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1. INTRCDUCTCRY CONTENTION: TEE

-

0SS-OF-WATER AZCIDENT

The utility operating the Salem Nuclear Puwer Sta

tion at Salem, New Jersey--Public Service Flectric and
Gas Company--(PSE&G)--1is requesting z license from the

United States Nuclear Regulatory Ccmmission to store indefi-

nitely up tec 1170 highly radiocactive, sgent nuclear fuel

ny
ped

rcd assemblies in each of two spent Zuel! storage pcools
lccated at the reactor site. The Station consists of cne
operating nuclear power reactor and cne under construction.
Each spent fuel pool is housed in a separate fuel handling
builcding which is located nmext to its respective reactor
containment building. Originaily, it was intended onlv

to nave in stcrage about 64 spent fuel assemulies at any
one time in each pool, as the plan was to ship spent fuel
awav from the site for disbosui aiter a brief, 130 day
cooling-off pericd that allows the radicactivity and associ-
ated hezct in -«he spent fuel Uo decay subdstantially. Now,

however, PSE&LG proposes to increase the storage capacity

cf e2ach storage pool, by replacing the original design
of the storage racks with a rack design wnich allows the
spent fuel assemblies to be packed in the pool at a high
density (compaction). The proposecd iacreasc in scoragé
capacity would increase the amount of long-lived radio-
activizy to pe stored in the pocl eighfeen-fold. Approval

s incr2ase cthe stora

e capacli:iv is requested by PStdC
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because there ﬂr=s=_ntl‘ exists no nuclear waste Ziszcs

28]

swstem for disposing of the spent fuel.

With respect to the hazards of the proposed scenc A{Z"
fcel storage increase, it Is contended tha:

(a) The propcscd design changes to the suent f
stcrage pcols would greatly increase the nuclear accidant
hazards of the Salem Station with respect o the hezith
and safety of the public.

(b) The proposed design changes would creats manv

severe accident pessibilities which would hava the pctan

l

=

-
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gl for extremely disastrous ccnscquences. Such aczidents
Y q

would involve the loss-of-pool-water, hereafter dencminaced

the loss-of-water accident.

{c) 3Beth the PSEXG's Safety Analysis Report anc

the Nuclear Regulatorv Commission's Sarcty Evaluaticn

ol
()

port fcr the proposed design changes fail to analvze
the Loss-of-water accident.

(d) The potential consequences cof loss-of-wat

©®
o

accicdents are so serious that the utility {PSE&G) and

the Nuclear Regulatorvy Ccocmmission's staff must analrza
them, and the Atcmic Safety and Licensing Zoard (AS&L3-

and th2 Commission itself must investigate and ccnsicar
zhem for both their likelihoed and pctential harmiul conse-
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sion,; that is, the Commission, itself, to responsisl:y
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form an cpinion as to whether the proposed spent fuel

~

storage would be "inimical to the hecalth and safecy of
the public'" (referring to Section 103 ol the Atomic Energy
Act) and to responsibly inform the public of the full

risks to health and safety.

{e) The likelihood of a loss-of-water accident 1o
cccurring is not remote or extremely low; but rather,
the probability of occurrence is indeterminable. More
specifically; it cannot be proven mathematically or statis-
tically that the probability of such an accident occurring

C%h{’ [rfe of the ploul or even
in the time period of'a decade == .. . [s Less than 100%

or significantly less than 100%. There exists an incetermin-
able but extremely large number of possibiliﬁies for poten-
tially or coenceivably causing a loss-of-water accident

in a storage pool. Furthermorc, many incidents associated
with nuclear power reéctors of near-accidents, equipment
malfunction accidents, and human error have occurred.

These facts indicate that the probability of a loss-cf--
water acctident is high, not low. Because of these facts,
plus the fact that the probability of a loss-of-water

accidant is indeterminable and the fact of the extreme

ry

potential! for harmful conscequences of such an accident,make
the proposed storage facility unsafe.

(£} The Nuclear Regulatory Commission'’s current
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evaluating the risks of the worst or severe



nuclear accident possivt

lities by ccnsidering only the

e
O

likelincod of such accidents, and not evaiuating and cznsicd-
aring thea potential harmiul conscqguences, is not ccasiscent
with the well-established method of assessing accident

risks, wnich is to consider both the likelihood znd the

consequences cf accidents.
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neat which must be dissipated in order to grevent th
spent fuel assembiies from overheating. For this rezsen

and for radiaticn shielding purposes, the spent fuel assem-

ry

blies zre stored under water. The pocl water serves to

remcve the heat of the radiocactivity. The pool water in
turn is ccoled by water circulating cooling systems to
prevent the pool Zrom overheating and boiiing dry. In

& logss-of-water accident the spent £fuel assemblies will

heat up Zo & high temperature, because natural a

aQ

tion arnd thermel vradietion heat dissination processes
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ntial may exist for the uraniumféxide in
cthe spent fuel to heat up beyond its melfing temperatuvre
of abeut 2800°C, even if all of the spent fuel were stzared
for ten years.
s IS

(c) Calculaticqﬂexist@ which tend to set a :;che—
matical lower bound of the spent fuel heatup potential;
and these calcuiations indicate that as a minimum the
zircenium (ziﬁEaloy) fuel rod cladding material will heat:
up to 960°C and catch on fire for spent fuel that heas

decayed f{aged) Zfor three years. These calculations werse
perfcrmed by Sandia Laboratory and are presented in a
report titled "Spent Fuel Heatup Follcwing Loss cf Water

During Stcrage' (SAND77-1371, Sept. 1978, draft), b: -

a3s

jamin, et al.; nereafter cailed the Sandia Reporrt.
“he Sandia Report does nct calculate the fuel temperature
rise beyond the point when the temperature Ls caiculated

to reach the zirconium fire ignition temperature, and

. . . ==C A\
subseguent zirconium clad_melting (185377C).

(d}) A zirceonium fire would gencrate substantiai 1k

ec¢ditional heat with the potential for melting away the
cladding cf the fuel rod and also melting the uranium

oxide ZIu2cl or raising the fuel to its melting temparaiure
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the whcle load of spent fuel in the pco

=)} Severe zirconium explosions arc conceivaZtls
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. . . . e S L
due to zirconium-water reactioms /i (oiywi/ /87 Lo
zl.r\r("-‘;'r)}‘zl‘();r r':":}_f‘._".’cl"::
(g) Hydrogen explosions are ccnceivable due to
the hycrogen released in a zirconium-water reaction anc /7S
reacting with air.

(7 Since zirconium fuecl clad meltin

-
5
-

is possi

0

g e,

it is conceivable that cthe air flow passages inside the

spent fuel rod assemblies could become plugged due to £4¢&
2irccurvm qiomide resrfier precvet ownd dve Fo

"nclten zirconium running down toward cooler portions of

the szent fuel and freezing there. Plugged air flow pas-

in

ages would greatly worsen the spent fuel heatup. Also,
explosive zirconium-water reactions and hydrogen explos-
ions cculd conceivably damage ad jacent spent fuel so as

r flows and thus worsen the spent fuel

[}

[l

c cZonstrict a

(8
n

~eatup in these asscmblies as well.

. . . - . 7 L
(i} Strontium-50, Cesium-137 and Plutonium are FZL
the dominant radiocactive substances in spent fuel from

a public health risk standpeint. It is conceivable--meanin

uw

chat it nas nct been ruled out scientifically--thacC
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2G% release of Strontium-90 and Cesium=137 racio-

activicv from the spent fuel into the atmosphere would

[P

accur in e spent fuel heatup excursicn in a loss-of-w

'_'.3
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zccidaent. For such a near-100% relcase to occur, the scand

Zvel need net necessarily reach melting temperature, ZUZ
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a level of cnly about

for a day or so. The

tem

This assumes that

peratures.
zirconium cladding
would
inside the

fuel pellets

nave sintered

(87

togather during reacto

v
L

a long UO2 Tod capable of maintaining its

Ine;

5 teds should crumble, air ccoli

impadad and

ng

,_4

lead to higher UO,
L

.0

cvantly a greater thermal potential
cesium diffusion out of the U0, fuel.

1900°C and
Strontium-
then ciffuse out cf solid U02 fuel

upon meltdown of the zi

el

operation

for scroutium
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the fuel reds nave

woulrd

rods
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to

shape. If the

would be further

temperatures and conse-
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maintain their rod shape be-
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(j) Calculztions exist
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would become like an oven). The air

burst cpen the tuilding and thus allcw the

vancr and

smcke to escape
tuilding vents were opened,

L]

H

would heat

fuel

intc the atmosphere.

which indicate thac the

ug

radioactive

If the

the radiocactive vapor and

av—r’

pressurizaticn woulcd

F1c,

(che building

smcke could conceivably escape through these vents. Zircon-
ium and hydregen explcsicns could conceivably rupture
th2 building as well, cc allow the escape of radicactivity.
. . . cro, . -
{x)] Neo experimental data +a thecrveticai zanalyses
”
gxist cn which Co establish the peterntial for relezsa
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of piutonium in ths spent fuel into the atmosphers in
a loss-cf-water accident. Steam axplosions, hvd*:::1 explo-
sicns, and zirconium explosicns are ccnceivable =mechanisms
which could pulverize large quantities of spent fuel bz2ar-
ing plutonium and blow it into the outside cnvironmenc.
where the plutonium would then spread through the enviren-
menc.

(1) Calculations exist which {;azzgzg-that the .F’ZJ

[ 1

Salem spent fuel storage building could not be modified

-

¢ 2lininate the gossibility of a zirconium fire occcurring

(8§

3

2 loss-of-water accident. The Sandia Keport suggests

g4
IS
»

the possibility of modifying the building to provide for
an open chimney effect: a large hole in the ceiling and

a2 large hole at the flcor level of the building sidd wail,
to allow pcrfcct room air vencilacion during a loss-ci-
water accident to expel the hcated air exiting from the
spent rfuel assemblies. The holes or operings would be
normaliy closed by large docrs. which would be openecd

in a loss-of-water emergency to create the chimney effect.

Such a chimnev erffect by expelling heated alr, would tz=nd

«-r

o limit the spent fusl heatup tomperaturcs, acccording

o Sandia's znaiysis, but would not eliminate the pcssi-

(92

£iity of a zircenium fire. Since such a chimney fezturs

v

wcuid not eliminate the pessibility of o zirconmium Iirs,

¢

' . < .
- = Y dxe - - 3 < Ml emy = o .
=3 :n-.-::‘.,v CouLC ConCalviadly QCI nave anyv mitigacdlng €IzCc
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at all; for the building operings would provide unliziced

proe

-
o

A

r {oxygen) to promote the spreading of the fire and

[}¢]

LY

would prcvide ready access of radioactive vapors and smck
tc the outside atmosphere. Nor would the activation of \
che chimney (automatic or manual opening of its docrs’

be reliable in the case of a scvere reactor accident which

causes a spent fuel loss-of-water. A severe reactor acc
dent can potentially cause such a high level of rediati
in and around the site that the whole site operating crew

4

cculd flee in panic, leaving the spent fuel pool and rz2lat-

1}

ed safety and cooling systems urattended. Under such

)

canic situation, it would not be expected that the chimnev

dcors, i1f incorporated into the tuilding, would be orened.

(m) A reduction in the number of spent fuel assem- FZ
Slies stored in the pool could not eliminate the possi-
pility of a zirconium fire occurring in a loss—of-;ater
accident, nor preclude the possibilicy of a loss-of-water
accident.

(n) Emergency efforts to cool the spcnﬁ fuel Zcllcw-
ing a loss cf pool water could conceivably worsen the

accident or ctherwise have no mitigating cffect. Spravin

the cwverheated spent fuel with wa

rr
(D

r ‘which would have

to be cdone remotely, due to the he

[}

vy radiation emanaiing

from the spent fuel) would causc zirconium-water reacIli::n

L e A

- - -~ ] — '~ 2
Zhel JCulcC Dremgte cne o

-

NLCL0on Cr spr2&aCing OO0 & ZLTIlhlild

118}
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ira, or cause explcsions. Morcover, the heatup oI che

sceat Zuel could conceivably cause the horal neutron zbsorb-

=3 -

irng material to meltdown, leaving a region of spenc fuel

withcut enough neutron absorption Cc prevent a cricicaiity

should the pool be reilocded. FTurthermore, the heat of

zhe spant fuel in a loss-of-water accident (and possik:ie
eaxplcsions) could conceivably damage the spent fuel to
such a degree that the pool would continuously leak heavi-

iy, should the pool be reflooded, which would result in

a n2avy seepage of radioactivity into the ground and nearby
warasrs,

(o) In order to evaluace the potential for radic- 21
zctivicty release in a spent fuel pool less-of-water acci- B

1

denz, & thermal anzlysis must be performed, of course.
o B A ”
The cnly mathematical theory, which cxists in a form for

P
(oo S/des Eis 2uticrs Yisryy)
I Xl 1

readly use is the SFUEL computer code oi the Sandia Labora-
zcry, which is described in the above-mentiocned Sancdia
epcr=. The Sandia Repori analvzes the loss-of-water acci-
cent fcr a spent fuel storage pool which is cloée to Ehe

Salem design. However, the Sandia Report is not suffici

(L

nt

Zocr evzluating the spent fuel hcartup potential for Salem

nor any cther spent fuel storage pocll); and, furthermcre,
n2 STUZL computer code is net sufficienlly develcped
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The Sandia Report does not investigates

—~
(R
~

the spent Zuel temperature excursion bevend
“he ignition of the zirconium or zirconium
melring.

(2) The Sandia Report does not analyze the

cgSe
high~density storage rack design for the sese

imperfect building ventilation, which is

m

!
the case for all pressurized water reactor

(PWR) storage pools, including Salem.

{3) Sandia's mathematical theory (SFUEL) cZo
cencains serious theorctical deficiencies

which, based on independent sccping calcula-
tions, may be causing the code to be drastically
underpredicting spent fusl heatup tenmpera-

tures. Foremest are the assumpiions in the

SFUEL theory that the temperatures oI the

fuel rods in a given spent fuel rod assembly

and at a ziven elcovation are the same (uniform
temperature distribution horizontally), and

that the temperaturc.distribution inside a

fuel rod at any given elevation-is also uni-
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code eéqu%%j/and calculationalily.

(5) A reliable mathcmatical theory cf spent
fuel heatup may nol be practical, due £s cocmpu-
ter limications.

(6) Sandia's SFUEL cheory has not bz2en exzeri-
mentally verified, contrary to the claim mzde
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 lcw,
constant and uniform temperature cooled by
natural air convection; whereas the situation
in a spent fuel heatup accident is one cf

a highly variable tcmperature distrituticn

and extreme air cemperatures in a rod bundls

configuaration. MYoreover, tharmal raciaticn

heat transfer aided by thermal heat concduction,
appear to be a crucial heat transfer processes
in a spent fuel heatup, which were totall;
absent iIn the two-heated-plate experiment
cited in the Sandia Report. To adeguately
account [or thermal radiation interchang2

among, and heat dissipation {rom, spent I:ce.

"

Q.

ods in a sIorage pool uncder 2 loss-of-walIaT

ac

0

ident, it would be necessary to ccacuct
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an experiment wnicn includes a large sczle

loading cf simulated spent fuel (elec

(]
a ]
)
0
%)
r—
'—-—l
‘<

hezted) cr actual spent fuel. Because the
electrical resistance of electrical neater

filaments 1s dependent on temperature, zan

[V
)

eguate simulation of spentc fuel heatup may
nct be possible with electrically heated rods;
in which tas2 1t may not be possible to experi-
mencally verify a mathematical theory of spenf

fuel heatup, because it would not be practical

cr sale t2 conduct such tests with spen:t nuclear

F

{7) Ia shcrt, the Sandia Report must be cviti-" -

cally evaluated.

(

\
:

'

It would rot be practical or safe to experimen- -
tally investigatce the radidac:ivi:y releasé potenticl

of 2 loss-of-water accident; particularly in the event

of a2 zirconium fire, zirconium melting, explosion, or
other secvere prbcess which causes significant changes.

in che fuel's physical conditicn, because the fuel tempera-
cure a=xcursicn and the interrelated radiocactivity relezse
would both depend on the physical condition of the Iuel

-

the sizs oI the spent fuel mass undergoing a lcss-

[4}]
3]
0.
0O
3

cf-wazer accident. Morecover, the behavior of the spent

S —_a ¢ P -3 - -F 2 ; I . £..
fvel may te & Iuncticn c¢f the priocr aging of spent I
b :

W




in water and the physical history of the spent fuel

it was .in the reactor,

gone overheating

(q)

course of a loss-of-water accident once

cladding tecomes ignited. Instead, only mathematical uszp

.
]

n the reactor

such as wnether the fuel had

in an accident.

the zirconi

whan

A

uniar-

RS R~

vy om
\alee

bound estimates of the radicactivity relcase potentizl

It is not possible to accurately predict the

er

cculd be developed, which presently do not exist. A near--

100% release of radiocactive strontium and cesium is plausi-

Lo,
ble Zr ;;[7, (Qb’.’fﬁ FE7aY Fo i

L !

(r)

Srs provea.

The Salem Safety Analysis for the prcposed

spent fuel storage supplies inadequate informaticn cn

FL17

which to perform heatup calculations; for example, the
pool and building dimensions are not given.
3. POTENTIAL HARMFUL CONSECUENCES OF THE RADIOQACTIVITY
| RELEASE FRCM A LOSS-OF-WATER ACCIDENT |

(a)

Each spent fuel storage

pool at Salem would

contain et capacity forty-five millicn curies of Strontium--

90 tadiocactivity and about the same amount of curies of

Cesium-137. For comparison the United States Atomic Energy

Commission's reportc Thcocoretical Possibilities and Ccnse-

/

cuernces £f

Major Acc

[N

{WASH-740, March,
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to 150,000 square miles, wnich is the size of New Jersey,
New York, Connecticuc, Massachusetts, Rhode Island, Ver-
ment, New Hampshire, Maine, and half of Pennsylvania,
combined. A loss-of-water accident in one Salem spent

fvel storage pool could conceivably release nearly all

the forty-five million curics of Strontium-90, cr tnree

——

nundred times the WASH-740 assumed relecase quantity of
v

Strontium-90.

n

o)

Aassuming that land which is contaminated more than fifty F1
times the WASH-740 contamiration limit for Strontium-90
would be ruined agriculturally, which is a prudent assump-
ticn and one which.is consistent with the view taken in

the WASH-740 Report (the WASH-740 Report aéserts that - -

trontium-90 land contamination at ten times the Report's
contamination limit would require prohibiting dairying

°L

for a very long time))-%gxéhn 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 result in ruining agriculttrally

a land area of the size of about one-third of the land

East of the Mississippi River, or certainly the entire
easﬁern seaborad of the United States and Canadez, for

a huncred years or more.
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{(b) The release of Cesium-137 radiocactivity Erom

wn

the storage pocl into the atmo chere could result in high
levals ocf gamma radiation (intens2 é}ay—like radiation)
emanating from the greund over an area equal to 150,000
square miles. The gamme radiaticn exposure to persons
staading on the ground could potentially occur at a fa:e
whnizh a2xceeds by a factor of thirty-eight or more the
nealch limit recommended by the Unitad States Environmental
Protection Agency of 25 millirems per year for total radia-
tion exposure from emission cf radioactivity due to nuclear

nower.

3

. R
canser and genetic harm that could result from a near
full release of Stroncium-90 and Cesium-137 (and other
volztile radicactive materizls. in a spent fuel loss-o:i-

‘N.a

(N3

er accident. Such estimates are necessary and should
he developed, in order that the spent fuel accident hazards
can be fully evaluated.

(d)] The contamination levels indicated in (a)
and (>, above applynto the bourdary of the fallout 1and
arez zcnes that are quantified in these sections. In the

ondl Cliser Fo Tlhe nDloiT
intericr of the zcnes, the contamination levels would

(e: OCne spent fue would cecntein

'_J
go)
(o]
(V]
o
fu
&l
w
m
s
®
3

-a

the eguivalent cf cthirty-nine tons of Plutonium-23S alcha-

®™c) No reliable estimates exist of the potential &1
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mn

slutcnium would have th2 potential for causing atanccament
2Z about five million square miles or land, whicz is 1.3
imes the total United States land area, including Alaska.
Nc ana.ysis exists wnich proves that an area of Ihe size

2f New Jersey, say, wculd not require permanent zbandormment

ve Co g8 plutonium release in the event of a loss-of-wacter

accident in one spent fuel storage pcol.

IC‘| . PR - - - : s FlR
(£} It is pessible that a reactor accident at

che Szlem Station couild induce loss-cf-water accidents

. .

in 20Ch spent fuel storage pocis, which would then coutle’

U2

inne ebove esfimaztes oI potentizl harmiul ccnsequences.

(g} EZven if the spent fuel pcol held & minimunm

of srent fuel--sixzy-Iive fucl asscmblies, or one-zhirc

a core, as was the criginal intent--the potentia: canse-
quences of a loss-cf-water accident would still bte extrame:
fcr example, a land arez of the size of Ohio, or five

Zimes the size of New Jersev, could be ruined agricul

=

1

aliy

-

or

Zcr a nundred years or more, duc to Strontium-90 releassz

azlone.

- + v - < = - 1 P
nepren LI the ccol waler cooling system shculcd brezx Zows
&~ T2iLl=CII OI The neo. water is Znssibplo in osuch a0 2InT,




which would take about four days to two wecks, based on
the figure for the '"'maximum evaporaticn rate' (55 ‘gallons
‘per minuZe) given in the Nuclear Regulatory Commissicn's

Safety Evzluation Repert (p. 2-5). The most likely cause

of z brezkdown in the pool water cooling system is a severe.

Tezactor accident {see contention No. 7 below). A severe

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

te abghdoned. In that event the ccoling system would have
to be assumed to breakdown; and there would be no adequate
assurance that mekeup water could be supplied to the peccl.

Such & rezztoe

a

accident must be assumed to be highly likely

to czcur (see contention No. 7).

There are other possibilicics for dQﬁsing a loss-of--

pocl-water accident through'a breakdown in the pool water
cooling system which must be given serious consideration.
Cne such possibility is for the reactor plant to have

to be permanently closed down due tc a reactor accident,
leaving caly a very small crcw.Co perpetually watch over
the storage pocl and maintain perpetual cooling. In this
situaction, & cooling brecakdown could occur througn negli-

‘gencz and not be corrected. Saborage and acts of war ars

cther possibilities.
5 CONCEIVABLE P0SSIBILITIES FOR LOSS~-OF-WATER AZCIZENTS
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oF accidents and sabotage which could result in a loss-cf-

water accident and whichJchcrcforc, must be evaluatad

f

for thair likelihood and their potential for causing
lcss-ofi-pool~-water. They are:
(a} Spent Fuel Shipping Casx Drop.

It appears to be possible for the heavy shipping cask

cr
Q
(@]}

alli from its crane into the storage pool. Such an
incident should be evaluated fcr the potential for ruptur-
ing the pool and causing rapid drainage of the pool. A

crance failure has already occurrcd over a spent fucel stor-

L
EBo,8Hn 0.

ArBEIT S

a

nd an incident of improper handling of a'spenc

=z - 1 . e # N !‘)
fuel pcol cask has already occurred [ B, g Roc/ FornT ).

Indications are that it is possible for a local criticality
to cccur in the storage pool (see contention No. 6 below).

Such a criticality has vet to be evaluated for the course
it could take; so no upper bound exists of its thermal
and mechanical consequences. It mav be possible that the
fission heat generated by such a criticality could cause

& rapid boil-oif of the pool water, despite the pool water

coo:-ing_svstem.

(c) Sabctage and Terrerism. F

D Y
1

ssibilities for sabotage and acts of terrorisxz are
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real. The use of ilo
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ives could destroy the ceco.ing
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cf a new spent fuel assemblwv cuc
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[§)

of the pool water would produce such high levels of r
ticn in the pool building that accion to supply maxeud.
water wculd be severely impeded. Also, explosives ccnceiv-
ably could be used to rupture the pool and thereby cause
rapid drainage.

(d) Others.
Uncder this heading, carthquakes breaking cpen the pool )
and large airplane crashes shcuid be considered.

6. CRITICALITY ACCIDENTS

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

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

(b) Underpredicction of the effective nevtren mullip-
tication factor (K gy). Public Service Electric and Gas
Company's Safety Analysis Report and the Nuclear Regulatory
Commission's Safety Evaluation Report do not provide ade-
quate information to assess the hazard of a criticalicy
accident. For example, there is no indication that there
would not occur any positive reactivity feedbacx effe:zt

curing the fission power rise in a criticelity situation.

It is 2 valid concern that a criticality might lLead tc
a rvapid boii-cif of the pool water. The radiation fro-

such 2 high-pcwer criticality could conceivably cbstruct




forts to control the accidenz. In order to assess the

M
n

criticality hazard, therefore, it is nccessary that a
pe M >TE . covrses
full eanzlysis of tre a//,Dfssfc/$/ «£f a criticality

- 5 e Y
-9 i-v-&v:./L’u- ,)/(7'/ \L#01< T -A

The benchmark critical experiments used by Public
Service Electric and Gas Company o verify its mathematical

‘-

heory for calculating kfeff) are not adequate to verify

v

the accuracy of the predicted (Keff).factof. Those experi-
ments should only be considered as a means to develop
éhe thecry for design purposes. In the final analysis,
the loading of fuel assemblies into the racks will be

the prsof cf the validicy of the predictions cf (X ).

eff
Therefcre, it would be necessary to perform an experiment
in which new fuel is placed in the storage racks under
controiled inserticn and neutrcn monitoring for criti-
cality. This should be a practical confirmatory experiment.
It is well-established that such an experiment is neces-
sary. Alsoc, consideration should te given to the guestion
of whether local boiling in a number of spent fuel assem-
blies could cause an increase in (Keff); that is, whetner
rhe fuel in the storage racks would be over-moderated.

In this regard the above described experiment shoulcd inves-
tigzce the effect of voids and walter temperature.

[ Nere )
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pool. A severe reactor accident could result in such heavy

~
€.

adiocactive contaminaticn ia the area of the spent fuel

s<

o

rage pool and bduilding cthat the entire operating crew
would be forced to flee for their lives. Such high radiaticn
levels would persist for mcnths and thus would prevent
emergency crews from returning to the spent fuel pool
building.to maintain the pool cooling svstem. In such

an accident, it is likely that the cooling system would

breakdown, due to a lack of mazintenenace, which would

1

{\]

gad to a rapid beil-cif of the pool water. In addition,
the spent fuel steorage pcel for Unit No. 2 would suffer
the same conseqguences. ‘Indeed, the Unit No. 2 reactor
would likely be abandcned as well, setting in motion a
train of events leading to a core meltdown and possible
explosion in that reactor as well). i
(b) cthere eﬁists 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 F1
never been investigated and analyzed by the Nuclear Regula-

tory Commission and its Atcmic Safety and Licensing Board

-

for the potential consequences or the likelihocd c¢ci suc

o~

.

&




accidents, except to a limited degree in the Nuclear

tory Commission's Reactor Safetwv Study (Rasmussen Repcrt),

which is not an adequate hazards' analysis Lo assess the

reactor accident risks (see contention No. (£f)(%) belcw)

-~ - .

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

(=]

tific concensus that the potencial harmful consequences

of a servere reactor accident causing radioactive contami-
nation could be:
(1) 120,000 square miles of land requiring
evacuaticn or living restrictions.
(2) A lethal range of seventy-five miles
of @ released radiation causing acute radiaticn
disease. |
(3) 500,000 squarc miles of land requirin
agricultural restrictions duc to the relezse
and fallout over the land of Strontium-90
alone; and
(4) If cthe living and agricultural restric-
tions are rclaxed‘substantially, about 10C,C0C
to 500,000 additional cancer deaths could
result. From the figures, it can be appreciatad

that therc cxists the potential for caus

using
abandonment of the spent fuel storage pocls
f?'/".:'rhe
in the event of a zswsxse reactor aczidencz.
id) . The preoposed Lncrease in the storage ci sctzni F -
fuel in each sctorage pccl from about 65 spent fusl assam-




e

blies to 1170 spent fucl assembiies, amounts to an =iga-
reen- fold increase in the guantity of spent fuel and

7

hence Strontium-90 and Cesium-137 radioactivitv zZo be

stored. Since the core of one reactor would contain about

(W3]

.7 million curies of Strontiumn-90 which, if rel:

Bl

(
[
0.

Se

-

n a reoactor accident, would have the potential Ior causing

p—
re

agricultural restrictions over 500,000 square miles, and
since one storage pool woulq,by the proposed storage ia-
crease, contain forty-five million curies of Strontium-90,
or twelve times more Strontium-90 than in the core of

the reactor, which could conceivably be released into

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

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

in a stcrage pool, namely, severe reactor accident possi-
oilicies, be investigated. Severe rcactor accident possi-

%

pilicies cannot be considered incdependent of spent fuel

storayge loss-of-water accidents. From a radiological health

staadpoint, and in view of the fact that Strontium-50,

Cesium-137 and Plutonium are among the most biologically

nazardous radicactive substances, if not the mos: hazardous,
SO _

the proposcd storage incrcase would grecatly increase the

/1

pctential consequences of reactor accidents that cthe

ikelihcod of severe reac:cor a

O
21
o
)
r-l

=

0

cidents must >e

-1
-y
0
'
QO

uzhly and completely investigated. (The prcocsad




>

r'kvv

storage increasea is like proposing thne constructlon of

a. nzz-

(SN

iolo

.

cwenty-four large power recactors from a ra

1o

ards scandpoint, particularly with respect to Stroniium-9C,

Cesium-137, and Plutonium release potentiais).

(e} The Nuclear RegulaCOry Commissicn has announced £

on January 18, 1979 that it supports the "'use of prssesils
Pf"Jr?cw//S'-/C

tiss risk assessment in regulatcry descision making,” in
ra

other words, the making and considering estimates of cthe

numerical probability of severc reactor accidents. However,

iz is contended that the probability of a severe reactor
accident occurring within the next twenty vears Or so

el b
which resulls in a loss-of-water itseideal in a stcrage

e
pocif cannot e proven to be significantly less cthen 1u07%§\

QYC-;.J-" j’.etlc
and thac, therefore, prshabitilies risk asscssment methods
, -

shculd not be used to assess the risks of the proposed

scorage lilncrease.

It is contended that in order to safely judge the F£7
or-hazavds
cverall sa:etxfoL the Salem rcactors and associaced storage
1

pools, the applicants (utility) and their nuclezr plant
designers and supplier and/or the Nuclear Regulatory Ccmmis-

sicn must analyze and evaluate all known accident possibili
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ol rod ejection accidents,
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including chal
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action ruptures of centrol rod crive

mechanism hcusings, loss-of-ccolant accicents wic

i
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S M, elfccticon ¢? a high reactivizv ' worzh controil roo.,
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and pcwer excursions with excess boron concentration in
the coclant) for bocth their likelihood cf occurrence zand
their potential ccnsegquences, and publish the encire znaly-
sis and evaluation (that is, without reduction or simglifi-
cation), as well as a vecduced, simplificd summary. Furcher-

more, Che Nuclear Regulatory Commission should accept

and hear testimony from all parties on the adequacy ci

hy

such an analysis and evaluation, and should accept general
testimony as to the likelihood and consequences of all
) 227 ")‘:‘:'l/

possidble serious reactor accidents {that is, the tss=t=oanv

wn

should not be limitec to the scope of the applicant
present safety analyses or the analysis and evaluazicn
called for above, but receive independent analysis as
well), and should fully consider and fully weigh ail cI
the testimony and analyses and cvaluations as abcve de-
scrited in forming its opinion on the application. The
called for analysis and evaluation of all possible aczi-
cent--their likelihood and ccnsequences--should alsc in-
cluce:
(17 A listing of ail theorctical uncertaintics
with vregard fo the possibilitv for worse zcnse-

quences than predicted and the combined sIifezt




verified.

(3) A detailed Zault tree graph for each
accident possibilitv and a grapn of thsz chain

of events and equipment failures and human
errors for each accident possibility; and

(4) A compilation of all ecxpericnces of reac-
tor equipment failures and human error related

to each accident chain of events.

It is further contendod that 2 severe reacCor azxci-
2 L'.(/.ld.‘-' ot 6‘

dent which would likelv cause a loss-of-water 4msidanl

in a spent fuel storage pocl is likeiv fo occur--that
is, suzch an accident can reascnablyv Se expected--based
on the fact that there is seemingly zn infinite number

)

of such accident possibilitics, and bascd on the large

v

notenticl for human' error and cuarclessness and cther human
failings, and cn the experience racord of cquipment mal-

funccions, past reactor accidents, and near-acciden:t iaci-

{f)} The following additicnal contecntions regarding
reaczcr acclidents are offered:
(1) The theoretical predictions of the ccurse
of the reactor design tasis aczidents have

not been zcequazelv wveriiied cxperimentzll-..

- - - -~ - -~ T - - -

The accidenZs 0Of TCSsSt C2ncerm are The 1:ss-CIi-
h - - - - 1 .- - - -
cocient accicdenzs, zTha cznorol red eieczizn



accident, coolant pump seilzure, control rcd
withdrawal accident, and the anticizated transi-
ents withouﬁ SCRAM (zhat is, wirthout emergancyr
fast shutdown of the [issicning). For examples

of particulars, see The Accident Hazards CE£

Nuclear Power Plants by Richard E. Webb {Uai-

versity cf Massachusctts, 1976), Chaprer &
and 9. The applicant's reactor safety enalysis

reports do not give adequate scientific reasons

r

r tests are not n

T
(@]

™

C

(¢

why full-scale reac

(D
n
n
)]

s .
nor do the reports coven address the gquestizn’
of the necessity of full-scale or even large--

but-less-than-full-scale tests.

(2) The theoretical analyses of the dessign F2
basis accidents have a number of theoreticzal
and mathematical shortcomings. See examples

in chapter four of The Accident Hazards of

Nuclear Power Plants.

{3) The safety analysis reports submizted
by the applicant do not justify the selection
of the reactor design basis accidents relzzive

to possible accidents which are mors severe



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

the Nuclear Regulatory Commission's allalyses

do not give adequate analysis and ccnsiderzticn
0of past reactor accidents and near-accident
incidents, some or most of which occurred

by and with multiple malfunctions and human
error. This is further reason why the full
analysis and evaluation of all -accident possi-
bilities--their likelinocd and potential ccnse-
quences--should be preparced and considered.

The Nuclear Regulatory Commission's "single
failure criterion' to judge accidents worse
than the design basis accident as '"'incredible"
is whelly inadequate to assurc safety; and
should nct be a basis to deny the full investi-
gation of all accident possibilities as called

for above.

(5) The magnitude of the potential consegquen- FZ

ces discussed above ra2quires that the Nucizar

Regulatory Commission should require the enalyv-
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sis and evaluation of the likcelihood and zcten-
tial consequences of all accident possibili-
ties, as described by the abcve contantions,

and should fully consider and fully weigh

the said likelihcod and consequences of all
accident possibilities, and should fullylcan—
sider and fully weigh the said likelihood

and ccnseguences in the light of the experignce
of past reactor malfuncticn (see Accident
Hazards generally, ard chapters 5 and 6, includ-
ing the section on Probability of Accidents,

pp. 96-98 and appendix 2, and the testimony

-

by V. Bridenbaugh, ct al., before the Joint -

3

Committee on Atomic Energy of the U.  S. Co

»

gress, February 18, 1976, which suggest

(]

na

Y

the lixelinood ol such scvere accidents is

nct remote and may be unacceptable). A soun

.

rational judgment of reactor safety is not
possible without the full analy