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Jear Mr, Denton:

This letter refers to rvour letter of February 18, 1981 to
Pollution and Environmental Problems, Inc, (PFEP) which informed
us that our petition of April 17, 1960 to suspend the license
amendment nos, 52 and 49 to rerack and compact the spent fuel
pool at the Zion Station Unit nos, 1 and 2 had been denied,

Your denial was "ex post facto", coming - as it did - safter the
reracking and spent rfuel ecompaction had already begun at the
Zion Station, Thus it appears that petitions to the Nuclear
Regulatory Commission under Section 2,206 of the Code of Federal
Regulations are treated by the NRC as mere formalities and not
given the due consideration they deserve under the law,

On page six of your decf{sion to deny ovur request, you note that
"the second issue consiiered in the Salem proceeding which PEP
sought to have examired for the Zlon facilities, dealt with the
potential loss of water from the spent fusl pooi and the effect
such a loss of water weuld have on a pool with expanded storage
capacity,"

PEP has reviewed and summarized the Salem transeript (see attached),
We find in the testimony of NRC witnesses, s, Walter P, Pasadeg
and Allan £, Benjamin, sufficient reason to deny Commonwealth
Edison license to rerack and compact the spent fuel pool at Zion,
The NRC's experts on spent fuel heatup revealed:

1. The spent fuel clad in the Salem pool or any spent fuel pool
can undergo a self-sustaining and 3ﬁgead1ng oxidation

(Benjamin at 1398,1399,1401, 1411,1L88, Pasadeg at 1580 said
further analysis of spreading oxidation by radiant heat transfer

18 needed, )
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PAGE TWO

2.

3.

5.

Four yesr old spent fuel could oxidize,,,(Benjamin at 1423;

at 1571 he states further analysis is required),.,the zircunium
clad could melt,,,.(Benjamin at 1423),,.and the fission
products within the c¢lad could be releasad. (Benjamin at 1423),

The consequences of partial loss »f cooling water on new or
aged fuel in a spent fuel pool have not been thoroughly
investigated, (Benjamin at 14,29)

Spent fuel heatup experts have not completnd all necessary
research to determine the short or long term safety of ggont
fuel in pool storage, For sxample, X, Benjamin safid:"The
questions that are unanswered right now: is the cuestion of
clad relocation when melting begins and vou have a erust of
zirconium oxide over the top of the melting zirconium,

Second, the question of heat transfer from new spent fuel
elements to old spent fuel elements, The question of the
partition of heating -- what percent of heat goes into melting
fuel and newest spent fuel as opposed to heat that goes by
thermal radiation into older spent fuel,.," (Benjamin at 1436)

Melting of fuel pellets Iin fresh assemblies is a probability
and 13 likely to happen in fuel one year old or less, (Ben-
Jamin at 1LL0,1441), The possibility of fuel pellets four
years old or more melting is not known, (Benjamin at 1441)

The interest of public health and safety requires that an
analysis be done on the propagation of oxidation in the spent
fuel pool, Sueh a study could be Jone by one individusl

in several months, (Pasadeg at 1492)

Or, Dana Powers of Sandia Lab 1s more qualifieé on the chemi stry
of zirconium than the NRC's expert witnesses, Powers was
not present at the hearing, (Benjamin at 1546)

New spent fuel could produce hydrogen capable of exploding,
(Banjamin at 1571), rther research and analysis is required
on whether a zirconium reasction with water could produce
hydrogen capable of axploding in the older assemb les,
(Benjamin at 1571)

It is PEP's belief that the Salem discussion of spreading fire
or flames in a spent fuel pool was entirely irrelevant and that
the Intervenors should not have pressed this point, 1In our opinion,
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it 18 rapid oxidation in the form of sustained burning -- that
causes tge fuel clad to melt and the radioactivity to be released
from the spent fuel, It was not necessary for the intervenors

to prove spreading fire or flames in the gool to make their case;
only that sustained burning of the fuel clad 13 credible, The
NRC's witnesses, rs, Benjamin and Pasedag, made the intervenors!
case for them and it should be aeccepted as such, I refer vyou to
the following exchange between hearing officer Milhollin and I,
Benjamin at §3°8:

Chairmzi Fiinollin: ",,.I interpret what you say to mean that
zirconium can melt and oxidize without flame,"

Benjamin: "Yeos,"

Milhollin: "And that vou believe that oxidatfon can
be propagated,”

Benjamin: "I believe that oxidation can be propagated
if the temperature reaches,,,self-sustaining
temperstures,”

X, Pasadeg (at 1596) agreed: "I think the clad in the Salem

pool or any agont fuel pool can undergo a self-sustaining oxidation
if the conditions are r %ht a3 opposed to a fire, It doesn't
require a fire in order for oxidation to occur,"

Then again, (at citation unknown):
Milhollin: You can melt and oxidize without flame?

Ben jamin: "Yes...oxidation can be propagated if the
tempersture reaches self-sustaining oxidation
temperatures, It is a function of heat
transfer and kinetics,"

The Salem hearing was narrowly limited from the outset, PEP
does not understand why, The hearing limitations outlined below
iid not serve the publiec interest,

1, Discussion was limited to a 0ss loss of water accident,
Scientist Gordon Thompson wi e Union of Concerned Selentists
has long contended that a partial loss of water aceldent
would have more iire consequences than s gross loss of water
aceident, 0Or, 4llan S, Benjamin in his SAND 77-1371 indicates
that a partial loss of water could be a greater safety problem
thag A gross loss of water accident in a compact spent fuel
pool,
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2 The Salem hearing tentimony narrowly focused on the differences

in consequences between a gross loss of water acclident in an
It 1s PEP's

unexpanded and an expanded spent fuel pool,

op!AEon That a loss of water accident in elther sn expanded
or unexpanded spent fuel pool could have uUnacceptable
consequences on the surrounding environment and population,
Common sense llctates that the more spent fuel In a given
pool, the preater the potantial adverse consequences, AS
ar, Walter P, Pasadeg sald on April L, 1981: "The potential
for radiological consequences from any acecidental release
of water from the spent fuel pool would be directly propor-
tional to the fission and activation prcduct concentrations

in the water,"

The sbove reasons and other *eatimony of the NRC's own experts
provide compelling ressons to prohibit reracking and compacton
of the Zion spent fuel pool, the Salem pool and any other spent
fuel pool in the United States -- until appropriate and compre-
hensive resesrch, as described by Irs, Pasadeg and Benjamin,
has been carried to conclusion,

The testimony of Dr, OCana Powers should be added to the record,
In addition, I urgently request that the NRC solicit tastimony
from Ir, Earl A, ibransen, research professor, School of

ineering, Department of Metallurgy and Materisls Engineering,
University of Pittsburgh, I am attaching a letter from Or,
Gulbransen responiing to my summary of the Salem groceodings.
Or,Gulbransen is known ‘throughout the world as a leading research-
er and expert in the field of metallurgy, His concerns deserve
vour swift attention,

In conelusiorn, the evidence i1s not yet in, The case has not
been settled, Salem has appealed, The citizens of the Zion
area have appealed, This letter constitutes our appeal of

your decision of February 18, 1981, Your denial to our original
petition should not be final until the Salem appeal has been
decidsd, In the interest of fairness to FEP and the citizens
of Zion and northern Illinols, we urge you to reconsider your
denial and delay your final decision on our appeal, pending

the outcome of the Salem appeal and scientific research into
those areas defined by your own witnesses,

Sincerely yours,

'/"Q . .
- (:;;99$4]£7¢? .
“ Catherine Quigg, research director

Pollution & Environmental Problems, Inc,
(312/381-6695)
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Testimony of Walter F. Pagedag, 4/28/%0

"The potential radiolez icel congequences from any accidental release
of water from the spent fuel pool (&FP) wmould be directly propertional
to the fiseion and activaticn product concentrations in the water."

Dre Ae 3¢ Benjamin

"sse0n the bagle of current knowledgeesspogsibility cannot be ruled out
that the oxidation of zirconium migmt propogate to older fuel elemamts
wwven older than 4 yearse I o mot beliove a zirconium fire would ccmires.”
*soowmt cannot be ruled out Ls popribility thet by proceass of thermal
rodiation from fuel apgrembly to fuel sseembly, it my be possible %0
prepegate a zirconiux reectian to the older fuel elezemtoe I beliwve

thet this process woild take oures et leagtecexy area of di mgreeamnt
with Mre. Pagedag L{p that Mg statement that there ig no credible

mecranign for this propagation to occure®

¢
Flame inveives & great deel of wm*ton and egpresding of flames from
fuel agaeubdly %0 fuel appembly. Oongiited Wi th Dre Lewle Baker, Argonnne,
expert on sibject and he smye not poesible for flame of this type to
dovelopes »"That any buming or oxidetion that ccaurred might remlt in
a brightnege or a idnd cf white illuminopity about the fuel omme in
the immediate vicinity of where this reactionseeiut timt it would not
regiit in flomeee® In Dr. Baker' g opinion, it wae 04l in the bing
containing zirconium perep that cauped thene flamee %0 ocour and not
the zirconium i{teelfssedon't beliewe rapidly mpreading fire or
doflegration pogsibles

"I interpret the word ignition to mean a uming thet ie initiated end
which gigtaing iteelf becauge of an inaiility to remove heat fast enough
in order to be able to put it oute.sour calculstions for gpent fuel
pools my this will happen in the newest or mottest sent fuel elementy,
once they resch a temperature of approxizately 700 degeCe "Wo have
continued our calculations beyond the 900 degeC temperature up to and
beyond the temperature of zirconium zeiting."
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2+ Ors Benjamin (continued)

*I interpret the word i{gnition to zesn a umirng tiat is initiated end wnich
sigtaing itpell bDocauge of an Llnpbility 4o remow e nest fagt emough i
order % be able %o put 14 outssevur caloulations ofr pmt fuel pools
my this will reppem in the neweet or mitest ot fuel zlsamtys, once
they res-h a temperature of approximately 500 dege C¢ Ve 'ave continued
sur caleilstions deyond the 700 degsl tesperaturs up % end beyond the
texperatires of zircnium zelting."

CHAIRMAN MILKOLLIN:
"eoel interpre wmt you my W Zesl tiat zirconium can zelt end oxidizes

witious Llames”

BN AMIN:

L.}
Yepe"

MLDLUIN
"aind thet you beliave that oxidation can be prpagated.’

BENJAMINS

"I believe that oxidation can be propagated if the tempersture reachepgess
soif=gigtaining ozidation tempersturee.”

Propagation of oxidation could not be ruled cute "It ip zy opiniom
thateself Lhere Lan0 chrange Lo goaetry at sll iz the peol, no melting
of zirconiumesstint the neat tranefeor would be aich tiat propegation
would be a digtinct poesibility, mut when zircniusm starte =0 3elt 4a
the mttek elenmty of the gpent fuel pool, the geometry changepere
it 1g predicted zirconiun melting will cccur before all the oxidation
Le completede” «so"The tate of art involved in nelting of Zircaloy
e not well emough advenced t0 be able to determine a gpecific poeario

by which the gometry crangeps

ZENJAMIN:

bw ventilation affecte fire or oxidationese®vmtilation (2t Slem)
wuld be wfficient %0 provide oxygen 0 tLhe zircaloy clad in order teo
sigtaln e propagetion of zircaloy “xidstiome

*If you are going %o ligit a chareocal © .esseif charccal ham't reached
ite ignition t@mperatuze blowing on it will ted %0 cool 4t dowm and
mke it leps likely to bumes If it lae reeched ity ignition tesperature,
blowing on it will incresge the fire, or increape Lhe uming; » the
aveiledility of wfficient ventilation ig e good may %0 try %0 prevant
any of the Muel elenente from resciing tidp seli~ migtaining oxidetion
tezperatures Once it /me resched trat temperature, the svailatility

of oxyg can work again gt you.'



PAGE THREE
SALEM TRANSCRIPT

pel40% SENJ AMIN ( CONTINUZD)
L404
Ore Tebd Mae pogtulated a fire in wrdeh o rapid deflagretiom or fire
would bdlew the mof off the bullding because of the rapid pressire
tranasient that would ccaurs

"oeel beliewve that the budlding, typical buildings for zpmt fuel
storage are such thet they “end % lsak when presgire exceedp a cortain
lwel, paewhat lepgs tian s P8+ They den't tend to explode unless
there ip a rapid prepsire excurglon as might ococur from wme kind of
exzloplon or gaething of that ort.’

pelilo TASEDAG

®osel beliove the goometry would change aa the zirconium would gtert
tc oxidize, that melting would ocaur which would drow awey a gocd bit
of the heat and ® that hest would not be aveilable for gpreading to
pel4ll the older fuel slmentgesetine bﬁiing pattem ias not the same all the
time ecoand sirconium oxide, once it does start to oxidize, changee
from a metal %0 a very refractory type sudbstance widch tende to be a
good ingilator and the neating of the clder elment s would be done
pricarily frez the radiation from the newer elements and therefore
the hesting Lig extermal %0 “he mdg for the older cnes and the inglat-
ing eir would roduce the amunt of heat traneferreds.echances are very
mnimial that there would be & sproeding oxidation t0 the old element pe®

Preading oxidation -~ "s.eit cannot be theoreticelly ruled cut."

pe 1412 BENJAMING

"I can't at thig time gtate that what he (Webb) postulates ip true
and I can't gtate it i falee.”

Pe 3313 paemDAG:

Poesoxidation of the zirconiumesswculd ocour in the imterior of the
od ap 00 55 you have an oxide layer outsidee The dbuming would not
take place out glde the oxide tut it would take place at the interface
wit h the metal i{tpelfesein a fireecsconmiustion tekee place extemal
to the material itgell in the flames This dooe not mappen heres The
zirconium doeg not vapnrize add bum outeide the rode It bimmge at the
interface with Lthe metele"

peislé "There ig gtill mome heat deing ganereted within the rod, mut that heat ip
nowhere nesr adequate to heat the rod to oxidation tempersturepe..”

"ssethe congequencep of poel accidemt..ewould certainly be no worae
than a full resctor core accidmt ag pogtuiated in WAZH=1400.°
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SALEM TRANSCRIPT

BENJAMIN: (CONTINUED)
~
The enly way to prevant oxidfation from propagating ig to remove the
heat by conveetion, natural conveetion from the fuel ageembliegeseifl
the zirconium oxidation were t¢ initiate in the newegt fuel elementy
which were not able %o remove the heat fast anough, the amunt of

“hermal radiation causing propagation to cther fuel aggemblies would e
larger than that removed by natural air mnvetion.®

I LEC LUINS

Do you think &4 year old mdgs would reech a tamperature guf'ficimt to
oxidize?

BENJEAMING
®s0eThere Lp a grogter peconidility for et ¢ mappen than not %
happen.*

M LIDLLIN:

"If that glould heppen, would the cladding melt?"

BENJAMIN

"The cladding rould zelt, at loaet a portion cf the clad on the fuel
apcembliepg would zelit."

MILHOLLING

"ould the fisslon producte within the cladding by releaped?

BENG , MINs
"The fiaslon products in tre gap bdetween the fuel currmte nm*.ho clad~
ding would be relessed."
MILHOLLING
"If all the fuel in the pool were 3 years old or older, there wouid
be no ignitioni®
BEZUAMIN

"That' s correct.®

>
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pelb29 PA SEDAG 3
"eeein the abeence of fuel any younger then cne ysar, there g n0
chance the temperaturss in the pool axmywhere will 2o above 500 deg«C.*®
MILHOLLINS
Doeg tids conclusgion assime total abeence of water in peol ~ @
wavetion could ccour by alr coming under tottom of mek?
PAZEDAG:

Yage

MI LD LISN:

If you agsume ©me water ip loft in the bottom of the pool ® air cculd
not reach that area, would you gtill meke thet statement?

PASEDAGt

"I don't know ahout that peanericesel have mot invegtizated it very
tioroughlye®

2pls9 BENJAMIN:G

¥eooit' g popginle to dlock off the alr inlets ut the ottom cf the
pool g@mply by having the water covering the bage platege++ g there
ie not emough spece to have elr come 4in to the boitom of the gpent
fuel rucke and up through the fuel assemblysece @ the fuel will tend
to ovurheat more readily in e sltuation like that them it will in o
situation where air eonvection can be sistainedssslowever oxidation
ig much lesgs likelyesobecauge there 1g "0 way for air to get to the
cladding = ® there' s no ignitén possiud lity."

pelsd2 "(Zirconium) can remct with gtesm to preduce hydrogen. Of courpge it
can't do that if it hase been oxidized by aire The water would gquench
the zirconium.”

I LD LLING

Could 4 year old fuel or older melt if the inletas were blocked by
water in the bottom of the pool?

SENJAMIN:

"I don't bdelieve I can emy whethar it woul’ or would note®

TRIT
unlﬂ
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PAGE SIX
SALEM TRANSCRIPT

Apral 26, 1580

SENJAMINS
The quastions that are unangwerod right nowt 1 the question of clad
relocation when melting beging end you have a crust of zirconium oxide
cver the top of the melting zirconiume Zecond, the quegtiom of heat
transfer from new ment fuel elemmts t0 0ld pmt fuel elementpe
The question of the partition of haating -= what percent cf heat goes
inte melting fuel and newest gpent fuel ag opposed to heat that goee
by thermal radistion into older et fuels”

ML LLING

$eeeyou are undgirs whether clad on older elezents would m=elt?

BENJI AMIN ¢

Toae

MILIDLLING

Gould f£iggion produsts in Suel pellets themselvee of the freeh fuel
escape the spent fuel pool in a grozs 1o gs of mters

ENJAMING
Melting of fuel pellets in fresh agsembiiss 1ga probe Liltye

MLRLIIN:

You think it ig likely to heppen?

IENJ AMING

Yogesoedn fuel atout one year old or leses

MILHOLLIN:

Would fuel pellets 4 yamrs old or more neltd

JENJ AMIN

Cen't angwere
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PATEDAGH

"I believe calaulationg for WASH-14C0 would be appropriate astimates

of releacesese'Il 4he 1/3 s0re m et rocently dicharged mesltgess'than
the congequences would be very glmlar to those podtulated for s
reactor accident in TASH-1400 oxcept it would te 1/3 of the core ingtead
of full wres®" ... any oxidation of older asgenblies would be vary
Laited and probdadbly not lead %0 melting of zladdings The number of
asgsubling would be gmall; only those in cloge prozimity %o very fresn
el and depends on storags configuratione

ST LHDLLIN:

" you tegtimny 15 thers would be gme raloage of gap activity, perhapas,
but no release of activity contalned in fual itsel? of the older
assembliea’®

PASEDAG:

"Yog, that's correct.”

SENJAMING

Oxidation of zirconium means the reaction of zirecnium with oxygen to
form zirconium oxide or with an oxyze carrier gich as steam t¢ form
zirconium oxides It does't imply aaything about propagation or con-
tinuance of thaet reactions Ignition implisg a situation in which tidg
reaction not only occurpe tut sistaing iteel? generally leading to
increage in tomperatursss Firesselmlies oxi stonce of flames and
siznificant conductive currents that produce a prepagation of buming
Yhrough the spread of flamegessthe latter would not haprem in s Pt
fuel poole.soxidation oeceurg gradually until the temporature getg %0
about 300 deg. C in %he spent fuel pocle At about that temperature,
ignition occurge That 1ig the resction vecomesg gelf=-gigtaining in
tho se fuel rodg in which the tomperature of adout 900 dogeC hag been
sistaeineds Then, at that point, the temperature in those fuel rodg
falirly rapidly increw sesge

"Cnce oxidation occurred, ventilatiom would tend to sustain oxdation
by providing oxygen; whereas in a pool without ventilation, it would
be difficult w aigtein oxidation for a lengtiy period of time becau se
of a depletion of oxygen in the uildings" .eewith no vantilation,
overheating would ocaur, resulting in temperatures thet could produce
clad rupture and rei.ise the fiaslon productge

*eethe primary way for heat o propagate £rom »sgembly o aggembly g
% thermal radlation. Dme convection could play a parte
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AMIN
"I think tat the posd! v of clad oxidaticn propegation is gignifi-

cant enough 4o warrant songlderation in determining whether there
{s a difference botween one mpecial gpent fuel zeometry and anothere®

",iethe Sorel would melt if the steel (racka) melted, certainly.”

™ e s A
A bt

Pl )

L

"oeeme are sdidking with the invented scmariCesonasely an ingtantaneous
10 0s 0f watere Witlout the watesr, we wouldn't mve sny criticality
provlengs®

,eethe Donrd Mae conclusively sstablighed that the intered of publie
health and safoty would require ean analysis to be done which mould teke
a fow months to 40 by one individual on the prepsgaticnm of oxidation

in the pent fuel pools®

"rhe proposed high dengity rack configuration wor regilt in less
gonvoesive heat trangler effectivensegs and there would increace

tae po seidlillity of overhesting the newly di gehargsd Tuell”

"seethe hostup of several fuel elements in o tundle g a part of the
Jerman core melt regearsh progran® eesIt i3 a gexleannual prozrece
report from the Kemforsehngmentrun Raricsmbhe Jated LFS 2120, Moy 1975
(No Engligh transletion available)s Involved a test of a few rodp

heated up to 2000 dage and there wap no flame that juzped from
fuel rod to fuel rod in the agsezblys

"Do I undorstend ome thing tmt you and Dr. 3enjemin definitly agree

on, is that if “here was oxidation cof wme or all of the new ap 't
fuel, under no circumstances mould we be dsaling with a sgltuation
where we would have exploglong and “lames shooting 30 loet nigh and
the roof going off the pet fuel duilding. Ig that sorrect?

Al

ter 17, Techmology
Topeon & Sesker
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SENT ANINE

Jrs Dana Powers of Zandia would be mirs qualifiod to aneer guestiong
on chend styy of zireomium ronction toen I woulde

TAWRES

Articleg in Nuclsar Bngineering deal with propagation of fire in a
sinzle plece or strip of zircomiume Did Dre Zaker aver carry that
analysie further into aggrezateg cf zirconium?

BENJ AMIN

If caleulations sowed that zireonius vaper belng formed, I weuld have
to take intc wnglderation the possibility of uming in an alr
awvironmante

SENJAMIN ¢

4 deflagration, I rmeen a rapid groading of e firee

VAIDRE:

"oeeliouldn't you my that tho mlety and ha lth of the publie ig put
mre i jesopardy by raving lorger amumtsof et fel ooolin tle
context of posaidle hydrogen explosion in the ovent of a loge of water
accidente"

BENJAMIN:

The newest gpant fuel oould produce it by reaction of steam with
zirconiume The only way for older oneg % rroduce lydrogen would be
the propagation of oxidation across the fel sesomblicpge And whether
thlpg occurs or not ig a mattor that requires analy sl oe

PASEDAG!

"The event we have been postulating thug far hag beam a complete
instanteneous 10 gg of all weter from the gent “uel poole We don't
beliove it ig crodiblesssVe have not idmtified any poosible accldent
soenario, combination of effocta, which wouldeesfirst of all empty

out the pool and secondly prevent you from refilling the poole” +.ewithin
plenty of time % prevent an overheating of the rodgesseoven if you did
postulate tiat the pool watar wes ingtantanecusly logt and..eyou cannot
refill the pool, it i still nt cradible that the fire in the gpent fuel
pool would ocour or would mpreed %o the 0ld fuel rodee

—
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TASEDAG: (coNTDWUED)

"I agree with Dr. 3enjexmin, that in the sbeence of having done the mre
dotailed calzulations, it camot be theoretically di groven at this
point thet ziroonium sould oxidize in the pool and that sich oxidation
would epread in the peol by radiant heat tranefsrs”

"I think the clad in the Salem spent fuel pool or any pent fuel pool
can underge a sell~gustaining cxidetion if the conditione are right,
8g Opposed @ a fires It doogn't need a fire in order for oxidation
to occaure"

8 MLDLIIN:

Would the ventilation be tumed off %0 reduice em sgiong out side the
widlding?

FASEDAG:

To oy imowledge, thers igno grstem %0 automatically tum the vantila-
tion g@ystem off if you gtarted clad oxidation or if you lost weter in
the pooleses Lt would be mere desiradle to keep it mmning becau se

it would filter the offluentg from the bulldingessowtiat I would do ig
not worry ebout the ventiletion gystem -~ Wit zet o Mo ¢ and put water
in the pool.

biad
Participant a:
Dre Allan 3+ Benjexin, US-NRC staff expert
Ore« Walter 7 Pagedag ,U2-NRC etaff witnees

Carl Valore, Jre, Zm+, intervewor
Gary Le Mliollin, Eaqe, cheirmen, Atomic 3fety and Liceging Board.
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Extracted witiout raze refarmces

SILIDLLIN

Zirconium can melt and oxidizes without flaze?

SENJAMING

Topessoxidation can be propagated if the tesperature resches seif=
sictaining oxidetion temperatures It is a function of heat transfer
and kineticse

PASEDAG!

Potmntial radiological consequances from any sccidmtal ralessge of
water from gpent fuel pool would be directly proporticnal to the #4 sslon
and activation pmduct concentrationg in the waterses For fragh grent
fuel, ocontinuod denial of water sooling cepabllity may eventually lesd
%o oxidation and failure of the clad, and to overheating of the

uranium oxide fuel, with the petential for the relesoe of & ggion
pmiuct; in the uranium oxide fuel in either the presst or expanded

PCOL e

According to NUREG/CR-06491 pat fuel like Smlen' s cannot resch selfe
8 otalning oxidation if it age (dince remwval from the rencter) mxcesds
280 day ae

DENJAMIN
No oxidation after cne year docaye

“The poesibility cannot be ruled out thet the oxidetion of zireonium
gt propagate ta. older fuel elements, even older then 4 years olde
i do not believe that a sirconium fire would ceaur, thers would not
not be a deflagration that would leed to & repid ongumption of the
zirconium in the pool, but what can't be ruled out ig the poesibility
that by process of thermal rediation from fuel agsembly to fuel
sesambly, it may be poesible %0 propagste a zirconium rection to the
older fuel elament ge+sThig process would take fours, st lesgte

I oneul ed with Dre Lewip Baker, Argonne expert on zirsonium end
he sid "it would not be possible for a flame %o develops*

Therefore, any uming or oxidetion thet ccaurred migit regqult in
brightnees 0r a kind of wiite 4llumino gity shout the fusl cang in the
imediate vicinity where thig resction is ocaurring -~ but it would
not regilt in flamegessthe difference ip thet in zireorium powdergese
there 1 a mich larger gurface t0 volume raticmes, According to Dre
Saxer, et Bettig, there weps oil present = In hi, opinion, it wags

oil in the bing containing the zirconium serap that ceuged thege
flames to ocaur and not zireconium itpelfesel Dolieve it ig pogsidle to
ave 'Dtness in vicinity where oxidation in occurring and ,ossible to
Lrangfer heat from fuel agsambly to fuel agsembly by the process of
thermal redletion, wut I don't believe that deflagration and fire with
flamee and rapidly mrudi:;#ﬂro ie poesidle in o gant fuel pools
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June 20, 1980

Mrs. Catherine Quigg

Pollution and Environmental Problems
838 Harriet Lane

Barrington, Illinois 60010

Dear Mrs. Quigg:

1 have your note of June 2, 1980 and the statement of Walter F. Pasedag
concerning Docket No. 50-272 "Proposed Issuance of Amendment to Facility Operating
License No. DPR-70", also the comments of Dr. A. 5. Benjamin., Both are NRC staff
experts and witnesses. It is unfortunate that Mr. Carl Valore, Jr., as an inter-
venor did not have available his vwn technical witnesses in addition to Dr. Richard
Webb. Dr. Webb is a nuclear engineer and a very knowledgeable one but not a
materials suzpert.

Dr. Ben‘amin and Mr. Pasedag assume with the NRC staff and industry the
Baker - Just parabolic rate law to describe the kinetics and heat effects of the
zirconium~steam reaction and conventional data for the air oxidation of zirconium.
The Baker - Just equation for example is based on a series of studies oua the
steam-zirconium reacrion without adequately consiaering the influence of steam
¢1ow which can have a major influence on the kinetics of the reaction. OCruin
bouadary penetration of oxygen greatly acrelerates the deterioration of the unre-~
acted zirconium tube. Also the development of the Baker - Just equation is based
on very dubicus extrapolations. In addition oxygen raiszes the a-3 transition
temperature which leads to spikes of brittle oxygen-saturated a-Ir crystals into
the B structure.

My criticism of the testimony which you kindly sent to me is that they have
not used the proper rate equations and that zirconium probably reacts much faster
than that predicted by the Baker - Just equation. The same would hold true for
the air - oxidation. Both nitrogen and hydrogen present in the zirconium can
lead to blowing out of small particles of zirconium igniting neighboring fuel
rods and spreading the reaction.

I hope the above comments answer your questions.

Very truly yours,

o , ol
’C.'J‘ / 4 PR S Wy Ladhdidp
Earl A, Gulbransen
Research Professor

3

/ps
P.S. Send Dr. Webb's testimony if it is available.
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