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extremely serious hazard to the public health and safety, be-
cause they can suffer accidents in which most of the radicactive
substancz-, chiefly, Strontium-90, Cesium-137, and Plutcnium,could
into the atmosphere as smoke, through explosion or other means,

to cause geographically widespread raciocactive fallout contamina-

tion, death, cancer disease, and gerietic mutations in futur
generations. 3pecifically, an accident involving one spent fuel
storage pit could potentially result in ruining agriculture over
a land area of the size of one half of the land east of the
Miszsissippi River (500,000 square miles) for over a hundred years,

due tc the release and fallout of Strontium-90 radicactivity —

a2 caleium-like substance that would enter the food chain throu

e

plant untake and settls in human bone tissue to cause done cancer.
Th2 fallout of Cesium-137 would also severely contaminate agricul-

tural land; and in addition it would cresate severe X-Ray-like

%

diation levels above contaminated ground, covering abtout

,000 square miles for over a hundred years. Finally, the
buildup of plutonium, which besides being radicactive 1is also an

atomic bomb material, creates th2 possitbility of nuclear explo-

sisns occurring in a storage pit during an accident, which wculd

— =
disperse plutonium into the environment. ?Plutonium dust is an

extremely toxic radicactive substance which causes lung and Lone
ancer and which lasts for thousands of years bYefore decaying ¢
"

harmless levels. A release of a fraction of the plutonium from a

spent fuel storage pit would have the potential for caus



permanent abandonment of a land area the size of 15C, 000 sguare
miles, which equals Illinois, Indiana, Chioc, and half of
Pennsylvania, combined. fClearly, it is eoxtremely impcrtant that
the accident hazards of spent fuel storage pits be thoroughl:;
eavaluated, Thére will be hundreds of such storage pits scattered
throughout the country. Already, there are abcut seventy-five,

It should be noted that a "nuclear disaster"” is reported tc have
cccurred in the Soviet Union in which about one hundred million of
curies of 3r-9C and Cs-137 had been released and had fallen out
over a land area covering a lake basin. This figure was estimatad
on the basis of contamination data published in scientific journals
nf *he Soviet Union as analyzed by a
igs comparable to the Sr-90 and Cs-137 content of a spent fuel

stcrage peol, and maXes it all the more impeortant %o evaluate the

The source of the radioactive waste hazard is the nuclsar
reactor, which is the heart of a nuclear power plant. 7The reactor
is a steel vessel containing a mass of nuclear fuel, called the

reactor ccre, which undergoes an atomic reaction to precduce heat

——

nuclear energy) for generating steam and eventually slectricity.

it L Ay L T .Y o L
metal tubes containing solid uranium dioxide pellets and whish

3 " : -y H b - &, - b -~ A g a2 .
zirconium tube i1s called the Juel rod cladding, which acts to
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activity ie energy, which ends up as hea* generated within the

spent fuel material, since the spent Zuel adsorbs most of its own

radiation when it is bundled or macked togethar. The water in a
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spent fuel storase pocl also acts ¢
which escapes the spent fuel and, thus, to shield the plant
workers from the in%tense radiation.) The water in the pool
effectively cools the spent fuel rods by efficiently atsording
ecirculation

Y
outside
cocling system, which discharges the n2at to the/environnent, or

the heat; but the water, too, must de cooled by

else the water would heat up and boil away. However, the radio-

activity decays with the passage of time— that i3, the levels

of radiation and heat generation dacreases with time = such that
-~

& Wi : : . : - v
after a periocc of six months irn the storage pool the spent fusl

o & o o L .
can te removed in lead-shielded, water-cooled shippinzg casks and

which causes a loss-of-cooling would more likely l22d4 to excessive
spent fr2l heatupr and, presumably, a heavy radicactivity release

and, hence, a major public disaster.
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radioactivity. (A curie is a unit of radiocactivity.)

Tor reference, the Federal Radiation Zouncil has recommended that
0.1 micro-curie of 3trontium-90 be used as a health linmit for
Strontium-90 ingestion, or one tenth of one millionth of a curie.
or a more concrete comparison, the Atomic Znergy Commission

raport Theoretical Posgibilities and Consequences of Majer

Accidents in Large*® suclear Power Plants (7ASH-740; March, 1957)

calculates, using a considevably greater health limit for

&
S 01

(=
(14

Strontium-50, that a vaporous release of 150,000 cur

Strontium-9C from a ~eactor accident could potentially result

in agricultural restrictions on 150,000 square miles of land,

-

which equals Illinois, Indiara, Chio, and half of Pennsylvania.

- “*» 3 - - & L - ~ - s - 4 SN I

he Zion spent fuel steorzge nool will contain 500 times more

R -

< -3, P S LY -5 } 1 5 e

Strontium-90 than this "ASH-74C release value. Moreover, there

presently exists two spent fuel stcrage pocls which are not

< % - - i - - T4
frem several hundred reactor-sited spent storage pools. Tt is
-~ - 3 -~
vlannasd to store even ater amoun of spent fuel in these
T
- - re ~ - - :
independent storase pools. For example, “he Generzl Zleactriea
o A -~ - - - 9 s - THN S H -
-2+ 'S lndependent storage pool at iorriz, Illincis, is %o store
YAeA & & - - & 3 < 2 T2M 1Y% 3 S &~
+=2U onnes oI zvent luel, contalining 12320 millisn curiss of
v—
b= 1 % - % v & 3 o -~ 3 .
.:cay S vlants are scocut seven times power rating assumed
3 y A Mty oA =Y pamdt o= ! sl vy 2w e Ry P -
in the WildH-7<C analysisz, and will contain 3.7 millien ecuris
-~ -~ - - - . g 4
2L Strontiun-%C, or 25 times *the JASH-7L0 relsaszs aszum=*isn
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nevertheless, such accidents are pecssitble: for a pool and its
equipment could possible be wrongly constructed or installed,

or the safety measures could contain design flaws which lie

undiscovered due to no inadesguate experimental verification er
confirmation of the design.

It should be noted that once the zirconium c¢ladding of the
fuel rods reaches high temperatures, any attempt tc cool the

spent fuel ty injecting water tack int could, instead
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“he potential disastrous consequences of 2 reactor acciient

alcne~-excluding a2 zpent fuel pccl eruntlione--are extremely severe,

For example: (1)

(0
U4
2
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g
17
“n
ot
=y
|-
(9]
o
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b}
(&

for ceveral yeazrs over an

of Chic for over a nundred years, due to strontium«S0 relezze and
falleut alcne; (2) severe living res“rictionz over 120,000 sguare
miles and evacuation of several thouszands of square miles for a year
and pcssibly longer {assuming no plutcnium release); and (3) death
and dizease due %o unaveidable radiaction exposures affecting a
millicn people: for example, 2 possible milliocn cancer deaths,

(See thls author's treatise Accident =Hazards and his essay Teo the

active Jaste Disposal, May 20, 1978) From these figures, and

especially the land area figure for evacuati:q)which i3 a straizhec
forward extrapolaticn of WASH-T4C figures to apply to today's larger
reaciors, we can aprreciate why the reactor/storzge pocl pe

would zbandon the reaetor site in the even: of

]
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accident, Furthermore, there 1
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accident potentlals of nuclear explosions, which cculd release, say

aQ
P, - % p’ 3 - i 9 &) N -~ - < 5
-he potential consequence of abandcnment of 15C,CCO square miles due

¢ the lung cancer hazard of plutonium dust fallou:s, (See Aceiden:

“w¢ tons of plutonium, 2s well as the cther radilcactivities, wish {

0 Te mcre prene to accident and woulld te mere devastating ¢ the
reactor site, Ye may expect that fast neutron breeder reactors would




be bullt on the site of water-ccoled reacters and their spent fuel
rage pools; so that a breeder reactor aceidentc tco could effec:

a spent fuel pocl loss of water accldent, Therefore, reactor accident

hazards must te <horoughly evaluated in crder to assess the risks of

spent fuel storage pcol acclidents. Unfortunately, the Federzl Govern-

ment has nct evaluated the severe reactor accident pecssibilicies,

and has refused to investigate them for either their likelihocod or

thelr potential consequences in i1ts licensing hearings; so that the

fublic has not been informed by thelr Government of the full serious-

ness of the reactor accicdent hazards, except by this author's analysis

and related works and those of other critics (see Petition to

'()
1

zress ),
-

The purpcse of this report, however, is not to analyze the
reactcer accident hazards, tut rather to analyze the spent fuel pool
lcss-of-water possibllizy for L1ts pctential consequences. (However,
the pctential radiaticon levels «round 2 reactor site due t¢c 2 postu=-
lated reactor accldent will te evaluated $¢ Justify ~he assumpticn
that plant perscnnel would have <¢ evacuate “he sitc and thus lezave
the spenc fuel poocl unattended,) The spen: fuel s tcrage pocl loss-
cf-water accident must be evaluated for i1ts petential h
sequences because < storage pecl will contain up o0 20 Simes more
Sr-SC and Cs=-137 than the rezctor a2nd 12 Limes more dluscnium--and
thus 2 stcrage pool lcss-cf-water event, should 1t be caused by =2

reactor accident, woculd have the potential for greatly compounding

the harzful consequences of a reactcr zccidenc,.*

* "hus, thls present repcort 1s a2 supplement to my treatise The Accident
F‘:ards cf Nuclear Power Plants., It is noted that the treatlse dces

not ccnsider che storage pool accident due <o an oversight., At the

time the tr2atise was prepared, srent fuel accumulaticn in the sctorage
pcols was not anticirated, Fur<hermcre, 1t was assumed that the storaze
¢f only cne third of a core of svent fuel in a non-¢ccmpact arrangemenc
would not oresent 2 serious heat up ha:ard in the event of 2 loss=-of-
.ete. in the storage pool; tut this a2ssumption was unfcunded and

neorrec:, 28 we 3hall see later.




Also, 3ince a loss-of-water accldent 1s a pcssibility having 2 number
¢f possible causes, even without the prior occurrence of a reactor
acciden., 1t needs to be evaluated for 1ts ccnsequences, in crder to

wisely assess the overall risks.

Unfortunately, the Government and the nuclear industry have
issued no adegquate analysis of the loss-of-water accident in spen:
fuel stcraze pools, Only three reports have been issued concermning

the sub ject;

4

(1} The U, 3., Nuclear Regulatory Commission's Draft Generic

/

Envircrmental Impact Statement on Handling and Steraze of Spent Light

Waser cwer Seactor Fuel (NUREG-C404, Mareh 1978);

/

(2) The NRC's Feactor Safety 3tudy, known as the Rasmussen

epor:, which contains a crude analysis of the loss-of-water accident

in spent fuel storage pocls, and which 13 the only published z2nalysis.

ra)

An analy®tical report bty Sandia Labtoratories of Albuguergue,

"

i

o
ot

New Mexico, titled pent Fuel Heat-up Following Less of Water

Turing Storage’, by A. S. Zenjamin, et al., (Draft, Sept 1978, SAND-T7-

1371).

i

~

As we 3hall see, only the Sandla report provides 2 useful analysis

«t

of <he loss-of-water zaceldent; although it is far from adequacte,
-he Sandia repcrt only partially analyzes the lcss-cf-water accident
tc determine whether spent fuel will sericusly overheat but the

rezor: dces not analyze for the radlocactivity release consequences,

-

Furthermcre, -he analysis has several serious shertcomings which
make the numerical results presented in the repcer: unrellzble,

acecralns to this author's review, This present repcrt presents a



eritioue of the 3andia Report, which is a basle for the present
analysis, This critique is outlined bdelow; but first let us dlspose

of the NRC's environmental impact report and the Rasmussen Report,

The NRC's environmental impact report totally ignores the lcss-

of -water aceidens pcssibility in reactor-sited spent fuel storage

l"

cols (despite the fact the National Envircnmental Policy Act
requires a "detailed statement” of the "risks to health and gsafety"),
The report only mentions that calculations were made of 2 loss=of=-
water acelident ceccurring in special storage pool facllities lccated
away from reactors in which cnly 2zed spent fuel was aasumed to be
stored, (Recall that the decay heat rate 1s less in aged spent

-

fuel.) The NRC repcrt asserts that the calculations show *thas

'AJ
2

loas-cr-water would not result in a sericus heat up of one year ©
svent fuel; but the repcrt cltes nc details of the calsulacticn

nor z2ny reference where the calculations can te focund and exanined

L]

cr their validity., MNoreover, a repcrt of the Szndla Laboratery

1n Albuquerque contradicts the NRC's statement, In place of rigcrcus

o

sclentific analysis, the NRC report ofrers cnly vague, qualicative
and unsubstantiated assertions, such as: That the waste In spent
suel "vepresents little potential hazard to the health and salety
of the publie" (p. 3-2); That the "underwater storage of aged spent

fuels 13 an operation invelving an extremely low risk of a catas~-
*“suere /s

cprophis release of radicactivicty  ©pD. 4-12); And that no mechanlsm
- r ' 5
availatle for the release of radiciective materials (frem "aged

in siznificant quantitles from tChe facility, either
atr a preactor site pool cr away-from=-reactor scol
such assertions are not acceptable substitutes for rigorous, sclen-

- 1 4 Te- 2 - v -  SgeT ol
cifi¢ 2nalysis, It is important T0 note that the NRC's repor

|' 1
JU GO



introduces 1ts section on accldents with the statement: "A range

of potential accldents and natural phencomena events have been
analyzed.," Clearly, this statement does not assure that all possitle
spent fuel sftcrage accident situations have been znalyzed. [(This
preblem cf the Federal Government falling to issue full nezards
analysis aprlies tc nuclear reactecrs as well, 3See this zuthor's

Acecident Hazards and Petition.)

The NRC's report of its Reactor Safety Study--known a3 the

Rasmussen Report--addresses the possibility of a lcss of water
accident in spent fuel storage pools at reacter sites, and estimztes
that the potential resultant radicactivity release would be small
relative tc 2 reactor accldent. However, the repert was not based
on any sclentirflc analysis but rather on a number of unfounded
assumpticns '-"esses the effect ¢f which was to force the estinmated
radicactivicy release pctential to te small, Firstly, the report
considers only light storage of spent fuel--13C spent fuel rcd
assemblies: <5 new spent fuel assermtlies and 55 aged spent fuel
éssemblies--and not a heavy bulldup of spent fuel in the storaze
rocl as is now planned, such 2as the figure of 2112 spent fuel assem~
tlles planned fcr the Zicn reacters pocl, ZSecondly, t.e repors
dssumes that 2 serious release ¢f radicactivity from the spent fuel
rcds would cccur cnly if the uraniunm dicxide of the spent fuel

v .4 heat up to its melting temperature (2£0C°C) and melt, and th
only the new spent fuel--o5 assemclies--would melt znd, hende,
release radicactivity. Thirdly, the report assumes that cnly 1C%
of the strontium-3C radicactivity in %

""" ~d escape the svent fuel upon 2 mel:td

(')

wn ty vapcrizaticn,
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Fourthly, the repcrt assumes that <% of the strontium-S0 that does
escape the spent fuel would subsequently be abscrbed in the filivers
the alir ventilaticn system of the spent fuel storage tuilding;

and the rest (17) finally escapes intc the atmcsphere, The pre
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cf these assumpticns 13 that the Rasmussen Report estimates that

about 2CC0 curies of Sr-S0 would te released to the atmosphere in

a2 less-cf-water accident (This value 1s nct -~tated in the Sasmussen

Report but must be derived from the data given in that report., See
acpendix 1), This 2000 curies release value should be ecompared to |
the total of abecut 4,2 million curies of strontium-50 that would

ce present in the 13C spent fuel assemblies assumed in stcrage

(a release fraction of about ,05%), and compared Sc the potentizl

~

elease of 75 million curies of 3r-SQ from 2 spent fuel gtorage
pccl (Zion) that 13 now pessitle because of the planned bulldup of
spent fuel, Recall that the WASH-T40 report assumed a release of

s9C0O curles ¢f s*rontium-20C from 2 reactor; so the Rasrussen

ll.

.

Avport's estimate of 20CC curles 1s a relatively small release,

Let us now review the assumpticns of the Rasmussen Report,

The assumptlons that a serious radicactivity release will cecur
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ng and that only the new spent fuel woul

. g | 4 .- - - - - - < - -
nelting temverature are ncot tased on any analysis bus instead apre

43549 & - £ 2 o il 253 . 12 ol &
the posslibillity cof a zircnium fire, which has been predicted %o

. plaln>lal ‘ y - ~y.9
start when the spent fuel rods reach 3CQ°C tempirature, If new
» & 4 oA
spent fuel can heat up to the melting temperature ’23CC°"), as the



the zircnonium fuel rod cladding to iznite (at 30C°C) and the fire
to spread unrocughout the whocle storage ¢f spent fuel rods--not just
confined to the new spent fuel regicn ¢l the storaze. (The plans
now for close-packing of spent fuel rod assemblies in the storage
peol would promote the spreading of a zircnium fire,) Surthermcre,
the heat gensraticn potencial ¢f a zironium fire would te enough to
cause speint fuel to melt without the decay heat. It will be shown
in the present analysis that a2 near full relezse of 3r-50 from the
entire lcad of spent fuel (new and aged) in a storaze pool is
conceivahles and certainly has not been ruled cut as a possibility.
It will e shown alsc that the spent fuel need not reach melting
te.perature for a large fracticnal relecse of 3r-S0 (and Cs-137)

to occur, tut that 2 150C°C level ray sufflice. The assumpticn c¢f

95 abscorption cof the radicactivity released from the spent fuel by
the ventilation filters 13 alsc 2 mere zssumpticn, It 1s conceivzable
that the ventilation system will btreak dcwn in the event of a loss

cf water accident., The high radiztion levels frcm the exncsed
unshielded spent fuel and the high air temperatures within the
tulldirz (the spent fuel builiinz would heat up like an oven, to

te shown) would presumably prevent maintanence of the ventilation
systenm. Alsc, 1f a reactor accldent cccurred, the severe slte

contamination wculd force evacuaticn of the spent fuel storzage

L]

acility, 2s before noted, leaving the ventilaticn system unattended.

iy

urthermere, there is the pessitllity of air oressure rises in the
peel bullding due $o heating and conf’+ement of the z1r that could

- 4 . . \
rupture the bullding f the bullding were sealed shut), or zirccnium
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the atmosphere, by-passing the fllters, The Rasmussen Report admits
the possitility cof the fajlure of the ventilaticn system, but ccn-
siders this an unlikely event, However, such an estimate of the
likelinood i3 merely a zuess, since the lcss-of-walter accident was
not scilentifically analyzed for the course 1t could take (Zirconiam
sxpleosions, for example), TFor the Rasmussen Report states that

i1ts estimates of the radioactivity release resulting from a lcss-
cf-water accident were not bas:i on any scientific analycis but
instead cnly on "rough estimates”, (in other words, guesses): 3aid
the report: "Detalled analyses of radicictive release, refention
and remcval under the specific conditions of the accldents considered

" i -

relew have nct been performed, 'ag0., I, Pe 35). Cleariy, there-

0

fore, the Rasmussen Report's evaluaticn of the spent fuel pecl

ascident hazards 13 useleas,

The Szndia Redort

~»e 3andia Rcpert menticned previcusly is an attempt Lo evaluate
the loss-of-water accldent sclentifically means of matihiematical
m2re

analyuis, to avoid speculation, Inasmuch as nc cther analysls

o
e

-

exists, the Sandla Report appears tc be the basis for the NEJ's

evaluaticn cf the spent fuel storage pocl hazards with respect tc




which the article insinuates are practicai, and, therefore, that the

spent fuel storage accident hazards are not toc serlous, However,

this insinuaticn is not supperted bty the

yet-to-published draft

reoort, as will be shcwn herein, lorecover, the Sandla's analysis

is grc3sly inadequate and may be greatly under-predicting the spent
S

fuel heatup potential,

Caleulating the spent fuel heatup (temperature excursion) in

logsg-cf-water accident is a formidable mzthematical problem, A

mathematical theory of spent fuel heatup must account for the

natural flow of heated 2ir through two thousand spent fuel assemblies,

ccntaining a total of a half a million

etween the fuel rods)., The decsy heat

uel rods (the zir passes

is highly non-unifcrm

thrcughout the load of spent fuel in 2 pool, The fuel rod temper-

atures affect the air flcow and, vice versa, the alr flow affect:the

temperatures, Alsc, 2 theory must account for the phencmencn of

. )

cther than ccnvection currents of heated

rheat conduction through a medium eon
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off thermal radiation and adjacent fuel
absord this energy. Therefore, besiiles

thermal radiation 13 a precess by which
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i and eventually escape

te acecunted for in any theory.

The Ambilent tenmperature inside the

ot

thermal radiaticn, which is t-- form of heat emission fr.m a bedy

,

fluids (such as air) or

ot
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ac th vtody. Thermal
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adiaticn passes through space [air or vacuum) in the same manner
lizht, and is the source of heat transmission which 2 person feels
ding next %o an open fire, Heated spent fuel rods will give

- Al srmTY 1
rods, and pocl walls will

’ - o S
the procesa of alr flcws,

Y . i -~ S -
heat will diffuse threouszh

svent fuel bullding will

R Nas

BRVRY. o A



)

L

greatly affect the spent fuel temperature heatup; sc the rate of

ventilaticn--purging the heated z2ir with ccld air from outside the

")

tuilding--is a very important factor, Other factors which will

«

Zreatly affzact the spent fuel neatup are the detalls of the storage

rack desizn, the decay heat generatiocn in each spent fuel assenbly,
patch o4

which depends on the length of time since aﬂspent fuel had been

preducing power in the reactor and 1ts power history in the reactor

(this decay time 1is sometimes called the decay periocd); and the

tetal amount of spent fuel in the pecel, Storage rack designs vary

according to the dlstance or spacing betwecn spent fuel assemblies,

Large 3pacings for non-ccompact storage tends tc promote air flow

cccling, whereas clcse spacing ("high density” rscks) tends to

inhitit alr flow by constricting 2ir passages btetween fuel assemblies,

Present plans use high density racks, in order tc maximize the

amount ¢f spent fuel that can be stored in 2 pcol) The Sandia

analysis was performed using a theory that was constructed to

accowr.t for these varicus factors and prccesses., The resulta are

presented in 1ts report, which analyzes 2 variety cf storage rack

degigna, pcol desizns, decay pericds, and buillding ventilation

rates, and otaer conditions.

he Sandia analysis predicts that the spent fuel heatup in a
less=of-pocl-water accident can be severe encugh to cause the
zircenium fuel rocd cladding to cateh ¢n fire--a gelfl-sus
Sire, especlally for medium-density and hizh-density storage rack
desizns. That 1s, the 3andia's heatup theory sredicts that spent
fuel reds, particularly the newer spent fuel and nct s¢ much the

heat up tc a temperature of SCC°C, at which point
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the Shecry predicts that the zirconium will tezgizn %S0 burn /react
with air) to generate more heat, The report states that the fire

would cause the zirconium cladding to melt (the melting temperature
"OR‘

[
LB

5 « However, the Sandla's analysis was not extended teyond

I
L )

n

irconlum iznition and meltinzg to determine the full heatup potential
et the spent fuel (including the potential for the fire %o spread

to the aged fuel) and the potential for raifcactivity release. In
cther words, the Sandla report dces not analyze the loss=cf-waser
accidenta thrcugh 1¢s entire course to determine the potentizl

harmful consequences,

Instead, the report uses the zirconium ignition temperature
as a temperature limit/safety criterion ani merely evaluates 4dif-
ferent storage ccnditions to determine what set of circumstances
would prevent the spent fuel assemblies from heating up to this
temperature--circumstances which might then be Zesizned intec the
storage faclility (design modifications) to minimize the chance of

fir

[$)
@

cecu ng.and an uncentrolled spent fuel accident, =Zased

n 1%s analysis, the Sandla report descrites several pcssible

e}

design modifications which theoreticzlly cculd prevent the zirconium
iznition temperature frcm'being reached in a loss-of-water zccident,
except for a relatively brief pericd of time atter a tatch of spent

fuel has teen remcved from the reactor and stered in the pool,

.

P - - - - wmI YA =411 % s .
during which the cecay heat rate in that batich would still te hizh,

A " - — o e < ‘-
his pericd 1s called the "critical decay time', Hcwever, for the
high density storage rack design, which i1s the Azsizn beingz planned

2
ty the utllities and which is teing Jjudged acceptable by the NEC,

. - - - - ~ o - - .
the eritical decay time, assuming the desizn mcéificaticns were



cdepted, would still be great: 3C days, z35 predicted by the Szndia
heatup thecry. Since refuelings occcur annually, this means that 2
ble

uncontrolla catastrovhic spent fuel heatup accident would st111
2

~ey

te pogsible for 229 of the time (2C/355 = ,22), In view of the

potentlal consequences, the risk would surely not be acceptable,

Merecver, ncne of the described desizn modifications are

apparently being implAmented, and none may te even practical,

Without the modificaticns, the Szandila theory would predict zireconium

igniticn in a eritical decay time 700 days, which would span

the entire reactor cperating/iefueling cycle (1 year

The most crucial of the rossible modifications seems Sctally ime-
practical, It would consist in medifying the spent fuel storags
bullding €c provide for a large deor and 3 chimney which weuld te

cpened upcn a leoss-cf-water accident to zllew the heated air %o
escape the bullding, and ccld air to be drawn into the bullding to
repl2nish the discharzed air, tc achleve perfect ventilation., Thi
would expese highly radicactive spent fuel directly to the cutside
envircenment, and would provide air to fan a zirconium fire, if 2
fire should start, and also provide a direct escape path intc the
atmcsthere for radicactivity which may be released from the fuel.
hus, such 2 cpen dcor/chimney feature cculd nct te judged a gafetly

feature, Mcrecver, there coculd be no assurance that the decor znd

fa2i1ls 0 analyze the spent fuel heatup for the cases of mest ‘nteress

b | 4 - - . -, £ 4 - b | | -
namely nRigh-density storage with existing tuillding ventilaticn

4 -a = 1A - 4% A -2 4 Tt D
capacliciles, vhen dullding ventilation is jerfect--no recycling o
* N N & 3 4 P S ., |
heated alr through the spent fuel--1t may be that 23ed spent fuel

\
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(the tulk of the spent fuel in = full storage pool) cculd not heat
up to zirconium ignition temperature due to 1ts own decay heat and
that the only way for it to seriously heat up 1s for z zirconium
fire toc start and spread from newer spent fuel., But 1f heated air
iz re-cycled through the fuel, due toc imperfect ventilaticn, then
1% may be that the whole lcad of spent fuel could overheat rapidly
and much more intensely. The heatup pctential of spent fuel 1s
hardly explored at all in the Sandia repcrt for the case of imperfect
ventllation; and these cases that are analyzed (medium densify racks
that promote air cooling) indicate that the he“tup in high density
spent fuel would indeed be intense, even if only well aged (well

decayed heat generaticn rates,) spent fuel were stored.

licrecver, the Sandla analysis assumes a relatively small

storage lozd of spent fuel: about 332 fuel rod ass lies as com-
pared to 2112 in the Zicn pool, It will be shown that heat trans-
mission from luel rod to fuel rcd (mainly thermal radiaticn) has a
major effect on the sprent fuel heatup; so that the size mass of
srent fuel in a pool will affect the heatup: a larger mass would
mean a higher peak temperature, In shert, the Sandia analysis needs
€0 be extended tc cover 2ll storage conditions and circumstances

¢f interest.

-

The next major sherteoming of the Sandia analysis concerns the
mathematical thecry that was used, The theory 1s not adequately
descrited; noer is the theory and 1ts varicus assumptions demcnstrated
tC be vallid., The theory contains a major assumption that may fcorce

the spent fuel heatup VCemperatures to te zrcssly under-nrediccted,
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Specifically, the theory assumes that the fuel rods within 2 siven
srent fuel assembly underge identical temperature rises; that is,
at any given heizht sent_ 2 o=y the tTemperatures of
21l of the fuel rods in a fuel asserbly are assumed to be the same,
and the Cemperature 1s assumed toc be uniform across sach fuel reod,
again at a2 given heigzht up the rod. It will te shown that air flow
alene through the spent fuel assemblies is far from being 2 suffi-
cient decay heat removal--heat dissipaticn--mechanism for any spent
fuel s¥orage ccnditions, including those cases fur which the Sandia
“heory predicts temperature rises that 4o nct reach the zirconium
ignition temperature, In order fcr the Sandiza thecry to predict

limited, less-than-G0C°C heatup temperatures, themefore, i

«r
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Sus

have predlcted a strcng diffusicn of heat from hotter spent fuel

fo

semblies to cooler, adjacent assemblies by the thermal radiaticn
heat transfer mechanism, However, the assumption o¢f uniform tem-

erature across 2 spent fuel assertly contradicts the physical pro-

3

cess of lateral heat diffusion. In crder to create a laterzl flow

cf heat, there must te a finite temperature difference tetween

adJacent fuel rcds and across each fuel rod., 3Such temperature
ferences for driving the lateral heat flow are due %o the re-

gisTance Tc heat flow that will exist, ZEy assuming 2 constant

temperature acreoss a fuel assembly, and only 2 temperature difference

between assemblles, the Sandia theory artificially minimizes the

resistance for lateral heat dissipaticn and, thereby, over-predicts

(3]

such heat dissipatiocn. Accerding te a toundinz caleculation which
within
aceccunts fcr such temperacure “ifferences wism uel z3sembllies,

“he constant temperature assumpticn in the Sandiz theory could be

-

% & 1
spent fuel heatup

]

causing such .ross under-predictions ¢f th

¢



temperatures as tc make the numerical results in the Candia report
uselesz, This theoretical prcblem will te tieated in thils report,
It will be shown that 1t may not be possible to investlizate the si:c
¢f the error by rigorous calculations, because the mathematical
problem mayhgiicao intractabl.., The Sandia analysis dces include
some 2ssumptions which may introduce scme ccnservatism in the pre-
dictions--tendencies to cver-predict the heatuo temperatures--but
these may not be substantial, and may alsc te more than off-set

b7 the above-menticned source of error,

In addition, the 3andia theory suffers from & lack of essential
experimental verification, The Sandia Report dces compare the thecory
with some experimental results, tut the experiments tare little
resemiclance to the spent fuel he..'p 2ccident ccnditions, CThe
experiments ccnsisted of twe parallel heated plates at a constant,
uniform temperzture of 579C between which flowed air by natural
convecticn; whereas the spent fuel accident will involve 2ir tem-
ceratures which rise greatly as the air flows up through a fuel
aszgsembly--up to 300°C temperatures--aznd, consequently, large changes

n the physical properties cf the air (density, and viscesity) and

1n the 22> velocity, which affects fricticn. Moreover, spent fuel
neatup 2ccidents will involve intense thermal radlaticn heat trans-
=iszicn, whereas the experiment relled on by andla involved
essentially no thermal radiation heat transfer, IC is well estab-
11shed that theory--especially concerning the flow of flulds invelving

neat transfar--requires rigcrous experimental verificaticn using

o

exact exderimental mccicups ¢f the systems to which the theory will

[ <

ve applied, This lack of experimental verificaticn 1s dcubly



imporsant tecause the 3Sandia theory predicts little margin between
the predicted maximum temperature and She J00°C temperature 1imis

fer those spent fuel storage conditions which the report ccncludes
would not result in 2 severe heatup in the event of 2 lcss-cf-

water accident.

Finally, the Sandis repcrt analyzes the spent fuel heatup
potentials of loss-of-water accidents in independent, "away-from-
reactor, spent fuel storage poocls, which wculd contain cnly aged
spent fuel. The report concludes that the spent fuel heatup might
be limtted in these pocls, previded that the spent fuel 1s aged
for a2t least two to four years, dependins con storage rack design.
However, this conclusion is of lictle practical impertance, since

ractically all of the storage pcols are and will continue to be
reactor-ccnnected pools, which will ccntain new spent fuel 23 well

as aged spent fuel, and, therefore, will have severe heatup poten-

D]'

tizls., urthermcre, the Sandia report does not explore the full
accident possibilities cf indeprendent stcerage pcols, Specific:illy,
the repcrt considers an accident in which there was no ventilation

of the tuililding at all, A4 zirccnium fire was predicted €c cecur;
S

but the building room would beccme depleted of oxygen (consumed by

the fire) and the fire extinguished 1tself tefore the zirconiunm

weuld melt, The report faills %o treat 2 partially ventilated situaticn,
which wculd suppert a fire, lNoreover, the Sandla regort dces not
ccnsider the ccnsezuences of 4Lrying ¢o re-flocd the pool after the
stent fuel reaches and remains 2t 2 hizh temperature. Cpening th
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zirecnium-water reacticn and explcsion, which could conceivacly
rupture the building and trigger a massive {ire and radiocactivity
release, licrecver, there i1: the pecssillility that Sandla's analysis
grossly under-predicts the spent fuel heatup temperatures, as

tefcre discussed,

The preceding critique of the Sandia report zpplies to the
report's znalysis of spent fuel storage for "pressurized water
reacters” (PURs)., The spent fuel storage pcols for this class of

rezctors are located in an auxiliary buillding attached to the reactor

tuilding., TFor the class of reactors known as "beolling water reactors”

(%38 ), the spent fuel storage pool is located inside the reacter
tuilding, and almcst directly abcve the reactor, The preceding

criticue appl’es to Sandia's analysis of EWE spent fuel heatup
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ional ccomments are necessary:

The Sandia repert indicates that EWR storage has 2 much leas

t fuel heatup potential than FWR storzge in a less-of-water
accident, and that with simple modifications ‘no chimney feature),
the EWR spent fuel cculd te virtually prevented from seriously
overheating, Howerer, the Sandla repcrt neglects to analyze fthe
storazge rack desizn which 1s apparently beilng adorted
in fWRs, High density racks would mean greater 2ir flow restricticn

and, ccnsequently, sreater heatup ccotentials, Alsc, there is no

o

evidence that the storage modificaticns suzgested in the Sandla

47

report are beinz implimented; namely, removal cf the channel ducts

that ncemmally house a ZUWR fusl assernbly, and side hcles in the spent

-

fuel holders (discusased later in section )e Furthermore, the ZWZE
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spent storage situation resenta peculiar loss-cf-water accident

poscibilities that require separate analysis: EIeing inside the
reactor bduilding, a reactor ex,losion acecident could rupture the
3terage pool and cause rapid pool drainage, The heated steam air
mixture from the reactor explosion (reacter coolant flashed te
3team) would tend to promote spent fuel heatup as the steam-alir
mdxture circulates through the spent fuel, The steam would tend
to react with the zirccnium fuel rod cladding, 1f 1t is still pre-
sent in the reacter tullding in quantity when the spent fuel heats
2p tc reaction temperatures, Also, 1t is concelvatle that z perticn
of a melien reactor core expelled from the reactor by 2 reacter
explosicn and other debris of the explosicn could fall into the

spent fuel storage pcol, The fallen debris could restrict the

and result in greater heatup temperatures after the pcol drains

‘)n
[

than would ctherwise ceecur, In additicn there 1s a guestion as to

the physical conditicn cof the pocl after a severe reactor explosiocn,
Could the pcol not cnly be ruptured btut be sc damaged as to cause

the spent fuel to fal nto 2 pile with a configuration that ccald

23 3
not bte adequately cccled by natural zir ccnvection? I 1s emphaslzed

- b= v 3 { ) \
that in the ZWR? case 2 reactor explcsion acecldent would (presumably)
rupture the reector buillding and allow 2 direct path c¢f escape ol
rzdicactivity into the atmecsphere as well 23 supply zir tc sustain

a zirconium fire, Therefore, the sterage pocl accidents in nuclear
cawer nlants must be distinzuished between IW:E and EWR reacter
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In short, the Sand'a report needs to te crifically reviewed;
for 1t dces not establish the full, true potential of spent fuel

heatup during a loss-of-water accident, On the cther hard, “he

LR L

-

|

|
veport dces indicate that zirconium fires are possible and thus ’
shows the need for a full analysis c¢f the accident hazards of 3pent
fuel storage pools--cf the course cf an accident followinz the
initiaticn of a zirconium fire--tc determine the radloactivity

release potential,

2urpose and Plan of Present Report

“he purpcse of the remainder cf the present report i

=]
ot
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ritically review the Sandla Report in more detail;
(2) to prove the above assertiocns concerning theoreticzl short-
comings of the Sandia -'nalysis; and thus to show that the
numerical heatup predictions in the Sandia report are nos
reliatle and that a cocrrected mathematically theory may not

te practical;

(3) to examine the experimental basis given in the Sandia

report for Sandia's mathematical theory of sp nt fuel heatup and

to show that 1t i1s wholly inadequate and that, therefcre,
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Xxperimentally unconfirmed;
to demenstrate the possivility for nuclear explosions

occurring in a spent fuel pocl accldent due to plutenium

[

concentration during a pessible meltdown of spent fuel; an

L

2 - 5 t o %5 - 1 }
{5, %o show that 1t 1is not practiczl to scilentifically establiah

- e b o | ST R 4 3 -
the radicactivity release potential of lcss-of-water acecidents

in spent fuel stcrage vocls; cther than te assume 2 near-100%




release of strontium-50 and ceslum-137 and possitly other
radilocactive subsftances, tecause full-scale experiments c¢f
logs~-cf-wafter in a large-sczle storage pcol filled to capacity
with actual spent fuel would te needed--which 1s otviously
impractical., Alsc, there is no escape from the risk of spent
fuel storage pool accidents no matter how nuclear power is
managed, Even 1f spent fuel were remcved from the pocl after
a 8ix month cocling pericd, the quantity of storage at reactor
pocls would still be zreat in terms of radicactivity, inecluding
stroentium-S0 and cesium-l13T7--2lmest as much strontium-2C and
cesium-137 as in the reactor core, or more 8¢ for pools which
service two reactors, Iince the decay heat level of new spent

fuel is much zreater than aged o

e

ent fuel; the time reguired
ge pocol water to beil away in a lesg-¢of-cooling mal-
functicn 1s not significantly affected 1if aged spent fuel 1s

nct zllcwed to accumulate in the pocl, If spent fuel were

shipped to a chemlical reprccessing pocl for separation of
usable fuel and the radicactive waste, there would be created

the aceident hazards of the spent fuel storage pccls that
weuld exist at the reprccessing plant for receiving six-month
cid spent fuel transported from reacters, S3Such pecols would be
full of relatively new svent fuel, unlike reactor pools, whica
would contain mestly aged fuel when full to capacity; and s«
eprocessing plant receiving pocls would have much more severe

spent fuel heatup potentials, Therefore, it 1s necessary tc

evaluate the hazardas of srent fuel steraze pools and the

validity of the mathematical thecry of analysis which Sandla

is developinz, nc matter what plan cof nuclear waste dlspesal,
O
C{\” l];b



The ™emainder cf this report consists of the follewing chapters:

(1) A detailed descripticn of cpent fuel assemblies and their

storage pools:

(2) An intrcductory mathematical analysis cf spent fuel heatup
assuming natural 2ir convection only, tc demonstrzte the severe
affect imprerfect bullding ventilation has on She heatup of spent
Fuel, and t¢ show the necessity of accounting for lateral heat
transfer tc between fuel assemblies, in crder to then be uble t¢

show the shortcoming of the Sa=udia theory in this regard;

(3) A more detailed eritical review of the Sandia Report;

1

(4) A chapbter discussing the full course which a apent fuel

loss~of-water accident could take after a2 zirconium fire starts;

(&) A chapter demonstrating mathematically the land cont-—ination
pctentlial of a release of radicactivity;

() A chapter on information nee'3:

(-I'\ A

2 chapter cn nen-reactor sited poocls; and

(2) & coneluding chapter.
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2B Juantify Based on 25,00C iT7/MT burnup
curies/metric ton of uraniunm
el
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Plutonium 7. 7 Xg/MTt
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a3 NURSG-0L0L, p. G.11, and G-1&. There are xik& 2.45 NT

3

0f ura ium per fuel assembly and 2112 spent fuel assemblies tc
be stored in the 2ion Pool. Thus, the Zion pool will contain

£
0.3 x 10" curies of strentium.Gl:
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) e 5 “ 3.'\’\’- i
~Y L & v ~ ® v v iy ~
2112 x .35 x 5.4 x 1C % —- = 29.7 x 10° A%
€ 000 Ve 2 - et
bJ’\l\-\l

ar zbout 75 millien suries of 3r-9C, as thers will bYe a slight
decay (26 year half life) after 15 years buildup of spent fuel.

“he factor 3,000/25,000 yaz accounts for the higher fuel

Lurnup which is expected, The NUREG-0LSL figure of 6.4 x 10 zi/uTU
applies %to 25,000 WD/MTU whereas 22,0C0 VD/MTY bdburnup is
expected. (MWD/MTU means megzawatt-days per metric ton £ of
uranium),
; b  230C0 - £ ik
For Cs-137, 2112 % 4. x 2,2 x 10" x == - = 104 x 19" 24,

25000
T™ha*t is, the Zion pool will contain 104 million curies of
sesium=177.
The plutonium quantity would be:
1800
Rxx 2112 x 485 % 7.7 T’.g,’f-f'.".’ X é—z?-r-.-r s 2.7 x 107 8 X§&.
- v -
or 5.7 metric tons of piutoniun.



- 1VNI2H0 4004

Rasmussen Rerort's Implicit Stron%tium-GC xm Release

for a Spent Fual Storaze Pool Accident: 2000 curles.
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50.5 days, and 29 years, resrectively 4 o1
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The mass of fuel par assambly is .45 MTU (HURIG-0L04, p. G=5):
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ard one core contains 1393 fuel assamblies; hence 1/3 of a
core equals 85 assemblies. From these data one can calculate
lease fraction of alkaline sarths and ther. the rafX

- on « g 1
release quantity of strontium-%0., ''e can zompute the release

e

Rly 10%. Therefore, the asuned
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DIETZGEN GENERAL CONVERSION TABLES

Muitiply

acres
acres
acres
acres
acres
amperes
amperes
atmospheres
atmospheres
atmospheres
atmosphares
atmospnerss
atmospheres
Sritisn thermal units
British thermal units
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British thermal units
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“ubiC centimeters
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TubIC centimeters
cubic centimeters
culic centimetars
cubic feet
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c feet per minute
‘eet Der minute
feet per minute
'\""Qs

nenes

nches

ncres

nches

nches

(LW
‘o
U A

"
Q

J. per sq. 't. per min

« D v

Ot
w

w

ol

o

'S

VO
uu”i
-0
N W
~

~4

W WO OWw
O®OW
-0 W

b0 0O

FWwOOOO~Or

QOO0

o L
Nyl O
oo

LIRS 1

o L s U0 e
r W W
- " =
O 00

o

»

400
oW

OO~

;J“‘““wbuu,fw
wkwdwrn

o

PO Br e

O~

RGO s
SN

G A e G (0 (i 4o

OO w0

W

QCQOOOO

“ batiur
O tuee
KK om

to obtamnn

square ‘eet
sQuare meters
sauare mies
square varas
SqQuare yaras
abamperes
statamperes

cms. of mercury
nches of mercury
fa ™t of water

Kgs per sq meter

pOouNnds per sq. nch

tons per sq. ‘oot
Fiicgram-caicnes
foot - po. "ds
Rorse-gower -Noyurs
Ooules
Kilogram.-metaers
iowatt-nours
foot-poundas per sec
nOrse-power
Kilowatts
watls
~alts per sqa. nch
cubiC feet
CubC nches
CUbIC Meters
Pecxs
pints (dry)
quarts (ary)
nches
meters
mis
mullimeters
centimater-dynes
meter. wiograms
pound-feet
atmaspheres
‘eet Of water
“§S. per sq Meter
pounas per sa ‘oot
poundas per sa. in¢!
feet per minute
‘eet pe- secona
kilometers per Nour
meters per Tunyte
miles per Nayr
miies Der Mminute
TubIc ‘eet
cubiC nCnes
ubIC Mmeters
cudic yards
gallons
ters
puts (hQ.)
Juarts (hq
poundas Of water
suDIC cms
SUDIC INChes
cubic meters
TubIC varas
gatlons
ters
pints (ha
quarts (hq.)
ubC cms. per sec
Jallons per sec
ters per secong
0S. Of water ser min
SuUBIC centimeters
cuDC "ot
SuUDIC Meters
ubiC vardgs
gallons
iters

Mu

cubic inches
<uDiC 'nches
cubic yards

subiC yaras
cubic yards
cubic yards
cubic yaras
CubiC yards
cubic yaras
cubic yargs
-UDIC yards

Jynes
Jynes
jynes

-'25
ergs
ergs
ergs
args
args
args
‘eet
‘eet
‘eet
feet

Zallons per
gations

-

of water
f water

t of water

of water
2 mater
pounds
pounds
pcunds

t-pounas

poundgs
Qoungs

oounds

grains (troy)
grains (troy)
grains (tray)
srams
grams
drams
grams
q'r)lv\s
grams
grams
grams
ROrsa . oower

angle;

~in

per minute
ulbic yards per minute
tubic yards per m.nute
Jegrees
jegrees (angle)
jegrees (angle)

"in
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allal
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™n
sec
sec
sec
sec

ute
per Minute
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to obtar-

pints (hg.)

quarts (hq.)
cubic centimeters
cubic feet

cubic inches
cubic meters

gallons
itars

pints (kq.)
Juarts (hq.)

SubIC feet Der sec
gations per jecona
iters per second
munytes

ans
Se.ONdS
grams
2Qundals
pounas
Brtis!. thermal yumits
Jyne-centimaters
‘oot-poundags
aram-centimeters
oules
silogram-calones
wilogram-metars
centimeters
nches
meaters
Jaras
yards
atmaospheres
nches of mercury
K§S per sq. Meter
pounds per sg. ft
pounds per sq. ingch
Sntsh thermal units
ergs
Norse-power-hours
cules
KilOgram-caicrimg
wiogram-metars
xilowatt-nours
8 t. units per minute
foot-pounds per sec
norse-power
g -Caior:es per min
Kilowat's
8 t. units per m.nute
norse-power
“§:'Calores per mun
<iowarts
pounds of water
Lbic tentimeters
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cub ncres

DIt Metars

cubic yaras
ters
pints (ha

suarts (g
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DIETZGEN GENERAL CONVERSION TABLES

Muitiply by to obtamn Muitiply | oy

norse-power 33 000 foat-pounds per min miles per mour | 8093
norse-power 50 ‘oot-pounds per sec mile s per ncur J 3684
norse-gower 1014 nOrse-power (matric) Ties per naur 2% 82
norse-gower 10.70 kg calores per min miies Der Nour per sec 44 79
norse power | 0.7487 xilowatts miles per Nour Der sec | 487
nOrse - power 745 7 | watts M@ Der NOur Der sec 1.6093
nQorse-power (Hoider) 33 520 8. tu. per hour miles par Nour per sec 3 4470
norse-power (builer) 3 304 wlowatts months 30 42
NOrse- DOwer Nours 2547 British thermal units manths 730
nOrse-power-hours 1 98x10e ‘oot-pounds months 43 30,
nOrse-power-nours 2.584x10 otles months & 628x .0
nOrse-power.nours 641.7 wlogram-caiones unces 3

nOrse power-AGurs 2. 7371 xIIOgram. maters Junces 437 5
norse power nours J.74%7 Kilowatt-nours Junces 28.3%
ncres 2. 540 centimetars unces 265
ncnes 109 mis Junces per square nch ) 06298
nches * /aras pints (dry) 33 80
nches of mercuiy 2.03342 stmospneres sints (hg ) 28 87
nches of mercury 1.133 ‘ant of water pounds 444 823
nches of mercury 3453 K S per sg. meter pounds 7000
nches of mercury 70.7 pounds per sq nound 4536
nches of mercury 0.4912 pounds per sq. n pounas .5

ncres of water 3002458 atmaspheres pounds 32.17
nenes of water 0.073%8 nches of mercury counds af water 221602

ot water 25 40 kgs per 5q. Mete pounas of water 27 48

ncnes of water J.5781 | Qunces per sq n oounds of water 0.1.98
nches of water 5204 pounds per sq. ft pounds of water per min 266910
ncnes of water 2.03613 pounds per sq In pounds per zubic ‘oo J 01602
wilograms 380 565 dynes pounds cer cubic foot 16 02
wilograms 10 grams pounds oer cubic Yoot $.787x10+
Kilograms 70.93 | poundais pounds der cubic 'sot S 45610
wiggrams 2.2046 pounds pounds per square ‘oot 0 01602
wlograms 1.102x10" tons (short) counds per square ‘oot 4 382
silcgram-calores | 3968 dntisn thermal units pcunds per square ‘oot 5 344« .0
wiogram.calones 3086 foot-pounds pounds per sguare nch J 068Ca
xiOgram-calories 1.588x10 norse-power hours pounds per sauare ineh 2.307
«ilogram-calories 4183 oules pounds per square \nch 2036
wiogram-calones 426 6 | «uogram-meters Sounds per square nch | 703 |
kilogram-calores 1.162x101 xiiowatt-nours oouUNdS oer square nch aa

kg -calories per min 5143 foot-pounds per sec Juarts kP

g calcres per min 2.09381 norse-cower Juarts (dry) 67 20

«g. caleries per min 3.06972 kilowatts quar's (hiquid) $7 7%
xilomerters 10 centimeters rods 16 5
wlometers 3281 ‘aet square centimeters 1 973x.0¢
Kilometers e Teters square centimeters 1076210
igmaters J.621 mies quare centimaters 0.185%0
wilometers 1093 6 jards square centmaeters 10»
«iowarts 5692 8.t umits per min Square centimeters 00
“lowatrs 4 42%x0- foct-oounds per min square ‘ast 2.296x.0
kKiiowalts 7376 foot-pounds per sec square ‘eet 3290
wlowatts 1.341 norse-power scuare ‘eet (44
<ilowarts 14 34 g calores per min square ‘eet 2.09290
xilowatts 1O watts square ‘eet 33872100
Kiowztt-rours 3415 Sritisn thermai yunitg scuare ‘se 1296
ilowatt "ours 2.655x100 foot-pcunds square ‘agt 1/9
wiowatt-hours 1.34] norse-power-nours square nches 1273x10
«lowatt.nours 3 Ex1Qe oules sQuare rcnes 6.4%2
xilowatt-nours 860 5 «ilogram-caiones square nches 6 344rx .0
wlowatt-nours 3671x100 “iogram-maeters square nchas 10

cg'e 2.303 e ¥ Or 'n N square incras 548

og* NV orin N J 4343 s Y square miles 540
meters 100 centimaeters square mies 27 88x10e
~aters 32808 ‘eet square missg 2.590
meters 3937 nches square mucs 3613040 45
metere 10 «nometers square mies 3 098x Qs
meters 1O milimaeters square yards 2.066x.0+
neters 1.0938 yaras square yards K

iles 1. 809x |0 centimeters square jards 0.8361
mies 5280 ‘aer square yards 3228210
miles 1.6093 «iometers square cards 1. 1664
mies 1760 jaras ‘amp. (degs. C.)~17 8 1.8

ey 1900 8 jaras temp (degs F ) -32 £9

niles oer naur 4470 centimeters per sec tons (leng) 2240
miles cer hour 38 ‘eet per minute tons (snort) 2000
miles per "our 1 467 ‘et per second vards Il4as

to obtain

wiomaeters per "Nour
xnots

meters per Minute

IS Dersec persec
ft per sec per sec
KMSs. per Nr per sec
M per sec. per se«
Jays

nours

minutes

seconds

irams

;'alns

grams

pounds

oounds per 3q. nch
TubIC Inches

tubic inches

dyres

gallens

1ubic et per sec ’*,2

grams per cubic cm

«gs percubic meter 4 H
sounds per cubic in. § M‘
oounds per mul foot N b
feet of water

ks Der sq. melter

gounds per sq. ‘nch
atmaspheres

‘eet of water

ncres of mercury

“gS. per sq. mMeter

20unds per s3. foot

luid ounces

sudic inches

Tubic inches

feet

LIrcylar mils

square ‘eet

square nches

s3uare meters

square milimetars ‘a
acras
TQuare centimaters (::‘

J

square ncres ey
square meters T —
square mies
sQuare varas e
yaras | S—
aal s [ < v
centimaters
‘met -
quare mis -
e Milimeters = .
=
s ‘oot o aw
square wiomaeter "
square -;'335. ’ B
square yards |

square ‘eet

quare Teters d"\
sauare mies LI

sQuare varas Sy .
‘emp. (degs. Fanr ) - ¥
'lemp. (Jegs. Cent - .
sounds \' =
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Multiply | by to obtamn Multiply by fo obtain
acres 43 560 square faet 1ubic inches 2.03463 pints (49.)
acres 047 square meters ubiC inches 201732 quarte (hq.)
acres 1.562x103 square miles subic yards 7646x10' | cubic centimeters
acres | 3645 38 square varas 1uDIC yards 27 cubic feet
acres | 4840 square yards cubic yards | 46,656 cubic inches
amperes | 1/1 | abamperss subic yards 2.7646 cubic meters
amperes { 3x10° | statamperes cubic yards 202.0 gallons
atmosphares | 760 | cms. cf mercury cubic yards 764 8 | lters
atmospheres 29 32 ncnes of mercury cuDIC yards 1618 | onts (liq.)
atmospheres 3330 feat of water -ubIC yards 307 9 | guarts (lq.)
atmospheres | 10,333 |  wgs. per sq. meter subIC yards per vinute J.45 | cubic feet per sec
atmospheres 1470 | pounds per sa inch cubic yards cer minyie 3367 galions par secona
atmospheres | 1.058 ons per sq foat cubic yards per minute 12.74 iters per second
8ntisn thermai umits | 0.2520 wilogram-calories degrees (ang'e) 50 minutes
Sritisn thermal 1inits 7778 | foor-oounas Jegrees (angle) J 01748 | ragans
British thermal units | 3.927x10+ norse-power-Nours jegrees (angle) 3600 | seconds
Sritish tharmal umits 1054 cules aynes 1.020x107 grams
8ritish thermal units | 107 | wilogram-meters dynes 7233x10+* | poundals
British thermai units | 2.928x10+¢ | wiowatt-nours 1ynes 2.248x10+ | pounds
8 tu. per min 1296 foot-pouncs per sec args 3 486x10 Sritsn thermai units
Bty per mn 202356 NOrse-cower args ! Jyne.cantimaters
8ty per min ).017%7 wiowatrs ergs 7.376x10Q4 foot-pounds
3 1.y per min 1787 watts args 1. 020x10 gram.centimeters
8 L.u. per sq. ft. Der min 2.1220 watts per sq. nen args 07 Quies
Susheis | 244 cubic feet args 2.390x10 xilogram-calories
Dushels 2150 cubis inches 220x10+¢ Kilogram-meters
busheis J.03524 | cubic meters 30 48 centimeters
bushels 4 pecks 12 nches
Dushels 54 pints (dry) 2.3C48 meters
pushels 32 quarts (dry) 36 | varas
centimaters | 0.3937 nches 1/3 jards
~ant meters | 201 | meters 0.029%0 atmospnaeres
~antimetars 3937 mikg 2 3826 nches of mercury
centimeters 10 | milimeters . 3C4 8 | %gs. per sq. meter
~antimeter grams 380 7 | centimeter.gynes ot water £2 43 pounds per sg. ft
centimeter-grams 10 meter kilograms feat of water J 4338 pounds per sq. nch
nhimeter-grams | 7.233x10* | pound-feet faot-pounds 1 286x10* | Brtish thermal units
Atimeters of mercury 001316 atmospnerss cot-pounds 1.356x 107 ergs
ntimeters of mercury Q0.4461 | feet of water ‘oct-pounds 5080210’ nOrse-gower-nours
centimeters of mercury 1360 | ®gs. per sq. meter foot-pounds 1 356 oules
centimeters of mercury | 2785 pounds per sa ‘oot foot-pounds 3.241x]10+ wlogram-caicres
ntireters of mercury | 0. 1934 pounds per sq. nc' foot-pounds 2.1383 | wiogram-meters
sentimeters per second 1 969 feet per minute toct-pounds 3 766x107 | wilowatt-hours
arlimeters Der secaond 0.03281 feet per secona toot-pounrds per min 1 286x109 Bt units per minute
entimeters per second 2.036 kiiometers pear nour ‘s0t-pounds per ™Min D 01667 foot-pounds per sec
sentimaters Der second 2.5 meters per Minute foct-pounds per min 3.030x10Q! norse.power
-entimetars per sacond 3.02237 mies per Nour fsot-pounds per min 3.241x10+ kg -calornes cer min
centimeters per second 3 728x10+ Tiles pcer minute foct-pounas per min 2.260%x10 wilowatts
TuDIC centimeters 3.531x10 cubie feet pounds Der sec 7. 717xi0 8t units per minute
~uDIC centimeters 6..102x10 subIC NChes foot-pounds per sec 318x1¢Q Torte.cower
cubic centimeters 10 cubsc maters ‘oct-pounds per sec L 3485« 10 “g-calores ser ~un
suDIC cantimeters 1 308x10¢ cubic yards foot-pounds per sec 1.356x 102 Kilowars
cubic centimeters 2.542x10 Zailons Zallons pounds of water
subic centimeters 10 ters gallons ~LUDIC centimeters
subic centimeters 2 113xl0 pirts (liq.) 2ailons 3?7 uDic feet
-ubIC centimeters 1 057x10 auarts (hq.) gallons 23 cubic inches —
subic feet 52 43 pounds of water gallons x102 ¢
cuic ‘eet 2.832x10¢ cubic cms Zailons x10
cubic ‘eet 1728 subic inches gailons g
cubic ‘eet 0.02832 tubic Mmaters sallons <
cubic feet 0.03704 tubic yards galions
upic feet ;481 §ations cubic ft. per secand
cubic feet 28.32 iters ters ner secona O
cubic feet 33 84 oints (ha.) grains (troy i Zraing (av
cubic feet 29.92 Juarts (hqg.) grains (troy) 3 grams ~ )
cubic feet par minute 4;20 cUDIC TMS. Der jec 2rains itroy) 7 Sennyweights (troy % -
cubIC feet per minute J.1247 iatlons per sec irams - Tynes ' ¥
cubic ‘eet per minute 2.4720 iters per second grams grains (troy) ——
cubic feet Der minute 62.4 bs. of water per min irams <iicgrams -
subic ncnes 16.39 tubic centimeters grams i - €
suBie AChes 8. 787x10 cubic ‘eet irams ).03%27 U ”
subic inches 1 83910 ZuDIC Meters irams 9 3 .
uBIC INCches 2.143x10+ ZuBIC yaras irams ) 3 =
subIC (Pcnes 4.329x10 gaillons grams 2.2 10 B¢
subiC NChes 1. 839101 ters NOrte-oower ed. 4 S
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Multiply by to obtain Multiply by | to obtain

norse-oower 33.000 ‘oot pounds per min miles per Nour . 6093 | wiometers per hour
norse-oower $50 foot-pounds per sec Tiles per Nour D 3684 ancts
IF3e-Dower 1014 harse power metrc) mies per nayr 2682 Teters per Minute
"OrSe-oower ! 10.70 g calores per Tun THIeS Der "our Der sec 44 79 SMS Dersec. pDersec
norse-pows - | 0.7457 wiowarts TI8S DEr MOur Der sec 67 't per sec. per sec
nGrse-power 748 7 walts miies Der Noyur per sec | 6093 | wMms Der "r per sec
norse power (boiler) 33.520 8.t u. per hoyr ) 4470 M per sec. per sec
norse - power (Doiler) 3 804 kilowatts - Jays
norse - Oower-nours 2547 British thermai ynits “ours
norse-gower-nours 198210 foor-pounds minytes
NOrse power-nours 2. 584x [0 Qules ' { secondgs
TOrSe-QOwer Nours 641.7 wlogram-calones rams
'Orse-power-nours 2.737x10: “LOgram meters grans
nOTIe-pOwer-nours 07487 wicwatt nours grams
enes 2.540 cantimeters seundas
nches o? aalll ] pounds ger sg inch
nches 23 aras TuDIC Nches
nes of mercury 003342 Atmospneres D¢ Nches
nches of mercury 1.133 faet of water
ncnes of mercury 3453 «gS. 06r 3q meter
ry 70.73 gounds per sq 't
ry J 4912 pounds per sq. N
) 002458 atmospreres
2.0735%5% nches of mercury pounas of ~ater 0 01602
2% 40 %3S Der 33 mater oounds of water 27 68
0.5781 Junces per sqg. pounds 3f water 2.1198
$ 204 Pounds per sq 't pounds 2f water cer ™in 2. 869x.C
03613 pounds per sq In poungds cer cubic 100 )L 6C
980 565 Jynes pounas per cubic ! l |
x 109 grams s sDic 2 §
h wiograms 70.93 coundals cude § 456210
xiiograms 2.2048 gounds ) square ‘oot 001602
niQgrams 1.102x103 ‘ons (snort) o square ‘ogt 4 382
wiogram-caiones 3 968 Brtish thermat ynits S iquare ‘cot 6 344x«10
Kilggram-caiories IC86 ‘oot poundas [ cer sguare inch > 06804 AtMaospheres
wlogram.caiores 1952210 nOrse-gower mours oCuNas oer square n 307 set 3t water
wicgram.calores 4183 oules counds per square n 2336 nches ot mercury
wilogram-caiores 426 6 wiogram-maeters SOuUNds Der square nch 703 1 €S per sa meter
wiogram-calores 1.162x10» ilowatt-noyrs PouUNas per square inch 44 ounds per sq foot
“g calones per mn 51.43 ‘oot-poundgs per sec juarts 32 fuig ou 5
g calores per Twn 209381 norse power Iuarts (dry 67 20 sLBie AChes
% Ccalories cer Tun 206972 lowatts Fuarts (liquid) $7.7% .14 'v:“e‘s
wiometirs 109 centimetars *ods 168 ‘mat
wilometers 3281 ‘mat quare centimeters | 973 1O sreular mils
xilometers O netars square centimaters | 0762109 square ‘set
Kiiometars 06214 Tiles Square centimeters 2.15%0 square nches
wilomerars 1093 6 jaras sSquare centimaters . Quare merers
wiiowatts 56,32 8.t units per min sauare centimeters SQuUAre Milimeters
winwat!s 4 425x10¢ ‘oct-oounds per min sa 2 101 acres
Wiiowatts 737.6 ‘act-oounds cer sec 5q I J square cantimeters
wilowatts 1. 341 norse-power sa ! square Acres
owatts 14 34 kg calcres per mun sa J 29290 square meters
wlowatts 107 w~atlls sa 3887x10 sauare mies
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1. INTRODUCTORY CONTENTION: THE LOSS-OF-WATER ACCIDENT

The utility operating the Salem Nuclear Puwer Sta- |
tion at Salem, New Jerseoy--Public Service Flectric and
Cas Company--(PSE&C)--is requesting a license trom the
United States Nuclear Regulatory Commission to store indefi-
nitely up to 1170 highly radicactive, spent nuclear fuel
rod assemblies in each of two spent fuel stcrage pools
lccated at the reactor site. The Station consists of cone
operating nuclear pewer reactor and one under construction.
Each spent fuel pool is housed in a scparate fuel handling
cuilding which i{s located next tu its respective reactor
containment building. Originally, it was intended only
to have in storage about 64 spent fuel asscmbiies at any
one time in each pool, as the plan was to ship spent fuel
away from the site for disposal arter a brief, 150 day

. .

cooling-off period that allows Lhe radiocactivity and associ-

¥
’
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ated heat in the spent fuel to decay substantially. Now,
however, PSELC proposes to increcase the storage capacity
of each storage pool, by replacing the original design

of the storage racks with a rack design which allows the
spent fuel assemblies to be packed in the poal at a high

density (compaction). The proposcd increasc in stirage

capacity would increase the amount of long-lived radio-

detivily £Oo Dbe stored in the Jocvl eighteen-{old. Approval
o incroase Che storage capacity i{s requested by PSE&LG

500 106
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because there presently exists no nuclear wastle disposal

system for disposing of the spent fuel.

With respect to the hazards of the propeosed spent FLd
fuel storage increase, it [s contended that:

(a) The proposcd design changes to .he spent fuel
storage pcols w~uld greatly increase the nuclear accident
hazards cf the em Station with respect to the health
and safety of the public.

{b) The proposed design changes would creatz many
severe accident possibilities which would have the poten-

tial for extremely disastrous conscquences. Such accidents

*»

would involve the loss-cf-pool-wacer, hersafter denominated

L3

the loss-of-water acciden%.
(e} Both the PSE&G's Safety Analysis Report and
the Nuclear Regulatory Commission's Safety Fvaluation
Report for thu proposed design changes fail to analvze
the loss-of-water accident.
(d) The potential consequences of loss-of-water

accidents are so serious that the urili {PSE&C) and

0T
-

the Nuclear Regulatory Commission's staff must analyze
them, and the Atemic Safety and Licensing Board (AS&LB)

and the Commission itself must investigate and rcnside

i |

them for beth their likelihood and peotential harmful conse-
quences, in order to enable the Nuclear Regulatory Commis-

sion, that is, the Commission, itself, to responsi

3
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form an cpinion as to whcther the proposaed spent fuel

storage would be "inimical to the health and safery of
the publig" (referring to Section 103 of the Atomic Energy
Act) and to responsibly inform the public of the fyll

risks to health and safety.

te) The lika.:hood of a loss-of-water accident FzJ,

cccurring is not remcce or extvemely low; but rather,
the probability of occurrence. is indeterminable. Mora

specifically, it cannot be proeven mathematically or statis-

tically that tne pro;ggiljgx_gf.sqgh an accidant occurring
e [ife tl._ggg__ﬁ/ou{ or i\_f_on)
in the time period of*a decade a» . Is less than 1007

or significantly less thar 100%. There exists an indeterrin-

able but extremely large number of possibilities for poten-
tially or cinceivably causing a ioss-of-wator accident

in a storage pool. Furthermeore, mony incidents associated
with nuclear pewer reactors of near-accidents, equipmet
malfunction aciidents, and human error have occeurred,

These facts indicate that the probabiliiy of a loss-of--
water accident is high, not low. Because of these facts,
plus the fact that the probabilicy of a loss-of-water

accident is indeterminable and the fact

ry
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petential for harmful conscquences of such an

the proposed storage facility unsafa,

v

(f) The Nuclear Regulatory Commission' current

practice of evaluating the risks of the worst or severe




nuclear accident possiblilities by ccnsid

2

ring only the
likelihood of such accidents, and not evaiuating and consid-
ering the potential harmful conscquences, is not consistent
with the well-established method of assessing accident
risks, which is to consider beth the likelihood and the

consequences of accidents.
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2. PHYSICAL CONSCQUENCES OF A 1.OSS-OF-WATER ACCIDENT £ 41
(a) The radicactivity in spent fuel generates

heat which must be dissipated in order to prevent the

spent fuel assemblies from overheating. Far this reason

and for radiation shielding purposes, the spent fuel assem-
blies are stored under water. The pool water scrves to
remove the heat of the radinactivity. The pool water in
turn is cooied by water circulating cooling systems to

1

prevent the pool from overheating and boiling dry. In

< S

a loss-of-water accident the spent fuel assemblies will
heat up to a high temperature, because natural air convec-

tion and thermal radiation heat dissipat:nn processes

are insullicient to cool the spent fuel. The [ull potencial
|
£or spent fuel heatup has yet to he predicted by a thermal
v - P \
1 ! |
] ] . “ M ,J'}
hvdraulics analysis. HUU |

(b} CUpper bound calculations exist which indicate
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rhat the potential may exist for the uraniumAcxide in

the spent fuel to heat up beyond its melting temperature
of about 2800°C, even {f all of the spent ‘uel were stored
for ten years.

(¢) Calculattonfexis:@ which tend to set a mathe-

matical lower bound of the spent fuel heatup potential;
and these culculacions indicate that as a minimum the
zirconium (ziﬂialoy) fuel rod cladding moterial will heas
up to 900°C and catch on fire for spent fuel that has
decayeu (aged) for three years. These calculations were
performed by Sandia Laboratory and are presented in a
report titled "Spent Fuel Heatup Following Loss of Water
During Storage' (SAND77-1371, Sept. 1978, draft), by A.
S. Benjamin, et al.; herea.ter called the Sandin Report.
The Sandia Report does rat calculate the fuel temperature
rise beyond the point when the temperature is calculated
to reach the zirconium fire ignition temperature, and
subsequent zirconium clad melting (1857%).

(d)l A zirconium firc would gencrite suhstantial 1K}

acdditional heat with the potential for melting away the

-

cladding of the ful! rod and alsoc meiting the uranius

)
b

ide fucl or raising the fuel to its melting temperature

2850°C (about).

L 0

o
{e) A 2irconium fire which starts in relactively
new spent fuel (say, three vear sctorage or less), which

would include 16% of the total planned srorage or less,

could zonceivably spread te old spent fued od thusyengulf

JuU R
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the whole load cf spent fuel in the penl.
(£) Severe zirconium cxplosions are conceivaole,

. cor'f - 4 &
due to zirconium-water reactions .t cowyww/lrcs Lol

270 rCi i At PRartila s,

{g) Hydrogen explosicns are ccuceivable due to
the hydrogen released in a zirconium-water rcaction and /7S
reac”ing with air.

(h} Since zirconium fue! clad melting is possible,
it is conceivable that the air fiow passages inside the
spent fuel rod assemblies could become plugged due to £# -

2ireoviow dioxsde re=rfieie prec/utt ond due Yo

molten 2irconium running down toward cooler porticns of

the spent fuel and freezing there. Plugged air flow pas-
sages would greatly worsen the spent fuel heatup. Also,
explosive zirconium-water reactions and hydrogen explos-
ions could conceivably damage ad jacent spent fuel sc as

to constrict air flows and thus worscen the spent fuel

heatup in these assemblies as well.

(£) Stroncium-90, Cesium=-137 and Piutonium are FZA
the deminant radioactive substances in spent fuel from
a public health risk standpoint. It is conceivable--meaning
that {t has not been ruled out scientificallv--that a
near 100% relecase of Strontium=90 and Cesium=137 radio-
activity from the spent fuel into the atmosphere would

cecur in a spent fuel heatup excursion in a loss-cf-water

()

ccident. For such a near-100% relecase to ocecur, the spent

fuel need not necessarily reach melting temperature, but

———
—
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need only attain a level of only about 1900°C and maintain
that rtemperature for a day or sn. The Stroancium=9%0 and
Cesium=-137 could then diffuse out of solid U0, fuel at
such temperatures. This assumes tuat the fusl rods have
lost their zirconium cladding upon meltdown of the zircone
ium but that the rods would maintain their red shape be-
cause the UO2 fuel pellets inside tne fuel rods would

have sintered togecvher during reactor operation to form

a leng U0, red capable of mairtaining its shape. If the
UD, rods should crumble, air cooling would he further
impeded and lead to higher UOl temperatures and conse=-
quently a greater therma! potential for stroncium and

cesium diffusion out of the U0, fuel.

~d
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(j)» Caleulations exist which indicate that the Fili
air inside spent fucl storage building would heat up and
pressuri.o due to the heat of the spenc fuel (the building

would become l..e an oven). The air pressurization would

(9]

burst open the building and chus allow the -adiocactive

vaper and smoke Co escape into the atmosphe . If tha

building vents were cpened, the radiocactive vapor and

smcke ~ould conceivably escape through these vents. Zircon.-

ium and hydrogen explosions could conceivably rupture

the building as well, to allow tt- @scape of radiocactivity.
(k) Ne exp.rimental data <& theorctical analyses

exist on which to establish the potential for reloagse




sions, and 2irconium explosicns are conceivable mechanisms
which could pulverize large quantities of spent fuel bear-
ing plutonium and bluow it into the outside environment,

where the plutonium would then spread through the environ-

menet .

(1) Calculations exist which indicate that the FIA

Salem spent fuel storage building could not be modified

te eliminate the possibility of a zirconium fire occurring
in a loss-of-water accident. The Sandia Keport suggests
the possibility of modifying the vuilding to provide for
an open chimney effect: a large hole in the ceiling and

a large hole at the floor level of the building side wall,
to allow perfect room air ventilation during a loss-cof-
water accident to expel the hecated air exiting from the
spent fuel assemblies. The hoics or openings would be
normally closed by large decers, which would be opened

in a loss-oi-water emcrgency to create the chimney effect.

)
—
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Sdyeh a chimney effect by expelling h ed air, would tend
to limic the spent fuel heatup cemperatures, according

to Sandia's analysis, but would not eliminate the possi-
WY s £

Pility of a 2irconium fire. Since such a chimney feature

would net eliminate the possibility of » zirconium fire,

O

a chimney could conceivably not have any mitigating effect

t_\"‘!
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at all; for the building openings would provide unlinited

air (oxygen) to promote the spreading of the fire and
would provide ready access of radiocactive vapors and smoke
te the outside atmosphere. Nor would the activation of

the chimney (automatic or manual opening of its doors)

be reliable in the case of a sovere reactor accideut which

causes a spent fuel loss-of-water. A severe reactor acci-
dent can potentially cause such a high level of radiation
in and around the site that the whole site operating crew
could flee in panic, leaving the spent fuel pool and relat-
ed safety and cooling systems unattended. Under such a
panic situation, it would not be expected that the chimnev

doors, if incorporated into the building, would be opened.

(m) A reduction in the number of spent fuel assem- 2
blies stored in the pool could not eliminate the possi-
bility of a zirconium fire occurring in a loss-of-water
accident, nor preclude the possibility of a loss-of-water
accident.

(n) Emergency efforts to cool the spent fuel follow-
ing a loss of pool water could conceivably worsen the
accident or otherwise have no mitigating cifect. Spraying
the overheated spent fuel with water f{which would have

to be dore remotely, due to the heavy radiation eman

o |
&)
1
r
o
I 8

from the spent fuel) would causc zirconium-water reactien

that could promote the ignition or spreading of a zirzeniunm
o >

—
N
e



fire, or cause explosions. Morcover, the heatup of the

spent fuel could conceivably cause the horal nautron absorb-
ing material to meltdown, leaving a region «f spent fuel
without enough neutron absorption to prevent a criticality
should the pool be reflooded. Furthermore, the heat of

the spent fuel in a loss-of-water accident fand possible
explosions) could conceivably damage the spent fuel to

such a degree that the pool would continuously leak heavi-
ly, should the pool be reflooded, which would result in

a heavy seepage of radioactivity into the ground and nearby

waters,

(0) In order to evaluate the potential for radic- ©£20

activity release in a spent fuel pool loss-of-water acei-

» 4
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dent, a thermal analysis must be pcr{er@od, of course.
The only mathematical Lheory, whicn gxiéts.in a form for
Fpe Sides tfol's Dutonyl _J,‘"-‘."v',’)

ready use is the SFUEL computer code of the Sandia Labora-
tory, which is described in the above-mern  ioned Sandia
Report. The Sandia Report analyzes the loss-of-water acci-
dent for a spent fucl storage pool which is close to the
Salem design. However, the Sandis Report is not sufficient
for evaluating the spent fuel hcatup potential for Salem
(nor any other spent fuecl storage pool); and, furthermeore,
the SFUEL computer code is not sufficiently developed

and verified to provide reliable heatup temperature predic-

tion with reasonable accuracy. To elaborate:




(1) The Sandia Report does not investigace

the spent fuel temperature excursion bevond

the ignition of the zirconium or zirconium

melting.

(2) The Sandia Report does not analyze the
cese

high-density storage rack design for the eaee
y s

of imperfecct building ventilation, which is

the case for all pressurized water reactor

(PWR) storage pools, including_éalem.

(3) Sandia's mathematical theory (SFUEL) Fldt‘%
contains serious tieoretical deficiencies
which, based on independent scocping calcula-

tions, may be causing the code to be drastically

tures. Foremest arc the assumpZions in the

tures of the

&}

underpredicting spent fuel heatup tempera-

SFUEL theory that the temper
fuel rods in a given spent fuel rod assembly

and at a given elcvation are .. same (unlforn
temperature distributicn horizontally), and

that the temperaturc distribution inside a
fuel rod at any giver. elevation is alco uni=-
form.

(4) Sandia's mathematical theory is net ade-
quately described in the Sandia Repord?fand

requires a systematic checking

—
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code the=pridy, and calcuiationally. |

(5) A reliable machcwmatical theory of spent
fuel heatup may not be practical, due to compu-
ter limitations.

(6) Sandia's SFUEL theory has not been experi-
mentally verified, contrary to the claim made
in the Sandia Report that adequate experimen-
tal data exists to validate the SFUEL theory.
There experiment relied on in the Sandia Report
consisted of two heated plates held at a low,
constant and uniform temperature cooled by
natural air convection; whereas the situation
in a spent fuel heatup accident is one of

a highly variable temperature distribution

and extreme air temperatures in a rod bundle

configuaration. Morcover, thormal radiaticn
o ]

heat transfer aided by thermal heat conduction,
appear to be a crucial heat transfer pror-sses
in a spent i 21 heatup, which were tot.

absent in the two-heated-placs experiment

cited in the Sandia Report. To adequately
account for thermal radiation interchango
among, and heat dissipation from, spent fuel
rods in a storage pocol under a loss-of-water

ccident, it would be necessarv to conduct

e ¥
-
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an experiment which includes a large scale

loading of simulated spent fuel (electrically
heated) or actual spent fuel. Because the
2lectrical resistance of electrical heater

£i aments is dependent on temperature, an
adequate simulatién of spent fuel heatup may

10t be possible with electrically heated reds;
in which case it may not be pussible to experi-
mentally verify a mathematical theory cf spent
fuel heatup, because it would not be practical
or safe to conduct such tests with spent nuclear

fuel rods.

{7) In short, the Sandia Report must be criti-
cally evaluated.
(p} It would not be practical or safe to experimen-
tally investigate the radiocactivity release potential
of a loss-of-water accident; particularly in the event
of a zirconium fire, zirconium melting, explosion, or

other scvere process which causes significant changes

e

in the fuel's physical condition, because the fuel tempera-
fure excursion and the interrelated radicactivitv release
would both depend on the physical condition of the fuel

and on the size of the spent fuel mass undergoin

U3
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of-water accident. Moreover, the behavior of the spent

fuel may be a function of the prior aging of spent fuel



in water and the physical history of the spent fuel when
it was in the reactor, such as whether the fuel had under-
gone overheating in the reactor in an accident.

(q) It is not possible to accurately predict the
course of a loss-of-water accidant once the zirconium
cladding becomes ignited. Instead, cnly mathematical upper
bound estimates of the radicactivity relcase potential
could be developed, which presently do not exist. A near--

100% release of radiocactive strontium and cesium is plausi-

7 W 4 s ! '.-\ Vol
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(r) The Salem Safety Analysis for the proposed F1P

spent fuel storage supplies inadequate information on
which to perform heatup calculations; for example, the
pool and building dimensions are not given.

3. POTENTIAL HARMFUL CONSEQUENCES OF THE RADIQACTIVITY

RELEASE FROM A LOSS-OF-WATER ACCIDENT

(a) Each spent fuel stcorage pool at Salem would
contain at capacity forty-five million curies of Strontium--

90 radiocactivity and about the same amount of curies of

(9
[

sium-137. For comparison the

Commission's report Thcoretical

guences Pf Major Accidents In Large” Nuclear Power Plants

(WASH-740, March, 1957) ca.:. 1tes that the release of

L
-
>
P

0.15 millicn curies of Strontium=30 (15

.

cause agricultural restrictions aver a land area equa

he size of the puwer react 3
€ is not "large'" ccmpared orese
fically, WASH-740 assumes a 300 me
») reactor wnereas each Salem reac
pwer outputof about 3300 M Wt.
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to 130,000 square miles, which is the size of New Jersey,

New York, Connecticut. Massachusetts, Rhode Island, Ver-
mont, New Hampshire, Maine, and half of Pennsvlvania,
combined. A loss-of-water accident in one Salem spent
fuel storage pool could conceivably release nearly all

of the forty-five million curies of Strontium-90, or three

—

hundred times the WASH-740 assumed relecase quantity of
V

Strontium-90.
P e

>
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{:x/\‘ﬁisumxng that land which is contaminated more than fifty F1

times the WASH-740 contamination limit for Stroncium-%0
would be ruined agriculturally, which is & prudent assump-

tion and one which is consistent with the vieg~ taken in

Strontium-90 land contamination at tcn times the Repcrt's
contamination limit weuld require prohibiting dairying

for a very long timc)) 4f:cnn be calculated that a spent
fuel pool loss-of-water accident which releases forty-five
million curies of Strontium-90 (which cannot now be shown
to be impossible) could resuit in ruining agriculturally

a land area of the size of about ocie-third of the land
East of the Mississippi River, or certainly the entire

castern seaborad of the United States and Canada, for

a hundred years or more.




(b} The release of Cesium=137 radioactivity from
the storage pocl into the atmosphere could result in high
levels of gamma radiation (intense i}ay—lxke radiation)
emanating from the ground over an area equal to 130,000
square miles. The gamma radiation exposure to persons
standing on the ground could potentially occur at a rate
which exceeds by a factor of thirty-eight or more the
healrh limit recommended by the United States Environmental
Protection Agency of 25 millirems per year for total radia-

tion exposure from emission of radiocactivity due to nuclear

power.

L ——

{c) No reliable estimatos exist of the potential F-1¢

cancer and genetic harm that could result from a near
full release of Strontium=90 and Cesium-137 (and other
volatile radiocactive materials’ in a spent fuel loss-of-
water accident. Such estimates are necessary and should
be developed, in order that the spent fuel accident hazards
can be fully evaluated.

(d) The contamination levels indicated in (a)
and (b) above apply to the boundary of the fallout land

drea zones rthat are quantified in those sections. In the

| S T |
onl Cl2Sor $a e Bipie-

interior of the zones , the cortamination levels would
be much worse.

{e/ One spent fuel pool at Salem would contain

the equivalent of thirty-nine tons of Plutonium=239 alpha-

| I)
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radioactivity. If dispersed uniformly, this amount of

plutonium would have the potential for causing abandonment
£ about five million square miles of land, which is 1.5
times the total United States land area, including Alaska.

No analysis exists which proves that an area cf the size

of N7w Jersey, say, would not require permanent abandonment

due to a plutonium release in the event of a loss-of-water

- — - - —— - -

{€) 1t is possible that a reactor accident at F1R
the Salem Station could induce loss-of-water accidents
in both spent fuel storage pocls, which would then double
the above estimates of potent.al harmful ccnsequences.

(g) ‘ven if the spant fuel pool held a minimum
of spent fuel--sixty-five fucl asscmblies, or one-thir
of a core, as was the original intent-=the potentlal consc-
quences of a loss-of-water accident would still be extreme:
for example, a land area of the size of Ohic, or five
times the siz~ of New Jersey, could be ruined agriculturally
for a hundred years or more, duc to Strontium-90 release
alone.

POSSIBLE LOSS -OF-WATER ACCIDENTS: SPECIFIC POS-

‘\

SIBILITIES
A loss-of-water accident is pessible, which can
happen if the pool water cooling system should break down.

—

A boil-cff of o

8
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he p

water (s possible in such an event,
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which would take about four days to two wecks, based on

the figure for the "maximum evaporation rate'" (56 gallons
per minute) given in the Nuclear Regulatory Commissicn's
Safety Evaluation Report (p. 2-5). The most likely cause

of a breakdown in the pool water cooling system is a severe

reactor accident (see contention No. 7 ere

reactor accident could result in such heavy radiation
levels at the reactor site that the storage pools would

be abgndoned. In that event the cooling system would have
to be assumed to oreakdown; and there would be no adequate
assurance that makeup water could be supplied to the pocl.
Such a reactor accident must be assumed to be nighly likely
Co occur (see contention No. 7).

There are other possibilitics for desing a loss-of--
pool-water accidert through a breakdown in the pool water
cooling system which must be given seriocus consideration.
One such possibility is for the recactor plant to have
to be permanently closed down due to a reactor accident,
leaving only a very small crow to perpetually watch over
the storage pool and maintain perpetual cooling. In this
situacion, a cooling breakdown could eccur through negli-
gence and not be corrected. Sabotage and acts of war are

other possibilicies.

5. cONCEIVABLE POSSIBILITIES FOR LOSS-OF-WATER ACCIDENTS

o o

53]

There are a number of conceivable pessibilities F15%



of accidents and sabotag: which could result in a loss-cf-
water accident and which,thercfore, must be evaluated

for their likelihood and their potential for causing a
loss-of-pool-water. They are:

(a) Spent Fuel Shipping Cask Drop.

It appears to be possible for the heavy shipping cask

to fall from its crane into the storage poecl. Such an
incident should be evaluated for the potential for ruptur-
ing the pool anc causing rapid drainage of the pool. A

crane failure has alrecady occurred over a spent fuel stor-
: Y

(Shippingect?);
age pocl) and an incident of improper handling of a spent

fuel pool cask has already occurred/ %/2 Fb‘/'f£°/”fjo

(b) Criticality.
Indications are that it is possible for a local ceriticality
o cccur in the storage pool (sce contention No. 6 below).
Such a criticality has yet to be evaluated for the course
it could take; so no upper bound exists of its thermal
and mechanical consequences. It mavy he possible that the
fiszion heat generated by such a criticality could cause
a rapid buil-off of the pool water, despite the pool water

cooling_system.

—— ————— -

(¢! Sabotage and Terrorism. Fas
The possibilities for sabotage and acts of terrorism are

very real. The use of explosives could destroy the cooling

system, and the removal of a new spent fuel assembly out
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of the pool water would produce such high levels of radia-
tion in the pool building that action to supply m <eu=
water would be severely impeded. Also, explos. :s conceiv-
ably could be used to rupture the pool and theredy cause
rapid drainage.

(d)} Others.
Under this heading, carthquakes breaking open the pool
and large airplane crashes shculd be considered.

6. CRITICALITY ACCIDENTS

A criticality accident in the spent fuel pool is
a very real possibility. Possible causes are as follows:

(a) Missing boral plates in a local iegion of
a storage rack, or bcral plates with a deficient amount
of Boron-10; and

{b) Underprediction of the ecffective neutron mullip-
tization faztor chff}‘ Public Service Electric and Cas
“ompany's Safety Analysis Report and the Nuclear Regulatory
-ommission's Safety Evaluation Report do not proviie ade-
quate information to assess the hazard of a criticality
accident. For example, there is no indication that there
would nct occur any positive reactivity feedback effezt
during the fission power rise in a criticality sicuation.
I£ is a valid concern that a criticality might lead to

a2 rapid boil-cff of the pool water. The radiation from

such a high-power critica ity could conceivably cbsiruct



efforts to control the accident. In order to assess the

riticality hazard, therefore, it is nccessary that a
pe “€ Forsés
full analysis of the a// P”Sa-c’fﬂ wf n criticality
-be—d-ev—t-:pcd- ma, taeleé .

The benchmark critical experiments used bv Public
Service Electric and Cas Company to verify its mathematical
theory for calculating {Keff] are not adequate to verify
the accuracy of the predicted (Kogg! factor. Those experi-
ments should only be considered as a means to deveiop
the theory for design purposes. In the final analysis,
the loading of fuel assemblics info the racks will be

-

the proof of the validity of the predictions of i

"1.

£
Therefore, it would be necessary to perform an experiment
in which new fuel is placed in the storage racks under
controlled insertion and necutrcn monitoring for criti-
cality. This should be a practical confirmatory experiment.
It is well-established that such an experiment i{s neces-
sary. Also, consideration should be given to the question

sem-

(2

of whether local boiling in a number of spent fuel a
blies cculd cause an increase in (Kgeg!t that is, whether
the fuel in the storage racks would be over-moderated.

In this regard the above described experiment should inves-

. : s - » : . .
Clgi:i Che @riect oOor voids and watar cemperaure.
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»o0l. A severe reactor accident could result in such heavy
radioactive cc. iination in the area of the spent fuel
storage pool and building that the entire operating crew
would be forced to flee for their lives. Such high radiation
levels would persist for months and thus would prevent
emergency crews from returning to the spent fuel pool
building ¢o maintain the pool cooling svstem. In such
an accident, it ‘s likely that the cooling system would
breakdown, due to a lack of maintenenace, which would
lead to a rapid boil-off of the pool water. In addition,
the spent fuel scorage pool for Unit No. 2 would suffer
the same consequences. (Indecd. the Unit No. 2 reactor
would likely be abandoned as well, setting in motion a
train cf events leading to a corec meltdown and possible
explosion in that reactor as well).

{b) cthere exists a great number--essentially an
infinite number of severe reactor accident possibilities
that could result in a loss-of-water incident in the spent

fuel storage pool.

— —

(c) Severe reactor accident possibilities have F 2
never been investigated and analyzed by the huclear Regula-
tory Commission and its Atomic Safety and Licensing Board

such

=

for the potential consequences or the likelihoed

O
iy

i
{
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accidents, except to a limited dJegree

in the Nuclear Regula-

tory Commission's Reactor Safetv Study /Rasmussen Report),

which {s not ar adequate hazards' ana

lysis Lo assuvss the

reactor accident risks (see contention No. (f)(6) below).

It is contended that it has not been ruled out by scien=-

tific concensus that the potential harmful consequences

of a servere reactor accident causing radioactive contami-

nation could be:

(1' 120,000 square miles

of land requiring

evacuation or living restrictions.

\2) & lethal range of secventy-five miles

3

of a released radiation causing acute radiaticn

disease.

(3) 500,000 squarc miles
agricultural restrictions
and fallout over the land

alone; and

ol land requiring
duc to the release

of Strontium=90

(4) 1If the living and agricultural restric-

tions are relaxed substantially, about 100,000

to 500,000 additional cancer deaths could

result. From the figures,

that there cxists the potential for causing

abandonment of thke spent

]
€ 2 -
g B W '

ey

in the event o

it can be appreciatad

fuel storage poocls

a ZaMe¥rse reactor accident. |

) The preposed increase in

(&8

fuel in cach storage pool from about

P

\
63 spent fuel assem- \



P

blies to 1170 spent fuecl assemblies, amounts to an eigh-
teen- fold increase in the gquantity of spent fuel and

hence Strontium-90 and Cesium-137 radiocactivity to be
stored. Since the core of one reactor would contain about
3.7 million curies of Strontium-90 which, if relcased

in a reactor accident, would have the potential for causing

agricultural restrictions over 500,000 square miles, and

since one storage pool uoulq,by the proposed storage in-

crease, contain forty-five million curies of Strontium-90,
or twelve times more Strontium-90 than in the core of

the reactor, which cculd conceivably be released into

the atmosphere in a loss-of-water incident, it is imperative

that the most likely causes of a loss-of-water incident

in a storage pool, namely, sevcre reactor accident possi-
biliticiybe investigated. Severce recactor accident possi-
bilities cannot be considered independent of spent fuel
storage loss-of-water accidents. From a radiological health

standpoint, and in view of the fact that Strontium-90,

Cesium-137 and Plutonium are among the most biologically

hazardous radioactive substances, if not the most hazardous,
' sO ‘ )
the proposed storage increasc would greatly increase the

|
AN
potentiul consequences of reactor accidents that the issue

o8

of the iikelihocod of severe reactor accidents must be

thoroughly and completely investigated. (The proposed

LN

-

c-
C

S
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storage increase is like proposing the construction of

twenty-four large power reactors from a radinlogical haz-

ards standpoint, particularly with respect to Stront ium=-90,

Cesium-137, and Plutonium release potentials). J
{e) The Nuclear Regulatory Commission has announced FZ
on January 18, 1979 that it supports the "use of prodebiri-
Proro "I/S"I(
;*‘%ArLSR assessment in regulatory decision making,"” in
other words, the making and considering estimates of the
numerical probability of severc reactor accidents. However,

it is contended that the probability of a severe reactor

accident occurring within the next twenty years or soO

orcron®
which results in a loss-of-water iaeddenl in a storage -
o~
pooléééannot be proven to be significantly less than 100%%
!"Ts - -‘ F A 'tlc

and that, chereforc. Desbarbbi-Lban risk asscssment methods
should not be used to assess the risks of the proposed

storage increase.

——

It is contended that in order to >a'LLy Judge the F2v
or pha2avds
cverall safetxaoL the Salem rcactors and associated storage

pools, the applicants (utility) and their nuclear plant
designers and supplier and/or the Nuclear Regulatory Commis-
sion must analyze and cvaluate all known accident pescibili-
ties (such as multiple control rod ejection accidents,

including chain reaction ruptures of control rod

=
g |

mechanism housings, loss-of-coclant accidents without

SCRAM, cjection of a high reactivity worth contr

Q
el
i |
(9]
£~

25



and power excursions with excess boron concentration in

the coolant) for both their likelihood cf occurrence and
their potential consequences, and publish che entire analy-
sis and evaluation (that is, without reducticn or simplifi-
cation), as well as a recduced, simpliticd summary. Further-
more, the Nuclear Regulatory Commission should accept

and hear testimony from all parties on the adequacy of

such an analysis and evaluation, and should a.cept general

testimony as to the likelihood and consequences O ail
9;‘( il

possible serfous recactor accidents (rthat Ls, the GeseteTany

'.L rry

should not be limited to the scope of the applicant's

n

(8]

present safety analyses or the analysis and evaluati
called for above, but receive independent analvsis as
well), and should fully comsider and fully weigh all of
the testimony and analyses and cvaluations as above de-
seribed in forming its opinion on the application. The
called for analysis and evaluation of all possible acci-

dent--their likelihoocu and consequences--siould alsc in-

clude: |
(1) A listing of ail theorctical uncertaincies ‘
with regard to the possibility [or worse conse-

(al)
r

e Ykl o
.- - -

mbined e

O

quences than predicted and the ¢
of the uncertainties.

" i i
£ all parts of Cnhe

O

{2) An idenciflication

analyses which have not been oxperimentally



verified.

(3) A detailed fault tree graph for each
accident possibility and a grapn of the chain
of events and equipment failures and human
errors for each accident possibility; and

(4) A compilation o{ al cxpericnces ¢f reac-
tor equipment failures and human crror related
to each accident chain of events.

It is further contended that a severe reactor acci-

» .

. ‘o = oy
r o G Nt A

dent which would likely cause a Io<s~nf-wncei’4ae¢éeac

in a spent fuel storage pool is likely to occcur--that

is, such an accident can reasonably be expected--basad

on the fact that there (s seemingly an infinite number

of such accident possibilitics, and based on the large
potential for human crror and carclessness and other human
failings, and on the expericnce record of cquipment mal-
functicns, past reactor accidents, and near-accident inci-

dents.

(£) The following additional content:ions regarding
reactor accidents are offered:
{1) The theoretical prodictions of the course
of the reactor design basis accidents have
not been adequately verified cxperimental'y.,
The accidents of mcsiL concern are the loss-of-

. . ' i ;
coclant sccidents, the control rod e jection

(

L

<
o~
o
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accident, coolant pump seizure, control rod
withdrawal accident, and the anticipated transi-
ents without SCRAM (that is, without emergency
fast shutdown of the {issioning). For examples

of particulars, see The Accident Hazards Of

Nuclear Power Plants by Richard E. Webb (Uni=-

versity of Massachusetts, 1976), Chapter &

and 9. The applicant's reactor safety ar .lysis
reports do not give adequate scientific reasons
why fuirl-scale rcactor tests are not necessary,
nor do the reports cven address the question

of the necessity of full-scale or even large--

but-less-than-full-scale tests.

(2) The theoretical analyses of the design F£23¢
basis accidents have a number of theoretical
and mathematical shortcomings. See examples

in chapter four of The Accident Hazards of

Nuclear Power Plants.

{3) The safety analysis rcpur;xuaubmi:tcd F1
by the applicant do not justifv the selection

of the reactor design basis accidents relative

to possible accidenrts which are more severe.



(4) The reactor design basis accidents are
analyzed in the applicant's safeCy analysis
report with the added assumption in some cases
of a single additional failure of some compon-
ent in the safety systems intended to control
the accident. Hewever, the applicant's and

the Nuclear Regulatory Cummission's aglalyses

do not give adequate analysis and consideration
of past reactor accidents and near-accident
incidents, some or most of which occurred

by and with multinle malfunctions and human
error. This is further rcason why the full
analysis and evaluation of all accident possi
bilities--their likelihced and potential cense-
quences--should be prepared and considered.

The Nuclear Regulatory Commission's '"single
failure criterion'” to judge accidents worse
than the design basis accident as "incredible™"
is wholly inadequate to assure safety, and
should not be a basis to deny the full investi-
gation of all accident possibilities as called

for above.

— PEP - .- .-

(5) The magnitude of the potential consequen- F_ZJ
ces discusscd above requires that the MNuclear

Fegulatory Commission should regquire the analy-



;
i

sis and evaluation of the likclihood and poten-
tial consequences cof all accident possibili-
ties, as described by the above contentions,
and should fully consider and fully weigh

the said likelihcod and consequences of all
accident possibilities, and should fully con-
sider and fully weigh the said likelihoed

and consequences in the light of the experience
of past reactor malfunction (se2e Accident
Hazards generally, and chapters 5 and 6, includ-
ing the section on Probability of Accidents,
pp. 96-98 and appendix 2, and the testCimony

by U. Bridenbaugh, ct al., betore the Joint
Committee on Atomic Energy of the U. §. Con-
gress, February 18, 1976, which suggest that
the likelihood of such scvere accidents is

not remote and may be unacceptable). A sound,
rational judgment of reactor safety is no:
possible without the full anmalysis ar< evalua-

tion called for in the above contentions.

(6) The Nuclear Regulatory Commission relies FZ4

on the before-mentioned Rasmussen Report and

a review of that Report known as the Risk

Assessment Review GCrou

£9)
7]
W
3
8
~t
R

po {Lewis Report

to judge that the risk to the public health
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A

Fq
and safety due to the accident possibilities
which are more severe than the design basis
accidents is acceptably low and that the more
severe accidents need not be further considered.
IT is contended that the Rasmussen Report
and the Lewis Report have fundamental short-
comings which preclude their being used to

establish the level of risk of the sald severe

accident possibilitv. See Accident Hazards,

chapter six and appendix one, and the reviecws
of the Rasmussen Report by the United States

Environmental Protection

3=
]

ency, dated August,
1875 and June, 1976 {FEPA=520/3-75-012 and
EPA-520/3-76-C09), for discussions of some
of the shortcomings. For example, the mest
severe class of reactor accidents, namely
nuclear runawav, are not analyzed for their
likelihcod and consequences in either the
(W -y

Rasmussen report or the Lewis Report. ~

Other shortcomings of the Rasmussen Repcrt
are: The report does not present the analysis
of the probability of the severe accidents
which the repcr:éficnsidered. such as transi=-
ents-without-sc¢ram. rather che repcort merely

gives the results ¢f the analysis perfaormed

3/
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by the Rasmusscn ctudy group, by the use of
simplified, "reduced” fault trees, for c¢xample.
In one extremely important instance, at least,
there is no fault tree given at all, specifical-
ly, for the accident involving the failure

of the recirculation pump trip safety action
during an "anticipated transient without scram”
(though this is a boiling water reactor acci-
dent, there likely are instances for the pres-
suriziu water recactor in thc report as well,
for I recall no fault tree for coolant pump
siezure and control rod ejection accidents).
The public is being asked, therefore, to acceptl
the results of the Rasmussen Report and the
Lewis Report on faith. This prevents nthers
from being able to adequately scrutinize the
probability evaluation of the Rasmussen Report
for its accuracy, comphleteness, and validity

of assumptions {(explicit and implicit), which
are mostlv subjective. Moreover, Lhe simplified
analysis presunted in the Rasmusscn Repert
contains symbols which are not defined adequate-
ly for purposes of examining the safety systems

r their potential for, and the likelihoed

o
C.



Cverall, it is contended that the appli-

cant's and the Nuclear Regulatory Commissicn's
safety analysis reports are not an adequate
basis for assessing the safety of the proposed
Salem pressureized water reactor and its storage
pools, and that the Rasmussen Report and the
Lewis Recport are not an adequate supplement

to answer the concerns of these contentions.

(7) The reliability of the SCRAM system to F7Y
control accidents has not been adequately
demonstrated. (SCRAM means the rapid insertion

of the reactor control rods, which shuts down

the atomic reaction!. No backup SCRAM system
exists. The applicant has not adequately demon-
strated that a backup scram system is unneces-
sary, inasmuch as the pressure surge of antici-
pated transients without scram may be tco

high.

(8) The integrity of the reactor containment

(1

svstem under a design basis accident (loss-of-
coolant) has not been adequately confirmed

experimentally. Full-scale tests appear

Lol o)
O

be necessary.

— - e ————

'

(9) The appplicanl's design basis accident F12

Lor the conCainment svstem and the emergency



core cooling system (ECCS) has not been shown
to be the most likely form ¢f a loss-of-coolant
accident. Specifically, the applicant b=,
not demonstrated that a loss-of-coolant acci-
dent will not more likely occur as a result
of a strong pressure surge transienf. Stronger
coolant pressures would produce stronger forces
on the various components of the containment
systems. As for the ECCS, a stronger zoolant
pressure may be the result of a transient
that produces a hotter core at the time of
the coolant system rupture. The ECCS is nct
designed to control the higher pressure and
hotter corec (higher temperatures) of such

>( a loss of coolant accident.
(10) It is contended that there should be
additional consideration of an earthquake
producing a less-of-coolant accident, inasmuch
as a prototype reactor plant will not be procf
tested by simulated carthquakes (due to obvious

impracticality).

(11) It is contended that the spontanecus Fi
reactor vessel rupture type of accident and
a vessel rupture duc to pressure surges of

anticipated transicnts without scram have

g 1440

JUV
,

¥ Th's pPo/ml has oeen Lewonstrated :

by the recest 7aree aeite Ts/cnd ;

reecter @ccr'dewl. |




not been adequately demonstrated tc be of
negligible probability (to warrant their ne-
glect in the reactor containment design).
There i{s the question of no lecak-before-break
warning.

(12) The applicant's safety analysis has not
given adequate consideration for the possi-
bility, perhaps the likely possibility, that
a scvere rcactor accident will occur as a
result of unforseen causes or effects, as
that seems to be the oxperience of accidents
Or near-accidents in nuclear power plants.
(13} The applicant's safety analyses have
given inadcquate considerition to the possi-
bility of common-made type failures in the
coclant piping and the emergency core cooling
system piping, especially the possibility

for sequential failure of the latter due to

L ol B | g b o, ral
4) the applicant has given inadequatc consid-
cration Lo the possibility of sabotage, for

example, consideration should be given

the lack of provision for separate rooms and

blast shielding in bctween, to separate backup

salety systems, instrumentation. and cables




from primary cquipment in rooms normally un-
attended, to minimize the likelihood of a
saboteur's bomb knocking out primary and back-
up safety equipment at once. Also, a multiple
control rod e jection accident could easily

be caused by a saboteur's bomb.

(15) Amplification of the preceding contention
along with supperting arguments and information
are given in the following documents, which
have necver been disputed by the Nuclear Regula-
tory Commission:

a. The Accident Hazards Of Nuclear

Power Plants, R. E. WelLb.

b. Memorandum in support of the conten-
tion of the Coalition for Safe Energy

in the construction permit hearings for
the proposed Erie pressurized water reac-
tor (Deocket No. STN-50-580 and 581,
dated September 26, 1977, which treats
issucs concerning the emergency core
cooling system; specific possibilities |
of "anticipated transients without scram"

and their likelihood; the need for full

scale testing of analyses of certain

accidents; kinds and causes of multiple

o
Cr

v |




control rod ejection accidents; power
excursions with excessive boron concentra-
tion in the ccolant; loss-of-coolant
accidents without scram; and commen mode
failures in coolant piping and emergency
core coolant piping in loss-of-coolant

accidents.

L ER LR T USSR p—— o —

- —

¢. Remarks by 2 E. Webb before the FLl
Nuclear Regulatory Commission's Atomic
Safety and lLicensing Board on the said
Erie proceeding. July 28, 1977, Transcript
pages 31-176, defending his contention.

d. Petition to Congress '"Calling for

a Full Review and Investigation of the
Hazards of Nuclear Power Plants and Radio-
active Waste Disposal,” by R. E. Webb,

May 20, 1978, including an appendix titled
"Remarks on the Crucial Factor of the
Surface Contamination Limits for Plutonium

and Strontium-90,"

8. PERMANENT SPENT FUEL REPOSITORY AT SALEM Fl1F
(a) 1t is contended that it is likely that the

spent fuel from the Salem reactors will be stored perma-

nently in the on-site storage pools--that the Salem reac

0ot

QT

1

site will beccme a permanent repesitory for rhe high-level

37



radicactive, spent [ucl generated at the plant.

{(b) There presently exists no geologic nuclear
waste repository for disposing of the spent nuclear fuel,
and no such repository is likely to be developed and demon-
strated to be safe, or permi~ted to be built and operated.

(c) Off-site spent fuel storage pools which store
only aged spc.at fuel assemblies (older than six months
or a year) have catastrophic loss-of-water accident possi-
bilities as well as the reac:or site storage pools. Such
off-site pools have yet to be cvaluated fully fer their
spent fuel heatup and radiocactivity release potential
in loss-of-water accident. Furthermore, the theoretical
defiziencies in Sandia's mathematical ctheory (SFUEL) feor
spent fuel heatup in a loss-of-water accident, which are
discussed in contention no. 2.{0) above, may very well
mean that the heatup predictions prescented in the Sandia
Report for off-site pools may be grossly in error in the
unsafe direction. Therefore, off-site storage pools cannot
be considered a safe alternative for storing Salem spent
fuci; nor does it appecar to be an cconomically viable

alternative.

{d) Even if the spent {ucl were not ailowed to FJ&F

accumulate in the Salem pools, there will be at least
sixtv-five new spent fuel assemblies storad in each pocl

at any cne time, wnich means that there would be about

35



2.5 million curies of Strontium-90 in each stcrage pool

(and a like amount of Cesium-i37). Information recently

developed about the loss-of-water aceident hazards of

spent fuel storage pools revials that ir is conceivable

that the Strontium=S0 and Cesium=137 could be released
such

from the fuel into the cutside itnosphere in whied an

accident (even for open, low density storage racks). Thus,

a loss-of-water accident in o single spent fuel pool could
- p

result in ruining AgriculcUrcéﬁnver a land area equal

to three times the size of New Jerscy, among other dJisas-
~rous consequences. The combincd va:onse of radiocactivicy
from a reactor accident and two spent tuel storage pools
(as a conmsequence of a reactar accident) would be about
three times worse.

fe) The only way to avoid the risks of spent fuel
4L 'fjl'fp’
storage,is to cease g°nerating the radiocactivity by closing

down the station and terminating the construction of Uni~

[I--that is, to revoke the reactor licenses.

——
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¢, Imvracticallity of Theoretical inalysis and
Verification.

The preceding contentions describde a broad scope of

theoratics' _ialyjses and experiments that would De necessary
in _ s vo fully evaluate the hazards of srent fuel storage
(and reactor acei ts). Yowever, it is contended that it is

not practical (humanly possible) to prapare the needed

analyses nor to conduct the needed experiments; and, therefore,

&

the full hazards could never be scientifically established,
except bty assuming the worst conceivable consequences--that

iz, a near full release of radiocactivity from the storage pool.

0. = COWCLUS TON FA2 P

Spent {uel storage at Salem (and any other reactors
is unsale Dbecause less-ol-water accidents are possible
and because the potential harmful consequen.cs are extreme.
~+08ing down the reactor is the only responsible course
'S - 5 sy ) { : r
ol action. This would eliminate the risk ol reactor acci-

Jent

€5, which itself is extremely erave.
* aud all o ther novc/€er Loweéer pP/euls
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