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FOREWORD s

This Environmental Statement was prepared by the Division of Fuel Cycle and Material Safety,
Office of Nuclear Material Safety and Safeguards, U. S. Nuclear Regulatory Commission (the
staff), in accordance with the Commission's regulation 10 CFR Part 51, which implements the
requirements of the National Environmental Policy Act of 1969 {NEPA). ; . e,

e ~ =~ & . - R

The NEPA states, among other things, that the Federal Government has the continuing responsi-_
bility to use all practicable means, consistent with the other essential considerations of ..
national policy, to improve and to coordinate Federal plans, functions, pregrams, and resources
to the end that the Nation may: : . e . r

-

" Fulfill the responsibilities of each generation as trustee of the environment .
for succeeding generations. . Y S - Ly, o ..
L " Ensure for all Americans safe, healthful, productive, and esthetically and cul-
. . . - turally pleasing surroundings. . Y . .- WY e s .
PR T . ‘ . TS S S T U L T - L.
. - " Attain the widest range of beneficial-uses of the.environment yi;ﬁput degrada- . -
: tion, risk to health or safety, or other undesirable and un}ntended consequences.

. '..A‘.-“» .. .‘A:I'“-»-v e
" Preserve important historic, cultural, and natural aspects of our national
heritage, and maintain, wherever possible, an environment that supports diver-

sity and variety of individual choice. . .. . - -, . ¢ . - .

" Achieve a balance between population and resource use that will permit high
standards of 1iving and a wide sharing of life's amenities.

-~ - . N~ « o PP
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- Enhance the quality of renewable resources and approach the maximum attainable
recycling of depletable resources., . - o T R

Further, with respect to major Federal actions significantly affecting the quality of the human
environment, Section 102(2)(C) of the NEPA calls for the preparation of a detailed statement
on:

(e e

(i) The environmental impact of the proposed action.

3.

i (11) . Any adverse environmental effects that cannot be aioided should .the hfoposaf be
. impiemented. P ~ L . . L.

[EI

(ii13) Alternatives to the proposed action.



(iv) The relationship between local short-term uses of man's environment and the mainte-
nance and enhancement of long-term productivity.

(v) Any irreversibie and irretrievable commitments of resources that would be involved in
the proposed action should it be implemented.

From time to time a generic issue must be considered in the form of a generic environmental
impact statement. A public notice of intent to prepare the statement is published by the ~-
Commission. In conducting the NEPA review, the staff meets with cognizant individuals and
organizations to seek new information and to ensure a thorough understanding of the issues of -
concern. On the basis of the foregoing and other such activities or inquiries as are deemed
useful and appropriate, the staff makes an independent assessment of the considerations.speci-
fied in Section 102(2)(C) of the NEPA and in 10 CFR 51.

This evaluation leads to the publication of a draft environmental statement, prepared by the
NRC staff, that is circulated to appropriate governmental agencies for comment. A summary
notice is published in the Federal Register of the availability of the draft environmental
statement. Interested persons are also invited to comment on the draft statement.

After receipt and consideration of comments on the Draft Statement, the staff prepares a Final
Environmental Statement which includes: a discussion of concerns raised by the comments; a
benefit-cost analysis, which considers the environmental costs and the alternatives available
for reducing or avoiding them, and' balances the adverse effects against the environmental,
economic, technical, and other benefits; and a conclusion. The Final Environmental Statement
prepared by the staff is submitted to the Commission for its consideration.

S e s a e . .
For this Generic Environmental Statement on The Handling and Storage of Spent Light Water Power
Reactor Fuel, the following comments may be made:

1. This action is administrative.

2. This action is taken in response to the Intent to Prepare Generic Environmental
Impact Statement on Handling and Storage of Spent Light Water Power Reactor Fuel
Federal Register, September 16, 1975 (40 FR 42801).

3.  The Draft Environmental' Statement was made available to the public, to the Environ-
mental Protection Agency, and to other specified agencies in March 1978.

4. Single copies of this statement may be obtained as indicated on the inside front cover.
This project was completed wfth Meyer Novick as Project Leader and John P. Roberts as Project

Manager. Should there be questions regarding the content of this Statement, Mr. Roberts may be
contacted in care of the Director, Division of Fuel Cycle and Material Safety, or at {301)427-4205.
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GLOSSARY

AEC Atonic Energy Commission; a former federal agency, disbanded by the Energy
Reorganization Act of 1974

AFR Away-from-Reactor (Used in reference to storage of spent fuel in structures
not integral to a reactor, but which may be located on a reactor site or
other nuclear facility site or on a separate site.)

ALARA As- low as reasonably achievable {applied to radiation exposures and environ-
mental releases of radioactivity)

ANL Argonne{ National La‘boratory

ANS American Nuclear Society

AR At-Reactor

ASME American Society of Mechanical Engineers

BNFP Barnwell Kuclear Fuel Plant

BWR . Boiling Water Reactor

CANDU Canadian Deuterium-Uranium Reactor

CEQ Council on Envirommental Quality

CFR Code of Federal Regulations

Compact Storage More storage in existing storage pools is created by providing for closer

spacing of the assemblies and using’ pool space not previously used for
spent fuel storage

DBE Design Basis Earthquake

DOE Department of Energy

EIS Environmental Impact Statement
EPA Environmental Protection Agency
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FCR

FR

FRC

Fuel Cycle

GESMO

GWe

Gy

HEPA Filter

HTGR

ISFSI

LWR

mrem

MT

MTHM

MU

MWd

NEPA

NFS

NRC

ORNL

GLOSSARY (Cont'd)
Full Core Reserve
Federal Register
Federal Radiation Counc}i

<

The complete sequence of operations, from mining of uranium raw material

to

disposal of radioactive wastes, involved in providing fuel for nuclear .

power plants

Generic Environmental Statement on the Use of Recycle Plutonfun in Mixed
Oxide Fuel in Light Water Cooled Reactors f

Gigawait e]ectr%c
Gigawatt-year
High Efficiency Particulate Air Filter
High Temperature Gas Cooled Regctor_ i
Independent Spent Fuel Storage !nstallégion,‘
Ligﬁt Water Reactor -
Millirem

Metric Ton

Metric Tons of Heavy Metal {uranium and plutonfium)
Metric Tons of Uranium

Megawatts electric

Megawatt-days

National Environmental Policy Act

Nuclear Fuel Services

Nuclear Regulatory Commission

Oak Ridge National Laboratory
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GLOSSARY (Cont'd)

person-rem {Population rem) Sum of rem doses in a defined population or sum
of doses to specific organs in a defined population

PSAR Preliminary Safety Analysis Re;ort

PuOZ Plutonium Dioxide

PWR Pressurized Water Reactor

rem Dose of any radiation supposedly having a biological effect

equiva“lent to one roentgen
RSSF Retrievable Surface Storage Facility (for radicactive wastes)

S-3 Table Summary of Environmental Considerations for Uranium Fuel Cycle; in
10 CFR 51.20(e)

SAR Safety Analysis Report
SER Safety Evaluation Report
SN Special HNuclear .Material
SRP Standard Review Plan
uo, Uranium Dioxide
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EXECUTIVE SUMMARY

1.0 SCOPE

The Generic Environmental Impact Statement on’'spent fuel ‘storage 'was prepared by the Nuclear
Regulatory Commisson staff in response to a directive from the Commissioners published in the
Federal Register, September 16, 1975 (40 FR 42801). The Commission directed the staff to ana-
lyze alternatives for the handling and storage of spent light water power reactor fuel with
particular emphasis on developing long range policy. Accordingly, the scope of this statement
examines alternative methods of spent fuel storage as well as the'possib1é restriction or temi-
nation of the generation of spent fuel through nuclear power plant shutdown.

Since the Commission's directive was issued, there have been significant policy-developments.
In this regard, the President has stated that the U.S. should defer domestic plutonium recycle
in order to ‘search for better solutions to the proliferation problem. ‘In 1ight-of ‘the Presi-
dent's views and public comments, the NRC terminated on December 23, 1977, jts-proceedings on
the Generic Environmental Statement on Mixed Oxide Fuel (GESMO), pending license applications,
and other matters related to the reprocessing and recycle of spent 1ight water reactor fuel.
This policy decision highlights the importance of this GEIS.

On October 18, 1977, the Department of Energy (DOE) announced that the Federal Govermment would
accept and take title to spent nuclear fuel from utilities upon payment of one time storage
fees: The new policy is designed to meet the needs of nuclear reactors for both interim and
permanent disposition of spent fuel. 'The DOE policy actions presume continued Tight water
reactor power generation with discharge of spent fuel and government responsibility for the
storage and disposition of spent fuel. Thus, these policy actions also address the issues
examined in this document. However, this-document does continue :to.serve the function of sup-
porting the need for rulemaking for away-from-reactor (AFR) spent fuel.storage facilities. In
addition, DOE used this NRC statement as a source in their draft generic envirommental impact
statement on their announced spent fuel polfcy. . « - - R voxo, e

O ce o~ e ‘s .o
AP S L2 ' .

The storage of spent fuel addressed in this generic environmental impact statement is considered
to be an interim action, not a final sclution.: The Commission has clearly distinguished between
permanent disposal and interim storage.] Nonetheless, it has expressed its:concern that storage
of spent fuel not be used to justify retarding the development of a practicable method of perma-
nent disposa].z <This concern is-shared by groups who have studied this s1tuation.§’4 The -
Commission is initiating a proceeding to .review its-basis ‘for confidence that safe waste dis-
posal will be available.s The Commission announcement of September 16, 1975, outlining this
‘study stipulated that the ‘Staff was'to -examine -the period through the mid-1980's. In the
absence of .a national policy directed:to final-disposition of. spent fuel, the staff extended the
time period of this study to year:2000. This extension provided a conservative upper bound :to
the interim spent fuel storage situation at a date that constituted a practical limit to the
forecasting that may logically be used as a basis for today's decisionmaking.

C--ES-1



The study covers the following:
(1) The magnitude of the possible shortage of spent fuel storage capacity.

(2) The options for dealing with the problem, including, but not necessarily limited to:

Permitting the expansion of spent fuel storage capacity at nuclear power plants;
- Permitting the expansion of spent fuel storage capacity at reprocessing plants;

- Licensing of .independent spent fuel storage facilities;
- Storage of spent fuel from one or more reactors at the storage pools of other
reactors (transshipment between reactors); and

- Ordering the generation of spent fuel be stopped or restricted (by shutting down
reactors).

(3) A cost-benefit analysis of the alternatives listed in (2) above along with other
reasonably feasible options, including:

-r

Impacts on the public health and safety and the common defense and security;

- Environmental, social and econuw.¢ costs and benefits;

- Commitments of resources;

- Implications regarding options available for the intermediate and long range
storage of. nuclear waste materials; and

- Relationships between the local short-term uses of the environment and long-term
productivity. «: - e - “
' - I -3 * - . .

(4) The impacts of possible additional transportation of spent fuel that may be required
should one or more of the options be adopted; ’

(5) The need for more definitive regulations and guidance covering the licensing of one
or more of the options for dealing with the problem; and

‘3

(6) The possible need for amendments to 10 CFR 51. 20(e)--the S-3 table which summarizes.
environmental consideration for the nuclear fuel cycle.

Taw
. 4 . a-

The scope of this study is -limited to considerations pertinent to the interim storage of spent

« fuel. Other issues related to*the "back end” of the fuel cycle, such as reprocessing and -
waste management, are covered elsewhere, e.g., NUREG Reports. 0002 for plutonium recycle
(GESM0), 0116 and 0216 for waste management.
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2.0 THE POTENTIAL MAGNITUDE OF THE SPENT FUEL STORAGE PROBLEM

The factors which affect the quantity of spent fuel requiring storage in excess of that which,
can be accommodated at nuclear power plants are: -

~e = s -2 T

- The projected generation of spent fuel--which is a function of the growth rate of
nuclear power installed capacity, the assumed average annual reactor capacity factor
-7 and the reactor fuel management plans. ¢ . B I - s

- The extent to which conventiohal spent fuel storage pools at nuclear power plants can
.be modified to increase the spent-fuel-storage capacity. B N

- - - + . -
- . v . o

- . . . - : 4 v
- The option of the plant owner to maintain storage.reserve capacity to accommodate a- ~.
-full core discharge; and o v - - Lo R < el

- The time to develop a means for the pennanent disposition of spent fuel by repro-
cessing or waste management.

~

2.1 GENERATION OF SPENT FUEL

Generation of spent fuel-was projected through the year 2000 (Table ES.1) on the basis-of in-.-.:
stalied reactor generating capacity (in GWe) from NRC data for reactors now operating, under .-
construction and planned, and Energy Information Administration estimates. The staff estimated
that 77,000 metric tons of heavy metal (MTHM) as spent fuel will have been discharged by year
2000 and that the total reactor storage capacity in the year 2000 will be 91,000 MTHM if full
core reserve (FCR) is not maintained and 77,000 MTHM if FCR is mafntained. Total storage capa- .

city‘ﬁh]ues do not indicate capacity restrictions at individual older reactors.

T

- Table ES.1. - Projected Generation of Spent Fuel S
Year ¥THM-Cumulative*
1980 S iel -~ eeeee 3,000
1985 .. .. 13,000
196 0 - 29,000
1995 . -t sl 50,000

2000 . e e e 277,000

*Does not include ~ 4700 MTHM of spent fuel .dis-
charged prior to 1979 and stored AR and AFR at the
end of 1978.

Mt
vl

2.2 AT-REACTOR (AR) STORAGE CAPACITY D

T e cre n P

The spent fuel storage capac1ty at nuclear power plants hag conventionally been designed to
accommodate one full,core plus one discharge, .i.e., about 1-1/3 cores. .The- ratﬁonale was that
spent fuel from a given discharge would be shipped offsite for ‘reprocessing before the next *-
annual discharge and capacity would be reserved to accommodate a full core if conditions made it
desirable to unload the plant reactor.* However, most pools were equipped with spent fuel

*This capacity is termed full core reserve (FCR).
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storage racks which did not fully uti]ize the avallable floor space in the pool. In many cases
it is now possible to increase at-reactor spent ‘fuel storage capacity by a factor of about 3.0.
This compact storage is accomplished by the replacement of existing racks with new racks designed
for closer spacing of fuel assemblies and utilizing previously unused floor space. Most nuclear
plants have applied to increase their spent fuel storage capacity, and a majority have already
received permission to do so.

The maintenance of reserve capacity sufficient to accommodate the full reactor core in the spent
fuel storage pool at a nuclear power plant is not a safety matter. However, many power plant
owners may consider the maintenance of full core reserve capacity desirable for operational
flexibility. Experience has shown'that the capacity for fully unloading a reactor has been
useful in making modifications and repairs to reactor structural componengs and for periodic
reactor vessel inspections. “Such reserve capacity is effectively unused space in the spent fuel
storage pool and has the net effect of reducing the available at-reactor spent fuel storage
caparity for successive spent fuel discharges.

2.3 REQUIRED AWAY-FROM-REACTOR (AFR) STORAGE

The magnitude of the projected shortfall in AR spent fuel storage capacity equates to the net
requirement for away-from-reactor storage at independent spent fuel storage installations
(ISFSI). Assuming no curtailment of nuclear power production, the bounding condition used to
estimate the required AFR storage capacity is:

- Feasible modifications of power plant pools (compact storage of fuel).

A range or upper bound of AFR storage requirements for this bound may be established by con-
sidering (a) no full cere storage reserve, and (b) maintenance of a full core reserve (FCR).

The AFR requirements* are summarized for five-year periods for these conditions in Table ES.2
below.

. Table ES.2. Away-from-Reactor-Spent Fuel -
- Storage Requirements (MTHM)

With Compact Storage

Year Without FCR With FCR

1980 [ 40 )
1985 730 - 1,900

1990 3,900 6,300

1995 9,700 14,000

2000 21,000 . - 27,000

HEF . v s -

*These include the effect of recent reactor basin storage capacity expansion applications for
the Oconee Units 1 & 2 basin, for the Big Rock Point Basin and for the Hatch 1 & 2 basins.
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3.0 METHODS FOR DEALING WITH THE PROBLEM OF EXTEWDED SPENT FUEL STORAGE

3.1 PERMITTING THE EXPANSION OF SPENT FUEL STORAGE CAPACITY AT NUCLEAR POWER PLANTS -
(COMPACT STORAGE)

In its announcement dated September 16, 1975, the Commission stated its position that, 1n -
the public interest, there should be no deferral of individual 1icensing actions on the
expansion of at-reactor spent fuel storage capacity during the period required(for the
preparation of this assessment. In line with this policy as of January, 1979, applications
for modifications to increase storage-pool capac1ty at 65 operating nuclear power reactors
have been received by the NRC., Such modifications have covered both the 1nstallation of newer
racks with closer spacing of the spent fuel storage positions and the installation of spent
fuel storage racks in previously unused spaces.

The actions can be taken without 51gnificant effect on public health and safety, and to date
39 of these applications have been approved and actions are proceeding as planned. Each of
these applications was evaluated on an individual basis w1th findings in each case that:

-

¢

.- At-reactor spent fuel storage can be increased, ;. P . N
- - oo T D e T v
- The actions can be taken with no sacrifice of public health and safety, and .

- The envirommental impactyof the proposed increased at-reactorfspent‘fuel'storage uas\
negligible.

LV T - ] r. %=

~ s . e - -

It should be kept in mind that increased at-reactor spent fuel storage involves only aged fuel
(at least one year since discharge) which has orders of magnitude less hazard potential than
fuel freshiy discharged from a reactor (see Sec. 4.2). <A e -

4

- - . e e o mame .~ e -y -

3.2 PERMITTING THE_EXPANSION OF SPENT FUEL STORAGE CAPACITY AT REPROCESSING PLANTS

There are no reprocessing plants in operation in the United States at the present time., Hith
the NRC dec1sion to terminate the generic study on plutoniun recycle use 1n mixed oxide fuel
(GESMO) in December, 1977 [42 FR 65334] in deference .to the President s non-proliferation
policy, commercaal reprocessing “has been indefinitely deferred in the United States. The o
expansion of spent fuel storage at reprocessing plants is technically feasible. but it is not
considered a viable alternative for<dealing with the problem of spent fuel storage because of .
the 1imited potential spaces at "the remaining potential reprocessing plant. Allied General
Nuclear Services at Barnwell s, C.. which has storage,pool capacity for about 400 metric tons.,

3.3, l:I(fEHSING OF INDEPENDENT SPENT FUEL "STORAGE. INSTALLATIONS (ISFSI)

-

;
This alternative represents-the major means-of ‘providing -interim AFR spent fuel storage.
- A T T R TR T . TeoT o "

The ‘former Nuclear Fuel -Services, Inc. reprocessing plant 'is.now 1icensed and operating as an .
independent spent fuel storage installation. However, NFS has announced its withdrawal from
-the reprocessing business, and:this plant.is no longer receiving spent fuel from utilities for
! ‘extended :storage. roras e Tenee TR < el e I

r 4 e-er . P T [
H N
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The General Electric Company's planned reprocessing plant at Morris, I]linoiof has now been
declared and licensed as an ISFSI. The initial licensed spent fuel storage capacity of about
100 MTU has been increased to about 750 MTU by installing spent fuel storage racks in its former
high level waste storage pool. The plant operation as a "storage only" facility has shown that
an independent spent fuel storage installation can be operated with adequate protection of the
health and safety of the public.

The Department of Energy testified on January 26, 1979, before the Committee on Interior and
Insular Affairs of the House of Representatives that in order to meet its deadline of 1983 for
having an operational AFR facility, it is considering the NFS West Valley, the GE Morris, and
the AGNS Barnwell facilities to supply storage capacity.

Currently, an increasing interest in independent spent fuel storage installations is being shown"
by the nuclear power 1ndustr§. One architect-engineer company has submitted to NRC a standard
design of such a facility. to be situated at a reactor site. The NRC staff has reviewed it and
issued letters of approval for the design.

The methods of expanding spent fuel storage capacity considered in this assessment show negli-
gible difference in environmental impact and cost with the exception that at-reactor storage

pool compact storaée‘is Iea%t/costly eoonomica11y. and does not require additional transporta-
tion of spent fuel. In view of this. the reference case alternative for expanded spent fuel
storage assumes that most additional storage capacity will be provided by AR storage pool compact
storage with additional required storage capacity being provided by away-from-reactor (AFR) at
ISFSI located efther at reactor sites or at separate sites using the available means of wet or
dry storage discussed in this statement. '

3.4 STORAGE OF SPENT FUEL FROM ONE OR MORE REACTORS AT THE STORAGE POOLS OF OTHER REACTORS
(TRANSSHIPMENT)

Temporary relief for the spent “fuel storage problem being faced by some of the older nuclear
power plants could be a11ev1ated in some cases by shipping spent fuel to newer plants with
unused available storage capacity. However, faci]ity operators can be expected to be reluctant
to accept spent fuel that may result in premature]y filling their reactor spent fuel storage
pools and potentially 1mpacting the supply of electric power to their regions.

Currently, only one application has been approved by the NRC covering this alternative. The
staff's ana]ysis shows that’ 1ntraut111ty transshipment, when considered in conjunction with
compact storage at'reactor pools. provides additfonal relief delaying the need for AFR storage
capacity by about three to four years (see Table 3.2), depending upon whether or not full core
reserve (FCR) is maintained. The staff also considered the- alternative of transshipment in
conjunction with compact storage at reactor pools on an unlimited basis with all the nation's
reactor pools operating as a single system under a national storage allocation plan. This
alternative is not considered feasible under present regulatory conditions; the staff has ana-
lyzed it solely as.an emergency alternative necessary to ensure continued reactor power gener-
ation in the unlikely event that no AFR storage is made-available to prevent spent fuel storage
capacity shortfalls. Assuming a preemptive federal regulatory authority to allow this alternative
to work, uniimited transshipment in theory could delay the need for AFR storage to the late
1990's.
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3.5 ORDERING THE GENERATION OF SPENT FUEL TO BE STOPPED OR RESTRICTED (TERMINATION OF
NUCLEAR POWER PRODUCTION} Yoo, - _—

The replacement of nuclear power generating'capacity by coal fired plants because of filled
reactor plant storage pools is technicaiiy feasible. However, the economic, social_and envi-
rommental costs would be severe. Particuiar]y in regions far removed _from U.5. coai fields such
as the Northeast, a conversion back to coal fired power generation would impose 51gnificant
economic disadvantage which would be difficult ‘to overcome. Even in regions that are advan-
tageously located in relation to coal supplies, the need to raise the necessary capital for
replacement coal plants could put a severe financial strain on the utilities involved,

/ A -

4.0 COST-BENEFIT ANALYSES OF ALTERNATIVES .
4.1 IMPACTS ON THE PUBLIC HEALTH AND SAFETY AND THE COMMON DEFENSE AND SECURITY

All of the benefits of nuclear generated power are assigned to the individual plants at the time
of their licensing. Therefore, this analysis deals only with the incrementai costs of the _
alternatives considered. ; g ‘

-

N

“The environnentai impacts-costs of interim storage ‘of spent fuei are essentiaiiy negligible,
regardless of where such-spent fuel is stored. . - -

Increased ‘storage of aged spent fuel at either reactor or away-from-reactor sites has little
relative safeguards significance. This conclusion is based upon the staff's consideration of:
(1) the absence of “any information- confirming an identifiable threat to nuclear activities.
(2) the physicai characteristics and conditions of storage (which include specific security
provisions) of aged spent fuei - and (3) the magnitude ‘of the estimated consequences of certain
postuiated sabotage events. . - 8 -t bl

Because the spent fuel involved in increased storage, regardiess of where'this storage ‘takes
‘place, is aged, and short-1ived radionuclides ‘have decayed. the consequences of credibie poten-
tiai accidents are orders of magnitude Tess -than those with freshiy discharged fuel

r RS v > i1 i ' o

A comparison of the impacts-costs of the various alternatives considered reduces down to a
comparison of providing for the continued generation of nuclear power versus its replacement by
coal fired power generation. - The differences” in the environmental impacts-costs. expressed in
terms of potential excess mortality, of nuclear versus coal fired power generation, calculated

e Y B - B PR L
d - A «

on a per GHY basis are shown in Table ES.3. i oo

4.1 ‘Econonics o : - peee Tt o timma T s

3

The choice to construct a new nuciear power station 1s made on the individuai economic benefit
of such construction in comparison with aiternative sources of power. However, in the bounding
case considered in this statement where spent fuei generation is tenninated the costs of re-

time makes this termination aiternative uneconomicai.

3

oy -+ P
’ - b
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Table ES.3. Comparison of Potential Excess Mortality of Nuclear
versus Coal Power Generation per 0.8 GHWY(e)

Fuel Cycle Component Nuclear Coal
Resource recovery (mining, drilling, etc.) 0.32 0.3 - 8.0
Processing " 0.073-1.1 10
Power generation 0.13-0.3 3 - 100
Fuel storage n 0 ~0
Transportation 0.01 1.2
Reprocessing 0.057-0.065 --
Waste management 0.001 ~ 0

TOTALS - 0.59-1.7 ) 15 - 120

4.1.2 Commitments o? Resources

Extended storage of spent fuel requires a minor commitment of land, water and materials of
construction. Replacement of all nuclear power by the year 2000 would require a major commit-
ment of resources, particularly coal, transportation facilities, materials of .construction of
new power plants and land fill sites for waste disposal. These are not all particularly strate-
gic resources, but the magnitude of the resources needed could impose severe economic strains.

4,1.3 Implications Regarding Options Available for the Intermediate and Long-Range
Storage of Nuclear Waste Materials

Extended spent fuel storage. per se, does not foreclose any options on the future storage and
possible ultimate disposal of spent fuel as nuclear waste materials. Rather, storage oﬁvspent
fuels for a period of time could be beneficial as it would provide time for the decay of short-
lived radionuclides; subsequent storage and disposal need then only provide for the long-lived
radionuciides. Nonetheless, while the feasibility of such storage may provide reassurance in
the event that problems arise in the development of means for ultimate disposal, it is the
Cnmmis;ion‘s view that the means for-ultimate disposal should be developed without unnecessary
delay.

4.1.4 Relationships Between the Local Short-Term Uses of the Environment and Long-Term
Proguctivity

For the purposes of this statement, short-tem is defined as one to two decades.

In the individual licensing actions, the short-term environmental impacts of nuclear power
plants are assessed to be acceptab]e based on their contribution to the long-tem productivity
of a region. The maintenance of the power base for this productivity js important, and nuclear
power plants represent an option important to national productivity over the long-term.

A replacement of nuclear generating capacity by coal fired plants could meet this need. Hence,
the only real option, if the power base is to be maintained, is to continue generating electri-
city. Replacement of nuclear with coal fired units will have a more adverse impact on the
overall long-term envirommental quality of the nation.
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5.0 ,THE IMPACTS OF POSSIBLE ADDITIOHAL TRANSPORTATION REQUIREMENTS - .

Increasing at-reactor spent fuel storage does not in itself involve any additional trans-
portation of spent fuel.

- - - .
- - - v

The provisions of away-from-reactor spent fuel ‘Storage, assuming offsite locations, could
involve 'an additional transportation step. This could ‘be a significant incremental 'addition
to the transportat1on requirements of the nué]earxinddstry However, the environmenta!
impact increment ‘from ‘this spent fuel transportatlon is insignificant (see Sec '4,2.4 and
Appendix E).

6.0 ~THE NEED FOR MORE DEFINITIVE STANDARDS AND CRITERIA T0-GOVERN_THE LICENSING OF ONE OR
MORE .OF -THE ALTERNATIVES CONSIDERED . ,---

In the judgment of the staff: SR N -

- Providing more at-reactor spent “fuel storage is adequate]y covered by ex1st1ng
" “’regulations and regulatory practices DL e A

¥ -

g o6 v - R T

- There is a need for a more definitive regulatory base for new "storage only" facili-

ties. The present regulations covering the possession of special nuclear materia]s
in an independent spent fuel storage installation (ISFSI) lack speciflcity for this’
application. The development of a new regulation, the proposed 10 CFR Part 72, .
"Storage of Spent Fuel in an Independent Spent Fuel Storage Insta]lation (ISFSI), o -

cand its augmentatlon by Regulatony Guides on safety-related aspects of ISFSI 11cens-
ing actlons ‘are planned to meet this need At present 10 CFR Part 72 and Regu]atory
Guide 3.44, “Standard Format and Content for the Safety Analysis Report to be .
Included in a License Application for the Storage of Spent Fuel in an Independent‘

_Spent Fuel Storage Installation (Water-Basin Type).“ have been 1ssued for comment.‘ i

- The environnehtaI costs of extended spent tue] storage\are 1ncrementa11y small, and
are essentially now incorporated in the previously recognized costs assigned to the _
uranium fuel cycle. Consequently, no modifications to 10 CFR Part 51 551 20(e),
including theIS-3 Table, indicating environnenta[ impact ;umnar1es=are necessary.

i

N

7 0 ACCIDENTS AND SAFEGUARDS CONSIDERATIONS

Restrictions on the handling of heavy Ioads in the vicinity of spent fuel- poo]s 1mposed on
individual nuclear power plants during modifications of their spent fuel storage racks limit

the potential consequences of such accidents to values which are not significantly different
from the consequences of spent fuel handling accidents reported in the final environmental
statement (FES) for each plant..  -. - = . .+ _ .- . S L R

An increase in the amount of spent fuel stored at.a nuclear power plant does not significantly
increase its accident potential. The additional spent fuel placed in the compact storage pool

is normally aged fuel and the potentially hazardous-short-1ived radionuclides have decayed.

.



Away-from-reactor spent fuel storage at ISFSI involves shipping and storage in "storage only"
type facilities.

Regarding the potential sabotage of shipments of aged spent fuel, the staff has concluded

that the shipments do not constitute a serious risk to the public health and safety because of:
(1) the difficulty of breaching a spent fuel cask and fragmenting the spent fuel, (2) the magni-
tude of the estimated consequences of successful sabotage, (3) the applicable protection measures
delineated in §§ 73.37 of 10 CFR Part 73, and (4) the absence of an identifiable threat to such
activities.

Based on the cumulative experience of 30 years of spent fuel shipments, both military and commer-
cial, and extensive analyses of potential accidents, the risk to the health and safety of the
public from spent fuel shipping accidents is very small.

Because of the physical characteristics and the conditions of storage that include specific
security provisions, the potential risk to the public health and safety due to accidents or acts
of sabotage at a “storage only" facility also appears to be extremely small.

8.0 FINDINGS
8.1 INTRODUCTION : N

The storage of spent fuel in water pools is a we11 established techno1ogy, and under the static
conditions of storage represents a Tow environmenta] impact and 10w potential risk to the health
and safety of the public. It makes little difference whether spent fuel is stored at a nuclear
power plant or in an 1ndependent away-frun-reactor facility designed for this purpose. This
conclusion is based on existing water pool storage technology. Because of the physical charac-
teristics of aged spent fue], the alternative dry storage techniques expected to be available
within the time frame of this»study would have comparable negligible impacts.

The viable spent fuel storage'methods include:
s : S ‘
- The increase of the storage capacity at nuclear power plants by modifications to
existing pools, and

- The building of additional away-from-reactor capacity at independent spent fuel stor-
age installations (ISFSI) designed specifically for spent fuel storage. ISFSI may
share a site with an existing facility such as a reactor or may be constructed on a
separate site.

In addition, the unused spent fuel storage capacity at newer power plants within a utility could
be used until the space was needed by these plants. This alternative was considered and it
appears to delay the need for AFR storage from the early to the mid-1980's.

In the event that no relief from at-reactor storage capacity shortfalls is provided by AFR
storage capacity, it appears physically possible to implement a national storage allocation
plan as an emergency measure. However, such a broad increase in federal authority to regulate
utilities to the exclusion of state and local authorities may not be politically acceptable.
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Unlimited transshipment could potentially delay the need for opcrational AFR storage capacity
to the late 1990's.

8.

2

The lack of sufficient spent fuel storage capacity 2t nuclear power plants has been
alleviated by ongoing and planned modifications of at-reactor spent fuel storage pools.
Modifications of at-reactor spent fuel storage pools by rede51gn1ng fue] racks and making
more efficient use of available pootl floor space can increase spent fuel storage capacity,

on the’ average, by a factor of 3.0.

As of January 1979 NRC had received appiications for modifications of spent fuel storage
p1ans at 65 power reactors. Forty applications have been approved to date.

" -

Licen51ng reviews of these app]ications have shown that the modifications are technically

Aand econonicaliy feasible and justified. Licensing of these actions is adequate1y ‘covered

by existing regu]ations ‘and established regu]atory practices. This ‘statement supports

“the finding that increasing the capacities of indiVidual spent ‘fuel storage pools is

: environnenta]iy acceptable.

Because there'are many variations in storage pool designs and limitations cauiséd by spent
fuel already in some pools, the Iicensing reviews must be done on a case-by-case basis.
Modifications in the'Technical Specifications applicable to the reactor plant involved,
covering safety considerations both during the construction phase of the proposed modifi-

“ cations and subsequent operations, are made where necessary.

IR ?

Table ES.2 contains upper bound requirements for AFR storage with compact storage of
spent fuel at'reactor pools. The reference case selected for this study is thé upper
bound storage capacity considering compact storage of fuel in reactor podls that has
negiigible environmental impact and no transshipment to offsite reactor pools. The AFR
storage requirenents assume that “the FCR option will be selected by p]ant owners for

‘ operational reasons. The timing and magnitude of the AFR spent fuel storage requirements*

£ - N s .

are as follows: ' ; Do .3 ) o
' Year N : S T MM 1
1980 - A}
1985 1,900
1990 ) . _..6,300 ) o
1995 ' 14,0000 ¢ - ~ «
2000 - - ) * 27,000 caes e L

- Assuming that the national objective of an operational geoiogic repository for high-level

nuclear wastes and possible disposal of spentifuel is attained by or before year 2000,

. the amount of spent fuel requiring away-from-reactor storage is not great.  No more than
- six storage pool installations-of 5000-MTHM size would be -required by the year.2000.. How-

ever, the effect of the announcement-by the U.S..Department of Energy (DOE) of a proposed

-Spent Fuel Policy on October 18, ]977. has been to discourage private construction of AFR

- P - & + x

*These include the effect of recent reactor basin storage capacity expansion applications for
the Oconee Units 1 & 2 basin, for the Big Rock Point basin, and for the Hatch 1 & 2 basins.
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storage capacity since the announcement of such policy. It takes several years to license and
construct new AFR capacity--about five years if new construction on a separate site is involved.
The time needed to provide the required AFR storage capacity has become short. Consequently, )
unless some use is made of existing licensed AFR storage capacity in combination with intrautili-
ty transshipment, it is possible that individual reactor shutdowns due to shortfalls in spent
fuel storage capacity at reactor storage pools will occur.

4.

The storagé of LWR spent fuels in water pools has an insignificant impact on the environ-
ment, whether at AR or at AFR sites. Primarily this is because the physical form of the
material, sintered ceramic oxide fuel peliets hermetically sealed in Zircaloy cladding
tubes. Zircaloy is a zirconium-tin alloy which was developed for nuclear power applica-
tions because of its high resistance to water corrosion in addition to its favorable
nuclear properties. Even in cases where defective tubes expose the fuel material to the
water enviromment, there is little attack on the ceramic fuel.

The technology of water pool storage is well developed; radioactivity leve]s.are routinely
maintained at about § x 10°% uCi/ml. Maintenance of this purity requires treatment (fil-
tration and ion exchange),df the pool water. Radioactive waste that is generated is readily
confined and represents little potential hazard to the health and safety of the public.

There may be small gquantities of 85Kr released to the env!ronmen; from defective fuel
elements. However, for the fuel involved (fuel at least one year after discharge), experi-
ence has shown this to be not detectable beyond the immediate environs of a storage pool.

There will be no significant &ischarge of radioactive liquid effluents from a spent fuel
storage operation as wastes will be in solid form.

This statement supports the finding that the storage of spent fuel in away-from-reactor
facilities is economically and envirommentally acceptable.

There 1swan incéq&sing nggqlfor away-from-reactor spent fuel storage starting in the early
to mid-1980's. This is primarily due to the older nuclear power plants where there is a
Timited capability for the expansion of their spent fuel storage capacity. Based on the
experience to date with underwater storage, the construction and operation of "storage
only” facilities is assessed to be both technically feasible and environmentally acceptable.

The use of alternative dry passive storage techniques for aged fuel, now being investigated
by the Department of Energy, appears to be equally feasible and envirommentally acceptable.

Two existing “storage only" facilities are now licensed. One, the NFS West Valley plant
under 10 CFR Part 50, and the G.E. HMorris plant, under 10 CFR Part 70. However, neither of
these regulations addresses the specific requirements of a spent fuel "storage only" type
of facility. There is a recognized need for a more definitive regulatory basis for the
licensing of future facilities of this type. Action is now underway to meet this need.

The proposed 10 CFR Part 72, “Storage of Spent Fuel in-an Independent Spent Fuel Storage
Installation,” has been issued for comment. Supporting regulatory guides are also in
preparation.



7. Curtailment of the generation of spent fuel by ceasing the operation of existing nuclear
power plants when their spent fuel pools become filled is found to be undesirable, and the
prohibition of construction of new nuclear plants is not necessary. As shown in this
statement, viable measures can be instituted to alleviate the spent fuel storage capacity
shortfall. Such measures are economically and environmentally preferable to replacing
nuclear generated power with coal fired power plants. The societal costs would also be
significant as the excess mortality rates and envirommental impacts of coal fired power
generation are much higher than those for nuclear power.

8. No modification of 10 CFR 51.20(e) (the summary of environmental considerations for the
uranium fuel cycle) appears necessary for spent fuel storage considerations.
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SUMMARY

1.0 SCOPE

The Generic Environmental Impact Statement on spent fuel storage was.prepared by the‘Nuclear
_Regulatory Commission staff in response to a directive from the Commissioners published in the

. Federal Register,.September 16, 1975 (40 FR 42801) .The Commission directed the staff to ana-

. -lyze alternatives for the handling and storage of spent light water power reactor fuel with par-
ticular emphasis on developing long range policy. (Accordingly. the scope of this statement
examines alternative methods of spent fuel storage as well as the possible,restriction or
termination of the generation of spent fuel through nuclear power plant'shutdown.

Since the Commission's directive was issued, there have been significant policy developments

In this regard the President “has stated that the U.S. should defer domestic plutonium recycle
in order to search for better solutions to the proliferation problem. . In light of the Presi-
dent's views and public comments, the NRC terminated on, December 23, l977 its proceedings on
the Generic Environmental Statement on Mixed Oxide Fuel (GESMO), pending license applications,
and other matters related to the reprocessing and recycle of spent 1ight water reactor fuel. .
This policy decision highlights the importance,of,this‘GEIS. - ' ’

- N N

On October l8 1977. the Department of Energy (DOE) announced that the Federal Government would
accept and take title to spent nuclear fuel from utilities upon payment of one time storage and
disposal fees. The new policy is designed to neet the needs ‘of nuclear reactors for both interim
and permanent dispOSition of spent fuel. The DOE policy actions presume continued light water
reactor power generation with discharge of spent fuel and government responsibility for the stor-
age and disposition of spent fuel. Thus, these policy actions also address the issues examined
in this document. However, this document “does continue to serve the function of supporting the
need for rulemaking for away-from-reactor (AFR) spent fuel storage facilities. In addition, DOE
used this NRC statement as a source in their draft generic environmental‘impact statement on
their announced spent fuel policy. '; ..

The storage of spent fuel addressed in this generic environmental impact\statement is considered
_to be an interim action, not a final solution. The Commission has clearly distinguished between

penmanent disposal and interim storage.1 Nonetheless, it has expressed its concern that storage
' of spent fuel not be used to justify retarding the development of a practicable method of perma-
nent disposal.g This concern is shared by groups who " have studied this situation.3 4 The Com-
‘mission is _initiating a proceeding to review its basis for confidence that safe waste disposal
will be available.5 The Commission announcement of September 16, l975. outlining this study
’_stipulated that the Staff was to examine the period through the mid 1980 s. ln the absence of a
. national policy directed to final disposition of spent fuel. the staff extended the time period
of this study “to year 2000. This extension provided a conservative upper bound to the interim
spent fuel storage situation at a date that constituted a practical limit-to the forecasting
that may logically be used as’a ba51s “for today s decisionmaking. e ' T

E
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2.0 FINDINGS
The lack of sufficient spent fuel storage capacity at nuclear power plants has been alle-
viated by ongoing and planned modifications of at-reactor spent fuel storage pools. HModi- -
fications of at-reactor spent fuel storage pools by redesigning fuel racks and making more
efficient use of available pool floor space can increase spent fuel storage capacity, on
the average, by a factor of 3.0.

As of January 1979, HRC had received applications for modifications of spent fuel storage
plans at 65 power reactors. Forty applications have been approved to date.

2. Licensing reviews of these applications have shown that the modifications are technically
and economibally feasible and justified. Licensing of these actions is adequately covered
by existing regulations-and established regulatory practices. This statement supports the
finding that increasing‘the capacities of individual spent fuel storage pools is environ-
mentally acceptable.

Because there are many variations in storage pool designs and limitations caused by spent
fuel already in some pools, the licensing reviews must be done on a'case-by-case basis.
Modifications in the Technical Specifications applicable to the reactor plant fnvolved,
covering safety considerations both during the construction phase of the proposed modifi-
cations and subsequent operations, are made where necessary.

3. Table 3.1 contains upper bound requirements for AFR storage with compact storage of spent
fuel at reactor pools. The reference case selected for this study is the upper bound
storage capacity conSIdering compact storage of fuel 1n reactor pools that has negligible
environmental 1mpact and no’ transshipnent to offsite reactor pools. The AFR storage re-
quirements assume that the FCR option will be selected by plant owners for operational
reasons. The timing and magnitude of the AFR spent fuel storagé requirements* are as fol-

N

Tows:
1980 - : 7 0
1985 1,900
1990 6,300
1995 14,000
2000 27,000

Assuming that the nationa] objective of an operationa1 geologic repository for high-level
nuclear wastes and possible disposal of spent fuel is attained by or before year 2000, the
amount of spent fuel requiring away-from-reactor storage {s ‘not great. HNo more than six
'storage pool insta11ations of 5000-MTHM size would be required by the year 2000. However.
the effect of the announcement by the U.S. Department of Energy (DOE). of a proposed Spent
Fuel Policy on October 18. 1977, has been to discourage private construction of AFR storage
capacity since the announcement of such policy. It takes several years to license and con-
struct new AFR capacity—-about five years 1f new construction on a separate site is involved

~ v 3,

*These include the effect of recent reactor basin storage capacity expansion applications for
the Oconee 1 & 2 basin, for the Big Rock Point basin and for the Hatch 1 & 2 basins.
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The time needed to provide the required AFR storage capacity has become short. Consequent-

1y, unless some use is made of existing Ticensed AR ctoragé'capacity in combination with
o intrautiiity transshipment, it is possible that individual reactor shutdowns’ due "to short-
falls in spent fuel storage capacity at reactor storage pools will occur. )

4. The storage of LWR“spent fuels in water pools has'an insignificant impact on the environ-
) ment, ‘whether at AR or at AFR sites. Primarily this is because the physical form of the
" material, sintered ceramic oxide fuel pellets hermetically sealed in Zircaloy cladding
tubes. Zircaloy is a zirconium-tin alloy which was developed for nuclear power applica-
tions because of its high resistance to water corrosion in addition to its favorable
-nuclear ‘properties. Even in cases where defective tubes expose the fuel material to the
water enviroment, there is little attack on the ceramic fuel.

The technology of water pool storage is well developed; radioactivity levels are routinely
maintained at about 5 x 10'4 uCi/ml. Maintenance of this purity requires treatment (fii-
*tration and ion exchange) of the pool watér. -Radioactive waste -that is generated is
readily confined and represents little- potential hazard to the health and safety of the
pubiic.

- v

There may be small quantities of BsKr released to the environment from defective fuel ele-
ments. However, for the fuel involved (fuel "at least one year after discharge), experience
has shown this to be not detectable beyond the immediate environs of a storage pool.

There will be no significant discharge of radioactive 1iqu1d effluents from a spent fuel
storage operation as wastes will be in solid form. - <

* This statement supports the finding that the storage of spent fuel in away-frun-reactor

facilities is economically and- environnenta]ly acceptabie - -

Car g

5. There is an increasing need for away-from-reactor spent fuel storage starting in the early
:to mid-1980's. This is primarily due-to the ‘older nuclear power plants where there is a
* 1imited capability for the expansion of their spent fuel' storage capacity. “Based on' the
experience to date with underwater storage, the ‘construction and operation o?’"storage
only" facilities is assessed to be both technically feasible and environmentally acceptabie.

The use of alternative dry passive storage techniques for aged fuel, now being investigated
by the Department of Energy, appears to be equally feasible and envirommentally acceptable.

6. Two existing “storage only" facilities are now licensed. One, the NFS West Valley plant
under 10 CFR Part 50, and the G.E. Morris plant, under 10 CFR Part 70. However, neither of
these regulations addresses the specific requirements of a spent fuel “storage only™ type
of facility. There is a recognized need for a more definitive regulatory basis for the
licensing of future facilities of this type. Action is now underway to meet this need.

The proposed 10 CFR Part 72, “Storage of Spent Fuel in an Independent Spent Fuel Storage
Installation,” has been issued for comment. Supporting regulatory guides are also in pre-

paration.
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Curtailment of thé generation of spent fuel by ceasing the operation of existing nuclear
power plants when their spent fuel pools become filled is found to be undesirable, and the
prohibition of construction of new nuclear plants is not necessary. As shown in this state-
ment, viable measures can be institutéd to alleviate the spent fuel storage capacity short-
fall. Such measures are economically and environmentally preferable to replacing nuclear
generated power with coal fired power plants. The societal costs would also be significant
as the excess mortality rates and envirommental impacts of coal fired power generation are
much higher than those for nuclear power.

No modification of 10 CFR 51.20(e) (the summary of environmental considerations for the
uranium fuel cycle) appears necessary for spent fuel storage considerations.
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1.0 INTRODUCTION - 4
In this Environmental Impact Statement the amount of spent 1ight water reactor (LWR) fuel to be
generated through the year 2000 is quantified and compared with the space available for storage.
Thé_environnenta1 impact of solving the spent fuel storage problem, using at-reactor (AR) and
away-from-reactor (AFB) storage techniques in different ways and terminating generation of spent
fuel by shutting down nuclear power plants, is assessed. A cost-benefit analysis is included
and conclusions and recommendations are presented.

1.1, STATEMENT OF SITUATION

From the early days of the nuclear power industry in this country, electric utilities planning
to'construct and operate 1ight water nuclear power reactors contemplated that the used or spent
fuel discharged from the reactors would be chemically reprocessed to recover the residual quan-
tities of fissile and fertile materials (uranium and plutonium)}, and that the materials so
recovered would be recycled back into fresh reactor fuel. It was also contemplated by.the
nuc1ear industry that spent fuel would be discharged periodically from operating reactors, stored
1n onsite fuel storage pools for a period of time (to permit radioactive decay of short-lived
radioisotopes contained within the fuel, as well as thermal decay) -and periodically shipped off-
site for:reprocessing ) Typ1ca11y, space was_provided in onsite storage pools for about 1-1/3
_full nuclear reactor cores. Assuming a 3 to 4 year reactor fuel.reload cycle, the onsite stor-
age pools were planned to hold an average of one year's discharge with sufficient remaining capa-
.city to hold a complete core should unloading of.all of.the fuel from the reactor.be necessary
or desirab]e’for normal maintenance or because of operational difficulties. Under normal operat-
ing conditions, about 5 years' spent fuel discharge could be accommodated before the pools were
filled.

Current u. S. policy has p'laced a ban on the reprocessing (and recyc’ling) of LHR fuel for an indef-
1nite period of time. As a consequence of.this po11cy the reprocessing part of -the -fuel cycle
has not been a successful commercial developnent. For a time one such facility actually operated,
..the Nuclear Fuel Services (NFS) plant at Hest Valley, New Yor‘k”~ However, after a.shutdown for
extensive alterat1ons and expansion, the conclus1on was: .reached that these. changes were cormer-
c1a11y impractica] and the facility was not ‘reopened for reprocessing.I‘ A second facility, the
iGeneral E1ectr1c Company s Hidwest Fuel Recovery Plant at torris, I11inois, never operated as a
) reprocess1ng plant and is now licensed for spent fuel storage only. A third proposed plant, the
'A111ed General Nuc]ear Service (AGNS) piant in Barnwe11. _South Carolina, the subject of hearings
before the Comission (Docket No. 50-332 and Docket No.. 70-1729), and 2 fourth plant, the Exxon
p1ant proposed for construction in Tennessee, which was docketed for 1icense review (Docket

No. 50-564) have not been approved. The recent decision by the Nuclear Regulatory Commission to
terminate proceedings on pending or future p]utonium recycle-related.license applications specif-
ical)y inc\udes both the AGNS {with the poss1b1e exception of research and development efforts
related to 1 non-proIiferatﬁon objectives) and the.Exxon applications [Hixed Oxide Fuel Order
not1ced on December 30, 1977 (42 FR 65334)] e ) . .

Ay EaEY [
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A geologic repository is expected to be constructed by the 1990's, and the Commission has sup-
ported the position that permanent disposal of spent fuel is a viable fuel cycle alternative.2
Thus permanent disposal is not expected to have any effect on the interim storage of spent fuel
for about a decade or longer.

In response to the direction of the Commission, the staff has prepared this generic environmental
impact statement on the matter of spent fuel storage capacity.3

In this document the magnitude of spent fuel storage capacity through the year 2000 is analyzed
and an assessment made of the environmental impacts associated with the various ways of storing
spent fuel. Included are the consequences of dealing with this situation by the 1imitation of
the amount of spent fuel generated.

In the light of the national policy banning reprocessing and recycling the assumption was made,
for the purpese of bounding the magnitude of the problem, that neither spent fuel reprocessing
nor disposition of spent fuel as a waste would be implemented through the year 2000. This time
frame was considered a practical 1imit to the forecasting that must serve as the basis for the
current decision making_ actions.

Kts

1.2 SPENT FUEL STORAGE REQUIREMENTS AND ALTERNATIVES

The present policy of the United States is to store commérciai.reactor spent fuel without repro-
cessing pending the decision to reprocess it or to dispose of it directly as high level waste.
While construction of a geol&gic repository remains a fixed national goal for high level radio-
active waste from reprocessing and other radioactive wastes, it may also receive spent fuel.
Pending the decision, operating reactors will continue to generate spent fuel that must be dis-
charged from the reactor core if the reactor is to continue to produce power. Most nuclear power
plants were originally’ designed to accommodate the equivalent of one and one-third cores of spent
fuel in their onsite storage’ poo]s for single reactors and one and two-third cores for dual
reactor plants. In order to maintain the capability of discharging a full core into. the storage
pool, full core reserve (FCR), roughly only a third of a core of spent fuel for a single reactor
or two-thirds of a core for a dual reactor plant, could be stored at reactors under original
design conditions. "However, most- reactor plants have achieved eipansion of storage capacity or
applied for approval for such expansion by re-racking of their spent fuel storage pools.

The maintenance of reserve capacity sufficient to accommodate the full reactor core in the spent
fuel storage pool at a nuclear power plant is not a safety matter. However, power plant owners

do consider the mafntenance of full core reserve capacity desirable for operationa] flexibility.
Experience has shown that the capacity for fully unloading a reactor has been useful in making
modifications and repairs to reactor structural components and 'for periodic reactor vessel inSpec-
tions. Such reserve capacity is effectively unused space in the spent fuel storage pool- and has
the net effect of reducing the available at-reactor spent fuel storage capacity for successive
spent fuel discharges.

Installed reactor generating capacity (in GWe) was projected from NRC data for reactors now
operating, under construction, and planned, and Energy Information Administration estimates
through year 2000 (see App. F). The staff estimated that 82,000 metric tons of heavy metal
(MTHM) as spent fuel will have been discharged by yea; 2000 and that the total at-reactor storage
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capacity in year 2000 will be 91,000 MTHY of storage Eapacity if full core reserve (FCR) is not
maintained and 77,000 MTHY if FCR is maintained. Since these total-storage capacity values in-
“clude new units coming 'on Tine with storage pools, Storage capacity shortfalls at older units
and the need for additional storage capacity are not shown by these totals. The growth of the
spent fuel storage requirements through the period 1976-2000 is examined in this .statement.

Four ‘bounding alternatives are considered in this statement. .
Alternative-1. A reference case utilizing existing (compacted) storage technologies to
increase AR storage capacity and allowing free use of storage at each reactor site by reac-
tors at that site.

Alternative 2. Transshipment of spent fuel freely from facilities with full pools to pools
with available storage capacity within each utility-owned reactor system, regardiess of
geographical location.

Alternative 3. Complete and free interchange of storage space regardless.of .ownership or
geographical location.
_Alternative 4. Ceasing to generate spent fuel by allowing reactor shutdown as individual
- reactor storage capacity is exhausted and using anothe} energy source to generate replace-
ment electrical power (coal is seen as this sourcej.f’s - - )
.- .- oo
To provide an overview of the anticipated need.for AFR storage, Tab]evl.l has bée& extracted
from data in Tables 3.1, 3.4 and 3.5 of Chapter 3.0. Six spent fuel storagé options which were
considered are summarized in Table 1.1. Storage at reactor basins with compact storage and with
and without a.full, core reserve (FCR) is considered. Compact storage is a technique.for in-
creasing spent fuel storage capacity by reducing spacing between fue] assenblies using pool
space previously unused for spent fuel and has already been enp]oyed at most operating reactors.

-

Table 1.1. Summary of Away-from-Reactor (AFR) Storage Requirementsa b
Altetrnative 1 Alternative 2 ‘Alternative 3
L. .. With FCRS _Mithout FCR With FCR-. - Without FCR . With FCR _ _Without FCR
Year requiring AFR storage 1979 . 1980 . . 1982 . 1984 o 1999 . -
AFR requirements, 1985, MTHM 2,200 Y 00 700 30 - -

AFR requirements, 2000, MTHM 28,000 22,000 19,300 13,000 4,200 .-

4230 GWe, 1.e., 230 GWe installed and 202 GWe discharging in year 2000.

-"Does not include the effect of recent reactor basin storage.capacity expansion applications for the Oconee Units 1 & 2
basin, for the Big Rock Point basin, and for the Hatch 1 & 2 basins (See vol, 2, Appendix F Table F 8, foot.note .)

- cReference case. e

- - - . st
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The six options consider the effect on AFR storage requirements if each of the first three of
the four alternatives described above are implemented for one rate of reactor installation
(230 GWe by year 2000), and whether or not the full core reserve (FCR) option is exercised by
utilities. These six options are also considered for a high rate of reactor installation
(280 GWe by year 2000) in Appendix I.

In Chapter 4.0, the environmental impacts of the reference case are examined. The reference
case consists of providing adequate storage space for the spent fuel by increasing storage at
the reactor plant only. The reference case requirement for AFR storage needed with compact
storage at the reactors with a full core reserve and for 230 GWe installed is shown in column 1
of Table 1.1.

1.3 SCOPE OF THIS-TREATMENT

In this environmental statement, an examination is made of that part of the nuclear fuel cycle
after the fuel has been removed as a power source from a nuclear reactor, and an assessment is
made of the impact of storage of such spent fuel through the end of this century. In light of
the status of commercial reprocessing as well as that of possible permanent disposal of spent
fuel in the United Statgs,6'7 the staff has assumed, for purposes of bounding the spent fuel
storage outlook, that neither reprocessing nor permanent disposal would be implemented before
the year 2000. It is anticipated, however, that by the year 2000 disposition of spent fuel gen-
erated by 1ight water reactors {LWR's) will be determined and whatever steps are necessary to
implement these decisions will be initiated. The Department of Energy has publicly announced
(October 18, 1977), a policy under which the Federal Government will accept title to spent fuel
and responsibility for its final disposition.

An estimate of the amount of ‘spent fuel to be generated during this time period as well as dis-
cussion on available storage’ at reactors and the amount of storage required away from reactors

is included in Chapter 2.0. ~

A description of the four alternatives for spent fuel storage is given below and a more detailed
description in Chapter 3.0.

A1l Alternatives . - .

The degree of compaction for all alternatives and for all storage pools was chosen by staff to
be 3; {.e., the multiple of original storage design capacity used by staff to estimate storage
capacity was 3. e

No further use of currently available AFR storage was contemplated by staff., This is not in-
tended to mean that such storage could not be used. Staff estimate of the potential for licensed
storage capacity is about 1000 MTHM of which about 500 MTHM is presently being used. (An addi-
tional 400 MTHM has been constructed with 1icensing of storage pending.) The FCR (full core
reserve) requirement is based on retaining at all sites the equivalent of one full core. All
estimates of storage requirements use the rate of reactor installation between 1979 and 2000 as
shown in Table 1.2, (230 GWe by year 2000).

The installed reactor generating capacity (in GWe) shown is derived from estimates of the Energy
Information Administration, which is charged by Congress to develop such projections, through
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1995 and extrapolated to 2000 (straight line) by the staff (see App. F)B. The discharging Gle
are based on a three-year delay fron installed year (same as fuel loading date or FLD) to first
* discharge.

Table 1.2. HNuclear Generating Capacity
Installed and Discharging Spent Fuel
for Each Year, 1979-2000 ,

Capacity ) Capacity
Installed, Discharging,

Year Glle Gie
1979 * 58 46
1980 66 48
11981 . 73 - 51 -
1982 80 .58 .
1983 87 66
1984 94 73
1985 102 . 80
1986 110 67
1987 119 94
1988 125 102 .

1989 - 134 110
19580 142 119
1991 151 125
1992 160 134
1993 168 142 A
1994 177 151
1995 187 160
1996 195 - . . 168 s
1997 202 R 177
71998 ° 212 187

. 15999 - , 221 o 195
2000 230 202

An estimate of the amount of spent fuel to be generated:during this time -period, as well as a
discussion on available storage at reactors is_included in Chapter 2.0. -

®

for spent fuel storage.

8 +

Chapter 3.0 provides the description of the four bounding alternatives

P c, ie
.

Alternative 1-{Reference Case) . . - ae e .

In this alternative, reactors at a given site,-regardless of‘tyﬁé;~are?a1lowed to use any space
available on that site for spent fuel storage.

- « -

Alternative 2 ot
In this alternative, reactors at any site, with ‘corvion ownership, can usé any spare available
within that ownership.’

T s st ) i

Alternative 3

In this §I§ernatjve. any reactor within_the U.S. could use.available space at any other reactor
regardless of site location or ownership. .
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Alternative 4 (Temination Case)
No action would be taken. Muclear plants would be shut down as spent fuel pools becone full at

each nuclear plant site. Electrical power needs would be ret by another source of energy (e.s.,
4,5
).I

coal

Chapter 4.0 contains an examination of the environmental inpact of taking each course of action
discussed in Chapter 3.0,

Chapter 5.0 provides an assessnent of the safeguards aspects of solving the problen,

Chapter 6.0 presents the economic data for each alternative.

Chapter 7.0 includes the cost-benefit analysis using the economic and environmental data devel-
oped in previous chapters.

Chapter 8.0 contains the staff findings. .

Chapter 9.0 addresses the corrnents on the Draft Environmental Statement and the staff's responses.
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2.0 SPENT FUEL PRODUCTION ANALYSIS

In this chapter analyses are made of the projected generation rate of spent fuel through the
year 2000. Section 2.1 and Appendix G provide descriptive material and background infonnation on
nuclear fuel in general, and spent fuel in particular.’ : ’ -

2.1 - DESCRIPTION OF LWR FUEL THROUGH ITS CYCLE OF USE "

2.1.1 General Description of Fuel

Nuclear fuel for commercial power reactors is made of short cylinders (pellets) of high-fired
ceramic uranium dioxide (UO ). Depending .upon the. -specific reactor design, these pellets are in
the order of 0.75 to 1. 25 an 1in diameter and about 1.5 em long Typically a 366 cm-long stack

or about 250 of these pellets are loaded and hermetically sealed into a zirconium alloy tube.
This unit is called a fuel rod. The high- fired ceramic fuel pellets are hard. strong. and insol-
uble in water. The fuel rod (Figure G.1 in Appendix G)* is a strong but flexible structure and
the zirconium alloy cladding is resistant to water corrosion

Fuel rods are assembled into bundles in a square a;ray. each spaced and supported by grid struc-
tures and corner tie rods. The fuel bundle s generally called a fuel assembly. The assembly
has a bottom fitting in the form’ of an extension nozzle and a top fitting as a handle. The nozzle
fits into the reactor core supporting grid and conducts ‘coolant water to the fuel and the handle
permits the remote manipulation of the fuel assembly into and out of the reactor as well as into
and out of fuel transfer casks and fuel storage facilities. Although largely similar in design.
fuel assemblies used in PWRs and BWRs differ generally in size and the quantity of fuel contained.
Components of the fuel assembly are also resistant to water corrosion. ’

- . - . .

Typically. 2 General Elactric BNR assembly (Figure 6. 2) consists of a7 x 7 (49 total) or 8 x 8
(64 total) array of individual fuel rods. Its overall dimensions are approximately 14 cn square
by 435 om long., Each assembly contains about’ 200 kilograms of uranium in the fonn of uranium
h‘.dioxide (UOZ) PWR reactors use larger, but similarly designed fuel assemblies The Hesting-
house PNR assembly is a square array of 14 X l4. 15 x 15 or 17 x 17 rods. with a pattern of posi-
tions within the array for internal control rods. These assemblies are about 21 em square by "
420 om long. The Combustion Engineering and Babcock & Hilcox PHR fuel assemblies are simflar to
Hestinghouse nodels. A typical PHR fuel assembly contains about 450 kilograms of uranium in the

fonn of uranium dioxide. Typical design characteristics of fuel assemblies manufactured by the
various suppliers are given in Appendix G, Tables G. l through G. 4 *°

*More detajled information concerning nuclear fuel. including appropriate tabular naterial .
and illustrations, is provided in Appendix G. o )
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After irradiation, an LWR fuel assembly nonnaiiy shows no outward physical change. While exter-
nally the spent fuel is 1ittle changed from new fuel, after jrradiation within the fuel rods
some of the U02 pellets may have been fracturcd due to thermal stresses and the composition has
changed dramatically. Whereas new fuel is relatively innocuous and can be handled and shipped
as a standard commercial product, spent fuel is highly radioactive and produces considerable
heat. For these reasons spent fuel must be cooled and shielded. With time, cooling and some
shielding requirements decrease as a"result of the natural radioactive decay process.

The nuclear reactions within the fuel produce a number of radioactive and non-radioactive nu-
clides. These new nuclides are contained in the structural matrix of the fuel, in the annular
region within the rod surrounding the fuel pellets, and in the hardware components of the fuel
assembly. Details concerning the characteristics of this spent fuel are provided in Section 2.
of Appendix G. T

2.1.2 Design Bases of Existing Technology for Storing Spent Fuel at Reactor Sites

Light water reactors’now operating or under construction typicaliy have spent fuel storage facil-
ities which were designed to contain a full core plus the spent fuel removed from the reactor
during one year of operation. Most BHR fuel management p]ans are based on replacing the core
approximately every ‘four years, 1/4 core discharged as spent fuel per year; PWR plans are based
on 1/3 core replacement per year. The average spent fuel storage space in currently operating
reactors and in those that wi]l be in operation by 1985 will accommodate at least four PWR cores
and 3.75 BWR cores for single reactor sites, assuming no physical expansion of AR storage capa-
city. In this anaiysis of the spent fuel storage requirenents. it is assumed that all reactors
utiiize reracking to expand capacity within the iinits of existing pool design to attain three
times the design capacity of “each pool. Poois with substantiaiiy larger capacities might be
constructed in the.future.

Both fission and radioactive decay must be considered in spent fuel storage basin design. The
spacing of spent fuel assembiies within fixed racks must be engineered to make sure that the
array of fuel assemblies does not represent a configuration that could initiate self sustaining
nuclear fission (become criticai) This IS achieved by insuring that the criticality factor,
keff' is less than 0.95, assuming the most reactive composition of the fuei Water serves to
shield workers from radiation emanating from the stored fuei. and is ‘used to remove heat gener-
ated by radioactive decav, About 97% or more of each assembly's radioactive decay energy present
at reactor shutdown is dissipatedﬂwithin one month after the shutdown.

Spent fuel storage fac11ities must be capabie of acconmodating spent fuel transfer operations
underwater, for exampie. transfer from within containment to the storage basin, or transfer from
the storage basin to a shipping cask. Under all such operating conditions proper shieiding and
cooling are features of the design.

The structural integrity of spent fuel storage basins is assured by engineering design which
includes the effects of locatfon, size, and capacity.‘



2.1.3 Desiqn Assuriptions of Existing Technology for Storing Spent Fuel Away-from-Reactors

Spent fuel reprocessing facilities also have capacity for storing spent fuel. Three such facil-
ities now exist. Their nanes, locations and capacities are:.

Hame Location Spent Fuel Storage Capacitya
HFS West Valley, H. Y. i 260 MTU
GE Horris : Morris, 11, , 750 nu®
AGHS Barnwell, S.'C. 400 HTU

%Licenses for storage at these installations are expressed in terms of the uranium content of
the spent fuel.

bExpansion proposed to {ncrease capacit& to 1850 MTU (proceeding indefinitely suspended).

Ho spent fuel reprocessing is now being conducted at any of these plants. NFS'and GE Morris are
operating storage pools but NFS (with 170 MTU of capacity filled) is no longer receiving spent
fuel for storage, GE Morris managenent has.committed only to receive up to about 350 NTU of spent
fuel, and AGHS {is not licensed. .

The three existing AFR storage pools discussed in this_section were designed based on principles
similar to those of reactor pools. There are fuel-handling differences between reactor pools and
existing AFR pools. (See App. A for a discussion “of reprocessing) Furthermore. these AFR pools
will handle spent fuel assemblies of different design from PWR's and BWR's, and from various

cask types, so the design of the handling facilities must have greater flexibility than those
for reactors, The staff has not included the existing poo1 capacity in the analysis of future
storage avai]abi]ity.

‘

2.2 SPENf‘FUEL SfORAGE REQUIREMENTS
Z.é.I Demard for Storage Capacity, 1976-2000

The annual demand for spent fuel storage depends on the number of reactors discharging fuel and
their ‘individual fuel usage rates in the year under consideration. The assumptions made’ for
rates of reactor installation are described in Section 1.2 and Appendix F of this statement.
Appendix F describes the methods used to estimate future spent fuel discharges and AR Storage
space requirements. The use of these models and assunptions (assunptions were required for
reactors beyond the 46 GWe now discharging fuel) creates a fuel discharge schedu1e as shown in'

Table 2.1. : " i

At end of year 1978, about 4250 MTH of spent fuel were in storage at reactors.: About 170 MTHI
of spent fuel were in‘storage at the'West Valley NFS facility and 310 MTH{ at the Morris,”
I1linois, GE facility. -The total AFR storage was 480 MTHM.: -The facility at Barnwell, South
Carolina, is not licensed.

Table 2.1 shows that by 1986 annual discharges will approach the 2700-MTHM level and will in-
crease to at least 5800 MTHM at the projected rate of reactor installation (230 GWe) by the
year 2000.



Table 2.1. Annual and Cumulated Schedules of Spent Fuel Oischarge
GWe Annual Curulative
Capacity Discharge, Discharge,

Year Discharging MTHN HTH!
1979 46 1,420 -
1980 48 1,520 2,900
1981 51 1,640 4,600
1982 58 1,850 6,400
1983 66 2,100 8,500
1984 73 2,300 11,000
1985 a0 2,440 13,000
1986 87 2,650 16,000
1987 94 2,840 19,000
1988 102 3,050 22,000
1989 110 - 3,300 25,000
1990 119 3,600 29,000
1991 125 3,720 32,000
1992 134 3,950 36,000
1993 142 4,200 41,000 -
1994 151 4,380 45,000
1995 160 4,620 50,000
1996 168 4,840 54,000
1997 177 5,100 60,000
1998 187 5,460 65,000
1999 194 5,730 71,000
2000 202 5,800 77,000

Does not include about 4700 MT of spent fuel discharged prior to

1979 and stored AR and AFR at the end of 1978.

2.2.2 Storage Capacity through 2000

The capacity for storage of spent fuel at operating reactors is documented.2 Present desiéﬁ and
construction practices were assumed to continue for storage pools at all reactors under construc-
tion or in planning. These practices are discussed in detail in Section 3.1 and Appendix B of
this statement. Appendix F shows the detailed methods used to determine AR storage capacities.

Table 2.2 shows the storage capacity in metric tons of heavy metal (MTHM) as related to year and
installed nuclear generating capacity expressed as gigawatts electric (GWe).
Some of this 1s now being used

city is the total annual storage capacity for all U.S. reactors.

to store spent fuel (about 4250 MTHM).

Table 2.2 indicates total reactor bas

+

The storage capa-

in storage (with compact storage) of 91,000 MTHM without
FCR and 77,000 MTHM with FCR by the year 2000.

The value given in the second column of Table 2.2 is the storage capacity at reactor plants
that are operating, under construction, or planned through the year 2000.2'4
capacity of these reactors was assumed to continue to be about four cores (360 MTHM),

The average storage



Table 2.2. At-Reactor Storage Capacity--Reference Case--
With and Without FCR

Instalied
Capacity, Maximur Basin Storage Capacity, MTHA
Year GWe Without FCR With FCR
1979 57 26,000 22,000
1980 64 30,000 25,000
1981 71 33,000 27,000
1982 78 35,000 28,000
1983 85 38,000 31,000
1984 92 40,000 33,000
1985 100 43,000 36,000
1986 108 46,000 38,000
1987 116 50,000 41,000
1988 124 . 52,000 44,000
1989 132 56,000 47,000
1950 140 59,000 50,000
1991 149 62,000 53,000
1992 158 65,000 55,000
1993 167 68,000 58,000
1994 176 71,000 60,000
1995 185 75,000 64,000
1996 194 78,000 67,000
1997 203 81,000 69,000
1998 212 84,000 71,000
1999 221 87,000 74,000
2000 230 91,000 77,000
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3.0 DESCRIPTION OF ALTERNATIVES

This chapter describes the alternatives considered by the staff in anmalyzing several aspects of
the spent fuel storage situation. The alternatives considered are chosen to bound the exanina-
tion, since large numbers of variations with1n these alternatives are conce1vab1e In fact, at
present, on & case- by-case basis, a number of interim storage actions are under consideration or
are being implemented, such as compact storage at existing reactor storage pools, AFR storage
(at‘GfﬂMorris), compact storage of reactor pools at constructed but as yet unlicensed reactors,
and in three cases, transshipment of spent fuel from one reactor to another reactor for storage
has been requested with one approva] already granted. Thus, any one of the bound1ng alternatives
deve]oped in ‘this statement -is unlikely to be the precise answer to the spent fuel-storage pro-.
gram. However, the alternatives do scope the program and in subsequent chapters the total 1m-
pacts, costs, and benefits of their jmplementation are examined and evaluated.

Also, for each of the first three alternatives described below (not including the cessation of
reactor operations), a reference level of reactor 1nsta]1at1on rate (230 GWe 1nsta11ed by 2000)
and whether or not full core reserve (FCR) capab1]1ty is used are considered. This makes a tota]
of two options (or cases) within three a1ternat1ves. or six total cases for which AFR storage
requirements are documented. In Appendix I these six total cases are also included for a high
reactor installation rate (280 GWe installed by year 2000). In a]] cases, expansion of reactor
storage basins by.a factor of three times present design is assumed. Cases with FCR assume. one
FCR per site. AN alternat1ves assume that no finaI disposal site would be available by 2000
and that no reprocessing or recycling of LUR fuel wi11 occur by .that time.

‘l. ix

The alternatives are: ‘ b
Alternatlve 1: Assumes no offsite transshipment of spent fue], uti]izes ex{sting storage tech-"
nologies to increase at-reactor (AR) storage capacity and allows use of all.-storage space
at each reactor site by reactors at that site.  This.alternative with FCR is the Reference
~ Case in this statement. . Ll . S e

-
-~ T

Alternative 2: Transshipment of spent fuel freely frun fac11it1es with full pools to pools with
available storage capacity within each utility-owned generating system. regardless of geo-
graphical locations.

. ‘-, .

AAlgggggtiyg_g Complete and free 1nterchange of avai]able storage space. by transsh1pment, re-
gardless of owuership or geographica1 Iocatxons.

A1ternat1ve 4: Ceasing to generate spent fuel by a]]owing reactor shutdown as 1ndiv1dual reactor
storage capacity is exhausted. This 1np11es that other energy sources (such as coa1) would
be used to generate replacement electrical power.
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3.1 SCOPE OF SPENT FUEL STORAGE REQUIREMENTS

3.1.1 Spent Fuel Storage Requirements

Spent fuel storage requirements are listed for Alternative 1 (230 GWe installed by 2000) in
Table 3.1. In the Reference Case of Alternative 1 full core reserve (FCR) is maintained and
there is no transshipment offsite; i.e., only at-site storage is allowed, but total storage
capacity usage at site, regardless of reactor type is permitted. All storage space as
originally designed has been expanded (as by reracking) to reflect experience effected to
date for present reactors and by a factor of 3 for future reactors. The latter value reflects
the present experience as an average value.

Table 3.1. Away-fron-Reactor (AFR) Storage Requirements with
llo Transshipment, 230 GWe Installed in Year 2000,
With FCR (Reference Case) and Without FCR

. - AFR Capacity
Installed
Generating Pool Full Core Cumulated Required (MTHH)

Capacity, Capacity, Reserve, Discharges, &h d Hitheua
Year GWe NTHA MTHY HTHA FCRY*C» FCRY*™
1979 57 26,000 4,700 1,400 40 0
1980 64 30,000 5,200 2,900 140 20
1981 A 33,000 6,000 4,600 310 110
1982 78 35,000 6,400 6,400 520 240
1983 85 38,000 6,700 8,500 880 360
1984 32 T 40,000 7,100 11,000 1,500 550
1985 100 43,000 7,400 13,000 2,200 920
1986 108 46,000 7,900 16,000 2,900 1,400
1987 116 50,000 8,400 19,000 3,800 2,000
1988 124 52,000 8,600 22,000 4,800 2,800
1989 132 56,000 8,900 25,000 5,900 3,600
1990 140 59,000 8,900 29,000 6,800 4,300
1991 149 62,000 9,100 32,000 8,000 5,300
1992 158 65,000 9,600 36,000 9,200 6,300
1993 167 68,000 10,000 41,000 . 11,000 7,600
1994 176 71,000 11,000 45,000 12,000 8,900
1985 185 75,000 11,000 50,000 15,000 10,000"
1996 194 78,000 11,000 54,000 - 17,000 12,000
1997 203 81,000 12,000 60,000 19, 000 14, 000
1998 212 84,000 13,000 65,000 22,000° 16,000%
1999 221 87,000 13,000 71,000 25.000 19,000
2000 230 91,000 14,000 77,000 28,000 22.000

3Does not include +,4700 MTHY in storage as of December 31, 1978, both AR and AFR.
bReference Case, . *
CIncludes ~4300 MTHM in AR storage as of December 31, 1978.

dDoes not include the effect of recent reactor basin storage capacity expansion applications
for the Oconee Units 1 & 2 basin, for the Big Rock Point basin, and for the Hatch 1 & 2
basins. (See Vol. II, Appendix F, Table F.8, footnote b.)

€AFR storage is a maximum and nay be overstated in 1997- 2000; see Section 3.1.1 for
explanation.

This situation close]y resembles the current status of reactor storage and bounds the capab111ty
of the existing ‘and planned nuclear reactor systen in the U S. to store spent fuel if no trans-
shipment is allowed. The potential for use of existing AFR storage (as at GE Morris) s not
contemplated in the results shown in Table 3.1. The present unused capacity of the Morris facil-
ity as racked is about 350 MT. This capacity approximates the need for AFR storage (fron

Table 3.1) without FCR through 1983 and through 1981 with fCR. Application to expand the storage
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capacity at this AFR facility by an additional 1100 MT has been made (proceeding indefinitely
suspended). ‘

The th1rd column of Table 3.1 shows the capabi\ity of the entire reactor ‘system to store spent
fuel. In Alternative 1 (the reference case), however, the ‘useable space for each reactor is
restricted to that available on site. This results in a need for about 2000 MT of AFR storage
in 1985 (with FCR).

If AR capacity is filled and there is no AFR c;pacify available, then the reactors involved in
Toss of spent fuel storage space would shut down. The extent of this Toss of generating capacity
is summarized in Table 3.2 below for Alternatives 1 and 2 with and without FCR for cach year

and cumulated through year 2000, )

Table 3.2, Generating Capacity (GWe) Running Out of Spent Fuel Storage Capacity
Each Year, 1979 Through 2000, With and Without FCR,
for Alternatives 7 and 2 -

GWe with FCR® GWe without FCRY

‘Alternative | Alternative 2 Alternative | Alternative 2
Year Cumulated Each Year Cumulated Each Year Cumulated Each Year Cumulated Each Year
1979 3 3 0 0 0 -0
1980 4 1 0 3 3 0
1981 6 2 0 4 1 0
1982 7 1 2 2 4, 0 0
1983 14 7 8 6 4 0 0
1984 - 19 « 5 1 3 9. 5 2 2-
1985 21 2 i3 2 12 3 2 0
1986 24 3 16 3 17 5 7 5
1987 26 2 19 3 19 2 5 -
1988 28 2 21 2 22 3 1 6
1989 N 3 22 1 25 37 17 €
1990 32 1 22 0 25 0 14 -
1991 36 4 24 2 28 3 13 -
1992 40 4 41 - 17 30 2 14 -
1993 45 5 46 5 37 7 . 23 9
1994 52 7 50 4 40 3 29 6
1935 63 11 50 0 48 8 ¢33 4
1996b 69 6 54 4 60 12 36 4
1997 78 9 60 6 61 1 50 14
1998 88 10 86 26 69’ 8 T 52 2
1999 94 6 12 26 B4 15 70 18
2000 96 2 132 20 89 5 82 12

-

aDoes not include the effect of recent reactor-basin storage-capacity expansion applications
for the Oconee Units 1 & 2 basin, for the Big Rock Point basin, and for the Hatch 1 & 2 basins.

Generating capacity is a maximum and may be overstated for years 1997-2000; see Section 3.1.1
‘for explanation. -

Alternative 1 includes no offsite shipment of spent fuel from 6ne reactor basin to another.
Alternative 2 includes intrautility shipment from one reactor basin to another offsite. For

* both Alternatives 1 and 2, AFR storage requiremeﬁts are assumed to be met by independent spent

.- fuel storage installations (ISFSI) as needed.” "Thése ISFSIs may be centralized regional installa-
tions or at-reactor-site installations serving 2 single utility's nearby reactors. For the years
1997 through 2000, the model used understates the available storage capacity. For these years,
postulation of a total of 28 unnamed and unsited reactors was required to reach the projected
230 GWe installed. Both Alternatives 1 and 2 would have required siting and assigning ownership
of these reactors, Since prediction of sites and-ownership of these-unnamed reactors coming on
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line during 1997-2000 would be completely speculative, the staff chose to allow the model to
tabulate only those reactors for which siting and ownership information was available today.
Hence, the potential understatement of storage capacity in those last years and greater increase
in the fallout of generafing cépacity in those years, particularly for Alternative 2 with FCR.
The maximum increase of storage capacity in those years is given in Table 3.3.

Table 3.3. Curmulated Increase in Storage Capacity in
Years 1997-2000 from Unnamed, Unsited Reactors

Cumulated Increase in

Number of Plants Storage Capacity (MTHI)
Year BWR PHR With FCR  Without FCR
1997 2 4 2,000 2,700
1998 3 4 4,400 5,900
1999 3 5 7,000 9,500
2000 2 5 9,300 13,000

3.1.2 Compact Storage
3.1.2.1 Compact Storage at Power Plants (AR Storage)

There are a number of options available for increasing spent fuel pool storage capacity. To

some degree, each plant {s different and each plant operator may choose one or more of the follow-
ing options:

Fi1l unused pool area with existing type racks or racks of different designs;

- Replace nonfuel racks (such as control rod racks) with racks which can accept fuel
(store control rods as required in other pool areas, aisle spaces, dryer-separator
pool, or support from the pool walls or railings);

- Replace old racks with racks of closer spacing:

. Spaced closer by allowing keff (see Appendix D) to increase above the original.
design value but still within specifications;

. Spaced closer by use of neutron absorbing materials in the rack construction; and

- Combinations of the above.

k)

A decision on the method used to increase pool storage capacity would have to be based on a num-
ber of general considerations as well as considerations specific to the design and current status
of the reactor and the spent fue).storage pool involved. These considerations are discussed in
more detail in Appendix D.

In addition to the above, but not presently approved, storage capacity could also be increased
by double stacking the fuel assemblies in two-tier racks or by disassembling some spent fue)
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assemblies and storing the pins in compacted form in special containers or in unused positions
in other spent fuel assemblies.

One of the major considerations in compact storage is that the pool design including fuel assem-
bly spacing must be such that the storage facility is always subcritical by a safe margin, even
under accident conditions. The current requirement that keff must be 0.95 or less for spent

fuel rack designs is given in NUREG-75/087 “Standard Review Plan for the Review of Safety Analy-
sis Reports for lluclear Power Plants - LNR“ Section 9.1.2. Past design practice used spacings
_which allowed calculated k ¢ values of 0.90 or less, using less sophisticated computational
technlques and hence a greater error allowance For exampie, with current _computational design
dependent techniques. it has been shown in the case of PHR _plants that spac1ng can be reduced
from about 20 inches to about 12 to 14 inches without exceeding the specified keff Jimit.

The fuel storage pool racks for BWR plants are spaced closer together than for PWR's because the
BHR fuel elements are smaller and contain less fuel (about l/2 that of the PWR). Further reduc-
tion of spacing in BWR pools vould be more difficult If the matrix of the BWR storage rack
were brought closer together than the original deSign, the calculated keff would become greater
than allowable The only alternative left for closer packed arrays “in BNR pools is the use of
neutron absorbing materials as part of the rack construction. The materials which are in use
are stainless steel, Boral (a mixture of 84C in aluminun) boron carbide plates and stainless
steel alloyed with a small amount of boron.

) Neutron absorber materials may also be used 1n the construction of spent fuel racks for PWR

plants This would provide even greater compact storage than discussed above. Spacing could be
’reduced to as close as 11 to 12 inches, giving as much as a threefold increase 1n capacity for
:PHR pools. The use_ of modified storage racks to expand pool capacity in existing ‘plants is par-
‘ticularly advantageous and has proved feasible.

Spacing of racks for criticality control is not the only major consideration in planning for
cunpact storage at existing plants. Other factors that mst be taken 'into account are mainten-
“ance of adequate pool water cooling capacity, radiation protection, ‘and pool water cleanup capa-
city; meeting seismic design requirements with the new pool arrangement* “and ensuring the protec-
tion of the public and workers during structural modifications of storage pools already contain-
ing spent fuel and during nonnal operating and credible accident conditions after pool modifica-
tions are completed »

It appears from experience with some 39 application approvals to date that these potential prob-
lems usually can be overcome and that compact storage is a v1able option for increasing the stor-
age capacities at most reactors, Y
Compact storage plans for reactor storage pools of many operating reactors’ and reactors under
construction have been defined and are at various stages‘of implementation.

L T OF e L :

As of December 31, 1978, all of the 69 then-operating reactors (50 GWe) except four (1.27 GWe)
had either been licensed to expand their design spent fuel storage capability by an"average factor
of about -three or were seeking such licensing. The four are Robinson-2, San Onofre-1,>Big Rock



Point,* and Humboldt Bay. Of these four reactors, Robinson-2 is licensed to ship spent fuel to
Brunswick, where a pool expansion for both PHR and BWR assemblies has been licensed. San Onofre-l
is at a site where two other similar reactors are being constructed, the first of which will

have sufficient storage capacity avaflable in 1980 to accommodate the next reload from San
Onofre-1.

Examples of pool expansion at existing reactors are as follows:

- The fuel storage pools for the Commonwealth Edison Company's Dresden (BWR) Units 2 and
3 were orig1na11y designed to store 1160 fuel assemblies, or sufficient capacity to
store approximately 1.6 cores each. Planned changes will increase the capacities to
7560 fuel assemblies (approximately five cores for the site).

- Reduced fuel assemb]y spacing without employing neutron absorber materials such as
Boral or boron/stain]ess steel is planned for Sacramento Municxpal Utility District's
Rancho Seco (PWR) p]ant. The original spent fuel pool had a capacity for 244 fuel
assemblies or approx{mately 1.4 cores. The capacity has been expanded to 579° fuel
assemblies or approximately 3.3 cores. The new storage rack design employs square
fuel guides fabricated from 14-gauge stainless steel (0.078 fnches) with a 15-inch
center-to-center spacing.

- The Boston Edison Company has 1ncreased the capacity of the spent fuel storage pool at
Pilgrim 1 (BNR) by repIacing the existing spent fuel storage racks with anodized a]u-
minum fixed-absorber racks which have a reduced center-to-center spacing. The neutron
absorber material would consist of a minimm of 35% by weight of natural B c in a type
1100 a]uminum alloy matrix (Boral). This change has increased the capacity from 900
assemblies or approximately 1.6 cores to 2320 assemblies or approximately 4.3 cores.

At the present time, 1icensing credit for the use of soluble neutron absorbers in the storage
pool water is not acceptab]e to the Huclear Regulatory Commission and to date no known applica-
tions have 1ncluded credit for this method.

Selected exanples of how pool storage capacity for PWR and BWR plants were increased and de-
tailed discussions of the factors involved in the applicable guidelines and requirements are
given in Appendix D.

3.1.2.2 Compacc Storage’at Existing Reprocessing Plants (AFR Storage)

Increased fuel storage capacity can be achieved at some existing reprocessing plant storage-
pools by methods similar to those described in Section 3.1.2.1 for reactor stations. Planning
for compact storage at reprocessing plants would have to take into consideration any plant-
specific design peculiarities, as well as any special conditions resulting from the current use
of the pool. An example of an increase in storage capacity at a reprocessing plant is given in
Appendix D. -The licensed storage capacity at the GE Morris facility has bzen increased to 750 MT
with compact storage of spent fuel in existing basins. Recent reviews funded by NRC indicate
that compact storage for the West Valley facility could present structural difficu]ties.1

*In April 1979, an application for a license amendment to expand storage capacity to 441 assemb-
lies (88 MTHM) was recejved.
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3.1.2.3_ Summary

Compact storage is a means of increasing spent fuel storage capacity at existing storage facili-
ties, both at reactors and at some existing reprocessing plant storage pools, which is imple-
mentable with today's technology. The rapidity with which increased storage capacity can be
achieved by using this alternative makes it attractive. Fifty-f1ve 1ndiv1dua1 Ticense amend-
ments have been applied for to modify poo1s by this means. Of these, 54 were fqr reactor pools--
40 have been approved and 14 appl1cations are outstanding The remaining application, also
approved, was for the GE Morris pool. i

3.1.3 Volume Expansion pf Existing Reactor (AR) and ﬁep}ocessing Plant (AFR) Pools

< 3.1.3.1 Description

Allowable consiructibp\practices for storage.poo1s\ére discussed in Appendix'D. The addition of
space to a fuel pool storage facility by extending the pool or connecting in a second pool 1is
difficult at reactors. As noted, any action that requires a penetration of the pool liner is
“normally avoided. This is particularly true for operating plants with fuel already stored in
the pool. Consequent]y an add-on section to an existing pool appears to be an un11ke1y alterna-
tive. - - o

However, storage pools at some existing reprocessing plants have gates which permit add-on sec-
_tions to their pools to be isolated from existing spent fuel storage locations until construc-
tion is completed. The designs of both GE Morris “and ‘the Barnwell FRSS will permit the building
of additions to existing pools.2 »3 General Electric has made application:to NRC for an add-on
section to the existing storage pool to increase storage capacity to a licensed 1850 MT.
A potential option in some nuclear power plants‘is to’build an additional -storage pool “in’an

- adjacent building. - In at least one existing PWR plant, the fuel and auxiliary building is loca-
ted at the station such that sufficient space is available outside the building to construct an
additional storage facility. An addition of this sort'would not require interruption of opera-
tions in the fuel and auxiliary building until the connection between the two buildings was made.
It may be possible that the same crane could be used for both facilities. Transfer of spent ’
fuel between the two storage pools would have to be accomplished by a transfer cask. The add-on
. facility is not a practical consideration where the existing poo] is elevated in building.or
the building arrangement does not provide reasonable access between the existing facility and
the available space for a new facility.

1t is also feasib\e to construct a spent fuel storage facility on a reactor plant site but sepa-
rated from and not a part of the existing structures. Such a facility would be considered an

AFR. This concept is described in Section 3.1.4.3.

" B . -

3.1.3.2 , Sunmary . e - o CoL

.

Expansion of pool volume -at existing nuclear power plants is an option with Timitations in ap-
plication. The staff will perfom detailed safety and environmental reviews of pool volume
expansion if a license for such'a modification 1is requested by a utility. x :
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Expansion of pool volume at reprocessing plant pools equipped with pool isolation gates is con-
sidered feasible.

3.1.4 Met Storage Facilities (AFR)

3.1.4.1 Introduction

The construction of new independent spent fuel storage installations (ISFSI) may provide ex-
panded storage capacity for reactor spent fuel. Additional water filled sbent fuel storage
pools can be constructed to provide storage space in excess of several thousand MTHA of spenl
fuel. This is far greater than the capacities of current reactor site storage pools.

Presently, spent fuel storage is licensed by the HRC at two pools functioning as ISFSI's, though
their original purpose may have been different. The pool at the GE Morris facility is one
example.

A1 of the commercial LWR spent fuel storage operational experience is with wet storage. Regu-
latory Guide 3.24, "Guidance on the License Application, Siting, Design, and Plant Protection
for an Independent Spent Fuel Storage Instanatiun,"4 has provided recanmended criteria and re-
quirements for ISFSIs but is being updated by a serfes of guides. Pertinent sections of 10 CFR
Parts 19, 20, 30, 40, 51, 70, 71, 73, now apply to spent fuel storage installations.

. These regulations cover the possession of special nuclear materials, but were promulgated to
cover such possession incidental to manufacturing type operations. These regulations do not
specifically cover spent fuel storage only type operations under static storage conditions. In
addition, the pertinent requirements of 10 CFR Part 70 are worded in general language and re-
quire interpretations in specific licensing actions.  In recognition of the need for a more .
definitive regulation base for storage only type activities, a proposed new rule 10 CFR Part 72,
“Licensing Requirements for Storage of Spent Fuel in an Independent Spent Fuel Storage Instal-
lation," was issued for comment in October 1978.

3.1.4.2 Concepts - .

The design of a pool type ISFSI would be similar to that of spent fuel pools at reprocessing’
plants. ~ In addition to the réquired pools, ‘the designs would fnciude spent fuel cask receiving,
handling, and unloading ‘equipment; pool water cooling and treatment systems; a heating, ventila-
tion, air conditioning (HVAC) system; a radioactive waste treatment and handling system; cask
maintenance shops; personnel support systems; and the necessary buildings to house this equip-
ment.

The function of the pool is to serve as a radiation shield as well as a heat sink for the heat

generated by radioactive decay of spent fuel. Supporting equipment and systems ensure the safe
operation of the pool with respect both to the public and operational personnel. The person-rem
dose to the public from effluents and the operating occupational dose will be maintained as low
as reasonably achievable, and is expected to be a small fraction of 10 CFR Part 20 requirements.

Detailed considerations of a model ISFSI are provided in Appendix H.

3-8



3.1.4.3 Design Criteria

An ISFSI is described as a "self-contained installation for storing spent fuel." It differs
from reactor pools only in that it operates independently. An ISFSI is presently licensed under
10 CFR Parts 30, 40, and 70. (It is reviewed under Part 70, since a facility meeting the re-
quirements of Part 70 automatically satisfies the requirements of a Part 30 and 40 license.)
Part 72, which has been issued for comment, specifically covers the licensing aspects of AFR
storage installations, where spent fuel is kept for an-extended period of time. As with other
major nuclear installations, an environmental impact review is required in addition to a license
review for an ISFSI. )

Regulatory Guide 3.244 addresses the design criteria for an ISFSI. Regulatory Guide 3.24 is
being updated with the preparation of a series of guides. One of these, Regulatory Guide 3.44,
has been issued for comment. Design standards must assure safe plant operation. An ISFSI may
contain in excess of 109 curies of long-lived fission products, therefore the design of systems,
structures, and components must provide for the confinement of radionuclides.: In general, the
safe storage of irradiated fuel depends on maintaining the integrity of the .fuel cladding as the
primary barrier to the release of radionuclides. Protection of the pool structure and the pur-
ity of the cooling water are the primary means of maintaining cladding integrity. Experience.to
date indicates that under the,proper storage conditions, LWR spent fuel can be stored under water
for long peniods without serious degradation of the fuel cladd1ng. 5,6 (See App. H.)

A proposed design fpr an independent spent fuel storage facility suitable for construction on an
existing reactor site has been approved by the NRC. This design. described in the Stone and
Hebster Engineering Corporation report nurber SWECO-7601, ‘has a maximun fuel storage capacitv
of .approximately 1300 metric tons of spent fuel (as U0, .of either PWR or BWR fuel).

Any license app11catlon by a ut111ty to construet such a fac111ty wou1d be supported by addi-
tional information and detalled drawings on.a site-specific basis as well as a safety ana]ysis
report as necessary for the NRC to perfonn its statutony review to ensure the health and safety

of the public and the protectlon of the environment.

3.1.5 Dry. Storage Facilities (AFR)

X s e~ - .
L . o vt

-

3.1.5.1 Introduction « - S-Sl

Dry storage of LWR spent fuel assemblies, i.e., storage out51de a water environment, has not_
been employed by the U.S. nuclear industry for LWR spent fuel. However, preliminary conceptuaI
studies indicate that dry storage is feasible, provided the fuel has first been stored in water
for about five years or more so that the decay heat generation rate is Tow.” For some applica-
tions, particularly if extended storage is expected, dry storage may have economic advantages
-over water pool storage. PR Rt A N Ce s

.y - R T .. N -

3.1.5.2 Concepts

Much of the concept development work for dry storage was originaIly done in conjunction with the
storage of solidified high level waste. Fission products are the major sources of heat and radi-
ation for both spent fuel -and high level waste. With-the appropriate adjustment for density of
the radiation sources, heat removal and shielding requirements for storage of high level waste
are approximately the same as those required for.storage of spent fuel assemblies for equivalent
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times after discharge from a reactor. Technology and conceptual designs developed for one may
be, in part, applicable to the other.

The various concepts that have been studied for dry storage of spent fuel and high level waste
include:

- Retrievable surface storage facility (RSSF) - shielded, sealed cask
- Retrievable surface storage facility (RSSF) - air cooled vault

- CANDY shielded, sealed storage cask

- Dry caisson storage

- Air cooled storage racks.

3.1.5.2.1  RSSF Sealed Cu§k

The RSSF sealed cask is a concept which had previously been developed for interim surface stor-
age of solidified high level wastes, prior to permanent placement in geologic formations or
other suitable facilities.s In this concept solidified high level waste is contained in stain-
less steel canisters approximately 30 cm in diameter and 3 meters’ in length, Such a canister,
which is roughly the same volume as a PWR fuel assembly, would contain the high level waste re-
sulting from processing about three metric tons of spent fuel. Assuming that high:level wastes
are stored for ten years at reprocessing plants prior to placement in an RSSF, a typical heat’
generation rate is about five kilowatts per canister. This is comparable to a typical BWR fuel
assembly about three months after reactor discharge. -

The shielded, sealed storage cask ‘design is for aboveground wasielétorage and is i1lustrated in
Figure 3.1. A stainless steel canister of high level waste is to be sealed into a carbon 'steel
cask approximately 48 cm 0.d. x 38 em 1.d. x 3.2 m long. This cask is contained within a con-
crete gamma-neutron shield approximately 2.5 m o.d. x°0.8 m' irdn x 3.5 m long. A 15-cm airflow
annulus remains between the carbon steel cask outer diameter and the concrete inner diameter.
This assembly constitutes a completely passive system. Heat is removed “from the assembly by
natural convection.

The Department of Energy has initiated a research and development study9 of cask storage at its
Nevada Test Site with both PWR and BWR spent_fuel in storage casks.

3.1.5.2.2  RSSP-Air Cooled Vault ~ .
An alternative dry storage concept for the RSSF is an air-cooled vault, {llustrated in Fig-

ure 3.2. The high-level waste canisters would be sealed in 1.3 cm thick carbon steel overpacks.
The overpacked canisters would be positioned as shown by lowering them through access openings

in the concrete deck. Natural-draft air circulation would provide adequate heat removal. Air~
cooled vault storage for non-LWR spent fuel {s practiced at the Idaho National Engineering Labor-

atory.]

"

3

3.1.5.2.3  CANDU Spent Fuel Storage

In Canada, consideration has been given to the application of similar concepts for the storage
of spent fuel from their CANDU reactors.]] Figure 3.3 ista schematic drawing of a CANDU fuel
assembly. It is approximately 50 cm long. Figure 3.4 {llustrates the storage of about 4.4 MT
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of such spent fuel assemblies in a shielded, sealed storage cask. It has been assumed that the
fuel would be aged for five years prior to storage in this cask. Use of spent fuel in dry stor-
age testing of this design has been initiated at the Whiteshell Nuclear Research Estab]ishment.
Man'itoba.]2

Figure 3.5 llustrates another dry storage concept proposed for spent CANDU fuel that is similar
to the RSSF air cooled vault concept. In this concept, it is assumed that the fuel assemblies
are loaded into aluminum pipe. The pipe is then filled with moiten zinc or aluminum to form a
solid casting.n Cooiing is achieved by the natural circulation of air.

3.1.5.2.4 Dry Caisson Storage . - .

This concept for dry storage of spent light water reactor fuel was under study by the Atlantic
Richf1e1d Company] and utilized the shieldlng and heat transfer qua]ities of the earth. Simi-
Jar approaches are being used at the Idaho Nuc]ear Engineering Laboratory for the storage of
Peach Bottom (HTGR) spent fue]] and after study _by the Department of Energy at the Nevada Test
site for LWR spent fuel on a small research and deve1opnent basis.,

The Atlantic Richfield concept is i1lustrated schematically in Figure 3.6. One PWR fuel assem-
bly or three BWR fuel assemblies are sealed jin a- m11d steel overpack approximately 40 am in dia-
meter. The overpack is stored inside a we]l‘cas1ng or caisson, which may range from 50 to- 100
on in diameter. Caisson diameters 1n<excess of'the minimum required to accommodate the internal
container may be employed to reduce heat flui:into the earth. The depth of approximately 7.5 m
is established to provide adequate shielding. ': S

I -

The mintmum spacing between caissons depends on'the heat\generation rate of contained fuel, maxi-
mum allowable material temperatures, and‘the‘thermal conductivity of the soil. Figure 3.7 shows
temperature distributions for a heat generation rate of. 1.5 kW per caisson 7.5 m apart in dry
soil. 7

B

Roe

v
- v S ana -

In the design of this particular concept 1t is assumed that fuel would be ‘received after two to
three years of storage in a spent fuel storage pool.ﬂ A spent fuel assemb]y or assemblies are
placed in an overpack, welded shut. tested for. 1ntegrity of the sea], and c1eaned of surface
contamination. The encapsulated assembly or'assemb11es are then conveyed in a’'shielded trans-
porter to a previously prepared caisson and Iowered into it. A high-density shield p1ug is next
lowered into place and then a cover p1aced -on the caisson and ‘locked in p]ace.

Each caisson wou1dhhe provided with probes to monitor radioactivity, temperature, and possibly
tracer gases such as helium. The rate of heat evolution is measured before each assembly 1s
placed 1n a caisson. After placement, the caisson tenperature rise wou1d be monitored 1ntennit-
tently. The temperatures of selected caissons is monitored continuously to verify expected
trends. Maximum temperatures are expected about one year after insertion. The soil near and
between caissons would aiso be monitored at selected locations. Radiation and temperature moni-
tors and/or alamms would be placed at strategic locations in the storage area.

At this time, no unusual factors which would preclude an acceptable design have been identified
and it is the staff opinion that an adequate dry caisson storage design can be developed for LWR
spent fuel.
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3.1.5.2.5 Air-Cooled Storage Racks

ATl of the previously discussed dry storage concepts have assumed encapsulation of the spent
fuel elements into containers. It may also be feas1ble to store dry spent fuel without sealing
the fuel in canisters. For example, one concept would utilize closely spaced storage racks
within an enclosed bu'llding.]4 The bu1lding could be partially or totally underground to pro-
vide shield1ng.‘ Forced once-through air circulation, estimated to be about 150, 000 cfm for a
1500-MTU facility, with filtered exhaust s _assumed to prov1de adequate cooling. A reliable
backup system for the primary ventilation system would be required Damage to storage buildlng
structures, rather than fuel cladding temperature effects, would be the 1imiting factor for
safety concerns. Contamination control would also be a major safety concern. For example, it
may be necessary to mechanically or chemically clean the surface ‘of 1ncon1ng spent fuel before
storage. Because of the absence of a moderator (water), fuel spacing in storage racks would not
be 1imited by criticality criteria as in a storage pool; however, close spacing of dry fuel re-
quires assurance there are no possible modes of accidental flooding of the storage area. Final-
1y, some means of handling ruptured fuel elements must be prouided.

3.1.5.3 Design Criteria

The design of dry storage facllitles will be subject to siting and licensing procedures prior to
operation. Currently there are no regulations or guides referring explicltly to dry storage
facilities. A1l general requirements of 10 CFR Parts 20, 30, 40, 70, 71 and 100 where appli-
cable would apply. Licensing would be based on 10 CFR Part 70 until such time as the proposed
10 CFR Part 72, which will cover both wet and dry storage, is jmplemented. Regulatory policy
and guidel1nes will be developed as plans for dry storage emerge, C

3.1.6 Use of Existing Government Facilities to StorEXSpent Fuel (AFR)

The possibiljty of usfng Federal facilities to store spent fuel from commercial reactors has
been studied. .Either existing storage facilities could be used or a new facility could be con-
structed specifically for such fuel, . e :

3.1.6.1 Existing Spent Fuel Storage Facilities . e e bt -

Currently, the only Federal facility that has-a:spent fuel storage facility that is similar to
commercial ones is the Savannah River Plant.” This storage‘poolfhas a~capacity of Jess than
100-MT which is used for storage of DOE development program fuels. There is no uncommitted

* space that could be used for commercial fuels. Use of existing Federal fuel pools consequently
does not appear to be possible. .

3.1.6.2 Possibility of Hew Facilities . S

In October 1977, the Department of Energy announced a Spent Fuel Storage Policy for nuclear
power reactors. Under this policy, as approved by the President, U.S. utilities will be given
the opportunity to deliver spent fuel to U.S. Government custody, in exchange for payment of a
fee. Under this policy, spent fuel transferred to the U.S. Government would be delivered at the
user's expense to a U.S. Government-approued/storagems‘lte.}5

1 = Titn

If this policy is implemented, spent fuel storage could be accommodated in either centralized
large ISFS facilities owned or operated by the U.S. Government or decentralized storage in
Government-approved decentralized small privately-owned ISFS facilities.
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Two bills have been introduced in the House of Representatives to implement this policy. One,
H.R. 2586, was introduced on March 1, 1979, and the other, H.R. 2611, was introduced on March 5,
1979. Identical bills have been introduced in the Senate.

The staff has estimated that with reasonably high prices ($1,000 per acre), the land cost for a
1000-MT storage basin would be about 3% of the capital cost, qnd for a 2000-MT facility, less
than 3%. The contribution of Federal land would not significantly reduce the overall facility
capital or operating costs.

3.1.7 Transportation Requirements for Away-from-Reactor Storage

Three parameters influence the transportation requirements for the transfer of spent nuclear
fuels from reactors to independent spent fuel storage facilities, These parameters are:

- The availability of AFR storage facilities,
- The availability of and need for the transfer of spent fuel, and

- The availability of spént fuel transportation casks. At any given time one of these
. parameters will be limiting. v

As indicated in Section 2.1.3, three facilitfes now exist for AFR storage of spent fuel. Of
these three, two are relatively small and will have only limited impact on the overall spent i
fuel storage problem and the licensing proceeding for the GE Morris Plant proposed expansion to
1850 metric tons has been suspended indefinitely.

Table 3.1 indicates the amount of spent nuclear fuel which will require transfer away from reac-
tors under various assumptions. The basis for this analysis is the reference case (230 GW in
year 2000) with a full core- reserve at each reactor site. ®

The present practices of handling, storing and transporting spent nuclear fuel are reviewed in
Appendix B. Table B.3 provides detailed information on currently available spent nuclear fuel
transportation casks. Approximately 14 truck and 6 rail casks were licensed and available for -
the transport of spent nuclear fuel by the latter part of 1978. In addition, six truck casks
were under construction.

There are a number of factors that influence the estimated transportation capacity of a given
fleet of spent fuel casks. These factors include:

- Type of casks, rail‘o} truck
- Mix of fuel, BWR and PWR

- Regulatory restrictions such as State and local routing requirements and special
train requirements

- Shipping distances
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- Individual facility limitations such as special cask loading and unioading
procedures

A conservative estimate of the annual transportation capacity of currentiy available casks would
be about 1500 metric tons of spent fuel. Thus, for the reference case until the late 1990's, no
additional casks will be needed beyond those presentiy certified or under construction (see

App. B, Tabie B.3). Thus. the possibility ‘of a transportation "bottleneck" due to an inadequate
number of casks in the 1990's is not foreseen, assuriing casks are used to capacity. Horeover,
there is no indication that industry cannot provide additiona] casks if needed.

The prov15ions of AFR spent fuel storage, depending upon where such facilities are iocated,
could involve an additional transportation step: This could be a significant incremental addi-
tion to the transportation requirements of the nuclear 1ndustry However, the overall environ-
mental impacts of spent fuel transportation is essentiaiiy insignificant

Ultimateiy. all spent fuel will either be sent to pennanent disposal or to be reprocessed. The
transportation steps involved for disposai are no nore than those required for immediate repro- -
cessing. For later reprocessing a transportation step must be added unless the AFR storage site
was located at the reprocessing facility.

3.1.8 Implementation of -Reference Case Technoiogies

The various storage technologies examined above appear feasibie and indeed some are already in
use. Discussion of these is not meant to exclude new designs. ‘New ideas and techniques wi]l
continue to bé developed. For example, applications for stacked (double tier) storage of spent
fuel at ‘the ‘LaCrosse plant pool and for storage of spent fuel "assemblies with added fuel inserted
at the Yankee ‘Rowe plant pool have been received.” At this time, however,’.the technologies exam-
ined seem likely, with perhaps some variations. to be those ‘implemented in spent fuel storage
through the end of the century. ' K T

. - . ey [ - 3 PR
3.2 TRANSSHIPMENT

A possibie option for storing spent fuei discharged by LWR® s “involves transfer'of the ‘fuel from'
the storage pool of one reactor to that 'of another reactor at a'different site, both reactors
belonging to the same owner (Alternative 2), or transfer to ‘the ‘pool of any other reactor in the
U.S. which has available storage space (Alternative 3). A few of the LHR s presently in opera-
tion have filled or are about to fil1 their spent fuel storage poois. "LWR's that have recently
begun operations or that are scheduled for operation-in the next decade will temporarily have
available spent fuel.storage ‘space.” Spent fuel transshipment.involves the movement of spent :
fuel from nuclear generating plants with full storage pools to those nuclear plants with avail-
able storage space. ~In this section transshipment in conjunction with compact storage at re-
actor storage pools will be analyzed as .an independent alternative. |
Spent fuel transshipment as an option to aneliorate ‘the storage probiem. in which oniy the para-
meters of spent fuel discharge rate and availability of storage space for the total reactor popu-
lation are con51dered (Aiternative 3), oversimplifies this aiternative. Irregularities of timing.
'transport and space within this “average" are not accounted for. nor are conditional’ reiation-
ships between these elements. It would be unrealistic 'to think that a utiiity with some excess
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storage space would prematurely fill up its pool with spent fuel from another utility. More-
over, legislative action to date by various states and cities could 1imit the practical appli-
cation of such unlimited transshipment. To more realistically assess the contribution of
transshipment as a potential solution, the follawing option has been investigated:

- Shipment between pools at different sites belonging to the same utility (Alterna-
tive 2).

A second option has also been investigated:
- Unlimited shipment between pools belonging to different utilities (Alternative 3).

For the reasons stated above, uniimited shipment of spent fuel between reactors of different
utilities is not considered to be practical under normal conditions. However, in the event of
an emergency situation, such as an imminent threat of reactor shutdown due to storage capacity
shortfall, the Federal Government. by preemption of all regulatory authority, could potentially .
direct establishment of a national storage allocation plan utilizing all reactor storage pools

as a single system. On this basis, projections of such an option are shown in Table 3.4 and
Table 3.5.

3.2.1 Common Features of the Three Transshipment Modes

3.2.1.1 Faci]ities for Spent Fuel Hand]ing

The basic equipment necessary to handle spent fuel is a holding pool or shielded cell and
devices to manipulate a cask and fuel elements. For Alternative 1 it is assumed that movement
take place within reactor sites regardless of the reactor types. Transfer of fuel between dif-
ferent operating reactor types on different sites is possible and has been approved in one case
(fuel transfer between H. B. Robinson and Brunswick 1 & 2); however, the overall contribution in
comparison with transshipment among like reactors is expected to be small. The most likely
transshipment among reactors of differing types will occur when a utility has an operating re-
actor of one type with excess spent fuel and a reactor under construction of a different type.
If the new reactor pool 1is constructed early. it may be able to readily receive the fueI from
the operating reactor. Such cases are assessed as Alternative 2; i.e., transshipment among all
reactors belonging to the same owner.

3.2.1.2 Transportation of Spent Fuel

Spent fuel transshipment creates: no new transportation considerations except increased volume. -
Transport requirements, technology, and availability considerations are discussed in Appendix B.

3.2.1.3 Safety Analysis

Fuel transshipment does not generate new safety drob]ems. However, the staff will perform site
specific analyses on case-by-case actlons to verify this conclusion.

3 2.1.4 Regulatory Aspects

Any reactor receiving spent fuel from another reactor will require an amendment to its operating
license. NRC will perfom 2 safety evaluation and appraise the environmental impact of such an
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Table 3.4. Fuel Usage Summary Report with Full Core Reserve (MTHM)

Alt. 1~ Alt, 2 Alt. 3
T AFR Req., - AFR Reg., Storage Reserve
Taos ; . Cumulated Ho - Intrautility Unlimited Gigawatts
- Annual Discharges Transshipment Transshipment Transshipment Dlscharging
Year Discharges - (3) (2,4,5,6,9,10) (4,5,6,7,8,10) (1,4,5,6,10) (1)
1979 1420 1,420 -40 16,000 46
1980 1520 2,940 -140 © 17,000 48
1981 1640 4,580 =310 18,000 . 81
1982 1850 6,430 -520 -30 18,000 - 58
1983 .+ 2090 8,530 -880 -190 18,000 66
1984 - 2290 10,820 -1,500 -520 18,000 ~ 73
1985 '~ 2430 13,260 -2,200 -700 - 18,000 . .80
1986 2640 * 15,910 -2,900 -1,200 18,000 . 87
1987 - 2840 718,750 -3,800 -1,500 18,000 . 9% i
1988 3050 21,800 -4,800 -2,200 . . 18,000 . 102 ..
1989 . 3290 * 25,100 -5,900 ~-2,700 18,000 110 .
1990 - 3600 + 28,700 -6,800 -2,800 17,000 119
1991 3720 32,420 -8,000 -3,100 _ 16,000 2125
1992 3950 -+ 36,380 -9,200 -4,100 - 15,000 . 134
1993 4200 * 40,580 -11,000 -4,900 13,000 142
1994 "4370 " 44,950 -12,000 -6,200 * 11,000 151
1995 4620 49,580 -15,000 -7,300 19,900 160
1996 4840 54,420 -17,000 -8,800 - -8,000 .168
1997 5100 °~  '59,520 -19,000 -11,000 --5,200(12) 177
1998 -~ 5460 64,980 -22,000 -13,000 ‘2,300 187
1999 " 5720 < 70,710 -25,000 -16,000 -860 195
2000 ‘5790 .76,510 -28,000 - -19,000 -4,200 -202

1 Assumes:all spent fuel ‘storage space would be available to any reactor requiring’it.

2 Assumes reactors requiring:storage could use only that space available at that’ reactor or '
at its site.

3 Does not include ~4700 MTHM in storage, both AR and AFR, at'end of Deceﬂber 1978.
4 Includes ~4700 MTHM in storage at end of December 1978.

5 Nega}ivg numbers mean AFR storage required.” Positive or no number ‘means no AFR storage
required.

6 For sites‘with multiple reactors,.spent fuel storage from installation of the second or
additional reactors is not made available until fuel loading date’has:occurred. ° ’

7 Assumes all reactors within a given utility system can be used to store spent fuel fron—;
any reactor within that same utility system. - - ° '

8 Includes only those reactors presently operating,:planned,” or under construction.’

9 Reference case. -

10 Does not include the effect of recent reactor basin-storage capacity expansion applications
for 'the Oconee Units'1 & 2 basin, for the'Big" Rock Point basin and for the Hatch'1 & 2 basins.
(See Vol 11, Appendix F, Table F.8, footnote b.)'’ N R 3

11 Corresponding installed GWe are 230 in year 2000.. . Doooe P ’

12 Includes effect of additional 'storage: from unnamed and unsited reactors.

b -
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Table 3.5. Fuel Usage Summary Report without Full Core Reserve (MTHM)

Alt. 1 Alt. 2 = Alt. 3
- AFR Req., AFR Reg., Storage Reserve
Cumulated No Intrautility Unlimi ted Gigawatts
Annual Discharges Transshipment Transshipment Transshipment Discharging
Year Discharges (3) (2,4,5.6,9,10) (4,5,6,7,8,10) (1,4,5,6,10) (]1?
1979 1420 1,420 21,000 46
1980 1520 2,940 -10 23,000 48
1981 1640 4,580 -110 24,000 51
1982 1850 6,430 -240 24,000 58
1983 2090 8,530 -360 25,000 66
1984 2290 10,820 -550 -20 25,000 73
1985 2430 13,260 -920 -30 26,000 80
1986 2640 15,910 -1,400 -210 26,000 87
1987 2840 18,750 -2,000 =320 27,000 94
1988 3050 21,800 -2,800 -610 26,000 102
1989 3290 25,100 -3,600 -980 27,000 110
1990 3600 28,700 -4,300 -1,300 26,000 119
1991 3720 32,420 -5,300 -1,600 25,000 125
1992 3950 36,380 -6,300 -2,000 24,000 134
1993 4200 40,580 -7,600 -2,500 23,000 142
1994 4370 44,950 -8,900 -3,300 22,000 151
1995 4620 49,580 -10,000 -4,300 21,000 160
1996 4840 - 54,420 -12,000 -5,300 . 19,000 . 168
1997 5100 59,520 -14,000 -6,900 17,000(12) 177
1998 © 5460 .64,980 -16,000 -8,700 15,000 187
1999 5720 70,710 -19,000 -11,000 12,000 195
2000 5790 76,510 -22,000 -13,000 .. 9,800 202

1 Assumes all spent fuel storage space would be available to any reactor requiring it.

Z,ASnges reactors requiring-storage.could use only that space available at that reactor or
at its site.

3 Does not include ~4700 MTHM in storage, both AR and AFR, at end of December 1978,
4 Includes ~4700 MTHM in storage at end of December 1978.

5 Nega?i:g numbers mean AFR storage required. Positive or no number means no AFR storage
required.

6 For sites with multiple reactors, spent fuel storage from installation of the second or
additional reactors:is not made available until fuel loading date has occurred.

7 Assumes all reactors within a given utility system can be used to store spent fuel from
any reactor within that same utility systenm. . -

8 Includes only those reactors presently operating, planned, or under construction.
9 Reference case.

10 Does not include the effect of recent reactor basin storage capacity expansion applications
for the Oconee Units 1 & 2, for the Big Rock Point basin and for the Hatch 1 & 2 basins.
(See Yol. II, Appendix F, Table F.8, footnote b.)

11 Corresponding installed GWE are 230 in year 2000. -

12 Includes effect of additional storage from unnamed and unsited reactors.
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action. Currently, the staff has not identified any generic problems associated with this alter-
native. S . TN

3.2.2 Consideration of the Transshipment Options

Assumptions used in this analysis'are expressed before the three options are considered.

Nuclear power reactors that would be operating during the 1979-2000 period are listed in Appen-
dix F. This study considers a period beginning in 1979 for all alternatives and it was assumed
that the capacity of the spent fuel storage pools at these reactors would be the same as of
December, 1978. It was also assumed that no storage was available at fuel reprocessing plants
or at new storage facilities.

When {dentifying specific transshipment actions it was assumed that a utility would try to solve
each year's storage problem as it occurs. No claim is made that this is the optimal approach or
that this is the approach that a specific utility may use.

Spent fuel discharges were based on analysis-of the data on page 3-6 of NUREG-0020, which analy-
sis showed that the reactors, after an initial core discharge period of five years for BWR's-.and
four years PHR's, discharge one-third of their cores per year for PWR's and one-fourth per year
for BWR's. - . . , . .

e - -

Consideration was also given to the transportation requirements (specifically, spent fuel trans-
port casks) for the transshipment modes (see App.. E). Both rail and truck shipments could be
used for the movements, but to maximize these requirements, it was assumed that all shipments
would be made by truck.- - _ - coLs - . - :

e B

3.2.2.1 Alternative 2 s

The ‘scope and magnitude of spent fuel  storage requirements for Alternative 2 are detailed for’
the reference case reactor generating capacity (230 GWe in 2000), and with and without FCR in
Tables 3.4 and 3.5. In these tables AFR requirements for Alternatives 1 and 3 are also shown

for easy comparison. The list of reactors""8 which were used as the basis for the analysis is
given in Appendix F. This alternative (A1t. 2) contains all ‘of the ‘basic assumptions of Alter-
natives 1 (and 3) but a]]ows transshipment’ between’ reactors having the same owner, regardIess -of
geographic location. R Tomen Tl .

. -

The effect of intrautility transshipment is to reduce the need for AFR Storage from Alterna-
tive 1 in 1985 by 67% with FCR and 97% without FCR for the 230-GWe by year 2000 reactor instal-
lation rate. - Without FCR, the reduction in AFR due to intrautility transshipment is, for.year
2000, 30% with FCR, and 40% without FCR.

The effect of unlimited transshipment (Alt. 3) is to reduce the need for AFR storage through

year 2000 for the reference case by 85% from 28000 MT to 4200 MT). There is exces?ﬂFR storage
capacity in year 2000 of about 10,000 MT 1f no FCR 1s required for the reference case. Hithout
inclusion of assumed reactors ( ‘'see Table' 3 3) ‘the availablé ‘storage is about 3000 MT Iess than

requirements.
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Nuclear generating capacities under Alternatives 1 and 2 (both with and without FCR) that would
become unavailable because of filled spent fuel storage pools are shown in Table 3.2 for the
period 1979-2000.

In Table 3.2, it is shown that transshipment (intrautility) markedly reduces the amount of gener-
ating capacity (GWe) which attains filled-pool status through 1997. The generating capacity
(GWe) in years 1998, 1999, 2000 i{s maximized and probably overstated because 28 unsited reactors
are not included in the tabular data for Alternatives 1 and 2, since utility ownership and speci-
fic sites are not established.

However, even without FCR and transshipment, some capacity starts to fill pools in 1984. The
use of transshipment postpones the occasion of filled pool status, for the United States, for
three to five years.

3.2.2.2 Situation with Unlimited Spent Fuel Transshipment

In evaluating spent fuel transshipment between reactors belonging to different utflities (com-
plete transshipment), it is assumed that any such transshipment would take place with storage
capacity allocated on a national basis by a Federal regulatory agency having full authority to
work with utilities owning nuclear power plants to prevent widespread at-reactor storage capa-
city shortfalls. It is unlikely such an emergency situation would be allowed to develop. How-
ever, Yead times to expand existing storage facilities are measured in months and to complete
new facilities may require up to about five years. Thus an emergency situation is possible.
Any storage commitment made by one utility to another would likely be temporary in nature;. that
is, any storage commitment would be to provide relief for a limited duration. This policy is
assumed since any long term commitment by a utility to store spent fuel belonging to another
utility could result in advancing the ultimate i1l date of its own reactor pools. Thus, a long
term storage commitment would be unacceptable to any utility and undesirable because it could
place that utility's reactors in the position of having to shut ‘down due to lack of adequate
pool space.

This mode of transsaipment would increase the fuel transport case requirement by the utility
because of such shipments. However, broadening the scope of transshipment has again resulted,
as shown in Table 3.4, for the reference case, in no requirement for AFR storage prior to 1999
if unlimited transshipment were allowed.

3.2.2.3 Cask Availability
As a result of this analysis cask availability was not found to be limiting (see App. E).

3.2.3 Summary

The objective of this g!scuégién'was to investigate thp‘extent\to whiéH tranéshipment could con-
tribute to solving the sbeﬁt fuel storage problem. Transshipqéﬁt was examined in detail in two
cases (Alt. 2 and 3).

The effects of transshipment on AFR requirements are shown in Table 3.4 for comparison with the
reference case. Table 3.4 also contains comparative data for Alternatives 1, 2, and 3. AFR

3-26



requirements for the reference case are reduced by 30% (in-year 2000) if transshipment between
reactors having common ownership is allowed, and the year of"first AFR need is postponed from
1979 to-1982.- If unlimited transshipment is pennitted, AFR requirements in year 2000 are 85%
less than those for the reference case, and the year of first AFR need is postponed from 1979 to
1998, again compared to the reference case of Alternative 1. .

Transshiprment between commonly-owned reactors, since it is shown to.be licensable {as in the
Robinson-2 to Brunswick application), could be a temporary-solution to pressing fuel storage
probianstz However, expansion and use of the GE lorris AFR facility would extend the year of
first reactor shutdown due to filled pools for the reference case to 1984 (fron 1980).
Transshipment in conjunction with compact storage at reactor spent fuel storage pools can serve
to postpone and reduce the total AFR capacity needed to forestall at-reactor storage capacity
shortfalls. 1In 1996, as Table 3.4 illustrates, the need for AFR storage in Alternative 1 with
no offsite reactor-to-reactor transshipment would be in excess.of three large (about 5000-MT .-
capacity) ISFSI for 17,000 W4T, while for Aiternative 2 with such transshipment there is a need
for only about two large ISFSI for 8800 MT. Beyond 1996 the maximum need -for AFR storage for .- ..
these alternatives 4s shown but this could be reduced by projected but unnamed reactors with
undesignated ownership and sites. For Alternative 3, where lack of AFR storage, is assumed to ...
result in a national storage allocation plan sanctioned and regulated by the Federal Govermment, , -
AFR storage need would be for only one large ISFSI for 4200 MT in year 2000. (Since Alterna-

tive 3 treats the nation's reactor pools as a single storage system, the uncertainty arising
beyond 1996 for Alternatives 1 and 2 does not pertain.) Beyond year 2000 the further discharge

of spent fuel is assumed to be accommodated; that is, a system to accomplish ultimate disposi-
tion of spent fuel is assumed to be operational.

. “
-

>
[

3.3 TERMINATION CASE

3.3.1 Nuclear Technology

A11 reactors presently operating, except three (see Sec. 3.1.2.1 for details) are either 1i-
censed for expansion of their existing spent fuel:storage capacity, or have requested a‘license °
for such expansion. : The average degree of. compaction' is three times (3x) - their initial design
capacities.” As shown in Table 2.1, extension of time before the pools become full ranges from
10 to 16 years. Even if existing AFR storage is used, reactor shutdowns would occur prior to
year 2000 for Alternative 1. T TIE L e w e Te : '

- 4 T

- e - - TEE .

Since it seens unlikely that new reactors wou]d be put into service if this situation developed
under this a1ternative. nuclear generated e1ectricity wou1d need to be replaced by an alterna-
tive source or the electrical demand reduced. To ana]yze the impact of this possibility (see
Chap. 4), it 1s assumed that all nuclear plants on ling’ by 1985 will continue to operate until
their pools are full, and that no new nuclear generation capacity will come on line after 1985.°

" + - [ - -4 * . » ? '
B - b - [ ! e s e L. FEa

3.3.2 Modification of Fuel Management Practices to Reduce Spent Fuel Generation -

Consideration has been given to changing fuel management practices SO that more of each fissile
nuclide would be burned per unit mass of fuel. Such a practice can_ extend the time a fuel ele-,
ment stays in the core. thereby decreasing the frequency of discharges. The objective of
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in-core fuel management is to minimize the fuel cycle cost while meeting the requirements of
safe and reliable power production. Because of the latter requirement, fuel management is not
only an operating parameter but also a design parameter. This implies that modification of cur-
rent fuel management practices in order to reduce the spent fuel discharge rate will be con-
strained by design considerations.’

The most important fuel management parameter affecting the rate of spent fuel discharge is the
average discharge burnup of the fuel, The burnup is a measure of the fuel utilization, which is
conventionally expressed in terms of thermal megawatt days per metric ton of uranium (MuthD).*

The average discharge burnup can be expressed as:

Burnup = (specific power) x (capacity factor) x (fuel lifetime in the core)
The specific power is a fixed parameter for a given reactor, typically 26 MMth/MTU for BWR's and
38 thh/MTU for PURs with older plants being 19 thh/MTU for BWRs and 28 thh/MTU for PWRs.
Reduction of the capacity factor {s equivalent to reducing the power plant electrical output
which is the same as reducing generation to decrease discharge frequency. The only free para-
meter that can be changed by modified fuel management fs fuel lifetime in the core. Since the
fuel discharge rate 1s inversely proportional to the fuel lifetime or the dischargk burnup, it
is theoretically possible to reduce the spent fuel discharge rate by increasing the average dis-
charge burnup. A few possibilities are discussed below.

3.3.2.1 Increased Burnup : o

A higher burnup can be achieved by increasing the feed 235U enrichment to compensate for in-
creasiig 235U depletion and fission product poisoning. However, the peak discharge burnup is
limited by original design for fuel performance. The fuel performance reliability is directly
related to the peak discharge burnup level (i.e., specific power and irradiation time).

The utilization of fuel at a significantly higher burnup level would require a stronger cladding
(either a high-strength material or an increased cladding thickness) to maintain the fuel rod
integrity during the longer. fuel life...More generally, safety analysis, licensing procedure,

and econemics of design and manufacture standardization favor continuation of proven fuel designs
and burnup levels. Hence, changes.in the fuel design to accommodate a higher burnup and subse-
quent modification of the fuel management strategies will not be realized in a short time frame.19
Furthermore, an {ncreased burnup requires an increased 235U enrichment to provide additional
available reactivity for a longer fuel life and increased reactivity control margins. The in-
creased enrichment of the fuel woyld require a reevaluation of the safety analysis.

3.3.2.2 Improved Burnup by Increased Uniforhity of Consumption Rate

Incentives exist to maintain the spatial power distribution within the core in a uniform condi-
tion. This practice extends the life of the fuel, so it is a concept of management which al-
ready is incorporated in reactor operation procedures. It also serves to decrease discharge

*The energy produced by the fission of one gram of fuel is approximate]y 1 MH D (82 x 10 Btu)
Hence, a burnup of 10, 000’ MWD/MTU is equivalent to the energy released by fiss1ons corresponding
to 1% of the initial uranium loaded into the reactor.
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frequency, so it is effectively a maintenance option to help resolve spent fuel storage over-
crowding. | -

The fission power produced in the reactor {s proportional to the fissile enrichment.and the neu-
tron flux. HNeutron flux is lower in the core outer region due to the neutron loss by leakage.
The principle of achieving a flat power distribution is to compensate the flux distribution with
enrichnent distribution. In addition, control.rod positioning and coolant void distributions
are also used to flatten the power distribution. Since flat power distribution is one of the
major objectives of current fuel management practices, it appears that no additional improvement
could .be made .to retard.the spent fuel discharge rate.

3.3.2.3 Thermal Coastdown
235,

For a given inftial ““?U enrichment, increased burnup is limited by the reactivity requircment,  ~
and reactivity is primarily a function of fissile enrichment. However, reactivity also depends

on the fuel and coolant temperatures. In the thermal coastdown mode of operation, the reactor
continues to operate in a gradually reduced thermal power output by utilizing ‘the increased reac- ¢ -
tivity value due-to the reduced fuel and coolant’temperatuves.”The coastdown capability of the ° ~
nuclear power plant is currently being used, depending on each utility's own-need and ‘on economic
considerations (savings due to extended fuel life vs. replacement power cost for the reduced

power operation). Typically, a two-month power coastdown could be considered feasible. Such a
coastdown operation could increase the discharge burnup by about 10% and hence postpone spent

fuel discharging. - L . : ' T - :
Thermal coastdown Towers the plant capacity factor achievable and the stretchout operation.could
conflict with the refueling shutdown period desired to meet 1oad demand. The use of coastdown
operation:will depend ‘on’each utility's need and operating strategies. However, such practices °

will not significantly impact the resolution.of the problem:. ‘ e -

3.3.2.4 Summary

There appear to~ be no marked benefits to be achieved in tems’ of reiieVing the spent fuel” storage
probiem ‘by nodified “fuel management schenes without considerable changes in practices aiready in
economic balance. Indeed, there may be distinct disadvantages. ‘Little reaiistic relief ‘conse-
quent]y seems possibie by these techniques. ) ) ‘

s Y 2 PO S . v

3.3.3 Rep]acenent Power for LwR Produced E]ectrieity

s < s N N

In this statenent coai-fired plants are assuned to replace nuciear eiectric power generating
capacity for the termination alternative. Each type is assumed to operate at a capacity factor
of 60%. This choice is dictated by the lack of the alternative energy sources to accomplish

this task 20,21 A similar approach has been taken by a recent Ford Foundation study covering
this same time frame.z‘ This position is supported by the National Energy P‘lan22 which contains
a strong regulatory program that would prohibit ail new utiiity and industrial boiiers from burn-
ing o1l or_natural gas except under extraordinary conditions. ihis pian‘is‘supported by the

[ I

Hational Energy Act of 1978 S . . -

P f . . . - +
4 1 . P B N . [

ie e

-~ - . pu

The extent that conservation or utilization of alternative sources of energy production‘reduce
the need for projected nuclear power or coal power would result in a proportional decrease in
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the environmental impacts of nuclear and coal power fuel cycles. It should be noted, however,
that some of the proposed alternative power sources may have significant impacts.]6 Also, the
extent to which they would be feasible (as in the case of solar energy conversion, which is pro-
Jected to contribute no more than about 1% to electrical energy production by the year 2000]7)
is speculative.

None of this, however, affects the finding that additional spent fuel storage is environmentally
acceptable.

Present practice consists of operating nuclear power plants as baseload facilities at the highest
practicable capacity factor. When the fuel storage capacity is exhausted, the plant will have

to be shut down. The installed nuclear generating capacity projected through the year 2000 is
given in Table 1.2. The reduction in nuclear plant capacity due to the filling of spent fuel
storage pools and the termination of the operation of nuclear plants is listed in Table 3.2.

In the discussion of environmental impacts an examination is made of the effects of the shutdown
reactors based on the installed capacity, and the replacement of this lost generating capacity
with some other fuel cycle.
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4.0 EIVIRONMENTAL IMPACTS

In this chapter the 1ncrenentai ecological, health, and sociai jmpacts associated with the
alternatives of the tennination case and the reference case storage solution are discussed
The termination aiternative provides for the shutdown of nuclear power piants when their
storage pools are filled; the reference case prov1des for expanded interim storage of spent
fuel pending reprocessing or disposal.

4.1 ECOLOGICAL IMPACTS

The ecological impacts of the uranium fuel cycle have been extensively.described eise-
where.1 -6 .As previously discussed in this Statement, the previously published documents

all assume that spent fuel is temporarily stored at the reactor and is actually stored -
and/or reprocessed ‘at “away-from-reactor” (AFR)-facilities. This document treats a series
of options (Section 3) for the disposition of spent fuel. -
The alternatives .discussed below assume that electrical energy. demand for the remainder of
the century requires the projected capacity,-and thus any loss of nuclear generating capacity
in one utility grid will be replaced by increased capacity of other types {(e.g., fossi1 fuel)
in-order to maintain the utility grid generating capacity (see Sec.-7.4.1.2). -

Several storage techniques for maintaining continued operation of nuciear power plants.are
considered, including compact storage (Sec. 4.1.1.1), AFR wet storage (Sec: 4.1.1.2),

and AFR dry storage.(Sec. 4.1.1.3). Their collective contribution defines.the reference

case alternative (Table 3.1). ;

The termination alternative considered assumes a shutdown of operating nuclear.power plants
when their present on51te spent fuel storage capacities are saturated and that coai fired
power piants will come on line as repiacements. Both the environnenta] impacts of existing
reactors in safe shutdown condition (Section a.1.2. 1) and the construction and operational
‘{mpacts of the replacement coai fired units (Section 4. 1 2. 2) are considered. ; .

‘ - -
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4.1.1 Reference Case Stor;g;

- Loz . .

4. 1 1 1 Compact Storage S e ot

e

‘)

Increasing the number of: assemblies stored in existing nuclear power plant fuel pools will
not cause any new environmental ‘impacts.. The amount of .waste ‘heat emitted by 'the plant will
increase slightly-{less than one percent), resulting in no measurable increase in impact
upon the environment. S » - o .
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4.1.1.2 Wet Storage Facilities

A fuel receiving and storage facility at an AFR storage installation requires approximately
600 acres of land, over half of which serves as a buffer zone and is undisturbed or slightly
disturbed. Facility construction requires the removal of existing vegetation in the
immediate construction area and excavation for building foundations. Earth-moving operations
expose soils to erosion and the creation of dust.

Intrinsic to removal of vegetation is the destruction of the habitat requirements of a
portion of the terrestrial animals in the affected area. Fo]Iohing such disturbance, some
of the less mobile life forms perish, while more mobile species, such as birds and the
large and intermediate-sized mammals, migrate to the less disturbed adjacent habitats.
This may create increased competition for resources in the surrohnding habitat. Some
increase in road kills may occur as a result of increased vehicular traffic. Various
measures, such as dust-control procedures, topsoil stockpiling, revegetation, etc., are
usually implemented either to reduce initial impacts or to facilitate rapid recovery.

Depending upon facility location and the type of cooling used, aquatic habitats may be
impacted by the construction of intake and outfall structures. Construction runoff may
cause additional impacts to nearby aquatic areas; however, techniques are available to
reduce concentrations of suspended solids in runoff to acceptable levels. Additional
aquatic impacts may occur as a result of sanitary waste disposal. Operation of a storage
only facility, based on the Barnwel) Fuel Receiving and Storage Station, will require
approximately 400 gpm of water for dissipation of heat generated by the spent fuel.

Minor impacts to the terrestrial environment might occur from the transfer of heated water
or water vapor to the environment. Orift from cooling towers may adversely affect local
vegetation. Some local fogging and fncreased humidity may occur. A1l of these ecological
impacts are of relatively limited importance or can be reduced at reasonable costs. NRC
has precedence for the treatment of mitigative measures for similar kinds of impacts in the
various licensing actions.

4.1.1.3 Dry Storage

Dry storage technology has beep utilized for some years for high,level radibactive waste in
solid form at the Idaho National Engineering Laboratory (INEL)7 and provides a good example
of the impacts of this technology. Above and below ground dry storage areas are utilized at
the INEL. Below-ground dry storaée is also provided for HTGR épent fuei‘at INEL.8 The land
area committed to.this purpose must be considered indefinitely lost to other uses. The
construction and operation of the facility involve excavation and replacement of soil.
Occasional dust and soil erosion problems have been encountered. Soil disposal areas have‘
been contoured to conform to existing topography and reseeded so that the visual and erosion
impacts are reduced. Fences have been constructed to exclude grazing animals. The heat
generated by spent fuel in a-dry.storage situation may result in above normal temperatures
in soils immediately surrounding the storage area. In areas immedfately adjacent to pad
floors or vault walls some soil sterility may occur. While a potential for leaching of
radioactive materials from these facilities exists, the integrity of the containers, coupled
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with the sorbtive capacity of most soils for waste contaminants, provides assurance that
groundwater ‘supplies will not be impacted. Thus the spent fuel storage facility does not
appear to have any ecological impact on the surface or groundwater env1ronment T

The statements relating to the ecological impacts included in Section 4.1. l 2 above for wet
storage applies as ‘well to dry storage technology

4.1.2 Termination Case

4.1.2.1 Sshutdown of Nuclear Facilities

In the termination alternative it is assumed that no action is taken to alleviate the
shortage of spent fuel storage capacity before the year 2000. Since this alternative .
assumes that no nuclear plants are licensed after 1985, all installed nuclear generating
capacity will have been retired due to saturated onsite spent fuel storage pools before
year 2000. After its spent fuel storage pool is filled, each reactor will have to be
~placed in a safe shutdown condition, but the operation of the cooling system must be con-
tinued to remove decay heat from any spent fuel in the core and in the storage pool.

A S L SO : : - : . -
The land use impacts of the plant should remain unchanged while it is. maintained in a safe
shutdown condition. Typically, all plant structures will remain, and the exclusion area .
will.have to be maintained. The possibility of controlied public access to the exclusion
area via leased agricultural use or limited recreational use would have to be considered on
a case-by-case basis.

Water use will continue because of the need to disperse the heat produced by the spent
fuel The rate of heat production by spent fuel is a small fraction of that produced by an
operating power plant A1l impacts associated with the ‘water makeup facility (entrainment
and 1mpingement if “from surface water or drawdown of the water table if from wells) will
be greatly reduced compared to those impacts during reactor operation Similarly, the
impacts associated with heat dispersion (fogging. drift etc.) will be sxgnificantly Tess
than those of the operating facility. ] o

-t -
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4.1.2.2 Replacement with Coal-Fired Facilities

At present and through the year 2000, the only large scale economically feasible replacement
fuel is coal.?. It is assumed-that most of .the coal will be burned in conventional, dry,
bottom, pulverized-coal burners, with some burned in cyclone furnaces. The two combustion
systems are.nearly equal .in all impacts except the cyclone furnace, requires approximately
98% as much coal as a pulveri;ed burner to produce 1,000 Mwe;ghthe‘cyclone furnace yields
0.1% of the ash as particulates leaving the'Stack. compared with 0.4% for a pulverized-coal
. burner, when each is equipped with an electrostatic precipitator;g and the cyclone furnace
produces .more NOx than does a pulverized coal burner because of -the .higher operating tem-
perature of a cyclone furnace. -: - Sy L L e . ; N
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Other alternative combustion modes (e.g., fluidized-bed combustion, conversion to synthetic
natural -gas, or liquifaction prior to combustion).have not been considered because of .-
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uncertainties in economics, state of development during the next three decades, and-impacts
associated with these advanced technolagies.

It is assumed that the boilers will deliver steam at supercritical pressure, 3500 pounds per
square inch gauge, superheated to 1000°F with 1000°F reheat, which allows operation at the
upper range of efficiencies for the replacement coal fired facﬂities.9 The plant capacity
is assumed to be 1000 MWe net.

Finally, it is assumed that the majority of the replacement plants will have to be built
near the sites of the shutdown reactors to maintain utility load balancing. From an
environmental point of: view, the site selection process for these 1,000-MWe ccal fired
generating plants should be quite similar to site selection for the nuclear facilities. As
a result, the probable sites for the coal fired plants will resemble, ecologically, the
proposed and alternative sites discussed in the environmental impact statements (EIS) for
the individual reactors, and nearly all site-specific impacts of construction and operation
of the coal fired facilities will be similar to the nonradiological impacts analyzed in the
EIS's for the nuclear plants replaced. The major exceptions expected will be the site-
specific impacts associated with airborne combustion emissions and the transportation
requirements of coal-burning plants (see App. C). It is not feasible to consider thase
site-specific impacts in this document. A regional analysis of these impacts has been
published elsewhere.’

4.1.2.2.1 Conatruction Impacts

Because the coa1 f1red power-generating fac111t1es are assumed to be located on or near the
sites of the nuclear faci]ities to be replaced, the site-specifxc construction impacts are
assumed to be comparable to those discussed in the environmental impact statements for the
individual nuclgar stations.’

The relative magnitudes of the construction impacts for ;hexcoal fired generating stations
compared with those for the nuclear generating stations can be estimated by comparing the
relative size of the various components of the two types of stations (Table 4.1).

The building that houses a typical coal fired boiler is comparable in size to the building
housing the reactor’ core and primary coolant containment and related safety devices of a
nuclear plant. The steam'distribution lines and controls, the furbine, and the generator
will be similar regardless of the source of the energy used to produce the steam. There-
fore, the areal extent of the power-generating facility structures for a coal fired plant
is equivalent to those for a nuclear plant.

A coal-fired power plant requires a continuous supply of fuel (7,000 to 13,000 tons of coal
per day per 1,000 MWe delivered at 100% capacity). The staff has'assumed that the necessary
railroad sidings will be long enough to hold a train containing approximately one day's
supply of coal (130 cars of 100-ton capacity or 240 cars of 55-ton capacity). A train to
deliver nuclear fuel requires only a few cars, so extensive sidings are not needed. To-'
maintain a steady input of coal, the utility must stockpile coal onsite. Based on 1,750 tons
per acre-foot.9 a 100-day reserve supply would require a stockpile volume of 400 to 740 acre-
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“Table 4.1. Approximate Areas Required by 1000-MWe Power Generating Stations
Nuclear* Coal Fired**
Component Area, sq. ft Component o Area, sq. ft
Power Generating Power Generating - -
Reactor 50 x 103 . Boiler .50 x 103
Turbine/generator 50 x 108 Turbine/generator 50 x 10°
Subtotal 100 x 103 Subtotal 100 x 103
Fuel handling Fuel handling
Railroad siding 5x10% . Railroad siding 100 x 103
Cocal stockpile . 100 x 103
Subtotal 5 x 103 Subtotal 200 x 103 -
Waste hand11ng (exc heat) o waste handling (exc. heat) '_ ..
Spent fue] storage 50 x 103*° - Slag storage 100 x 103
-y -+ Ash ponds - 200 x 103
L : Scrubber sludge storage 106 x 103
Subtotal 50 x 108 Subtotal 400 x 103
Waste heat disperal ﬁaste heat disperal )
Cooling towers 1,000 x 103" ‘ * -Cooling towers 1,000 x 103
UHS 45 x 103 L e .
Subtotal 1,045 x 103 Subtotal 1,000 x 103
Tota} 1,200 x 103 Total -1,700 x.10% |
Area permanently disturbed*** 9 x 106 Area permanently disturbed*** 13 x 106 |
(200 acres) , ) ) (300 acres) ;
Construction area . ; 13 x10% | -Construction-area ' .. _~, .20 x 10®
Data are staff approx1mation based on “Bai]ly Generating Stat1on Nuclear-l Final

EX

Environmental Statement," "Skagit Nuclear Power Project, -Final Environmental Statement u

and “Black Fox Station, Units 1 & 2, Final Environmental Statement." _

"The Environmental Effects of Using Coal for Generating Electr1city (Draft},"" U S.

Nuclear Regulatory Comm1ssion, NUREG-0252, March 1977

P ~ ~ -

Inc]udes access roads, parkIng lots, landscaplng between bulldings, etc . not 1nc1uded
in the rest of the table. , v

Ir

i
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feet (at 100% capacity), although mine-mouth plants may stockpile only about half this
amount.10 Typically, this stockpile will cover an area much larger than the area of the
structures housing the boiler and generator combined.

Several waste streams at a coal fired plant lead to temporary storage areas on the site.
These include slag from the boiler, ash captured by precipitators (generally as a slurry),
and scrubber sludge. For quantities involved see Appendix C, Table C.4. These wastes are
transported to §6§é"u1tihate‘disposal area. This waste disposal could create heavy truck
traffic, noise and dust, and would require large land sites for disposal. On the other
hand, a nuclear power plant will produce spent fuel as a waste product. The spent fuel is
stored temporarily in the onsite fuel pool. Its eventual shipment offsite involves only
minor truck or rail traffic.

For the purposes of this analysis, it has been assumed that over the range of energy to be
dissipated as waste heat by a 1,000-MWe power plant, the area covered by the cooling towers
is about the same for both nuclear and coal plants. The total area directly affected by
the construction of a coai’fired plant will be approximately one and a half times that
affected by construction of a nuclear plant (see Table 4.1). Assuming that the onsite
biota are distributed reasonably uniformly, it may be concluded that approximately one and
a half times as many plants and animals will be Tost due to construction. With appropriate
mitigative measures, the ecological impacts frcm the construction of coal fired plant land
uses are generally expected to be acceptable.

4.1.2.2.2 Operational Impacts

Assuming approximately 30% thermal efficiency,ll existing nuclear power plants produce 2.3 GW

of waste heat per gigawatt of electric power produced. On the other hand, coal fired power
plants, with about 36 to 40% thermal efficiencies, produce about 1.5-1.8 GW of waste heat
per gigawatt of electric power. Therefore, the rep]acement of nuclear-based electric
generating capacity by coal fired steam’ plants could result in up to 35 percent reduction
of waste heat. Because of regulations and standards covering the allowable temperature
difference of blowdown to ultimate receiving water bodies, the majority of this waste heat
for either type of plant wouid probably be dissipated to the atmosphere. Questions of
global thermal ‘balance inciuding the effect of the addi tional production of €0, from
replacement coal plants are beyond the scope of this impact statement.

A major public concern with nuclear power has been the routine release of radioactive
substances to the atmospere. This concern implicitly includes the erroneous assumption
that coal fired plants do not release radioactive substances. However, a portion of the
ash content of domestic coal is uranium and thorium.]2 Some radioactive ash particles can
be expected to be emitted with the stack gas of coal fired plants. In some cases the total
quantity of radioactive substances released in the stack gas of a coal fired boiler may
exceed that normally released by a nuclear reactor.n’]4 Martin et al. have compared a
hypothetical 1,000-MWe coal plant (based on the Widows Creek 1960-MWe TVA plant) with two
then existing nuclear reactors (Connecticut Yankee, 462-MWe PWR; Dresden-1, 200-MWe BWR),
and have concluded that downwind exposure to radioactive materials is greater from a coal
plant than from a modern PWR, but less than that from a BHR.]4 It should be recognized,
however, that emissions from BWR's, even with potentially higher exposure dose rates, are
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well below those specified by regulation. In addition, since the above study was nade,

BWR's have improved their waste gas treatment system by the addition of charcoal decay

tanks to reduce radioactive releases. In addition, emission controls on modern coal plants
have been greatly improved over Widows Creek.

The burning of coal produces a varlety of air po1lutants, including 502, ND » particulates,
and trace elenents, in varying amounts depending on the source of coal. There are state-of-
the-art control devices, part1cu1ar]y scrubbers and prec1p1tators. that effect a considerable
reduction in these po11utants in the stack gas, but none is 100% effective. For the termina-
tion case, in the year 2000 the following total magnitudes of these pollutants would be reached}
for S0,, 600-1200 kilotgﬁs/jr; for Nog, 750 kilotons/yr; for particulates, 40-60 kilotons/yr;
and for trace«elements such as zinc, 100-425 tons/yr; and cadmium, 2-14 tons/yr (derived from
data in Reference 9) The projected growth of their emission rates from 1976-2000 is given
in Appendix C, Figures C 1 through C.5. These airborne pollutants are known to have adverse
impacts on human hea]th, crops, and real estate.g’15

The fuel requirenent§ of a coal fired plant necessitate a high volume of rail traffic into
the plant. There will be several adverse impacts associated with this heavy train traffic.
Local surface?transportation will be disrupted; there will be considerable noise generated
by such heavy trains; and finally, fugitive dust from the coal and emissions from the
diesel engines of the trains will contribute to the reduction 1n afr quality attributable
to the plant. 'By contrast, for a nuclear plant seven rail cars equipped to handle 100-ton
casks or the equivalent truck capacity would be needed to remove.the spent fuel elements
for the annual refueling, and about 10 trucks would be required to deliver the required
reload fuel.

4.1.2.3 Fuel Cycle Considerations

Domestic coal on the average ranges from about 8,000 to 14,000 Btu per pound.9 Each
power-generating station rated at 2,500 MWt (1,000 Mde) and operating at a capacity

factor of 0.6 would have to consume between 4,300 and 7,700 tons of codl per day. The

totaI annual coal consumption to replace the shutdown nuclear capacity is shown in Figure
IR . 3 .

Figure 4.2 shows the acreage that-would have to be disturbed annually by strip mining to

meet this coal production schedu'le.9 An-estimated avérag§ of 95 acres per gigawatt-year
would be distirbed by coal mining, for a total of from 9,000 to 60,000 acres disturbed for the
nuclear-generated power to be replaced by year 2000.

Current estimates for reclamation of coal strip mine disturbed Jand are approximately
$5,000 per a(:lr'e.“5 Undehﬁround mining by conventional or advance techniques may reduce the
total acres disturbed. Aﬁowever, any potential ecological benefits of underground mining
over surface mining are more than offset by health and safety considerations: “The acci-
dental fatality rate for underground coal mining is higher than for any other
occupation....”

¢
. - —— R T e - ». - -
- . . N L

Delivered coal is not the raw coal producéﬂxét the mine. Various processes collectively
referred to as benefaction are utilized to reduce impurities in the coal.? The magnitude
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of this waste production would reach about 50 megatons/yr in year 2000 and its projected growth
from 1979-2000 is shown in Appendix C, Figure C.B. .

The wastes (gob) produced during benefaction are commonly rich in pyrites (sulfides of

iron), trace elements, and heavy metals. The pyrites reléase sulfuric acid when exposed to
normal rock weathering processes, so runoff water from the gob disposal area may be extremely
acidic. The runoff water may also carry high concentrations of trace e]ements and heavy
metals. The exact nagnitude of the gob volume, ac1d re]eased and meta1s carried in runoff

is highly. variab]e and depends on the comp051tion of the coal and benefaction technology
employed. Sinilar]y. uranlum must pass through mi]ling, enrichment, and fabrication
processes. Although uranium mi]ling is analogous ‘to the benefaction of coa1, its 1mpacts

are more similar to the impacts of .milling metals, such as copper. A generic environmenta]
impact statement on uranium milling is now in preparation The draft statement has been cir- .
culated for comment. v

Because only a small fraction-of the ore is uranium,-“the amount of solid tailings is
roughly equal to the ore feed rate plus part of the reagénts used in the process ...".
The tailings may be acidic or alkaline, depending upon the miiling process, and will

typically be fine particles...- ‘ - S

The coal: fiel cycle produces ultimate by-products.that require ultimate disposali” "The ~ °
burning of coal produces cinders or slag that must be stored tenporariiy.onsitelprior to",
being transported to the ultimate disposal site. .The predicted slag production reaches

1. 8-3 megatons/yr in year 2000 based on 1nformation in Reference 9 and its growth from’ ‘
1979-2000 is shown in’ Appendix c, Figure C.9. . -- T T s

Each year the precipitators and scrubbers for al, OOO-MHe plant at 60% capacity could produce
400-650 tons of f1y ash and 70-400 kilotons of wet line-SO2 residue. The total expected pro- .
duction of collected fly ash and ‘scrubber s]udge in year 2000 reaches about 7-12 kilotons/yr -
and 7-33 megatons/yr respectively and their growth from 1979-2000 is shown in Appendix C,
Figures C 10 and C.11. These wastes would require temporary onsite storage (covering as

much acreage as the boiler and turbine buildings. combined) and then would be .transported to .
some unspecified ultimate disposal site. ’5~{~d' o - BT M

N ! .
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When one examines the human health impacts associated with the alternatives discussed in ‘
this environmental impact statement, it appears that there {s 1ittle incremental impact
associated with the reference case spent fuel storage solution. This is due to the rela-
tively inert conditions of spent fuel in storage. Also, increased storage of spent fuel at
any facility simply results in the retention of older fuel that would otherwise have gone
to reprocessing or disposal. Volatile and non-volatile radionuciides with short haif-1ives-
will have decayed to negligible levels. "Consequently, the radiological and heat load
impacts of ‘this ‘older fuel are factors of ten lower than that of the ‘less cooled fuel and
result in a small incremental impact to:health and safety.” Thus, environmental and health
impacts of spent fuel storage are dominated by new spent fuel, and whether older fuel is

- present or is disposed of has 1ittle impact on the health and safety posture as a whole.
The principal health.impact is associated with incremental radiation dose. .This subject is

re
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treated separately in Section 4.2.1. Section 4.2.5 treats the impacts associated with the
termination case alternative of substituting coal fired power generation for nuclear -energy.

4.2.1 Reference Case StorageVA1ternative

4.2.1.1 MNormal Operations

The calculated health effects of the nuclear fuel cycle are summarized in Table 4. 2.‘7 In

addition to the indicated potential excess mortality, there could be increases in morbidity
due primarily to the 1ncidence of nonfatal cancers.17 For persons emp]oyed by the nuclear
industry, the 1ncrementa1 incidence of nonfatal cancers and benign thyroid nodules could
possibly be approximately one case per glgawatt-year.17 For the general public, the incre-
mental increase in morbidity could be about 0.5 case of a nonfatal cancer per gigawatt-year
due to the entire nuclear fué] cycle.

Table 4.2. Summary of Excess Mortality Due to Civilian Nuclear Light-Water Reactor
Power, per 0.8 Gigawatt-Year Electric

Fuel Cycle Occupational General Public

Component Accident Disease Accident Disease Totals
Resource recovery i 0.2 0.038 ~0 0.085* 0.32
{mining, drilling, etc.)
Processing 0.005%++ 0,042 " 0.026-1.1  0.073-1.1
Power generation l 0.01 0.061 0.04 0.016-0.20 0.13-0.3
Fuel storage *h ~ 0 ok ~ 0 ~ 0
Transportation ) ~ 0 ~ 0 0.01 n D 0.01
Reprocessing “** 0.003 holal 0.059-0.062 0.057-0.065
Waste Management faded ~ 0 bl 0.001 0.001

Totals ' 0.22 0.14 ' 0.05  0.181.3  0.59-1.7

*These effects indicate that 4060 Ci of Rn released from mining the uranium to produce
0.8 GWy(e) would result in 0.085 excess deaths over all time.

**The effects associated with these activities are not known at this time. While such
effects are generally believed to be small, they would increase the totals in this column.

***Corrected for factor of 10 error based on referenced value (WASH-1250).

r

st E
The radiological impact from spent fuel storage 1s as fnllows
- Population dose due to the release of Kr from leaking fuel elements
- Occupational exposure of plant personnel incurred while working in the vicinity
of the spent fuel storage pool, e.g., changing water purification filters and ion
exchange resins.
These types of impacts are generic to spent fuel storage operations regardiess of whether
such fuel is stored at a nuclear power plant or at an AFR storage facility.
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For the "aged" fuel invoived in relatively long time storage, 85Kr leakage rates are too low
to be detected. However, for the final GESMO, Chapter IV-K, Extended Spent Fuel Storage, 2
conservative release rate of 1 Ci/MT-year was used. - (Based on experience at the GE Morris
Operat:ion.]8 this figure could be high by a factor of 106). The resultant population dose
factors ‘were:” . . . .

United States = 0.004 man-ren/MT-yr. N T ' ]
- Foreign = 0,02 man-ren/MT-yr,” . . -~ - :
Occupational dose rates, based primarily.on at-reactor experience, used in final GESMO were
20 man-ren per 1, 000 MT-yr : LTty et T

- ¥

The above figures are applicable to conventional water basin storage pools. ~The figures
for the various types of passive dry storage systems under development are-expected to be
comparable or less. Based on these figures, the calculated doses due to all spent fuel in
storage are shown in Table 4.3. MNote that the population doses are not corrected for 85Kr
decay. - : '

t - M ' .

jabie 4.3. Radiological Doses from Spent Fuel Storage

- Occupational Dose . - Population Dose, .-

MT Fuel Total Body, Skin, man-rem . . .
Year in Storage man-rem - ~U.s. Foreign -
1980 . ., 1,600 . 160 - I |1
1985 - 18,000 360 - 77 " 350
1990 o 33,800 670 - 140 es0 T T
1995 . . 54,300 1,100 230 . 1,100
2000 ~ o ..81,200 . 1,600 - . 350 - 1,600 :
) , ‘
4, 2 1.2 Conpact Storage . . s . .o : ‘ . )

i - - - e

For the majority of the facilities.treated under this alternative, design, construction,
and operating data were available. For the rest it was assumed that current practices in:
these areas would be continued at least through 1986, and that the 1,000-MWe hybrid model
power plant as used in GESMO would be used after 1996. Spent fuel is considered stored at
the bottom of large poo]s,of<filtered, deionized water. . ... .

- ?a . « PRI P
ey N PEIEEIN ¢

'The water serves as a cooiant to remove decay heat of the spent fue] and as a radiation
shieid for the stored spent fue] The occupationa] radiation exposure results from the
radioactivity in the water and the required operationa1 activities. The spent fue] contri-
butes a negiigibie amount to dose rates in the p001 area because of. the depth of water
shielding the fue] L. i L. R Ve

et -

.

- -~ - s NI

Radioactiv1ty in the pooi water cunes frun introduction of reactor coolant water into the
pool during. refue]zng. the dislodging of crud fram the surface of the spent fuel assembl ies
during handling of the. assembiies, and the leakage of fission products from defective spent
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fuel elements. The rate of introduction of reactor coolant water into the pool with compact
storage should-not change because the proposed modification does not involve a change in
the refueling procedures. Although the proposed modification will increase the total
number of assemblies that can be stored in the pool, it is not expected that there would be
a significant increase in the number of times the assemblies are handled before shipment
offsite. Also, any significant removal of crud from the surface of an assembly would occur
during the initial fuel handling when the assembly is transferred from the core to the
storage pool. Therefore, there should not be a significant increase in crud introduced to
the pool water due to the proposed modification. Experience with spent fuel stored at the
GE Morris Plant and at the NFS, lew York Plant has indicated that there is little or no
leakage of radioactivity from spent fuel which has cooled several months. There should not
be a significant increase in leakage activity from spent fuel to the pool because of the
proposed modification.

The pool cleanup system serves to clarify and remove the radioactive materials from the
pool water. Pool water treatment technology is well developed, and it is not uncomron to
find fuel pool water with radioactivity content comparable to the 10 CFR Part 20 limits for
occupational uses. Water carried out of the fuel pool by mechanical means or seepage is
collected in sumps and recycied through a radwaste cleanup system. Small amounts of pool
water .eventually reach the environment but only after several levels of radwaste treatment,
so that the quantities of radioactivity released are insignificant.

The only gaseous radionuclides released to the atmosphere in Elgnificant quantities are the
noble gases, principally krypton-85. Some radiation reaches the environment in the form of
direct radiation from the fuel within the pool and from the transportation of intermediate
level wastes to the final disposal site. Direct radfation in the vicinity of the spent
fuel storage pool s extremely low, in the order of one to two millirem per hour. If this
were the only contribution to the occupational dose, that dose would be quite small.
However, the occupational dose is dominated by the exposurés involved in handling and
moving the fuel, in handling radwaste, and in decontaminating tools during which time the
dose rates are higher. In all other respects, the FCR and no-FCR a]ternatives proved to
have nearly identical radiation impact. However, the additional handling, due to more fuel
at the AFR storage involved, in the FCR alternative results in somewhat higher occupational
doses than would be true for the no-FCR alternative.

t
-

4.2,1.3 "Away-from-Reactor" Storage ’ - - -

At the moment, independent spent fuel storoge installations (ISFSI) comprise two 1icensed
fuel pools, the GE 1nstallation at torris, I11inois, and the NFS installation at West Valley,
New York, and one facility undergoing licensing, the AGNS faci]ity at Barmwell, South
Carolina. These are’ re]ative1y small facilities with a maximum total capacity of less than
1,000 tonnes. An ISFSI design of about 1100 metric tons pool capacity to be situated at

a reactor site and to utilize some reactor facilitfes, such as electricity, water, and
waste processing systems, has been reviewed by the NRC staff. 19 Such an ISFSI, designed

to receive spent fuel from several neighboring reactors of a uti]ity. would have reduced
transportation (comparable to offsite reactor transshipment) compared to a large regional °
ISFSI. However, for the purposes of bounding' the impacts of this alternative, large ISFSIs
with total capacities of the order of 6,000 tonnes in multiplé ‘units of about 500 tonnes
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each were assume In effect each 1ndependent unit is the 51ze of the currently pro-
jected larger fuel pools at reactors and is designed “built, and operated in very much the
same manner. Thus, the majority of the radiological impact considerations (including cask
handling) are essentially identical. However, in this case, transportation of spent fuel to
the facility, assumed to be 1000 miles away, constitutes a major pathway ‘of dose to the
environment. LI storage of much larger quantities of spent fue] at these facilities
would raise the quantities of noble gases released to the atmosphere per storage facility.
Also, the much increased fuel load tended to increase the handling dose, thus raising the
occupational exposure; while the more specialifenAdesign of these facilities resuited in a
Towering of radionuclides released to the aquatic environment.

d. 20

o . L LA M
4.2.2 Safety and Accident Considerations

To be a potential radiological hazard to the general public, radioactive materials must be
released from a facility and dispersed offsite. For this to happen: . . . .o - i
- - The radioactive materials involved must be available in a dispersable form,-
- There must be a mechanism available for the release of such materials from the .,

fac1lity. and - . . . ce ., , )
- There must be a mechanism available for offsite dispersion of such released e
» material. ; . o

Although the inventory of radiocactive materials contained in 1000 MTHM of aged spent fuels may

be in the order of a billion curies or more, very little is available in.a dispersable form;

there is no mechanism available for the release of radioactive materials-in’significant quantities
from the facility; and the only mechanism available.for offsite dispersion is atmospheric A
dispersion, .Increased spent fuel storage with AR or AFR storage nomally.involves only -

aged fuel. The underwater storage of aged spent fuels is an operation involving an extremely

Tow risk of a catastrophic release of radiocactivity.-- . _— -

-
- - -7 . .
i T .

The radioactive materials present in a spent fuel.storage installation are:-- N R
- The spent fuel in storage

- Impurities in the pool water = . _ ... . -
- The "crud" deposits on the surfaces of the “fuel pins and fuel assembly structural
.. components e~ v e = e = e o

- Airborne radioactivity, primarily due to entrainment in evaporating pool water

- . Impurities removed from the pool waters by filtration and fon exchange treatment

- Wash solutions generated during shipping cask cleanup and nisce]laneous decontami~
" nation operations .

- Dry materials such as contaminated protective clothing. blotting paper, cleaning

materials and ventiiation system filters. aee .

P PP
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4.2.2.1 Composition of Spent Fued | v 7 f LTIl B
The spent fuel in storage is highly radioactive, with a total inventory of radionuclides in‘
the order of 106 curies per metric ton of contained uranium The gross radioactivity in

i
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curies per metric ton of uranium as a function of time since discharge from a reactor
(decay time) is shown in Table 4.4. The decay times were chosen to represent:

Days Event
0 - At time of discharge from reactor.
120 - Typical short storéée time of AR spent fuel.
365 - lominal decay time for acceptance of spent fuel at an AFR (proposed 10 CFR
Part 72). )
3,650 - Time when only long-lived activity remains.

Note that from a gross radioactivity standpoint, the fission product nuclides are predominant
throughout the 1ife of spent fuels in storage, but that 96.8% of this activity decays away in
the first 120 days and 98.7% is gone in 365 days.

The fission product radionuclides are , emitters, and only those few that enter into
biological processes are of major concern. For frashly discharged fuels at a reactor, a
principal concern is the 8-day 1311 which is absorbed by plants, animals and humans, par-
ticularly in natural iodine deficient inland locations. However, since the quantity of ]311
present in discharged fuel {is reduced by a factor of over a billion times in the first 365
days of decay, it is not a major concern for the storage of spent fuels in an AFR storade
facility.

Those fission product nuclides of primary concern under conditions of long term spent fuel
storage are 85Kr and‘13465-]37Cs and possibly ]291. These nuclides are present in signifi-
cant quantities, are soluable in water and biologically mobile. Cesfum enters the muscle
tissue of animals and man. The isotope 1291 has a low specific activity, 1.4 dpm per gram of
fodine in the environmént whére the background radio of 1291 ¢, ]27I’ranges from 4.8 x 10710
to 3.1 x 10'9. Thus, to receive a dose of the same order as that natural dose from 4°K in
the thyroid would require ]291 to 1271 ratios about 10,000 times background.22 However,
because of its 17-million year half-life, {ts release to the enviromment should be minimized.

Table 4.4, Radioactivity Present in Spent Fuels,*
megacuries per metric-ton of uranium**

Decay time - days after discharge 0 120 365 - 3,650

Fission product nuclides***- 180 5.84 2.36 0.326

Actinides and tﬁeir daughter 49.8 0.19 0.167 0.105
elements*** )

Light elements &:fﬁé1 e{ement 0.189 . 0.046 0.011 0.002

construction materials***

*See Appendix G for tabulation of nuclides present
**Based on metric tons of uranium charged to a reactor
***Source - ORIGEN code - Reference PWR
- Power - 37.5 MW/MTU
- Burnup - 33,000 MWd/MTU
- Plant capacity factor = 80%



Many of the actinides and their daughter elements are also short lived; 99.6% decay away in
120 days.” Of those present in aged spent fuel stored in an AFR storage facility, the plu-
tonium isotopes present the most significant potential hazard.

Of the materials of,fuel element construction and surface crud deposites, the.most signifi- -
cant radionuciide -is cobalt-60. - . .
The only way ‘in which - the radionuclides in spent fuel could be made available for dispersal
is by physical rupturing of fuel pins. As fuel assemblies must be handled under water to
provide the necessary protective shielding, a rupture of fuel pins would allow the escape

of free gases, primarily 85Kr, and contact of the fuel material by the pool waters. However,
as corrosion rates of ceramic fuel materials are low, the only observable effect might be 2

slight increase in the ]37Cs content of the pool waters

4.2.2.2 Krypton-85 o - T
The principal radioactive gas which could escape frun defective fuel elements in storage is-,
85Kr. The evidence to date indicates that the free gases present in fuel pin void spaces -
Jeak out rather quickly from defective fuel elements in the reactor and upon discharge, but
that the gases which are contained within the fuel pellet matrix have an extremely low _
diffusion rate and hence a low leak -rate., Experience at.the NFS West Valley reprocessing .
piant with chopping fuel, in preparation for dissolution,. showed the the release of krypton
from spent fuel was marginally observable on their krypton.stack monitor; almost all of .the
krypton was retained in the fuel until its dissolution. This experience indicates that
even the rupture of a number of fuel elements in the storage pool would not cause a release
of 85Kr in sufficient quantities to be measurable offsite. -

P

4, P B s -

4,2.2. 3 Cesium-134/l37

- - 3

v+ -

Stable cesium is:-rare geologically and in the biosphere but radioactive cesium fron weapons
testing fallout is widely distributed .throughout the biosphere. Cesium-137 is important as
it is readily absorbed from the food intake by both animals and man. _However, the cesium

in spent fuel is strongly bound within the fuel matrix even when the fuel pellets are
exposed to the pool water. The dissolution rate of cesium is very low and decreases sharply
with time., The cesaum concentration in pool waters is readily controllable by circulation
through an ion exchange resin bed. "~:1 . C . ;
4,2.2.4 Pool Nater Activity b o L X . . .
The fuel pellets are sintered ceramic cylinders uhich have a veny Tow solubility in

water,-and the contained radioactivity is.tightly bound within the fuel material. In ,
addition, the.fuel.material.is hemetically sealed within highly corrosion resistant zircon- -
jum alloy (or stainless steel) cladding tubes with welded end closures. The only mechanism
available under normal operating conditions for radionuciides in spent fuel to become

available for dispersal is through the corrosion of defective fuel pins by the pool waters.
Experience at pools where aged fuel has been storad (GE Morris Operation and NFS Hest r

Valley) has shown that the activity level of’ the pool water does show an increase when more
fuel is added to a pool but that the activity decreases rapidly with time. The apparent
explanation is that onny the fuel directly exposed by a cladding defect is ava1lable for '
attack and only for a velatively short time. -

-
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A Zircaloy-clad fuel bundle containing two failed rods was placed in a closed can after
burnup of 1900 MWD/MTU. After nine‘years, the radioactive content of the water inside the
can had risen to only 1 mCi (» 5 ppm of ]37Cs).23

NFS reported24 an experienced pool water impurities composition of 76% ]37Cs 6% ]34Cs 6%
124Sb 6% ]44Ce and 12 90Sr. GE Morris Operation has also identified 6OCO as a minor
contaminant in pool waters. Because of the direct relationship between pool water activity
levels and occupational exposures, there is an incentive to keep pool water activity levels
under control at all times; values in the range of 1074 to 10'3xxci/ml are common.

4.2.2.5 Surface Crud Deposits

Crud deposits have been observed on the surfaces of fuel pins and fuel assembly hardware,
particularly on the inner lower nozzle surfaces. The thickness of these crud layers varies
from almost nil up to about 150 microns.25 Surface appearance varies from a dense black

for PHR fuels to an orange-red for some BWR fuels, dependng upon reactor primary coolant
circuit characteristics, These crud layers are oxides of iron, nickel, and copper and

mixed oxides.

These crud deposits slough off during shipping and are the principal source of contamina-
tion of cask coolants. A small fraction also apparently becomes efther dissolved or
suspended in the pool waters, e.g., 5060. However, based on visual- observations at the
NFS West Valley plant, most of the crud deposits remained on the fuel assembly untfl it
was chopped up prior to reprocessing.

4.2.2.6 Airborne Radiocactivity

Airborne radioactivity within a spent fuel storage factlity is a function of: the pool
water activity, care used in handling fuel, frequency of fuel transfer operations and good
housekeeping practices. Based on G.E. experience, the airbone activity levels are a factor
of 10'8 less than the pool water activity and are routinely less than 1% of the occupational
exposure 1imits in 10 CFR Part 20, Appendix B, Table I.

4.2.2.7 Pool Water Purification System £ -

Spent fuel storage pools are serviced by a pool water cleanup system consisting of filters
and ion exchange units, and the necessary pumps, tanks and piping. These systems may
contain concentrations of radionuclides as much as 100 times that of the pool waters,

enough to require local shielding and carefully controlled operating procedures; However,
the inventory of radionuclides available for disposal 1s limited to that contained in a

spent filter or fon exchange unit at the time of replacement. As these are wetted materials,
spills could cause a local decontamination and cleanup problem but the materials involved

are readily contained. -

4.2.2.8 Decontamination Solutions

Shipping casks represent the major source of contaminated wash solutions. During shipment
some of the surface crud on fuel assemblies can become dislodged and become a source of
contamination to the cask cavity.‘ On receipt at the storage installation. the water in the
cask cavity 1s sampled for radioactivity and, if necessary, flushed out before the cask is
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opened. The wash waters generated are collected in the onsite low level waste system for
treatment prior to disposal. ’
Wash solutions from plant decontamination operationsare also collected in the low level
waste ‘system for treatment prior to disposal. ~ ’

FO - M

The GE Morris Operation has ‘a‘ somewhat unique system,” different from-that described

above. This facility has a vault which is embedded in rock for their collection of low
level wastes. This vault was originally intended for the collection of low level wastes
from the reprocessing plant and is designed for relatively long period onsite storage to
take advantage of radiocactive decay before final treatment and disposal. ‘It is not antici-
pated that a storage only facility wouid be equipped with such a vault, but would more
Tikely use relatively small volume tankage behind shizlding for the collection of low level
wastes prior to treatment. '

4.2.2.9 Dry Waste Materiais

A spent fuel storage operation also generates dry radioactive waste materiais. These
consist of contaminated protective clothing, blotting paper, and cieaning mops and plastic )
sheeting. Such materials are normally collected in plastic bags and packaged in drums
prior to disposal. The contained radioactivity in such drums is normaily in the order of
200 uCi/drum. This activity adheres to the materiais involved and is not in a readily
dispersable form. Co. o e . C RE

4.2.2.10 Release Mechanisms - L e LT B

As underwater storage is a low tanperature. iow pressure environment there is no driving
force for the sudden reiease of a major fraction of the radioactive materiais contained in
the stored spent fuel even under abnormal operating conditions.” Small quantities of radio-
active materials could be released inside the facility during an inadvertent venting of a
shipping cask while it is being prepared for unioading ‘or a spii] of iow 1eve1 waste ’
materials in the waste handiing and treatment system. j :f - N 7

‘ - - A LA TR L
4.2.2.11" Offsite Dispersal Mechanisms AL TR e RS e T
Again, because of the absence of high temperatures or pressures in an under water spent
fuel storage operation, the oniy mechanism for offsite dispersal of reieased radioactive N

materia]s is atmospheric conditions. PP . .

4.2.3 Accidents and Hatural Phenomena

' For an-accident to represent a potentiai radiological hazard to the general.public, the - .
same conditions apply - radioactive materials must be released from the facility and dis-
persed offsite. For this to happen:
p - - The-radioactive materials involved must be rendered into a dispersabie fom,
- These must be released from the facility, and .~ - .<n- - - et
- The conditions must be present for dispersion offsite of such reieased materials.

A range of potential accidents and natural phenomena events have been analyzed.
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4.2.3.1 Accidents Resulting in Rupturing of Fuel Pins

Both NFS and AGNS included in their safety analysis reports (Docket Nos. 50-201 and 70-1729
respectively) an under water fuel drop accident in which it was assumed that all of the
fuel pins in a fuel assembly were ruptured. Because of the age of the spent fuel, very
little ]311 remains and with a decontamination factor of 100 for an under water release, a
negligible amount of ]311 would be available for dispersion offsite. The NFS calculated
release rates for an assembly exposed for 33,000 MKD/MTU and cooled for a minimum of 120
days were:

Release Rate - Ci/Sec

Nuclide From Fuel From Pool

85y, 5.5 x 10~7 5.5 x 1077
ye 9.2 x 1077 9.2 x 1077
129, 3.7 x 10710 3.7 x 10712
1314 2.9 x 1077 2.9 x 1079

With ground level release dispersion factors in the order of 10~% to 1077 sec/m3 at most
sites, site boundary concentrations would be a small fraction of the 10 CFR Part 20,
Appendix B, Column II, limits.

4.2.3.2 Low-Probability Missilg Accident

An analysis has also been made of a low-probability missile accident at a storage only type
of facility containing 1 year and 3 year, aged, spent fuel. The accident was defined as
the penetration of the building by a tornado generated missile that lands in the storage
pooi. The activity in the gap between the fuel and the fuel c]adding is released from the
fuel pins ruptured By the impact of the missile. The missile evaluated was a 13.5-inch-
diameter by 35-foot-long uti]ify pole, travelling at 144 mph.

Assuming that the missile entered the pool at an optimum angle, a 45 foot row of fuel
assemblies could be impacted if the missile was not def]ected frﬁn its course of travel.
Assuming a uniform storage array of 40 BWR assemblfes and 27 PWR assemblies, a total of

20 MT of fuel could be impacted. It was assumed that 10% (a high figure) of the contained
B5%r is in the fuel cladding gap and hence available for release. Similarly, 1% of the
]291 is also assumea'preseﬁt in the gap. Howeiér, iodine is soluble in water and an under-
water release would be subject to a decontamination factor of at least 100. On this basis
the source terms for spent fuel exposed to an average of 28,000 de}MTU shown in Table 4.5
were calculated.

Assuming an atmospheric dispersion factor (x/Q) of ‘IO'4 sec/mq for a ground level release and
a site boundary distance of 275 meters, the calculated dose rates are shown in Table 4.6.

The calculated doses shown in Table 4.6 are obviously quite small and are a fraction of the
average annual natural background dose of greater than 0.1 rem.
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Table 4.5. Calculated Source Terms for Low-Probability Missile Accident
Analysis - Away-from-Reactor Storage Pool

- Inventory’ ‘ " Curies Released - Curies Released
Ci/MT* Fraction ~_per MTU per 20 MT of Fuel
Radfo- . 1 yr S yr in Release T-yr old 3-yr old 1 yr 3yr
nuclide decay - decay Gap** Fractlons*** fuel” - fuel old old
e 9.6x10°  8.4x10° 0.1 D00 9.6x10° B.axi0® 1ox0® 1.7xi0’
129 3.1x102  3.ax10%  0.01 0.00  3.ax10°% 3.x0° 6.2x10°  6.2x107°
- 'Bases: C

*28,000 (average) MWd/MTU burnup, ORIGEN Code calculation.
*

B%r = 10%; 1% = 1y
*k

85Kr = 100%; ]291 = 1% of gap activity

‘Table 4.6. Calculated Site Boundary Dose Rates for Low-Probability MissiIe
Accident at Away-From-Reactor Storage Pool

Exposure at

Site Boundsry, Dose

- - - Ci Released . Ci-sec/m Conversion - Critical Organ Dose, rem
Radio- 1yr 3 yr 1 yr 3 yr Factor, 3 1 yr 3yr
nuclide decay ~ decay ° - decay decay Rem/Ci-sec/m® - ‘decay - decay
8¢r exio® a0 e 17 ~3.0x10°2 5.7x107 2% 5.1x10" 2
125 6.2x10°° 6.2x107° - 6x1072 ‘6x1077 4,6x10° 2.9x1072wx  2,0x10™2wws

*50-year commitment . )
**Skin i . ;;,3 - PR - .
**+*Thyroid ) ' i o

4.2.3.3 Fires and Explosions

Fires and explosions could be .the driving force for the dispersion of radioactive materials in
finely divided forms. - However,-there is no need for .the use.of explosive -materials in.an AFR
storage facflity and normal operating procedures 1imit the accumulation of combustible materials
such as paper. Such materials are used for routine decontamination operations, but as soon as
used, these materials must be properly bagged to prevent a further, spread of contamination.
Serious fires and explosions-are not.considered credible in an AFR storage -facility..

- y - B . s e e e e . EERE

4,2.3.4 . Criticality Accident . - .. -~ Y

oot

Assuming the fuel storage design was adequate, a criticality accident in a spent fuel pool could
conceivably approach the power levels (less than 1,000 kW) of a *swimming pool® type of research
reactor.26 -* As proven by the“operation’of such reactors for many years,-conditions did not
generate enough energy to disperse any radioactive materials to the atmosphere’ from under more
than 12 feet of water.



4.2.3.5 High Pool Water Activity

Based on oﬁerdtiné expéfiénce'at the GE Morris Operation and the NFS West Valley Plant, spent
fuel storage pool water activity should normally be maintained at less than 5 x 10'31uCi/m1. At
this concentration the dose rate on the bridge crane above the pool is less than 2 mrem/hr.

An increase in the poof water activity by a factor of ~ 10 times to about 5 x 10'2 uCi/ml would
result in a dose rate of about 20 mrem/hr based on NFS experience when their pool became contami-
nated due to ruptureq metal fuel elements from the dual purpose N-reactor at Hanford.

During a period of high pool water activity, fuel transfer activities would normally be curtailed
until the pool water activity is reduced to normal operating levels.

4.2.3.6 Rupture of Waste Tank or Piping

One of the potential sources of in-plant perscnnel exposure is the low level waste treatment
system. The backwashes from the pool water filters and demineralizers are normally piped to a
collection tank prior to concentration and solidification. Activity levels in the piping and
collection tanks are in the order of 0.5 to 1.0 uCi/ml. For this reason, this system is normally
Yocated behind shielding. T

A break in the piping or a rupture of the collect1on tank m1ght cause a leak of 100 gals. of
contaminated water to the floor inside the buiiding. The area would have to be isolated, and
decontamination and cleanup action initiated. - - o

One method of cleanup would be to absorb the spillage with vermiculite and Toad it into drums
for disposal. If the waste-treatment facility s located within a shielded cell with a HEPA
filter-in its exhaust air duct, and only particulates are involved, 99.9% of which would be
captured on the HEPA filter, the effects of the spill would be confined to the cell. A decon-
tamination and cleanup operation would be necessary, but this could be confined and would have a
negligible effect on the rest of the installation or its environs.‘

If the waste treatment facility is located behind shielding but not in an enclosed cell, or the
cell door was open, the airborne fraction of the Spill cou]d be distributed within the facility
in a pattern depending on-air flow. ™ ° ¢ Tt

Froce - - 3

With an air volume of 100.000 ft3 or greater, the activity of the building air might be in-
creased initially, but with circulatfon through a HEPA filter, this activity could be reduced to
normal levels within a short time. Access to the building could be restricted for this short
period of time but essential operations could be carried out under "special work permit® restric-
tions. - - . . N
Exposure of in-plant personnel should be readily controllable by operating procedures and. physi-
cal barriers. ..There should be a-negligible effect offsite.

4,2.3.7 Lowering of Pool Water lLevel

A 1,000-ton-capacity storage pool 1is estimated to contain 1,000,000 gallons of water and be 30
or more feet deep. The water in a spent fuel storage pool serves the dual functions of heat
removal and shielding. Spent fuel storage pools are normally designed with a minimum of 12 feet

4-20



of water over the fuel in storage, enough to reduce the gamma dose rate from the fuel assemblies
‘to less than 0.5 rmr/hr at the pool surface.

Fuel transfer mechanisms have 1imit switches and mechanical stops to prevent raising a fue]
eTenent or a storage canister to less than 9 or 10 feet of the water ‘surface.

- A loss of 5% of the water. about 50, 000 ga]lons, would have on1y a neg1191b1e impact
o “on personnel exposures,

- A loss of 25% of the water, about 250,000 ga]lons, wou]d reduce the sh1e1d1ng over the
stored fuel to about 6 feet. Under these conditions the fuel transfer bridge crane
work could be carried on within the fac1l1ty but this may have to be done under "spe~
cfal work permit” conditions.

The fall of the water level to this depth may requ1re an energency’modification of the cool]ng
water circuit inlet and outlet lines, such as connecting emergency supp]y and cdtt1ng off any
bleed-off system, but this should be feasible without serious over exposure of personne1

While the loss of all water is beyond the' design basis enve]ope, it involves only 10w rlsks for
independent spent fuel storage installations in which only aged spent fue1 1s stored. The major
consequence of such an unlikely event would be a small skyshine dose at 2 site boundary. - Dose
rate versus distance calculations have been made for this event.27

The heat generation rate of spent.;;ef-{~creases rapid]y with time “for 2 short period fo110w1ng
discharge from a reactor.” For examp]f it one year - after discharge the spent fuel heat genera-
”? 3 rate when it is discharged from the reactor. At ten

sed by‘another factor of ten-to one-tenth of one percent.

vt

. i . 3 ‘ : .

Assumiing that the spent tfuel stored a'jzg 1ndependent spent fuel storage 1nsta11ation is at
Teast one year old, calculations have :En performed to show.that loss of water should not -
resu]t in fuel failure due to high)tgdl atures if proper-rack design 1s emponed.28 Such
design specification is included in NRC regulatory guidance now in preparation.. Cooling by -
natural convection air currents alone should be adequate. The staff believes that such storage
facil1ties can be designed and constructed to assure that loss of .the pool water will be a -
highly unlikely event. Based on its safety reviews of similar facilities the staff finds that
such pools can be constructed to withstand severe events and backup sources of water can be

,provided.LAJ .- . N < P UL LTS S

'4.2.3,8 tos; of Cooling T . AR R

Because there is adequate time to take corrective action in the event of a loss of cooling at an
AFR storage facility, there are no special requirements placed on the desxgn and construction of
the cooling system other than the pool water be circulated in a closed 1oop. However, in the
course of a safety review, the staff does require an adequate backup supply of water.” “A loss of
the cooling system for a number of weeks was experienced at the GE Morris facility operating
during the 1976-1977 winter with no adverse effects. - : R St

- . .- o . v e T : S ' ;
On January 16, 1977 a two *hour interruption in the power supply shut down the circulating pump.
The outdoor temperature was -19°F. When normal flow was reestablished, a pipe break was dis-

covered and the system was shut down and drained. With 225 tons of fuel in storage, the GE pool
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reached an equilibrium temperature of 115°F over a nuaber of weeks. The hunidity in the building
was uncomfortably high, but otherwise this incident had no adverse impact on either plant per-
sonnel or the general public.

NFS showed an anaiysis 1n theur SAR for a planned cxpan51on program of their pool filled with
fuel (giving off 12 x 10 Btu/hr) and allowed to reach a boi11ng temperature. Their calculated
time required to reach boiling was 48 hours for an 1so1ated pool, and a boil off rate of 1,500
gal/hr, " A comparable staff calculation for a much larger pool and more compact fuel storage but
with a heat generation rate more typical of fuel placed in gxten@ed storaye showed a temperature
rise of about 4°F/hr. and the time to reach boiling was 33 hours. . .

These figures show that there is time to take corrective action even with a complete loss of
cooling. If conditions preclude reactivation of the cooling system within the time allowance to
reach boiling, makeup water must be provided to offset evaporation losses. A staff calculation
for a pool conta1n1ng 1 ,000' tons of fuel with a heat generation rate of 3.4 x 10 Btu/hr would
require 60 gal/min ‘to mainta1n1the water level under boiling conditions.

To assure the availability of makeup water during an extended outage of the cooling system,
there must be a reliable water source and a means of delivering water to the spent fuel storage
pools should the need arise.

NFS calculated that, with a decontémination factor of 104, the airborne activity within the
building, with the pool water boiling, would be less than the occupational exposure concen-
tration linits shown in 10 CFR Part 20, Appendix B, Table II, Column I.

4.2.4 Considerations aHd Aékuﬁptions Used for 6%fsite Transportation Accident Analysis - -

A1l information in this section is summarized from HASH-1238. “Environmental Survey of Trans-
portation of Radioactive Materials.to and from Nuclear Power Plants.” 29 The consequences of a
major release of - radicactive material from a spent fuel shipping cask could be severe; however,
the Tow probability of. such an occurrence during transportation makes the risk from such acci-
dents extremely sma]] Spent fuel shipping casks are designed to withstand severe transportation
accidents without significant loss of contents or increase in external radiation levels: The
casks are protected from the damaging effects of impact, puncture, and fire by thick outer
plates, protective crash frames, or other protective features designed to control damage.
Transportation accidents occur in a range of frequencies and severities. Most accidents occur
at low vehicle speeds. The severity of accidents is greater at higher speeds, but the frequency
decreases as the severity increases. Transportation accidents usually involve some combination
of impact, punctgre,.fire. or submersion in water. - .

4.2.4.] Estima?es‘o¥‘Re1g$ses fﬁ~Aéc1dents .
Estimates of.the amount of radioactive material released-and the calculatéd doses in the unlikely
event that a shipping.cask is breached are summarized herein. The consequences in terms of
potential doses to humans were calculated for the estimated releases of 85Kr. 13]1, and fission
products. Normal distributions of weather and population densities for a release on land were
used in the calculations. o



Table 4.7 shows the‘ﬁ}obdbglity of a transportation accident per vehicle mile in each of the
five accident severity categories. Tables 4.8 through 4.11 show the probabilities of "N" or
more persons receiving doses of "D" or more millirem as a result of a release of 1.1 X 103 Ci of
BS%r, 1 x 1072 Ci of 1211, and 130 Ci of gross fission products, with all of the krypton and
jodine and 1% of the gross fission products being dispersed in the air. It would require an
accident of the extra severe category to cause arelease of this magnitude. Therefore, the
total probability of "N" or more persons receiving doses of "D" or more millirem from the trans-
portation of spent fuel would be the probabilities in Tables 4.8 through 4.11 multiplied by the
appropriate proﬁabi]ity in Table 4.7 multiplied by the distance traveled.

' Table 4.7. Accident Probabilities for Truck or Rail Travel per
Vehicle Mile for the Accident Severity Categories {from WASH-1238)

Minor Modgrate Severg Extra Severe Extreme

-13

2 x10°° 3% 107 8 x 107° Coezx 0l Cvxo

i

- e e e - [P -

i

Table 4.8. Probability of "N" or More Persons Receiving a Dose to the Skin of
*D* Millirem or More from the Release of 1,100 Curies of .
Krypton-85 in an Accident {from WASH-1238) .

Nmber of Dose (millirem),."D*

People, "N 1 10- L ¥ 4100 : 1000 - 5000
) 0.9 0.5 0.1 2 x 107¢ 3x 1073
10 0.6 0.2 3 x 1072 1 x 1073
10% 0.2 4 x 1072 c2x10d L .

108 C7xw? 2x0® .
w1k s e
10° 5 x 1074 S ' ’ s

Table 4.9, Probability of "N' or More Persons Receiving a Dose to the
* Thyroid of “D"-Millirem or More from the Release ‘of 0.01 Curies - «- -
- - -~ of lodine-131 in an Accident (from NgSH-]Z3B) L
1 N PO LI L] _ ,
Number of : - - Dose {millirem), "D
People, ™8* ~ - d. ...~ A0 .. .. 00, . . . 1000.
T3 - 05 9x102 - cax10% 2x107d -

~ .10 . L0 1x10740 L. 4x 1077 . )

- -10° 2x10% . ex0Y L. }
103, vxw03,
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Table 4.10.: Probability of "N" or More Persons Receiving a Dose to the Lungs of
"D" Millirem or More from 1.3 Curies of Gross Fission Products Which
Became Airborne as a Result of an Accident (from WASH-1238)

M 3
V By

Dose (miilirem), "D"

Number of - .
People, "N" 1 10 100 1000- . 5000 10,000
1 1 0.8 0.3 5x 1072 1 x 1072 4x 1073
10 0.8 0.3 6 x 1072 4 x 1073 3x 107 4 x10°°
102 0.4 9x10%  6x1073 1x 107 .
103 0.1 1x10% 2510t
10 4x10°2 s5x10*
10° 4 x 103

Table 4. 11. Probabi1ity of "N or More Persons Receiving a Dose to the Whole Body of
"D" Millirem or More over a Period of One Year Following the Release in an Accident
of 130 Curies of Gross Fission Products Which Deposit on the Ground (80% of

-the dose is to the skin) (from WASH-1238) .

Dose (millirem), “D"

Number of T

People, “N° 1 10 100 1000 5000 10,000
1 1 1 1 0.9 0.7 0.7
10 1 1 0.9 0.7 0.3 0.2
10? 1 0.9 . 0.6 0.3 R 6 x 1072
10° 1 07 0.4 9 x 1072 2 x 1072 6 x 1073
10 0.8 0.5 02 3xw? 0 g9x0t 2 x 107
10° 0.7 - 0.4 8 x 102 2 x 1073 T

4.2.4,2 Consegquences of Implementing Sﬁorage Alternatives_

The severity of the consequences of a single.transportation accident will not change with any of
the proposed storage alternatives. However, the probability of occurrence will increase in
direct proportion to the increase in.distance of.shipment of. spent fuel for those alternatives
which involve transportation for offsite storage. Specifically, those storage alternatives
which involve offsite transportation are independent storage facilities, transshipment, and use
of govermment facilities.

The estimated average distance from a nuclear power plant, site to an AFR storage facility over
which the frradiated fuel would: be" transported {s 1,000 miles.: From Table 4.9 and Table 4.10,
the probability of 100 persons. receiving a dose to the skin.of..100 millirem from a release of
1,100 curies of- 85Kr as the result of an extra. severe -transportation.accident is 4 x 10'n If
the offsite storage facility was located at or near a future reproqgssing plant or disposal
mmmmmwmmmmmﬂwmmﬁMWMmmmw
required an additional 1,000 miles of travel, the probabi]ity of occurrence of this accident
would increase to 8 x 10° 11. Consequently, the environmental risk due to offsite transportation

accidents 1nv01v1ng spent fuel casks remains extreme1y sma11.‘
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4,2.5 Termination Case

The termination case assumes that as nuclear power plant pools became filled with spent fuel,

the olants will be shut down and the generation capacity rep]aééd’by coal plants. In addition

it was assumed that no’nén nuclear plants would be built for start up after 1985, ’

The staff has made several projections of public health fatalities derived from the termination
case. Table 4.12 presents a generic analysis for the whole coal fuel cycle. V7 This appears to

be the best approxlmation of excess nortality due to" substituting coal fired plants. This table
corresponds to Table 4.2 for an'LWR. Health effects estimates from radon’ have been conservat1ve1y
extended into an admittedly uncertain future to incorporate periods ranging fron 100 to 1,000
years. S1m11ar]y. the staff also extended hea]th effects estimates of carbon- 14 releases for
100 to 1,000 years into the future. S

v ¢

In this table, excess mortality is synonymous with premature déath Therefore; 1n the case of
radiogenic cancer, for example, excess mortality does not mean more people in a given popu1ation
will die, since every member of the population will die at some time from some cause. Premature
death implies that some members of the population 'will 'die (statistica]ly) at an ear11er t1me
than they would have had they not received a radiation dose. i 7

-

The "excess mortality" figures represent projected deaths 90 years into ‘the future-(i.e.,‘a
40-year environmental dose commitment period per annual fuel requirement, w1th a 50-year dose
-commitment for each of the 40 years).

EIEN

4.3 SOCIAL IMPACTS - - N ’ .

Two assumptions'under1ie the discussion of all the alternatives. First, analysis of the various
options assumes a period of socio-political stability. This includes the assumptions that no
unexpected national or international event will occur (e.g., 0il embargo), the economy will be
reasonably healthy, and a political atmosphere conducive to problem solving will prévail.“ T
Second, the analysis projects normal operating conditions at all generating facilities. _ .

3
.

Table 4.12. Summary of Excess Mortality due to Coal-Fired Electric Power
Production, per 0.8 Gigawatt-Year Electric =

' Occupational >~ - ' Genera] Pub11c

Fue] Cyc1e~ - R - "

" Component _ Accident  Disease Accident Disease Totals
Resource recovery - 0.3-0.6 - 07 s - *e % . . 0.3-8-
(nining, drilling, etc. ) ) o ) ]
Processing . 0.04 .. .. * T 10 s - 10
Power generation 0.01 I * . ‘3-100°  ° 3-100 °
Fuel st:or;age jim i" * ‘_ o "* z ,:,l { - T e r ‘ Tx )
Transportation . * T 1.2.-.. SRR : A.2
Waste management R LS o s * -

Totals'  0.35-0.65] 07 1z 13100 15120

*The effects associated with these activities are not known at this time but are generally .
believed to be small. The totals would increase, only slightly if these values were included.
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4.3.1 The Reference Case Storage Solution

Storing spent fuel has the advantage of resulting in confinement of penceived problems to a
small area. As at a nuclear power plant, safeguards and,sefety measures can be developed to
restrict access. The locatien of such a site near a community would produce social problems
similar to those associated with siting of other nuclear-related facilities.

Social }mpacts likely associated with independent storage facilities.will be similar to those
occurring at power plants and are of three main, -types~30 (1) impacts on socially valued aspects
of the natural envrronment, (2) Impacts on the social structure, and (3) the effects of perceived
danger of accidents and radiation. Changes caused by the disruption of the environment have
direct impacts upon humans. The removal of the land for the site from future development,
Tong-term demands on the water supply, and visual intrusion of cooling towers or buildings on
the natural landscape will permanently affect the relationship of the residents with their
environment and the developnent of the area.

Areas where such facilities woufd be bui1t,would pay most of .the resulting socioecononmic costs
but receive few of the social benefits involved. Also, nhile certain items can be isolated and
labeled as costs or benefits, other impacts cannot be quantified or are slow in developing,
causing them to be unaccountable.

4.3.2 Temmination Case

This social analysis is based on the phasing out of nuclear power through a one-to-one replace-
ment of such plants with coal fired plants and past 1985 by building only coal fired plants. By
hypothesizing a phased decline in nuclear generating capacity, one can explore the consequences
of switching to coal.

4.3.2.1 Employment . .

The electric power industry is one of the nation's largest employers. MNuclear facilities re- -
quire about the same labor force as do coal fired plants. Therefore, a shift to coal fired
plants thus would result in no significant difference in employment.

[

4.3.2.2 Life Style/Quality of Life

Where people live depends upon the provisions of economic and environmental service systens.
Thus, people are clustered where there is adequate employment. markets and distribution systems.
Coincident with denser popu]ation there will be requirements for water. a capability for waste.
removal, and a capacity for home heating and cooling. In the past two decades when energy wasf
relatively inexpensive and the price of electricity was declining, Americans developed an energy-
intensive 1ife style. The suburbs and low-density housing grew rapidly. However, with the -
recent increases in energy costs, the rate of suburbanization has dec]ined.28 The suburban
development, with its predominance of single-family homes, is far more consumptive of energy
“than multiple dwelling units. More and more Americans are turning to either common-wall dwellings
or apartments. In the future it appears that a larger proportion of homes built will be in "
these latter two categories. With the decline of the suburban alternative, population growth
will lead also to the filling in of urban areas. It is_probable that urban patterns of dense]y
populated communities connected by transportation corridors will. replace the present spread-city

pattern. o d
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Local impacts in coal mining areas and along transportation corridors could be quite signifi-
cant. These include population and transportation increases with attendant local -societal
stresses and adjustments. For the average citizen, the most noticeable impact of the replace-
ment of nuclear energy with coal fired or other types of power plants under. the termination
alternative would be: higher utility bills. ; T
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5.0 SAFEGUARDS CONSIDERATIONS

5.1 INTRODUCTION

‘Safeguards are defined as those measures employed to deter. prevent, or respond to (l) the un-

authorized posseSSion or use of Significant quantities of. nuclear materials through theft or

. diversion and (2) the sabotage of nuclear materials and facilities . As applied to licensees and

licensed materials the NRC safeguards program has the general obJective of prOViding a level of

) protection against such acts that will _ensure against Significant increase inxthe overall risk of

death, injury, and property damage to the public from other causes beyond the control of the
individual.

'Since the inception of the program for peaceful uses of nuclear energy in 1954, a primary con-

3

: cern of the safeguards program has been special nuclear materials (SNM) accountability.‘ Start-

ing in 1967, however, public concern and awareness regarding the phySical protection of nuclear
materials and facilities has been growing because’ of the rapid growth of the nucléar’ power in-
dustry coupled with the increase in terrorist activities indicated by acts of individuals or

“jdentifiable groups over the past décade or so. ! Accordingly, in addition to the SNW account-

ability provisions contained in 10 CFR Part 70, the NRC publishes (in 10 CFR Part_73) specific
physical protection requirements applicable to certain licensed activities. As will be addressed
further in a subsequent portion of this chapter, the primary safeguards objective applicable to

“é spent fuel storage and transportation is protection against acts of sabotage that could endanger

the public health and safety by exposure to radiation.

This chapter addresses the potential'security-related impacts of increased spent‘fuel storage at

alternative locations. Since the scope of this GEIS is confined to issues pertinent to alter-
native storage modes, only those fuel- assemblies suitable for- away-from-reactor (AFR) "storage,
viz.; "aged" assemblies, wererconsidered in the course ‘of this analysis. (See Sec. 4.2 regard-
ing the safety-related impacts of the storage and transportation of aged spent‘fuel.)

“ ‘ -? ER
i PR . o ’ L or .

. 5.2 AGED SPENT FUEL--POTENTIAL FOR MISUSE AND PHYSICAL PROTECTION -

Irradiated (spent) fuel removed from light water cooled power reactors (Lsz) contains low
enriched uranium fission products, and plutonium and other transuranics. It is highly radio-
active and reqUires heavy shielding for safe handling Theft or diversion of spent power reactor
fuel by“subnational adversaries with the intent of utilizing the ‘contained special’ nuclear mate-
rial (SNM) for nuclear explosives is not considered credible due to (1) the unattractive form of
" the contained SNM, viz., it is not readily separable from the radioactive fission products, and
(2) the immediate hazard posed by the high radiation Jevels. Sabotage of spent fuel might be

" witain the capability of potential adversaries, however, and therefore may constitute a possible
‘hazard to local populatﬁons.
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The NRC is continuously evaluating the nature and extent of potential threats against nuclear
materials and facilities. It is not possible from the available evidence to conclusively demon-
strate that any imminent threat to the nuclear fuel industry actually exists. It is apparent,
however, that:
: There may be people who have the skills necessary to plan and execute an operation
against the industry;
¢ Concefvably such people could be gathered together and motivated to conduct such an
operation.

There have been no deliberate acts of sabotage directed against a licensed activity which culmi-
nated in a direct or indirect danger to the public health and safety by exposure to radiation.Z
The possibility always exists that at some point in time a disgruntied employee or politically

motivated group may attempt some act that would be classified as a threat to nuclear activities.

The areas of the LWR fuel cycle against which spent fuel sabotage might be directed include fuel
reprocessing plants (FRPs). independent spent fuel storage installatfons’ "(ISFSIs), power reactors
(LWRs), and shipping packages during transportation. Given the absence of any evidence indi-
cating the existence of a domestic threat to the nuclear power industry, it is not possible to
ascertain the likelihood of a sabotage attack against these activitles. Consequently, protec-
tion against such acts’ and their possible consequences is dictated by prudence. Although the
features designed into plants and packages to prevent releases or serious consequences due to
accident or natural phenomena also provide protection against sabotage, certain additional pro-
tective measures have been specified to deter attempts and mitigate the seriousness of deliber-
ate acts.

The sections that follow address, in general, the intrinsic features of plant and package designs
that protect against potential _releases, the protection requirements of the regulations, and
passible consequences of certain sabotage events. Away-from-reactor (AFR) storage, at-reactor
(AR) storage, and spent fuel transportation activities are examined separately as a basis for
comparing the security-related impacts of the storage options being considered by the staff.

- 5.2.1 Storage in Away-From-Reactor (AFR) Facilities

Interim storage of spent fuel at fuel reprocessing plants and at independent spent fuel storage
installations (located at reactor sites, but separate from existing structures, or at separate
sites) are two alternative methods for providing increased AFR storage capacity. Sections 2.1.3
and 3.1.4 describe existing and planned AFR facilities. At both FRP and ISFSI locations, aged -
spent fuel will likely be stored- in conventional basin pools.:.The designs of such pools provide
for protection against radioactive releases due to accidents or v1olent natural phenomena. The
design criteria established to maintain confinenent of radioactive contaminants are delineated
in Appendlx B (Vol. 2). In short. AFR storage facilities are designed to assure adequate mar-
gins of safety in accidents and to nitigate their consequences.

')

To the extent that acts of sabotage initiate sequences of events much like those initiated by
accidents. the measures designed into AFR storage facilities for mitigation of consequences of
such accidents also provide some protection against potential releases resultlng from sabotage.
The large volume of water and the substantial concrete barriers, constructed for biological
shielding and earthquake resistance, provide a degree of inherent protection against explosive
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attacks and their consequences, but the possibility exists that potential saboteurs may be capa-
“ble of overcoming the inherentiprotéction and engineered safety features in an attempt to create

a radioiogica1 hazard., For this reason, NRC regulations include requirements for the physica]

protection of spent fuel against sabotage * o T

5.2.1.1 Safeguards Requirements for Spent Fuel at AFR Locations e

.Spent fuel in interim storage (i.e., prior to disposai or reproce551ng) at FRPs and spent “fuel
storage sites must be stored in accordance with requ1rements for its protection against sabotage
) contained in Section 73.50 of 10 CFR Part 73. These regu]ations do not 1nc1ude a spec1f1c defi-
nltion of a potentiai adversary, but have been imp]emented to prescribe a range of phy51ca1 se-
curity measures that a licensee must follow. Principal features include protection forces
(guards), physical and procedural access controls, detection aids, communication systems, and
,Tiaison with Tocal law enforcement agencies. f
Each licensee is required to prepare and submit a security plar for’NRC approval. The plan con-
tains details on how the licensee intends to.implement the security. provisions applicable to his
site.- In'addition to the basic security plan; each licensee is also ‘required ‘to develop a guard
qua]ification and training program and a'plan for responding to safeguards contingencies as out-
1ined in’ Appendices 8 and C of 10 CFR Part'73. - . - “

Any equipment} system; device, or material‘of which the failure, destruction, or release could
endanger the public health and safety by exposure to radiation is considered "vital", and is
subject to additional specific protective measures.- The site—specific {dentification of vital
equipment and material s a necessary part of the NRC staff's rev1ew of the security plan sub-
mitted by an applicant or licensee. Spent:fuel is considered vital in ‘this sense and is there-
fore required to be Jocated in an area which is-protected by at least‘two personnel barriers and
-to which access is limited and controlled. Further detail regarding the safeguards requirement
applicable to the interim storage of spent fuel appears in Section 1.0 of Appendix J in Volume 2.

:

5.2.1.2 Environmental Effects of Sabotage ‘-

In assessing the {mpacts of successful malevolent acts, one can demonstrate the potential magni-
tude of the radiological consequences by postulating destructive acts against the stored fuel
elements and analyzing the resultant effects.' Radiologically, sabotage events may be similar to
‘accidents or abnormal’ operations and thus the consequence estimation techniques for the effects
of these Tatter causes also apply to some sabotage ‘events .** -

A - N S em LT

P

A reasonable upper bound on ‘estimated ‘consequences stemming from sabotage incidents can be estab-
"~ 1ished if (1) no 1imiting assumption is made with regard to the sequence or number of deliberate
events or (2) no credit is taken” for the effectiveness of any existing security measures.” " As
part of broad study of adversary actions at nuc1ear faciiities, the NRC directed a study of

* > R : . Ve

- ,(., - e -

*Industrial sabotage, in the context-of the nuclear industry, is defined in 10 CFR 73, 2(p) and
means any deliberate act which could directly or indirectly endanger the public health and
safety by exposure to radiation.

(RIS e

**The discussion and anaiyses presented in Chapter 4 0 "Environnental 1mpacts."~address poten-
. tiaI radioactive releases, both routine and accidental “associated with AFR storage.

. E ’ »
IS . N
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potential consequences associated with the successful sabotage of spent fuel at AFR storage
locations.3** . As is discussed more fully in Section 2.0 of Appendix J (Vol. 2), a specific set
of reference events was identified and analyzed to establish a quantitative estimate of poten-
tial consequences of such events in terms of loss of iife, injury, and property damage. There
are, of course, design variations among the several existing or proposed facilities, and the
list of postulated reference events was made sufficiently broad in scope to encompass many of
these variations. Neverthe]ess, certain of the scenarios that may be possible within the refer-
ence design cannot occur at a p]ant whose design is different. For example, at existing facili-
ties (see Sec. 2.1. 3) the casks are unloaded underwater, making the rupture of fuel assemblies
in air inside a cask-un1oad1ng cell (CUC) impossibie. The vorst-case consequences presented for
this range of reference events shou]d not be inferred to represent the potential effects of
sabotage at every AFR storage lpcation.

The following events were postulated as reference events for the purpose of analyzing the sabo-
tage consequences at present and future AFR storage facilities:

I. Damage to Fuel Assemblies in the Cask-Unloading Cell- {CUC) )
Mode 1. - Mechanical damage to between 1 and 20 fuel assemblies in the air space of
the CUC (normal ventilation conditions).
Mode 2. Same as (1) but with HEPA filtering ruptured or removed, ventilation flow
maintained.
Mode 3. Same as (1) but with air flow from CUC discharged directly to atmosphere
unfiltered at ground level.

II. Damage to Fuel Assemblies in the Spent Fuel Storage Pool (SFSP)

Mode 1. Explosive rupture of 1, 24, and 1000 fuel assemblies underwater in the SFSP
(normal ventilation conditions). T - '

Mode 2.  Same as (1) but with final filters damaged, ventilation fans operational.

Mode 3.  Same as (1) but with ventilation system turned off and openings created in

" opposite walls of the SFSP building, - :~ :

Mode 4.  Same as (1) but with breach in 3/16-in steel liner and 5-ft concrete floor

so that contaminated pool water leaks into the ground.

Unique features of- each scenario which affect the radiological source terms are explained in
Section 2.0 of Appendix J. The population distribution and weather conditions assumed for the
purpose of calculating the health effects approximate those of a site near Oak Ridge, Tennessee.
The resultant estimates are displayed in Table 5.1. Only late fatalities are listed since for
the range of events considered there were no early deaths. The quantity of radicactivity re-

. leased {is relatively small and widely dispersed such that the dose received by any single person
due to acute exposure is far short of the threshold for observing any of the early somatic ef-
fects considered.

LI ! - e ey N
With regard to property damage, the calculations show that only when 20 fuel assemblies are
breached in Events 1.2 and I.3 is sufficient contamination released to reqh?fe interdictioq-of
land and crops and land decontamination. (Events 1.2 and 1.3 involve the unfiltered release
from fuel assemblies ruptured in air.in the Cask-Unloading Cell, elevated and ground-level re-
leases, respectiver ) .Breach of a single fuel assembly does not release sufficient contamina-
tion to require such measures. The maximum predicted property damage is $150,000 (in 1974
dollars, based on the economic data for the site and the interdiction and decontamination
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criteria used in the Reactor Safety Studys) This cost is associated with the reduction of radi-
_ation dose received by the general population through chronic exposure pathways by taking the

“ protective actions discussed above. Such actions may. result in a reduct1on of the incidence of

Iate fatalities “of about 30% from the number expected to occur in their absence

- , 3 B Lo

Tab'le(S.l._‘Late.Fata'Htiesa

b

Event -+, . Single Assembly Intermediate Release” Maximum Release®
‘ Cask Un1oading Cell ’
" - "Mode 1 5.60x 107 T 112 % 107  iazxa08
Mode 2 5.2 : 7 78.1 ‘ 74.1
Mode 3 4.75 65.4 65.4
Spent Fuel Storage Pool T o Co :
" Mode 1 ’ 3725108 e2x107 3.72 x 10'5
<t Mode 2 .72x108 7 8.92 x 10”7 Y 32 1o
Mode 3 " 4.00 x 1078 C 9.59 x 1077 - ' 4.0x107
Mode 49 © 7 rarsxa0B ©oemex1w0? T P32y

R} -~

jeather conditions for a day in September used. The spent fue] assemb1ies are assumed to have
been out of the reactor for one year,

i
PR,

b20 assemblies for Cask-Unioading Ce]l Events. 24 assemblies for Spent Fuel Storage Pool events
(see Sec. 2.0 of Appendix J). T

1 . . . a-
Fudo. . Y -k B R

) c20 assemblies for Cask- Unloading Cell Events, 1000 assemoiies for Spent Fuel Storage Pool Events

(see Sec 2.0 of" Appendix J).

- BRI BN v ek - - e

?;ame as Mode 1 (no 1ate fata]ities dueAto groundwater‘disoersion);

- - . - Yeo T

PR - S

Short term evacuation of the local popu]ation is not assumed in the above estimate because it
was determined that immediate evacuation has an insignificant effect on the consequences of the
events treated here. However. the cost of evacuating all of the popu]ation within 5 miles of

- the p1ant site. and downwind within 25 miles, would total $7.8 x 108 (1974 dollars) if it were
. undertaken for any of the events studied .

. s o~
oy -~ - . . ,
- . et - > » - - i . > -

e b - s . - 7‘ -
et Y e B A

"In’addition to the above estimates, ca]culation was made to determine occupational exposures

for each of the reference events. The resulting estimated whole-body doses are less than 1 rem
per person and are well below the acute occupational exposure limits currently set.

- " . - -~

5. 2 2 Storage in At-Reactor (AR) Facilities

.y 5 :
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5. 2 2. 1 Aged Spent Fuel Storage Locations C e menn . ot

Each of the three basic a1ternatives for, increasing interim spent fuel storage capacity (Chap-
ter 3.0) involves uti]ization of at-reactor storage pools..: Both conventional and compact storage
techniques are presently employed at existing nuc]ear power p]ants, and present design and con-
struction practices are expected to’ continue for” storage poo]s at'all reactors under construction
-or.in planning. - These practices are discussed in detail in Section 3.1 and Appendix B of this
statement. _ . . N - Lo



Technical design requirements analogous to those discussed above for AFR facilities arevappli-
cable to the storage of spent fuel assemblies at reactor stations. The configuration of the
fuel storage pools is essdntially the same for all nuclear power piants There are, however,
variations in their respective phySicai locations at PWRs and BWRs. The PWR system uses a
ground-level fuel storage pool that-is exterior to the reactor building in the fuel (or auxili-
ary) bui]ding..—BWR systems are designed with the fuel storage pool on the reactor operating
fioor In most cases the operating floor is elevated in_ the reactor _building above ground level
“about 90 to 95 feet, while the bottom of the pool is 50 to 55 feet above ground level., This
feature necessitates some additional requirements (regarding seismic loading) over those for
pools located at ground level. iore recent BWR designs provide for ground-level storage pools.

Reactor pools are constructed of reinforced concrete with sufficient thickness to meet radiation
_shielding and structural requirements. Each pool is lined with stainless steel plates (3/16" to
174" thick) welded together to ensure a leaktight system. An estimate of the comparative physi-
cal sizes of existing reactor storage poois for a range of reactor sizes and for the two basic
types can pe inferred from the figures for pool storage capacity given in Table B.1 in Appen-
dix B. These capacities (w1thout compaction) range from 162 assembiies for a 500-ife PWR to
1160 assemblies’ for a 1100-Mde BWR.

With regard to the potential environmental effects associated with the successful sabotage of
spent’ fuel stored in AR locations, the same basic considerations as were discussed for AFR loca-
tions apply, viz., sabotage events may be radiologically 51miiar to certain spent fuel accident
conditions and the effects therefore will be similar. The increased storage of spent fuel at
reactors results in the retention of older fuel (greater than one year after discharge) that
otherwise would have gone to reprocessing or disposal Voiatiie and nonvolatile radionuclides
with short half-lives will have decayed, and therefore the radioiogica] and heat load impacts of
this older fuel are factors of 10 lower than that of the' Iess—cooied fuel. Just as the environ-
mental and health impacts of spent fuel storage at reactors are dominated by new spent fuel (see
Sec. 4.2.2.1), so would be the radioiogicai consequences of successfui sabotage at such storage
“locations.”' Whether the older fuel is present or has ‘been “removed to’a location offsite has
Tittle impact on the overall hazard to the public posed by potential sabotage. This incremental
impact is expected to be on the same order of magnitude as the potential env1ronmental effects

analyzed above for AFR storage pools., -

i

5.2.2.2 Protection Measures

Spent fuel at reactor sites is subject to the same physical protection as other vital-equipment
at the reactor. Requirements for physicai security at nuclear power reactors are contained in

Section 73.55 of 10 CFR Part 73. The principal features’ includes

—e

A physica] security organization’ including armed’ guards trained and qua]ified in
accordance with specific NRC requirements. T

~Ta - - 4 P

‘Phy51ca1 barriers such that vitai equipment is protected by two securlty barriers.
) Access‘restrictions to control the movement of.personnel, vehicles, and materials.
- Entrance search of personnel, packages, and vehicles for firearms and explosiues.

* Intrusion-detection aids, including alarms which must annunciate in continuously
manned central and secondary alarm stations.

" 56



‘A'dedicated onsite response force of at-ledst five armed guards.
Offsite radio communications and liaison with local police.
A requirement for testing and maintenance of all security-related equipment.

Contingency plans for dealing with safeguards emergencies.

-~ The safeguards -programs at all power reactors currently licensed to operate are implemented to
meet the design-basis threat contained in Section 73.55(a) of 10 CFR Part 73~ The primary secu-
_rity consideration at such sites is the establishment of an adequate level of protection against
acts of sabotage ‘that cou]d Tead to the reTease of the radioactive inventory present in the reac-
tor core or in recently discharged fuel.

-, ~
e

"5.2.3 Spent Fuel Shipments T P ¢

Storage options 1nvoTv1ng (1) increased AFR’ storage at ISFSIs or (2)’ storage of spent fuel from
one or more reactors at other, newer ‘reactors with unused avaiiable storage capacity (transship-
“ment between reactors) require additional transportation steps. (Increa51ng "AR compact storage
capacity does not in itself involve any additional transportation of spent fueT ) The security-
related impacts of increased transportation of aged spent fuel are examined below.

5.2.3.1 Shipwent Description

Massive, durable containers (casks) weighing 25 to 100 tons are used for the transport of spent
fuel assembiies {by road, rail, or sea). A1l casks must meet Department of Transportation (DOT)
requirements set forth in 49 CFR Part 173 and’ NucTear ReguTatory CommiSSion (NRC)} requirements
for f15511e materiai packages and Targe quantity packages set forth’ in 16 CFR Part 71.

A typicai cask 1s cyTindricaT and about 20 feet Tong. “The arrangement of the basic components
constituting the cask can be viewed as a series of hoTTow coaxial cylinders, each of progres~
sively larger diameter. A steel innermost cylinder contains the spent fuel. A coolant such as
heTium, air, or water is in contact with the spent fuel to aid in heat dissipation. The inner-
most cylinder i< “surrounded by a cyTinder of dense metai, such as lead, several inches thick.

: The ‘gense metaT cy11nder, in turn. ‘s encased in a second steel cylinder. A jacket several

“ 1ncnes thick containing hydrogenous material such as water, surrounds the second steel cylin-
“der;” The jacket is encased in an outer steel cyiinder. The end manbers one of which is re-
‘movabTe, are made of steel’ several “inches thick. The end members are often equipped with sacri-
ficial impact Timiters to absorb forces invoTved in impact accidents.

¥

Iy . B -

5.2.3.2 ' Response of Shipments to Sabotage '~ - - .

Although it appears that no sahotage threat to spent fuel shipments exists (Sec. 5.2), the re-
.sponse of the cask and its spent fuel contents to sabotage has been“studied for a wide range of

sabotage scenarios. The NRC beTieves that pubTication of speci?ic details pertaining to the

sabotage of certain nuciear act1v1ties woqu be contrary to _the pubiic interest According\y,
,much of the 1nformation concerning the techniques for’ sabotage of spent fuel casks is classified

. as security information and is unthhe]d from public. disclosure. ...

N - - o g - ~ i -ty
R o " .t - A . 1

For the purpose of this uncTaSSified discussion. sabotage scenarios are grouped into three
categories: (1) sabotage through mechanicaT means or deliberate "accident-1ike" means,
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(i1) sabotage through the use of projectiles, and (iii) sabotage through the use of explosives.
Successful sabotage would involve breaching the cask in a way that would discharge a portion of
the radioactive contents into the environment. '

Deliberate acts directed at mechanical breaching of the cask most probably would not be success-
ful owing to cask design and the great difficulties associated with mechanical disassembly:

Drop tests conducted by Sandia Laboratories using spent fuel shipping casks showed
that there would be no releases at impact velocities up to 250 mph onto hard soil
(equivaient to a free fall drop of 2000 ft). 6

The consequences of dropping a cask into deep water have been con51dered 7 It is ex-
pected that no radicactive material would be released if a cask were dropped into water
of the depths encountered along the route.

Removing the cask cover would be both difficult and dangerous.. The cover is heavy and
in practice is removed with the aid of a crane. The removal operation is performed
with the entire cask submerged underwater to provmde shielding from radiation. In
absence of shielding. the radiation emanating fron the open end of the cask would be
lethal to anyone in the 1mmediate vicinity.

It {s very unlikely that breaching of the cask cavity would be attempted using power
tools, burning bars or similar types of equipment. If sections of both the gamma and
neutron shielding were removed, the radiation field at working distances would prob-
ably be lethal.

i

Deliberaté use of firearms directed at breaching of the cask-to’release significant radiation
probab]y would not be successful due to cask design. Most sma]l firearms wouid cause no func-
- tional” damage to the cask. High-power rifie and machine gun projectiles might penetrate the
outer jacket and release a portion or all of the neutron shield water. The external radiation
levels under this condition would still be within the regulatory limits for post-accident con-
ditions.

- o e

The use of a light antitank weapon against a cask has been considered. The most effeotive of
the 1ight antitank weapons is a rocket-prope]]ed projecti1e that emp1oys a shaped warhead
capable of penetrating several inches of armor. The precise effect of an attack on a cask with
an antitank weapon . -1s not known. It is known, however, that the quantity of explosives used in
an antitank warhead is less than that which could be used in an exp]osive ‘attack. Accordingiy,
it can be safely stated that the worst-case consequences arising from the use of an antitank
weapon would be less than those resulting frun an expiosxve attack using a heavy. shaped charge.
The consequences of successful explosive attack are dlscussed in Section 5.2.3.3.
Sabotage through the use of high exp]osives could Tikely’ produce cask penetration. However, the
effort required wou]d be exten51ve. Various sabotage scenarios involving the use of high explo-

" sives were considered in a recent NRC-supported st.:dy.8 The study has been issued in draft form
and is current]y under review by the HRC staff. The’ study concludes that the only realistic way
to attack a spent fuel shipment in order to cause dispersa1 is with high expiosives. The amounts
of explosives considered range upward fnto several hundred pounds and even tons. The explosives
configurations discussed include airblast, breaching charges. shaped charges, and platter charges.
The details of the response of a “cask and its contents to explosive sabotage are not well
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understood at this time and are under study as exp]ained in the next section. There is, how-
ever, genera] agreenent among “the study authors and the HRC staff reviewers concerning the
foliowing points: ~ -

-

) To breach a cask would require the skillful use of explosives as well as knowledge of
-cask design parameters. P - C e e e

‘ Large charges, in the range of many tens "to many hundreds of pounds of explosives,
would be needed. - e . § ! -

" In the more credible scenarios}mthe siboteur wou]d(need to'gain and retain control of
the transport vehicle in order to place the charge.

: The charges would have to be placed with considerable skill to achieve a release of
the nadioactive contents, particularly if smaller charges are used.

e 4 P ~

5.2.3.3 Radiological Cnnsequences of Snccessful Sabotage

-~ .4, . -

Although it is unlikely that 2 sabotage threat exists. and aithough it would require extensive
effort to sabotage the cask soas ‘to cause dispersal of radioactive materials, the consequences‘

+ of such a scenariv have been calculated. The“calculation begins with the assumption that sabo-
-tage s attempted and is successful.~ The consequences then depend upon a.number of factors,
including the population density, the fraction of fission products released, ‘the fraction of
release that is in respirable form, and the meteorological. conditions. Of the -radioactive
mater1a1 reieased it is the aerosolized, respirab]e naterial capab1e of being deposited in the
1ung that would 11ke1y dominate the health consequences. ‘The data available to aid in esti-
mating the release ‘fraction and.the respirable fraction are sparse. Accordingly, there are
large uncertainties in the estimates of these quantities.- Because of these uncertainties, it is

_ @ common practice to assign conservative values (i.e., va]ues that Jlead to a high level of con-
'sequences) to the quantity of materia1 that is postu]ated to be released in aerosolized and
respirab]e form. ‘The consequences “of release frun a truck cask containing one spent fuel ele-
ment have been calculated for a release of 1% of the solids, 1% of the volatiles, and 100% of
the gases (all released material assumed to 'be 100% respirable) for various population densi-
ties. The quantities of material postulated to be released and the assurption that all released
material would be 100% respirable are believed to be conservative. The results of the calcu-
lation are as follows:

- n
a *

) Population
o «  Density - - - Tt . - : o .
.~ (persons per. . . ... Early . . _Latent Cancer
square mile) o ‘' Fatalities ' " _Fatalities
250 0 o 9 '
2,000 | ... N 72 -
10,000 T ' 1 362

~ N - . - . -
fa PR . + [

The fatality figures above are derived from the results of a computer-aided ca‘lcu’lationg’10 in

which the fo]]owxng data were used P Cn g . '
. Population density: -2,000 peop1e per square mi]e " . o
- Number of fuel assemblies: -3 - + . - = S PR
* Release fraction: As specified in the preceding paragraph. ; - -

: Time for exposure to contaminated ground: 24 hours P

- - v
H N .
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The conputer-a1ded calculation predicted 0.4 early fatality and 217 latent cancer fatalitijes.
The figures shown above were derived from these values by assuming that fatalities would be
directly proportional to population density and to the number of fuel assemblies subjected to
sabotage.

As was noted in the previous section, the NRC staff has in progress a program designed to pro-

vide confirmatory data on the response of spent fuel and spent fuel casks to explosive attack.

These data would be used in future consequence caiculations to replace values that are now as-

signed on a conservative basis. This program, however, {s not expected to yield useful results
before 1980.

5.2.3.4 Protection of Licensed Spent Fuel Shipments

The Commissfon has issued 1nter1m regulations (in 10 CFR Part 73) to strengthen the protection
of licensed spent fuel shipments, pending the outcome of the confimatory research program. The
protection requirements include: i

* NRC to be notified in advance of spent fuel shipﬁen;si,

3

Route planning (to,be approved by the NRC) to avoid where practicable heavily popu-
Tated areas and the use of additional protection measures, such as armed escorts, in
instances where heavily populated areas cannot be avoided; -

Liaison with police forces along the routes;
Equipping of transports with radio-telephones, CB radios, and 1nmobi1ization features;

Use of at least two escorts or drivers specifically-trained in physical protection and
radiological emergencies;

Nonstop shipments vhere possible and special precaut1ons {f stops are necessary; and

The development of response procedures for coping with safeguards emergencies.

These measures are designed,to provide additional assurance that response forces can be summoned
in a timely manner if needed and to lower further the level of risk.

5.3 SUMMARY OF FINDINGS

Based upon the foregoing analysis, the increased storage of aged spent fuel in AR or AFR storage
pools has Tittle relative safeguards significance. This conclusion is a result of the staff's
consideration of the following factors: =~ ~ - T

The absence of any information confirming an identifiable threat.

The intrinsic features of plant designs that provide protection against potential re-
leases. - a . ' L. .

The protection requirements of the regulations which‘proviﬁe deterrence and a capa-
bility for summoning response forces in a timely manner.-

° The potential consequences of certain sabotage events involving aged spent fuel.
Regarding shipments of aged spent fuel, after consideration of: roeo-

* The difficulty of breaching a spent fuel cask and fragmenting the spent fuel,

. The magnitude of the estimated consequences of successful sabotage, -
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The applicable protection measures, and

The absence of an identifiable threat to such activities,

the staff has concluded that the shipments do not constitute a serious risk.
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6.0 ECONOMIC ANALYSIS OF ALTERNATIVES

The costs associated with implementation of Alternatives 1-4 (defined in Chapter 3.0) are iden-
tified and estimated herein. Alternatives 1-3 involve the deveiopment’of necessary AFR spent
fuel storage without or with interim transshipment between AR storage boois. Alternative 4
assumes termination of spent fuel production (beyond the capacity of - AR storage) with the con-
sequent replacement of nuclear power plants by coal fired generation. Cost estimates are
generally stated in 1979 dollars. '

X

6.1 STORAGE TECHNOLOGIES

6.1.1 Compact Storage .

The costs of examples detailed in Appendix D, “Increasing Fuel Storage Capacity," are estimated
in this section. These examples include two operating plants, one PWR and one BWR, and two
plants under construction, one PWR and one BWR. The four examples jare summarized in Table 6.1.
An estimate of the time necessary to implement this alternative is given ‘in‘Figure 6.1. The
current early pool modifications appear to be taking Tonger than indicated in Figure 6.1, but
the times shown are believed to represent an average over a period of several years

3 -

Modifications made to operating plants can be more expensive once fue1 is stored in the spent
fuel pool. If fuel is stored in the pool, all fuei rack instailation work must be performed
under water and all equipment removed from the pool must be assumed to be contaminated. This
contamination and the necessary decontamination proce&ures substantially increase the cost of
removing old racks and installing new ones_inmtne pool. Whenever possible, ‘it is advantageous
to make all modifications to the fuel pool without any spent fuel stored in:it.

Where applicable, costs for the following have been included in the cost estimates for each
example:

- . ¢
PO - -~

- Fuel rack design and analysis -

- Fuel rack fabrication . ey -

- Fuel rack installation - " '

- Fuel pool structural analysis and modification ; X

- Fuel pool cooling and filter-demineralizer analysis and modification
- Building ventilation system ana]ysis and modification

- Fuel handling system modifications : - ; .

- Replacement of equipment: storage 1ocations diSplaced by fuel racks

- Removal, decontamination, and disposai “of oid spent fuel racks

- Increased in-service inspection ‘or maintenance costs for new racks.

4
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Table 6.1. Sunnwr& of Examples Used for Cost

Estimates?

Storage Spaces

Modification Cost, 1979 Dollarsb

Case _Plant Type Plant Size - Original Mo&?ggg;tion Z?gng?d;;ace £1gﬁg% §$Gtégg1;dc Total Costs
A PWR operating Two 1040-MWe units - 340, .. . 868 3,600 8,000 1,900,000
B BWR operating 545 Mie ' 0 2,237 3,700 " 18,000 5,500,000
C  PHR operating® 852 Mile 212 833 3,900 8,700 2,200,000
D BWR under ;onstruction 1103 Mue ' ],020‘ 2,658 700 3,400 1,100,000

35ee Appendix D for more complete descriptions of the plants and modifications.
bHhen necessary, costs were escalated by 7.5% per year to 1979 dollars.

Cpased on the conversion factors for equating fuel elements to MTU in new fuel as employed
BWR: (No. of fuel assemblies} X %0.20 = MTU :
PHR: (No. of fuel assemblies) x (0.45) = MTU.

dCompaction occurred before any spent fuel was placed in the pool.

ia

in this statement.
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6.1.1.1 Case A--Operating PWR

The plant described in Case A is an operating PWR which has spent fuel stored in its fuel pool.
The new rack installed in this plant provides storage space for B68 fuel assemblies.

Due to the basic similarities in design of the old and new racks for Case A, there was no need
for modification‘Sf the fuel handling systems, and there has been no increase in in-service
inspection or maintenance costs. The racks occupy only positions previously used for fuel
racks and spare positions intended for fuel racks. No equipment storage racks were displaced
by the new racks.

The modifications to this plant resulted in a 155% increase in storage capacity (868 spaces
total) at a cost of -about $1.9 million (escalated to 1979 dollars).

6.1.1.2 Case B--Operating BWR

This plant is an operating BWR with spent fuel stored in the fuel pool. The NRC has approved
an increase in spent fuel storage capacity for this reactor to 2237 BWR assemblies. The
increase in storage capacity is being accomplished through the use of storage racks containing
Boral, a neutron-absorbing material. Each storage rack s capable of storing 169 assemblies in
a 13 x 13 array. There are presently four of these racks installed. A total of 13 racks are
planned. In addition to the storage space provided by these racks, there {s room for the
storage of 40 more assemblies, resulting in the total of 2237 spaces. When completed, the
modifications to this storage pool will result in a 202% increase in storage capacity at an
estimated cost of $5.5 million, (escalated to 1979 dollars).

6.1.1.3 Case C--Operating PWR

1o

Storage space at this reactor was compacted soon after operation began but before any spent
fuel had been discharged. Thus no decontamination procedures were needed before modification
of the storage pool. The new racks are constructed of;étainless steel and provide storage for
833 assemblies. This modification resulted in a 206% increase over the storage caﬁacify as
originally designed. The total cost was about $2.2 million (escalated to 1979 dollars).

6.1.1.4 Case D--BWR Under Construction

Case D is a BWR plant that is currently under construction. For'ihis §1ant it is p&ssib]e to
have the new spent fuel racks fnstalled before the plant commences operation. Since tbis is
being done during construction there is some flexibility in arrangement of the fuel racks and
modification to the fuel pool structure, - —em e e m e e e
Spent fuel storage is being increased to 2658 spaces using high-density storage racks contain-
ing boron carbide plates. This compaction will allow a 160% increase in storage capacity from
that originally planned. The estimated cost is $1.1 million (1979 dollars).

6.1.1.5 Storage at Existing Reprocessing Plants

Spent fuel storage capacity at fuel reprocessing plants can be increased by similar means
to those available for spent fuel pools at existing power plants.

6-4



The capital and operating costs that are attributable to spent fuel storage are not readily sep-
arable from the costs of other plant functions. However, it is reasonable to assume that the
costs will be comparable to those of independent storage facilities. The cost for storage in an
independent facility is described in Section 6.1.3.

6.1.2 Expansion of Spent Fuel Storage Pool Volume

Conditions under which expansion of the volune of a spent fuel storage poo1. principally at re-
processing plants, might be a reasonable alternat1ve are discussed in Section 3.1.3. In sum-
mary, the most important condition is the provision in the original pools for future pool areas
to be operationa11y connected to the orug1na1 pool complex.

P R - - B e ST R

These new storage pool areas can be considered-as new insta11at10ns with some of the support
services provided Therefore, the capital and operating costs of these poo1s can be expected to
be approximately the same as those 1ndicated for the 1ndependent facilitles discussed in Section

6.1.3. -

- e [P P e Ty SR . -t e

6.1.3 Storage at Independent Fac111t1es .

The cost of storage of spent fuel at independent storage facilities is dependent on plant invest-
rment and annual operating costs, which were estimated from conceptual design studies. These
costs are dependent on pool storage capacity. specific design features, and staffing requirements
to operate and maintain the facility. In addition, the annual cost of storage is dependent on
assumed business parameters,.which include .the form of financing, amortization period, average
pool utilization factcr, duration of storage between input and output, handling costs, and profit
goals. .° "7

. 2 P
Several published estimatesl'a contain projections of such costs. Estimates of investment re-
quired range from $20-$30 milldon for 1,000 MTU capacity and from $30-40 million for 2,000 MTU
capacity. Approximately 60 to 90 operating personnel probably would be r?quired.« Annual oper-
ating costs for a 1,000-MTU facility will be about $1.3 million. Imp]ementation time is esti-
mated in Figure 6.2.

An alternative concept has been developed by Stone & Webster Engineering Corporation (SWECO)--
that of a 500-1500 MTU capacity facility to be located at an existing power reactor site but
functionally independently of the reactor complex. Transportation of spent fuel would be mini-
mized by this approach, as would be site qualification difficulties. Some reduction of operating
cost might also be expected since the work force could be integrated into that required for re-
actor operation..- A recent -rough estimate ‘of.construction cost is-$24 4.million {1979 dollars)
for a 1400 MTU facility,? about $17,000 per HTU.

A subsequent study has been performed by the Tennessee Valley Authority (TVA) regarding relative
costs of a centralized ISFSI at a separate site versus smaller, at-reactor-site ISFSI. Compara-
tive costs based on the mid-point of constructlon and discounted to 1979 dolIars were $73 million
for a 2400 MTHM centra]ized ISFSI versus a total ‘of $111 mil1{on for three separate ISFSI

(700 MTHM each). Inclusion of operation and maintenance and transportation costs in discounted
to 1979 dollars (through year 2000) resulted in total costs of $111 million for the centralized
1SFSI versus $138 million for the three corresponding at-reactor-site ISFSI. The above TVA
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costs were indicated to be for comparative analysis oniy and were not intended to represent
actual costs.’ - )

v

Another alternative is the storage of spent fuel by the federal government According to a pro-
posed national policy, the Department of Energy (DOE) would accept spent fuel from commerciai
reactors for interim storage and later "ultimate disposition® on the basis of a one-time fee.

. DOE estimates of the capital cost of the necded AFR storage range from about $22,000 per MTU for

-

expansion of storage at existing (unused) reprocessing plants to about $60,000 per MTU for a
completely new facility (1978 donars).6 Each estimate applied to an AFR wet-storage facility
of about 5000 MT total storage capacity, which would function as a “centralized" -facility, re-
ceiving spent fuel from a number of distant power reactors. Using DOE's vaiues for providing
such storage total increment in cost of power reactor operation due to the need for AFR spent

fuel storage and ultimate disposition can be derived and reflects-separately, capital, opera-

tion, financing and decommissioning costs for interim AFR storage and also these costs -for ulti-
mate disposition in geologic repositories.- The DOE preliminary estimates are $117,000 per MTU
for ultimate disposition (in future facilities, not expected to be available until:the late
1990s) and $232,000 per MTU for interim AFR storage followed by ultimate disposition.s’7 They

_ correspond to about $3.5 million per year of operation of a 1000-MWe power reactor. for, disposi-

. tion alone, and a similar_amount for AFR storage (1975 dollars), or about one-mill/kih of elec-

¢

trical output for AFR storage and eventual.disposition. - -

- [T T

6.1.4 Dry Storage Facilities et S, -
6.1.4.1" Canadian Dry Storage

» -

Severai methods “of dry’ storage for fuel from Canadian (CANDU) reactors have been evaluated
Aithough fuei used in Canadian reactors is different than fuei used in the iight water reactors
1n the United States, the _same type of dry storage systems shouid be appiicable to both types of
fuel Aithough the dry storage concept appears feasibie for U. S. spent fuel, it has attracted
little consideration in this country. The Canadian study suggests that overall costs would be

) comparabiewto the water basin approach usually favored in the United States.

" 6.1, 4‘é er Caisson Stora

.- I . PO
V. - PN - v - .-
¢ Ze ooy D TR

O 2
Preliminary cost estimates for the dry caisson storage concept are not pubixcly avaiiab]e at
this time. However, cost savings, relative to construction of additiona]'storage pool capacity,

may be attainable.

P . NERR T
: < . . -

6.1.4.3 lgpiementation Time

The time needed to bui]d 1ndependent spent fuei storage faciiities, wet or dry, can be divided
into four' partia]iy overiapping steps. design, iicensing, construction. and testing. Design
initiation can precede the time required for licensing review and issuance but will overlap it.
The actual time for a licensing review will be of the order of two years. Construction and pre-
operational testing will also overlap and require in the order of two to three years. The total
implementation time may range from 4 to b years.

One standardized design has been submitted to NRC for a pool type independent spent fuel storage
facility which would be located on the site of a parent facility, such as a nuclear power plant.
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Although capable of independent operation, this facility would use the parent facility for waste
treatment and for the supply of electricity and water. Such a facility could have an implemen-
tation time of the order of 4 to 5 years,

6.2 COST OF REPLACEMENT POWER

Under Alternative 4 as defined in Section 3.0, some power reactors would be forced to teminate
operatfon because of inability to discharge spent fuel from the core. Such shutdowns would
begin in 1980 and increase fn number during following years (see Table 3.2). Two types of costs
would ensue from the removal from service of a specific nuclear generating plant. As an immedi-
ate consequence,: power equivalent to that formerly provided by the subject plant would have to
be generated by other existing generating plants to ensure’availability and reliability, typi-
cally at substantially increased fuel costs. In the longer term, equivalent new generating capa-
city would have to be provided at substantial capital cost. An exception to the preceding
condition might occur if there were to be no further increase in consumption of electrical ener-
gy, at least for those regions where present’generation reserves are relatively ample, However.
the possibility of no increase in consumption of electrical energy is unlikely.

H

garly 1979 steam-electric plant' fossil fuel costs 1in milis/kWh were about 12 for ¢oal’and 23 for
oil.* The staff estimates nuclear fuel cost under recent contracts at about 9.3 mil11s/kih.**
Since a 1000-Mde power plant (at the typical capacity factor of ~ 0.6) generates 5.26 v> 109 kwh
per year, the estimated 2.7 mil1s/kWH cost difference between coal and nuclear fuel would imply
an annual fuel cost increase of.about $14 million if 1000 MWe of nuclear capacity were forced to
shut down under Alternative 4, and equivalent electrical energy could be supp]1ed by existing
coal-fired plants. The annual cost increment would be about $72 mil]ion if oil-fired steam-
electric plants provided the makeup electrica] ‘energy, and $715 million if it were necessary to
use oil fired combustion turbines. These 1ncrenenta1 costs may be compared with the interim AFR
storage cost increment of - about 53 5 ni]lion for one year's operation of a 1000-MWe nuclear
plant based on the DOE one-time charge estimate. , '_ )

In the longer tem (dnder‘Alternative‘4):ﬁconstruction of rep{acenent coal-fired plants would
almost certainly be necessary. Based on an extensive projection of future nuclear and coal-
fired generating plant costs, Table 6.2 gives estimated replacement’ costs.

¥

*Based on extrapolation of "Cost of Fossil Fuels Delivered to Steam Electric Ut11ity Plants,"
as reported in Reference 9.

**Based on nuclear fuel cyc]e cost projections from Reference 10, Table 1 (No Recyc]e Case) ’
with “spent fuel disposal" component adJusted to DOE ”onetime charge estimate.
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. Table 6.2. Estimated Annual Bgse]oad
Generating Plant Costs
{in millions of 1979 dollars,
for 1000-MWe plant with 1990
first year of operation)

" Cost Component : “Nuclear - Coal
Fixed cost? 121.3 97.9
- Operation & maint. © 7983 19.2
Fuel C 454" " 81.5
) Total § o176 199

LR

3pased on Table 1 of J. O..Roberts et al., “"Coal
and Nuclear: A Comparison of the Cost of Gener-
ating Baseload Electricity by Region,” U.S.
Nuclear Regulatory Commission, NUREG-0480,
_ December 1978, averaged over ten regional esti-
“ga%:s and de-escalated (at 5% annually) to 1979
ollars. : : - . ;

bInterest. depreciation, insurance, and taxes on -
capital investment.
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7.0 EVALUATION

7.1 UNAVOIDABLE ADVERSE ENVIRONMENTAL EFFECTS

This document has identified four possible courses of action for dealing with the shortfal]
of spent fuel storage capacity through the year 2000. One, the termination case (Alterna-
tive 4), does not solve the prob]em but .rather pemits LNR-generated eiectricity to be
replaced by coal- produced eiectricity The others include the reference case (A]ternative 1)
and two variations of it (Alternatives 2 and 3) which involve transshipment of spent fuel
from one reactor site to storage at another reactor site.  These aiternatives solve the
prob]em by providing for additionai spent fuel storage through compact storage at reactor
storage poo]s and away—from-reactor (AFR) storage capacity Each of these courses of action
results in some unavoidable adverse envirommental impact, although qua]itativeiy and quanti-
tatively the impacts are quite different.

7.1.1° Abiotic Effects ) S -

J.1.10 Land’

“The effect of taking no positive action to forestali the shortage of spent fue1 storage ‘
capacity will lead to de facto derating of present nuclear reactor facilities and reduced
electrical output. This process of itself neither increases nor decreases land use. For
repiacement of nuclear capacity, coal is the most 1ikely choice, and for each new coal piant
new ,space must be. provided near the transnission network, poss1biy at the site of the nuclear
station being repiaced. Table 4.1 shows the approximate 1and areas required “for nuciear and
coal fired piants. Bs many as 112 1, OOO-MNe coa1 fired p]ants may be needed through - year
2000, requiring new land for the plant, transport faci]ities for fuel and storage area for
fuel and waste One such piant may require about” 300 acres, which may be “addéd ‘to the area
already disturbed by the nuclear, site. New transmission corridors night be “avoided by X
proper siting of replacenent plants. Finai]y. nining of the 220 to 250 'mi111on-tons ‘of coal
required annually will cause significant land disturbance,Athough not usua]ly in the “power
plant region.

.« v e P

-
e

‘Creation of independent spent fiel storage facilities, ‘expansion of onsite holding pools,
: and dry’ storage involve ‘some new use of land. The first two involve construction and dedi-
cation of ‘small amounts of 1and for an-indefinite time perfod., Dry storage might .require’
larger amounts of space, depending on: :theé means of implementation.' - Areas used for these two
purposes wouid probabiy be chosen. in part, for lack of other usefulness.

Soasp o onafee & a PN

7. 1 1 2 Hater

In the tennination case. reduced generation wouid cause ‘a decrease in the usé of - cooling and
process water at nuclear power stations. Some water is required for residual heat removal
in cold shutdown, but makeup water requirements and thermal discharges would be a small
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fraction of those requirements during pdwer operation. Replacement of some or all of this
power is to be expected. Organized replacement of the electrical capacity using coal fired
plants would produce water demands similar to those currently encountered as thermal dis-
charge requirements are less for coal plants of a given megawatt rating, but other uses of
water in waste treatment and fue] preparation may balance relative consumption. Land
disturbance may result in some loss of water quality due to runoff.

Other alternatives do not entail significant new 1ncrementa1 impacts on water use over those
for normal power operations

v

7.1.1.3 Air -

Any strategy which‘inuo1ves construction will result in reiease of air pollutants such as
dust and vehicle emissions.

Mining, transport and burning of coal produce airborne particuiates and contaminants, and
release of these contaminants would increase if’ fossil fue]s were used more extensiveiy to
replace nuc1ear,p1ants. Hea]th effects from these eff1uents are shown in Chapter 4.0.°

7.1.1.4 Noise

Any construction activity associated with implementation of an alternative will probably add
to noise levels in local regions. This aspect is difficult to assess without the more
specific details which become available when implementation fs actually in planning stages.
However, traffic to and from coal stations would add considerably to noise levels; at least
one large trainload of fuel would be required daily at the coal fired plant.

7.1.1.5 Esthetics PR -

The aiternatives considered genera]ly do not change the’ present state of esthetic quaiity.
or lack of quality, in regions affected by power plants and spent fuel” storage shortage.
Independent storage facilities and dry storage will result 1n new surface structures which
may occasion disp]easure to viewers, but this depends to a great extent on choice of Joca-
tion. New fossil fired stations serving demand vacated by shut down nuclear plants would
provide major additional visuai intrusions- these would include ta11 stacks, coal storage
piles and coal handiing equipment and structures as well as heavy rail and truck traffic.

7.1.2 Biotic Effects

Compact storage at reactors should- have 1ittle incremental. impact on biota. while activities
‘requiring new structures and concomitant construction activity inevitab]y disturb flora ‘and
fauna at a site. -Large impacts to aquatic habitats, either through construction‘or‘use of
- water, are not:expected from either course of action..

s T

Coal extraction to supply coa] fired piant repiacements for nuclear plants wouid sure]y
disturb large habitats.

i.
Total excess mortality associated with the operation of a 1,000-Me nuclear power plant for
one year is estimated to be about 0.59 to 1.7, This inc]udes the foliowing components’ of
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the fuel cycle: resource recovery, processing,-power generation, fuel storage, transporta-
_» tion, reprocessing and waste management (see Sec. 4.2.1). _Similarly, .the operation of a
._coal-fired plant of the same capacity is estimated to cause-an excess mortality of.about 15
. t0.120 due to resource recovery, processing, power generation, fuel storage, transportation
and waste management (see Sec. 4.2.5).

7.1.3 Radiological Effects

Upper bounds for annual incremental population and occupational exposures associated with
spent fuel storage are presented in Table 4.3 of this statement. As discussed in Section
4 2. 1. there are no major differences in the doses associated with any of -the storage tech-
niques consudered U.S. population dose associated with spent fuel storage modes would be
for thetcriticai‘organ, skin, .350 person-rem/yr in year.2000. This is less than 0.002%
of the annual U.S.-population dose from natural background sources of about 26 x 106 person-
rem per year. . . .
Radioactive~particu1ates may be expected to be emitted to the atmosphere from coal-fired
plants. In some cases, the total quantity of radioactive substances released in the stack
effluent of a coal-fired boiler may exceed that nonna]iy released by a nuclear reactor (see
Sec. 4.1.2. 2)

7.2 RELATIONSHIP BETWEEN LOCAL SHORT-TERM USES OF MAN'S ENVIROMHENT AND'LdﬂG:TERM
PRODUCTIVITY

7.2.1 Scope . - " - oS L Ts T

The National Environmental Po]icy Act (NEPA) requires spec1f1c consideration of the extent
to which the exercise of proposed aiternatives involves trade- offs between short-term
envxronmentai gains at the expense of iong-tenn 1osses of productivity, or vice versa, and
of the extent to which they foreclose future options. ,"Short-tenn is typically taken to
mean approximateiy the period of construction and operation For the'purposes'of~this':
“document, it will be defined as one to two decades. ’ ’

fl

Resources which might be otherwise cawnitted to long-term productivity are immobiiized as
long as spent fuel storage continues._ It shouid be recaiied ‘that most thermal power genera-
tion methods provide large long-temm economic benefits, whiie they also entail some inescap-
able drain on long-term productivity. The staff concludes that the negative aspects of
continued nuc]ear power generation are outweighed by positive long-term effects

- IS * = + faT s
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7.2.2 Enhancement of Short-Term Productivity

“The alternatives which allow for continuedﬁbeneration of e]ectricity‘on'demand,by nuclear
power plants clearly enhance short-tem productivity. Conversely, diminution_of electrical
supply and resuiting economic insecurity in a region are .destructive to short—tenn produc~
tivity. Use of either coal or nuclear eiectric generating units assures a stabie supply of
electricity.
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The long-term environment will be strongly influenced by generation of electrical power,
which creates considerable waste heat and byproducts, and depletes non-renewable resources.
Alternatives which allow nuclear power generation continue, though probably do not increase,
the level of long-temm environmental degradation currently accepted by society for short-
term enhancement of productivity. Replacement of nuclear power with coal-fired units will
be more inimical to the long-tem environmental qua]ity.]

7.2.3 Uses Adverse to Long-Term Productivity

1t has been concluded in most cases that short-tem environmental effects of nuclear power
plants are acceptabie given their contribution to the immediate and long-term productivity
of a region. Maintenance of a technical framework in which productivity is assured in the
future is important, and nuclear power plants represent an option critical to national
productivity over the long-term. The same might be said for fossil-fueled generating cap-
ability which, according to alternatives outlined, would probably replace shut down nuclear
facilities given Timiting shortages of storage space. In a sense, the only real options are
to continue generating electricity from plant sites by one means or the other,

7.2.4 Effect of Alternatives on Future Options

Both courses of action result in the use of resources. The level of commitment implied
through the year 2000 should not result in loss of future options except to the extent that
resources are used.

7.3 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESQURCES

7.3.1 Introduction”

Irreversible conmitments genera]ly concern changes set in motion by the proposed action,
which at some later time could not be altered so as to restore the present environmental
conditions. Irretrievable conmitnents are generally the use or consumption of resources
that are neither renewable nor recoverab]e for subsequent use.

Commitments inherent in environnentai impacts are identified in this section, whereas the
main discussions of the inpacts are in Chapter 4.0 and comnitments that involve local,

long-term effects on productivity are discussed in Section 7.2.

7.3.2 Commitments Considered

The types of resources of concern in this case can be identified as material resources,
including materials of construction, renewable resource materials consumed in operation, and
non-renewable resources consumed, and nonmaterial resources, including a range of beneficial
uses of the environment. .

Resources considered which may be irreversibly or irretrievaoiy comnitted ares

- Biological resources destroyed in the vicinity,
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- Construction materials that cannot be recovered and recycled with present tech-
nology, ’ ‘

.- -

- Haterials that are rendered radioactive but cannot be decontaminated,

- Haterials consuried or reduced to unrecoverable forms of waste,” ™~

- The atmosphere and water bodies used ‘for disposal of heat and certain waste
effluents, to the extent that other beneficial uses are’curtailed, and

-7 'Land areas rendered unfit for other uses.” Those of importance to this project are
discussed in the following sections, e

7.3.3 Biotic Resources . T L.

Construction involved with implementing alternatives will:result in marked effects on onsite
biota and disturbance of some of the biota adjacent to a site. Some lands occupied by
present or future structures utilized in connection with interim spent fuel storage will be
permanently altered. While complete restoration of this land might be-possible, “it is
believed that the considerable difficulties that would be-encountered make this possibility
unlikely. Therefore, the above uses can be essentially considered ‘as irreversible or irre-

2

trievable commitments. This is especially true for alternatives requiring that spent =~ °

nuclear fuel, or a derivative, be stored for many years. - - T
In most areas under ‘consideration, with the nominal'land requirements of most alternatives
jn mind, it is thought that the reproductive potential of most species 1s sufficiently high
that losses as 2 result of the implementation and operation of alternatives will not have a
long-term effect on population stability and structure of local ecosystems. The alterna~
tives requiring massive new uses of coal or other fossil fuels are a possible exception:
major construction, fuel and waste storage, fuel.transport, and possibly new transmission ~
corridors may introduce large new commitments of resources which are.irreversible. -

* - P e

7.3.4 Material Resources

- . PR - 3 PR

7.3.4.1 . Materials of Construction = o .. R i - .

Alternatives requiring new construction would result in use of materials almost-entirely of
the depletable category. Concrete and steel constitute the bulk of these materials, but
numerous other mineral resources are often incorporated. It is not certain whether these
materials-will be recycled when their use terminates. Replacement of existing nuclear
capacity would obligate a quantity of depletable materiais that are basic, in nature (e.g.,
concrete and steel) and which are already committed to use for power plants. = -

There will be a long period of ;time before teminal disposition of.construction materials
must be decided. At that time, quantities of materials .in the.categories of precious
metals, strategic and critical materials, or resources having small natural reserves must be

BN . T laee - - e e A,
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considered individually, and'p1ans to recover and recycle as much of these valuable deplet-
able resources as {s practicable will depend on need.

7.3.4.2 Replaceable Cohboﬁentswand Consumable Materials

Continued generation of power, either by nuclear means or by means of fossil fuels, entails
irretrievable consumption of energy resources. Other reactor components consumed are fuel
cladding, reactor control elements, replaceable core components, process chemicals and minor
quantities of materials used. in maintenance and operation. Fossil-fueled plants require
analogous replacements since degradatfon occurs from high temperatures and other corrosive
conditions. Most spent fuel.storage alternatives do not differ greatly as to replaceable
components.

7.3.5 Land Resources

Host of the land required for nuclear power plants is or will be committed for the period
under consideration in this document. If fossil plants replace nuclear plants, reduced
generation by nuclear plants would result in_increased requirements for land. Alternatives
such as independent storage facilities or dry storage would have their own land requirements
equivalent to or Tess than that dedicated for a typical power station. The options presented
require 1ittle additional land use. _In general, land commitment is-potentially reversible
except for that occupied by the reactor building, an area which undergoes considerable

stress during operation and may require j{solation for many years after shutdown. Other

land, in any sort of power station, is probably retrievable. The amount of commitment is a
function of the level of decommissioning chosen. At the onset of any construction, use of
dedicated land areas for recreational or other public uses will cease for the life of a
facility.

7.4 BENEFIT-COST ANALYSIS OF ALTERNATIVE COURSES OF ACTION

7.4.1 Purpose and Hature of the Analysis -

The benefit-cost analysis is intended to provide an orderly and objective basis for deci- _
sions by the Cormission as to the need for further consideration of the matters treated in
this Statement and the possible need for new regulatory actions related to the storage of -
spent nuclear fuel. -

7.4.1.1 Revisions . -

This section has been substantially revised from that which appeared in the draft statement
(DGEIS) in order to recognize the substantial- changes in circumstances which have occurred since
the DGEIS was prepared.” The major changed circumstances are the following:

1. A Federal” spent fuel storage and disposal policy has been proposed and the
Department of Energy (DOE) has published related cost estimates. . -

2. The Commission has found it compatible with its responsibility for the public
health and safety to amend a number of power reactor operating licenses to permit

7-6



storage pool modifications which have substantially increased the storage-capaci-
ties. Such modifications have been proposed (or completed after Commission °
/approvai) ‘for most of the power réactors now operating or under construction

® i . [

P

'3, The relevant economic costs have ‘escalated markedly  from the reference year 1976
used in the DGEIS to the updated 1979 estimates appearing beiow and 1n Chapter 6.

. . : - cr-

Thé elements of the treatment here have been substantiaiiy‘revised in response(to the changed
circumstances but the point of view embodied in the analysis is unchangéd.' The major revisions
are the following:

- s a PRy

-
LU v,‘

***“"The’economic cost of spent fuei'storageﬁahd uitimatexdisposition'associated with
continued power “reactor operation is' now estimated entireiy on the basis of pubiished
DOE estimates * This is a "worst case® estimate, for reasons discussed in the text.

- Yy PO
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'The Reference Case and the Termination Case (Alternative 4) are compared. The
"Reference Case assunes compact storage at reactor pools with no transshipment”and
with maintenance of full core reserve (FCR) ‘as*did the'“reference case of the DGEIS,

* but Alternative 4 the Termination Case, differs from the “termination® K

case of the DGEIS in that AR storage capacity fs assumed 'to have been {ncredsed
by modification. This change affects the timing, rather than'the nature of
the cost.

- - )
: A st

The discussion of the possibi]ity that rep]acenent of "terminated" power reactors
would not be’ required has "been updated and modified. ' ’

7.4, 1. 2 Scope

L ~ - -

. .,There are no benefits to be considered in the ana]ysis of spent fuei storage other than "the
' . already realized one of electrical energy production from the nuciear power piants consid-

) ered. The aiternative courses of action, which wouid pennit continuation of nuclear gener-
o ated electricity or would replace it with coai fired power. wou]d have associated environmentai
o costs which are conpared here.

N . h 3o iat PRV I e T ol

~~~~~~

next decade were 11censed under post-NEPA regulations which require a benefit-cost anaiysis for
each. Each such anaiysis balanced the expected “electrical energy production “of ‘the proposed

.~ > .blant against all of the expected economic and environmenta1 costs associated with both the
construction and operation of the p]ant Since the benefit-cost anaiysis for each plant either
has or wiil have withstood the’ successive tests inherent in the Conmission s procedures. it
wouid be unproductive to recon51der the same benefits and costs coiiectiveiy for these plants.

e = . -

7. 4 1 3 Courses of Action

e ot ¢

The potentia] problem addressed by- this environmentai statement is simply_ described . The
operation of nuclear power plants to provide their desired product--electrical energy--
produces spent fuel. Interim storage for spent fuel has been provided for each nuclear plant
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but the original design storage capacity has been typically adequate for only a few years'
operation, since-it was originally expected that spent fuel assemblies would be shipped to a
reprocessing plant within six months to a year after removalzfrun the reactor. The decision

to defer reprocessing indefinitely resulted in an unanticipated accumulation of spent fuel in
reactor storage pools. ThlS threatened to fill each pool to capacity at plants either existing
or _under construction if no “action were taken. At that point, further refueling would be impos-
sible and nuclear power generation would necessarily cease. The problem has been mitigated
during the last, few years by modification of the storage pools at some power reactors, and it

is 1likely that nearly all storage pools will be modified.

A set of four alternative courses of action has been defined in Section 3.0, cach of which
assumes the estimated maximum reasonable increase in AR storage by pool nodification. The
limiting alternatives are Alternative 1, in which no transfer of spent fuel from one AR site
_to another occurs but sufficient AFR storage capacity is assumed available $0 that all power
reactors are able to continue operation. and Alternative 4, the Ternination Case, in which no
AFR capacity and, no, transshipnent are assumed. Under the Termination Case, operation of a few
power reactors is tenninated in, the early 1980s by inability to discharge spent fuel, the number
of terminated reactors increasing with time as more and more AR facilities are filled (see
Table 3.2). Under;Alternatives 2 and 3, transfer of spent fuel among AR facilities is permit-
‘ted, either within each utility system (Alternative 2) or generally {Alternative 3). Such
transshipment tends to defer the need for AFR facilities.

"Ultimate disposition" for spent fuel is assumed to become available in the year 2000, at the

end of the period considered in this statement. Earlier availability could reduce the need for
AFR storage, of course, since spent fuel could be shipped directly to a disposition site without
interim AFR storage.

For benefit-cost analysis. it suffices to consider the Reference Case of Alternative 1 and

‘~ Alternative 4 since these pose the naximum costs for continued operation of nuclear plants or
early ternination of operation, respectively. The increnental costs (economic and environmen-
. tal) associated with Reference Case are those associated with the additfonal’ ‘spent fuel” pro-
‘duced. They include the costs due to shipping of spent fuel, first to an AFR storage facility
and second to ultimate disposition, as well as the costs incurred by ‘construction and’ operation
of the AFR storage and of the ultimate disposition facility. The increnental costs associated
with Alternative 4 are those due to the construction and operation of replacement generation
capacity for the nuclear capacity assumed to be rendered inoperable under this alternative.

" The analysis herein assunes that replacenent of lost nuclear generating capacity (under Alter-
native 4) by equivalent baseload generating plants (coal-fired stean) would be necessary. That
assumption would be in error if a chronic surplus of such capacity were to develop in the
‘future, a cont\ngency which the staff believes to be very inprobable. Historically, U.S. con-
sumption of electrical energy has increased rather steadily for more than 60 years, although
absence of growth or small declines in annual use have occurred in years of sharp economic
recessfon (1930-33, 1937,:1974) and at the end of World War II.
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The rate of growth of electrical energy use seems-to have declined in recent years.--The five-

year increase in annual Kih used in the United States was 18.7% from 1973 to 1978, against 41.4%

from 1968 to 1973.2'3 1t is probable that the long-term-rate of growth will continue to decline

slowly in the future because of" increasing'real cost of electrical energy,-reduced economic "and

N popuiation growth and increased enphasis on conservation of all forms of ‘energy. " "However, a
significant national surplus of generating capacity for a -considerable” period could arise only
if electrical energy consumption declined substantially or unexpectedly failed to increase for
many years. (In the latter case, already-committed plants under construction might be completed
during the first five “no-growth"’ years, resulting-in some surplus capacity ) “The staff has
been unable to identify any reason to expect either train of circumstances.

i N 3 -

LA

‘Moreover, of the order of one GWe of very old generating capacitj may be expected to be retired
‘from service ‘each year,z’and about 40% of fossil-fueled generation in 1978 depended on oil
(22.2%) and natural gas (18.6%).3 It appears Tikely that both national policy and economic
considerations would tend to force any “surplus” of nuclear< and/or coal-fueled capacity 'to be
employed for reduction of oil and natural gas consumption by utilities.

‘7.4.1.4 General Approach to the Benefit-Cost Analysis of Alternatives

'The analysis to be presented 1n Section’'7. 4 2 is essentia]ly the comparison of the estinated
environmenta1 and economic costs for each of the course of action alternatives, guided by the

’ foiiowing principies. .

- 'Environnenta] and economic costs are generally conpared separateiy. Tnat is, no
attempt is made to monetize environmental costs in order to facilitate baiancing them
against econunic costs. This choice 1s made because of the inevitably subjective and
controversia‘l character of: attenpted monetization of envirommental ceosts.

- Course-of-action alternatives are compared on the basis of 2 singie "typical® means to
implementation~ for each'in Section 7.4.2. The validity of the choice of “typical®
implementation is’ then tested by a comparison of inp]ementation a1ternatives in Sec-
tion 7.4. 3.

- En@ironmenta] costsLére_generally estimated .on.the basis that actual construction and
operation of the physical facilities implied by implementation of each alternative
(e.q., replacement of coal-fipéd. plants under ‘continuation of present practice) would
be carried out in such a _manner as to minimize environnental costs. This assumption
is supported by the existence of substantial state and Federa] regu]atory efforts
addressed to control and reduction of environmenta]xjmpacts and -by the vigorous "watch-
dog" activities of.a number.of environmentally-concerned public organizations.

. 7.4.2 Cost Comparison of Alternatives . .. . .- e .

,-‘f-"’. - san T M PR - ’ (AR s 2y ,.~'1 z-‘ l T,\t
. :The objective.in this section is to-compare the . 1ncrenentai .economic costs -of the Reference Case
and Alternative 4 in an even-handed way. A reasonab]e approach is to con51der a nuclear plant
at the stage where AR spent.fuel storage has a11:been used. .-Under Alternative 4, operation of

the plant would be terminated. A1l of the costs associated with prior operation of the plant,



construction cost, cost of future decommissioning, cost of ultimate disposition of existing
spent fuel, etc., would have been incurred already. The incremental cost of operation for one
more year, say, under Reference Case would be the cost of the nuclear fuel consumed (including
cost of ultimate disposition), the "normal" operating and maintenance cost (less the correspond-
ing cost for a shutdown plant), and the cost of AFR storage for the additional spent fuel pro-
duced. The benefit resulting would be the generation of a substantial amount of electrical
energy, 5.3 billion kWh for z 1000-Mde plant at 0.6 capacit& factor.
Under Alternative 4,.the Termination Case, generation of the same amount of electrical energy
would require a replacement plant, assuned to be coal fired in order to have a definite basis
for estimates. Since the replacement plant would not otherwise be needed (during the year
considered), the incremental cost of 1ts operation would include a pro-rata fraction of construc-
tion cost (i.e., interest, depreciation, and taxes due to the construction investment). That
is, the incremental cost under Alternative 4 would be the “total cost of generation" for one
year of such a plant. . The resulting benefit would be the same as under the Reference Case.

oo .
The estimated incremental economic costs assocfated with the two alternatives are summarized in
Table 7.1. The costs for Alternative 4 are about three times greater than for Reference Case,
primarily because of the large incrementa] fixed cost (pro-rata construction cost) required for
the replacement plant. Because the replacement plant construction ‘cost dominates the comparison.
no reasonable change }n other cost-component estimates could change the sense, nor much weaken
the force, of the comparnison. At the same time, it is noteworthy that the estimated inc}emental
fuel cost alone under Alternative 4 is much larger than the estimated cost for AFR storage under
the Reference Case. v ’

Table 7.1. . Incremental Costs (millions of 1979 dollarg)e
for One-Year Operation of a 1000-MWé Generating Plant

Reference Case

Termination Case -

fluclear fuer? . 47 Fixed cost® 98
Operation & maint.® 19 Fuel 81
AFR storaged 3 Operation & maint. 19

Total . B9 . _ Total . 198

38ased on Table 6.2 except as noted. .-

bHuclear fuel cost estimate increased by H$2 million to reflect
DOE spent fuel disposal estimate.,

Increased to match coal-fired operation and maintenance estimate
in response to utility comments on draft statement.

DOE "one-time charge" estimate. - o
eInterest, depreciation, and taxes on construction cost.

Alternatives 2 and 3 (with FRC as in the Reference Case) would ﬁénnitﬁmény GW-years of continued
nuclear plant operation with transshipment cost (which is only a fraction of AFR cost) substi-
tuted for AFR cost, although some AFR cost would eventually occur. ‘These alternatives therefore
would be slightly less costly than Reference Case.“ It follows that Alternatives 1, 2, and 3
(with FCR) are each greatly preferable to Alternative "4 with respect to economic cost.
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7.4.3 Conclusions

7.4.3.1 Environmental Costs

- According to Chapter 4 and Section 7. 1, -the principal unavoidable.adverse environmental -impacts

associated w1th the Reference Case and Alternat1ve 4. the Terminaticn ‘Case, are land use for
both construct1on and m1n1ng. a comp]ex of (genera]]y modest) 1npacts associated with construc-

., tion of new facilities, and the overa11 impact on public health due to occupationa] acc1dents

and both public and occupational exposure “to poI]utants (inc]udlng rad1at1on) "As eva1uated in
Chapter 4, these environmental costs are summarized in Tab1e 7.2 0na unit bas1s. i.e. for one
year's operat1on of a 1000-!iHe power plant. R d

Table 7.2. Estimated Environmental Costs for One-Year Operation
of 1000-MWe Generating Plant

Magnitude
Reference Case Alternative 4
Type of Impact (nuclear with AFR) (coal-fired)

Disturbed land (acres):

New construction < 0.1 ~ 30

Mining ~ 60 290
General construction impacts?® ~0.5 230
Mortality a ~ 40

2In arbitrary units, assumed to be proportional to construction cost.

Based on Table 7.2, the envirommental costs associated with the Reference Case are substantially
Tess than those associated with Alternative 4, mainly because the Reference Case involves com-
paratively little construction and because of the relatively high mortality rate for the coal/
electricity cycle.

7.4.3.2 Economic Costs

As shown in Table 7.1 and discussed in.Section 7.4.2, the economic costs expected for the )
Reference. Case are much smaller than estimated for the Termination Case. The unit difference
in cost is estimated as about $130 million (1979 doliars) per year of operation of a 1000-Mde
generating plant, about 2.5 cents/kWh.

7.4.3.3 Overall Cost Comparison

Both environmental and economic cost comparisons clearly favor the Reference Case over the
Termination Case. Alternatives 2 and 3 (with FCR) are estimated to have somewhat lower economic
costs than the Reference Case and comparable environmental cost, so that each also appears
superior to the Termination Case.
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8.0 FINDINGS = - 77”7 : SRR

A

The' 1ack of sufficient spent fuel storage’ ‘capacity at nuclear power piants “has -been alle-

viated by ongoing and pianned modifications of ‘at-reactor spent fuel’ storage ‘pools. Modi-
fications of at-reactor spent fuel storage poo]s by redeSigning fuel racks and making more
efficient use of available pool fioor space can 1ncrease spent fue] storage capacxty. on

H

the average, by 2 factor of 3.0. ’ . - <ot

- I3 R
- T “r

o As of January 1979, KRC had received applications for modifications of spent fuel storage

) ip]ans at 65 power reactors. Forty appiications have been approved to date.

Licensing reviews of these applications have’ shown that ‘the modifications are technically

and economica]ly feasible and Justified Licensing of these actions is adequately covered
by existing reguiations and estabiished reguiatory practices. This statement supports the

i ) finding that increasing the capacities of individua1 spent fuel storage poois i{s environ-

+

_mentally acceptabie

PRI R s o7

Because there are many variations in storage pool designs and limitations caused by spent
fuel a]ready in some poo]s, the 1icensing reviews rust be done on a ‘case-by-case basis.

. Modifications {n the Technical Specifications ‘applicable to the reactor plant involved,

covering safety considerations both during the ‘construction phase of the proposed modifi-
cations and subsequent operations, are made where necessary.

. - o .o hPs

Table 3.1 contains upper bound reouirements for AFR storage with compact storage of spent

_ fuel at reactor poois. The reference case selected for this study is the upper bound

storage capacity con51dering conpact storage of fuel in reactor pools that has negligible
environmental impact and no transshipment to offsite reactor pools.' The AFR.storage re-
quirements assume that the FCR option will be selected by plant owners for operational

“ reasons.’ The timing and magnitude of the AFR spent fue1 storage requ1rements* are as

A e R

follows: - ' .o
-l’ Rl ] ERL . - - ~ A

Year T V11 I

o1 :\.‘1980 AR [ ;4740 = RO SO LN .. . -
e oo 1986 - sl Taprrogez s 51,9005 2 - mo R T
1990 6,300
1995 14,000
w2000 -t s e 214000 o e -

l"Assuming that "the nationa1 objective ‘of ‘an operational :geologic ‘repository for ‘high-level

nuclear wastes and possibie disposai of spent fuel 1is attained by or before year 2000, the

“amount of spent fuel requiring away-frun-reactor storage {s-not great.? No more than six

kS storage pooi installations "of SODO-MTHM size would be required by the year 2000. However,

.....

the effect of the announcement by the U S Departnent of Energy (DOE) of a proposed Spent

T 'v-*
Loy ITib.. . - R Eoor,

*These include the effect-of the recent reactor basin storage capacity expansion ‘applications

. “for the Oconee 1.% 2 basin, for the Big Rock Point basin, and for the Hatch 1 & 2 basins.
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Fuel Policy on October 18, 1977, has been to discourage private construction of AFR storage
capacity since the announcement of such policy. It takes several years to license and
construct new AFR capacity--about five years if new construction on a separate site is
involved, The time needed to provide the required AFR storage capacity has become short.
Consequently, unless some use is made of existing licensed AFR storage capacity in com-
bination with- intrautility transshipment, it is possible that individual reactor shutdowns
due to shortfalls in spent fuel storage capacity at reactor storage pools will occur,

4.

The storage of. LWR spent fuels in water pools has an in51gificant impact on the environe
ment, whether at AR or at AFR sites. Primarily this is because the physical form of the
material, sintered ceramic oxide fuel pellets hermetically sealed 1n Zircaloy cladding
tubes. Zircaloy is a zirconium-tin alloy which was developed for nuclear power applica-
tions because of its high resistance to water corrosion in addition to its favorable
nuclear properties. Even in cases where defective tubes expose the fuel material to the
water environment, there is little attack on the ceramjc fuel.

The technology, of water pool storage is well developed' radioactivity levels are routinely
maintained at about 5 x 10'4 uCi/ml. Maintenance of thlS purity requires treatment (fi1-
tration and ion exchange) of the pool water. Radioactive waste that is generated is readily
confined and represents little potential hazard to the health and safety of the public.
There may be small quantities o Kr released to the environment from defective fuel
elements. However, for the fuel involved (fuel at least one year after discharge). experi-
ence has shown this to be not detectable beyond the immediate environs of a storage pool.

X 85

There will be no significant discharge of radioactive liquid‘effluents from a spent fuel
storage operation as wastes will be in solid form. ’

This statement.supports the finding that tne storage<of spent fuel in away-from-reactor
facilities is_economically and enviromnmentally acceptable.

There is an increasing need for away-from-reactor spent fuel‘storage starting in the early
to mid-1980's. This is primarily due to the older nuclear power plants where there is a
limited capability for the expansion of their spent fuel storage capacity. Based on the
experience to date with underwater storage, the construction and operation of "storage

only" facilities is assessed to be both technically feasible and environmentally acceptable,

The use of alternative dry passive storage techniques for aged fuel, now being investigated
by the Department of Energy, appears to be equally feasible and environmentally acceptable.

Two existing storage only facilities are now licensed.* One, the NFS West Valley plant
under 10 CFR Part 50, and the GE Morris plant, under 10 CFR Part 70. However, neither of
these regulations addresses the specific requirements of a .spent fuel “storage only" type
of facility. There is a recognized need for a more definitive regulatory basis for the
licensing of future facilities of this type. Action is now. underway to meet” this need.
The proposed 10 CFR Part 72, "Storage of Spent Fuel in an. Independent Spent Fuel Storage
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Installation," has been issued for comment. Supporting regulatory guides are also in

preparation.

Curtailment of the generation of spent fuel by ceasing the operation of existing nuclear
power plants when their spent fuel poois become filled is found to be undesirable, and the
prohibition of construction of new nuclear plants is not necessary. As shown in this
statement, viable measures can be instituted to alleviate the spent fuel storage capacity
shortfall. Such measures are economically and environmentally preferable to replacing
nuclear generated power with coal fired power plants. The societal costs would aiso be
significant as the excess mortality rates and environmental impacts of coal fired power
generation are much higher than those for nuclear power.

Ho modification of 10 CFR 51.20(e) (the summary of environmental considerations for the
uranium fuel cycle) appears necessary for spent fuel storage considerations.
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9.0 DISCUSSION OF COMMENTS RECEIVED ON THE DRAFT ENVIRONMENTAL STATEMENT

St 1

Pursuant to 10 CFR Part 51, the "Draft Generic Environmenta] Impact‘Statement on Handling and
Storage of Spent Light Water Power Reactor Fuel" was transmitted, with a request for comments, to:

Advisory Council on Historic Preservation
Amms Control and Disarmament Agency
Department of. Agricuiture . .
Department of the Army, Corps of Engineers
Department of Commerce

Department of Health, Education and Welfare .
Department of Housing and Urban Development .
Department of the Interior
Department of State
Department of Transportation
Department of Energy . L e C ey
Envirommental Protection Agency T T

P vy s

-

In addition, the NRC requested comments on the draft environmentai statement from interested
persons by a notice published in the FEDERAL REGISTER on Harch 24, 1978 (43 FR 12802). 1In
response to the requests referred to above, comments were received fron the foilowing (letters
in parentheses are codes keyed to comments and responses)'* "( a

A

State of Indiana, State Board of Health i
Eugene N. Cramer (A) \
State of New Jersey, Department of Community Affairs
Texas Energy Advisory Council (B) ' i .
Hississippi State Ciearinghouse for Federa] Programs
Lt. Col. Emil G. Garrett (RET) (C) "’ T - ‘ ol
State of Utah, State Planning Coordinator ~ T

State of Louisiana, Department of Urban and Community Affairs

State of Iowa, Office for Planning and Programming

State of North Carolina, Utilities Commission (D)’ .
State of Hest Virginia, Office of .Economic and Community Deveiopnent (E)
North Dakota State Planning Division

South Dakota State Planning Bureau (Cmnnissioner)

South Dakota State Planning Bureau (Executive Director)

M

- .
i. +

Fav e Y

*In some cases where no specific responses to a letter of comment were deemed necessary by the
staff, no code letter has been assigned. ) . )
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South Dakota Fourth Planning and Development District (G)

State of Kansas, Department of Administration (F)

U.S. Department of Commerce (H)

U.S. Department of the Interior (1)

Hisconsin Electric Power Company {K)

State of North Carolina, Department-of Administration

State of Texas, Budget and Planning Office (N)

Portland General Electric Company (L)

Detroft Edison (J)

General Electric Company (M)

State of Colorado, Department of Local Affairs

Gulf States Utilities Company (0)

State of New lexico, Department of Finance and Adnlnlstratlon (P)

Babcock & Wilcox (Q)

GPU Service Corporation (R)

State of Oregon, Intergovernmental Relations Division (S)

State of Ohio, Environmental Protection Agency (T)

U.S. Department of Health, Education and Welfare (U)

Commonwealth of Virginia, Council on Environment (V)

Environmental Coalition on Nuclear Power (Y)

State of Nevada, Office of Planning Coordination (W)

State of California, The Resources Agency of California {X)

State of I11inois, Bureau of the Budget ()

State of Missouri, 0ff1ce of Administration

State of Texas, Budget and Planning Office [Rai]road Commission comments] (AA)

Environmental Coalition on”Nuc1ear Power [additional comments] (Y)

State of Alaska, State Clearinghouse

Southwest Research and Information Center (AB)

Virginia Electric & Power Company (AC)

University of Kentucky (AV)

Commonweal th of Puerto Rico, Department of Natura] Resources

Arizona State Clearinghouse (AD)

Commonwealth of Massachusetts, Energy Facilities Siting Counci] (AE)

Allied-General Nuclear Services (AG)

Tennessee Valley Authority (AF)

Kaman Sciences Corporation (AH)

Atomic Industrial Forum, Inc. (Al)

Georgia Power (AJ) ]

Natural Resources Defense Council, Inc. (AK)

Yankee Atomic Electric Company [UWMG] (AL)

U.S. Department of Energy (AM)

Power Authority of the State of New York (AN)

Yankee Atomic Electric Company (AD)

Commonwealth Edison (AP)

State of I11inois, Atterney General (AQ)’

State of Wyoming (AMW)

State of New York, Department of Environmental Conservation (AR)
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State of Oregon, Department of Energy and Energy Facility Siting Council (AZ)
State of California, The Resources Agency of California (AT)
State of California, Office of Planning and Research (AS)

W. Bonmia (AX)

State of I1linois, Attorney General [Corrected comments] (AQ)
U.S. Environmental Protection Agency (AU)

Duke Power Company (AY)

State of Alabama, Alabama Development Office

Boston Edison -Company (ARA)

Institut fur Metallurgie (AAB)

State of Pennsylvania, Pennsylvania State Clearinghouse

Natural Resources Defense Council, Inc. (supplements to comments)

The letters of comment are reproduced in their entirety in Chapter 1 of Volume 3. The staff's
consideration of the comments received and its disposition of the issues involved are reflected
in part by revised text in the pertinent sections of this final envirormental statement and in
part by the responses presented in Chapter 2 of Volume 3.
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