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UNITED STATES OF AMERICA .
NUCLEAR REGULATORY COMMISSION B SEP 19 P5:34

In the Matter of

Vermont Yankee Nuclear
Power Corporation Docket No. 50-271

(Vermont Yankee Nuclear
Power Station)

NEW ENGLAND COALITION ON NUCLEAR POLLUTION'S
SUPPLEMENTAL RESPONSE TO VERMONT YANKEE
SPENT FUEL POOL EXPANSION REQUEST,

51 FED. REC. 22,245

On July 21, 1986, The New England Coalition on Nuclear Pol-
lution ("NECNP") filed an initial response to the Vermont Yankee
request to expand spent fuel storage capacity, noticed at 51 Fed.
Reg. 22,245 (June 18, 1986). NECNP also requested an extension
to supplement that response. The folilowing constitutes NECNP's

Supplemental Response.

When originally licensed, the Vermont Yankee spent fuel
storage pool capacity was 600 spent fuel assemblies. Yankee
maintained that this capacity was adequate since fuel would be
stored for only a year or two onsite and then shipped away for
processing., In 1977, Yankee received a license amendment au-
thorizing an increase in spent fuel storage capacity to 2000 as-
semblies, which it states is adequate, with full core discharge
reserve space, until 1990. Yankee now seeks another increase to
2,870 fuel assemblies, to be accomplished by removing the storage

racks and replacing them with racks spaced more tightly together,
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greatly increasing the density of the stored assemblies. To our
knowledge, Yankee has never removed any spent fuel from the site,
and with this latest request, seeks to complete a near gquin-
tupling of the originally licensed authority to store spent fuel,

NRC, in turn proposes to approve this latest license amend-
ment request without opportunity for prior hearing on the as-
serted grounds that it presents "no significant hazards con-
sideration."™ 51 Fed. Reg. 22,245, 22,246, Col. 1, June 18, 1986.
Moreover, insofar as we are able to determine, NRC has made no
review of the environmental impact of the proposed action, nor
considered whether alternatives - including, for example, dry
case storage - present significant safety and environmental ad-
vantages cver increasing the density of the pool. NECNP contends
that this license amendment does present a "significant hazards
consideration;"™ that is, that it raises a substantial safety and
environmental question.

In addition, the proposal requires an Environmental Impact
Statement pursuant to the National Environmental Policy Act
("NEPA").

STORAGE EXPANSION AND DENSIFICATION
SIGNIFICANTLY INCREASES THE RISK OF ACCIDENT

In order to prever* the more tightly packed fuel assem-
blies from beginning a nuclear reaction (i.e. to keep the assem-
blies "subcritical™), it is necessary for the company to surround
each with a neutron absorbing material.

At 2,870 assemblies, the Vermont Yankee pool would be

capable of storing almost eight full core loads. (A full core at

the plant is 368 assemblies). This obviously constitutes a very
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large quantity of long-lived radiocactivity which, if released,
could lead to substantial environmental contamination.

The driving force for such a release can be created because
the neutron-absorbing material, necessary to prevent criticality
in the pool, would also act to suppress heat transfer from the
spent fuel in the event of water loss from the pool. This can
lead cladding temperatures to rise high enough to initiate
zirconium-air or zirconium-steam reactions, creating heat suffi-
cient to provide a driving force which can release volatile

radionuclides from the fuel. See, The Source Term Debate, A

Report by the Union of Concerned Scientists, Sec. 9.5.2, p. 9-24,

Jan.,, 1986. These would include, for example Cesium-137, a very
long-lived element. The surrounding reactor building is not de-
signed to withstand an explosion of hydrogen generated in the
zirconium-steam reactor. Thus, a significant release to the en-
vironment might occur.

The Union of Concerned Scientists analysis further states:

A severe reactor accident could lead to loss of water
from the spent fuel pool in two ways. First, violent
phenomena such as hydrogen explosions could lead to a breach
of the pool. This would be most significant for those
plants (such as Mark I and II BWRs) where the pool is above
grade level., Second, the pool cocling systems may be dis-
abled as a part of the reactor accident sequence. Repair of
these systems might then be precluded for several weeks or
longer, due to high radiation fields around the plant.

Water would then be lost by evaporation, leading to uncover-
ing of the spent fuel in times of the order of a week or two
(the time depending heavily on the age after discharge of
the most recently discharge spent fuel).

Id. Sandia National Laboratories performed calculations to
estimate the temperatures which could be recorded in a typical
pool in the event of loss of the water. While Sandia did not an-

alyze the worst case, its calculation still showed that cladding



- § -
temperatures could exceed 1000°%c. At this temperature, both the
zirconium-air and zirconium-steam reactions proceed vigorously.

A.S. Benjamin, et al. Spent Fuel Heatup Following Loss of Water

During Storage, Sandia National Laboratories, NUREG/CR-0619,

Mar., 1969, In addition, a recent NRC-sponsored experimental and
theoretical research study concluded that, if the most recently
discharged fuel begins a self-sustaining zirconium oxidation, the
heat so generated can raise the temperature of surrounding assem-
blies to the point of ignition. 1In this way, the "fire" may
travel throughout the entire fuel pool. N.A. Pisano, et al.,

The Potential for Propogation of a Self-Sustaining Zirconium

Oxidation Following Loss of Water In a Spent Fuel Storage Pool,

Sandia National Laboratories, Draft Report, Jan., 1984,

Over the past eight years a body of evidence and scientific
opinion has been growing, such as that summarized in the Union of
Concerned Scientists report, which raise serious questions about
the safety of spent fuel pool storage. These concerns are
greatest in the case of high-density racking and particularly in
plant designs, such as Vermont Yankee, where the spent fuel pool
is located above ground level. While a spent fuel pool release
would not happen quickly after the loss of water, it is not cor-
rect to assume from this that water could necessarily be restored
to the pool in all cases. The most probable circumstances for
release of the radioactive contained in the pool are those asso-
ciated with a severe reactor accident. Such an accident could
involve fire or explosion in or outside the containment and/or
release of radiation. Even were the release not at the worst end

of the possible spectrum as far as contamination cf the outside



-5 -
environment is concerned, it could be severe enough to prevent
access to the spent fuel pool. The assemblies would continue to
heat up and enter the exothermic reactions described above.

Copies are attached of testimony presented on these issues
by Dr. Gordon Tompson before the Sizewell "B" Public Inquiry in
England in February, 1984 and before the Minnesota Energy Agency
in 1979 concerning the Prairie Island spent fuel pool expansion.
While both plants in question are pressurized water reactors (and
thus the scenario resulting in a loss cof water from the pool
would differ) the discussion of the physical phenomena involved
in a release of readioactivity from the spent fuel pool is ap-
plicable. 1Indeed, as the Union of Concerned Scientists report
quoted above notes, the risk would appear to be greater for reac-
tors ¢f the Vermont Yankee design than for pressurized water
reactors because the pool is above grade. Moreover, the evidence
is strong that the likelihood of a large release of radioactivity
in the event of severe accident, blocking access to the pool, is
greatest for GE Mark I plants such as Vermont Yankee. NRC's cur-
rent operative assumption, presented in a September 11, 1986
meeting between top NRC officials and the BWR owners group, is
that 1 in 2 severe accidents in a Mark 1 plant will result in
large releases.

In 1979, the Lower Saxony State Government set up an inter-
national review group to review and advise it regarding the ap-
plication pending before it to build a nuclear storage,
reprocessing, waste disposal and fuel fabrication facility at
Gorleben, Germany. The resulting report was subject to public

examination over a week of proceedings. After hearing the evi-
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dence, the Governor of the State disapproved the application and
announced that modifications would be required as a condition of
future re-application. The declaration of the Lower Saxony
Government is attached, While concluding that the portion of the
facility involving waste disposal in a salt dome did not pose un-
reasonable risk, the state government was unwilling to approve
the spent fuel pool storage portion. The relevant chapter of the
Report of the Goreben International Review is also enclosed,
which analyzes the consequences of loss of cooling water to the
spent fuel storage ponds.

In summary, the storage of a very larce amount of radioac-
tive material in the Vermont Yankee spent fuel pool constitutes a
significant risk. That risk is obviously increased by expansion
of the pool., Should a release occur, the magnitude of the conse-
guences, particularly the greater contamination of land by long-
lived Cesium=-134 and the concomitant increase in latent health
effects, could be much greater. The documents available in this
docket contain no consideration whatever by NRC of these issues.

Moreover, there has been nothing approaching a rational con-
sideration of the available alternatives, pursuant to NEPA,
Yankee's "consideration" of the available technical alternatives,
including dry cask storage, consists of the assertion that none
has been licensed by another commercial utility. This hardly
suffices under NEPA, particularly when use of such an alternative
would greatly reduce both the probability and consequences of an

accident.
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THE PROPOSAL DOES PRESENT A SIGNIFICANT
HAZARDS CONSIDERATION

NRC must offer an opportunity for a hearing prior to grant-
ing any licenses amendment except in cases involving "no sig-
nificant hazards consideration.” 42 U.S.C., §2239. This excep-
tion to the prior hearing requirement is contained in the 1982
"Sholly amendment™ to the Atomic Energy Act. The legislative
history of this amendment is replete with evidence that it was
specifically intended by Congress that spent fuel re-racking such
as this one would not be included within the "no significant
hazards consideration"™ exception. The first reference to the
subject occurred in the House of Representatives on November 5,
1981 when the House version of the bill (HR 4255) was considered
and passed:

Mrs. SNOWE. Would the gentleman anticipate this no sig-

nificant hazards consideration would not apply to license

amendments regarding the expansion of a nuclear reactor's
spent fuel storage capacity of the reracking of spent fuel
pools?

Mr. OTTINGER. If the gentlewoman will yield, the expansion

of spent fuel pools and the reracking to the spent fuel

pools are clearly matters which raise significant hazards
considerations, and thus amendments for such purposes could
not, under Section 11 (a), be issued prior to the conduct or

completion of any requested hearing or without advance
notice. (127 Cong. Record H 8156) (emphasis added)

The Senate committee on Environment and Public Works
repeated this belief in its report on S. 1207:

The committee recognizes that reasonable persons may differ
on whether a license amendment involves a significant
hazards consideration. Therefore, the Committee expects the
commission to develop and promulgate standards that, to the
maximum extent practicable draw a clear distinction between
license amendments that involve a significant hazards con-
sideration and those that involve no significant hazards
considerations. The Committee anticipates, for example,
that, consistent with prior practice, the Commission's
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standards would not permit a "no significant hazards con-
sideration®” determination for license amendments to permit

reracking to spent fuel pools.

Senate Report No. 97-113, U.S. Code Cong. & Ad. News p. 3599
(emphasis added).

Finally, Commissioner Asselstine (prior to his appointment)
confirmed the existence of this practice in a response to Senator
Mitchell:

Senator Mitchell: There is, as you know, an application for
a license amendment pending on a nuclear facility in Maine
which deals with the reracking storage guestion. And am I
correct in my understanding that the NRC has already found
that such applications do present significant hazards con-
siderations and therefore that petition and similar peti-
izions would be unaffected by the proposed amendment?

Mr. Asselstine: That is correct, Senator. The Commission

has never been able to categorize the spent fuel storage as

a no significant hazards consideration.

Transcript of meeting of Senate Committee on Env. & Public Works,
gquoted in March 15, 1983 letter from Senators Simpson, Hart, and
Mitchell to Chairman Palladino.

It is therefore not unusual that the Conference Report on
this legislation did not specifically mention reracking. The
issue had been raised in each House and there had been complete
agreement. Even the General Counsel and the Executive Legal
Director, in a memorandum to Chairman Palladino and the Commis-
sioners concluded

In conclusion, we observe that although discussion of this

issue is sparse, every reference on both the House and

Senate sides reflects an understanding that expansion and

reracking of spent fuel pools are matters which involve sig-

nificant hazards considerations.

Moreover, the Conference report on the 1982 amendments

emphasizes that if there is any doubt, the Commission should not

make the "no significant hazards consideration®™ determination,
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but instead should permit a hearing before acting: "[The stand-
ards which the NRC promulgates to implement the amendments]
should be capable of being applied with ease and certainty, and

should ensure that the NRC staff does not resolve doubtful or

borderline cases with a finding of no significant hazards

consideration."” House Conference Report No. 97-884, p. 37,

reprinted in U.S. Code Cong. & Ad. News at 3607, (emphasis
added). The Conference Report further emphasized its directive
that the NRC was not to use the "no significant hazards con-
sideration" determination in reviewing amendments involving irre-
versible consequences because such use would, as a practical mat-
ter, eliminate the public's right to a hearing:

The conferees intend that in determining whether a proposed
license amendment involves no significant hazacds cons.dera-
tion, the Commission should be especially sensitive to the
issue posed by license amendments that have irreversible
consequences (such as those permitting an increase in the
amount of effluents or radiation emitted from a facility or
allowing a facility to operate for a period of time without
full safety protections). In those cases, issuing the order
in advance of a hearing would, as a practicez! matter, fore-
close the public's right to have its views considered. 1In
addition, the licensing board would often pe unable to order
any substantial review as a result of an after-the-fact
hearing. Accordingly, the conferees intend the commission
be sensitive to those license amendments which involved ir-
reversible consequences.

Conference Report at p. 38, (emphasis added).
The legislative history demonstrates repeatedly that Con-

gress sought to ensure full public participation before the

amendment authorization when it enacted the 1982 amendments:

The conference agreement maintains the requirement of the
current section 189a. of the Atomic Energy Act that a hear-
ing on the license amendment be held upon the request of any
person whose interest may be affected. The agreement simply
authorizes the Commission, in those cases where the amend-
ment involved poses no significant hazards consideration, to
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issue the license amendment and allow it to take effect be-
fore this hearing is held or completed. The conferees in-
tend that the Commission will use this authority carefully,
applying it only to those license amendments which pose no
significant hazards consideration.

Conference Report at p. 37, reprinted in U.S. Code Cong. & Ad.
News at p. 3607 (emphasis added). Likewise, the Senate confirmed
its intent that the public right to a hearing was not to be cir-
cumscribed with the new amendments:

« « «the Committee expects the NRC to exercise its authority
under this section only in the case of amendments not in-
volving significant safety questions. Moreover, the
Committee stresses its strong desire to preserve for the
public a meaningful right to participate in decisions
regarding the commercial use of nuclear power.

Senate Report at p. 14, reprinted in U.S. Code Cong. & Ad. News
at p. 3598, emphasis added. And, as explained above, Congress
explicitly directed that the Commission was to "ensure that the
NRC staff does not resolve doubtful or borderline cases with a
finding of no significant hazards consideration.”™ This situation
is not even a "borderline®™ case in light of the unusually ex-
plicit legislative history concerning spent fuel pool expansions.
Just last week, the United States Court of Appeals for the
Ninth Circuit ruled that the NRC may not authorize spent fuel
pool re-racking at the Diablo Canyon plant without offering a

prior hearing., San Luis Obispo Mothers for Peace et al. v. NRC,

No. 86-7297 (9th Cir. September 11, 1986). In interpreting the
Sholly amendment, the court emphasized the "Congressional direc-
tive that doubts be resolved in favor of a prior hearing and that
the NRC staff not prejudge the merits of a proposed licensed
amendment.” Id. at 8. Governed by this standard, the proposal

raises significant hazards considerations.
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Without conceding that NRC's rules properly implement the
underlying law, they provide that a "no significant hazard con-
sideration® finding is appropriate only if a proposed amendment
does not:

(1) Involve a significant increase in the probability or
consequences of an accident previously evaluated; or

(2) Create the possibility of a new or different kind of
accident from any accident previously evaluated; or

(3) Involve a significant reduction in a margin of safety

Keeping in mind the court's admonition that in appiying this
standard, NRC is not to prejudge the merits of the issues. NECNP
contends that all three tests are met. As noted above, the ex-
pansion involves a significant increase in the consequences of
reactor accidents. In particular, 9 10 CFR §50.44, concerning
standards for combustible gas control, is predicated upon the as-
sumption that core damage may occur. Thus, such an accident is
"evaluated" for purposes c¢f this rule. 1In the event of such an
accident occurring at a time when Vermont Yankee is de-inerted,
significant amounts of hydrogen would be generated.

Should such hydrogen be vented or otherwise released outside
the containment into the building which houses the storage pool,
and is not designed to withstand hydrogen expolosion, it could
disable the spent fuel pool cooling systems or even threaten the
structural integrity of the pool. Even a reactor accident which
is not sufficiently severe to cause a significant release of fi-
sion products from the containment could involve the generation

of explosive amounts of hydrogen, as in TMI-2. Indeed, during
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the TMI-2 accidents, a hydrogen explosion outside containment did

occur.

Such a sequence of events both increases the consequences of
an "evaluated"” reactor accident and creates the possibility of a
new or different kind of accident - a raaioactive release from
the spent fuel pool as described above and in the attachments.
In addition, the storage of more fuel in the manner proposed, in-
cluding the ability to emplace the freshest and hottest fuel,
decreases a margin of safety by decreasing the time between the
onset of heat-up of the fuel and release of radioactivity.

CONCLUSICN

For the reasons stated above, NRC's determination that this
proposal involves no significant hazards consideration is legally
and factually insupportable. Under the Atomic Energy Act,
Yankee's request requires NRC to provide an opportunity for a
hearing before approval. NECNP would be interested in exploring
with other interested parties the possibility of agreeing to in-
formal procedures to govern such a proceeding.

In addition, this is a major federal action requiring com-
pliance with the provisions of the National Environmental Policy
Act. To this point, NRC has taken no steps to carry out its ob-

ligations under NEPA. These include, inter alia, the reguirement

to analyze and present for public comment the environmental con-
sequences of a worst case accident, (40) CFR §1502.22, and to
review the alternatives to this proposed action. NRC must do

this before permitting the spent fuel storage expansion.
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September 19, 1986 y{ ﬁ (/({’/ZV\
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ane Curran
Harmon & Weliss
2001 S Street, N.W.

Suite 430
Washington, D.C. 20009
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Preface

This proof is a modified version _f a report with the
same title which has been submitted to the Inquiry as
TCPA/S/127.

Modifications have been made to the overview of
TCPA/S/127, but all the annexes are unchanged. Accordingly,
this proof consists of an overview (modified from the
overview of TCPA/S/127) plus annexes designated A through U
(each of which is identical to the same annexe of

TCPA/S/127).

Gordon Thompson, the principal author of TCPA/S/127, is
the principal witness for this proof. He will be supported
by Steven Sholly, who assisted in the preparation of
TCPA/S/127. Five other consultants also contributed to
TCPA/S/127, but none of those people is offered as a witness

before the Inquiry.

——— O T —
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Annex Q

RISKS ARISING FROM SPENT FUEL MANAGEMENT

prepared by Gordon Thompson
this version completed 30 November 1983

1. Introduction

In this context, "spent fuel management” refers to
interim storage of spent fuel at the Sizewell site, or at
another CEGB site, and its transportation. The risks
associated with interim storage at a non-CEGB site, with
reprocessing, and with final disposal, are not addressed

here.

The CEGB proposes to store spent fuel, on an interim
basis, in a water-filled pool adjacent to the containment
building of the Sizewell PWR. Moreover, the Board is making
provisions to eventually expand the pool's storage capacity,
via high-density racking, to the equivalent of 7 reactor
cores (21 years' discharge).

There is a risk associated with high-density racking.
Loss of water from the pool can lead to cverheating of the
spent fuel and consequent release of radioactivity to the

environment.

An alternative approach to interim storage, not subject
to the same scenario, is dry storage. Considerable progress
has been made in this area in recent years, in the UK and

elsewhere.

—— i —— -~ — —— T —— — — T —— ., — . —~—gt

During transport of spent fuel, tiere are also potential
dangers. Through sabotage, accidental impact, or fire, it

.-
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is possible for some of the radioactivity in the spent fuel
tc be released to the environment. The amount released
would, of course, vary according to the severity of the

accident.

This annex briefly addresses these issues. Section 2
discusses the risk associated with pool storage of spent
fuel, while Section 3 discusses the alternative option of
dry storage in casks. Finally, Section 4 addresses

transport incidents.

2. Risks of Pool Storage

The CEGB plans an initial storage capacity of 324 fuel
assemblies in the Sizewell PWR's spent fuel pool.
Subsequently, this capacity can be expanded by installing
high-density racks, to an ultimate capacity of 1377 fuel
assemblies (7 reactor cores). In this high-density
configuration, the centre-to-centre distance of the fuel
assemblies will be about 10 inches. As the normal
refuelling cycle involves discharge of 1/3 core annually,
this 7-core capacity represents 21 years' discharge of spent

fuel(Q'l).

In order to prevent criticality, which might arise at
these high densities, each spert fuel assembly will be
enclosed in a tube whose walls are made of neutron-absorbing
material. Although effective at suppressing criticality,

those tubes introduce a new hazard. In the event of water
loss from the pool, the spent fuel can overheat.

Figure Q.1 shows some estimates, from a study performed'
at Sandia Laboratories, of clad temperature in the event of
water loss from dNb6;i containing spent fuel in a T
high-density configuration. The most serious case is the
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"Blocked Inlets" case, wherein the convective circulation cf
air is prevented. The "inlets" referred to are holes in the
base of each neutron-absorbing tube. Cooling fluid (water
when the pool is full, air when it is empty) can enter
through these holes and, as it rises convectively, extract
decay heat from the spent fuel assemblies. The most likely
cause of blocked inlets is the presence of residual water at
the base of each neutron-absorbing tube. Thus, less-than-
total loss of water from the pool will be more significant

than total loss.

The dashed curve in Figure Q.1 shows the effect of
including oxidation effects in the calculations. The
oxidation reaction between air and the zirconium fuel
cladding is exothermic and proceeds rapidly at temperatures
above 1000°C. Thus, as will be seen from Figure Q.1, a
"run-away'" reaction can occur. S

A similar reaction will occur between steam and
zirconium; this reaction is also exothermic and can also
"run away" at temperatures above 1000°C. In the event of
partial water loss, this reaction will occur rather than the

air-zirconium reaction.

The calculations behind Figure Q.1 assume one-year-
discharged fuel. Clearly, recently discharged fuel will be
most susceptible to the initiation of an exothermic >
reaction. However, cace such a reaction is initiated, the
resultant heat can bring the cladding of adjacent fuel
assemblies up to the ignition temperature. By this means, a
zirconium "fire" can spread through the pool, involving

older fuel assemblies as well.

This "fire" would be characterized by glowing of the

— —— —

cladding rather than by flames. Gradually, ‘the claddihg
would become weakened and many of the UO2 pellets would
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become exposed. Volatile radionuclides, particularly
cesium, would be released from those pellets to the
atmosphere within the pool building.

1f the reaction were between zirconium and steam, then
hydrogen would be evolved in significant quantities. A
hydrogen explosion in the pool building could then occur,
leading to a breach in that building. Such a breach would
create a direct path whereby radionuclides in the building
atmosphere could reach the outside environment.

Further analytic, and some empirical, work is required,
so that our understanding of this accident scenario may be
improved. For example, the calculations behind Figure Q.1
are not sufficiently sophisticated. However, enough is
known to substantiate the description given above(Q‘Z).

At this juncture, the reader may reasonably ask: "Under
what circumstances will there be total or partial loss of

water from a spent fuel pool?"

At some PWRs (and even more BWRs), the design of the
pool is such that it is easy to envisage the pool becoming
totally or partially drained due tu sabotage or earthquake
damage, or via an accident during refuelling. At the
Sizewell PWR, total drainage will not occur during such
incidents unless the pool wall or base is breached, which
would require a quite determined act of sabotage or a major
earthquake. There is no opening in the pool walls below the

top of the fuel assemblies(Q'3).

For Sizewell, a scenario of greater interest is a
reactor accident which interrupts cooling of the pool water
and prevents access to the pool building by repair teams.

In that event, the pool water will evaporate and eventually
expose the fuel assemblies. 1In a typical case, the pool
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water would begin to boil about 2 days after cooling was
lost. The pool would boil dry after a further 19 days(Q'a).

After a serious reactor accident, radiation fields near
the pool building could prevent human access for times of
this order. Access could be prevented even if the reactor
accident did not lead to a very large atmospheric release.
For example, an accident involving melt-through of the
basemat, without above-ground containment failure, might
lead to intense radiation fields in the immediate vicinity
of the containment building, due to radioactive steam and

gases rising from the ground.

Via this scenario, a reactor accident could lead to a
release of a significant fraction (perhaps tens of percent)
of the cesium in the spent fuel. The total cesium release
from the combined reactor and pool accidents could then be
substantially greater than the release from the reactor
accident alone. The area of land which would become
unsuitable for habitation would increase correspondingly.

3. On-Site Cask Storage

There are several methods of on-site spent fuel stdrage
which are less dangerous than high-density pool storage.
Perhaps the most interesting of these methods is dry storage
in casks. -

Figure Q.2 shows a West German cask storage concept. In
this plan, for the Wurgassen plant, a group of 40 casks
would be located .in a building on the plant site. Each cask
would hold four spent fuel assemblies. More buildings could

R B R e e T e ettt W R N A I B L AR S I o
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With this concept, no power or water supplies are
required for the cooling of the spent fuel. Human
intervention is confined to routine oversight. The casks,
if properly designed and built, will be safe against most
events except severe fires, acts of war, or determined
sabotage. Moreover, casks can be added as new storage
capacity is required, thus avoiding the high initial cost
associated with some other storage concepts.

In the US, three companies have submitted information on
their respective cask designs to the Nuclear Regulatory
Commission (NRC). One of these companies (Combustion
Engineering) has propcsed a cask which can hold 24 PWR spent
fuel assemblies. Also, the US Department of Energy intends
to demonstrate cask storage in cooperation with utilities in
Virginia and North Carolina, and with the Tennessee Valley

Authority(q‘s' Q'6).

-—

4., Transport Incidents

During transport, spent fuel will be held in heavy
shipping casks. In normal circumstances, transport poses
little risk. However, there are a number of abnormal
circumstances which could lead to a public health risk.

A severe impact could lead to deformation or rupture of

the cask, and damage to the fuel assemblies. Also, a

release path from the cask interior to the environment could

be created by cask rupture, or by damage to cask seals or

valves. Noble gases and volatile fission products ;

(particularly cesium) could be released. If the impact were

accompanied by fire, greater release would be expected.

— — —— —— T ——. — — . =

The Greater London Council (GLC) will be presenting

evidence on this matter at the Sizewell Inquiry, drawing
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upon work by the consulting firm Technica. As part of this
effort, the GLC has commissioned the UK National
Radiological Protection Board (NRPB) to estimate the public
health effects of various possible releases arising from a
rail accident at Willesden Junction (in London).

The NRPB has published some of the results of their
investigation. Their assumed release fractions are shown in
the first column of Table Q.1. The assumed accident is an
impact followed by a 2-hour fire at about 1000°C. In the
mean outcome, NRPB predicts 2 fatal cancers, and in the 99th
percentile case (only 171 of outcomes would be worse) they

predict 14 fatal can:ers(q‘7).

A detailed study of spent fuel transportation has
recently been published by the Council on Economic
Prioricies (CEP), an independent organization based in New
York(q'a). This CEP study finds that higher release
fractions than those assumed by the NRPB are credible. The
second column of Table Q.1 shows release fractions which CEP
find credible for impact plus a fire leading to an internal
cask temperature of 1000°C. It should be noted that
short-cooled (say, 1 year) fuel is assumed.

Sabotage is also a real possibility. A study by Sandia
Laboratories shows that explosives, particularly shaped
charges, could breach both truck and rail casks(Q‘g).
truck-mounted casks, Sandia estimates that fractions of the
spent fuel mass from 01 to 1007 could be displaced from the
cask, and fractions from 0.7% to 100% could be scattered as
solid particles. Up to 0.2% (baseline estimate: 0.07%) of
the solid contents could be released as an aerosol. The
third column of Table Q.1 summarizes Sandia's release

estimates (for gaseous or aerosol release).

For
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Sandia's release estimates Jdo not consider the effect of
fire as part of a sabotage event. Once the cask :as been
breached, air can rezch its interior and oxidize the
zirconium fuel cladding and the U0, fuel pellets themcelves.
Thus, in view of the rclease fractions which CEP finds
credible for impact/fire sceonarins, higher release fractions
than the Sandia numbers seem credible fo: sabotage/fire

scenarios. The fourth column in Table Q.1 shows tentative
estimates of release fractions for such scenarios.
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5. Notes and Sources

(0.1) CEGB, Sizewell'B' PWR Pre-Construction Safety
Report, April 1982, Chapter 13.

(Q.2) The author, with colleagues, is currently
investigating this subject. For an earlier
account of the author's understanding, see: (i)
"Potential Accidents and Their Effects,"” Report
of the Gorleben International Review, 1979,
Chapter 3 [Note: This document is available (in
German) from the government of Lower Saxony, West
Germany, and also (in English) from the Political
Ecology Research Group, Oxford, UK.]; and (ii)

G. Thompson, Testimony Concerning the Proposed
Increase of Spent Fuel Storage Capacity at Prairie
Island Nuclear Plant, presented to the Minnesota
Energy Agency, June 1980.

(Q.3) One could, however, envisage a sabotage scenario
involving siphoning water from the pool through
one of the water return lines (which terminate at

the bottom of the pool).
(Q.4) The assumptions behind this calculation are:

water volume: 1500 m3
. decay heat: 2 MW

pool temperature
before cooling loss: 50°C

mean water depth: Sm

These parameters are roughly charscteristic of an
almost-filled pool, rid-way between refuellings.

— ——.. r— — . P ——

For further information, see ref (Q.1).
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(Q.5)

(Q.6)

(Q.7)

(Q.8)

(Q.9)

Q-10

US Nuclear Regulatory Commission, 1982 Annual

Report, June 1983, pp. 64-65.

US Department of Energy, Department of Energy to
Negotiate Cooperative Agreements for Spent Fuel
Storage Demonstrations, press release, 5 October
1983.

R.H. Clarke and K.B. Shaw, "Consequences of
Release of Activity during Irradiated Fuel
Transport," Proceedings of the Conference on the
Urban Transportation of Irradiated Fuel, Connaught
Rooms, London, April 1983, MacMillan (in press).

M. Resnikoff, Study Director, The Next Nuclear
Camble: Transportation and Storage of Nuclear
Waste, Council on Economic Priorities, 1983.

N.C. Finley et al., Transportation of
Radionuclides ir U:zban Environs: Draft
Environmental A:sessment, NUREG/CR-0743, July
1980.
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Table Q.1

Various Estimates of Radionuclide Release Fractions (percent)

for Incidents Involving Spent Fuel Transport Casks

: §B£§l§(a) cep'g(P) Sand1a(°) '
%gggct_ggg Impact and Sabota e Sabotage/Fire
’ re Scenario Fire Scenario §—ena Scenario
; Noble Gases 30 ? 10-25 10-100
Ces}um 0.03 10 0.02-0.2 1-30
Ruthenium(®’ 0.03 ] 0.02-0.2 ?
Tellurium 1x10”% 10 0.02-0.2 ?
Ochr- Nuclides 1x10°4(6) ? 0.02-0.2 ?

I

[No#es and Sources on next page.]




Notes and Sources for Table Q.1

(a) See ref (Q.7).

(b) See ref (Q.8), Chapter VI.

(c) See ref (Q.9), SecFion .

(d) Tentative estimates by author--see text.

(e) Ruthenium is highly volatile in the tetroxide form.

(f) Except cobalt, for which a release fraction of 0.25% was

assumed.
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Figure Q.1

Estimated Cladding Temperature Following Loss of Water from a

Spent Fuel Pool Containing PWR Spent Fuel in Compact Racks
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(Nctes and Sources on next page)




Notes and Sources for Figure Q.1

(a) This figure adapted from Fig 26 of A.S. Benjamin et al, Spent Fuel

(b)

(c)

(d)

(e)

(f)

Heatup following Loss of Water During Storage, US Nuclear Regulatory
Commission report NUREG/CR-0649, March 1979

The spent fuel is assumed to be placed in upright cylindrical
canisters which are open at the top and which have a hole of
diameter D at the bottom. It is assumed that fluid flow cannot
occur in the spaces between the canisters.

The pool will contain batches of spent fuel of varying ages. In
this instance, the fuel is assumed to be aged one year after dis-
charge from the reactor. _ '

The cases marked "NO WATER" refer to complete loss of water from
the pool. Decay heat is then removed primarily by upward convection
of air. Larger D leads to lower clad temperature.

The case marked "BLOCKED INLETS" results frum partial loss of water,
so that upward convection of 2ir is inhibited. Decay heat must

then be removed oy upward and downward radiation and by evaporation
of the residual water.

The dashed line indicates the effect of including cladding oxidation
in the calculation.




Figure Q.2

Concept for Interim Storage of Spent Frel at

Reactor Sites Using Dry Casks

(i) The Storage Building

Spent Fuel 8.7 metres

Storage Casks
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(continued on next page)
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Figure Q.2 (continued)

(ii) The Cask
(dimensions in millimetres)

~5730 CASTORIa
(«5300) CASTORIc

%*ﬂ

CASTORIa

(2170)

— ——— —_—

(Notes and Sources on next page)
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Notes and Sources for Figure Q.2

. __(a) The drawing of a storage building is from documents prepared
in 1979 by Preussen-Elektra of Hannover, for their license
application for interim storage at the Wurgassen plant in West
Germany. :

(b) The drawing of a Castor cask is from Transportbehalterlager,
Die trockene Lagerung von ausgedienten Brennelementen, Deutsche
Gesellschaft fur Wiederaufarbeitung (undated).

(c) In this Preussen-Elektra concept, each building would hold
40 casks. :

(d) The Castor la cask shown is intended for 4 PWR fuel assemblies
(2.1 MTHM).




APPENDIX B

Testimony to the Minnesota Eneray
Agency, State of Minnesota,
Concerning the Proposed Increase of
Spent Fuel Storage Capacit
at Prairie Island Nuclear Plant

by Gordon Thompson,
Consultant,
Center for Energy and
EZnvironmental Studies,
Princeton University,
Princeton, NJ 08544

Testimony submitted 10 May 1980 —

and cross-examined before a e

Hearing Examiner of the MZA on -
25 June 1980, in Minneapol.s.
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Testimony to : The Minnesota Energy Agency, State of Minnesota

By : Gordon R Thompson PhD

Concerning : The Proposed Increase of Spent Fuel Storage Capacity

at Prairie Island Nuclear Plant

10 May 1980

1. Description of Witness

I am a consultant engineer active in the area of energy and environmental
studies and am a member of the Political Ecology Research Group Ltd

( a non-profit company ) of Oxford, England.

At present I am a consultant to the Center for Energy and Environmental

5tudies at Princeton University.
The testimony herewith is entirely my own responsibility.

[ have previously participated in two major public investigations of the
hazards of spent fuel storage, as follows :
(1) In 1977 I prepared and submitted evidence to the Windscale Public
Inquiry in UK, on behalf of the Political Ecology Research Group.
This evidence addressed the hazards of a proposed expansion of the
Windscale reprocessing plant, including the hazards of expanded spent
fuel storage.
(41) During 1978=-79 I participated.in the Gorleben International Review,
—~ a process whereby ; group of critical scientists, commissioned by
the govermment of Lower Saxony, reviewed plans for a proposed nuclear
fuel center at Gorleben, West GCermany. My work for this review

included a study of the hazards of spent fuel storage.

2. Nature of this Testimony

This testimony addresses one of the potential hazards of an expanded storage

~ of spent fuel at the Prairie Island pllnémzﬁ\zhe n;;Eer_propos:a by

Northern States Power Company.




The potential hazard addressed is that of a loss-of-coolant accident affecting
the spent fuel pools at Prairie Island, leading to a release to the

atmosphere of radioactive material.

3. Cooling of the Spent Fuel under Normal Conditions

The plan of Northern States Power Co is to cool the expanded holding of
spent fuel assemblies by natural circulation of water, horizontally beneath
the base-plate of each spent fuel rack and vertically upwards through the
storage tubes within which the fuel assemblies are confined. The pool water
is then to be cooled by heat exchangers, the heat ultimately being dis-
charged to cooling towers and the Mississippi River.

This plan differs from the present practice at Prairie Island by virtue of
the higher density of fuel assemblies. That higher density demands that e2ach
fuel assembly be surrounded by a tube made of stainless steel and neutron
ibsorbing material. The presence of this tube means that coolant ( ie water )

can reach each fuel assembly only via the base of its tube.

4. Potential Circumstances Leading to Loss-of-Coolant

There are essentially two ways in which coolant ( ie water ) could be lost :
- by evaporation
- by breach of a pool

o

oss by Evaporation -

1f the operation of the pool-water coolihg system were interrupted, the
water would, after some hours, begin to boil. If no water were added to the
nn0l, then evaporation would eventually reduce the water level sufficiently

that fuel assemblies would be exposed to the air.

To appreciate the time-scale for this process, consider the reference case

for accident circumstances as outlined in Appendix A. That case 18 at the ™™
more severe end of the spectrum of possible accident circumstances, as regards’
heat production from the spent fuel and inventory of radiocactive material in

the pool.
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e Appendix B outlines the calculations which show, for the Appendix A
reference case, the follcwing progression of events :
Cooling of pool-water ceases : t= 0 hrs
Water begins to boil : t = 20 hrs
Sufficient water has boiled away so
that 1/2 of lengfh of fuel assemblies
is exposed to air : ; t = 135 hrs
The obvious question is : "Under vhat circumstances could this situation

arise ?"

To answer : The most probable circumstances are those associated with a
reactor accident. At Prairie Island the spent fuel pools are located
{mmediately adjacent to the twin reactor containment buildings and the pools
share many systems with the reactors ( cooling, water-makeup and control
systems ). Thus a severe reactor accident is likely to interfere with the

normal operation of the pools.

A severe reactor accident could be associated in many different ways with

fire or explosion in the containment or auxiliary buildings and/cr release

of radiation from the containment building. Such radiation release, even if

t were not at the worst end of the possible spectrum in regard to contamination
.{ the gemeral 2nvironment, could be severe enough to prevent access o the

pent fuel pools or their supoort systems.

“igure 1 111ua€;tel this possibility, Shown there is estimated radiation dose-

vate inside a typical PWR containment building for a "design-base" accident,

;amely one in which the containment building "successfuily” coniines the

radiation. The Salem FSAR, from which this figure is taken, acknowledges that
adiation levels in parts of the auxiliary building could be upto 1% of that

inside the concainment ( eg 620 rad/hr after 100 hrs for Prairie Island

pl:nt(l) )+ It will be noted that death within 10-30 days due to bone marrow

damage can be expected for pctsona exposed to radiation in the range of

300-1000 radn( T-—E;;Ing also that one ::;E;I:I;‘cnngzz-:;ziud;‘a reactor s oo
accident which leads to a more severe radiation environment than does the

"design-base" accident, it is clear that prevention of access for substantially

more than 100 hrs is ﬁiausible.




Loss by Breach of a Pool

From Appendix A we see that the reinforced concrete pool walls vary in
thickness from 3 to 6 ft. Such walls could be breached by :

- sabotage

- aircraft crash

- earthquake

Of particular importance in the case of Prairie Island is the above-grade
location of the pools, as shown in Figure 2. For this arrangement, a breached
pool will drain freely. Other reactor pools ( eg at Zion plant ) are

arranged so that the top of the spent fuel is at grade level and so that at
least part of the pool walls are surrounded by earth. Consequently, such
pools are less at risk regarding rapid drainage than are the Prairie Island

pools.

5. PEvents in a Pool Following Loss-of-Coolant

Tnitial Heatup of Spent Fuel Assemblies

This process is discussed in Appendix C, from which it will be seen that
oxposure to air of about 1/2 of the length of the fuel assemblies would

lead to fuel cladding temperature in excess of 1000°¢c.

It is important to note that partial loss of water would lead to higher
cladding temperature than would pertain for total water loss.

Reaction of Zircaloy Cladding with Steam

At temperatures above IOOOOC. zirconf{um reacts exothermically with steam,

producing hydrogen gas ( as occurred during the Three Mile Island accident ) I8

Appendix D discusses this reaction and shows that the reaction, once initiated,
— — . —— —

" — —— — - — ——— —~— —
would proceed rapidly. A large fraction of the pools' inventory of
zirconium could be consumed within 1/2 hr.




Release of Radioactive Material from Spent Fuel Pellets

As outlined in Appendix E, a zirconium-steam reaction would yield heat
sufficient that a substantial fraction of the mass of the spent fuel pellets

would be melted. In consequence, substantial radioactive release would

occur to the atmosphere within the pool building,

Also, as mentioned previously, hydrogen gas would be produced. It should be
expected that this accumulation of hydrogen would lead to an explosion
which would breach the pool building. In that way, most of the radioactive

release estimated in Appendix E would enter the outside atmosphere.

6. Consequences of Atmospheric Release

A full estimate of the health effects and other impacts of such a release
would require substantial effort. One would investigate the outcome of
various strategies of evacuation, administration of thyroid-blacking
medication and interdiction of food supplies.

Some indication of the impact of release can be gained from Figure 3,

which shovs(3) the area which would be contaminated by differing releases

of Cesium 137. It can be seen that the release estimated in Appendix E would
contaminate, for typical meteorological conditions, 10,000 - 50,000 kmz of

land. Such an event would be a major catastrophe.

7. Implications of this Hazard Potential

In this context, one can learn from the process of the Gorleben International
Review ( GIR ). Dr Albrecht, governor of the West German state of Lower
Saxony, and several of his cabinet, attended a semi-public examination,
during 28 March - 2 April 1979. of the contentions of the members of the
GIR. This led to a statement(a) by Albrecht on 16 May 1979, containing the
. -~ ~followtng srttpulations regarding spent fUel storage ™ — — — *




“This radioactive potential is so immense that it must not be
possible to release it by an incident.

The State Government is not willing to license the concept of
DWK in its present form. They insist that the entry store for
spent fuel elements is made inherently safe such that the cooling
does not depend on the functioning of technical equipment or on
human reliability." .

The fulfilment of Albrecht's stipulations at Prairie Island would require :

8.

(1)

(2)

(3)

(4)

- the construction of an entirely new spent fuel store

- design of the new store to be such that loss-of-coolant would
leave cladding temperature below the ignition point

- the quantity of fuel in existing pools, and its demsity ~f packing,
to be such that loss-of-coolant in those pools would leave cladding

temperature below the ignition point

Notes \

From Figure 1, the Salem dose-rate inside containment is 1.3 x 10S rad/hr.
For the Prairie Island plant, we adjust by the ratio ( 0.48 ) of the
capacity of each Prairie Island reactor ( 530 MWe ) to that of each

Salem reactor ( 1100 MWe ), yielding 6.2 x 10“ rad/hr in containment

and up to 6.2 x 102 rad/hr in the auxiliary building.

H Smith and J W Stather, report NRPB-RS52 of UK National Radiological
Protection Board, November 1976,

This figure is taken from the report prepared by Jan Beyea ( then at the
Center for Energy and Environmental Studies, Princeton University ) as his
contribution to the Corleben International Review, February 1979.

Chapter 3 ("Potential Accidents and their Effects”) of the GIR report can
be obtained ( in English ) from : Political Ecology Research Group,

PO Box 14, Oxford, UK. This document includes Albrecht's statement.

— — — [——.. — - | —— P—— ——— S — ——.
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Figure 3 : Area of Land Contaminated by Atmospheric
Release of Cesium 137
Notes
(1) The "typical meteorology" curve assumes 5 m/s
vindspeed, Pasquill stability class D, 0.0l n/s
deposition velocity, 1000 m mixing layer and
300 m initial plume rise. -
~=(2) The contamination threshold-used is a 10-rem. ~ <
dose in 30 yrs ( approx 3 times background ). -
(3) This figure is taken from a report by Beyea



Aggandix A

ﬁcforencc Case for Loss-of-coolant Accident

DATA CONCERNING PRAIRIE ISLAND PLANT

( source : Certificate of Need Application submitted to Minnesota Energy

Agency by Northern States Power Co, September 1979 )
2 PWR reactors each of 530 MWe capacity
121 fuel assemblies per reactor core
40 fuel assemblies removed per refueling
each fuel assembly contains approx 400 kg of heavy metal
dimensions of pool 1 are 5.56 m x 5.77 m x 12.29 m ( volume 3%4 m )
dimensions of pool 2 are 13.23 m x 5.77 m x 12.29 m ( volume 938 m )
proposed fuel assembly storage tubes are of 8.3 inch inside dimension
and 9.5 inch center-to-center spacing
volume of each fuel assembly is 0,158 n3
pool wall thickness is 3-6 ft
proposed total spent fuel capacity is 1582 assemblies

normal temperature range of pool water is 105°F to 120°F

TEFERENCE CASE

Suppose that one reactor had been refueled 50 days before the accident and

‘hat the entire core of the second reactor had been removed 10 days before

the

accident. Further suppose that the pools contained normal refueling

discharge for the previous 15 yrs. The pools' inventory would be :

age of fuel assembly after number of fuel
discharge from reactor assemblies
10 days 120 <€ £8 ¢
60 days 40
1 yr 80
— -~ =35 yrs — - . ~80 - - \"?‘

Total : 1360 <+=——

MM

S ——.

cat te HM
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The characteristics of this spent fuel inventory have been estimated using
NRC data ( source : NRC report NUREG-0404 , March 1978 ). It is found that
the heat load and inventory of the most important radionuclides would be

as follows :

Heat Load s 5.33 MW
( of which 3.84 MW is from the 10-day-old fuel and 0.56 MW
is from the 60-day-old fuel )_

Inventory of Most Important Radionuclides

St 90 2.9 x 10’ ci
Ru 106 3.9 » 107 Ci
1131 1.9 x 10’ c1
Cs 137 1.8 x 10’ ¢t
Pu 238 6.7 x 10° Ci

——



Appendix B

Loss of Pool Water by Evaporation

( data from Appendix A )

The mean boiling temperature of the pools would be 113°C. If the spent
fuel heat capacity is assumed to be that of water ( volumetrically ), and
1f heat loss to surroundings is neglected, then the time required

for the water temperature to rise from its normal level ( assumed to

be 45°C ) to boiling temperature would be 19.8 hrs.

o ——

During the boiling phase, the mean latent heat of water would be 2.24 MJ/kg.

The fuel assemblies are 4.1 m long ( source : replies by Northern States
Power Co to questions from the Minnesota Energy Agency, February 1980 );
thus approx 1/2 of the length of the fuel assemblies would be exposed to
air following boil-away of 10 m depth of water. If heat loss to surroundings
is neglected, then the additional time required for this would be 114.7 hrs.

S SE——

—
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Appendix C
Cooling of a Spent Fuel Assemblv Partially Exposed to Air

The mechanisms of cooling available to the exposed portion of a
fuel assembly are :
- natural convective circulation of air and steam within the
fuel storage tube ( closed at its bottom end by water )
-~ conduction along the fuel assembly
- radiation to the pool environment ?
- superheating, as it rises past the exposed portion of the fuel
assembly, of steam generated by the immersed portion of the

assembly

The respective heat removal capacities of these mechanisms have been discussed
by this author as part of the Gorleben International Review ( see note (4)

in body of this testimony ). It is found that only the last of these
nechanisms is significant for fuel cladding temperatures up to several

thousand degrees C,

The temperature of superheated steam as it rises past the top of the fuel
assembly is, interestingly, independent of the age of the fuel after
discharge. It depends only on the fraction of fuel length exposed, as

follows :
exposed fraction maximum steam temperature ( °C )
0.3 560
0.4 820
0.5 1180
0.6 1710
0.7 2610

Cladding temperature ~ill of course be greater than steam temperature. It

sufficeq to note that cladding temperature. would readily excged 1000 c_!or .
an exposed fraction of 0.5 . - 3



The above comments are confirmed by the results of computer modelling
conducted by Sandia Latoratories for the NRC ( A S Benjamin et al, "Spent
Fuel Heatup Following Loss of Water During Storage", NRC report
NUREG/CR-0649, March 1979 ). It is interesting that the introduction of
this report is not consonant with its conients; it states ( incorrectly )
that "complete drainage" is "the most severe type of spent fuel storage

accident”. — PP

It should be noted that complete drainage would permit circulation of air
beneath the base-plate of the fuel racks and vertically upward through

the storage tubes. Partial drainage would block this air circulation.




ﬁgzgndix D

Reaction of Zirconium with Steam

This reaction is : it 4 21-120 e Zro2 + 282 + 6.53 MJ per kg Zr

- "The Technology of Nuclear Reactor Safety",
- Vol 2, 1973 )

If access of steam is not limited, the reaction rate can be represented by :

|
\
|
|
( source : p 441, T J Thompson and J G Beckerley ( eds ),

da = k exp( -C/T)
de a

equivalent thickness of cladding reacted ( m )
time ( sec )

where :

cladding temperature ( °k )
22800
3.97 x 10~

W O o ® o
"

5

( source : F C Finlayson, report no 9 of Environmental Quality
Laboratory, California Institute of Technology,
May 1975 )

The l/a component of this rate law accounts for the inhibiting effect of the

svowing oxide layer.

For a constant temperature, the time required to completely oxidize the
cladding 1is :

Total oxidizing time = Ai exp( C/T )
2k

wvhere A = total cladding thickness ( m )
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Typically, A= 6.2 x 10.‘ for a PWR, leading to the following results :

cladding temperature ( °c ) total oxi‘'izing
time ( secs )

1500 1860
: 2000 . 110
2500 18

— — " . —~— ’ —— —— — —— . —"—— —————



53wnndix E

Melting of Spent Fuel Pellets

For the reference case outlined in Appendix A, 617 Mg of 002 would be
presenc in the Prairie Island Pools. The ratio of the-mass of zircaloy to ..
the mass of uoz in a PWR would be 0.207 ( source : Reactor Safety Study,
WASH-1400, Appendix VIII, 1975 ); leading to a zirconium invemtory in the
Prairie Island pools of 128 Mg.

Given a heat of reaction of 6.53 MJ per kg Zr (pscc Appendix D ), complete

Sahnsdes of sht B ekl efedd 6.4 S 0™ 3 .

The heat required to raise the temperature of UO2 from 300°K to just above
its melting point ( 3030°K ) 18 1.2 MJ/kg ( source : R A Meyer and B Woife,

Advances in Nuclear Science and Technology, Vol 4, pp 197-250, 1968 ); thus
the heat required to melt the pools' inventory of 002 would be 7.4 x 1011 3 s

1f there were n; heat loss to the surroundings, it is clear thn£ all of the
fuel pellets could be melted. A full estimate of the fraction of the mass
of the fuel pellets which would actually be melted, and of the release of
radioactive material, would require a substantial investigative effort, My
preliminary escimate of the release to atmosphere of radionuclides is :
I, Cs, Ru : 10-50 %
Sr, Pu : & 5

-

This leads to an estimate of release inventory of the most important

radionuclides as follows :
S 9 & 2.9 % 10S ci
6

Bu 106 : ¢ 3.9 - 19.5) x 10° c1
$151 ¢ (1.9-9.5) =10 ct
cs'137 ¢ ¢ 3.8 - 19.0 ) x 10° c1

Pu 238 : 6.7 x 10° Ci

- — S, — . S — —
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oresent analyses of the safety of the Seabrook nuclear plant

« ynion of € ancerned Scientists, Cambridge, MA, 19801983 studies on
enerqy Jemand and supply, nuclear arms ¢ antrol and the safety of nuclear
mgtnlld“””'-*

e Conservation Low Foundation of New England, Boston, MA, 1983

Dr"Uﬂr"“U” of testimony on ¢ ogeneration potential at the Maine facilities of




Great Northern Paper Company.

* Town & Country Planning Association, London, UK, 1982-1984 : coordination
3nd conduct of & study on safety and radicactive waste implications of the
proposed Sizewell nuclear plant.

* 1S Environmental Protection Agency, Washington, DC, 1980-1981
3ssessment of the cleanup of Three Mile Island Umit 2 nuclear plant.

* Center for Energy & Environmental Studies, Princetan University, Princetan,
NJ, 1973-1980 : studies on the potentials of various renewable energy
sources

* Government of Lower Saxony, Hannover, FRG, 1978-1979 : coordination and
conduct of studies on safety aspects of the proposed Gorleben nucleer fuel

center
Other Experience ( selected )

¢ Co-leadersmp ( with Paul walker ) of 3 study group on nuclear weapons
proliferation, institute of Politics, Harvard Umversity, 1981

* Foundation ( with others ) of an ecological political movement in Oxford, UK,
which contested the 1979 Parliamentary election.

* Conduct of cross-examination and presentation of evidence, on behalf of the
Pohitical Ecology Pesearch Group, at the 1977 Public Inquiry into proposed
2xpansion of the reprocessing plant at Windscale, UK

* Conduct of research on plasma theory ( while a8 PhD candidate ), as an
associste staff member, Culnam Laboratory, UK Atomic Energy Authority,
1969-1973

* Service as g design engineer on coal plants, New South wales Electricity
Commission, Sydney, Australia, 1963

Publications { selected )
* Nuclear-weapon-Free Zones . A Survey of Treaties and Proposals ( edited

with David Pitt ), Croom Helm Ltd, Beckenham, UK, forthcoming.

* The Source Term Debate . A Report by the Union of Concern 1entl
( written with Steven Sholly ), January 1886, Union of Concerned Scientists,
Cambridge, MA.

* “Checks on the spread” ( a review of three books on nuclear proliferation ),
Nature, !4 November 1985, pp 127-128

* Editing of Perspectives on Proliferation, Yolume |, August 1965, published
by the Proliferation Reform Project, Institute for Resource and Security
Studies, Cambridge, MA

* “A Turning Point for the NPT ?°, ADIU Report, Nov/Dec 1984, pp 1-4,



Jmversity of Sussex, Brighton, UK

* ‘Energy Economics”, in J Denmis (ed), The Nucleer Almanac, Addison-wesley,
Feeading, MA, 1964

* “The Geresis of Nuclear Power”, in'J Tirman (ed), The Iilitarization of High
Technolegy, Ballinger, Cambridge, MA, 1984

* A Second Chonce New hampshires Elactricity Future 9s 9 Madel for the
Nation ( written with Lirzee weld ), Union of Concerned Scientists,
Cambridge, V1A, 1983,

* Seiety and ‘Waste Managervent 'mplications of the Sizewell PWR ( prepared
with the help of 6 consultants ), a report to the Tawn & Country Planning
Associaticn, London, UK, 1983

* Utilty-Scele Electrical Storage in the USA  The Prospects of Pumped Hydro,
Compressed Air, and Batteries, Princeton University report PU/CEES #120,
1981

* The Prospec's for Wind and Wave Power in North America, Princeton
University report PU/CEES # 117, 1961

* Yygroelectric Power in the JSA Evolving to Meet New Needs, Princeton
University report PU/CEES # 115, 1981

¢ £d1ting and part suthorship of “Patential Accidents & Thair Effects”, Chapter
1oy RBeport of the Gorlepben (nternati Review, published in German by
the Lovernmeat of Lower Saxony, FRG, 1979 == Chapter |11 avatiabie in
Englrsh from the Political Ecology Pesearch Group, Jxford, UK

* A Stugy of the Consequences to the Public of § Severe Accig
Commercigl FER located at Kalkar, west Germiny, Political Ecology Resesrch
Group report RR-1, 1978

Eupert Testimony ( selected )

* International Physicians for the Prevention of Nuclear war, 6th Annual
Congress, Koln, FRG, 1986 : Relationships belween nucl2er power and the
threet of nu;teer wer.

* Maine Land 'Jse Reguiation Commission, 1985  Cogeneration potential at
facilities of Grest Northern Paper Company.

* Interfaith Hearings on Nuclear Issues, Torontc, Antamd, 1984 Options for
Canade s nuclear trade and Canada’s invoivement in nuclear arms control.

* Sizewe!l Public Inquiry, UX, 1984 : Safety anc radioactive waste
implications of the proposed Sizeweli nuclear p'ant.

* New Hampshire Public Utilities Commission, 1963 - Electricity demand and
supply options fo~ Newr Hampshire.

* Atomic Sefety & Licensing Board, Dockets S0-247 -5F & 50-286-SP, US
Nuclear Regulatory Commission, 1983 Use of filtered venting at the Indian

- - - - s B8 s - ot " » W AN AL & B P AN N




Point nucleer plants.

* US National Advisory Committee on Oceans and Atmosphere, 1982
implications of ocean disposal of radioactive waste.

* Environmental & Energy Study Conference, US Congress, 1982 - Implications
of radioactive waste management.

M1scellaneous

* Australian citizen

* Married, one child.

* Resident of USA, 1979 to present, of UK, 1969-1979

* Extensive experience of public speaking before professional and lay
judiences

¢ Author of numerous newspaper, newsletter, and magazine articles and book
reviews

* Has received many interviews from print and electronic media.
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APPENDIX D

Declaration of the State Government,

Lower Saxony, West Germany

by

Minister - President
Dr. Ernst Albrecht

May 16, 1979

Concerning the proposed nuclear fuel centre
at Gorleben

(English Transiation)
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telection of & preliminary site for this center.

prescrits:

- .-

i

B wm—— -

-

T
b

L)

> O

"

]
g

———

L

G —

rwe. T2l!s the Stute QUVOrnacnt announced Loavir reaNness

the construction of an Znt

rn

"
l
.
O
W
"
b
O
o3
w0
‘e
’I
%

3
ite. Independent of the examinati

o
L]
LS

s
gure according to atomic .aw, HOKGTuF. the

"3

-on o - - s . r
srated Zntsorrunzssentiruin was ! merntally
- - Y aws ‘e -

o4t of safety techrolcszy was %0 B2

£
ezv of the population, the ltate Joverarment
r

- . < & - y | .- - - q
¢ have priori*y over all other corncizerstions.
L F -t - 1 o " ays P

ET s bt URI srutsche Gesellschaf: Jur Liederaucars

o . o ¢ " PR RS S, & a2

pramgargstaffen bR, Coerman A880322%323n o8 errrcessits
o = - . b - - : - - - -
@l8 L55.) subsitted he spplisetion JIr ¢ siCEnSLNS

- e = - - -~ - - -~ - .-Q

et sy SP she woastean FRTSOFUR SO "TUN: B0 AT At

- -

gongiruttion «f 2 rinsl deposil for racicatiivi «aaies

L]

- s & .. - - b1 y e 5+ Shnalied . . i . Tiragypms o

< Site wWas suisitted on July 28, 1I% =y the Thysikae

- - - - o o b | - ? &4 % - -

che Sundesanstalt (PTH,. PhysicaleTesnnclozizal Feleral
- - = " . -~ -~ -

grrment. NER 23 4331y exanired the protlerns wnich

> - e - s o - - . -y - - -~

’.~. . N o .»b = --'.::.Y - -Acn On al - :;.q.: .':S-e:. .2"‘-....



For this purpose, tney reiied 38 1h@ Co4nNCis SV nLmercLs siznly
ualifiel 2xperts. The reactor safecy commission aund the Jommisgion
fap radiclasizal protection issz.?1 a statenment, Ia larcn 1379, the
20i¢ was the subject of an intense depate tetween more than £°
internaticoni. scienti1sts (JorlebeneSymposiumi, After thezs zaraful

investicaticns, the Lower Saxony State Sovernnment issues the
Paliswins praliminary statement:

As On the sal>:y of the plant:

~.e Jtate overnment hasarrive? at the conclusicn that tre Yifnds
sie5088) 67 sisgstive wastes in a suitadle sal: dom2 entails o

v 2k Tor tve -ragent sereraticn as well as for those <! ere ifzmeciate
icure. Ser Later zenerations, the risk i3 small comparaed %o Other
LERS BE i€

Zecause of tneir plasticity, the salt domes in orthern Zermarny have

» ~ver 100 million yea*s without being touched In their

-laciations and -ec=-historical catas:rcrhies, such as

5f the american continent from the eurdpean Consinent;
rhem. Levertheless, not every salt dome and not every
qome ie 2¢ually zuited for final dispesal. The suitabi--
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1f necessary, the State Governm® nt would not resicate 0 remporarily

shut down the plant to guarantee that the maxirmal yearly dose is not
2

exceedecd.

3cientists agree that each raciatis X
rnaturai exposure can nave nealth effect

The ris< entailed by the above-mentioned maximal d03€ of ten mrem pet
year and person, nowever, 15 fap 3smaller than cther risks of life
with which our population is acjuainted. The natural radiaticen
axposurs in snme Federal Republic is c<a. 110 mrem per year. The use

¥ ReTayS for diagnostic purposes leads, in “ne =cpulation averare

toc ca. >< mrem per year ans perscn.

In the “ederal Repudlic of Sarmany, about &5 persons cer year and
ser 1C 2Q0 irhabitants die of cancer. This .8 atout /8 of all death
The operation of the nuclear Tntsorgungszentirurl woul.d increase this
cancer risk for the local population from 25 tO 2% Oty &% each
person would be exposed to 10 mrem per year (estimation of the Ulle
committiee for the investigat:icn of the effects of atomic radiation).
Due to the rapid reducticn of radiation exposure with increasing
4istance, the majority of the local population will be subjected O

a coensizaratly lower risk.

1f the -alculation is pased on the maximal values used by the nucleat

energy -ritics at the SCrLeben-Symposium. the risk 1S increased fror

p) Incidents in the interior of the plant

Incidents inside the chemical factory proper sart project 2)., 4@
in the reprocessing plant jtself, can be controled. ThiS also 3:;1184
to the retention technology <nich contreols tae ra.ease of radicactil

materials to the environment.

The State Government thinks that it can guarantee that incidenfs
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"inside the reprocessing pl

—nal.drivers, fisherm

ant itsel! will not lead to a radiation

exposure of the populaticn above the legal limits. This, however,
will necessitate cost-intensive safety precautions.

The State Government recognizes that the stores, which contain over
95 % of the radioactive plant inventory, constitute a special hazard
potential. This radiocactive potential is so immense that it must not

be poﬁsible to release it by an incident.

The State Government is not willing to license the concept of DWK in
its present form. They insist, that

- the entry store for spent fuel elements is made inherently
safe such that the cooling does not depend on the functiconing
of technical equipment or on human reliability;

hign-activity wastes are, in normal operation, not stored in
liquid form and that suffer tanks, if such are necessary, are

made inherently safe.

~

The State Covernment could convince themselves that the operational
safety in the plianned nuclear Zntsorgungszentrum can de at least as
es.

gocd as in other industrial facilities

All large industrial facilities contain certain risks. According to
the radiation exposure (whole-body dose) of the
exceed

present experience,
personnel working in the control area of the plant will nof
1,5 rem per year. The risk given thereby, or in other words the

of the average life expectancy resulting from this exposure
size as the reduction of the l1ife expectancy of

reduction
is of about equal

steel workers and signif
en and miners working underground take upon

themselves when they are practicing their profession.

~t term lead to radiation exposures inside,

Incidents can in the snho?
*van normal. In so far this has no

-

the plant which are nighe

icantly smaller than the risk which professio=-




immediate health effects it will have to be decided in each single
case whether the persons concerned will have tO be removed tempo-
rarily or permanently from the control area of the plant,

The permanant health contreol of the whole perscnnel is important for
the State Jovernment., Whole-body monitoring rermits a reliable
detarmination of the radiaticn exposure cf the individual workers

and employees.

of_the_population in_the Federal Republic of Garmany_

If the reguirements of the State GCovernment [see As 1. B) 8¢ Dule
filled, the populaticn living further away fron the plant will not
be influenced sy the normal operation of the facility and by incider
taking place inside the plant.

There remain, however, two risks which can not be excluded with

certainty.

One is the risk of the impact of war. One can assume that
particularly if the geographic location is considered - the parties
enzaged in the cornflict will try to avoid a destraction of the plan
which would entail the risk of a release of a fraction of the
radicactive potential. Furthermore, the State GCovernment would shut
down the plant in case of war. An impact due to war nevertheless

cannot be cocmpletely excluded.

In order to exclude, in this case, risks, which exceed the average
risk level already created by the war, the State Government requiret?
in addition to the modifications formulated in 1. b) the developmern:
of a concept to store radioactive substances which could be dis-
persed underground in case of war.

v

A further risk is the possibility of a theft of plutonium for

.- *rorist purposes. A1
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The State Government 1is convinced that the plutonium store can

be constructed and secured in a manner which renders access of

terrorists from cutside impossible.

Theft of plutonium by members of the personal, howe ver, can not be

It is for the Federal Government to

excluded to the same extent.
¥ this constitutes.

kr.ow whether they want to carry the political ris

The following summary can ve given: On the assumption that the

concept of DWK will be subject to essential modifications, it is
struct a nuclear Entsorgungszentrum in such a manner

possible to con
that population and personnel ill not be exposed to higher risks

in their life than they are by other industrial and technological
facilities which the population is already accustormed to. This
safety-techiological answer, however, is not sufficient. Even |if
a reprocessing plant, in principle, can be built and operated so
safely that it does not lead to unacceptable risks for the popula-
ion remains of whether the corstructicn of such a

ticn, the quest
plant is absolute.y necessary and whether it appears to be politi-

-

cally realizatle.

B, The tolitizal and erercve-pdlicy aspects

- .

Taday, 14 nuclear power plants are already in

Tederal Republic of Germany and nine more are
In any case, spent fuel from those plants has 10O he

- S - (T - -
being Suils ac he

moment. taken

care of (the plants have

the opinion of the Federal covernment an
the future can only be covered in a satisfac~-

from nuclear energy.

to be "entsergt"). Furthermore, % 18
tkhe State Government that

the energy demand of
tory manner with a contribution

It would be wrong to consider the construction of an integratecd
tscrgungs"-questior

Entsorgungszentrum as the only solution of the "Entsc
It has been established that long-term intermediate storage of
spent fuel elements for several decades is technically possible-in
a save manner. Rezarding final disposal, there is, in principle,

the choice between f{inal disposal after reprocessing anc firnal
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disposal without reprocessing.

The direct final disposal of spent cuel elements after a longer
cooling-off period 1is possible in principle even if developnent
work is still required for the technical realization. Direct firal
disposal avoids the problems of reprocessing. On the other hand,
it means that wastes with a high content of plutonium have to be
deposited for a long time in salt domes or in other geologic for-
mations. The State Government is convinced that, in principle, tnem
wastes can be stored in a safe manner; however, the remain toxic
for a significantly longer period than a final depcosit after reprc.

cessing.

The advantages of reprocessing for waste management and waste
disposal should not be regarded as small; however, 1t can be stat:.
that the real advantages of reprocessing will only materialize in
combination with the fast breeder. Indeed, this combination permiu
a 60-fold utilization of the nuclear fuel. Thereby, the Federal
Republic of Germany would be able to significantly reduce its dep:
dence from other countries, an important aspect in the long-ternm ¢
perspective of a world in which a bitter fight for these scarce
energy reserves cannot re excluded. This is a decisicn, however,
which can only be taken in years and after the testing of the

breeder at Kalkar.

There is no necessity to begin the construction of a reprocessing
plant today as long as the decision on the fast breeder is open.
This consideration gains particular weight in connection with the
question of the political requirements for a realization of a

nuclear Entsorgungszentrum,

It cannot be doubted that during the last years the fear of the
risks of nuclear installations has grown in large parts of our

populaticn.

o ey I WL
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In spite of it being legally possible - with good reason = , the
State Covernment does not consider it right to build a reprocessing
plant as lo 5 as it has not been possible to convince large parts
of the population of the necessity and aafety-technologzcal accept-
ability of the plant. In contrast to many other decisions, this is
not a question of competing interests; it is a question of a

judging health risks. Therefore, the opinion of the immediately

conzerred population carries particular weight.

Whether it will be possible to convince the pcpulation will depend
on the positicon the parties take. It is not possible 10O
ain confidence in the nuclear Entscorsungs=

not last
expect the populaticn to &
zentrum if the politically responsible hold different opinions in
this matter. Zxactly that, however, is the case today. Leading
peliticians, organizations ¢n State and district level as well as
working groups of 2pn and FPD have spoken against the reprocessing
plant. Others g&° still further and take position against nuclear
energy in general. tt+ is a task of foremost political impcrtance
+o create 2 clear situation in this field.

Saxony State Covernment cannot and does not want t¢
T

«r

enerzy-pgolitical decisions upon the Federal Government.
u

(ad
o
e 3
[
o
C
13
[ o
1

ty, hcwever, to poirnt out to the Federal Goverrment tha
izzl preconditions for the construction af 2 reprocessing r-ant e

not given at the mon nt.

C. Suxeary

Although a nuclear tntsorgungszentrum is, in principle, realizable

from the viewpoint &f safety=-technclogy, the Lower 3axcny State
r J 5

Government reccnreﬁds the Federal Government to not further persu?
~

3

the pgroject O eprocessing.

The new "Entsorgungs"-concept should b
this concept can be described as follows:

The basic features of

e decided instead without delay
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- Immediate installatiocns of inherently safe long-term inter=
mediate stores for the "Entsorgung" of the nuclear power plam

- Pushing of research and development activities for the safe
final dispesal of radiocactive waste.

- Deep drillings and, if the results are positive, opening up
of a mine in the Gorleben salt dome. In case the drillings
should lead to negative results, investigation of otner fina,

disposal sites.

- Decision of the most appropriate form of treatment and final
disposal of radicactive waste only after clarity on the enery
political future has been reached.

*his concept permits safe "Sntsorgung". It does not foreclose any
options for tine future., It limits the risks connected to "Entsor-

gung" to a mininum.

Depending cn whether the Federal Republic of Germany will in the
future opt for light water reactors, for the high-temperature
reactor or for the fast breeder, the gquesticn of reprocessing can
then be taken up again. The long=--erm intermediate storage
guarantees that no nuclear fuel gets lost.

The Lower Saxony State Government is willing to¢ rarticipate in tnhu
realization of such a concept. Concretely spoken, this means the
willingness to install a long-terno intermediate storage facility,
to realize the final disposal of low=- and intermediate-activity
wastes in salt domes in Lower Saxony, after the procedures requir
by law have been executed, and to push the mining investigations
for the final disposal of higheactivity materials

A part of this task, e.g. the construction of long-term intermedis®
stores, can also be taken over by other Federal States. The State:
Government would consider it wrong to let those states out of theQ
duty. We are, however, aware of the fact that Lower Saxon§ has a
particular responsibility due to its geographic characteristics,
and we will act according to this responsibility. ;
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34 Cowley Zfoad
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THE STORY OF TEE GORLEBEN INTERMATIONAL REVIEW

A consortium of West Cerman electric utilities wished to build at
Gorieben (in the State of Lower Saxony, West Cermany) a nuclear fuel centre

encompassing spent fuel storage, reprocessing, waste disposal and fuel fabri-

cation.

The Lower Saxony State Government (as licensing authority) responded to

public unease by commissioning a review of the project ty 20 international
critical scientists. The resulting report (Chapter 3 herewith) was submitted
{n March 1979 and subjected to a semi-public examination during 28 March -
2 sril, 1979, attended throughout by the state governor (Dr. Albrecht) and
several of his cabinet. i{ye critical German scientists and approximately .
55 scientists favourable to the project participated, in additiom to the 20
irternational critics.

On 1€ “ay 1979, Dr. Albrecht announced that the project would not now be

' -ansed and that future re-asplication would not be considered without changes

iu .esizn (copy of Albracht's statement follows).
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Gorleben International Review Report: Chapter 3

Potential Accidents and their rffects

(a) Table of Contents

Overvicw

3.1 Executive Summary

3.2 Summary

Sub~-Sections

3.3 The Need for Public Participation in the Assessment of Acceptable Safety

3.. Structural Failure bv Missile Impact

3.. Structural Failure other than bv Missile Impact

3.6 Possibility of Lack of 3e~rices and Supervision

3.7 Loss of Services to Liquid ‘iAW Tanks

3.3 Loss of Cooling to Spent fuel Storage (SFS) Ponds

3.9 Release of Plutonium from Intermediate (Liquid) Storage

3..0 Accidents Associated with the Process Stream

5.°1 Some Alternative Designs and Operating Procedures

5.'2 eleases to Ground water, Well and River Svstems Following Accidents
or otaer Spillage

3..3 Effects of Releases to the Atmosphere

(5) Chairman's Intrcducticn

This chapter represents the work of a GIR sub-group consisting of:
J. Beyea ¥
Y. Lenoir
G. Rochlin
G. Thompson (Chairman)

The authorship of each section is shown at the head of that section.
All matters raised have been discussed within the sub-group, with

other members of the GIR panel, with the cc-ordinator and with others.
The responsibility for each section is, however, that of the stated author.
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Gorleben International Review Report: Chapter g

3.8 Loss of Cooling to Spent Fuel Storage (SFS) Ponds

thts section by G. Thompson)

e

.
™

3.8.1 Summary i

i

L p—

studies hlve been conducted in BRD and UK 'ﬁich show that SFS ponds have

ﬁl .

thc pvtcntinl for catastrophic release if chptf'cooling systems are

3. o

interrupted for more than a few days. B

As for the similar situation of HAW tanks (see section 3.7.1), the SB does

not consider this possibility and RSK/SSK lnd-TUV accept that omission.

- -3 - . ’
We undertake an {llustr-- - e sctudy of chc‘b:atnqccnccc of cooling loss for
¥ mn‘.-—qulll'-'
the DWK concept of TPl. - il
b N o

. o e
It is found that pond water = 'l boil away and“expose the fuel elements after
times of 90-250 hrs. deoeni. o .n pond heat faiAM' Fuel cladding will then
reach temperatures in exc- - 2n0°¢ nndalﬁif;lm-zircnlloy reaction will
follow. This reaction w.. :rate hydrogen and an explosicn leading to
breacn of the pond buili .. -an be expected. The heat of reaction will result
in a substantial release i sctivity to thc atmosphere. 600 million curies of

Rul06 and 300 million curies of Csl37 could be released.

This scenario requires nmothing =cr: than neglect., Alternactive initiating
svents such as explosion, aircru- . cr relatively minor acts of war (see
sections 3.4 and 3.5) could initiate a similar release. The timescale before
release might be very short in such cases if cracking of the pond walls

— = - — —

leads o water loss.

r
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3.3.2 Introduction

This section serves the same function as section 3.7 on loss of services

to HAW tanks. As stated there, our analysis provides a brief {llustration

of the kind of accident study which CWK would have included had they written

a cczplete SB.

3.3.3 Dpescristion of S7S Ponds (from the SB).

3.5.3.1 Layout

5ix ponds are provided, each with a capacitly of 500 te.
oond d{mensions ares apprcx:

Length 16.3 =

width 9.2 =

(water)
Depth 14.0 m

Fuel i{s vertically racked in the base of the pond in a 7 x 4 horizontal

array of 2 m square racks.

The layout of a rack for PWR fuel is shown in Fig. 3.8-1.
It will be noted that each rack will accept 49 fuel elements.
Each element is surrounded by a 3 mm thick boron steel case, to

prevent criticality problems which might arise from the close packing

adopted.

The ponds are housed in two groups of 3 within parallel and inter-
connected halls. Each hall provides an air chamber above the ponds

of approx. dimensions:

Length 90 m
width 28 m
Height 20 m
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2m
L; 4 Fig. 3.8-1 Schematic Views of
5 Layout of PWR Spent Fuel Rack
I (from the SB)
|
| Note: All dimensions approx-
imate only.
Pm
7x7 array of boron steel
fuel element cases
|
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3.8,4 Previous discussion of Cooling Loss

The halls are provided with inner walls approx. 0.4 m thick,.

The inner walls are separated from the outer walls by an air-

space of 2.5 m or at least its equivalent (in terms of thermal
insulation) by way of service ducts etc. The outer walls are
approx. 2 m thick. The base of the building is approx. 2.5 m thick.
The pond walls are approx. 1.5 m thick and the base of each pond

is approx. 2 m thick.

It i{s clear that this arrangezent offers a certain level of
security against external influences. It also provides effective
thermal insulation of the ponds from the environment.

Mode of Nperation

The minimum age of the fuel after discharge from the reactor is to

be 180 days.

The ponds will normally be loaded with 407 BWR fuel and 607 PWR

fuel although other variations are possible.

The maximum heat to be removed from a single pond is to be 13.25 MWW,
and from all 6 ponds 48 MW. Normal operating temperature is

not more than ao°c.

3.8.4.1

Discussion in the SB

The SB considers cooling loss for a few hours only. Results are
provided (Table 1.5.2.4 - 1) for the rate of temperature rise
of pond water in the event of cooling loss. This rate varies

from 2.1 to 5.5 © «/hr for the cases considered.

No justificacion is provided for the restriction of calculations

to such a limited period.
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Findings of RSK/SSK

RSK/SSK ntatc(l) that "cooling of spent fuel elements must
be guaranteed in the event of all conceivable accidents.” They
accept that such a guarantee is provided by application of the

"single-tault with repair” criterion.

-~ jey quote an investigation by DWK oi the effectiveness of natural
cooling given the present design of pond building. with a 2
atmosphere overpressure of steam within the building, only 67 of
decay heat can be removed by natural processes (convection,

conduction, phase cherge).

RSK/SSK state that "An inherently safe system (natural circulation)
is considered to be unfeasible without loss of protection against
external factors."

Dialogue of GIR and DWX

(2
In discussions between GIR and DKK,‘“) the latter repeated the
RSK/SSK assertion that natural cooling could not be combined with

protection against external events.

DWK stated that cooling loss for more than a short period could be
ruled out and that application of the "single faulc with repair"
criterion and spatial separation of redundant parts of the cooling
system would provide sufficient guarantee of this. The guidelines
of the Federal Ministry of Interior regarding reactor safety were

referred to as justification for such a view.

L. - LR e o - - o b4 B g NERT o - 4 aad i s
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3.3.4.4 Dialogue of GIR and TV

During discussions(3) between GIR and fﬁv, the latter stated
that they would analyse cooling loss for a period of 10 hours

only, as repairs could be made by that tine.

TUV do not consider altermative designs, they simply analyse
the project as submitted.

3.8.4.5 Evidence at the Windscale Inquizy

During that inquiry, 3NFL undertook calculations, at the instruction
of the presiding Inspector, on che time-scale of events following

loss of cooling ~o SFS ponds.

The results prescnted<h) i{ncluded estimates of time-scales
for the boiling away of pond water and of the maximum temperature
attained by fuel elements.

3.3.4.6 Work at the Insrituze for Reactor Safety, X3lnm

The IRS have produced a scudy(s) which includes calculations of the
time-scale of boiling away of the pond water and calculations of
the doses received from a possible release follcowing such water loss.

3.8.5 The Need to Consider Cooling Loss

The need to consider loss of services has been discussed in section L W 15 W
{n connection with HAW tanks. DWK have calculated in the SB the rate of
tenperature rise of SFS pond water in the event of cooling loss, but have

not considered the boiling period.

3.8.6 Events Following Cooling loss
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Heating up of Pond Water to Boiling Point

DWK have provided (Table 1.5.2.4 -1 of the SB) figures for the
rate of rise of temperature under adiabatic conditicns. We
reproduce those figures and also show the time required to rise
from normal operating temperature (ao°c> to boiling point (110°c

assumed as an avera}e). The results are shown in Table 3.8-1.

Table 3.8-1

Heating up of SFS Pond Water to Boiling Point

Heat Load of Pond Rate of Temperature Time from 40% to
MW) Increase (%c/hr) 110% (hrs)

13.25 7. ¥ 9 |

2.9 bed 16.7

7.9 S el.4

6.5 r 3 o P

5.6 2.4 29.2

4.9 - % | 39+

Boiling Awav cf Pond Water

I1f we take the same heat loads as in Table 3.8-1 and again assume
adiabatic conditions, the rate of boiling can be calculated.
we assume that the phase change requires 2,23 MJX%g (i.e. Loiling

at 1.4 bar).

We calculate the time taken to expose the top of the fuel elements
(9 m depth boiled away) and to expose one halfi of the active length
of a PWR element(ll.4 m depth boiled awav). The results are shown

in Table 3.8-2. Pond dimensions are discussed in section 3.8.3.1, above.
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Table 3.8-2

Boiling Away of SFS Pond Water

Heat Load of Time to Expose Tep of Tizme to Expose X
pond (W) Fuel Elements (hrs) of active length of
PWR elecents (hrs)
13.29 63.4 80.3
9.9 84.8 107 .4
7.9 106.3 134.6
6.5 129.2 163.7
5.6 150.0 190.0
4.9 171.4 217.1
Note

Times shown are from the beginning of the boiling period.

From Tables 3.8-1 and 7.8-2 we see that the cumulative time from

loss of cooling to exposure of ¥ the accive length of the fuel

elements varies from 93 hours to 250 hours. It is of interest

that BNFL presented evidence(6) to the Windscale Inquiry on the

effect of a temperature of 100°¢c on the concrete walls of a SFS pond.
BNFL state cha':. after several cdays, some cracking would occur, leading
to leakage. Thus the longer time-scales shown here zight be reduced.

3.8.6.3 Heat Transfer to the Environment Before and During Boiling

In sections 3.8.6.1 and 3.8.6.2 we have assumed adiabatic conditions.
This appears reasonable in view of the arrangement of the pond

building as discussed in section 3.8.3.1, above.

Additionally, the DWK calculations mentioned above in secticn 3.8.4.2
show that conditions will be approximately adiabatic.

3.8.6.4 Heat Transfer from the Exposed Fuel Elements

3.8.6.4.1 Introduction
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Heat transfer at this stage is complicated and more detailed

analysis is required. For our {1lustrative analysis, we assume

that each 500 te capacity pond contains 1000 PWR elements
with the following characteristics:

|
|
\

- fuel rods in 16 x 16 array

- 236 rods in place

- element envelope cross-section is 2lecm x 2lem

- 500 kg Uor fission products per element

- rod outer diameter 1 cm

- cladding thickness lmm

- active length 3.9 m

- ipactive length 0.4 m (top), 0.7 (bottom)

- interior of boron steel case is 23 cm x 23 cm

For the assumed situation, the heat output of an average fuel rod
can be calculated, as shown in Table 3.8-3.
Table 3.8-3

Heat Output of Average Fuel Rod

Pond Heat Load Rod Heat Output (W)
Q)

13.25 56.1

9.9 41.9

7.9 33.5

6.5 27.5

5.6 3.7

4.9 20.8

We will consider each heat transfer mechanism separately and
then summarize our findings.

Heat Transfer by Conduction

The area of cross-section of the cladding in each rod is

~
-~

2.03 = 10.5 m“, The cross-sectional area of the fuel pellet

(neglecting gap) is 5.03 x ].0.5 m2.

Respective thermal conductivities are taken from ref (7):




3.8(10)

For zircalloy cladding: 17.3 wW/aK

—  For fuel pellet: 1.99 wW/mK

We can now take the rod heat outputs of Table 3.8-3 and
approximately calculate temperature gradients along the rod,
(assumed equal for cladding and fuel pellet) if conduction
is the only heat transfer mechanism. The results are shown
in Table 3.8-4.

Table 3.8-4

Approximate Temperarure gradient along Fuel Rods for Heat
Transfer by Conduction “nly

Rod Heat Outputl (W) Temperature Gradient foc/@)
56.1 2,44 x 10°
41.9 1.82 x 10°
33.5 1.46 x 10°
27.5 1.20 x 10°
23.7 1.03 x 10°
20.8 9.06 x 10°

NMote

In this simplified model the heat source in each m length
is assumed concentrated at the middle of that length.
Such a model gains some validity from the fact that decay =~

heat is greater near the middle of the rod.

It is clear that fuel rod integrity will not bSe uaintained

{n the above situation (melting point of zircalloy {is 1800°c).
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Heat Transfer by Radiation

There are two- pathways for such radiation:

(1) Along the narrow passages between fuel rods.

(ii) Laterally (via a combiration of reflect:ion and
azimuthal conduction in cladding) to the boron steel

case surrounding the elecents.

The size of passage available betwen the fuel rods is indicated
by the dimension of that cylinder which can be fitted between
the rods (axes parallel). Such a cylinder would have a diameter
of 0.58 em. Thus the ratio of length to diamemr of passage

per o length of fuel element is of order 102. Transfer by

this route will be small.

We note from Reilly et .1.(8) that the length over which

longitudinal thermal radiation might be important is about 10 ca.

Regarding lateral rransfer to the boron steel case, we note that
Naitoh et ‘1.(9) have conducted theoretical and experimental
work on the similar problem of transfer to a oWR channel box.
Their experiment (in air) shows a temperature drop from the
central rods to Yhe chanmel box of approx. 200%¢ (our estimate,
as channel box temperature is not given). Although the heat
output per te is higher {n their situation, the additional

rods in our (PWR) situation will probably compensate, making

the two situations roughly comparable.

—
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1f the heat transferred to the boror steel case were to be h
transferred longitucinally by conduction, then an analysis e
such as that leading to Table 3.8-4 shows (assuming thermal

conductivity of tne steel to he 50 W/o) that a pond heat

load of 13.25 MW corresponds (sgoroximately) to a temperature

girdient of 2.46 x 10° °¢/a.

Heat can be transferred longitudinally by radizeice in the

space between boron steel cases, which =re approx. 5 cm apart.

The argurent ot Reilly et al. quoted above suggests that such
longitudinai transfer will be impcrtant over a length of approx.
50 em only. In any event, the rack design shewn in tne SB has

substantial restrictions at the top of each gap.

It will be noted that absorption by water vapour will reduce
radiative transfer, although the effect is relatively small.

(10

Fron Weity ) we can see that the emissivity of water vapour

{n cir situation is not likely to exceed 0.1.

It is of interest to note the temperature aczained by the
tops of the fuel elements in the event that =hey are required
to radiate away all the heat reaching them, We assume:

- half of pond heat load is radiated away from the
upper surface of the elements

- the vadiating surface is black

- the radiating area is that of the plare of the top
of the racks (8 m x !4 m)

- incoming rediation 1is negligible
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A pond heat load of 13.25 MW then corresponds to &
temperature of the radiating surface of 738%. A

heat load of 7.9 MW corresponds to 615°%c.

1t is clear from the above that heat trarsfer by the combined
processes of radiation and conductior will result in cladding
temperatures at the ioner regions of the fuel elements well in
excess of 1000°. The significance of this figure we will see later.

3.8.6.4.4 Heat Transfer by Nataral Convection

Let us consider the situation where part of the fuel element
{s exposed and part is covered by water. It will be seen from
Figure 3.8-1 tha: convection must then occur in verticai channels

which are closed at the bottom by water.

A related situation is discussed by Bonilla(ll) whno presents
results of experiments in air involving two uniformly heated
par.llel vertical plates 1.3 m wide and 1.8 m hignh, confined

at the sides and bottom and with spacing down to 7.5 em.

The experiment described is comparable to the situation of
convection in the gaps between the boron steel cases, These
gaps will be the most important sites for convection. We
assume that the cross-sectional area receiving heat from each

2 (12)

fuel element is 0.026 m". We take from Welty the physical

properties of air at 1000°K (the highest temperature for which

properties are tabulated) and' find that for a pond heat load of
13.25 MW the wall temperature is of the order of 10“ .

—-—

Although more complete data is required (Grashof number declines
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rapidly with increasing temperature) it is clear that wall
temperatures will exceed failure points. The outcome is

quite similar {f natural convection of steam is considered.

We also note, as in section 3.8.6.4.3 above, that the rack
design shown in the SB includes substantial restrictions at the
top of each gap.

Forced Convecticn by Steam

while the fuel elements are partly exposed, steam will be
generated at their lower ends and this steam will bSecome
superheated as it rises past the exposed upper ends. The
superheating process fo:r the steam is also a cocling process

for the elements.

An interesting feature of this situation is that the temperature
of steam leaving the top of the fuel element depends only on the
fraction of the element exposed and not on the pond heat load.

1f we take the average specific heat of steam from 100% to 800°¢
(at 1 bar) as 2.1 kJ/kgK and the latent heat of boiling of

water (at 1 bar) as 2260 kJ/kg, we have:

s TR i k)
2.1 1 -e)

T + 100

where: T(oc) is temperature of steam leaving the upper
part of the fuel element
o is the fraction of active length of fuel exposed.

Some results are shown in Table 3.8-5,

Note: Those who remark the singularity of the above equation for
e = | will recall that the present discussion treats each
heat transfer mechanism separately. Thus temperature will
be stabilized by other heat transfer processes, but at
temperatures well in excess of 1000°¢.
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Temperature of Steam Leaving Fuel Element

Exposed Fraction of Steam Temperature,
active length, e T (°¢c)

0.3 561

0.4 817

0.5 1175

0.6 1713

0.7 2609

It will of course be noted that cladding temperature will
exceed steam temperature.

3.8.6.4.6 Summarv of Findings on Heat Transfer from Exposed Elements

It will be clear from sectioms 3.8.6.4.2 to 3.8.6.4.5 that the
dominant heat transfer mechanism is that of forced convection
by steam. This mechanism offers no advantage to lower pond
heat loads and leads to cladding temperatures well in excess
of 1000°%c,

31.8.5.5 Iniriation of Steam-Zircallov Reaction

g A 7 .
It will be noted from Lewis( ) that the reaction:
Zr + 2H,0 == ZrO2 + 2H,
-~ -

becomes significant for cladding temperature above 1000°%¢.

I1f an adequate supply of steam is available, the reaction follows

a rate law:
5

PR T & b A 22889
t WL et A
where:
r = radius of reacting interface (m)
To = {nitial radius (@) ey P

interface temperature (°K)

-3
"

t = time (sec)




The first part of this function accaunts for the inhibiting

effect of the accumulating oxide layer.

1f we consider an early stage of the reaction, when r/ro = 0.99
and assume a cladding temperature of 1175% (taken frim

Table 3.8-5 for an exposure of ¥ of each fuel element), we

find (for nhe 5 mm): -~

8 &=

e 6.5 x 10" ° m/oin

dt
- mass burn;d per m length of fuel rod (demsity
6.55 te/m’) = 2.2 x 107" kg/sec
- heat output per m length of fuel rod (6.53 MJ/x. : .11 W
- heat output per pond (1000 elements, 236 rods p=
element, % of active length.:;pooed) = 67 MW
- Zr consumption per pond = 10.1 kg/s
- H, evolution per pond = 0.44 kg/S

- Hzo consumption per pond = 4.0 kg/:§‘ g

o -

It will be noted that this reaction is steam-limited cn . 2

basis of steam generated by decay heat (2.9 kg/S for 13..> W pond
heat load and 507 exposure of elemcntl).~§;6wéver, a portion of the
. 67 MW additional heat output will enter the pond water by radiation

and thereby generate larger quantities of steam.

If all the cladding in a rod were to-rclgg. the heat released
would be 6.0 MJ. If this heat were all transferred to the 2.1 k3
of fuel pellets (assuming specific heat of the pellets to be

300 J/kgK), their temperature would rise to 9300 %c. 1t will be
noted from Lcwin(7) that fuel melting occurs at 2800% and

vaporization at 3300°%. If the reaction is sufficiently fast - ...
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(and therefore more nearly adiabatic) then some fuel melting

will occur.

The progress of this reaction requires more detailed study ip
view of the interactive effects of heat transfer, structural
behavior and reacticn rate. We note from szin(7) that if more
than about 18% of cladding is oxidized then the cladding becomes
susceptible to fragmentation from thermal shock. In any event,
as pointed out by BNFL.(&) cladding will rupture under intermal
pressure at about 700°%¢.

Release of Activitv from Fuel

In view of the substantial energy release which can occur from
steam-zircalloy reaction it must be supposed that radionuclides

will be released from the spent fuel.

For this illustrative study we make the (probably conservative)
assumption that release fractions will be the same s those we

assume for HAW residue (see section 3.7.9), namely:

Ru, Cs 90%
Sr, Ce, Pm -
Pu 44

In order to estimate the radiological effect of such a release,
ve assume a reference case in which 1500 te of l-yr-discharged

fuel and 1500 te of 2-yr-discharged fuel is stored.
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Once a steam-zircalloy reaction has commenced in ome pond, it

must be assumed that similar reactions will be initiated in the

other 5 ponds. The ponds are interconnected and their walls

subject to failure as a result of the heat output of fire in
an adjacent pond. In any event, it may be that the ponds will

be similarly loaded and will therefore behave ia parallel.

We assume release of activity from the complete inventory of
3000 te. The activity per te of fuel is taken from Table 3.7-1
of 3ection 3.7 on HAW. Releases of our selected nuclides

are then as shown in Table 3.8-9.

Table 3.3-6

Relecase of Selected Radionuclides from SFS Ponds for Reference Case

Nuclide Pond Inventorv Release Release

(Ci) (Ci) (kg)
SR90 2.3 x 108 1.2 x 10’ 86
RU106 6.2 x 10° 5.6 x 10° 165
€s137 3.3 x 10° 1.0 x 108 3450
CEl44 9.8 x 10° .9 x 10’ 15
PM147 2.3 x 10° 1.2 x 10’ 13
PU238 8.4 x 108 8.6 x 10% 5
PU23) 9.9 x 10° 9.9 x 10° 158
Note )

Assumptions are as discussed in section 3.8.6.6 of text.

Escape of Activity from Pond PFuilding

The heat released within the building from steam-zircalloy reaction
may be well in excess of that from decay heat (400 MW in the

situation discussed in section 3.8.6.5, compared with 48 MW design

heat load).
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The resultant increase in temperature of the walls of
the building will reduce their strength. We note from
Callahan et 11.(13) that concrete loses strength with

{ncreasing temperature, complete loss of strength

occurring by 1050°K.

Substantial Hz production will occur. If the steam-
zircalloy reaction proceeds to completion then 6 ponds
(3000 te fuel) will generate 57 te of H, (from 510 te

1,0). =
Takinz the air space within the building o have a volume

<
-

of 2.0 x 10 mjl_y.-lind‘that the lower flarmability 1::01

(4% i, bv volume) is reached foilouing the evolution of
0.31 te i,. e -
o -
g R .- -hat the combination of weikensa zcncrete and
a '_ _irsion allows an-entirely plausitle assumption of a
Sud -reach in the pond buildi-.. 'l 2f the releases
ciowe . “sble 3.8-6 will then pass <irecti .nic the atmosphere.
3.8.7 Radiolog:ice! ~ffects ;E Release to Atroc-ner:

R T
Section 3.12 of this :hapter (by Beyea) discusses such erfects.

The plume issuing from the breach in the pond building will rise as a
result of heat generated from steam-zircalloy reaction. The effective
release height of 200 m assumed in section 3.13 seems a reasonable
approximation, We note that the only result sensitive to release height

i{s the range of l-vr. 10 thousand rem lung dese.

I
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Release duration is uncertain due to the lack of detailed knowledge on the 3
progress of the steam-zircalloy reaction, as discussed in Section 3.8.6.5. T
Section 3.13 assumes a 3-hr duration. s
The nature and scale of effects is discussed in section 3.13, where they are .
seen to be considerable. i r
-4

3.8.3 Radiological Effects of Release to Croundwater

It may be that the steam-zircalloy reaction will conclude at a time when some f
water remains in the ponds. Such water, or that entering from the surrounding
ground-water via cracks in the pond and building walls, will leach activity
frc~ the remains of the spent fuel. Thus, activity could be carried into

ground-water. Activity deposited on the ground near the site will also enter

loca! ground-water,

As cutlined in section 3.12, the characteristics of the Gorleben site are such &
that activity entering the ground-water is likely to appear in the Elbe at

times less than 100 yrs,

3.8.9 Alternative Circumstances Leading to Similar Release

As Ziscussed in section 3.7.13 in connection with HAW iLacks, we note that

other circumstances than the simple neglect assumed here can lead to release.

Alternative scenarios include those featuring aircrash, explosion, sabotage

and acts of war,

A feature of particular importance for SFS ponds is that severe cracking of
pond walls and resultant leakage of water will almost immediately lead to
the initiation of steam-zircalloy reaction. There may well be insufficient time

for emergency measures (e.g. flooding the pond building).
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