pd range and the temperature range, and the type of
distilled water, pure water.

2 Can you tell me how the Draley and Ruther experi-
ment3s of corxrosion rate in distilled water of pH 7 at 212
degrees Falrenheit relates toc the storage of spent fuel in
boratad water with a pH of 4.5 at approximately 120 degr::ss
Fahrenheit?

A Tz would act relate to a borated water. I gava
vhis as an 2xample to scope the type of corrosion that would
cccur in deionized water whbich is distilied water.

And in Draley's axperiments, he went further ard
tried to give a type of corrosion that weculd occur in peraps
a dilute acid or a dilut2 alkaline solution. This would

scope the range of the type of corrosion rate that would

occur in perhaps a boratad water where they had a pH »f arcund

3, which woula be slightly acidiec.

But boron is a very mild type of acid soluticn.

Q Does the Draley study consider pitting sf alumirum ;

2326 008
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at a pH ¢f 5 or less?

A I could not find that he was directing this
specifically to pitting type of corrosion.

Q On page 6 of your testirony, the first sentenc: of
the first full paragraph states:

"Unanodized 1100 aluminum alsc forms

an initial protective film within the firszt five

days of immersion in dictilled water before the

corrosicn rate becemes linear.”

Do vou have a quantification of the rate of
corrozicn in the first five days?

A I believc that was approximately one order of
magnitude larger or higher than you would find after you
<stablisihed a lower rate of corrosion after the formation of
the protective £ilm,

Q ig this the result of galvanic corrosion er

general corrosion?

A This would be genaral corrosion.

Q Are galvanic corrosion and general corrcsion
addicive?

A In the case of stainless stesl coupled to alu.inum

it would not be additive.

Q that would the rat2 be if the aluninum was
cdized?
A In reference to genaral corrosion?

2526 009
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Q In reference to “he statement that vou made here,
"Unanodized 1100 aluminum,” et cetera, "....the first five
days ol immersion in distilled water,"™ under this rate
rather than unanodized 1100 a%uminum. if you hzd anodized
1160 aluminum, if necessary?

A I don't believe you would find any cccelerated
corrosion with an anodized surface. In “act, I don't believe
you'd find a lower rate of ccirvcsion. The ancdized surface
would have a very adherent and very protective film.

Q I'm not sure if I understcoed vou correctly. Yo
would or would not find that tig--

A You would not find the tyce of fast corrosion
rate with an anodized surface upon first immersion into a
watler or agueous solution.

Q Okay. ThanX you.

On page 7 of your testimony you cite scme more
researcn by R. A. U. Huddle and ASRE-Harwell.

A “his individual is from the Atomic Enerqgy Res:irch
Establishment at Harwell.

2 I'n sorry, it liccked lilte a name the way it was
statad ;here.

would you give me the name of the AERE zection
again? What does that stand for?

A‘ Atomic Regsearch Egtabligshment-- I'm sorry, A-omic

Ep2rgy Research Establisbment at Parwell.

2326 010
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Q Thank you.
and the paper was written by R. A. V. Huddla, Is

that correct?

A Yes. .

Q and it was written in 1955; is that correct?
A Yes.

Q And presented in 1956.

Would you please expanc & bit oa the contents of
the research that was reported in this paper? wWhat were the
test conditicns?

A This individual wasn't giving any specific experi-
mental conditions. He was giving a theory of how corrosina
of aluminum would occur in an aquaous solution, and he was
stating, from perhaps his previous experiments or his kpow-
ler= about how the aluminum would react in a pH raige of

2526 011
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Q Did he speciiv any parameters?

A No, he did not.

0 Did »e specifv anv test rericd?

A No, e did not. 'He was givino an example ~f ‘-he

thecry between anodic type of corrosion, cathodic type of

corrosion and the theorvy of if it was counled to a dissi-ilar

metal.
0 Did he use anv test data as a basis for his
theorv?
2 No, he didn't acive any specific test data.
0 Did he discuss the possibilitv of nittine?

Did you hear t¢he auestion, T askad if the researct

that you cite by Huddie discussed pittina.

A Yes, hedaid.
0 What were his conclusionz about nittina?
A As I stated in my tastimonv, he ‘ound that 3

protactive film would be necliqible as far as tha dissolucicn
or breakdswn in a sliaghtly acidic or a2lkaline saueous en iren-
ment, but it would ~evert to an anodic attack ‘i the adicce ¢
area of the couplina or richt at the couplins retwaen
dissimilar metals, And this 4id not result in a aeneral

tyre of corrosicn. It would result into a lccalized npittira
tvpre of correcsion at onlv a few srots in the arca of the
couplinqa.

CHAIRMAN WOLF: Ms. Sekuler. befora vou ask :he

2526 012
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[
' agb2 . next guestion:
‘ Do you agree with the ceonclusions vou have ‘us%
= . I stated?
' WITNESS ALMETER: ° Yes.
: ’ CHAIRMAN WCLI": And what's the basis for vour
. 3 conclusions? What other work have vou done cther than raad that
’ article?
- 3 i
- : WITNESS ALMETER: I've done some exnerimentcl
" t work in aluminum alloys.
g CL .PMAN WNLF: ™hat is some? I Jon't under-
d stand that.
12
WITHNESS ALMETEP: %hen T was in che aerospaca
‘ - industry, I was werkine on some corrosion nrobiems with
' aluminum alloys. Aad I have spcnsored under contract work,
= when I was with the Department of Interier, aluminum allovs
“" ’ for desalinization, where I was responzibie o monitorira
& ;f at our research laboratory in Freepvort, Texas -- it was under
i ‘ contract by the Dow Chemical Companv -- and I *ras diractine
. e ; this tvpe of research locking at different tynes of allo a.
” | Ve looked at aluminum 1100 allovs, 300 series aluminum
i alloys, 600 -- 6000 series aluminun allovs.
2 i And the results that we =aw in hich conceat:iation
:3 ' brine weuld be tvpical of reaction we would se~ nerhans in
. % | normal or other agueous type sclutions.
e The corrosion of aluminum, when i: is counled
2326 0135




1207
i :
. agb3 ’ to dissimilar metals, does not result in a seneral corrosion
. i of the whola surface of the aluminum, it resulis in a piitina
: ! in the local vicinity of the coupling. This was in a welded
g ! joiant or in a mechanical joint to a dissimilar metal.
’ i CHAIRMAN WOLF: Thank vou.
’ i MS. SEXULER: Mzy I proczed?
. |
t ' ! CHAIRMAN WOLF: Yes.
q |
) | BY MS. SERULER:
g ’ 0 In reaching the conclusions recardina the
o ; degree of pitting corrosion, did Fuddle cite anv test data?
: A (Witness Almeter) No, he didn't «ita anv
s ; specific test data.
2 |
‘ e é 0 Cid he spacify how deep the pits would be in
" E thes: localized areas of pitting corrcsion?
- 3: A No, he didn't ac into that type -~ that depth
_! E of analvysis,
: 4 E 0 Was th? aluminum which was thecra:ically orca
- ! to at:tack by pitting 1100 aluminum?
. X ' A I den': believe I undarstand vour guestion.
i ” 0 I mean was the eubstance he was 31igcussing
. : 110C aluminun?
. | A He was discussing 1109 aluminum and other series
= | of aluminum alloys.
. :‘ Q Did he distinguizh bet'men anv oa= series of 5
3 ; aluminum alloys and any other in terms of thei: corrosion rategz?
E
i 2326 014 ‘
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A He did not specifically discuss a corrosion rate
for any of these allovs. He was discussing the theorv of the
tvpe of corrosion that would occur on these alloys.

Q Was thers any statistical sample 2t all?

A Not in this study. FEe was more -~ as I statae,
he was looking and discussing the theovetical basis for the
corro3sien.

Q Do you think this is a reliable studv for tie
curposes of this particular problen?

A Yes, I do. That's wiy I read this article,
because it was relating to tho thiorv of the tvne of
corrcesion that would oceur, whether it would bde leokino at
the possible film breakdown to where yvou could et addit‘onal
corrosion in the alloy and how it wvould be passivated bv the
ty2e of general corrosion.

The articls was reallv a theoretical analveis
on the theorv of corrosion for these types of allioys.

0 Later in the same paragraph on page seven of your
testimeonv, vou cite Oak Ridge National Laberatorv tests.
Reccrt Number ORNL-TM-10392.

A Yes.

0 -= published in Septaomber, 194€:

"...tests on 1200 alrminum in contact
with stainless steel in an vxvgenated daminerali-

zed water at a pH cof five and at 194 dec—ees

2526 015
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Fahrenheit...," and state that the recults:
*...show that gaivanic corrosion
between discimilar metals resuvlis in nittinc
corrcsien of the ancaic'material, aluninam,
and no attack of the cathedic material of
stainless ste=l.”
Do vou know how nuch pitting was recorded in these
tests?
A They did not staie tha depth qf pitting H>r ae |
size of the pit. They found chat the coupling did not r:sult
in a general corvosion of the aluminum surface, it resul+2d
in localized pitting. And this was their ourpcse in their i
studies,; to determine how a tneecific cocupling etween
dissimilar metals would verform in this tvre of environrent.
Q Lo you know what the rate of nitting corros
was?
A Their exparinents would not ralate toc a spe: ific
rate of picting, It was based, acain, on weight gain o2

welght loss type ¢of measursments, which weould not specificailv

give vou a specific rate of pitting in this case.

SRS .

0 Did they mention how much 5° an arca of ti.-
axsozed metal was covered by pita?

A Yes, it was 2nly at the irmediate contact & :face|
arza where pitting would ozcur in this casea.

Q Do you knew how long the test intarval was ‘2

2326 016
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the Oak Ridge test?
A Thevy ran these tests for approxinately one vear.
Q In relation to the present hearing, what arcas
of the racks will be subiect %o pititing?
A In the type of design of this rack, when pl .2iana |

the Beoral between the two stainless sieel Shr uds, there is a

dimpling along the full length to give surport to the st-rase |
cell as far as a tyre of structural inteqritv to prevent
buckliing and also to held the Boral plata in place. In thi=
case. there parhaps will be some pitting or galvanic ac:ion
at these locations.

Q Could this cccur wherae the shroud and elagd
flat surfaces come into contact?

A Yes.

Q Yow in the testimeny on page seven, the lar’:
Pparagraph, you refer to tha Exxon Nuclear tcstzs of 1979

Over what period were those tests conducted?

A They looked at samples at threae months, si.:
meaths and cone vear.
0 You state in vour t3stimonv:
"The frequency cof pitting ¢i not
increase with lenger sxposure “ime.”

dow much was the longer exrosure “ime?

. ——— e A —— o~ § S——— 7
.

-

\ They looked at samnles after six wonths, and t%ev;

conrared these samples with their obszsvatiors after one veair,!

2526 017
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‘gb7 And their conclusicns wzre that thev didn't observe any

"

additional pitting other than the rnitting that was alreacdy

L

thaere.

Q Did the pitting that existed already coatinue?

—————— - . e

A In scme cases, it dia.

Q What would be the results for 40 years?

A They did not give an anticipation for 40 vecrs,

as far as the rate of pitting. I think if we locked at “he

meshonism of pitting, if the corrosion preduct was filline

tha area of the pit, the route of the pit, perhaps the

' solutica conditions would changa, and eventually if therc
il was not a replenishment of the soluticn, it perhaps weuld
‘ = :! eventually ke limiting.

0 What would hazppen if there was a revlenishment
of the solution?

A If the corrcsion product was completely woshed

-
-

cut of the pit areca, it perhaps wou’d ceontinue at the naormal
rate of pitting.

0 And so cleng as there was a continuous seolutien

-
e

there could be continucus pitting?

A The bulk solutiocn conditions would remain tie

[
i = . S e

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

out of the pit, I believe then it would come to be 1limit g,

‘ | In this case. vou would have to have a very rich velocit~

o
Vi

! flow across the surface to begin to wash ocut the pit areda.

| 2326 018
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I've cbserved this in my other obsarvations of work that I've
performed.

Q You state in that same paragrapk that the edqge
attack was confined to the area of the lzak path.

FPor a vented cell, what is the l2ak path?

A Well that would be the -- if thern was a
hc;e at the bottom and perhaps a h~ia at the top, vou would
find scme, as fzr as a leak path, yvou would bagin to see
galvanic attack Lif the stainless cteel was touching the
aluminum in this vieinity.

Q Would the whole surface of the edge of the Eoral
in a veated c2ll be :the leak path?

A Yes. You'd begin o fill up tha cavity with
water if you had a hole at the bottom or at the top, it vouid
becin to £ill up eventually, And in this case, there wculd
be the agucous envirnment at the edge cf the Boral.

Q Would the agueous environment or “he leak path
alsc be the entire fla: surface of the aluminun clad of the
Soral?

A Tes, I think it would be.

Q Would there b2 any differance in he leak pa:h
in a cell that was clogzad at the bottam bu¢ open at tche Lop?

A In that case it would taks zome time, I bels :ve,
for the watar to 3ink completely to the bottom of the cell

as far as the 14§-foot length. ''ithin time, I believe, th:

2326 019
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’xgbﬁ  whole c21l1 would be filled wish &l.= pool water, but I kel leva

thare would Ia the initiel attack -= i7 there was zoupli: ',

1 Chare would be the initial atiask micht aroundé the top vent
]
| hele. '
4 Q lag there bkeon any oxperience uwinc a vontu ¢2ll
: whaich was closed at thes botcom and oven a2t tha top?
-
CHAIRMAN WOLF: Rafcre he angwers that, I'C
; I
. ' like to point out that his last answer was not respoasiva
3 i

| Yeur cueeticn callcd for a ves or no ansver

WITNESS ALMETER: Oh. I'm sorrv.

-

CIAZRMAN %OLF: Do vou want 1t read back?

'3
1
. | WITNESS ATMETER: Tes.

4 i
4 (Theraupen, the Reporter wead fron the reervd,

s
| as requeetsd.)

3 t ’
i ATITIUESS ALMETRER: My colleague just informed na !
; that at Monticelilo thay had 2 hwole at %he tor of the cae. . |

‘8 4
| hAnd initially the gas hubble out ¢y the hole --

y il !

. 1 CHAIRMAN WOLF: 'That I'm tryine tc get rou ;
! '
i3 vas or 20 and then explain it.

3 |
! WITNESS ALMETER: Oh, I'm sorrv. i

2 | :
i CHAT Wi\l WOLF: Tha rzcord becomas very ’

3 4 !
i+ ddiflicult if you den't answer zhe rrociea ques:ion. Cotasal |
| %

‘ | will allow yveou & explain =ny answer vou make. Yeu don

have to do it befors --

i 2326 020
l

P ———



!

|

l ' 1214
’ WITNESS ALMETER: Yes. In this case it would

.agbla

"~

;; be differxent.

| €V)

MS. SEXULER: I'm afraid I sort of lost track

i of wvhere I was.

7

| CHATRMAN WOLP: Tes, bui I thoucht it was Jioor:cant
i to have tha record clear.

So now will veu 2uplain your answer, pleas:?

A " And then you can get back on %o the cross-examination.

i .
: J WITNESS ALMETEZR: The reason it was different i
z)': wa3s because the das that wa: {crmed during the initial !
v 3 |
' 'f corzosicn of the aluminum when the water entered the cell '
'f; in the area of thc ton vent hola was that the gas began :o

' - bubble out of the hole, whereas if there was not a hole =t

the top but a hole at the bottom, vou weuld sa2 the gas,
“ha reaction and the water would continue to ccme in through

| tha bottom hels and the gas then would tegin to go to th:

i top of the cell. So thare wenld be -~ yes, there weuld a2

a difference as far as the rate, I belicve, the rate of

replenishnment of the water to the corrosicn arasa.

-

en.lls
e {31loon
Lardonflvs

2 | 2326 021
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2 My next guestion, I belleva, was:
Was thera zay euperimental data regardiag venrad
tukbes whers chey were closed at tha bottom and open at tio2
tep? .

Can you answar that?

A wo, I've not 2een any o+ .« .
’ {The panel ccnfexring.)
Mr. Lantz say2s that was the same caze 2t lMontizello.
Q Qkay. Wow. when you hcve a closed ~- a tube thaf:
is closed at the bottcam and cpen a* th2 tep; is there any

differs..2e in the l=ak path?

{Pausa,)

Dnes Mr., Lantz Lknow the answe:r?

A I can'% visualize at the moment the type of

machanism that would occur there.

i£€ you had water entering the hole and yot hai
corrcsion cccurring, if thers was hydrogen gas involved T“rom
the corrnsion reaction, it weuld try to be forcad cut of the
ho.e,

This i3 difficult Zeor =~ rigcht now, to wisualize
the differanc2 betwaen the £vo, c¢f the water %rying to entc:

thke “cle and the gas coning out sinmultanscusly.

O You said the Exxon %taest showed the galvanic cciple

did rot accaslerzte the gen2r7al corrosion rate of sclunimm:

in the Loral matrix.

2326 022
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- What is the general corrcsion rate of +his ma.rix,
aluminwa?

A Their axperimsnts didn't explzin spacifically
about the general corrosion rate of the matriu in the boial.
Their observations indicated they Jidn't see an accelera .ad
general corrcsion. If the pit formed, that was it. The:e

was just a pit forming in the matrix.

Q Loes gemneral corrosion cause weight gain or woigat
loss?

A It’s weight gain.

Q Does pitting cause a weight gain or a weight “:csu?

A t could cause, in this case, a weight gain,

0 Why is that?

A Because the difference in the densi:y between the
oxida and th2 base material,
Q The tests you cit2 in your tectimoay ware onl:

a year or so in duration, is that corract?

A Yes. The maxinum timz they did thase tests w: 3
one yecr.
'
2 How do you, therefore, decide with certai. . s tae

eflects of corrcsion ovar a four-year lifetima:

A In their data the results thev presentad were
based on an extrapolation of the potential total weight : :ir
after 40 years, on a percent basis.

Q What was that? Can you give me a number?

2326 023
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I thipk they extrapclated that to a2 maximum of

4.3 percent.

Q

A

Q
A
Q

your af

Pexrcent of whai? By weight?

By waight, yes.

Jow thick is the aluminum clad on the 3cral?
It's 10 mills, or 1/100ths of an inca.

iix. Almeter, in ycur deposiiion == I'm sorry -- in

fidavit which was filed in this case as 3 part cof the

Nuclear Regulatory Comnissicn Staff'z woticn for summary

disrecition, filed JTanuary 31, 1979 - which I hand *o YO -

(Cocument handed to t¢he witness.)

It has been marksd as part of the Almeter depoaition

awber 1 for identification, and which I would like you to

identify.

A

Yas, This is the affidavie I filed, based cn : v

initial review in this case.

Q

quoze:

-

In that affidavit you stated on pag2 § ~=- and !

"Coxrrosiocn %tests of Boral with a lea: in the

ctainless steel covering have shown a corrosion rate

1

of 1.8 x 10° ° to 3.4 u 10'4 inches per y=2ar for the

aluninum in the Boral ccrpesite plate.”

Extrapolated out to 40 yaars, would his not k:

in excess of the thisknoss 2f the alumirum clad on the Be: 117

A

Tes.,
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Q Did your testimony filed in May in this hearii 1y e-
for this hearing == include any figures to show corrosion rate

of the alurinum clad on the Boral nlata?

A o, I don't show any specific figure in my te.: :inony

Q #hy did you not include such figures in your
testinnony?

A I finally cbtained :zhe original article, and

compared == that I looked at in my affidavit, and I
reevaluated this data, and realized that the corrosion ra-es
that were stated, if you extrapolated that it would == aund it
vas maskad by the point that it is really pitting that wis
occurring, net general cerroszion.
2nd in my initial analysis, I was considering -3
looking at the summary and their conclusiocns of what they
found, and when I got the eriginal article and could stuc:
the method of how they did their experiments, tien I realized
that my initial interpretation of their summary was perhz-s
in error, and I'C have to reevaluate and correc: that.
And I corrected that in ny testimony.
Q Would you say that the criginal figures apply o
the rate of pitting over 40 years?
A Yes, I think that would have to apply to pitti: g

in this case.

Q What was the original article vou me:*’oned? “ou

did nct menticn its nare.

2326 025
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: Q A It was titled, ™rhe Carolina=-Virginia Nuclear
- f Power Associates, Incorporated.®
3 i The initial work on that was done by Westinghousn,
4 i but it was under the sponsors@ip of this orgaaization.
3 & Y] Do ycu know what the ezt that was done in th- %
3 & particvler situation was?
7 L A These tests were dsne in deionizad watsr.
3 2 “hat was the pI?
i
3 i A They dida't specify the pif, It gvecified the

i0 | temparaiture of 190° ¥,

1t Q 30 you know if there was any doric acid in thi=
2 ¥ watez?
13 5 A llo, thera was no boriec acid in tha watar.
id 5 Q 5id they do other tests that alsc werxe in a
5 @ sinilar tenperature but had acidic aqueoc s solutions?
'6 ; A No, thoy dida't do similar tes#s in aquecus
i
17 ! solucicas.
13 1 Q Your tastimony on page 12 mentioned that fragizncy
'a : of picting 4did not increase with longer axposure time,

~

i ¢ That's in ralation o the Exxon studies, is the* correct’

A Jes.
e f Q But your zestirony coes net mantion a sacend
'3 : finaing regarding pitting in the Tuxon study.
g 4 I show you for purposes of icdentificatcion. to

make sux: wa're talking about the same thing, a document

2326 026
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tihat has beea supplied to me ir discovery by Euxon Nucleart
with a nunber at the top, XMN~NS-TP-C09/uP, cntitled "Fuel
Stcrage Racks Ceorrosion Program, Boral 3tainless Steel, Ha-
Freprietary Version, Mazch 1279.°
This is the onv without the numbers in it.
(Socument handed o the witnass.,)
A Yes, I reviewcd this report.
Q This is the onc that wos the basis -=- the propricsta:
versicn ~= for your testimony?
A Yes.
Q Cn page 4.5 and 4.5 of this document it states:

"Table 4.6 shows that the pitting characteristics
after 12 months were very similar to those after 6
nonths. Those specimens and envircenment cembinations
which d4id not pit cr showed litile pitting tendancy
after § months showad no or few pits after 12 months.®

That's substantially what your tastimony says, is

tiat cecoreci:?
A Yes.
2 It goes on to say:

“chever; these with significant »its after 6
months had 2 large nuaber of pits after 17 wonths.
increazed pitting wae cbssrved in the plain specime-
in the A environnaent, and in the edge sealed gpecim: .

n the A and B environments. The cther specinens s- .wed

2326 0217
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wal 7 ? nearly the same number cof pits after 12 mcnths as

2 g after 6 months. The pit depth, however, increased

33 with the extended 12-month exrosure. In some cases

4 where pits had not penetratec the aluminur clad in

5 | 5 months, they had doae so after 12 months,”

5 ! MR, MILLER: Mr. Chairman, for th2 convenience of

:'ﬁ the 3Jcard, thet article ic an attachment to Dr. Draley's

g i prepared testimony, and it might be of some convenience to

it
9 5 CHAIRMAN WOLF: Thank you.

1 ﬂ MS. SERKULER: Thank you, Mr, Miller.
;.& 3Y MS. SEKULER:

i Q Dii it not secem sicnificant te you, Mr. Almete:,
4v? that sarples with sionificant pits after 6 months had a .irge
5 é numbar of pits after 12 menths?

5 ; A Yes, it seemed significant to me, buit there we e

7 L three types of esamples they uwsed.

8 i There was a plain Boral, not coupled to aluminum ==
9 | I mean, I'm scorry, =- stainless steel,

'fis There was ancther type of sample tha: was a Bo.al |
; || with wwo sheets of stainlesa steel on each side, and the 1
2 @ edge was expoced.
.3 i There was another sample that was a complatelv

4 enclosed Beral sampla in . tainlesss steel shrouvds, and thoota

was a hole drilled through the ztainless steel to assinmi’ ike

2576 028
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a leak path to the Boral.

This is the tyre of specimen that I consider would
be typical of the fus2l cell storage rack in 2ion, and th.s
is the data that I was looking at on that sample.

The frequency of pitting and continuing of pit:ing
that you're quoting was a swmary that they saw in the sauple
that was a plain Boral sheat. They did not observe that
specilically in all of the samples that had two stainless.
gteel sheets, and the edge of tho Boral exposed.

So I disregarded that sample -- or-thesa two
samplegs, because it was not representative of the actual
conditicn of the Zion furel cell rack, if it war veated,

Q Is the reason that you did not mention the fac:
that the pits dsepened and ate through the clad similar <7
the reascn you just gave for the other observation?

A Yes., The pit in the eaclosed cell type with a
leak paihk, the piis in those particular samples weren’t as
deep 2s theose in the cell with just the plain stainless 3-eel
shoets on cach side of the Ecral.

That is what I could derive from the typas of
experinents that they were performing. They did not cbsacve
as deop a pits,

Q At another peoint in the Exxcn study, 4.7, the::'s
another paracraph. You relied on the =xxon study to me:n:ion

some findings regarding bulging, but it seems that you dil

2326 029
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not include the findings from this paragraph, which is tha
first paragraph on page 4~7 under 4.5.3, Bulges, which
states:

“Several bulges were obsz2rved on the l2-month
2%pozure dpacimens. Similar bulges were rot observed
on specirens exposed for 2 or 6 months.”

Bulges are defined hers as:

“Separations betwsen the aluminum clad and the
B4C aluminwn matrix.”

Is that correct?

A That was their cbsexvations.

Q And it is stated that tha bulges:

".scappeared to rasult from cas pressure caused
2y internal corrosion.”

Would you agree with thet statement?
bl Yes.

Q Did it not seem significant to you that it took
at least 12 months for the bulges to develop?

A The conclusion on their observations with that
particular semple, they found that thers wasn’* a comple
bonding of the biader in the cora to the aluminum claddin;
on the cora. And they attributed this bulging to the fact
that it was 2 void thexe, and tha 748 accumulated in this
ragion and caused a slight bulging of the aluminum == the

10=-mi..l aluminum sheet.

2326 030
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Proem what I could detect from their axperiments

is it did no: bulge the stainless steel shroud.
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Q How long were those experiuznats carried cut?
A Those were the up to one year experiments.
Q S0 there is no way of kisowing how m:ch more

bulging would have occurred after the year?

A i believe they concluded that that vas the 1lir‘ting
amount of bulging that would occur in +his caac.

Q But there is no substantive data on which to hase
that conclusion? That wvas an extrapolation?

A I belisve that was an extrapolation.

Q Is it not significant that that type of bulging
occurred in a vented cell?

A i don't consider that as gignificari because :: was
appavantly & defective sample.

IZ you had 2 good zample that was ccmpletely bondad

to the aluminum matrix in the core to the alum’num sheets
I don't belleve you would see this type of bulging occur.

Q Then what ycu're saying i3 that this bulging v:.s
atypical and due to a deficient Boral matrix?

A Yes. I think you perhaps see that :n a dafici-nt

tyre cf boadirng.

Q Wes it tha matrix or the bonding?
A Excuse me?
0 Was the deficiency in the matrix or the bendir 1?

I'm afraid I asked you abcat the matriz and youv referring o

the tonding. I went to maXe sure I understand vhat was t e

2326 032
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deliciency.

A Apparently there wasn't a~- In the Boral core
chere's aluminum used as a boader, and apparently there wasn't
a sufficienc awount of aluminum intermixed with the Boron-
carbon powder to form a uniforw area thkroughout the full
surface. In this cne particular spot thera was no bondiig
between the aluminum bonder to the aluminum shzet,

Q I see.

Are you satisfled that that problam that you iust.
describad is an atypical problem and will not occur in the
future?

A I believe that would depend on the quality coutrcl
formulation of the Boral plates, the particle size of th:
boron carbon, and the uniform maixing of th e aluminum bon’=r
with the boron carbon in the formulation of these plates.

If this is under good quality control I belie =
that you would not see this in a typical fuel cell.

2 Okay.

Are you familiar with the Exxon design fcr Boral
rackz for spent fuel storage pools?

A Zes.

2 Are you aware that: as 2 result of “heir teste Lhey

decidec nct to vant the cells?
A I belicve at these proceedings thera was a parer

circulated on that issue. That was.my f£irst knowledge of this

I —— o el s
1
i .
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and zlso that the Exxon at the SAl=m caze -- it was the
preference of the utility to have the sealed cell.

Q In youx opinion, is this a more conservative co
less consecrvative approach?

A I'm not partial to either approach. I believs
eithor approach could ba succes=:ul, and I would not be
biassd to any cne approach, to say that I would wart to
control that type of -~ in my position, %o say that they
would have to have a vented or a sealed cell.

M5, SEXULER: Mr. Chairman, I have 2 few mor-
questions te ask of these witnesses but I beliave it's alout
12:12. I wonder if we amight take a five-minute break.

CHAIRMAN WOLF: Yes, you may. Let's make it tv=n
minutes.

(Recess.)
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CHAIRMAN WOLF: We'll be on the record,

Will you procecd, pleasza?

BY MS. STKULER:

Q Mr. Almeter or Mr. Lantz, is either of you f.ri=-
liar with the history of the swelioa racks at Monticello?

A (Witness Lantz) Is it notc true, M. Lantz, that
although those racks were vented after t<he swe.ling was
detected, that several of those ollen racks vere never co
returned to normal siza, cr became rezwollen?

A Would you repeai tha. again, please?

Q Is it not true that although che racks which - sre
sw=~llen and then vented-- Let me rephrase i*. I'll bre::
it dovn s> you can understand it better.

Is it crue that the way that they alleviated -ir
sy »1ling of the racks was to drill holes in “hem and vent
tham?

A Yes,

) They aiso did-- On some of them they had to
cress the wall back.

A What happened vhea they swellnd un, the thin

wall got stretched and they had to push that 3-retched w. 1l

baclk.
Q Which is the thin wall? 2326 J35
A The inner wali.
Q The inner stainless steel wall?
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A Yes.
Q Okay.
So that drilling itself did not aileviate the

probien in all of the swollen.racks: is that correct?

A That il correct, after the swelling.

Q Are there still racks at Monticello which have
some swelling in them?

A Not due to gas pressure.

Q Whit are the swollen racks at Monticello-- In
the swolien racks which exist now at Monticello, what is the

swelling attributed to?

A The sireiched inner wall.

Q These wers racks that once did swelli?

A Yes.

Q These are racks that had to have machanical m¢inn

to push them back into their original shape?

A {as.

2 Is it definitely Xnown vhether the centinued
swelling was due to a failurs of the racks %o return o
nermal size, or is it a“so possibl: that thev became re-
swollen despite ventirng

A It's kncwn that they did-- 1I:'s a Tailure tc
return to....You can't push that stainless back to its rcrmal
pnsition. It's stretchaed material and it has to Huckle

sowehow. And the problem is entirely due to twe buckling. -

2526 056
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It's rot due to gas generation.

Q How do you know that?

Py Becavse che vent holes are open. There's no ¢as
in thers.

Q Do you know that there's no other nossible source

of swelling?

A I'don't know of any.

Q Is the fact that thz swollen tubes did not return--
Excuse me.

Is the fact that the swollea tubes did not return
to their original configuration an indication that the metal
in those tubes went bevond yicld strengtch?

A (Witness Almeter) That's a problan with the farm-
ing of any netal as far as whea you stretch i%, it has gcne
bayond its yield strength and when yvou try, it causes a
cartain amcunt of deformation in the metal so that it does
not always return to its original shape.

In this case they could not force, Lecause the
metal, the stainless steel on the inner side had to take --
had to have a larger area to consume the amoun: of daformi-
tion that it saw during the bulging. & when they tried :o
go back and mechanically form it to the original shape,
there wasn't encugh space there to reform that metal baci
beyond the area so that they could restretch it into a nc - me. |

{
shape. It would have to be takan out and reformed in a iie

2526 037
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again in this case.

Q Are you familiar with tests, either of you, which
have been done by EBrooks and Perkins to test the stainies:
steel Boral galvanic couples fgr PWR environments?

A I think you have to clarify specifically what
you're asking us héva we gaen.

Q .I'll show you a docwrent. The one that I have is
the jucend report to D. J. Wenger and Al Mollon from Hugh:zs
A. Kaizmar of Brcoks and Perlkin.:, the June update dated
‘une 7th, 1979, Subject: Intorim Report on Stainless St::1
3oral Galvanic Counles for PWR Environments.

This is a report of testing that wae done to
determine corrcaion behavior of a PWR tube in spent fuel
waieh was dene to find oui whether or not venting configuza-
tions weuld be preferable for use in such spent fuel pools.

MS. SEKULER: NMr. Chairman, this is one of the
documents which I meantioned I was unablie to duplicate.
Would it be preferable to take a minute and pass it arour:
80 that people will know what I'm :talking about?

CHAIRMAN WCLF: 1 think it wonld help, yes, pl.ase.

MS. SEKUIER: Taank you. 1'll show it to i:he ‘card

first, and then to Counsel, and then give it tc the witneises.

(Pause.) 2326 058




' 1D aghbl

2.090

23

1212

MS. SEXULER: “r. Chairman, I've just been
informed that the decument I was zhbou': to use is a propr atarv
documznt and has not been praviously supplied %o the wit esces

As a vesult of tﬁat information, rather tha
delay the hearing, I will withdraw my guestion regqarding that
particular documant.

CEAIRMAN WOLF: Very well. Thank you.

BY MS. SERULZR:

Q Mr. Almeter and Mr. Lantz, are yon familiar with
a letter dated May 29, 1979, written hv Pred J. Moilerus
of Nuclear Services Corperation to Mr. George Pliml of
Ccmmonwzalth Edison on the subject Clostuzre Welding, Zien
Fuel Storage Tubes?

A (Witneas Almater) Yes, I'm familiar., My f.rst
knowladge of this memo is at these precceedings where I
received a copy cf thack.

MS. SEXULEZR: Mr, Chairman, I would like &, have
this letter marked for identification as Intervenor's
Exhibit Nurber 3.

{Whereupon, the documen :
previcusly rafsrred to as

Intervenor's Exhibit

——

was marked for identi. .zation.)

BY MS., SFEKULER:

Q Co vou hava a copy of that letter in front £ vou

2326 039
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A (Witness Almeter) Yes, I do.
Q And can you tell me what that letter regard:c?
A It regards some experiments apparently that were

perfermed for Nuclear SorviceJ Corporation in regard to ihe
corresion rates of Beral and stainless steel in a partiecvlar
envirenment. And thé anvironment was a PWR pool with 5,€00
parts per million of boric acid versus 2000 parts per million
of boric acid and a pH ranye,at the 5,600 boric acid concition
the pH was 3.8 versus the normal pH of 5.

It says also the samples were not rapresent:tive
of the Zion tubes.

Q Hewever, 23 a result of this research that's
beiny reperted to Mr, Plinl, on page two of tho letter, the
last paragraph reads, doss it not:

"In summary, NSC recommends weld

closure of the tube corners as a prudent change

baced on avallable data showing deaerated

corrosion rates to be low and lack of eorrosion

data for long-term aerated P¥WR condition:,"

Is that a corract statament the way I read ‘ha.?

A It's correct as it states in thias letter hero.
Q Now, do vou agree with this gsoiution?
A I'm not at this stage to give an evaluation of

thie because I've not had time te fully review the tvme f

experiments that were done here ané under spacific condi:lons

2526 040
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with such a short mem o,

Normally in my procadures of reviews of the:r.
cases, I liks to contact the source, get more information
to fully evaluata what their experiments entailed, so thru I
can r2late it to my review in the anormal procaeasses of my work
at the NRC.

This letter was dated on May 29, I was out con
travel when this, particularly when this memo was given, and
I really haven't -~ I can't give an opinion 2% this stace,
because I haven't had the time in the dav or twec to full:

evaluate what these peorle have done.

) Is that true for Mr. Lantz also?
A (Witness Lantz) Yes.
Q Okav. Thank vou.

MS. SERULER: Mr. Chairman. at this time I
would like to have entered into evidence this letter fro
Nuciear Serviceg Corporation to Mr, George Plinl,

CHATRMAN WOLM: Well, vou know, I don't thirik
you've qualified it, Counsel. #Mr, Pliml wae here. Thesc
partia2s can't gqualify it.

MS. SCERULER: In terms of authenticity and -~

CHAIRMAN WOLP: I beg your pardon?

MS. SEXULER: All right. I will resarve an:
put this in ac ancther time. I have it marked fer ident” ‘ica-

tior, and I'1ll just leave it like that.

2326 041
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BY MS, SERKULER:

Q On page 14 of your testimony, vou state that
criticality calculaticons for the spent fuel pcol modification
ware made veing minimur valueg of 0.02 grams ¢f boron~il
isotope per scuare centimei~r of Boral ﬁlate.

And you state vou were depending on Commonw~alth

Edigon to assure the verificaticn of the 3-10, is that

corract?
A (Witness Lantz) Yes.
Q And Commonwealth Edison replied that it, in tucn,

was dependiny on Erooks and Perkins' quality assurance p.'ogram
is that correct?
A I don’'t know as that's correct. TIt's not caly
the Brooks and Perkins, but a2lso it's their cwn OA progrum.
ﬁ Does it not state on page 14:
"Purinc our review of tha applica-
tion, we asked the Commonwealth %discn Companv
how the minimum value would be verifizd for all
of tha Boral plate area. 1Its responsc, which
was transmitted to us by letter dated
January 24, 1973, is as follows:
'The manufacture of Beral and
fabrication into platez is controlled by :the
Breooks and Perkins quality assurance program,'"™

Thait’'s in your :testimony; isn't it?

2526 042
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A Yes.

Q Are vou aware of the recent shipment of Brooks
and Parkins tubes withovt proper documentation to Leckenby?

A Yes. .

Q Are you aware of the fact that Lesckenby accented
the shipnent without documentation?

~ Bo, I was not aware of that.

Q Are you aware that Nuclsar Sexvices Corvoraiion
raleased that shipment without decume tation?

A No.

Q Are you aware that it was finally determined
that the tubes were defective and that thev 4id not comtzin
the minimum spacifiad amcunt of 5-10?

A I learned that the minimum amount, one of tiam
had 2 0.0186 grams per souare contimeter value.

0 If the tubes with insufficient B-10 had bee:
made intc racks, how would thev have been checked?

Do you understand my guestion?

A Yes.

I don't undexrstand hcw thay found out. Thi vy

found out that they were low, right?

Q Yes.
A WAsn't this part of their ordinarv procedur: ?
Q Well the question ia if the ordinarv proced: res

were followed Ia the fashion in whizh thay ware folliowed 1nd
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it had not heen datected --

A If the error 1ad not been deteccted?

Q Yes. And in that case then --

A Then that plate &ould have gone into tha racks.

Q And how would thay then check the racks to ‘ind
that out?

A I don't know as they would. I don’t kXnow tlhe

full procedure.
Q Does Commonwealth Edison use neutron attenutisn

tegts to check such B-10 content?

A It doesn’t have the accuracy tc datermine Laiat
nuaber.
0 Have you se2n Commonwealth E&iscn's DYCPCSE |

orocedure for neutron absorption testing?

A Mot in detail, but I understand they'ra goi.a
to check evary storaga location with a source and detector.
Q %ould you recommend the use of underwater

nautron attenuation tests to find out if the racks were
properly filled with boron once thev wers installed?
A You can't get sufficient accuracy at that s-aqe.
Q Are you still confident of the statement ¢ -
y?u made on page 15 cf the testimony:
"...there will indead initially be
at l2ast 0.02 grams of B-10 per saquare centi-

meter of Boral plate.”?
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A As far as the k-affective of the fuel pool, ves.

Q Are ycu still confident that it is correct
that there will indeed >z €,02 grams of B-10 per square
centimetar of Boral plate?

A Not at every square centimeter, but on the averaqe,
yes.

Q Are the NRC criteria for monitering of cor 'osion
-+ excuse m2. Are there NRC criteria for the monitoring
of corrosion of the Boral tukbes and the racke, as referrad
to in Contention 2(e)?

A Would you plcase repeat the guestion?

Q Are there NRC criteria for the monitoriag ¢
corrosion of the various types mentioned in 2(e) {3) and
2(e) (4)?

A (Witness Almeter) 1Mo. The Staff has not Form -
lated any criteria to monitor these samples.

0 Will technical specifications be requirad for
each surveillance progiam?

A {(Witness Lantz) No.

A (Witness Almeter) No, I don't think we wou. 4
cequire a technical specification for this tvyoe surveill naoe.

Q Will the pool be allcwed to be raracked nricr
to a final plan for surveillance being approvad?

A (Witnaess Lantz) We already hava their plan.

0 Have you approvad it?
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.agbs ; ! A Yes.
5 ' Q Hags it officiallv been approved cn paper?
4 A ilo, that won't be done until they get their
} amendirent change.
8 Q Will the rerack Nhe done prior to the official
. i approval?
. } A No.
. : i Q Will the rerack go forward befora actual
; ’ monitoring program hecomas available?
3 i MR, MILLER: Objection, Mz. Chairman, the
i ! quastion is vague .3 statad. The word "available” is
522 uncliear.
. ey 3Y -S. STRULEZR:
it Lo} Wil the rerack g0 forwa=d beforz the moni~ . riag
- davicas arn2 belag placad in the pool fer usa?
= g A (litness Lantz) T really dca't kaow, but iv's
. o immateriinl bccause -- there’s nothing in the short pericd
5 of time that :hese samples are coing to tell you.
' i | 2 73 1t not truz that certain tyres of corrosion
e ocsw in the .uccelarated form ian the first five Qaye of
" immrsion in water?
- A Yoo, but that's going to happen, w2 exvect ‘ha:
» 22 happen.
. £ | Q2 Well is it not :ruvae *hat if vou have thz recks
el in prior to putting the samples in the pool, =aat veu will
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nct be able to track exactly the amount of corrcsion on the
racks?

A This is 20ing to be accelerated corrosion. 1It's
been done, ch, five or 10 timds. Ve know it's going to hapnen
and it's not going to digintegrate the aluminum or anytling.
TYou're just going teo build up your laver in the first
couple of days, you're going to bubble, and thean it's going
to be cver with.

0 The samples then will not be an accurate
duplication of the exact corrosicn as it applias to the ack,

Boral arnd tubes in the pool?

A It'll be essentially accurate, ves.
Q Essentially accuratz or identizal?
A Well it'll de accurate enough for our purpo:as.
Q fow much leeway will there be between placeu2an:

of the racks in the pool 2nd the installatien >f the couons
before it decomes inacen.rate?

A Well I don't xncw, maybe a year.
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Q Does the NRC intend to give Commonwealth Ediern -
year beyond the time the racks are placed in the ool beiore
it implements its monitoring program?

A No.

| A (Witness Almeter) I would like to make a state-
ment, that Mr. Lantz and I are a part cf a Staff team an:
I don't thiak that either of ue can.stata the policy at tui:
stage, cor what the licensze amendment will be, as indivigval:,
because it is the team work of the NWRC STaff. And when taai.
license amendment is written, then that will be the HRC
policy.

Q After the licenre amendwment is written ard otror
nambers Jf your Staff take over, will 1&2 inspections in-

volve review of testing procedures?

A i cannot make a statement about thal a2t this
stage.
Q Do you know if there will be inspections that +ill

verify that the tests are being doie and are keing prope iy

carried out?

A I don't know.
A (Witness Lancz; I don't know.
Q Do you krow whether there are any plazns or pr: ~e-

dures which have been developed which will be put into e ect
if accelerated corrosion, severe pitting, loss >Ff asutro:

abaorber, swelling, or another unanticipated ovent occur;:
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A Wo 1d you repeat that question, plesse?
Q Do you knew 1iI there are any plans or procedures
which have been developed and will be put into effect if it

i3 indicated that any of the following occur: accelerated

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

or another unanticipated event affecting the »acks, tube,
and Poral?
A There's none for accelerated corrosion because
we expect that in the firut five days or so.
We expect some picting.
What we don’'t except is the loss of 343, and if
there ware a lossg of B,C, it would be a gradual thing which

we will pick 1p in the surveillance testing.

Q Are there any plans or procedures developed to
deal with a loss of 84C7

A Nect at the present time.

Q Are there any plans or procedures devaloped t-
deal with swelling?

A We have dealt witd ewelling in the past. I

suppose we'd use th2 same plan.

Q Are there any plans, procedures, or NRC polic: :s
to deal with unanticipated probleams?

A No.

Q Is there any cian you Xnow of to deal with pr--

tecting fuel in the rack shouild it beccme necessary baca . :e
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of swelling or damage to the fuel?

A (Witnesz Lantz) There again we'd do the same thing
as when the Haddam Neck fuel swelled, I suppose.

Q Are there any plans involving Commonwealth Edison
presentiy developed which would make it pesszible to investi-
gate the nazure of detected damage to each ¢f tha racka?

A (Witnes= Almeter) Yos, they have svbaitted to the
NRC 5tas{ a plan for surveillance in the spent fuel pool, ard
outlined the type of specimens they will put ir the pool.
and the parieod of time they will inspect these samples.

Q Is there any plan, however, with relation to tae
artval racks in the peol, other than the inspection of th:z
coupons?

MR. MILLER: Objection, Mr.Chairman. I'm not zer-
tain that the inspection plan itself? is limited to coupon ;
only. The gquestion lacks foundation on that besis.

BY MS. SFKULER:

2 If LDy means of the test coupons andé ochar mea.
of test parapaeraalia that are used in the pool -- that'.
prooably the wrong word -- as listed by Commonwzalth Ediz-a,
it is discovered that some damage may hava cccvrred to i
racks, is there any plan or procsdure curreac.yv developed by
which it would be possible tc investigate the sotual spen:
fuecl racks in the pool?

A {4 tness Lantzj W2 have ga2neral-- I could sa’ we
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had experience at Haddam Neck and we'd follow @ssentially the
saxe precedur=s,.

MR, GOPDARD: CObjecticn wthe question,
Mr. Chairman, even though the . witness has already answorad
it. These guestions would more properly have been put tc
Mr. RKohler of the Third Regioa I&E when he was testifying
on these procedures in the audit of Coumonwealth Edison'-
Procedures sevaral days ago.

MS. SEKULER: Mr, Chairman, I'm asiing these
questions in relation to the monitering program, arnd how ihe

monitoring program will affect the use of the racks in tn>

pool.
CHAIRMAN WOLF: The questicn has been asked an’
answered.
We'll procced, Counsal.
MS. SEKULER: Thank you.
BY MS. SEKULER:
] Will the NRC routinely ke advised of che resul:s

of the monitouring tests?
MR, GODDARD: Same osjection, !ir. Chairman.
CEAIRMAN WCLF: I'1ll ovarrule i%,
You may answer, if vou know.
WITNESS LANTZ: I cdon't know.
WITHNESS ALMETER: I don't know. We haven’t se .

any standards of what the utility is supposed to be looking
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at, at this stage.

BY MS. SEKULER:

Q Will the NRC be advised of abnormal.ties that
might be discovered as a result of monitoring?

MR. MILLER: Objection, Mr. Chairman. Again the
word "abnommalities" is extremely vague in the contuxt of
this examination.

CHAIRMAN WOLF: Can you rasword that question,
plezse?

BY MS. SEKULER:

Q Will the NRC be advised of any unanticipated
corrosion effects vhich are indicated by the monitoring
devices?

A (Vitness Almeter) I don't know at this stage.
The normal procedure for advising the StaffZ and NRC of ur-
anticipated events is through the Licensce ZSvant Report.

Now if that is required in the license amendment
when that is drafted, then it will be reported to the S=z:f.
Sut at this stage, I cannot say what the full scope of the
licanse amendment will be,

CHAIRMAN WOLF: Shouldn't such a roport be re-
quired?

- WITNESS LANTZ: In genoral sractice 1: is.

WITNESS ALMETER: It is, sir, but that is depe dent

on=-- If it is like a technical spacification, it has to e
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reported to the Staff, or it can ke written into a licen:e
amendrent, that it be reported to the Staff.
BY MS. SERULZER:

Q Should the monitoring program reveal certain con-
ditions lor which Commrawealth Edison decides remedial
programs are necessary, will the NRC have any involvement or
make any contributiona to ithe desiqn of such programs?

A (Witness Lantz) X would say yes. If we feel that
that number on the average, the amcunt of boron in the rzczks,
has gone below .02 on the average grams per square centirater
of Boral plate, they would be involved, ves.

Q Were you involved in Haddam Neck?

A Yes.

4S5, SEIULER: Thank you.

I have no rore questicns.

CEATRMAN WOLF: Thank you.

Do vou have any questions, Mr. Miller?
MR. MILLER: Yes, I do, Mr. Chairman.
BY MR. MILLER:

Q Dr. Almeter, turning first to page 6 of your
przpared testirony, certain ccrrosion rates are exprasses ir
the first full paragraph of thzt page. Is thai. right?

A (Witness Aineter) Yes.

Q 20 you know, Or, Almeter, whether or not the

corzosicon rate of upanodized 1100 aluminum variess over t' re:
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A fes, it varies over time.

Q And is the rate greater at tha first exposure o
the aluninua o an agquecus solution than it is at a subse-
quent time after a longer exposure to the agueous soluticnr?

A fes, the corrosion rats is much greater during tie
initial five days.

Q And it's a fact, is it not, that after the initi.l
pericd of corrosion, the rate of corrosion essentially tope:s
off and is barely discernzble. Isn't that correct?

A Yes. It boecomes stabilized.

Q Now hive you hacd an opportunity to review
Dr. Draley’s prepared testimcny and attachments which ars
submitted in this proceeding?

A Yes, I looked at his....

Q And one of the attachments to Dr. Draley's pr:-
pared testimonuy-- Excuse me.

Dc you have it before yocu?

A I'm gorry, I don't.
Q We'll svpply you with one. It might expedite
things.

(Documnent handed to the witness panel.)

CHAIRMAN WCLF: What page ars ycu raferring to,
Mr. Miller?

MR, MILLER: I'm abecut to do that, sir.

BY MR, MILLER:

2326 054
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Q One of the attachments to Dr. Dralev's testimc.ay

is an article entitled "The Corrosion of 1100 Aluminum ir

Water from 30 Degrees to 35 Degrees C." It's hy J. B. Draloy,

Shiro Mori, and R. E. Loess. It's a two-page article, ard
I believe it's the third attachment to Dr. Draley's tasti-

meny .

There are two diagrzms at the bottom of the psce.

Do you se2 thoza?

A (Witness Almeter) I believe I have :ha wronc
page here.

Q Perhaps Mr. Steptca can direct you %o the preror
page.

A I don't see any diagram here.

(Pause.)

Q dave you found the article, sir?

2 Is this the one from the Electrochemical Seci:ty
Publication?

Q Yes, sir, the ore that is Volume 114, 4 April
1967.

A feg, that's it. I have it.

Q dave you secn that article before you saw it

attached te Dr. Draley's testizony?
A No, I did not read this article of Dr. Draley's.
Q I see,

Well, would vou take just a mninute ind look 2: &
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diagrams cn the bottom of the first page?

L ——

A Yes.

Q Can you tell me what, if anything, tLose diagrams
disclose about the rate of corrosion cf 1100 aluminum over
tine?

A It shows in-~ In Figure 1 it shows corrosion »f
a sample whare it's givinc the unics as far as corrosion ‘n
milligrams per square deac.metsr, showing with time in day 1=-
ONe curve shows weight gain and cne curve shows matal corroced.

Q Yes, sir.

And the time scale along the botiom of *he dizs:ram
is a log scale, is it not?

A Tes.

Q dJow the lina for metal corroded, that is the pioh
for metz. corroded on the diagram, shows as a straigat
ascending line, does it not?

A Yas.

Q if we were to translate that nlet frem a loga-
rithmic time scaie ¢o a linear time scale, what would the plot |
show after the first five days?

A It would show a rapid increase and then it would !

becoma a herizon:ial scale.

Q in othc~ words, it would be a straicht horizor :al

RS —
.

line acrocss ithe plot?

2 Right. 2326 056
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Q And that would indicate, would it not, that tiere
was no significant corrosion after the first five days; i3
that correct?

A That's corract.

Q So that, turniag back to your prepared testimcny
at page 6, in fact the rates of correzion that are expre.sed
in that testimony probably ovarstate the amount of corrorion
that will take place over a 40-year period. Ius that corract?

A Yes., I think that the :ates guoted are reall:
on the conservativé side.

Q When you say "conservative," you mean they arc
cecnservatively high?

A Yes.

Q ow during cross-cxamirnatiorn by Ms. Sekuler, very
early in the examination she asked you abcocut whether or rot
pitting causez the surface to lose any material, and I
believe your response ir substance was that there was a
sorrosicn product formed and that some of it might flake wwey
if there is a high surface velocity across the »it.

Do you reczll that testimony?

A Yes.

R All right, sir.

You used the term "high surface veloecity.® Czn vou ! -

quantify what vou mean by a high surface velc:ity?

A o ny previous experience, in orxdar for this to
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occur and the pitting to Je increased or accelerated, flow
velocities would have to be semething like up to 32 feet nes

second across the surface of the material.
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Q Do you know what the velocity, if zny, is of the
agueous solution in tie spent fuel pool over the boral and
aluminum=-- wall, over the 1100 aluminum that's ian the tube?

A I don't believe tﬁat has ever been measured,
but T think it would be almost nil. DBecause there's very
little-- In observing the pool, yousee no turbulence in the
water as far as any current.

I uncderstend at the inlet there is a certain
velocity to bring the water in, and it flows across the Lot:iom
of the pocl and goes into circulation. But as far as in a
small vented hole, for that velccity to even get into the
cell, it's almost inconceivaile,

4] Well, do you have an opinion as to whether or not
the velocity of the aquecus soluticn in the spent fuel pool
is sufficiently high to c2use any material tha= is formed as
a corrosion product in a pit to flake away?

" No, I don't think it's going to cause it to fiaie
away in the cell.

Q Thank vyou.

tiow I'd like to turn to Mr, Lantz for just a
second.

You were examined, Mr. Lantz, by Ms. Sekuler
regarding page 14 cof your prerared testimony. The singl:
spaced material on that page starts cut with a paragraph

which she :<#ad into the record, in which the significant wo: ds
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for the purposes of the guestion were that the fabricaticn
by Brocks and Perkins is “"centrolled” by the Brooks and
Perrxins quality assurance progran.

Mr. Lantz, do thosg words mean to vou that tho
Commonwealth Edison Company quality assurance program ha:c nc
rele in assuring the quality of the boron-10 lecading in ¢ acl.
boral plate?

A {(witness Lantz) No.

Q Do you know what procedures, if any, Commonweal’h
Edison Company will utilize to acsure that the boral bors =2
is in accordance with gpecifications?

A I don't know specifically, and T don't review the
QA program. 2ut I do know yon have an approved QA progran,
and that's whet I rely on.

MR, MILLER: Mr. Chairman, at this time I wou!
like the Reporter to mark as Licensee Exhibi: lio. 1 a two-
page document which is entitled "Spent Fuel Racks = Recei/irg
Inspection Checklist,.”

CHAIRMAN WOLF: Ffor identification.

MR. MILLER: For identification.

(Whereupca the document referred tc
was markel Licensee Exhibit No. 1
for identification.)

BY MR, MILLER:

Q Mr. ZLantz, I represent to you that that is 4o
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spent fuel racks receiving inspection checklis* which has beean
developed by the Quality Assurance Department of Commonwealth
Edison Company with respect to the modified spent fuel racks
which are the subject of this proceeding. And it was
identified by Mr, Shewski in his cross-examinaticn by
Ms. Sekuler, I believe it was twe days ago.

Now I'm not asking you to accept my word that that
is in fact the case, but, assuming that it is, would vou
look at numbered paragraph 6 cn the first page of Licenses
Exhibit No. 1 Jor identificatica, and I ask you whether you
can determine from locking at that paragraph whether thera :s
a chack at the time the racks are reccived by Commonweali:

Edison Company with respect to the boron content of the tub: 37

A @Witness Lan%z) Yes.

Q And is there such an inspection requirsd?
A Yes.

Q 11 right, sir,

MR, MILLER: Mr. Chairman, I don't believe it's
appropririe to offer Licensee's Exhibit No. for identifi-ation
through this witness, but we'll do so at socme subsequent 2p-
propriate time in the proczeding,

CHAIRMAN WOLF: Very well.

BY MR, MILLER:

Q Now, Mr, Lantz, if you would please turn to

Or. Draley’s prepared testcimony, and I celieve the fourtt
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attachment to his prepared testimony is a four-page docurzn‘
entitled "Neutron Absorber Sampling Plan - In Pool," datcd
May 5, 1979.
Have you feund i%z, sig?
A (Witness Lantz) Is it the last one?
Q No, it's not quite the last cne. It's just .z=fure
the Exxon Nuclear report,
A Yes, I have ic.
Q It's a fact, is it not, that the second parajraph
of that attachment cormits Commonwealth Edison Company t:
install the test samples in zhe spent fuel pnol when the racks
are installed; is that right?
A Yes.
Q Ail right, sir.
And turning to the second page of that attac: - ent
to Cr. Draley'c testimony, it's also a fact, is it not, cha“
in addition to coupons thzre are additional =samples that are

going to be placead in the spent fuel pocl; isan't that also

cerrect?
y 3 Yes.
Q What is the nature of those test semples, 3ir?
A The staterent is that, "Additional.ly, two fu.:i

length vented fuel storage tubes will be suspended in th=
pool. Thay will be observed pericdically for signs of

swelling, and they will be opened and examined should th- s~a14
)
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specinrens indicate any loss of absorber materizl below .(2
grams per square cantimeter of boron-10."

Q Thank you.

By the way, Mr. Lantz, what is a coupon? We've
been talking about those. Can you describe what a coupo:
is for us, please?

A It's a small piece of aluminum -- beral sandwiched
in stainless ste2l which simulates the compositiocn of tha
racs.

Q All right, sir.

Perhaps you ars not familiar with this area, .u:
Ms. Sekuler went into it and I wcpfd like to for just a minute
as weall, ,

Do you h;ve any familiarity with the techniczl
specifications that are presently in eifect and applicabls
tc the cperating license for the Zion Station?

A No.

Q Are you generally familiar with the format of
technical specifications?

A Yes.

Q &ay.

It's a fact, is it not, that ordinarly there :re
reporting requirements contained in tachnical specifications
which a licensee is obligatad to follow?

A Yes.
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Q Do you have any reason to believe that those

technical specifications would be any different for the Zion

tation?
A NO. .

Assuning there was some unanticipatad loss of
neutron abscorbing capacity or some structural ceficiency n
the absorber plates =-- the absorber racks, world you exp+ :t
that Tommonwealth Edison would be obligated tec report tho:

as a nratter of just routine under its present reporting i :-

quirsnents?
A Yes.
Q Thank you.

MR, MILLER: I hav2 no further gquestions.

CHAIRMAN WOLF: Do you have any recdirect,
Mr. Goddard?

MR, GODDARD: I have just a few questions, s.i -,

REDIRECT EXAMINATION
BY MR. GODDARD:
Q Dr. Almeter, on questioning by M3s. Sexuler yo

stated you did not take into consideration tie situation .hora

hijh LDurnup fuel might be placed in the Zion oc¢ol; is the

corrace?
A (Withess Almater) Yes.
Q How would you define high buraup fuel?
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A I'm not in that field to really explain that Lo
you. My background is metellurgy. I'm not thit familiax
in the nuclzar area. Mr. Lantz is a nuclear enginczer.

In wy review~- That is beyond, my scope to even be prepa =d %>
corment, because I've addressed my review in +iis particvla:
cas2 to corrosion of materials in the spent f:el pool.

Q If you will assums from the guesticning here :hit
high burnup fuel will be placed in the Zion 220l and that
this fuel is Zircaloy-clad PWR fuel with a burnup of approx. -
mately 50 parcent more time than the normal buinup for such
fuel, are you able to state an opinion as to whather you
would expect adverse effects upon the Zircaloy cladding in
the Zion spent fuel pcol environment?

A I don't think I would anticipate adverse eff:zc s.

MS. SEKULER: CObjection, Mr, Chairman. I belie'e
that Mr. Almeter has just said that hs has no nowledge
this particular type technclogy, and I don't believe hds
qualificd to render an opinion,

MR, CODDARD: I asked the witness, Mr, chai.& .ai,
if he could axpress an opinion as to an advers. effect urn

the Zircaloy cladding. The <cladding of this _uel is a :'d»r

w
o

ject within the knowledge of the witneoss, If le can ans.
this gquestion I ask thathe be allowed tc do so. If he cioamt,
ha can so state,

CHAIRMAN VWOLF: Does this ccome wi:hin your
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metaliurgical knowledce, Mr. Almetex?

WITNESS ALMETER: I'm not an experi in this zves
I've read some on this. I could meka an opinion froamy
genaral readings cn this. I haven't made any studies.

If you would like an cpinion....

CHAIRMAN WOLF: Mr, Geddard, don't you thinlk we
cught to have it from somescne who's gualified in that parx ti-
cular area?

MR. GODDARD: We may have to, sir.

CHAIRMAN WCLF: Let's proceed, then.

BY MR, GODDARD:

Q Mr. Lantz, ir. the even: that ventad spenz fue!
storaga racke ware tn swell, cculd they be revented?

A {(Witness Lantz) Yes.

Q Would you anticipate that such a reventing of a
can would cause any additional problems?

A No.

Q If you assume that all of the alwainum clad 21
the boral in a vanted rack wers converted to a corrosion
preduct by virtus ofui:teractigﬁ_with the water in the pc:l
what would you expact tc b2 theelfect upen the stainless it
shroud?

a It would swelil somewhat, But the thickress o°
the boral initislly is 76 mills, .076 ianches, and vou wou 4

expect that it would not more than about double if all ¢ -

2526 006
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aluminum were corroded to alvminum oxnide. And this is nc s
sufficient to stick a fuel assembly in the storage rack.

Q What, if any, effect would such corrosion, such
extreme corresicn have ucon the neutron absorp:ion capab.. li .y
of the racks?

A We den't expect it would have.any. We expec:
the B,C would stay in the compacted aluminum oxide held hy
the stainless steel.

MR, GODDAFD: Thank yon, Mr, Lantz.

I have no further questions for tiuse witnes:as.

—— ————- e —— i ——_
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EXAMIVATICN 3Y THE POARD
BY CHAIRMAN WOLZP:

Q Dr. Lantz, would you give me a definition of
high burmnup fuel?

A (Witness Lantz) My definition would be something
beyond 45,000 megawatt days per meiric ton.

CHAIRMAN WOLP: Thank you.
Dr. Remick?
BY DR. REMICK:

Q I'm not sure which of you two gentlemen to
address the question to, but would you wafer first to pace
1 of the joint testimony. The very la : senteice at the
bottom of ihat rage says:

*Boral is a composite panel of B C/aluminum ma~ri:
vlad with 1100 aluminum alloy.® :

Now, as fo:rr the gquestion:

Do you think that is a good d:finition of Bor:1?

A (Witness Almeter) Ves,

Q Now, let me refer to page § of sour joint

)

testimony, last paragraph, last sentence, I=: ays:
"The aluminum cladding cf the 33-a) neutron

absorbar plates..."

Is that inconsiatent with the fi.i:~ Evge of that,

for Boral?

2326 008
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Q Well, cne place it says Boral inclules the
cladding, and in another place == which is the correct
definition of Boral?

A (Witness Lantz) The first page iz the correct

d2finition of Boral.

Q Including the cladding?
A I believe so.
Q But I though% at times you'd been :zalking abocut

the Boral aluminum matrix and the aluminum cladding separatcly

A Yas, that's true. We ware ambiguous.

A (Witness Almeter) Well, that is my visualization
of how the compaction is formed.

Whan they ranufacture =~ you sze, the sheets of
aluminum are on the outside of the core, one sclid piece.
The core between thesc two aluminum sheets is a mixture :f
boron carbon powders and aluninum. And then it's rolled sur
or pressed out into sheet form, aad then the aluninum
cladding is put on top of this, or oan each side.

e Yes. I understand. My concern is for the cl:icity
of che record, when we're calking about corrosion of
aluminum, we'’re talkirng about corrosion of Beoril, and theon
wae'ze defining the two as one.

A (Witness Lantz) For the purpose of +ha record. a'l
the corrosion is on aluminum. The 843 does nct corrode,

which is in the matrix. So for essentially al: the corr:zi-n
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is aluminum corroaion, ragardless of the state.ent.

Q All right.

On page 2, last paragrzph, about the middle of

that paragraph,it says: .

"Eighteen vented test samples of Boral

- enclosed in stainless sceel...”

"ould you explain whether that Boral is clad vith

aluminum or it’s tha 4,C 2luminun matzix?

a (Witness Almeter) It's clad with aluminum.

Q Thank you,

Continuing on in that paragraph,; tn: last sentance

discuzses the == it says:

"The program is designed to avaluate tha
leng=temm effacts of galvanic corrosion Leitwean
dissimilar metals with a large electrical potential
difference..." aad continues.

I believe ji:'s talking about the ezt sam les.

Would %hose test samples ke grounded in any way to the poonl
structure or racks?

A I understand that they're Going to ke placed i .tc
the pool similar -- as a rack. They would not oe ground !
to the pool liner or any other type of structura, tha wav
I understand ix.

A (Witness Lantz) You mean a deliberate ground v. ce”

You mean that type of thing? I'm pretty sure thore will T

2526 07U
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metal contact betwsen the rack and eventually the peol 1.1e:.
But if it's a separate ground wire, I'm not sura.

Q Is the elactrical potential between the metal:s
a function of whether the cowpons would be graunded or nci?

A No, I don't believe so,

Q It would be the same, whether the extermal
Stainless steel was electrically grounded or i7 it was
floating within the system?

A Yes, I think you can have electroly%ic corros:.on
without grounding.

A (Witness Almeter) In this cagse, the corronion
would occur jnust by the contact of aluminum to the stain es:
steel in the sample, which is the shroud, simulating the
whole call structure. As to my knowledga, if vou'rze
referring %o an electrical ground wire, that could connect
it to any other structure in the pool other than along tle
rack, the ground wire =-- any means of hocking it into the
peol or hanging it into the pool should not aflcct the

sample, to my knowledge.

Q So the rate of corrosion would not natter, wietler

the coupons were electrically grounded to the liner?
A (Witness Lantz) I don't think so. T think the
currents are so low Lhat jus: the conductivitv of the watar

is enough to carry the elactreons.

Q All right. Are you familiar with the number :nd

2526 071
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size of the veat holas that will be used in the fuel tubes,
fuel storage tubaes?
A I've seen it, but I've forgotten exactly whether

it's 3/1f or . . . I'm not sure.

Q Hlow abcut the number of holes?
A My recollection is that it's enly one.
Q Is there any donger of clogging of these holes

from corrceion products?

A (Witness Almeter) I don't believe there would be

any danger cof clogging there, of the vent holae, because that

will be only in the stainless steel regicn of the cell, and
not in the arsa where there would be contact directly wita
the aluminun,

So T wouldn't expect any corrosion product to
form, from corrosion of the stainless steel to bloek that

hole. And I wouldn't expect to see any aluminum corrosinn
product floating to the top of the cell to bleck *hat holz,

becauce of the density of aluninum oxile or hydroxide.

2326 072
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Q lHow far will the drilled hole be awvay from the
Beral == what I would prefer to call aluninum clad Boral?

A We cannot tell freca the drawing here. I cannc:
Say whexe they'’re going to place that vent hole at this
stage.

Q Would the possibility of clogging be dependent
on hew close they were? I think vou statad thzt there was
no danger because the hole would not be near tha =

A Hell, normally, what I've sean in other == at
other facilities, the vent hole would be at the corner of
the squrare cell, in one corner. BRecause that forms a comnlete
cnannel the full length of the fuel cell, or the storage cell,
to allow any gas that accunulates in there to have a fre-
access to an open channel.

Q Are you aware of whether these holes will be
drilled in the cornecr?

A I don't know what Commonwealth will . . .

0 All right, could I refer you to page 3} of your
testimony, third paragraph. The statement is made:

"It is our finding that this venting "sill
eliminate the poteantial far any significan: amcunt
cf swelling of thae stainless steel tubes."”
Could you just summarize tha sources of swellirg

that you're referring to there? What are the nmachanisms “ha :

you're making that statement about?

2526 073
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A In the case of what I observed in some of the
tests, particularly the Exxon test, there might hava been
scme slight bulging of the aluminum clad away from the
Boral matrizx.

Xf that cccurred, and you had a vent hole, it
would be very minute, because the gaz would be immediatelw

vermeated through the open channel and cut into the pool

environmant,
Q I'm sorry. I don't think you underctocod my
question.

I'm asking: When you talk about there will L2
a0 significant amount of swelling, from what causes are

you referring to there?

A Well, i theras was aay corrosion of the alumirum
occurring.
Q So, a volume increase due o corvosion products?

Is that what I should infer from chat?

A (Witness Lantz) Yes.

A (Witness Almetar) Yes.

Q Any other cause?

A Hone that I know of,

A (Witness Lantz} None that I knew of.

Q Weren't we talking abcut the generatcicn of

hydrogen fror corrosiocn of aluminum?
A Yes, we assumz that venting will take care of

that.
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Q Coes your statement include, then, that there'll
be no swelling for both of tihose machanisms?

A (Witness Alngter) ¥o, I didn’t include it as thrat,
as far as the corrosion product. I considered that the
corrosica product wouldn’t cause significant == I didn't rat
that - into my statement.

The statement I made was basically referring to

any gas that would be formed. 2And that's why, if it's ver:zei,

then -

¢ And that gas was hydrogen gas =-

A Yes.

o == frcm the oxidaticon of the aluminum, is that
coxrrect?

A Yes.

Q All right. Were the Exxon samplies tha: indica:2d

that some bulging cccurred of :he aluminum cladding en the
Boral, was that under reutron exposure, PY any chance?

A No.

Q Are you aware of any gases that micht be predvrzd

under neutrcn irradiaticn of Boral?

A Yes.
Q What is that mechanism?
A That would be a asutron absorber plate that is

fabricated with boron carbon and an organic binder, to ho:.d

the borxon carbon particles intact,

2326 375
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¢ of 27, and your strongest scurce:d cvovad nre oot 2

i {(Witness Lantz) Lei's ¢ beck. Coul” I talk
thiz n litele bit, this quostion?

O Pleage ,

A The acutroa fiu: ia‘the rpea ual Toll is vale
lgw, 7Tt's wany ordors of iaguituls belos tha: . & :wact:

and it really isa’t sicnificant. »at if vou’ze talving =

' boroa in a ratcitvon fiuy, vowr do get heliun gas cencretel.

Bt the anount of halivm gas cenercced here i1 insigrilfic:

Q S92 you have considered, :hen, +he >y 3ibilit:r
eliv? gi8 being genercted 238 a resalt of asutma e3earHb

in zaz boron?

ra

Yes,

- Is therra 23 posaibilizs tha: that wosle cauce
sespoecation of the cladéing Joow the Bozal matris?

d Rot in the cpent fuel prol, ao.
Q What axa the neurrom fl: :es in the Sica spent !
poal eipacied €y be with compected stomaga?

A It dapencs cn whethexr th:iy puc & soyx om

- - :

an old zourcs gometinme: in the lifc of <2 Dl - 4 X

c0il LFI, you hava a supde-criclezl aer -ron ‘widein lecatios i

B -

P

10 ? neuzrons prr syuare centimeter per socesnd.
So 20 zimes chat is abor . tha ax vy weul?l Bx

to itz in the jcol. out whan you -orsidur £ the “lox

.

1
Sr 107, you' 2 £hout § cr 7 criars

»

.
rzac:or is like 10~
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f magnitude dowa frem what’z in a reactor, and it's really 1

insignificant amcunt oI aeutron absorptiocn. You have es=: at ial.

' || no @epleticn of your B12.

Q So you did include that posgible machanism in
considerations in this tectimony?
A Yes.

Q Are vou familiar with any problems o7 neutron

| irradiation of B4C absorber and control rcds of pool typc

» || reactors?

A Yes, we've Looked at that experienc2. BWRs az"a

I hag ch for a long time, and they do cet depletion. And

: eventually thev're going to have ¢c take them cut., But

that’s not tha case in the sp~nt fuel pooli.

Q That's a boiling water reactor. I was referri: 3

f to peol type research o test reactors used B4c nowder,

n

A Used Boral. Taere's one in Arkansas, I believ .

' where they used 2cral control rcds in a research »eactor, o

i they did have a problem of blistering,

But I think that was, like you say, probably ci .

| to tks helium gas generated by the boron fission <rom neui:c .-

Q Do you Raow if they subsequently ven-ed those

» ! conirsl rods?

R No, I 4did not follcw that.

CHAIRMMAN WOLF': Are there any furthur questiorn:

' of these witnosses?
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MR, MILIER: ©Neone from the Licansee, My, Chairvin.
MS. SEXULER: I hava one question.
CROSS~EXNMIIIATION ON ECGARD QUESTIONS
BY MS. SEXULER:

Q Regardiny Licensea's Exhibit Nunber 1 for idei:i: iw
catizn, I belisve that veu said in response o = question 1o
Ir. Miller that Staup 6(b) (1) would make it possibla for
Comxonwealth Edison to assuvre that the bYoron content of = .e i
tubes was corract.

Is that a correct interprctation of vhat vou 3.i¢?

A (Withess Lantz) Yes

Q Is that particuviar step in tha QA/0OC procedure
a cocumeatation check?

A It's a check to make sure that they can trace

the traceability of th2 boron loading to tube sarial mams .,

and they can trace it all the way back to che rmanufacture :. i

Q It's a document check, thouzyh?

A "Review documentation in accordanece with..."
Yes.

Q Is there any way -=- 2xcuse re. Iu tlhere any:h ac

cn t:.3 check list which would indiszate thot there was 2.

zind of physical chack of the borean content of the tubes

— —— o~ ——— o — - —
.

at that pcint?

kﬂ

A The physical measurcmrents were nade, already n

It’s a matter of making sure “hat that particular plate

2526 078
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in that storage racic.

Q Is there eny way by which the Commeawealth E¢ 3o

QA/GC pecple will bz authenticating the docunmsntation th..:

they receive?

MR. MILLER: OCbjection, Mr, Chairmar. Autheriic:-

tion as used in the qurastion seems vague and a:biguous.

MS., SEKULZIR: I'l1l clariify it.

CHAIPNMAN WOLF: How ig this witness qualified to
give you an answer +o that question, M3. Sekuler?

MS. SEKULCR: He was able to answer the quest “n

from Mr. Miller. I asaurmad he had some nowledge of it.

CIAIRIAN WCLF: I don't kaow that he is cguali-le !

frcem his cwn knewledge. I think wo'' have to ask that ¢
the Applicant when they put on a witness to gquolify tha
docunents.

MS. SEXULER: 1I'll do it 2t that siae,

CIATRMAN WOL#: I think that would Lhe bhetter.

w

The Beard wants to take juast a2 minutz hefore
excusa thesz withesses.
(the Doard ccnferring.!

CHAIRMAN WOLF: IMr. Goddazd, Dr. Revnick has

o

question for you.
DR. REMICK: Does the Scaff iatand ‘o offer ¢

witness whe cculd speaikr o the == what would be the Stai ‘s

intended requirements or thair requiremenss for implemer -k

2326 079
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and inspection of tine corroscion progzam if th2 racks are

installed?

MR. GODDARD: I'il have to cheel thri with the 3
project manager, Dr. Romick. I do not know at this time
vhati:z:r we have in fact fornulatad inspection and enfore::ar s |
proceduares o nonitcr Commonwealth's progran.

UR. REMICX: I'm not thinking only of inspecti:n
ané enforcement procedures, but what the Licepsing Staff, i:
they intend to require and what they wmight racuire about :he
ingpaction and mcnitoring program, what Staff's current L :tent
is.

HR. GUDDAPRD: 1I'1l hawva te report bock to you »a
that, sir.

DR. REMICK: And, of course, if there is info-ra~
tion, if I&E would follow ur, thac’s “ine. But our curre: -
intexr=st is what is thz Licensing Staff currently intendig,
if anything, about reguiring theae monitoring programs to
be in technical spacifications, or whataver.

MR. GCDDARD: We'll report back to ycu én it, 1.

CAAIRMAN WCLF: Teg there anything els2 before a9

adiourn for lunch? We're going to come back 2t 1:5¢ v'gizch.
The witness?s may be excused. !

(Witnesses excusad,)

¢
’ . s |
{(Whereupon, at 12:00 nooa, itle heariug was re.is: 21,

to reconvene a2t 1:00 p.m., iz same dav.)
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AFTERNOOY SESSION
(1:00 p.m.)
CHAIRMAN WOLF: ¥Ve'll pe back on =ha recoréd.

Dr. Ramick has an additional question for vru,

PR. REMICK: Mr. Goddard, I'm not zure that I
made it clear what the Board intenled with the questicen -
raissd of the Staff about an additicnal witness before tho
luacheon recess.

What we had in mind, in some proceadines, tra
Stoff dces provide a draft of a proposed licensze or a Pre po: ad
license amendment that weould bhe put into effzc: if the 1 ce 30
or anendment . :re granted.

Bagically what I kad in mind, if “he 3taff ta
a drzft of 7hat a liceance amendment, techniczl specificaiic =
and so forth would leck like if the license a2iendrment we- 2
grant2d, this wenld bz very helpful o the Beard to see ' 1a
type of conditicons the Staff proposes to put ou the amen: -
ment.

MR. CODDARD: Yes, sir.

1 talked to my project manager, Mz, Gary 2.ch
over the lunch=ca break. And he was of the impression -- I
was under tn2 impression at that time that yon wers refc::i -
to a tech spec or license condition referesncing the

surveillanc2 capsule progrem, are vou now referring to &l -
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.agbz : ‘: encirz "+ancaes to the tech sp2es vhich would cocur if thigs
‘ ; ; modification were granted?
. ; h DP. REMIC: That’s richt, including, I wovlid
-
¥ x precume, the nonitoring osrogrdm spolen te.
i
;ﬁ MR. GODDARD: It¢'s my understanding, after iav g
i E svokea with Mrc, %Zech, that the surveillance program by ki a2
A | ‘ Licensz22 is wvoluntarvy and wotld not be includel as eith-r
|

o

| part of the license avendment cr tz2chnical specificatior: .
;f LUR. REMICK: I think that answoers the quest: on
|

{; Then the Stalf dees not intend to require 2

ﬁ survsillance prcgram as part ¢f the proposed 1license amz: montd

: ¥R. GOCTARD: Thati's corzest., Thrt's my ur.ax-

|
- 2 ; - " "
. i etanding at this time. Mr., Zech will be back uext week,
14 !
il : - N "
and I will ascertain the correcitngess of what I've just
3
gtated to yonu.
DR. REMICX: Thanl:z vou.
r o
s \
; MR. MILLER: Mr, Chairman, with tie Board's
Ve 3 |!
'i rermissicn, the Licensee would like to re-call
19 i _ : A ’ :
. i Dr, Burtren Johlrson ¢o the stand. Dr. JoLhnson has =cue
20 i
i informaticn which mav Lbe resronsive ¢o certain of the Bc :d g |
ye |
| questhions rsgarding che 2ffect of the high burnup fuel and
22 |
cexrrosion in the spent fuel pool.
23 |
So witii the Board‘s mermisgsion, if you wisl. !
!
24
we'd ke glad to re~call him f“cr an 1@stions the Board
o |
25 : . 5
night have. 2326 \_)82 .
|
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CHAIRMAN WOLF: Would vou éo that, My, Millors
MR. MILLER: Dr., Johnson, would vnu resume he
stand, placzse?
Whezeupon, ¢
A. BURTRCN JOMISOM, JR.
resumed tiie stand on behalf of the Licenzee, and, having
been nraviousiv duly sormm, testified further as fcllow ':
CHATRMAN WOL¥: You're still under oath,
Dr. Johnson.
FURTIER DINECT EXAMINATION
BY MR, MILLER:

Q Dr. Johnacn, could vou iust describae for us
briefly whet aifect, if any. high buraup of fu:! has on “he
abillity of the Zircauloy cladding of zhw fue) to withstand
<he =pent fuel pool environmeni?

A First, i'd like to swwiavize =cme informati n

that I'm aware of regardiag che esfact of &hs reacior

expcenra on the “uel, becausze I baliave thot gives a pe:'pe:t‘Le

to the question zbout the subsaqueont awposure in the sn 4t
fu2l1 pcol.

I'm aware of ecme fuel which was exposed - t -
dorita reactor, which is a Westinghousze PWR, it wouid . ¢ re
the same watar chemistry as in the Zion react:s- primary
cystem. The fuel is lJircalov-four cladding, 25 it's +hr

same claddiag.
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wrbA4 And htlere were some rcds which weni as hic. a:

e

{

i

4 62,000 megewatt-days per me:iric ton of urapima. The
; g ¥e ;

i

terminclegy thexe is “he peak rod averags burnup.

42; In 1277, there waAz a paper civen at St, Cherl 3,
; Q I1lineis which surmarized the e:amiraticns whizh had bee; n de
5 1l
: ﬂ on fusl from that same lot which had gone to a burnup of
}
’ f 58,000 magawatt-days per motris ton. And that papar is
: % available t2 the public,
' & That paper indicaied that they sar no unust:
1o i

| and uvnexpacted changes in the vropariies of cixher the

q mechonical nroperties or the correrziecn or hyd=iding.

12 |}
The averzce corrcsion film thickarss was 0.' m 11,
3 H
. ll which iz no threat to the cladding., "here wero some pat:-ie-
ja |l
; vaere the crad was relatively thick wherse thev hzad zaen
'5 |
| oxide thickrovses up +o aboul 2.5 mills, but acain, this ii
{
i6 i . 3
| act present a life-limiting preblen for the fu-.l.
I
70 1 )
i The other proparties also 'mre accaptable.
I
18 1
it S50 we're talkiag hera about, in stianary. 215 ca oy
!
19 - I : .
v =lad fuel which had gene o hurnuns of 32.000, and that I 'v
0 .
z re:ently sooken with the 3Jpanizi juntz whish --- about ol >xr
24 |}
" | rods which iad gore to 62 000.
Iy
- i : ; 3 -
It Ylow it's my understanding thatfuel which is .a
|
- i 2ica now is intended to o to sithar sbo - 46,000 oz, if . he v
}
4 ; - . i
i decid2 to, they will loave i+ iu until it goes to abort
‘l’ )5 ||

55,002. Se thare is alrcady ewperience which txceads th
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agh5 which is intended for the fusl which is now Leing erposu!
Lo ]
in tha Zioan reactor.
2 |l
! There is relatively Llittle axperience on

i long-zarm exposurss of hich bernup fuel in pcol storage,
though there is soma. And there is soma work joing on now
|

, in Germany to destructively oxamine PWR fuel which has gme

to burnups of 39,000. The fusl has been in th: pool four

3&2 aboat four years, it will be destructively exazined -~ i . { ot
313 it's undervay -- and then they will vut the fu2l back ir o

&O;l a pool and return for subsecuent examinations variodica. .y

.1;% to conlizm that the high bumaup fusl isg contimming to .02

12 i

l! satisfactorily.

oY

) o I would offar that to tha Poari, and wou
ba willing tc entartain anv guestions.
CHATIRMAN WOLF: Do councel have snv questic .s?

i
|
| for this witress?
!
|

7 { 5 MR. GODDARD: The Staff has none, sir.
'3 % CHATRMAL YOL¥: Thank vou.
a M$. SERULER: T have just twe or thrie ques icas.|
20 ‘ CPOSS~ZXAMINATION |
: | BY (8. SEXULIR: l
22 ? 0 My {irst question relateg to the ilata you
33;1 just wmanticned, the paver that was given at Sé‘ o

{
24

Iliineis.

e
W

Were any changes in ductilisy dilferent fro .

2326 085
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‘ 17¢
2¢h6 I ’ the tyres cf changes that ara ncticed in lewe: burpap £::1
)
8 : .!, reported at that tima?
~ : ’ A The ductiliticsa dua to radiation damage satir:ie
i ,
T !: fairly quickly. Tathe Zirst cyele, or first one or “wo . ¢ ..s,é
? 3 the ductility saturatcs- and ti.ere is verv little change: i ’
% . cne ductility en going to higher radietiona.
- ; ; Thare could be changes in ductility dve tc 1
5 1 i
. | hydrogoa pickup, bt the data frem the Spanish fual rod: ¢l nt :
: want to 6,000 indicated that thay isd lass ¢han 90 par:: ;
’ par million by weight of hydregan pickun. And this is 2 '
i ' threat to the duetility of the fuel from tha ctandpoint Lf :
. ! storaga in a D00l oY even expcsura in a reacho:r, 'l
‘ - | Q When wvou tall® akout hydrogen pic!up, are yc: «
o trlking abou: hvdriding? t
" " A That's right. :
e ;; 0 Dut ther» wan 23dditicnal bvdridirg beyond t1a '
1 !
» i wirich would be experiencoed im In=l, sav, with a burn:. :
b 3l of 25,000% |
0 |
. f: A Really, Westinchzuse's experienen has indi: ¢
- 1 that, over a range of burnups, that thev sz2e “ickups of
i i ices than 30, And oven tha high duraup seill was wighis
- i that range of less than 90 -pm., s0 it feils withir the .a. g2 ;
- E that has bzen experienced even iwich lower bunup fuel. |
" - 0 dave any cf thase bundles which ~are expos: !
. to these 43,000 to 50,000 -~ maybn T have the wyrong nuni . . ‘
2326 086 |
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A 58,000,

Q 58,000 ~= tho numhevs up to 58,000 megawati- ders
p2r nietric ton Dbeen siorzd in spant fuel pcols?

A Only for a period 4f about six mcaths., Tel:
They were :hen moved to dry scorace, they are now in drv
steraga at the junta auclear -~ Energic livelecire in
Madrid.

So the very high burnup rods are n dry sto-ac:
at this point. There is some iajicatiea that they woul:
censider putting them into wet storags. Sut tlere are otz
roeds with ~- as I've indicatad, with baraups <7 about 40 0C:
vhich 2va in wet storage.

I think tha poiat here is that tr2 fuel rod:
have survived a much mor2 agoressive environre 't in the
reactsor successfully, also in boric aecid chemistry. And ac 2
we'rc putting ther 2zt a3 wuch lower temperature into aspen:
fuel cool, which is still boric acid chemistiy.

So our projecuion would be that 7= upent -2l
pool environmant would b2 muech less aggressive than the

environment that thev've alleady -osn subjected to.

Q Are therz any other =tudics or re nrss req. ~dia

tha reactica of Zircaloy-clzd fual to higher rurmupa, o er
than the 8:. Charles rapor vou mentioned?
A Therea is other axperience, but I 3on't hav: &}

details at hand t2 9o inco the details on the ~orres=ion

2326 087
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. aahl § and hrdridiryg to the extant that I'm fomiliar with on thia

| Q Than': yeu,
M3. SETFUIDI: I ¥Hava ne further gquastions.
EXAMIEATICN B? THAE BOARD

i BY DR. RIMICK:

¢ Jr. Johnzon, I'2 likae to take advanitage of your
. 1 teing on the atand te ask vou n question. Tere 7OuU presant

cafore lunch whan the Staff witnesscs Alnoter and Lantz
i ware boing questions by the Board on their ceatinony?
A I wvas hera periodically. T was acked to go

ut for a business renscn, £0 I wamn't here during all th»

h Q All wvignt. Let me just ask the questicn:
Do you know, when cna is censiderineg gaivanic
carrasion, whethar iz wonld be important on -~ whethexr

one ront of the sell was grounded, electrically erouvndcd.

Q versus not baing grounded, on the rata of galvanic sorrosior
. I that =ight cceur?
j A My raspense weuld depand very much on conduc :i-
t vity and -- You're talkine about a spent fral rocl anvire -
|.\ .
' i nanc?
N N N
q Q The uropessi 2ien pool conditions.
1
. I A And we're talking about ¢revading o wiet ac?
ae N
F A% i

Q All right.

2326 088
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Apparently coupons are going to he introduc :d
ints the pool for surveillance of corrosion. ™My questic. s
specifically addressed, doas it matioer vhether thosz are
grounded to the racks, or thu.steel liner, or not gromnd-d
on waat the resuless might be if one is looking at galvanic
corresion?

A it's 7 rasollecticn that what we have then
is » stainlesy steel sandwich with aluninum-clad Boral
botween the stainless stexl nlates., Is thas is?

Q And then venting, I believa.

A I think the most important galvanic intera~:ica
would be DLetwaen the stainizss steel and ths aluminum v . &)
which it is in contact, whieh is prototypic of the ccupl-
which one would kave in the actuzl racka. 3¢ 7 believe .h::
the impartant galvanic interacticn iz tharve.

I think that wha“ I might suggest is, thera
could be scme measurements made ¢o see whethar it matter .4
whathaer that specimen wasz coupled to the stainless stoei
liner or not. That could be easily made with clectronic
equiprent which ie readily available, and one =ould then
determine vhether courling was important eor neci.

But right aow I weould say that the importan:
couple is probably alresady present with or vit oui the
grounding.

G But you're not perscnally zware of whether r -of
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it iz impoxitant : your cp.. dc

at it's not itspertant, iz that correct?

-

2 Wall az I a7, I Shink €h= impcicant coup’.: i3

alraady prosent in the specinaen. ;
Q Zas.
A Bue it werlé b2 cagy to detarmine that by

faiziy sinple moasuresent, mrazuringt the ccurle stalnlenn-

te-f luninum potspiial with the spesimen groundad and wi:i

o

¢ ungsundaed and yen ean tail tlien whether thare was au

.
3
-

impostant =dditional wmotantial from araunding to ke 3ts 'n’ 288

3teel liner.

o

Thank you.

CULATFIAIY WOLF: Any othar guasticns of thin

witnasa?

|
MR. MILIER: 0t at this time, Mr. Chairra:. 10, |
CHAIRNA! WCLF: You nay »e excnsced, thank v:.a |
. i
(Th2 witness ercused,) -

IR, GCOOARD: r. Chaiman, at tris tiune, t-
Stafl would iika o recall Dr. Pranl Almater rimply for :lu i
puzpoea of clarifyine an ansver viich he gare or was un=s3l g

20 yive 2arlier.

CHAIRMAN WCLF: You may do that.

MR, CCDDARD: Weulld wou take the stand, pl:os
Dr. Almater
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Whersupon,
TMANK M. AZMETER
resunad thae stand was a witness on ha2half of the Requlas r
Staff, and, “aving Laesen previsusly duly eworn, testifiol
fur<.ar as follcws:
PURTHER DIRZCT EBIAMINATION
BY MR, GCLDARD:

Q Dr, Alnetev, ovar the lunch heur, I discus::3

the ¢ uestion which I asked vou earlier rzgarding high bim »

fuel. This is the question which iz incowporzted in th:
Tecoxd ac transcript page 1258, and which I showed to yo:
orez the lunch houy

Did rov misunderstand that questica as it ¢

originally asked?

A Yes, I aizl,
0 Would you stais the effects on Zirecalov-cli 2

PWR Zael when it's exposcd o higher than norwal levels F
radiacion in tha reactor?

A Well it perhaps causaa sema chance in the
properties of ¢hiwe mat2rial., Tika perhars it would caus:
graziox hydriding, cause oerhans sens 2dditicnal corres .n
the reacter, and parhaps we'd see a :chicker lzy7er of

Zirzonium oxide cn the ¢cl2léing walla il wae 2= €he raas -3

)

€ this hich level, fiuxsn.

Q I'm going *o reask the guastion which T as.::3

2326 091
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you earliecr:

If you wilil assume from ¢he . .ztioning hero
that high Lurnup fusl §111 ba placad in the Zion peoel an!
that %hlis Tuel i3 zircaloy-cléd PYR fuel with 2 burnup o°
approxinately 59 percant mors time than the ncrmal burnu)
for such fuel, ars you able to state &» copinicn 28 to whitl ar
you weuld expect adversa effecis upon ths Z2ircaloy cladd .ne
in the 2ion spent fuel peol envirenmant?

A I would eupect necne, pecauce whataver chanc:s
have occurred in the Zircaley cladding as far us mechan: :al
promurties, physical properties, that it weuid have
occurred in the reastor, nder wers erirame temperaturo ',
pressure, and of ccuarse the higher fluwas, veu put Lhis ac>
the pool, the temperatnre iz much lower, thers is not +ho
iizh pressures, and any camma fluxss that are in the peo:
are a muck greatar order of magnitude lewer thzn what voi
weald find in the reastor, 7o I would esxpect any additic a)
damage to th2 Zircaloy.

© I one suzh fusl was removed from tha reactor x
placuddin 2 spent fuel pocl fer a pericé of 40 vears, w' :
if any chz.ges wenld vou exrcct -0 ozcur in tha claddin

A Mone.

Q Thenk you, 9r. Almeter.

R. GODDARD: T have nn inrther guestiones.

CHAIRMAN WOLF: Any questicns as 2 rasult o

2526 092
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aghl3 that further direct?

)

l | . 1286
|

MR. MILIER: ¥Yo.
CHAIRMAL; YIOLF: Youn mav be cxcusad, Dr. Almetar

Thinlk you.

(4]

o My

{(The witnass excused.

2AE1lws

(55
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MR. SITPrTOE: Mr. Chairman, the Applicant's next
witness is Dr. Joseph BE. Draley, and ue weuld 1ika him ¢o t ke
the stand znd be swornm at thls time.

CHAIRMAN WOLP: Vory well.

Wheraunon,
vOSEPH E. DPALEY
was called as a wicnens on behalf of the Lic2asca, and
having been first duly sworn,was examised and testified s
follows:

CHAIRMAM WOILFP: Will you state your full name

:

addéress for the racord?

THZ WITUISS: My name iz Josepa B. Draley. I'a

{

emplcyed at Argonne National Laboratory. My address is “a
Hinesdale, Illinois.
DIRECT EXAMIIIATICON
BEY MR. STEFTOE:

Q Dr. Draley, arc you familiar with the testimory
which has Daen filed in your name in this matior?

A {es.

2 is consists, dees it not, 0f£-15 pages of testico y,
follcwed by a professional resume consisting of 11 pages,
and a singlae-page statexent of professional qualificaticrz,
and then 3ix references which are used in your writian t- st -
mony proper. Is that not correct?

-

I 2§ Yes °

2326 094
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Q And the six referencaes whiclh are atiached are
listed on page 15 of <he testimony itself. Is :hat not cor-ect?

A Yes, that's right.

Q llew do you have any. correcticns or clianges yor
would like to make to this testimony?

A I'd like tc correct whnat appears to be a typo-
graphical error that may be worth correcting. There are onc
or two additional one that I think might not be wortn
correcting.

2at on page 13, the last line of my testimony, tie |
sentence teging, "Generic effects,” and it should be "Genaric !
defecis.”

Then I want te briay atvencion co tae fact that
“Ae Gelexcnes 3, the copy of Reference 5 thaz: was attache? ‘o
tia tastimony wac incomgplete.

W@ Raferance 5§ is a twou-page document entitled
"Wentron Absorber Sempling Plan ~ in Fool"?

A fas.

It was Incomplete by virtue of ths fact that

Tabl2 1 and Figura 1 were inadverterzly omiitec in assexk ii g

the material.

AR. STEPTOE: Mr. Chairman, I believe that ai’
parties and the 3oard have been supplied with ihis Table .

and Pigure 1, Do you have copiaes?

CHAIRIALD WOLF: Yes, we do. |

2326 095
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5¥ MR. STEPTOR: , !

Q New addressiig yooarsdlli co Figure 1, is there anr

L

ange you would lLlte to mak= ou Figure 1?2 !
A A3 originally pyapaosed, Tigure 1 showed, in ccnnce-

ticn with the identiicztics »F a hoie that was drilled is

sicdz of the asserbly, tha words 0.082 diametsxr hole, typiua..

tep and botten, 1will-ad bafor2 assenmbiv,

-

That chould be chorged so the woxrd: "and vobti:

are CJaleted. The raason is that it will now gsimplate ke

G So that holas will only be in the :tup of the

Q How as cecrractad and supplenewcad with Table

Figuse 1, is your tastliony, tha profezgional rasume, the

catement of protfess

o

tlia

nﬂ

ter

0

icaal qualifications, and che refersrze-

attzched thareto, is all that true -nd correct: o the be:r:

of ycur krowledge and baliaf;:

.
L‘a (’230

M. STEFTOR: Mr. Chairman, at :his :ine we aic ra

trhat the “estimony of Tozeph E. Draley and %he attachuneni

thoy had: een

h

have statec beffors in ell respects as

TEATRMAN WCLF: Any cobjecticn tc the notion a

MR. GO2TARD: W¥o cbiection, 3i:z.

2526 096
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CHAIRMAN WOLF: == to incorpoarate Mxr, Dralev':
testimony intn the record? g

Withoui cbjiz2ction then, che testinmoay of Josern
Oraley and the attachuenis thereto which bave Heen enumerated
by Councel will be bound into the record as if read.

(The documents fcllow:)

2326 097
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of Commonwealth ) Docket Nos.
Edison Company (2Zion 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 Etate 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 p.ocess 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, calculatec
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to increase to 111°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 toc 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
steels 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-
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.
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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
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. (1)
c. Boral

This product is manufactured by Brooks and Perkins,
Inc., and, for Zion, consists of about 48% by weight of boron
carbide (B4C) particles embedded in a matrix of commercially
pure (1100) aluminum. The size of the B C particles is given
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. 1In
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 (IQB‘F) in pure water. At 70°C, after the
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initial period, the amount of corrosicn has been shown to
vary with the logarithm of time for at least two yoaxl.(z)
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 knowrédge, 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. Conseguently, 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 aluminum-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 cor significant pitting is expected of Boral.
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D. Boral-Stainless Steel Ccuples

When dissimilar metals are held in electrical con-
tact, the corrosion of the metal that is electrochemically
more active is someiimes accclcrat;ﬁ 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 éoral 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. 1In any event, the resultart
galvanic pitting is likely to siow down to such a low rate as
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 pit; of limited depth and
the expected existence of oxide on the surface make it unlikely
that a significant amount ot boron carbide will be lost from
the edge of the Boral.

Although there ite 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-
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, 22 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.
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Periodic inspection of the 1100 aluminum specimen during

the course of the test showed severe pitting that appeared
visually to have grown little deeper but covered an increasing
area. This galvanic corrosion wao‘clcarly 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
the latter mechanism should not reach serious proportions,
as will be shown in the reply to Contention (2)(3)(3).

To assure that unexpected damage is not occuring,
the surveillance program that will be put into effect when
the new racks are installed 3) will provide an opportunity
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 remcved periodically, opened,

and examined carefully for corrosion damage. In addition,
two {ull-sizc 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
the small specimens indicates 10poron content in those speci-
mens below 0.02 gm/cmz.

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 lomg 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 aiuminum 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 effect 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) (j) The amendment 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 jnformation 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 Borzl and possibly at some loca-
tions on the 1100 aluminum cladding on the Boral where it
fzces the stainless steel. In neither of these two loca-
tions is the attack expected to be great enough to lead to
se. ious loss of the neutron absorbing boron, or to cause
swelling to an extent that would interfere with fre: 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

of fuel assemblies from the racks.
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Reply

I am aware of two processes that could lead to swelling of
the Boral within the stainless steel tubes. 1In 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 reacticn of this
water with the aluminum at some internal place to produce
hydrogen gas in quantitici sufficient to expand the Boral,

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

enough to allow releas: of the hydrogen pressure. In the
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
reference to the material in the Brookhaven Research Reactor

above ir 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
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 contact with water or aqueous solution),
Brooks and Perkins found ;roas 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 deplet.on,
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 alumi-

num from which it is formed. Tor = 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.

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 ;nd 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 mechairism believed to explain the
swelling of some 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 hithy unlikely in view of

the good record of Boral products and in view of ‘he ercellent
record for integrity of the Boral cladding alloy, 1100 alumi-
num. The risk of developing criticality in the pool on the

basis cited is deemed negligible.
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INTRODUCTION

The current delays in establishing a pational fuel reprocess-
ing center have required many of the LWR licensees to expand their
fuel storage capabilities either by modification of existing pocls
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 fusls in these storage
pools. A detailed review of the intagrity of the fuel in storage
pools is being prepared by Johnson for Ilnl.(l) which has servec
as a basis for much of this report. gircaloy-clad fuels with
burnups up to 33,000 MNA/MTU have been successfully stored in fuel
storage pools for periods up to 13 years in U.5. pools and 14 yeacs
(at lower burnups) in Canadian pools.
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b 4 MATERIALS ’

Three types of materials are generally {n contact with the -
fuel storage pool water: the pool liner which is commonly stain-
less steel, the storage racks vhich are .eoumly stainless stael
or aluminum, and the materials present in the fuel elezent bundles
which commenly include stainless steel, Inconel 718, 17-4 PE, and
gircaloy 2 er Zircaley 4 cladding. Table 1 lists the materials and
vater ‘chemistry used in the fuel storage pools at & aumber of LWR
nuclear stations, as available to the writer as of July 15, 1977.

Experience with storing thase materials for long pericds (g;’.
time in reactor canals has been reviewed by A.B. Johnson, JI.
Maxizizn residence in U.S. Pools of spent gircaloy-clad fuel is 13
years. None of these matarials should suffer significant cerrosicn
in this environment in periocds well in excess of 10 years, as has
beez borme cut by experience.

™
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IZI  WATER CHEMISTRY

Because during the fuel unloading procedure the vater in the
fuel storage pool and the reactor primary coclant mix, an attempt
is made 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 Puel Pool Chemistry

In a BWR this means that high purity denineralized water
is typically maintained with a £ilter-denineralizer to a total
heavy ion content of < 0.1 ppm, & pE range of 6.0 to 7.5, anc a
conductivity of < 1 umho/cz. The water is sampled daily to meas-
ure conductivity, and weekly for other impurities, including
chlorides. The demineralizers primarily remcve silicates from the
vater, and are typically checksd for their capacity to remove this
species once weekly. The primary source of the silicates may be
dust from the air; the pools are porzmally gncovered. On the aver- -
age, fresh resin beds are installed monthly, primarily because of
increased pressure drops from silicats nbsotption.(z’ The primary
contribution to the conductivity is dissclved CO,: wvhen :.;.). conduc=
tivity exceeds 1 umho/cm the demineralizers are changed. puring
a visit in June, 1977, the vater in the Vermont Yankee fuel pocl
appeared extramely clear, with a distinct bBlue tinge to it, appar=’
ently as a result of scattering of the longer light waves by tte
vater and the use of mercury vaper lighting.

2. PWR Fuel Pocl Chemistry
In a PWR, the fuel pool frequently contains several thou-
sand ppm boric acid, which is added t other otherwise highly pure
water. No neutralizaticn with LiCE is used in the fusl storacge
pocls: a typical pa(” value is 4.5. A perticn of the fuel pecl



.

coclant is continuously passed through a demineralizer resin and
impurities, such as balides or sodiwm icns, maintained below 0.15
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 h?:: been confirmed experimentally by cne of the reactor ven-
dors. ' '

3. Biocides:

Biocides are not commonly used in fuel storage pools at
nuclear power plants. Maintaining the water of the high purity
needed for safe storage of fuel appears to inhibit bioclogical
growth, and the use of stainless steel liners in the storage pecl
alsc tends to control biclogical growth. The radiation levels
from the spent fuel stored in the pocl alsc tend to sterilize the
water, although radiation resistart bacteria are known. Pinally,
the continuous demineralization of a portion of the pool water
serves to filter out any biological growth. No biclogical fouling
has been observed in 3 1/2 years cperation of the Prairie Island
spent fuel pccl,(s) in 3 1/2 years cpernaticn of the Vermont Yankee,
> S years cperation of the Maine Yankee, and > 10 years cperation
©f the Yankee-Rowe fual storage pools.(z’ and 20 biocides have
been added.

The use of biocides can lead to the presence of chloride
ions in the pool which are potentially harmful to the corrosicn
Tesistance of the materials stored in the pocl, and would be unac-
Ceptable during the mixing with the reactor primary coclant that
occurs during refueling. They have been used ir the ICPT fuel pcol
at Idaho Palls, which is a painted concrete pccl.‘l)
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IITI CORROSION OF MATERIALS IN PUEL STORAGE POOLS

The corrosion rates of sirconium, stainless steels and Inconel
{in water of the quality maintaine in the fuel storage pools should
be negligible during periods upwards of twenty yeazs. General
corrosion rate msasurements for these paterials in vater of this
quality and temperature are not generally available, and any esti-
mates of corrosion rates must be extrapolated from Deasurements
at much higher temperatures. The primary difference betveen the
vater chemistry in the fuel pocls and that in the reactor (other
than the temperature) is that the pocls are exposed to the air and
are presumed to contain dissclved oxygen up to the saturation
point. Since all the materials used are passivated by oxide filxzs,
the presence of oxygen in the wvater should nct affect thelr cor=
rosicn rates.

p Stainless Steels

Since the stainless steels are used for the primary pip-
ing at substantially higher tamperatuzes azd in the presence of
oxygen in BWR's where stainless steels are deemed satisfactory fer
periods up to 40 years, corrosicn in the fusl pool should be auch
less than in the reactor, because of the lower tenperature.

2. Aluminum Allovs

A

The anticipated corresion ef the aluminum alloys, 110C
or 6061, is negligible in watar of this quality at temperatures
up to the boiling point of water: at 12¢°¢ (257°F) a corzesien
rate of 1.5 x 10~ mils/day(®) has been measured for allcy 606-
aluminum, in water of pE 7, which correspends to A& total corTosion
of 1.1 mils in twenty years. Since the oxidation rate will cen=
tinue to deccease slightly over this period, this estimate skoull
De congervative. At lower tazperatures, the rate will be eve:
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lower. There is little difference in the corrosion zates of these
two alloys at temperatures below 150°C. The ancdization of the
aluminum components, which is occasicnally used, should protect
them even further from corrosien.

3. Zircaloy Cladding

The rate of corrosiocn of zircaloy in fuel storage pool
vaters is very low. Berry‘®! gives a corrosion rate in 500°
vater of 2 x 102 mils/year, and ghows it to be continually de-
Creasing up to times in excess of 10 or 1S5 yoars. At ths lower
teazperatures that prevail in fuel storage pocls, the corrosion
Tates should be even lower. Morgan (7) gescribes the corrosien
rats of zircaloy in pool water as being sufficiently low to pro-
vide an adequate containment barrier for at least 100 years.

The oxygen concentraticn in the pocl water should not
adversely affect corrosion of gircaloys. Zirconium and its alloys
Are protected from aquecus corrosicn by a strongly passivating
oxide film. The oxygen in the water should serve to promote and
maintain this passivation. Purther, Uhlig'®) has stated thas
this passivity is maintained both in stwong acids and in strong
alkalis.

4. Other Materials

The fuel bundle and storage rack materials may alsc
include type 17-4 PE stainless steel and Inconel 718. Neither of
these alloys should undergc measurable general corrosion in fuel
storage pool waters.

S. Stress Corrosicn
Stress corrosion of stainless steels and zircaleys in
fuel storage pocls is highly unlikely to occur provided the water
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Chemistry is maintained within the gpecified limits. Stress cor-
rosion of sensitized stainless steels that are highly stressed has
been observed in oxygenated water acidified to PE S nitric acid at
tamperatures up to 140°r."’ This is, however, a slow procass
vhich tock € 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 stainless stsel or
Inconel components will occur in the fusl storage pocl, any such
occurrence would be highly localized and rare, and not lead to
sericus problems with the storage racks or fuel bundle components.
No significant difficulties have been cbserved in fuel bundles
examined from a number of reactors. S$tress corrosicn of 17-4 PE
is unlikely to occur if the material bas received an 1100°F haat
treatment. This heat treatment is commonly specified for this
material when it will be exposed to reactor coolants. Components
©f 17-4 PE given this heat treatment have been in servics iz the
Broockhaven Eigh Flux Beam Reactor (EFBR), which contains high
purity °2° acidified with nitric acid to a pD ¢Z S and containing
§Teater than 8 parts per million of oxygen, for periods in cxcus’
©f 12 years without any evidence of stress corrosion or pittinq.(‘o) :
This water chemistry and temperature (145°F max.) are similar to

that prevelant in PWR fuel storage pools.

s. Galvanic Corrosicn

Galvanic couples between stainless stsels, Inconel axd

zircaloy do not appear to give rise to any localized corrosicn i
fuel pcol environments, sinca all of these materials are protected
by highly passivating oxide films, and are, therefore, at sizilar
potantials in pure water. Aluminum alloys, which are also proteczed
oY passivating films, nevertheless caa be pitted in an acid envison-
Bent such as that present in PWR fuel storage pocls, when coupled

to stainless steel. The anodization of aluminum fuel storage racks

2326 138



should minimize this occurrence. In BWR storage pools, ths high
electrical resistiyity of the water should alsoc serve to pravent
galvanic attack.

At the Oyster Creek Nuclear Power Statica, aluminum
Tacks were originally placed directly in contact with the stain-
less steel pool liner. Scme of these racks have been remcved
and examined after approximately 7 years of service in typical

" BWR pool water. ) No cbservadle pitting of the aluminum was
found at th~ point where it conticted the stainless otul.‘u)

N At least cne auclear utility (Vermcnt Yankee) has alsc elected to
provide additicnal protection 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-
ticn scurce to prevent their decompositicn by bhigh energy gazma
f1x. (2 These organic inserts are, in my opinicn, additicnal

‘ insurance that galvanic corresion will act occur.

™~
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IV  SURVEILLANCE

A spent UnReprocessed Puel (SURF) program is under dsvelopment
by the ERDA Divisicn of Wasts Nanagement, Productivn and Reprocess-~
ing, to be initiated in FY 1978. /12 oUnder this program, the chas-
acteristics and condition of spent fuel in storage will be evaluatec
on a continuing basis. Although the details of the examinaticn 0
be performed in this program have not yet been worked out, the
uaticnal scope of this program, izcluding periocdic exaninaticn of
a fev selected fuel bundles from both PWR ané BWR storage poels,
will provide additicnal assurance to the WNRC of the continued integ-
rity of fuels in storage throughout the country.



®

v sowory

Significant corrosion of muclear fuel components is highly un-
likely to occur during storage in fuel storage pools at the reacter
sites in periods oz upwards of 20 years, provided that the vater
quality in the fuel storage pocls is maintained within specifica-
ticns, and that chloride levels in the pocl wvater are kept to
minimum levels (< 1 ppm). Stress corrosion of stainless steel com-
ponents or Zircaloy cladding cannot be entirely ruled out because
of ths lack of understanding of the stress statss and the degree
of sensitization of stainless stsel. Should such a problem develcp
en the Iircaloy cladding it weuld be readily detected by routine
monitoring of the fuel pool vater for radicactivity. Should it
develcp on the stainless steel or Inconel components of the fuel
bundles, it would be highly localized and unlikely to lead to sig=-
nificant overall detericration. Periodic surveillance of the
materials in storage at a number of nuclear utilities iy being
planned under the auspices of the U.S. Energy Research aind Cevelop-
ment Administraticon.
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TARLE I

MATERIALS AND WATER CHEMISTRIES IN LWR PULL STORAGE POOLS

PLANT MATERIAL USE ENVIRONMENT

ARKAREAS 304 38 A-27¢-71 or Rack 1000 ppa boren as

- 187-74 boric acid
308 or jO8L Rlectrode e
JO4L AST™-A-187 Liner 1207
EEAVER VALLIY 88, 17-4 Racks, bolts 2000 ppm boron as
5 — gl boric acid,
= N e, 27 < 0.15 ppm
BONSIEX " 30488 . Liner, racks 123% max 150°7)
S - 8308 Electrodes cond < umho/am
174 X ~ @180, - Bolts
K028 P 6.0 - 7.8
e1” < 0.2 ppm -
?::t: 1, Stainless steel Liner Peaineralized vatar
Al~6061~-7¢ Racks
‘ ) ASTN-3-209 cuno filters and
deep bed daminer-
alizars
FT. CALEOON 304 $5 ASTM-A~276=71 Racxs 120%
T A-167-74
308 er 308z wald 3000 ppu deren s
boric acid
- GO, R.Z. 304 33 Racks Poric acid
(WR)

LACKCSST Boratad 83 and 304 83 Racks Damineralized vater ™
- =
. N80T 304 35 Liner, racks Demineralized watar

. 2 [ ”(::,x Piltar and daziner-
¥ =
- E:;m 304 88 Liner, Tacks Demineralized wvatar
¢ 2
% o, ) ¢ 2000 ppm boron as
S boric acid
3 ) |
13 : L 5 26 | 44
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TAMLE I
(continmed) v
PLANT MATZRIAL USE ‘ENVIRONMENT
e KX 304 88 Rack Demineralized vataer
1 (’l: of VR primary cool-
| mt quality 125°
— .
t OYSTIR CREXX Entira zack 304 88 Dmminsraliszsed wvater
| m “‘D.-l-zlo ’h':' w u’ ."l“ “1“.
- shae
ASDU=-A=-193 Rivets, bolts <
ASTM-A-194 mts 0.5 pm
308 85, ADXT &F) 5.9 Wld mtarial
PALISADES 304 83 Racks 122% - 157%
2000 ppm boror s
boric acid
SREAIM Sane rack design as
’ (BWR) Vermont Yankee
POIT BEACH 304 83 Racks 200C ppa boron as
1l and 2 30"
(?PWR) boric acid 1
PRAINIE ISIAND 304 88 Racks, liner Demineralized wvater
i ‘nd 2 Zircaloy, IN-718 Purl bundles (@, ¥ < 0.15 ppm
¢ 2000 ppm boren as
- boric acid
o 4.5, 120°F
¢+ Q0AD CITIXS Same rack design as
1l and 2 Dresdan
()
TROJAN 304 88 Racks, lines 20C0 ppm borc:a as
v m, m‘l w mt'lc d
17-4 PE = H1100 Solts and boric aci
mdule threaded  140°F
! s a”, ", 0.15 e
sa—imum each

14
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TABLE I
(continued)
PLANT MATEZRIAL USE ENVIRONMENT
TURKEY POINT Entire rack 04 8§ Demineralized vates ‘
J and ¢4 Free standing rack 4 o 1953 Seten
(rer) ASTN-A-240 Sest, plate - e g
ASTH=A-276 Bar as boric acid 1
p ANS-E-308-18 W14 vire |
ANS-E-308~-16 Weld wire
JIRMONT YANKZZ 156~TS1 ASTH~D-26 Alm. Grid castings . pE 6 - 7.5 _
(BWR) 6061-0 ar $5052-832 Alwm. Cans (Ca, ML, Te, Bg, etc.)
$0€1-7651 Alum. Platas
2034-T¢ Alum. Bolts, Pins < 0.1 pp
All aluminum alloys, 12¢°r
, anodized i
304 8= Liser, feet Radionuclide < 10

ABS plastic insulators
betweean feet & alum.

CAns
‘:n ROWE 6061-76 Alum. Rack 130%, scme boren,
Stainless Stael Liner chlorides < 0.5 ppm
220K 304 88 Rack Boratad wvater
(R 105°r

15
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.Tlle Corrosion of.IIOO Aluminum in
Oxygen-Saturated Water at 70°C

J. E Draley, Shiro Mori, and R. E. Loess
Argonne National Laboratory, Argonne, [llinois

ABSTRACT
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worthy effect is that contamination of the water by the resction incresses the
corrosion rate. Subsequent to the first several days, the amount of corrosion
vmumummmumwm.mmmmmuu
lwdan;ituboucndtoholdhrumumhcnmvidodmbh
aumnwmmmxmanmwumummm
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sion rate on the basis of cyclical local reactions is derived.

The corrosion of aluminum in nearly pure water
hubnnundcr:tudymtlmubonwryfannumbqr
of years. Originally 1100 aluminum (then 2S) was
chosen for study at temperatures below 100° because
it was under consideration for use in water-cooled
nuclear reactors. Subsequently, when the research
objective became simply the determination of cor-
rosion mechanisms, the same alloy was continued
under study. Although this alloy contains a number
of impurities, the major ones being iron, silicon,
and copper, its behavior is reproducible, and the
backlog of information previously obtained is help-
ful in interpreting more recent results and in test-
ing hypothesized mechanisms.

Acommamountofmhulhobomdom
with pure aluminum in water. From the point of
viaw of kinetic studies this material does not lend it-
self to relatively simple treatment because of the
local penetrating attack which takes place at grain
boundaries, and because of a sensitivity to the
amount of impurities present.

In a previous publication (1), many of the fea-
tures of the corrosion of 1100 aluminum in oxygen-
saturated distilled water at 70° have been described.
Of particular interest to the present investigation
are: (A) No gross pitting occurs, although micropits
of the order of 20« in diameter form. These do not
grow in size, but their number increases. Localized,
self-stifling reaction is indicated. (B) After suffi-
ciently extended exposure, bits of the corrosion
product slough or flake off, leaving a metallic sheen.
The corrosion product does not again grow thick in
those places, and there is no observable increase in
corrosion of the specimens. It is apparent that, at
least at lone exnosirs *imes. tha —~~mcamticn e in
o Ll LR Yo 4 w2 COTYOSIVA Pt COaLING
is not significantly protective.

Also in the same publication, some aspects of the
kinetics of the reaction were given. For the first sev-

“ o) A - -~ ‘wa ad woar PR d coe leama 65

by a period of diminishing corrosion rate. The shape
of this part of the curve was not established.

In the present publication, some of the features
of the initial period of corrosion are explored, the
kinetics of the reaction during long exposure is de-

termined, and for the latter there is derived a rate
expression which seems to fit the known facts.
Experimental

Water.—High quality water was provided for all
tests by passing laboratory steam condensate
mmghimm‘ommdmmc. Oc-
casional spectrographic analyses showed only a few
metallic elements present above the limit of detec-
tion. Sodium, potassium, and magnesium contents
varied from a few ppb (grams per 10°% H,0) up
to 50 ppb.

This water was vigorously boiled in Pyrex carboys
at room temperature (by pumping with a steam
ejectur) for degassing, and oxygen was bubbled
through it for a period of time. Periodic measure-
ment showed the water to have a pH of €5 = 0.2
and specific resistance 1.4 = 0.2 x 10* ohm-cm. No
noticeable change in pH was caused by passage over
uumcimns;tbmwumcﬁmua:h(ht increase
in resistivity, indicating that the oxide-covered
specimens had somewhat purified the water.

Method of expo~wre.—Eight (or fewer) specimens
were suspended on Pyrex glass in the chamber
shown in Fig. 1 (thermostatted to 70* = 1°C). Fresh
water from the carboy was added continuously
through a regulating section of Pyrex capillary,
and the excess water was discharged to the drain.
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The difference between the temperature and pres-
sure in the test chamber and those in the stor-
age carboy (2-4 psig Oy) caused continuous slow
evolution of oxygen gas during the corrosion ex-
posure. For the test of long duration, two cham-
bers were used in series, with the refreshing water
passing through each in turn; the rate was about
15 cc/min for the first 5 days and 7 cc/min there-
after.

Materal and sample preparation.—The material
source was one batch of commercially extruded 1100
aluminum rod. Analyses showed impurities to con-
sist of: 0.54% Fe, 0.12% Cu, 0.07% Si, 0.017% Zn,
100-200 ppm Ti, 25-50 ppm Zr, 5 ppm Mo. Samples
were prepared by careful machining to a size just
slightly too large for use in the eddy current thick-
ness gauge. They were then degreased and etched
(10 cc conc. HNO;, 1 cc 48% HF, 89 cc H,O; about
60°C) until approxumately 50x had been removed.
Specimens were rinsed and annealed (15 min at
360°C, slow cooled) before being weighed, meas-
ured in the thickness gauge, and corroded.

Determination of amount of corrosion.—Since the
predominant corrosion product is an adherent oxide,
specimen weight gain provides an approximate
measure of the amount of corrosion. However, some
of the oxide is lost to the water (dissolution, spalla-
tion, etc.), and the composition of the product
changes with time as well as with exposure condi-
tions. These features are illustrated in Fig. 2 where,
for a single specimen, the gain in weight (G), the
amount of metal corroded (L), determined by the
eddy current gauge to be described, and the amount
of aluminum lost from the specimen (§) during ex-
posure to Oj-saturated water at 70°C are shown.
The amount of metal lost was determined by chem-

.ical analyses of the erfiuent solution from the test

chamber, after it had been concentrated by evapora-
tion. It was necessary to correct these values for the
amount of aluminum initially present in the water.

Using the approximation that the composition of
the corrosion product is AI(OH),, the value of x is

readily shown to be equal to g +: % This ratio

IS ouserved 1o aecrease with exposure ume ior the
present experiment, although other types of change
have sometimes been observed. It is typically nct
equal to 3.0, the stoichiometric composition of the
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oxide (bayerite) indicated by x-ray diffraction to
comprise the bulk of the corrosion product.

There are two chemical methods available for de-
termining directly the amount of unreacted metal at
the end of an exposure. The metal can be dissolved in
a solution of iodine in methanal (2), or the oxide can
be dissolved from the surface (1). Both of these meth-
ods have been considered unsatisfactory for the pres-
ent research. The errors for the specimens used range
from gbout 0.1 mg (for the film removal method) to
something several times this magnitude {or the metal
dissolution method. These errors are objectiongbly
high and would make impossible a satisfactory de-
termination of the kinetics of the reaction of 1100
aluminum with water after the frst few months of
exposure.

In addition to the inaccuracy of these two methods
there is another problem. Different specimens char-
acteristically corrode to a different extent, even
though the corrosion rates in an individual test are
generally identical, as well as can be measured,
after extended exposure. Any method of determun-
ing the amount of corrosion which destroys the sam-
ple for subsequent exposure adds a kind of statistical
scatter in the data which has made it impossible to
determine curve shapes with reasonable confidence.

A specially developed eddy current thickness
gauge is insensitive to the amount of oxide coating.
For a few years it has been used in obtaining data
which are believed reliable and of acceptable pre-
cision (= 25A penetration). The change in the in-
ductive properties of a ¢ ‘il are measured as a func-
tion of the thickness of me‘al placed within it. De-
tails of this gauge are yet to be reported, aithough a
first model (3) and a usable but iess sensitive ver-
sion have been describcd (4). The calibration curve,
as used in the present investigation, is given in Fig.
3. The straight line drawn through the points for
samples which were etched in HNO,-HF solution
continued linearly, beyond this figure, up through
200 mg of metal removed per sample. Since all speci-
mens had the same surface area (29.19 = 0.01 cm?),
this calibration curve couid readily be used to de-
termine the amount of corrosion in mg/dm?.

The solid points are for specimens which had been
co.ruuad in waler; most of those showing more Cr-

o 0 0 3¢ .0 30
THCINESS GAVE NEADWGS. 4 ut

Fig. 3. Thickness gouge calibratien curve; O, etched HNOy-HF;

®, correded ia HeO. 23?6 ]49
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rosion than 10 mg/sample were the ones used in
determining the kinetics for extended exposure. In
all such cases, the weight of metal corroded was ob-
tained after removal of the corrosion product coat-
ing following exposure. It is noted that these points
generally fall below the line. This is apparently a
consequence of uneven corrosion of the specimens.
During the early part of the exposure the specimens
had less corrosion product near the ends than in the
center, suggesting that less corrosion had taken place
at the ends. As a consequence it is believed that data
reported at present can be expected to apply to the
central portion of the specimens only. The phenom-
enon is believed related to a water contamination
effect during the initial stages of the corrosion reac-
tion (see next section). For the longest exposure
times, there is also another factor contributing to
deviation of the points from the line. This will be
described later. '
Data and Results

Short time behavior —In ref. (1) it was indicated
that the amount of corresion in water at 70° is pro-
portional to the logarithm of time through about
the first 7 hr of exposure. The characteristics of the
corrosion kinetics in this stage have been investi-
gated somewhat further. It is not considered suitable
to discuss here all of the experimental parameters
which influence the rate and amount of corrosion
during early exposures. However, it is considered
desirable to point out a few of the important ob-
servations for the purpose of adding perspective in
the consideration of the longer time corrosion.

Effect 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
exposure between measurements, it is important to
know whether the amount of corrosion has been in-
fiuenced by removal from the test water and drying.
Subsequent to the first several days of exposure,
when reaction rates have become low, it has been
demonstrated that there is no discernible effect of
this interruption of the exposure.

For short exposures the situation is different. A
series of 10 specimens was placed in one chamber
and corroded together. These specimens were re-
moved one at a time for exposures up through 48 hr,
dried, and the amount of metal corroded determined

Fig. 4. Eftect of exposure interruption

June 1963

with the eddy current thickness gauge. Each of these
specimens was subsequently reinserted in the test
for further exposure, up to a total of about 13 days.
The points representing continuous exposure are
connected by a solid line in Fig. 4. This line is quite
similar in character to data previously reported (1).
There is apparently a logarithmic corrosion behavior
up to something less than half a day, followed by
an increase in slope of the line on semilog coordi-
nates.

Note that after initial exposures through 1 day
all specimens corroded at much lower rates on re-
exposure to the water. The dependence of the rate
on further exposure is not well determined, but
there is a common break upward in the curves after
a tirne of the order of 5 days. It is thus evident that
removing the specimens and drying them causes a
substantial reduction in subsequent corrosion rate
and a delay of the upward break in the semilog plot.

Number of specimens.—There are a number of
indications that during the initial stages, a product
of the corrosion reaction contaminates the water and
increases the amount of corresion occurring. One of
the indications of this is illustrated in Fig. 5. Two
tests were run identically except that one chamber
contained eight specimens and the other contained
only one. It is characteristic that substantially more
corrosion occurred per specimen in the chamber
containing the greater area of corroding metal

A number of other such comparative experiments
have shown that the time of onset of the upward
break in the semi-log plot and its magnitude are the
most sensitive aspects of the corrosion reaction to
this variable.

Refreshment rate.—When the number of speci-
mens in the chamber was made the same but the
rate of addition of refreshing water was changed
from 5 to 16 ml/min similar results were obtained.
Apparently the higher flow rate diluted the con-
taminant and reduced the magnitude of its corro-
sion-inducing effect.

Further illustration of this effect is shown in Fig.
6. Here the gain in weight of specimens corroded in
identical fashion for 16 hr is plotted as a function
of the rate of refreshment. It is indicated that for
these particular conditions, something above 20
ml/min refreshment rate minimizes the effect of the

|
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Fig. 5. Infiuence of aumber of specimens ia test, refreshment rate
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Fig. 7. Yarous effect: of veter contemiastion

contaminant, and that further increase in the re-
freshment has no further effect. The specimens in
this series of experiments were wet-ground before
exposure, but the results are believed to be indica-
tive of the behavior of initially etched surfaces. The
weight gain provides only an approximation of the
amount of metal corroded, but the trend is evident.
In Fig. 7 are shown curves which seem to il-
lustrate all of the three effects so far diucussed: in-
terruption, number of specimens, and refreshment
rate. Comparison of the top two curves indicates
that a high refreshment rate provides a smaller
amount of corrosion (abetted by early interruption).
Comparison of the middie and bottom curves shows
that the effect of the number of specimens was
greater than that of the refreshment rate. The middle
curve was run at conditions which have now been
taken as standard. For the earliest part of the ex-
posure the flow rate was maintained high to min-
fmira the ofast nf contamination: subsequently the
ing the long time experiment.
Reproducibility. —For longer tests it is charac-
teristically observed that different specimens in the
same test show amounts of corrosion which differ
by perhaps 10% although the rates of corrosion seem
to be identical. This effect is a consequence of vari-
able behavior of specimens during early exposure.
The slopes of the logarithmic curves generally have
been equal prior to the upward break: however the
time at which the break occurs has varied over a

CORROSION OF 1100 ALUMINUM 625
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fairly wide range, and this has influenced the height
of the final plateau.

Long Time Behauvior

The results of ane long test will be described
here. As a precaution against possible metallurgical
changes in the specimens which would influence the
readings taken on the eddy current thickness gauge,
three specimens were maintained in a helium en-
vironment. These were kept in the same constant
temperature bath which was used for the corrosion
exposure, and they were removed and replaced at
the same times as the corroding specimens. Their
apparent thicknesscs, as determined by the gauge,
were recorded periodically.

The changes in thickness gauge readings were
significant, but very erratic. The general trend
and all total changes were in the direction op-

posite to the change caused by corrosion, al- ~

though there were irregular reversals, sometimes
quite large. It was concluded that some metal-
lurgical changes, influencing thickness gauge read-
ings, were occurring at corrosion temperature.
Aging was suspected as the primary change; its rate
and even the rate law were not satisfactorily de-
termined. It was clear that the change was minor
for about the first 180 days of test.

For corroding specimens, plots of thickness gauge
readings from 8 days onward showed that corrosion
was lozarithmic for 180 days exposure. Such data
for one specimen (No. VI) are shown as the open
circles in Fig. 8. A good straight line is formed, with
relatively little scatter. Subsequent to 180 days,
consistent deviation of the points from a straight
line is observed. Only one reading, at one day, was
taken for each specimen at times less than 8 davs.
olated long-time Lne. It is inuicated that at that ume
the amount of corrosion had not yet reached the
plateau following the upward short time break in
the corrosion curve.

At 180 days, there remained six specimens in each
chamber; two from each had been removed earlier
to provide data for calibrating the thickness gauge.
Data from these twelve were piotted (uncorrected)
as in Fig. 9, and the basic constanrts of the logarith-
mic curves were determined for ali except No. XV
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Fig. 5. Juggested corromon ot ome peint

(which unexplainably showed too much scatter to
be used). The slopes and the extrapolated amounts
of corrosion at one day (logarithmic “intercepts”)
are shown in Table I. The intercept values perhaps
Mmm!mmtmmmmtmm
at | day and thus must be considered representative
only of the particular experimental conditions em-
ployed.

Specimens II through VII were in the second
chamber; their refreshing water was the effluent
mmmm.mcnmmconumm
specimens X through XIV received refreshing water
dmclymmmomomboy.mundmwd
‘Aereepts of the second chamber specimens were
greater than those of the specimens in the first
chamber (by about 17%).

It was clear that the available information was
not sufficient to determine whether corrosion con-
tinued logarithmically to the end of the test at 547
days. In an effort to provide a reasonable estimate,
correcticns were calculated from the thickness gauge
readings of the sta’ ard samples which had been
aged in helium. I was assumed that the aging (or
other metallurgical change) had occurred at a con-
stant rate throughout the time they were kept at
70°, and that the average for the three standard
specimens could legitimately be applied to each
corrosion specimen. Accordingly the “least squares”
dopeofnﬂoluumcknmnucchnuo!mc
standards (as a function of time) was determined
and used to calculate “corrections” to be added to
the basic data for the corrosion specimens. As illus-

Table |. Coastents for logarithmic corrosion
1100 Aluminum, distilled water, 10°C, Oy-ssturated

Slope.* Latl ‘dz.'

Specimen No. mg/dmi-cycle (-:-um»
)4 § 315 35.36
m 322 36.70
v 3.28 3347
- Q‘ L 5 -~ -,p
Average 323 35.50
X 262 30.20
X1 283 30.37
X1 291 30.15
X111 M 3095
X1v 2.78 2932
Average 2.78 30.20

June 1963

trated in Fig. 8, the “corrected” points formed rea-
sonably good straight lines on the semilog plots for
the full test duration. There was also a slight in-
crease in slope in going to corrected values, but in
view of the uncertainties in the corrections it is not
considered desirable to report the corrected slopes
and intercepts.

Some years ago, before the thickness gauge had
been perfected, a corrosion test was run, at the same
nominal conditions as those for the present report,
for a total exposure time of 940 days. The average
gain in weight of all the specimens varied linearly
with the logarithm of time from 18 through 650
days. Beyond that time, the weight gain showed
some decrease and some errstic behavior, probably
because of the sporadic sloughing of some of the
corrosion product. Although the weight gain is not
considered to be a truly reliable indication of the
amount of corrosion, these observations tend to sup-
port the opinion that long-term corrosion remains
logarithmic.

Discusison

The dependence of short time corrosion on many
experimental parameters indicates the need of ex-
tensive investigation to understand the reactions.
In particular, the nature of the water contamination
by the corrosion reactions and how this influences
corrosion rate should be studied. Some efforts to do
this are being made in this laboratory. The variation
of the pH of the water is being measured as a tunc-
tion of time and position, both along the surface and
normal to it. Substantial pH changes do occur, par-
ticularly close to the corroding surface (0.1 mm).

It has seemed to be true that initial corrosion is
logarithmic and is followed in turn by an increase
in rate and by a subsequent extended period of
logarithmic reaction. It has not been determined
for how long this extended period endures. The
rate law seems clearly to hold for at least 180 days;
subsequently, it can only be guessed that to a total
observation time of 850 days no change in kinetics
occurs.

It is interesting to speculate as to the mechanism
which is responsible for the long time, reproducible,
logarithmic corrosion behavior. Previous observa-
tions, as pointed out ‘n the intradustion. have (ndi-
cated that at any one time mucn of the corrosion re-
action occurs at a small number of localized points,
and that most of the corrosion product coating is not
influential in determining corrosion rate. These ob-
servations suggest that previous derivations (5) are
not sufficient to explain the corrosion behavior, The
following development of a rate expression is based
on the periodic logarithmic growth and breakdown
of protective oxide.

Surrace COrrosion iOLOWS lOgaritamic Curves of the
type indicated in Fig. 9. Subsequent to each time
that breakdown of the protective film occurs the
initial rate of reaction is .ess than at the preceding
brezk. The total amount of corrosion occurring in
each cycle is the same; consequently the duration
of succeeding cycles is longer.

It is also assumed that at any time the various
points on the corroding specimen are behaving as
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Fig. 10. Hypotheticel rute curve for one time

though at random points along a characteristic
logarithmic growth curve. Thus, corrosion rates of
pomuoummmqudtoabp.dvm
portions of the following genaral equation trom 0 to
4* (illustrated in Fig. 10)

L*=a+bln(t*+) (1]

mvuueotldmmmﬁalw.u'um
mdofthccmcnmt.mdcuuu(eauum)
amount of corrosion occurring in the cycle.

The average corrosion rate will be the average
slope of this line from 0 to ,*. The value of this is

dacs
T %

Vow, realizing that s is equal to L,* — L,*, an ex-
pression for it can readily be obtained from Eq. [1].
Rearranging, by solving for t*, gives Eq. [3]

4w f (e =-1) (3]

substituting this into Eq. [2] gives Eq. [4), which
's the average (over the surface) rate of corrosion
tor the specimen at any one time.

ar.* ¥
de* f(e®*—~1)

In order to decrease (with respect to timej) the
corrosion rate immediately following the various
breaks in the local corrosion curve, it is now as-
sumed that f = ct. Substituting this into Eq. [4] and
dropping the *, since we are dealing with actual
corrosion rather than a hypothetical curve for som:

(4]

el » 4
. - - B A Sanps wedine

t5] is obta;;;d: '
dL s 5]
dt ct (e**— ) (
Integrating, and usirlg the boundary condition that
Lw=awhent + ¢t = 1, the expression given in Eq.
[€] is obtained.

L=ag+

In(t(e +1)] (6]
c(e®~1)

This is observed to be a simple logarithmic equa-
tion of the form L = K, + K;Int.

CURNUSION OF 1100 ALUMINUM 627

It has not been possible to demonstrate that this

'mmmwmlnmmicde-

pendence of the amaunt of corrosion on time. It does
ssem to fit the known observations. It is an attrac-
tive hypothesis in that the amount of corrosion for
each cycle at any particular peint on the specimen
surface is constant. This suggests that the cause of
the break is some direct effect of the total amount
of corrosion which occurred during this cycle. At
this time the part of the corrosion process which is
preferred to explain this is the liberation of gaseous
hydrogen beneath the protective oxide film. It is
assumed that a fixed percentage of the corrosion
product hydrogen is produced beneath the oxide
film (6); that when the gas at any point reaches the
amount required to generate pressure sufficient to
rupture the oxide, the film is broken and the next
cycle of the logarithmic growth is ready to begin.
This analysis suggests that a given area is alter-
nately cattodic and anodic (in accordance with
surface appearance), and that the cathodic activity
is largely responsible for activation and the change
to active anodic corrosion.

There is nothing in the present research which
offers an explanation for the apparent fact that lo-
cal oxide growth is logarithmic. Evans (5) has de-
rived such a rate expression in which it is assumed
that there is healing or fllling of internal cracks
and voids in the (protective part of the) oxide film.
On the basis of a number of observations, this ex-
planation seems tenable, although the actual pore-
fllling mechanisms seem '‘‘tely to be different from
the simple one used by Evans.

It is believed that the present method of deriving
an over-all rate expression for nonuniform corro-
sion is potentially applicable to many corrosion
systems. A limitation to the value at the present
time is that it appears to be quite difficult to de-
iermine experimentally the constants basic to the
mechanism.

The work on this paper was performed under the
auspices of the U. S. Atomic Energy Commission.

Any discussion of this p:rr will appear in a Dis-
cussion Section to be published in the mber 1963
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The Corrosion of 1100 Aluminum in Water from 50° to 95°C

J. E Draley, Shiro Mori, and R. E. Loess
Metallurgy Division, Argonne National Laboratory, Argonne, [llinois

After an initial period of a few days duration, the
amount of corrosion of 1100 aluminum in water below
the boiling point varies with the logarithm of time
(1-3). Reproducibility in measured rate constants has
not been good. This is felt to be due largely to varia-
tion in test parameters such as the water refreshment
rate and flow pattern, and the number and position of

"the specimens in the chamber. Sensitivity to these

things has appeared to be maximum during the initial
exposure period (cf. ref. (2)].

For purposes ol considering reaction mechanisms it
is desirable to know the dependence of corrosion be-
havior on temperature and dissolved oxygen concen-
tration. Because of the variability of past results, it
has not been possibie to determine reliably the influ-
ence of these parameters. The present experiments
were therefore run with identical flow rates and speci-
men disposition in order to provide comparable data.

T -

”ul.muawmuwmn
PE.

Materials and general methods were the same as
described previously (2). Water resistivity remained
well above 1| megohm-cm; it was saturated with cyl-
inder oxygen or helium to provide a choice of two
levels of dissolved oxygen, and passed at a low rate
(18 ce/min for first 4 days, then 8 cc/min) through
the test chamber containing 4 specimens. For those
instances where the saturating gas was helium, the
oxygen content was monitored with a thallium column
(small modificztion of Industrial Instruments Analyzer
type OA-1). For the 50° and 70" tests, the water en-
tering the cell averaged 041 mg Oz/1 (range: 031-
0.50); entering the 95° cell dissolved oxygen averaged
080 mg/l (range 0.43-1.00). Perhaps 3/4 of this
amount would be expected to be lost to the gas phase
when the solution was heated to 95°.

Specimens were from the same extruded rod as had
beer used previously. They were machined, annealed,

|
|
|

.

i e
e

|
!
|
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Fig. 1. Corrosicn of o single wecimen in He-saturated H;0 ot
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and etched under the same conditions as before.
They were removed periodically trom the test, start-
ing after 4 days' exposure, weighed to = 10 ng (29
cm? area) after air drying (in the constant tampet -
ature and humidity balance room), and the change in
the average metal radius determined to a = 50A with
the eddy current gauge developed for the purpose (4).
Gauge corrections for metallurgical change in the
Specimens at corrosion temperature were required only
at 95°. Total test duration was typically 45 days.

Corrosion was approximately logarithmic in all six
tests, for the 4-45 day interval Data for two typical
specimens in helium-saturated water are shown in
Fig. 1 (70*) and Fig. 2 (95°). Slopes and logarithmic
intercepts (extrapuiated values at 1 day) of the metal
;c:rrododl curves are given, for all specimens, in Ta-

el

There is a consistent increase in rate constant (slope)
with increasing temperature, and with increased ox-
ygen conceniration. Intercepts are much lower at 95°
than at 50° or 70°.

The specimen weight gains increased with time
slightly more rapidly than did the metal losses at
50° and 70°, as illustrated in Fig. 1. At 95°, however,
it can be calculated from Fig. 2 that (old) corrosion
product was being iost to the water more rapidly than
new product was being formed during the interval 4
to 47 days.

There is evidence in Table I that precautions were
not sufficient to provide rate constants and in
which can be compared to obtain accurately the ef-
fects of temperature and Ooxygen content. It is possible,
however, to make gqualitative comparisons. At §8°
there was an inverse relationship between intarcept
and rate constant. In fact, a continuous trend was
observed in these values for specimens from the two
tests (oxygenated and low-2xygen). Generally, higher

of oxygen can allow the development of a higher pH
and a thicker oxide (boehmite) flm during initial
stages; later, when the alkalinity has dispersed, the
thicker film might lead to lower corrosion rate.

At 50° the presence of oxygen again generally led
to lower intercepts and higher rate constants. Within
each test there was correlation opposite to that at 95°;
higher rate constants accompanied higher intercepts.
At 50" (but not at 95°) a relatively heavy layer of
porous bayerite [Al(OH);] forms during the initial
exposure periou. It is suggested that, when this layer
is heavier, conditions are less favorable beneath the
bayerite at what is believed to be the rate-controlling
film of boeamite (AIOOH).

An Arrhenius plot of rate constants does not lead to
a particularly good straight line. The approximate
slope corresponds to the low activation energy of 4
kcal/g-atom. On the basis of the best kinetic model
we have to date been able to develop, the corrosion
rate is determined by the properties and thickness of
a cracked layer of boehmite formed by degradation
of the (always thin) primary product, perhaps also
boehmite. Vanation of the protectiveness (related to
porosity) of such a layer with temperature is un-
known; if the porosity decreassd with increasing tem-
perature, an unusually low tlemperature coefficient
for the corrosion rate constant would be expected.

Manuscript received April 11, 1966; revised manu-
script received Dec. 21, 1986. This work was done
under the auspices of the United States Atomic En-
ergy Commission.

Anydixundonotmhmwm.pmmnms-
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Boral is & cermet of Boron Carbide "B4C" in alumimum clad in
aluminum. 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
wveight. Cladding material is typical 1100 alwmioum. Where it is ex-
posed to water in service, the odn'.c of the Boral are recommended by
the manufacturer to be clad with alumionum by welding.

In Spent Fuel Pool (SFP) racks, the Boral is usually oot a
structural member but is inserted im cavities between the spent fuel
storage positions in the racks. In these locations it is sealed by
welding to prevent access of water. Inhereatly, however, the cor=
rosion of the Boral, both the borca carbide-~aluminum cermet and the
aluminum cladding, should bde minimal in a spent fuel storage pool.
The cavities into vhich the Boral is sealed are typically fabricated
of aluminua alloys, i.e. typ; 6061, or stainless steel. In either
case, these are the structural members of the SFP racks.

In an SFP, wvater chemistry tends to be strictly controlled be-
cause the S7P water mixes with the reactor coolant during refueling
procedures. 1In SFP's at BWR sites, water chemistry is typical of that
of a BWR i.e. high resistivity neutral vater. In SFP's at PWR sites
vater chemistry typically contains 2 to 3,000 parts per million ppa
boron as boric acid, which is there primarily to prevent dilutiom of
the reactor primary coolant during refueling and is not relied on for
criticality considerations. The vater chemistries and anticipated



corrosion of SFP -ntcrfnln vere reviewed in an earlier report. BNL-
NUREG 23021, July, 1977.
CORROSION OF BORAL

Corrosion problems have developed in SFP's vhere vater has
inadvertently leaked into the cavities comtaining the Boral. Ia a BWR
pool, swelling of the racks has been observed wvhen vater leaked into
the cavities through a flav in the seal weld at the bottom of the cav-
ity.

The swelling observed arises from the rapid initial corrosion of
Al by water. Draley and Ruther (ANL-5001, Peb. 1, 1953) have shown
that aqueous corrosionm of 1100 Al can be described in terms of &
steady state slope and an intercept, as skatched in Pig. 1. This
intercept vas measured by them to be 21 + 5§ ng/dn? "metal corroded”
over a range of temperatures (100 = 175°C) and pH (5 - 8.5). This
"intercept" corrosion occurs within the first $ days of immersion in
water by a reaction of the type

2A1 + (3+x)R0 Alz03.x H0 + 3H3.
Thus 21 mg Al can produce 21 X 3, or slightly more than
27x1

1 millimole Hy per dm? of surface. The Brooks & Perkins Report
#577 says there are 3.4 x 102 du? Boral per tube in SPF racks such
as those at Monticello or Brown's Perry, so cne could produce ap~
proximately 3.4 X 102 x 22.4 = approximately 7500cc Hy/tube, at
STP. This is more than enough to produce the necessary 6 psi to bulge
the cladding in a void volume of 130ce.

There is no reason to believe, however, that any B3,C will bci_
lost from the Boral by corrosion in the SFP water. In the Brookhaven

?
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Medical Research Reactor, Boral has been exposed to the reactor cool-
ent since January, 1959. Pigure 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 & periscope to be clad. Ia July of this
year, samples wvare 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 boroa car-
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 neutrom attenuation re-
sults are shown in figure 10. All the results are withian 20%, which
vith the small size of the specimens is probably within analytical er-
ror. Ooe specimen, #5, was analyzed wet chemically by Brooks and
Perkins to contain 41.32 B4C in the core, which is in the upper

range of boron concentrations for material produced in the 1950's.

It, therefore, seems reasonable to conclude that no borom vas lost
from the core of this Boral by exposure to the BMRR coolant over the
19 1/2 year period. In the locatir. of the BMRR where it is used,
there is little measuresble nev’con flux. Water chemistry in this re-

actor is outlined in Table 1.
PITTING OF ALUMINUM IN CONTACT WITH STAINLESS STEEL

When aluminum is contacted with stainless steel in impure water, a
potential exists for a galvanic attack of aluminum at the point of
contact. In a SFP enviromment, this attack is especially likely in a
PWR pool containing boric acid at & pH around 4.5. Further, aluminum



borates can be produced vhich appear as a white fluffy dispersion in
the wvater at a pH greater than about 4.5. Maintaining the pH below
4.2 causes the vhite fluffy material to dissppear. Corrosion currents
at a staialess steel to aluminum galvanic couple in boric acid were
seasured to average 2 mils per year although .tho presence of oxygen or
hydrogen peroxide increased this value substantially.

A number of references exist showing that pitting corrosion can
occur in slightly acid waters at aluminum to stainless steel
junctions. English and Griess (ORNL+TM-1030, 1966) report pitting
depths up to 45 mils in 12,500 hours (1 1/2 year:) in pH 5 nitric acid
solutions st 100°C. Lennox et al. (Materials Performance, Vol. 13,
#2, page 31, 1974) measured pitting vhere type 5086 aluminum is
coupled to type 304 stainless steel of the order of 30 mils in & year
and one-half in Gatun Lake, Panama, and up to 40 mils in two years in
the Potomac River at Washington. The general corrosion of this alloy

vas negligible in both enviromments.

In the HFBR SFP, water chemistry is similar to chat in a BWR SFP
except that conductivity may be slightly higher, and the pH slightly
lower. Typical data are given in Table 2. Specimens of aluminum and
stainless steel in contact with one another have been exposed in the
HFBR 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 vhere it contacted the stainless
steel and a small smount of pitting around the edges as shown in
figure 11. It is highly unlikely, however, that pitting of this mag-
nitude would result in significant loss of the boron 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 recommend that a surveillance program including
aluminum to stainless steel couples be instelled in SFP's in vhich the
Boral cavities are vented. Any swelling due to hydrogen production
should occus within a week or so of the time the vater enters the an-
nulus containing the Borsl. However, should a leak develop in one of
the seal wvelds 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. 1In general, I
thiok the localized pitting corroeion that might result from venting
the Boral cavities in SFP racks would be less of & safety concern than
the swelling that might occur should they not be vented. In all SFP's
the rack design should prevent contact between Al & ' the zircaloy
fuel cladding, as this galvanic couple (especially in boric acid
pools) can lead to hydriding of the zircaloy during storage, as de-
scribed by A. B, Johnson in BNWL 2256, September, 1977.

CONCLUSIONS AND RECOMMENDATIONS

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 boronm

carbide cermet.

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 aluminu= cladding will not build up to

cause swelling of the racks.

O
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3. Venting of the Boral cavities in & PWR rack might produce more
pitting corrosion of the Boral. Agein, hovaver, it should oot leac to
major loss of the boron carbide. ‘

4. Anodizing the Boral in these cavities would tend to reduce the
hydrogen productiom in the cavities should SFP wvater leak in to them.
Anodizing would probably not, however, prevent pitting of the

aluminum.

S. In any fuel pool in which the Boral cavities are flooded
intentionally or inadvertently, surveillaace specimens should be pres=
ent to determine on & periodic basis, i.e. once every few years, wvhat

is happening to the Boral in these cavities.

6. In any STP, galvanic coupling between Al in the racks and the
gircaloy fuel cladding should be avoided, to prevent hydriding of the
cladding during long term storage.
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TARLE I

BMRR WATER CHEMISTRY

Temperature Inlet Outlet T.S8.

~ )
Reactor ON 100°2 ‘ 15°» 1367
Reactor OFy 75-80 75-80 -

(Reactor ON less than 108 of time)

Conductivity Normal Regenerate Rlam T.S.
Damineralize
(umho/cm 925°C) <2 2 s 10

Alarmed only once in 20 years, during 5X leak. T.S5. never exceaded.



TABLE II

HFER SFP CHEMISTRY

Resistivity Tesp. % ppb c1”
mag-chm—-ca

(low pR coincides with low resistivity)

pH

$5.9-7.0
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May 25, 1979

NEUTRON ABSOREER SAMPLING PLAN - IN POOL

Aaupﬂmplmmmi!yﬂaimqrityotmmmnmmmployed
thhighdcuityﬁnlracksinmlmg-wmewimmmtudncrihed.

The test conditions represent the vented conditions of the spent fuel tubes. The
samples will be located adjacent to the fuel racks and suspended fram the spent
fuel pool wall. Eighteen (18) test samples are to be fabricated in accordance with
Figure 1 and installed in the pool when the racks are installed.

The procedure for fabrication and testing of samples shall be as follows:

1. Samples shall be cut to size and dried in an oven for five hours at 170°F,
followed by a cycle at 600°F for three hours.

2. Samples shall be weighed immediately following removal from the oven and weight
in milligrams recorded for each sample.

3. Samples shall be fabricated in accordance with Figure 1 and installed in pool.

4. Two samples shall be removed per schedule shown in Table 1.

5. Carefully cut samples apart at the weld without damaging the neutron abscrber,
Wash with a soft brush in a mild abrasive and detergent solution, immerse 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 abscrber 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 penetration in mils of an inch per year determinec.

23 W8t T



9.
10.

12.

g

Prepare report of sample test results and cbeervations.

ghould any adverse conditions be detected, the samples may be subject to a
20 loading analysis. ]

Additionally, two full length vented fuel storage tubes will be suspended in
the pool. They will be cbserved periocdically for signs of swelling, and they
will be opened and examined should the small specimens indicate any loss of
absorber material below .02gm/am?, Boronif,

Retain samples. :
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TABLE 1
Date Installed
INITIAL FINAL WEIGHT PIT

SAMPLE WEIGHT WEIGHT CHANGE PENETRATICH
NO. SCHEDULE (mg/Ch2-Yr) (mg/Cn2-ir) (mg/Cm2-Yr) mil/Yr .
1 .
2 S0day vy

3

4 180 day ¥ ’

2526 183

6 1 year ¥

7

8 Syear Y

9

10 10 year vy

N

12 15 year Y

13

14 20 year

b ,’

16 30 year l

17 T

18 40 year l a
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IMPORTANT NOTICE REGARDING CONTENTS AND USE OF THIS DOCUMENT

1.

Exxon Nuclear Company's wirranties and representatives
concerning the subject mat er of this document are those

set forth in the Agreement Yetween Exxon Nuclear Company,
Inc. and the Customer pursuant to which this document is
issued. Accordingly, except as otherwise expressly provided
in such Agreement, neither Exxon luclear Company, 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.

The information contained herein is for the sole use of
Custoner. '
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ABSTRACT

Exxon liuclear Company, Inc. has conducted a Boral*-Stainless Stee!
Corrosion Program during the past 18 montr; to establish additional
performance information for use of Boral ‘lates in spent fuel stor-
age applications. The program consisted of a cetailed review of
related literature, an evaluation of test programs conduc*ed by
others, and additional corrosion tests performed at Exxon lluclear

\ 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 after 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 after 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 lifetine
of storage cells due to dislodgement of 8,C particles.

2526 189

* The Boral test samples discussed in this report are a neutron
. absorbing, shielding material manufactured by the Brooks and
Perkins Company. The Boral specimens are 2 comnusite material
consisting of boron carbide evenly dispersed within a matrix
of aluminum and clud with aluminum.
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2.0 TEST PROGRAM DESCRIPTIOM

SPECIMEN DESCRIPTION

Exxon Nuclear's test program placed emphas®s on investigation
of Boral utilized in conditions typical of expected storage

cells and PR pool water environments.

Consequently, storage

cell component sections were fabricated which resembled the

larger, full-size storage 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.

resulting in 6" high x 6" wide test specimens.
cell specimen was made to simulate a leaking condition by drill-
ing 1/16-inch holes as described in Appendix A.

The complete assembly was sealed welded,
Each completed

In order to separately observe and measure various corrosion
and material properties during the test, additional test

specimens were utilized.

of 2" x 2" coupcns made as follows:

1)

2)

3)

Open-edge Boral/stainless steel composite;

These additiona’ specimens consisted

Sealed-edge Boral/stainless steel composites with 3 leak

simulating hole; and,

Unencapsulated Boral coupons.

2-1
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3.2 ENVIRONMENT DESCRIPTION

Insulated nine (9) gallon polyethylene tanks, with fitted
covers, were used for the plain Boral and open-edged lor:l-
stainless specimens. Thirty (30) qallon tanks of the same
construction were used fcr the closed-edge tests. Each tank
was fitted with a stainless immersion heater and stirring

m xer, 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-
zcntal position over the screen.

-~

The initial environment in each tank was deicnized water with
a pH of 5.85 and a conductivity of 0.75 u mno/cm. Boric acid

(H3803) and lithium hydroxide (LiOH HZO) additions were mace
to produce the following:

Environment A) Deionized water plus 13.3 g/ Beric Acid
(resulting in 2300 ppm Beron at 130°F).

2326 191
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2.3

Environment B) Deionized water, 13.3 g/1 Boric Acid,
0.0121 g/1 lithium hydroxide

Environment C) Deionized water plus 0.0121 g/1 lithium
hydroxide

The specimens, were immersed in each environment on July 1,
1977. The initial temperature and pH of each environment
were measured as follows:

Environment pH Temperature, °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 orcer
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.

INITIAL MEASUREMENTS

Appendix A of this report contains descriptions of all Bera!l
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 susey

No corrosion, pitting, nror stress-corrcsion cracking was observed

on any of the stainless steel coupons, or'storage cell specirens ysad

fn 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 fuel racks. Similarly, without a

leak path through the stainless steel liners, the interior 80ial

plates would not be subject to &egradatian as a result of aqueous
corrosfon. 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 cepends cn 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 summary can
be drawn concerning 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 measuyrements,
When all the storage cell specimen data are examined on a semi-1cg plot,
the amount of aluminum consumed in conversiga to oxide after a 40-year

exposure, is: percent for the low pH and percent for the
higher pH environments.

2326 193
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The weight gains were lowest for the storage cell specimens in each
of the three (1) environments, followed in general by the plain,
open-edged, and edge-sealed specimens. The weight gains, measured
for the plain and open-edged specimens, were 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,

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. o
measurable edge attack was observed in the yicinity of the Teak
simulating hole in the Boral plates of the storage cell specimens.

Gas generation, due to corrosion of the aluminum in Boral, has been
ouserved in the edge-sealed specimens and the storage cell specimens.
This gas has been observed to bubhle from the upper hole in each of

the storage cells., In several of the specimens removed after 12 months,
bulges were observed between the aluminum cladding and the 84C aluminum

core.

The occasional unbonded layers of the Boral matrix occurred randomly
and were observed in concentrated areas of very small B,C particles
(i.e., >150 mesh). It has been determined that the Boral specimens

provided by Brooks and Perkins for the ENC corrosicn test program con-

tained a much higher concentration of small 8,C particles than ytilized

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 84C and aluminum bonding result with larger 84C particles.

ine occasional lack of bonding between B,C and aluminum particles also

allows a small amount of water to enter the inner portions of the bulged

specimens. MNormally, water does not penetrate into well-bonded Ooral
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 self-limiting phenomencn,

3-3 2526
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where the gaseous corrosion product both causes the bulge and dis-
places the water causing the corrosion. Asinspection of both the
aluminum cladding and igner Boral matrix demonstrates that no clad
pitting or deterioration of the inner face of cladding and Bora!
material occurred near the bulged areas. .Consequently should randen
small bulges occur, any dislodgement of nac particles will be of no
significance on neutron shielding or attenuation properties.

GROCS
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On June 30, 1978, after a nominal iz-month exposure, 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, 1578, the
edge-sealed, and storage cell specimens, were removec
from their environments. These twe've (12) samples were
subjected to visual, metallographic, veight oain, and
pit depth measurement analyses. '

»*

This section of the report places emphasis on the de-
tailed results obtained from the storage celi specimens.
Appendix B presents additional test results for other
‘ specimens and contains most referenced tables and figures
for information 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 0f Edge-Sealed And Storage Ce'l Scecimens

The pH of the solution, within the edge-sealed and storace

cell specimens, was measured using indicater paper for

the former, and a Ceckinann pH meter for the latter. Approximately
2.5 grams of solution was contained in the edge-sealec speci-

mens and J9 grams in the cell specimens.

In Table 4.2 is a summary of the interior pil of the edge-
sealed and cell specimens for the 2-, 6-, and 12-menth

—
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For the high pH lithium environment, the interior pH
consistent]ly shows a decrease in pH toward a neutral
value for all exposure times. A similar trend toward 2
more neutral pH is exhibited for the acidic environments
for exposures up to 6-months. After 12-months, the
interior pH is the same as the bulk solution or, slightly
more acidic.

4.2 Visual Appearance

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-microscope. The following
observations were noted:

Storage Cel) Specimen #3 (S.C.S.-3)

Surfaces were generally metallic in coloration. £xtra
corrosion products, and some pitting, were seen on the
faces and along the edges where the leak simulating holes
were drilled through the stainless liners.

Storage Cell Specimen #6 (S.(C.S.-6)

Specimens are darker than SCS-3. Pitting is much less.
Rust existed along edges waere holes were drilled.

Bulges were observed in {he dimple area of plate §.C.5.-6(1)

on both the outside and inside.

4.2
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Storage Cell Specimen #9 (5.C.5.-9)

Specimens were white in coloration with rust colored
ceposits along the edges where holes were drilled. 8,C
stringers were evident, but no pitting. Plate S.C.S.-3(4)
had a 1-1/4" pure aluminum strip on one short edge.

4.3 Weight Gain

After the visual analysis, thi appropriate Boral plate
specimens were weighed, oven-dried, and reweighed in
order to determine the amount of absorbed moisture in the
core and the change in weight due to exterior 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 oven-drying, and the dried weight for
each specimen, is listed in Table 4.3

A summary of the moisture absorbed weight percentages,
for the 2-month, 6-month, and 12-month expesures, 15

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 Boral core of
approximately The absorbed moisture decreased

between 2-months and 6-months and increased between G-months

and onre 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 greatast moisture absorpotion cccurred
in the open-edged specimens 1n the A environment. This

specimen also showed the greatest number of pits and would,
therefore, contain the greatest amount of material capable
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of absorbing moisture. The least moisture, 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 percentaces are
summarized for all the specimens tested in the program,
The values, in brackets, have been corrected to account
for the fact that certain of the 6" x 4" Boral plates
fn 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 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 similar
results, are the plain and open-edged specimens. The
similar weight gains, experienced by these two (2) specimen
types, show thal the general corrosion is not accelerated
due to coupling with stainless steel,
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When the weight gain values for the storage c21] speci-
mens are considered on a semi-logarithmic scale, the
relationship appears to be amenable to extrapolation, as
shown in Figures 4.7 through 2.9. From these figures,

the extrapolated weight gain percentage and the cailculated
percent of aluminum consumed arter 40 years exposure, are:

Pitt1ng

To evaluate the extent of pittirg ¢: the 12-month exposure
specinens, the corrosion products were cleaned from the
surfaces of a portion of one of the four (4) plates from
each cell specimen, A summary of the pitting frequency
and pit depth, for the 6-month and 12-month 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 after G-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 nurber of
pits after 12-noﬁths. Increased pitting was cbserved in
the plain specimens in the A environment and in the ecge-
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.
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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
after 12 months, '

Metallography

Sections of Boral from each specimen were mounted and
metallographically polished 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 and
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 vibratqry equipment.

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. lhere 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.
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Edge Attack

Table 4.7 also shows the depth of corrosive attack at the
Boral coupon edges in the plain and gpen-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.

Bulges

Several bulges were observed on the 12-month exposure
specimens, Similar bulges were not cbserved 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 sluminum clad anc
the B,C-aluminum matrix. They appear to result from gas
pressure caused by internal corrosion. The corrosion of

aluminun would generate hydrogen gas following the
reaction

2Al + 3H20 —-’A1203 + 3H2.
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Such gas generation has been cbserved 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.
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MS. SEIULIR: Yes, I have zever~l questcions.
CROSS~FIUAINTITATION
BT M3, SEYULIDR:
Q O¢. Draley, ycu ara an axmert in corrosion of

aluzinum; is that correcs?

A Yas.
Q Have you done any raseasch pursonally with Boral?

4 small amount only.

Can you descridbe that rosearch, pizase?

¥ O

We have expesed Roral spacimens to high tempzrati re
water and wa dave examined them subseguent to the asgposure

and w2 have axpossd svecimens of 3oral at water temueraturec:
in the ordar of 57 ta 70 Cen:tigrade for shovi parieds and

examinad thoge after cast.

Q Can you tell ma what "short periodi’ are defined
as?
A I think act more than a weel or two. Lek's sauy

-

2 fow weaks; that's a little more accurate =-- = Zhe low
i2mperature, and at the high temperatuze, probably = mcu:h o

tvo.

e Are the low tamperatures oguivalsat %o those :ho-
would be frund in the sweabk fusl gool at ZionT

a Teward the upper range of taoparatu.es, ves.

2 War the water in which these sampics ware iomors:s
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A A2, I* waa eccentially puie wate:r,

-

Q hat were the raculcts of this part.eular survey
that you mads?

A The hehavior in chg pura watzy was quite good.
Thers was no lccal attack evideant, ard althocugh we had 2o
measuyroment of the awount of uwniform attack, it was quite
evidantly not very lavge,

At Che high “emperature, the Boral showed local
swellings that is typical of the behavicr of aluminum alleys
otwer than those that are spseifically desigaed wo avcid tha
problen.

Q Wes the alunminum in the EBeoral that rou used in
vour experiments 1100 aluninem?

2 Vo

A Yes.
Q Was it ancdized?

A Ho.

2 When you said that whe swelling waz typical of

what you'd expect, =an you tell e what would be typicalliy
axpacted at these temperatures ¢f that kind eof aluminum in

chiat tvpes of mavrix?

A If the tamperziure of the water iz high =ncuvgn,
w2t aluniawk allocys will sulfasr a kind 2f local atragk,

stasting with the aposarancs of locel sweiline or Hligtacine
g < 3

lislitegration caused by the ingbility of “hie material znd

2326 208
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it8 Corivs.n Dproduct film “o protect it fron the attack.
Y] would =ladding tiie Boral protect-- Excuse ma.
would elacding the Boral with aluminum protect

the Boral matrix freor exposurs to this tyve of swelling and

detersioraticn?
A No. As T think you asked ©hz guestion, tihe answer

{t's reoassikle-~ 1t would be possible in my judg~-
mere to clad iw with 3pecially desigred and prararzed alloys

that would nake a difference.

) aat type of allicy would chat he?
& Well, the cnly cne that I knew trat is commerscsially

availabla is called 8001, and it contains nicliel added to
the 2llor.

Q Would en medize’ eciad of 1190 aluninum pravent
that praeblam?

i No.

“R. STEPTOE: Objection, Mr. Chairman. I beliasve
we' re taixiaz obout high terperature axposvee 2f 3oral and
there is zimply no foundaticn is the record which supports
the assertion that the Beral racks will be exncsed 20 this
Rind =f anvirzomaent, or thae the provlem Lo which Counsel
refaers is evident in the 2iun spent fuel »ncol.

¥S, SEXULER: Mr, Chairman, mav I waspond?

CAMTMAN WOLE. we'll permmift :he witn2ss to z2nswer.
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MS. SERULZR: “%hank you.

BEY MS. SERULER:

0

The questicn was wvhechier aa anodizad uluminum
1100 clad would preveant the type of effect that you had

descrited in the Boral at the hicher temperaturss?

A The answar is ne.

Q Can you tell me what those higher tempsraturaes
wera?

A Something over 3006 degrees Centigrade. I think

probably 315 somld be 2bout the termperaturs 72 did che i3st

in.

Q 2id vou 4o any tosting at about 170 degrees?

A Centigrada?

Q Centligrade.

A e, I cea't think so. I made an affor: %o look
D3¢k in zhe recoxds in the last few weaks and hava beer an-

adiz to Iiad aay such secord, ard I think w2 id ao%:.
0 What atout 170 degrees Fahranbeis? Did vou éo

anything in tha: range?

\ “ell, I'va &kird of forgsttaan the convecsien catwesn

Coni.lgrada nnd Fanrerheit.

QO it's .2 to one, or scaathing, I believa, ox rayh:
a little lises.

A Mo, I dea't think we 3id. I'm no: really cectaln,
theu A Ja¢ tests waro not vesry eniaznsive, ard wa lavea’'s
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ramenbar han, '

< “ould veu just teoll me whsa -hose tests were done?

a in the garly 196Ca, I thiak vould be tha tize

n

oy
o

frame, sgsmevhazre Tatvzan 1943 and '85

2 Rave you doene any additions: res2an

3inca that Sima?

d0e

G Have you done an stwdies on the Dehavior of RDoral

A Zon .. vt o S 2 s ‘"
i SNy in examining che ragexials tiat
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Q Have you deone othaer rosearch that relates to the

behavior of materials in spent fuel nocols?

poY Yezs. I think m:ich of the research that I have done

in pure water and in water o which small amounts of

chemicals wares added is pertinent.

Q or. Dralsy, appended to your testimony tchere is an
attachment which iz called "Neutron Absorber Sampliag Plan -
In Pool." Correct?

& ies.

o This was the plan to which yru just testified there
were ecme awendasnis and changes? Is tiat correch?

A Some cmizsion.

Q There was a change on-- I just want <o make sure

i have this correct., On Figure 1 attashed <o thas you de=-

letad ¢the words "and bottom,”

A Yes.

(o} Othervige this plan, whish iuncludes a procecdure 1
througk 12, ar< them Takle 1, which is a achadule. and Pigure
1, whizl i3 a diagram, iz the total zlan that was inciccded?
I'm not missing any page.’

A That's right. '

Q Is this the same plan that wag subnitted by
Comaonwaalih Edisen in responsza 4o the Naclear Raguiatory -
Commission c¢uestion number 5 in thair Firsse round of gaecstions

and anawers, the questicn being:
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“Per the proposed type of racks, 5 sur-
veillance program is required teo snow the eentinued
prescace of boron chroughout the life of =he racks.
PRovid: a description of s Loron surveillanca
Pregran that you will pauform.”

Apd Zhen theve was an Atctachment A that had a
aguiron abscrber samplina plan ia pool.

Are vou familior with that? It was submitied last

A T kncw this was prepared oy the Comaenwaalth Edison
Cowupany, and I think that you've identifizd tha questican for

which it was propared, but I'm npot positiva,

Q DLA vou prepers that answer for thut question?
A tlo.
Q Hdow Con3 the ansver to the questica as i: was PYre~

parad diffar from tho sampling Pian which is aitached to vour

-

tagtimony?

A 1°d have o look 9 gsze the diffsrences. ;
Q L oean show you Litachament A taat was subnitted ea

12 Fabruary and a copy of youx== Do rou have a copy of your {
cuwir plan?

.’\ -i S

Therz iz scre materizl added 0 the end of the tex

)
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Q tihat is that cddition?
A Theres are nine liams onr Attachment A, and there are

P

new L2 iteas on the MNay 25th Reference 5 of my testinony.

Q Were you responsible for these additions?
A I can't ancwer that question cleanly. There was

scme discussion betwmen me and people from Commoniealth
Zdison; and a decision was made to add those maizerials. I
didn’t decide it; thev decided it.

c After consultation with you it was dacided to amend
the plan to add thosz parts?

A it is my undarstanding that the ansver to your
quasticon is yes. If ther2 had been a decision to make that
change prior to the dissuision I didan't hear it.

Q Could you read the tiiree additional statements.
that were added, or actually it zheould be procedures.

A Number 10 is:

"Sheuld any adveres condiniuua cw Ae=-
tested, the samples may be subjeet to a Bl 1gag-
ing analysis.

“11. 2dditicnally, =wec full leacgth

vented fuel storsge tui2es will be cuspendcd in the

pool. They will b2 cbsecved pmericdicanily for signs

of swalling, and they willi bde ogencd and 2xomined

3iould the small specimens indicate any losc of

avserber material hbelow .02 grams psr cquare
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centimater of bozoa-Y."
Itam 12 ic: "Retain pamples.”
0 Did you zeviaw tais entirs plan?
2 Ves. a
G Did you find it satisfactory?
A Yes.
Q The original 2lan 4id not laclude a neutron
attenuvatioa tesi:, did it?
A N,
Q "ill neutron attenvation Le practiced as part of
th . new plaa?
A It isn’t corm. .ted that neutron atienvaiion bhae
measured ia the plan. Thay will b2 available for doing zhat.
it Is vomwitced that an indication of absorber
material concentraticn within the cp2ciren bhe measursd, aand
it is pogzible that neutron atheruaticn will he the system
used to do 20, but it isn't specifi2é in the nlan.

Q 20 ycu know vhac method of tastine would be uzed

if a neutrseoa attenuvation plan were used?

A if it wore used, or if it ware not usedy
Q if it wers used?
A I neuiron attznuation were used, ithem +hat would

D2 the test to he used. I'm a liz:ile coafusges.

0 T'm afraid maybe I'm cenfusing wou with 1Y cueg-
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Will you explain the test?

A Jne can pass 2 neulron beam through a srecimen
anc measurs the intensity of the neutren b2am that pene-
traves. L1f this is cdone carciully cne caan tzll how much
aksorbar material is presen: ia the specimen.

Q Would this bhave to be doce price te the installa-
tion in the pool?

AR. STEPTIE: OQzjection, iir, Chairman, The gques-
tion seems very vague to me. The .tast will »e don2 to wha“?

MS., SCEXULER: Would the test for naatron absorbin
capacity as described by Dr. Draley in 1is answer to my last
question b2 periormed pricr to the rack’s immarsion in the
rool?

CEAIRMAN WCLF: PLr. Draley, can wnu a2naswver tche
quastion, or would yon lika it restated?

THE WITNZE3: I <hink I urderstand the question.

The answer iz it depends on the sensiiivity that

veu aced In the result whetler yeu shculd mezzurs 4he zt:enuva-

tica before putting in. For the sansitivicy zhat i3 needed
for this case, I'm not sur2 I know the answar.
My guessing wouldn’t be ugeful T think.

BY MS. SEXULZR:

Q It would?
A It would rot ke useiul siace I don‘t <sally know.
Qe Oh, vour cuessing would not be usaful,

2326 216
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i Ceoulid you tell ne, is a test underwater more or

i

less sensitive -- to usa your word "sensitive."

d A Undexwater would be less sensitive in general than

| testing out of the water. Ye've talking abou~ neutron attenua=
i i
3 q zion?

i Q That's right,
? Jo vou kbellev: thct the plan as preseatad in your
2 ; teztieny for neutron abgscrber sampling is complet2 and
# adeguata?
19 | A I think it is adeguate. I don't know the definition
a

cf "compleia." It iz complete inzofar as -- oh, tha nresent

commitment oI the corpany.

In other vords, it desccribes the pregeat commit-

e et S e . £ . 2 S = St

ment of the company. I think in that sonse it's somplate,
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'ﬁ Q What vo vou moau by the comnitmenc cf “he compnny?f
'
nga/wb.‘-. ‘f A I think the company will ba committed by the plan
3; that they have prepared.
’ % 0 Tom=~? .
:zé' A To carxy out the lan as it is written.
¢ 4 Q Committed to the NRC?
.
! 7 A Yes, .
c7 sfg Q Other than ccasulting with some of th2 Commonwealith
0 ; Ediscn officials regarding those additions to the rlan that i
n}f we discussed just previcuzly, d4id you have any other input
11 f into the devaluorment of the surveilliance dasign for this pcel?
12 i A I dea't think so0. Because there's no wording

changed in the doeument, other than that. And the document

A

1+ 1 that was identified as Attachuent A was oreparad prior to %the

timz that I had any coanaction with cie zase or discussicn

 ——— T ——

'
'
A
|
i
16 W about chem,
i
iy i 2 Other Chan medifying tha chart == I think itfs
i ying
i
2 Pigure A, ~-other than making the modifigcation on Pigurz 1
"
!
1 where you indicated that tha bottom hole would be deleced,
i
26 | You had no responzibility for drawing up thet chart or i
il :‘
. | designing that chart; is that corrsct? |
2y :
3t } A That's corraz:z. !
- ‘ ]
| +
!
i , j " s ! !
3 | Q What would be the effact of a gicnificant logs=- !
- ' i
2 |, S®cuse me; 12t me to back and ask a further ~usstlion, 3

)

What would veu define 23 3 signifizant locs of

2326 218 a
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. wb2 - ! neutron absorber,
- ;! 0 The term *gicnificont® tends to be relative.
3 i in the present contsxt I wouid cefine "significant” as
" i indicating a risk tha:z the polson prorertics of the neutron
S ix absorber would noti be as hich as desirable for safe opera-
6 " ticn, with same safety factor, of the storagcs pool.
7 : 0 That would be the cifect of having a gignificant
- ) f! lcus.,
2 i Can you define hcw much neutron absorker may be i
0 :! lecst priox to having that effect?
1t i: A No, I den't know that, That's a nuclear ctalcula= ‘
|
12 i' ticon, and was performed Ly scmeons who identified .02 as ‘
‘ 12 :i the quantity that they thcocuvht was an zcpropriate cne.
14 :‘ ] Ragarding the test roda tha: are uuw g3iac o be
1
i3 ;! iacivded in the plan, it states tha:t two f£a1l leagih vom;ed...l
2 § This is Heo. 11:
17 ’. *Two full leagth vantzd storage tubes )
' 18 I? will be suspended in cthe pocl and will ke sxamined ;
. 19 ii shouvld tha sample prcgram inlicats any loss of 6
W s
2L absorer material bslor .02 grams,® ,
}
29 j Will there be any examiaation cr :he full sized i
22 }I' test reds at any time other chan then? 5
| '
25 j A I'% afraid I was reading a sentenze. and I'n not
. :‘ 3ure whather you read all of it or only vart of i, '
25 ': There's a s:ntence that says, "They will be chzerved ;e.-rioé.’.calzly

H 2326 219 §
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wb3 ] for signs of swelling, and they will be opened and examined,”

< 1 et cetera.

3 3 Q I don’t have that cn ay ccpy.
' A oh, doa't you, raally?

3 E c No, 117

3 ﬁ A Yes., Could I sea your copv?

7 b {(Document handed te tha witness)

|
T may have a copy that was handed to nme prav.iously.

! <
|
9 i Is your copy the correct on~?
i |
o A Yes., Neo. 11 reads:
i
| "Additionally, two [nll length vented
|
i2 i fuel storage tubes will be suspendad in the pool,

i They will be ocbusrved reriodicallvy for aigns of
]

va | welling, and they will Le opened and examined
i

T should =he small cpzeimens indicate any loss of

f ;
i€ d absorber material bslow .02 grams per square
centimetsr of boron-1l0.
ra | Q The part that was missing from mine is, "Tacy

will Le cbszrvad periodically for signs of swelling.® And

o {I that anzwers tha cuestions I was trying te ask. f
;: !

sy Will this obsarvation b2 viszual? :
|
"

aer i DR. REMICR: Excuse me, Ms, Seku.az, 1I'm not 3
i

now which is the versicn we sasuld be loczing at., I {

]
> 8
B
®

find that my two copiss are a.so0 diffezrent, th2 cnae originallyv |

2326 220
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whd ia ¥Mr. Draley's teatimonv and the one we vecsived yasterday

from counsz2l., So I'm confuszed.

- ——

}
| MR, STEPTOE: Tha fault is curs, Or. Remigk,
'j The firet two pages of the Heutrcn Absorbing Plan which was

2 f£iled, as filed, is the corrsct version, I believe. That is

the version that wae juzc read. The thiag we supplied you

with vesterday, the firsc two pages are wrong in that that

-

mincr chaage was made before we mede the final draft which

was filed. I apologize to the Board that we handad that out.

-

—

0 CHAIRMAN WOLF: Do you want to sitrika some of it

frow the record? Ve ought %o have a definitiva statement
about the thing sc that we know what ve're looking =t.

|
13 | THZ WITNESS: How about the reading tha: I nade
]

1 2 faw misutes a2go standing a5 the correct tesiimoay, or the

L.

correct ltem 11?2
is M CEAIRMAN WOLF: Poesyour counsel agres to that?

v Are there any other changes which should be made?

a3 MS. SEXULER: Mr, Chairman, may I suijeet that
09 { perhaps Dr, Dralay read inte the reccerd 2is copy and mak2 any
20 ; corractions that must be made, and then we can all feollow

i
2 % aloayg and have a correct copy in the record? ;
2a : MR, STEPIQOE: I have no obj:ction o thai, f

Mr. Chairman, And, again. I upnlegize for this difficuley.

v Parhaps w2 20uld ¢go <ff the record for 2 momant {

and I can £oiat out o you what %thke change was.

23

i 2326 221

e —



wbh5

e

9
N

|

Sr S
D e s—

. — ——— . S~ St

T ————.

- — ————— —————— .+ S— . . + Mt

s A e S .

o o— ——

1357

CHAIRMAN WOLP: Yez, Vie'll be off the record.

(Discussion off the vecord.)

CHAIRIIAN YCLF: On the rscord,

MR, STEPTCE: Mr..Chairman, once again I avologize
for this confusion. The correct daescription of the neutron
abserbar sampling plan in pool, which ~=-

CHAIIMAM WOLF: Dated May 25, 19797

MR, STEPTOE: Yes == which Comnonwealih Edison
plans o usc includas tha ~=- the first two pages of that plan
cre the pages that you have in your testimeny as filed. The
last two pages are a Table 1 and a Figure 1 which were handed
tec you yeztarday.

CHAIRMAN WOLF: Thank you.

MS. SERULER: T have ona or two wore guestions
along this line.

BY ME. SEXULEFR:

a2 If, in testing, it was discovered thot the B=10
centant of the samples fe2ll below the range of cricicalitey
and inspection of the tuhes also indicated scre neutron
attenvaticn, =2re there any rlans to empty the fuel oul of =he
existing racke and inspect those racks zlsg?

A It is the intept %o mcoke a judsment cn tha% when
the results are in, 2Ard I doa't know if thera 2re anv

detailed plans, I haven't discussed theu,

|

3 Do you know if it would ve rossible for chat *o bhe,

2326 222
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dona if tha necescity arsge?

A To preduce 2 plan Zo do so, you moan?
Q Well to nove the fuel.
A A3 a cenerality, yes. What {ndividual ~omplication

there might be because at & particular time the racks are
nearly full, I can'’t address. Put as a generzl statepent,
it would be poszible.
Q All right.
Let'a lock at your testimeay on pages severn and
eight, please.
CHAIRMAN WOLY: What is the page, please?
‘8. SEXULER: Saven, ¢3ing over to page esight.
8Y M5, SEXKULER:
¢ You state there that swelling should ndét cccur
because the only known causes of swalling are entrapped jas,
which zhonld be alleviated by ven:ting, and che creation of
corrosion products with greazer volume of matil from that
which 1t was produced which “should not reach serio:s
preportions.”®
Ars thera tects and surveillance nlans and pro=-
cedures to monitor the preduction of gas in tha Subes?
2 - Hot tc my knowledge.
(% Are theer tests “o wmonitor th: creation of
corvosion preducts to 3ee if they do. in fact, atiain greater

-~ 7roach sericus preporcicns?®

2326 225
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A If tho == the cougons, the emall specimens, wiil
be sxamined periodicilly dcstructively, which means they'll
De taken apart and axamined, and the formation of guantities
of corrosion products that are dscmed cbjectlonabla or sarious
will be observacle. And ir the event that it hacowes nocaasax;

or desirable, then ths fullecized onescan be izken apart and

exanined in the sane way.

Q But there are no procedures to monitor the actual i

creation of corrosion products within the tubas that are beiaq%

used, iz that correct?

e —

A That's cerrect. By being usad, I presume you mean|
to store fugol.
Q To store ‘uel, yes.

iz there 2ny way to determine the s.ze of corro-

sioi: products withia the tukbes being vead to store fuel,

- ————— ————- .+ St

which might be flakinj away == corrosicn nroducits being the
one that ware flaking zway?
A I have a litzle difficulty 7ith the guestion.

Let'3 see if I can e~

. ——————— - - S———

Q 1'11 raphrase it and brezk it up.

Are there any tosts for the size of -~ oxcuse me,

strike that.

Are there any t2sts planned to measure the size

of eny carrosion product which might fleke of{ within “he

tuk2s baing used to stoxe spent fuel?

2326 224 |
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A I don't think so. That would ba Sifficult.

Q Are there any tzsts proposad or devised to
monitor the accumulatioa ©f crud and/or corrosion nroducts
around the veat holes on the tubes?

A I don't think th:ere is a plan ts monitor that.

I haven'’t discussed it, zavway.

Q ¥ou state in veur testimony on page aicht that
the samp.e specimxens are "expocted ko behava in the sane way
as the actual tubes.” hat is the rzason for this expsacta-
tica?

A I'm txyiag tc find the placz where it says that.

If it refers to the fuli-sizad tubaes, it is
Yezauce they are in all raspacts that we know identical to
the tubes thot are used to stcre fual and they are immersed
in the same watar and in tha preszaca of nearly everythiag
“t the samz level., Sons tuba2s have fucl in +ham and some

don't, and these will not have fuel in chem.

2526 225
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, in the == I'm sorxy. I skipped a line in the testixzony,

i31% ;
Q Thet rafers, then, *o the full size trdes? E
A I*11 have to Zind it, to see wha:z we wers talliing g
abocut,
Q QJkay. Second paragraph, page 8.

"To assure that unaxpectad dawge is not occurring,

the surveillance program that will be put intc effect

when tha pew racks are installed...” ?
A That sentence 13 intended to refer generally to

both th2 snall cnes and the hHig ones. The small ones should

be similar in type £ behavior, and the big ouncs should be

@ssentiaily identical in behavior. :
Q Have any differenczes bsen considered between the

smail wvsnted tubes and the large zubes ha® will Le used o
store fu=2l?
MR. STEPTCE: Cbjection. Mr, Thairman. The juestion

l

is vague. I don't understand what is meant by small veated

tukes,
{
MS. SEKULER: I°m quoting firem his testimony. ;
CHAIRMAN WOLF: ©Dc you undarstand the guestisn,
Dr. Draley?

THE WITHESS: T %#hiakX I understocd vhat 3he

weant by small and large, but 7 didn't got the «-

S. SEXULER: “Small vented specimens,? i3 wazt’s

3Y MS, SEKULER:

Q The gquestion I'm 2sking is .7 you have zsnsidzred

2326 226
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125 wihat types of diffronces there might be batwzier the amall
3:§ verted specimens and the actual tubes urad fov storing the
35; fuel in the poel?
¢:§ A We have thoughi cof sone differences, yes, rulated

n
555 to the difference in siza. There iz a kind of difference
31? in the mechanical propertics ¢f the 3tzinless stsel cladding
7 ! with respect to how much Qistortion ther2 will ce from
;i
C |l pressure differences.
'
¢:; W2 hava considered the fact that th2 vent hole
'Czi iz o diffegent sizo and vhether that would make a differance
t
11 . iz the way they bahave.
|
1z #nd, in particulsr, wa certaialy ccnsidered the
13 “ facts ia which the gmall specimeons ars the sare, namelv the
H
L'}; samwe materials and in tiie same general a:rangement'with
s ﬁ respect tc 2ach other.
:; We have concluded that the hehavicr will simulate
|
7'% the big cnes adequately to be safe in the identiiicatica of
i
: any maxpectad swalling or problam that occurzs.
;:f Q So for that zeason you have decided that it’s
20 ? net necessary to make ragular inspacuions of the large test
24 x tubes?
i
22 J A We hava decided the opposita ¢o tha:i, that large
22 2 tubes should ke inspected ragularlv, bus we =aink » viisval
z;'; inspecticr i: adeouace.
25 ﬁ Q Just for clarilicaition, sinca wa have baen given

~NO
(W
N
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several diZfevent aumbers, de vou happan €9 know what the
gize of the vent hole will be ca the racks being used to
s3tore Zusl?

A That’s shown on +he.drawing as a guarser of an
inck in diameter,

Q Is that for the rack itself, or for the sample?

n That's for the rack, or the tubes in the rack.
Q I see. Tha tubes in thas zack.

That’s a quarter inch, is #hat what vou said?
A Yaz.
Q nd will the dummy c2lls OF larse :act cells
have tha zxame size veat ihclas?
b Yes.
Q and what will be the size ¢f the vzne hole on *he
srailer sceciman?

A As it shows in Pigure 1, it’s aboui 2 sirseenth

Q ig that representative to scele Zeiozuincd Ly the
aize of the gmall spzcimen in relaticn to the ciza of the
largar spguinen?

A I dor’t know. But if sc. that'a nrnos the 202303

C that waz the raascn $or saiactiny 07
A I dién't really gat into that ia cevzil des

than In Zack, it would L 2 littls closer siemlacion to

2326 228
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persformance, I think, if it were a little biggazr., I didn't
tolnk it was essential tc raproduce it.

It's conservative in the sense that it i3 ~= if
the snall one dees wall, there's a higher probabiliiy tnan
otherwise that the big ones will do well.

Q Will the welded scams of the coupons expariance
the samd 8tras3 conditicns as a fullesice rack tuba?

A That quasticn is difficult. SEvidently vou mean
in the event sonathing happens will they undergo the same
stress conditions?

MR, STEPTOE: Tor the record, Mr., Chairman, I
cbjact to tanis. I don’t think thers’s any fouadation to

assume that there will be any stress coadi=ions on the

large racks, and therefors it‘s causing the wikness confusicn.

CHAIRMAN WOLF: What is your raspcnse tc that,

MS. TERULER: Uaatever normal stressas woulé de
in the pool iz what we're interested in,

MR, STEPTOE: Well, lr. Chairman, parhaps ccunsel
should then ask what would be th2a normal stressas on ‘e
walds in the spent fuel gool.

MS. SERULER: 1I'1l be happy to 4> zo.

CHAIRMAN %WOLF: I think the witnesgs ~an handle
the question.

THE WITNESC: The stzesses on £hs wilds in ehe

278 999
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specimens and in thae full tuhbes will be ryaolasad to the

fasion in which thev're prepared and to pessible stresses

related to ihe weights of material that apply stresaes while

they®re in nlace.

I haven’t made an analysis, but by analogy with

systens similar to that, i¢ the welds are not stress zelieved

Zter the produczion then thz biggsst stressasz that are
residual afier welding will ba as a result of the welding
and ccoling itself, rather +han as 2 result of the streases
imposed by the par:ss of tae svsten.

And in chat cwven:, the sirecses cn the l1ittie
ones will be vary similar to the strasssec on the big ones.
BY MS. SEXULER:
Q I think you'’ve answared my guesticn, "yes.®
They will ba very similar?

A { think so. I Laven®t haen told wiz2ther they're
going to be strass relieved, but I imacine 0%,

Q Accoxding :0 thez schedule on Table 1, the first
Sample wiil be testad 90 days after the coupon is placed i
the pocl., Will this be cdejuate %o datazct problemz pricr
te 90 days?

A In my judguent it will be, in that, ia my
judgment, the probability of a problem tha* cae would need
tc cake any corrective action for would be verv small prior

S0 90 days, and, im fact, I think it's smal) ac 99 and

2526 250
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vel 6 j
'  subsequent as well.
2;; Q In vour opinion is it possilble there could bhe a
i;; significant amount of swelling in a vented design?
f;% A To answer that, I'Q4 have to know the meaning of
55% significant as I micht use it or as you might, but in my
i
6i; opinion it is possibla that thers will be neasureable
Ll
7?% swelling.
a§£ Q fiow would you qusntify that swelling?
Qgi A By that, you mean how big is it likaly to be?
10 | Q Yes.
|
i A Viell, thera's a rungs of possibilities. My
|
lzfg judgment is that it i3 not likely to be in excass cf perhaps
,:-% 2 tenth of an inch, and that is as high as I 2xpact to see
14 ' any.
;3i€ In ny testimcny I estimated chat from local
|
1€ | corrosion it would not be expactad to axcesd tha number that
-i
7 | is calcuvlated, of .234 inch.
18 é Q It will not axceed .234 inch ovar the lifacire
19 ? of the tuke? 1Is that what vou ==
,;‘! R Yes.
!
2 ; Q What would be the cause of that syslling?
i
o A If that wera to occur it would Le tacause at scme
aslg time the Roral were completoly =- the tnickzness of the Dezal
24 i would be cempletely corroded, to form corvosi:n product and
ang the remaining boron carbide, wvhich woulld nst »e corroded.
|
|

——
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' # Q I'm pot guite sure I undarstand that answer.

"Ny

“hat do vou mean by the thicknesz of #he Boral

et

woulé be completoly corxodec? Do vou mean the clad?

41 L I mean it would be corrxoded =1l the wayv through

L8]

o S et & S i A . S

the Zeral, the cladding and the core wmatarial == if that

happerad, woich I said I thought was not likely to occur,

e S

7 the mazimum swellings tha: I estimated weuld ke about .234

2| inch. 2and I don't ewpect that to ke excseded.

a f” In fact, I don't expect it €2 be reached, either,
'}

10 1 as I said a little while aco.

1o Q If such an event occurred, and the 3oral were

12 ?‘ comspletely corroded, why would the swa2lling be limited to

% g? 2 sikall amcunt such as .234 inch?

14:?' n That’s basad on a changs in volurs of th= aluminum

5 é centent of tha Boral wien it is converted to a corrosion

(e % preiuct. The precdominant corrcsicn product ot <ha temperature

17 & tezf will be in the pool neariy all the tima goas bv the

o ! ailneval name of Baverite, and from a kacwledge of iis density

¢ ' it can be calculatad the 2rtent to vhich swelling willi occur.

20 X In fact, my calculation is slightly more complex

2% 3' tnan I indicated, =irce not all of <he patorial ia the

2z | taickpass of the Boral will ccrroda, some of i: baing heron

] 3 cazrbide, and not necessarily a verfact racking of the cozrrcs

24 1 Pproduct will axist. And thosz tws effects have opposite

25 effacts, I have e2stinated that, -n tho conservative eide, my

;

|
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maximum is still correct, in considering thosa two.

Q Kow, your assumption is bzsed on a vented tube.,
is that correct?

A It wouldn't matter yhether it were vented or not,
if T'm only talking about the corrosica product swelling.

Ny assumption, in answering your guestion, was

basad on 2 vented tube.

Q If the tube were not vented, would vour answer
<hance?
A If the tube wera not vented, then cisericnce at

Monticallo indicates :hat it might swell uore in the event
that thers is a leak in an unfortunate locatica.

Q If a vented tuba were to be partially clesed up
by having the vent hole clogged, would that simulatae a

gitaaticn similar to Menticello, where the tvbas were rot

ven i24d?
A I don’t believe =0, no.
Q Way is that?
A Because it doesn't take a very big hola to let the

gas out, and partial plugging wouldn’t praoveav the cas {rom
escaping.

Q Does 1t wake a y differecnce i: your anslvzis
whethar the vents go all the way through the tube, %op znd

bottom, or if thay are ¢ 'y vented at the ep?

A You said all ! WaY o o o I missed what vov mesn:

i & R a‘-‘,z
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by +hat.

Q I have been told “hat the vent hole == there would
be hcles at the top and bottoin. There would b2 kind of a
space that went Lrom the top to the bottom,

Lot ne rephrasae the quastion.

Would it make any difference if thove wers veut
holes at top and boticm, as cpposed to caly havi g the itube
venzed at the top?

A With respect to release of 12 gas I don't think
it weuld make any differencs.

Q Would anodizinzy the aluwmninun in che Boral, or
the Boral clad, reduce tha amount of corgosicn?

A My judgment is that it is not likely o make any
diZference in the 4f0-year iiZetime. 1I'm not zertain ashout
that, thcough, because it would derend on whetliier <he
alectrical cecntact between the stainlass steel and tha Boral
woyre impeded significantly €or a long period.

Simply in tezms of coxrrosica, I den't thiank i%
would matter, because tiies ancdized coating do2an't last that
iong. That i3, its corrosicn resistance docesr 't lzct that
long.

But if it in a sznse acciden%2llr ratained an
insulating layer between the alumunin and the stalinlecs
sceel, then it is poscible *hat it would hzve an efise:.

Q Regarding the timing of the sampliuns o the teat

-
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couprons angd specimens, do ycu inow who Jetermined the szchedule

for sampling?

A The technical staif of Commonwealth Ediscn. If
you want to know an individual, I'm not sure %hat 7 do know.

Q You wexz not resvonsible for that determination?

A No, I was asked if I would look at it and give
them any objestion I migh% Lave,

Q DO you know why it was decidad not Lo test nore
ofcten after vear—=l thaa everv five years?

A I haven't discussed it with anybody. I can
speculace with you, in terms of the numiar of speciaens
thac would be required, sinca specimens are éestroved whan
they are taken cut and examined.

Q Well. do you know what would happen betwzen
year-l and year-3 if scme type of umexpsctaed avent cock
rlace? Wenld cthere be apv nechanisn by wihich =dison would
be alerted %o inspeet thosa coupoas?

MR, STIPTCE: Cbiectiocn, !Mr. Chairman.
"Uneipected event” in this ccontext saems wery

vagues to =,

!
i
!
|

PP —
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CIAIRMAN WOLF- Can you resphrase *hat, M3, Sekuler?.

Q is there any way in which Cormonwsal.th Edison
can == let me start chat again,

Should a charge occur on ¢ . of tha tast coupons

2326 235
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¢ would zhare be any way of knowing, then?

any way."”

will detect this.

i Q Thera’s no alarm =-

then he could.

batwsen year~l and year-3 which had not kteen predicted,

.: A == but it’s perfecily obvious that Lif scmeone

1321

i A It’s 3till difficult to answer, "Would there be

There isn't a provision in the plar that says they

elected to change the plan and lcok at it more frequently,

2 Do you think that it would ke advisable to changa

de ii more often.

i Q Your testimony on paga 8 indicates:

i into effect when the new racks ave installed..."

the test program will be ready at that time?

L]
{
!
|
|
!
|
| :
?i the plon g9 that morz frequent inspections vere made?
! A I don't believe that it’s necessary. That's
|

fessthe surveillance program that will he put

| Do you kncw if all the eiemente necessary for

the resason I didn“%t advise them that I thought they should

A To my perxsonal kaowledgs, I Jdon’t Xnow, no. But
it was intended to commit “hem by writisg it Zn the
testinony.

: Q Dc you kacw if thars are pvlane to :eliy weracking

until the surveillance program will be ready?

2326 236
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A I don't know if thore is any problen in havi g

the suvrwaeililanca prooram roaay on tima, end I Jen't kmow oFf

any possible plian for delav.

Q Lo you Kacw how acouvate the test program would

p2 if it were to be done alter the racks were .nstzlled?

b, | I guass that d2pands on how much alter. I thiank

it would prebably be fine if it wera a smail Ffraction of the

Zirst oxpogure pariod.

Q at is tha nargin of errox?

#iR. STEPTUE: Chiection, My, Chaivran. I don't

understand the usa of tha tumm "mergin of ervor.®

MS. SERULER: Could you read back the answer ¢

the previcus quastion?

\Whezeupon, tha Ruporter

»

=3t

fl

reegr

w
9
H

3Y 15, 3FKULER:

nad from ths record, as

Q can you dafian & small Srazstion of the fires

Qiresare pexriod?

»

furdorant @ saall nucher of weaks of delay voulsd

wrdue xisk of any kind.

The first exposure pariod i= 90 davs, 2ad in my

oy
<}
e
i
o
©
e
o

2 Turning to page 2 of your tastimony, yocu state,

2]
e

under yours gencral statemenis coengarning corrozion,

A. Boric Acid Solution, in the first

nivay down, ¢his is tallking a2bout th
4 ) q

~

-

D:j

azaorapn,. about

wathod Uv which the
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wel 13
]
L : sclution used in che 2icn spent fual storage pool is purifiad.
i
2 "This purification grocess has not besn run
|
3 at all time:s and %he concentration of e borie acid
; nas not be=a constant.” .
< ; As the boric zcid contoni: variee, &ces the pH
1 H
¢ vary in the poel? '
7 it A Usuvally it does: yos.
3 Q Bo you know how it variss, what lavals it varies
4
£,; o7
10 ? A ilell, the rance that I have givsa hers is 2
11 % Pratly accurate statament cf a periecd of about 2 year, and
1z i for the year or wwo prior (o that I guess I'3 have to consult
i3 ; te zee if zhere's any error inm it, but i¢ isn’s far of£, for
{
i< 1 certain.
13 é G 50 the omne paeriod vou rafar %o in the statenent
! . i l
is | from 4.7 to 5.5 in cne peciod, that o @ pczica is 3 vear? !
07 i i\ ¥Yes, it was appruximatsely a vear. I'm not suze
'8 3 if there’s 2 month or so deviazion Zfrem shatz. !
|
g z Q 30 you knew of any times when the pil in “hs
i |
ig,g spent Iuel pool has {allan balcw 2 pH of 4.7? é
2;'; A That's a matier of my reeollocizion. T £hink §
| I
ﬁg.s there probadbly ware times that they wers analvzed bolow 4.7. |
i
23 | And if one consulted the data, that angswer would be i
22 5 available,
25 Q On page 2 vou mage the statenent, 2: che end of
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the zacond paragxaph,
®A significant cdvarse effec: on the aluminun
corrosion can be predicted if the R is beiow about
4, depsnding on th2 tempgrature, tha prasencs of
-other sclutez, and the rats of flov of scluticn past
the netal curfazs,”

Is that hasad on vour own rasearcn?

A {es.

2 Can you tell =e what {he temrperatura would have to
be to make a significanc adverse effect possiblae?

i That also denends on the scoluticon flow rate.

At flow ratus of the order of 9 feet per seconl or graater,
then at tamperatures of the order of 7G°C. at 2H 4 thers
wouid k2 a high corrosion rzie, an obiectionab 7 high
cocxrosion rates.

At a lower flow waze, or iR nearlv ztacnant
circumstancos, sach as in the tuba2s in :the stovage pool,
the 2orrocion rate would incrsase at thaz pH, but i* would
nec becons very lazse in tarms of sher: axpesuzre creating
a2 of a proclanm.

I heven’t reaily made an eztimate o7 how low
£l would De telerable for how long, but I don'+ thiak
#H of£ 4 for a shert tine would ke cause for soncera.

0 Should a problem in thes spent fueli peoi coolin:

systan cause evapcration of several faei of vazer, although

2326 239
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it might not be sufficient tec uncover the fuel, would that

cauze scne chance in the oH?

Wi

MR, ETEPTON: Objection, Mr. Chairman. I really

don’t understand. There has been no basis fcr this question.

U

i don*t Xnow what Counsel is referring to Lv a "problem."

Vi

8. SCXULER: Mo, Chairman, w2 have alzeady
subnitted in direct testimony scme testiwony Ly another
witness who will appear next week racarding the possibility
of boiling in the pocl.

It is ow intention o just elieit firom the witness
scae small amount of information regarding hiz interpretaticn
cf the possibiliiy of scme corroazion at :=he higher tempera=-
tures ia the peocl below 17¢, which the 2pplican: has cencedad
is the temmsraturs that may be reached ia the pool with ane
trzain of the cooling systam shut ofZ,

CIAIRIAN WOLF: Do voun axpact to tic this

o

2stimony in with testincay next week?

M5. SERULER: Y23, I do.

CHAIRMAN WOLF: You may go ahead.

THE WITNEES: Tho answer to the quesition; as you
agked it, is:

I believe that tha conczniration of “ha horic

acid will increzse in the pool, but it uill no: gignificantiy
incrcase within the cube whers the concentraticn is 1i gk2ly

tc be lower than it is in the pool anyhow,
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1 BZ MS. SEXULRR:

- i (¢ Why would thai be?
|

3 2 Bacausa sonie of the acid will have reacted with
{

* the aluminun to yield soluticn whose avérogan icn concentra-
i
i

3

tlon is lower, and that nmeans a lesce cencentyrated acid
s

sclintion.

H -
Q fiould you then say that the lcwer £ in the ool
© i would have o effect ca ile motals within the tube?
® i A If the time w. ve long enouch, it night have aa
it
0|, effect., That is, 17 the level in the pool wars low for a
i
i
It 4 long cnough =ime i: might have an =2%%ect.
iz i But for a short tima of the crder of a week or
{
S wwo, I think it would not.
te Q Wiould vou dafine a time as linger than two weaks
5 !  a long enoush time?
il
)
ig |l a 1'd have to reflect on thet 3 little. To make up
l. . i
7t a aumber that -
£l
18 | Q I'm using tiie numbers that vou'rz qgiving ne.
i
19 ! A Two w2eks is in the saf2 area. I haven': said
i
2C 1 waat is thiz bordsrlire between safe and unsafe, with rasvect
21 ! to z2hanging the ccneentzration.
t
22 || It's a matier of astimating how auch mixing ther:
|
23y 13 between the soluticn in che pool and the solution within
{
2 i tho ==
!
i
D& Q % Tealize. without giving you substantially “ectier

i 2326 241
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wel 17 |
i ﬁ nuzbers, I'm askinge for zome speeulation.
2 @ A I think It is likely that a month cr so would be
s ; encugh to show a signilicant diffarence In concantration
4 2 wicth'n the tubes. I havea’t said anything to the effect of
3 f whethar you caras.
6 fh Q. When vou're making these assumpticns about the
|
7| effzct of lowaer pH on the cubes, are vou making an assumpticn
¢ % thai the bottom c¢f the tube is or i3 not vanted?
a f A The bottom ~= X'm agsuming tha botiom of the tube
|
04" is not vented,
bs
i }5 Q Thank vou.
¥ ;‘ CHAIRMAN WOLF: !May I ingquire iZ vou have
13 f considarably more?
4S. SEXULER: This night be an opportune time to
15 i' take a bxeak. I have about another haif hour or 45 minuces
16 ? worth of quastions.
i
17 i CEAITMAN WOLF: Let's take a taa~minute bresak.
|
i@ % (Recess.)
'
19 2526 242
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CEAINMPY VCLFP: 'Wa'll be back cn the racord.

M3, Sekuler, ara you raady to go forward?

¥S., SERULER: Yes, Mr, Chairman.

At thils time, I have gcme propw=ictarvy doecumenta
with vhich I weuld like to aiamine the witaess.

CHAIDYN WOLF: Do counsel havé any objezeions
to the use of thecs dcecument3?

MR. STEPTCE: o, wa do noi.

CEAIRIALN TICLP: ARe you faailiar wwith it,
Mr. Steptoa?

MR, STEPTC2: Yes, I believe I am.

CHAIRMAG WCIF: And are veu, v, Godderd?

MR, CCDRARD: 1I'm vaguely Tanillar with them.
We have no cbjectibn to their uss at this ine.

CHAIRFAN WCLP: When tho Board talas up dre-~
prietary natters -~ I'm speaiing to the pacela in the

aulianca hera new -- undor the rules, iz's NeCcassary Lo

5

clear th2 courtreocm until we complete the questioning on
the proprietary mztters, and only counzal and their exver:s
wno assist them sre dermitited to L2 in the courircenm.

Sc I'd like to ask the audience if they woulsd
witidraw until we finigh with these two documsatsz. Under
the ruies, we havsto make 2 separate transerips of the

testimeny that is hearxd in connootica with #rem. And *he

rules require that we ashk cverykody to leave during the time

2526 243
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chat the propristary mattoer that is wunder discuesion. I'm
SOILY to Lncouvanience you.
Counsel sugyaste it will 4aks atout @ hall an
Rour. I€ veu'rs gcing %0 be up in tha lobby, we'll ask
soincbody Lo go up and announca that ve'we +h ~eugk.
{Wharsupon, the hearivg wes racezsed to

in cavera saseion at 2:55 p.r.)

{(IN CAMERA session: pagas 1330 - 1354)
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(The afternoon session was resumed in open session]

(3:40 pum, )
Whereupon,
JOSEPH E. DRALEY
resuned the st 'nd on behalf of the Licensee ard, having
been previocusly duly sworn, was examined ard testified
further as follows:
CROSS-EZAMINATION (Resumed)
BY MS., SEXULER:
Q Dr. Draley, I just want to ask cne more qne;tion
for clarification purposes.
Will the tubes in the spent fuel pool at Zion be

vented from the top and clesed zt the bottom?

A Yes. ,

Q And did you have ary input into making “hat
dacision?

A Yes.

Q And how were you involved in makinc that dacizicn?

A My opinion was aaked, whether it would be desirable

tc close the bettom tubes for reasons related to corrosion

and electrcchemical corrosion, and then dacinions were made.

I didn't make any recommendaticns, but I told thes my opinion.

Q And what was your opinion that you told them:
A My opinion was that with ths tubes vented at -he

bottom, I thought the performance weuld still be satisfactery

2526 245
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In other words, I thougnt the performance inside the tubes
in the stourage canal would be better than the sarticular
specimens that lir. Rarzmar had tested, and secondly, that
the performance, that is, the.nmount of galQanic or electrc~
chemical corrosion would be less if the bottom were ventad,
and therefora, there might be some acdvaatace.

That was the gen2ral thrust of my comaeats.

Q Here you concerned at all with the possibility
that there might be some bulging of the tuke aear the bot“om
due to internal hydrostacic when the = .2k was not subrerged
if the tube was aot vaantaed at the bottem?

A A discussion of this was held in my presence and

I didn’t have any comment to maks about it.

2326 246
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0 » vou have any knowledge about that particular
issue, the bulging?

I3 Only gsnerally; kuacwledge of materials. aad my
geﬁeral conciusion is thet the, strength of the tube toward
bulging from an internal pressure i3 greatesit near the ends,
near where the odges are welded, and that it wodié be readily
possible for scme engineer %o calculate zhe strength with
fairly good accuracy.

Q You do aoc thin% there is any danger f£zom bulginug
at that point?

A I didn’t calculate i% to confirm it, and X wasn't
& party to making a decizion whether i: was strong enough.

MS. SERKULZR: I have no mere guestions at this

MP, GODDARD: The Staff has no cross-axamination
for this witness.

MR, STEPTOE: Mr, Chairman, I just have a couple
of questione by way of redirect.

CEAIRMIAN WOLDT: Very well.

REPDIRECT EXAMINATICN
BY MR, STEPTOZ:
Q Dr. Draley, can you estimate the likelihood “hat

corrasicon oreducts might become detached frecm the boral and

float up and plug the holes in the top of the stainless seeel

racks?
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A I think the likelinood is very small. Pirst of
2li, the zmount of corrosion product that detaches igs sizall.
It tends ¢o be nearly zoro in the early stages oi corrosion
ard to remailn that way for a long time. And then one gets
zperadic bits of product thac come locse. Tha density of the
product is greater tham the dengity of the solution in which
they will find themselves. There ilen't any~- By the time
that any oxide ccmes looge thers isn't any forece that I know
of thac will tend to make them rise to go to :he hole.

The amount of hydrogen bubbling which will nacur
2arly in the exposur2a of the boral to the water that leaks
inside the tubes, that hydrcogen bubbling will have diminished
te fuch an extent that I doa't believe it will have a signi-
ficant offasct Ly the time the corrosicn prcduct starts ¢to
come off, with the possible sxcepticn of tiay bizs that are
a rzre phenomensn,’ . -

So I don't bezlievae that there is any signifiean:
probability that the acle will be reduced in siza from that
scurce.

0 Br. Dralevy, ia vicw of the nonitoring progran =3
cdescribed in your testimeny, do you believe it is necessary
Zo conduct tests of the corrosicn effects which way be taking
place in actual tubes used to store spent fuel in the Zion
spent fuel pool?

A No, I don't think so. I think the probabili:zy is

2326 248

T RR————.

B N ———



1339

low that there will be an efiact great enough to create a

:
‘
!
3
ik
!

!
!
i
|
z
i
1

b3
‘l' w

(&

problem, and that the presance of full size tubes that can “e

)

pulled apart whan there is other indication, as by the smaller

S,

pecimens, that there migit he 2 problenm will be snough to

5 satisfy the need.

2 A storage pocl iz not a placze where you cannot

| do experiments and examire things at a later time. The

general condition is that it will be possibie to change plans

to see if any waeeks were missed.

|
4 ‘
% & and to do cther things if it becomes necessary.
i
o i Q Dr. Draley, to vour knowledge has :he pH of :he
f Zion apent fuel pool ever fallen balow 4?
i2 A No. I have seen a series of pH values recorded
|
’ 12 thet 1 believe arz all of the pH valu2s recorded for the past
|
!
14 i three years, and none of them is as low a8 4.
T ; Q Is the pH scele logarichmie?
 E ” A Yes.
{
17 | MR, STEPTCE: I have nothinc furthez.
. f
0 CHA (RMAN WOLF: Thank you, Mr. Siaptoa.
u,! EXAMIFNATICH BY THE BCARC
X2AxTREX G BY DR, LITTLE:
21 i 0 Dr. DOraley, how cften is the pH mcnitored in the i
i
22 : pecel?
>3 ! A Weecly i3 the norm. And I #idn't look carafully
I
il
i
!
!

Q T hat's one of the weekly tosts that they perforam :
l
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wbé 1 ; with the grab sample that they taka?
s
&4 A I presume that's the same sample.
i
3 Q Thaak you.

3Y DR. REMICK: _ :

Q Dr., Draley, back at tha early part of cross-

examination Ms. Sekuler asked you about the size of the hole,

I believe, inth? storage racks and in tae specimens that are

part of the currosion suiveilliance program, and you made an

said "as shewn in the drawing,” or ®figurs.,”™ But I don't

i answar that they were quartar-inch helas, and I think you
|
|

think you gave :3 a reference to that drawing or figure. ’
Do you happen to rerxember winat that is? )

|

g A The drawing that I hiad access to some weeks ago

was an engineariang drawing of the racks. 2and I believe that

i3 1 Nuclear Services prepared it for Coomonwealth 2dison, and I
§ i

75{‘ assume that it'3 available for inspection, altheugh I dea't

17 || knew if it has been offersd in aay case,
I8 | DR. REMICK: The r2ason I aska2d that, I agrse

i9 “ with Ms, Sakuler that we have conflicting testimony I think in

N
o

the record abeouz the size of those holes, and we should

elarify it, and I thought thisgs might be the time to do it.

| )
-4

mn
v

And I thought this perhaps was the witness to do it through.

But at some tima I think the record needs clarifying, becausa

i
W

I think we have testimony that they were throe-sixieenth of |

1Y)
W

.3n inch and--~ ;
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MR, STEPTOE: VYes, sir, we'll supply that next
wack., We don't need this witness to do that, Dr. Remick.
BY DR, LITTLZE:

Q I have cne other qrestion:

Is the cdissclved oxygen level monitored in the
pool?

A I don't think so. I'm not abaolutely certain
that it's never measuvred, »ui I don't romexber seeing any
results.

Q S50 tha discusszicn abeoui onyszer lev:ls would be
thecrectical basad cn the conditions in :he nocl rather than
based on known oxygen measurensnts in the pcol?

A Yes. I don'% zhink there is really zmuch doubt

that the coxyger content of the water in an opea pool exposed

to the air above it i3 a significant ~-- some significant

fraction of the concentration that would be in equilibrium
with the air, not necessarily exactly cqual to it. hat’s |
because the air will zeand to dissolve in the pool and tho

icn 2xchange resin that i3 used to purily it dces not take i

ug vary much,
The pertinent oxygen concanctration is the concen-
tration of the oxygen inside the stainless steal tubes.

Q And it would not be easy to measure.

A And T think I said in testimony that the concontyae|

|

tion of the boric acid ia that area wouid be lowasr than in
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wbb the pool. It will also bz true that the coacentration of

oxycen in that area will be lower than it is in the pool.

e o St @

There is an opportunity to speculcte akout whether

e e S —

the Jdifferance Jetween performance in deaasratad veorsus

[ |

agrated is relaed to oxygen or reiated to the conceatraticn

of the acid, a2ni cne doesn't have enouch information to draw

LaT]

7 poeitive cecacluslicons on that. In any case, the difference ia

experiments is 2lear.

g
!
2 ; Q In ¢ha experiments I presunma czygen levels ware
1C & measured?
11 ﬁ A I taink not.
12 ¥ Q It's such an 2asy measuremeat to do.
3 5 Thaak you.
v ” CHAIRMAN WOLF: Any further questions? !
;5!; MR, STEPTOE: I have nothing furthsr, Mr, Chairmani
)
€ '; MR, GODDARD: Nothing furchor.
it
9 :} MS. SEXULER: MNo further quastions.
¢ ﬁ CHAIRMAN WOLF: “hankyou, Dr. Draley, ycu may §
1325 be aicused.
2c i (Witness esxcusad)
.
2,%5 CHAIRMAN WOLF: Do we have any matters we should
22 g take up beiore we adjourn? i
- MR, MILLER: 7 think just one, lzr. Chairma:, and ;
,.3§ zhat has to do with the procosed schedule for next week. !

I telieve that there is aygrszment among ccounsel

o
(1]
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subject to the approval of thc Scard that the segience of
witnasses will be as follows:

Mr. Minor, who is the State of Illinois' witness
on corrosion will lead off, followed by the witnesaas who have
Prepared testimony with raspect to Coatenticn 2(g) on possibile
pool boiling. And it is axpected that if the Board will sit
that evaning == this woull bo Wednesday evaning =« that we
could also deal with the tesctimony of tke State's witness
Fetar Cleary on Bcard Question 4(b), which is Emergency
Planning. Mr. Cleary is availszble caly, we understand cn
Wednesday and Saturday. We thought it was desirable to Lave
him testify on Vednesday in the event that we finish other=
wise on Friday.

On Thursday it's the parties' expactation that

wa'd be dealing with Coatention 2({) and its subparss, and

that we would dasal with zll outstanding Board guestions axcept

Board Cueations 4(a) and 4(b), that that would carry over ==
that process would carry ovasr on to Pridav, i necessary.
And we would thon have argumant cn Certention 2(n) wvhich was
stricken as a rasult of the Bozrd's sumzary disnesition order,
and that we would have the staff and liceasee tastiimony cn
Board Questions 4(a) and 4(b).

I should stata that we are, of course, prspared
to stay oa ianto Saturday. should that bicome necessary.

CHATIRMAN WOIF: That scheduls you've outlined,

2526 253
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Mr, Miller, will be acreeable with the 3card, and we'll bhe
prepared to start at 9:0C a.m. on the 20th, that's Wednesday
th2 20th. And if you want the.Board to sit, if it is helpful
we'll sit that aight.

MR, MILLER: Thank you, Mrx. Chairman.

MR, GOLDDARD: Mr. Chairman, excuse me; we'd like
& clarificaticn as to whether Mr., Cleary will be available
Thursday in the event his testimony runs over?

4S8, SEKULER: No. Mr. Cleary has informed me
that Thursday and Friday he is occupied elsewhere. He said
it would e impossibla for him to be here.

MR, GODDARD: The reason for this request,

Mr. Chairman, is, during the confereace call between all
parties and the Board last week Me, Sekuler indicated that
thQVStaff's orijiral schedule as zet forthin the motion was
satisfactory to her. And theres has keen no showing. on the
record at least, as o why Mr. Cleary has bacome unavailable
2t this point.

MS. SCXUDLER: I[ir. Cleary inforzed me when==- I had
set him up to be here early this wask, rot knowing whether
he'd ba able to -=- whether testir 71ld be required., He
informed ze at soma point in time =~ I don't really remember
when ==~ that he would not be available other than Taesday of
this week and thea, perhaps at a later tinme. Wadnesday and

Saturday. Sut it was my impression that 4(a; and (b) would
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wb9 ! go or last, and that if he was not taksn early ia the week

‘. we could vut him on cn Saturday. I didn't inguire amny further

into it., I wes informed that he would be unavailable.

CHAITMAN WOLF: Well, you know, the Board will ke

williny to sit late on Wedaesday night if necd De, 1f his

(]

testimony can’t he had carlier ia che day.

7 5 I think we cen work it out.

MR, CGCDDARD: Vary well, sir.

CHALRMAN WOLT: Anything else we should discuss?

e

- o

(No resnonse)
CHATRMAN WCLI: I{ not, we'll adijcurn ncw uncil
'z | next Wednssday, the 20th, a2t 9:00 a.m.
t
13 f (Whereupen, at 4:00 p.m., the hearing in the
i
14 | above~-entitled matter was recessad, to raconvene
|
g ! at ©¢:00 a.m., Wedneaday, 20 Juna 1979.)
i
19 |
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