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EXECUTIVE SUMMARY

1.0 SCOPE

The Generic Environnental Impact Statement on spent fuel storage was prepared by the feuclear
Regulatory Connisson staff in response to a directive from the Connissioners published in the
Federal Register, September 16,1975 (40 FR 42301). The Connission directed the staff to ana-
lyze alternatives for the handling and storage of spent light water power reactor fuel with
particular enphasis on developing long range policy. Accordingly, the scope of this statenent
examines alternative methods of spent fuel storage as well as the possible restriction or temi-
nation of the generation of spent fuel through nuclear power plant shutdown.

Since the Connission's directive was issued, there have been significant policy developments.
In this regard, the President has stated that the U.S. should defer donestic plutonium recycle
in order to search for better solutions to the proliferation problen. In light of the Presi-
dent's views and public connents, the fiRC teminated on December 23,1:;77, its proceedings on
the Generic Environnental Statenent on liixed 0xide fuel (GESMO), pending license applications,
and other matters related to the reprocessing and recycle of spent light water reactor fuel .
This policy decision hignlights the importance of this GEIS.

On October 18, 1977, the Department of Energy (DOE) announced that the Federal Government would

accept and take title to spent nuclear fuel fron utilities upon paynent of one time storage
fees. The new policy is designed to meet the needs of nuclear reactors for both interin 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
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 uf sup-
porting the need for rulenaking for away-fron-reactor ( AFR) spent fuel storage facilities. In
addition, DOE used this fiRC statement as a source in their draf t generic environnental impact
statenent on their announced spent fuel policy.

The storage of spent fuel addressed in this generic environnental inpact statement is considered
to be an interin action, not a final solution. The Connission has clearly distinguished between
pemanent disposal and interin storage.I fionetheless, it has expressed its concern that storage
of spent fuel not be used to justify retarding the developnent of a practicable method of perna-
nent disposal. This concern is shared by groups who have studied this situation.3'4 The
Conmission is initiating a proceeding to review its basis for confidence that safe waste dis-
posal will be available.5 The Connission 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,
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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;

- Storace 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:

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

- Environmental social and econum.c costs and benefits;

- Corr 1itments of resources;

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

Relotionships between the local short-term uses of the environment and long-term
productivity.

(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

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

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
(GESMO), 0116 and 0216 for waste management.

b
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2.0 THE POTENTIAL MAGNITUDE OF THE SPENT FUEL STORAGE PROBLEfi

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

- 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
and the reactor fuel nanagenent plans.

- The extent to which conventional spent fuel storage pools at nuclear power plants can
be nodified to increase the spent fuel storage capacity.

- The optia of the plant owner to maintain storage reserve capacity to accoanodate a
full core discharge; and

- The time to develop a reans for the pemanent disposition of spent fuel by repro-
cessing or waste managenent.

2.1 GENERATION OF SPENT FUEL

Generation of spent fuel was projected through the year 2000 (Table ES.1) on the basis of in-
stalled reactor generating capacity (in Gwe) from NRC data for reactors now operating, u,1 der
construction and planned, and Energy Infomation Administration estinates. The staff estinated
that 77,000 netric tons of heavy metal (MTHM) as spent fuel will have been discharged by year
2000 and that the total reacto" storage capacity in the year 2000 will be 91,000 MTH'i if full
core reserve (FCR) is not naintained and 77,000 MTiti if FCR is maintained. Total storage capa-
city values do not indicate capacity restrictions at individual older reactors.

Table ES.I. Projected Generation of Spent Fuel

Year MTHM-Cunul a tive*

-

1980 3,000

1985 13,000

1990 29,000

1995 50,000

2000 77,000

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

2.2 AT-REACTOR (AR) STORAGE CAPACITY

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

*This capacity is terned full core reserve (FCR).
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storage racks which did not fully utilize the available floor space in the pool. In nany cases
it is now possible to increase at-reactor snent fuel storage capacity by a factor of about 3.0.
This compact storage is acconplished by the replaceneat of existing racks with new racks designed
for closer spacing of fuel assenblies and utilizing previously unused floor space. Most nuclear
plants have applied to increase their spent fuel storage capacity, and a majority have already
received pernission to do 50.

The naintenance of reserve capacity sufficient to acconnodate the full reactor core in the spent
fuel storage pool at a nuclear power plant is not a safety natter. However, nany power plant
owners nay 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 naking nodifications and repairs to reactor structural components 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
capacity for successive spent fuel discharges.

2.3 REQUIRED AWAY-FRO'i-REACTOR (AFR) STORAGE

The nagnitude of the projected shortfall in AR spent fuel storage capacity equates to the net
requirenent for away-fron-reactor storage at independent spent fuel storage installations
(ISFSI). Assuning no curtailment of nuclear power production, the bounding condition used to
estinate the required AFR storage capacity is:

- Feasible nodifications of power plant pools (conpact storage of fuel).

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

The AFR requirenents* are sunnarized for five-year periods for these conditions in Table ES.2

below.

Table ES.2. Away-frm-Reactor Spent Fuel
Storage Requirenents (MTHM)

With Compact Storag

Year Without FCR With FCR

1980 0 40

1935 730 1,900

1990 3,900 6,300

1995 9,700 14,000

2000 21,000 27,000

*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 0F EXTENDED SPENT FUEL STORAGE

3.1 PERMITTING THE EXPA!4SION OF SPENT FUEL STORAGE CAPACITY AT NUCLEAR POWER PLANTS

(COMPACT STORAGE)

In its announcenent dated September 16, 1975, the Connission stated its position that, in
the public interest, there should be no deferral of individual licensing 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 nodifications to increase storage-pool capacity at 65 cperating nuclear power reactors
have been received by the NRC. Such nodifications have covered both the installation 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 significant 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 with findings iq cach case that:

- At-reactor spent fuel storage can be increased.

- The actions can be taken with no sacrifice of public health and safety, and

- The environnental inpact of the proposed increased at-reactor spent fuel storage was
negligible.

It should be kept in nind that increased at-reactor spen'. fuel storage involves only aged fuel
(at least one year since discharge) which has orders of nagnitude less hazard potential than
fuel freshly dischargej from a reactor (see Sec. 4.2).

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. With
the NRC decision to teminate the generic study on plutoniun recycle use in mixed oxide fuel
(GESMO) in December, 1977 [42 FR 65334] in deference to the President's non-proliferation
policy, connercial reprocessing has been indefinitely deferred in the United States. The
expansion of spent fuel storage at reprocessing plants is technically feasible, but it is not
considered a viable alternative for dealing with the problen of spent fuel storage because of
the limited potential spaces at the remaining potential reprocessing plant, Allied General
Nuclear Services at Barnweil, S.C., which has storage pool capacity for about 400 metric tons.

3.3 LICENSING OF INDEPENDENT SPENT FUEL STORAGE INSTALLATIONS (ISFSI)

This alternative represents the major means of providing interin AFR spent fuel storage.

The forner Nuclear fuel Services, Inc. reprocessing plant is now licensed 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 fron utilities for
extended storage.

q,y-~u b A A d*
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The General Electric Company's planned reprocessing plant at tiorris, Illinois, 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 fomer
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 tre
health and safety of the public.

The Department of Energy testified on January 26, 1979, before the Connittee 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 f4FS West Valley, the GE fiorris, 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 industry. 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 environnental inpact and cost with the exception that at-reactor storage
pool compact storage is least costly economically, 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-fron-reactor ( AFR) at
ISFSI located either at reactor sites or at separate sites using the available neans of wet or
dry storage discussed in this statenent.

3.4 STORAGE OF SPENT FUEL FROM ONE OR MORE REACTORS AT THE STORAGE P0OLS OF OTHER REACTORS

(TRANSSHIPMENT)

Temporary relief for the spent fuel storage problem being faced by sone of the older nuclear
power plants could be alleviated in sone cases by shipping spent fuel to newer plants with
unused available storage capacity. However, facility operators can be expected to be reluctant
to accept spent fuel that may result in prematurely filling their reactor spent fuel storag?
pools and potentially impacting the supply of electric power to their regions.

Currently, only one application has been approved by the NRC covering this alternative. The
staff's analysis shows that intrautility transshipment, when considered in conjunction with
compact storage at reactor pools, provides additional 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 systen 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 availabla to prevent spent fuel storage
capacity shortfalls. Assuming a preemptive federal regulatory authority to allow this alternative
to work, unlimited transshipment in theory could delay the need for AFR storage to the late
1990's.

p ,., . f g i m
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3.5 ORDERING THE GE!iERATIOft 0F SPEtiT FUEL TO BE STOPPED OR RESTRICTED (TERMINAT10f1 0F

fiUCLEAR POWER PRODUCTION)

The replacement of nuclear power generating capacity by coal fired plants because of filled
reactor plant storage pools is technically feasible. However, the economic, social and envi-
romental costs would be severe. Particularly in regions far removed from U.S. coal fields such
as the Northeast, a conversion back to coal fired power generation would impose significant
econmic disadvantage which would be difficult to overcone. Even in regions that are advan-
tageously located in relation to coal supplies, the need to raise the necessary capital for

replacenent coal plants could put a severe finencial strain on the utilities involved.

4.0 COST-BENEFIT ANALYSES OF ALTERNATIVES

4.1 If1 PACTS ON THE PUBLIC HEALTH AND SAFETY AND THE C0fiMON DEFE!4SE AND SECURITY

All of the benefits of nuclear generated power are assigned to the individual plants at the time
of their licensing. Thet sfore, this analysis deals only with the incre1 ental costs of the
alternatives considered.

The environnental impacts-c)sts cf interim storage of spent fuel are essentially negligible,
regardless of where such s[ent fuel is stored.

Increased storage of aged spent fuel at either reactor or away-fron-reactor sites has little
relative safeguards significance. This conclusion is based upu the staff's consideration of:
(1) the absence of any infomation confiming an identifiable threat to nuclear activities,
(2) the physical characteristics and conditions of storage (which include specific security
provisions) of aged spent fuel, and (3) the magnitude of the estimated consequences of certain
postulated sabotage events.

Because the spent fuel involved in increased storage, regardless of where this storage takes
place, is aged, and short-lived radionuclides have decayed, the consequences of credible poten-
tial accidents are orders of magnitude less than those with freshly discharged fuel.

A comparison of the inpacts-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
tems of potential excess northlity, of nuclear versus coal fired power generation, calculated
on a per GWY basis are shown in Table ES.3.

4.1.1 Econmics

The choice to construct a new nuclear power station is made on the individual econonic benefit

of such construction in comparison with alternative sources of power. However, in the bounding
case considered in this statement where spent fuel generation is teminated, the costs of re-
placing existing nuclear stations (with coal fired plants) before the end of their nomal life-
time makes this temination alternative * uneconomical.

M.Un
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Table ES.3. Comparison of Potential Excess Mortality of Nuclear
versus Coal Power Generation per 0.8 GWY(e)

Fuel Cycle Conponent NJclear 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 s0 s0

Transportation 0.01 !.2

Reprocessing 0.057-0.065 --

Wiste management 0.001 -0

TOTALS 0.59-1.7 15 - 120

4.1.2 Connitments of Resources

Extended storage of spent fuel raquires a minor comitment of land, water and materials of
construction. Replacement of all nuclear power by the year 2000 would require a najor comit-
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 econonic strains.

4.1.3 Implications Regarding Options Available for the Intermediate and Long-Range
Storar;e of Nuclear Waste Materials

Extended spent fuel storage, per se, does not foreclose any options on the future storage and
possible ultinate disposal of spent fuel as nuclear waste materials. Rather, storage of spent
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
r?dionuclides. Nonetheless, while the feasibility of such storage may provide reassurance in
the event that problems arise in the development of neans for ultimate disposal, it is the
Connission's view that the means for ultimate disposal should be developed without unnecessary
delay.2

4.1.4 Relationships Between the Local Short-Tem Uses of the Environment and Lonq-Tern
Produc tivi ty

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

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

A replacement of nuclear generating capacity by coal fired plants could neet 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 nore adverse impact on the
overall long-tem environmental quality of the nation.

W 's? 1 Y $ES-8 uO o.& -



5.0 THE IMPACTS OF POSSIBLE ADDITIONAL TRANSPORTATION REQUIRE!1ENTS

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

The provisions of away-fran-reactor spent fuel storage, assuming of fsite locations, could
involve an additional transportation step. This could be a significant increnental addition
to the transportation requirenents of the nuclear industry. However, the environnental
impact increment from this spent fuel transportation is insignificant (see Sec. 4.2.4 and
Appendix E).

6.0 THE NEED FOR MORE DEFINITIVE STANDARDS AND CRITERIA TO C0VERN THE LICENSING 0F ONE DR
MORE OF THE ALTERNATIVES CONSIDERED

In the judgnent of the staff:

- Providing nore at-reactor spent fuel storage is adequately covered by existing
regulations and regulatory practices.

- 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 naterials
in sn independent spent fuel storage installation (ISFSI) lack specificity for this
application. The development of a new regulation, the proposed 10 CFR Part 72,
" Storage c' Spent Fuel in an Independent Spent Fuel Storage Installation (ISFSI),"
and its augmentation by Regulatory Guides on safety-related aspects of ISFSI licens-
ing actions are planned to nect this need. At present 10 CFR Part 72 and Regulatory
Guide 3.44, " Standard Fomat 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 issued for connent.

- The enviromental costs of extended spent fuel storage are incrementally small, and
are essentially now incorporated in the previously recognized costs assigned to the
uraniun fuel cycle. Consequently, no nodifications to 10 CFR Part 51 5 51.20(e),
including the S-3 Table, indicating environnental inpact sunnaries are necessary.

7.0 ACCIDENTS AND SAFEGUARDS CONSIDERATIONS

Restrictions on the handling of heavy loads in the vicinity of spent fuel pools inposed on
individual nuclear power plants during nodifications 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 environnental
statenent (FES) for each plant.

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 nomally aged fuel and the potentially hazardous short-lived radionuclides have decayed.

p - ,9 * qJ u A .: 4
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Away-fron reactor spent fuel storage at ISFSI involves shipping and storage in " storage only"
type facilities.

Regarding the potential sabotage of shipaents of aged spent fuel, the staf f has concluded
that the shipnents do not constitute a serious risk to the public health and safety because of:
(1) the dif ficulty of breaching a spent fuel cask and fragnenting the spent fuel, (2) the nagni-
tude of the estinated consequences of successful sabotage (3) the applicable protection neasures
delineated in il 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 shipnents, both nilitary and conner-
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 snall.

8.0 FINDINGS

8.1 INTRODUCTION

The storage nf spent fuel in water pools is a well established technology, and under the static
conditions of storage represents a low environmental inpact and low potential risk to the health
and safety of the public. It nakes little difference whether spent fuel is stored at a nuclear
power plant or in an independent away-fron-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 fuel, the alternative dry storage techniques expected to be available
within the time frame of this study would have comparabic negligible inpacts.

The viable spent fuel storage methods include:

- The increase of the storage capacity at nuclear power plants by nodifications to
existing pools, and

- The building of additional away-fron-reactor capacity at independent spent fuel stor-
age installations (ISFSI) designed specifically for spent fuel storage. ISFS! 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 necd for AFR storage from the early to the mid-1980's.

In the event that no relief fro 1 at-reactor storage capacity shortfalls is provided by AFR
storage capacity, it appears physically possible to implement a national storage allocation
plan as an coergency mea *,ure. However, such a broad increase in federal authority to regulate
utilities to the exclusion of state and local authorities may not be politically acceptable.

ES-10
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Unlimited transshipment could potentially delay the need for operational AFR storage capacity
to the late 1090's,

8.2 Fil4Dl!iGS

1. The lack of sufficient spent fuel storage capacity at nuclear power plants has been
alleviated by ongoing and planned nodifications of at-reactor spent fuel storage pools.
flodifications of at-reactor spent fuel storage pools by redesigning fuel racks and making
more ef ficient use of available pool floor space can increase spent fuel storage capacity,
on the average, by a f actor of 3.0.

As of January 1979, fiRC had received applications for nodifications 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 nodifications are technically
and economically 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
environmentally acceptable.

Because there are many variations in storage pool designs and linitations caused by spent
fuel already in sone pools, the licensing reviews nust 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 nodifi-
cations and subsequent operations, are nade where necessary.

3. Table ES.2 contains upper bound requirenents for AFR storage with conpact storage of
spent fuel at reactor pools. The refererce case selected for this study is the upper
bound storage capacity considering conpact storage of fuel in reactor pools that has
negligible environnental inpact and no transshipnent to of fsite reactor pools, The AFR
storage requirenents assume that the FCR option will be selected by plant vers for
operational reasons. The timing and magnitude of the AFR spent fuel storage requirenents*
are as follows:

Year fiTil'1

1980 40
1985 1,900
1990 6,300
1995 14,000
2000 27,000

Assuming that the national objective of an operational 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-fron-reactor storage is not great. fio more than
six storage pool installations of 5000-MTiti size would be required by the year 2000. How-
ever, the effect of the announcenent 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

*These inclJde 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 I & 2 basins.

tW; c -*p4<'A4k.lL D f.
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storage capacity since the announcenent 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 tine needed to provide the required AFR storage cipacity has becone short. Consequently,
unless sone use is nade of existing licensed AFR storage capacity in co7bination with it trautili-
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 storage of LWR spent fuels in water pools has an insignificant impact on the environ-
nent, whether at AR or at AFR sites. Prinarily this is because the physical fom of the
naterial, sintered cera71c oxide fuel pellets hermetically sealed in Zircaloy cladding
tubes. Zircaloy is a zirconiun-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 naterial to the
water environment, there is little attack on the ceramic fuel .

The technology of water pool storage is well developed; radioactivity levels are rou.ir.ely
maintained at about 5 = 10-" pCi/ml. Maintenance of this purity requires treatment (fil-
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 of Kr released to the environnent fran defective fuel
elements. However, for the fuel involved (fuel at least one year af ter discharge), experi-
ence has shown this to be not detectable beyond the inmediate environs of a storaga pool.

There will be no significant discharge of radioactive liquid effluents fran a spent fuel
storage operation as wastes will be in solid fom.

This statenent supports the finding that the storage of spent fuel in away-fron-reactor
facilities is eccnomically and environnentally acceptable.

5. There is an increasing need for away-from-reactor spent fuel storage starting in the early
te 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 Departnent of Energy, appears to be equally feasible and environmentally acceptable.

6. Two existing " storage only" facilities are now licensed. One, the HFS West Valley plant
under 10 CFR Part 50, and the G.E. iiorris plant, under 10 CFR Part 70. However, neither of
these regulations addresses the specific requirenents of a spent fuel " storage only" type
of facility. There is a recognized need for a nore 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 coment. Supporting regulatory guides are also in
preparation.

tJN .0.$.
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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
statenent, viable measures can be instituted to alleviate the spent fuel storage capacity
shortfal l . Such measures are economically and environner. tally preferable to replacing
nuclear generated power with coal fired power plants. The societal costs would also be
significant as the excess nortality rates and enviromental 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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FOREWORD

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

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, programs, and resources
to the end that the Nation may:

" Fulfill the responsibilities of each generation as trustee of the environment
for succeeding generations.

" Ensure for all Americans safe, healthful, productive, and esthetically and cul-
turally pleasing surroundings.

" Attain the widest range of beneficial uses of the environment without degrada-
tion, risk to health or safety, or other undesirable and unintended consequences.

" 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 pemit high
standards of living and a wide sharing of life's amenities.

" Enhance the quality of renewable resources and approach the maximum attainable
recycling of depletable resources.

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:

(1) The environmental impact of the proposed action.

(11) Any adverse environmental effects that cannot be avoided should the proposal be
implemented.

(iii) Alternatives to the proposed action,

&# DN aD *,4q c u . y , , 1=
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(iv) The relationship between local short-term uses of man's environment and the mainte-
nance and enhancement of long-tem productivity.

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

From dme to time a generic issue must be considered in the form of a generk environmental
impact statement. A public notice of intent to prepare the statement is published by the
Comission. 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
conceri.. On the basis of the foregoing and other such activities or inquiries as are deemed
useful and appropriate, the staff makes an independent assassme t of the considerations speci-

fled in Section 102(2)(C) of the NEPA and in 10 CFR 51.

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

Af ter receipt and consideration of coments on the Draf t Statement, the staff prepares a Final
Environmental Statement which includes: a discussion of concerns raised by the coments; a
benefit-cost analysis, which considers the environmental costs and the alternatives available
for reducing or avaiding 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 Comission for its consideration.

For this Generic Environmental Statement on The Handling and Storage of Spent Light Water Power
Reactor Fuel, the following coments 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 Reacter Fuel
Federal Register, September 16,1975 (40 FR 42801).

3. The Draft Environmental 2tatement 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 with Meyer Novick as Project Leader and John P. Roberts as Project
Manager. Should there be questions regarding the content of this Stalement, 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 Atomic Energy Connission; a forner federal agency, disbarded by the Energy
Reorganization Act of 1974

AFR Away-fra1-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)

AML Argonne National Laboratory

ANS Anerican Nuclear Society

AR At-Reactor

ASME American Society of Mechanical Engineers

BNFP Barnwell Nuclear Fuel Plant

BWR Boiling Water Reactor

CANDU Canadian Deuterium-Uranium Rea.ctor

CEQ Council on Environnental Quality

CFR Code of Federal Regulations

Compact Storage More storage in existing s;crage pools is created by providing for closer
spacing of the assemblies an! using pool space not previously used for
spent fuel storage

.

DBE Design Basis Earthquake

DOE Department of Energy

EIS Environmental Impact Statenent

EPA Environmental Protection Agency
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GLOSSARY (Cont'd)

FCR Full Core Reserve

FR Federal Register

FRC Federal Radiation Council-

Fuel Cycle The complete sequence of operations, fran nining of uraniun raw naterial to
disposal of radioactive wastes, involved in providing fuel for nuclear
power plants

GESMO Generic Environmental Statement on the Use of Recycle Plutonium in Mixed
0xide Fuel in Light Water Cooled Reactors

GWe Gigawatt electric

GWy Gigawatt-year

HEPA Filter High Efficiency Particulate Air Filter

HTGR High Temperature Gas Cooled Reactor

ISFSI InJependent Spent Fuel Storage Installation

LWR Light Water Reactor

mren Milli rem

MT Metric Ton

MTHM Metric Tons of Heavy Metal (uraniun and plutonium)

MTU Metric Tons of Uranium

ffWe Megawatts electric

mwd Megawatt-days

s,a> JO
NEPA National Environmental Policy Act 3 U A.9 "f ^'A

NFS Nuclear Fuel Services

NRC Nuclear Regulatory Commission

ORNL Oak Ridge National Laboratory
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GLOSSARY (Cont'd)

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

PSAR Preliminary Safety Analysis Report

Pu0 Plutenium Dioxide2

PWR Pressurized Water Reactor

Dose of any radiation supposedly having a biological effectrem

equivalent to one roentgen

RSSF Retrievable Surf ace Storage Facility (for radioactive wastes)

S-3 Table Surunary of Environmental Considerations for Uranium Fuel Cycle; in

10 CFR 51.20(e)

SAR Safety Analysis Report

SER Safety Evaluation Report

S!ti Special Nuclear Material

SEP Standard Review Plan

UO Uranium Dioxide2
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SUMttARY

1.0 SCOPE

The Generic Environnental Impact Statement on spent fuel storage was prepared by the Nuclear

Regulatory Commission staff in response to a directive from the Comissioners 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
exanines alternative methods of spent fuel storage as well as the possible restriction or
temination 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 th; .cgard, the President has stated that the U.S. should defer damestic 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 teminated on December 23, 1977, its proceedings on
the Generic Environmental Statement on Mixed 0xide Fuel (GESM0), pending license applications,
and other matters related to the reprocessing and recycle of spent light water reactor fuel.
This policy decision highlights the importance of this GEIS.

On October 18, 1977, the Department of Energy (D0E) 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 meet the needs of nuclear reactors for both interin
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 rulenaking for away-fron-reactor ( AFR) spent fuel storage facilities. In addition, DOE
used this NRC statement as a source in their draft generic environmental impact statenent 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
pema,nent 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 pema-
nent disposal. This concern is shared by groups who have studied this situation.3,4 The Con-
mission is initiating a proceeding to review its basis for confidence that safe waste disposal
will be available.5 The Comm ssion announcement of September 16, 1975, outlining this studyi

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 interin
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.
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2.0 FINDINGS

1. The lack of sufficient spent fuel storage capacity at nuclear power plants has been alle-
viated by ongoing and planned nodifications of at-reactor spent fuel storage pools, liodi-
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 werage, by a factor of 3.0.

As of January 1979, GRC had received applications for nodifications of spent fuel storage
plans at 65 power reactors. Forty applications have been approsed to date.

2. Licensing review: of these applications have shown that the nodifications are technically
and economically 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 alresdy in sone pools, the licensing reviews must be done on a case-by-case basis.
Modifications in the Technical Spccificatior. 3pplicable to the reactor plant involved,
covering safety considerations both during o "nstruction phase of the proposed nodifi-
cations and subsequent operations, are inde where necessary.

_

3. Table 3.1 contains upper bound requirements for AFR storage with conpact storage of spent
fuel at reactor pools. The reference case selected for this study is the upper bound
storage capacity considering cnnpact storage of fuel in reactor pools that has negligible
environnental impact and no transshipment to of fsite reactor pools. The AFR storage re-
quirenents assune that the FCR option will be selectcJ by plant owners for operational
reasons. The tining and magnitude of the AFR spent fuel storage requirenents* are as fol-
lows:

Year MTHM

1930 40

1985 1,900

1990 6,300

1995 14,000

2000 27,000

Assuming that the national objective of an operational 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-fron-reactor storage is not great. No nore than six
storage pool installations of 5000-MTHM size would be required by the year 2000. However,
the effect of the annountenent by the U.S. Departnent 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 announcenent of such policy. It takes several years to license and con-
struct new AFR capacity--about five years if new construction on a separate site is involved.

*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 I & 2 basigs. , p

~ '
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The time needed to provide the required AFR storage capacity has become short. Consequent-
ly, unless some use is made of existing licensed AFR storage capacity in combination with
intrautility 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 fom of the
material, sintered ceramic oxide fuel pellets hermetically sealed in Zircaloy cladding
tubes. Zircaloy is a zirconiui-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 caterial to the
water enviroment, there is little attack on the cera tic fuel .

The technology of water pool storage is well developed; radioactivity levels are routinely
-4maintained at about 5 x 10 t.C1/ml . Maintenance of this purity requires treatment (fil-

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
pu bl i c .

85There may be small quantities of Kr released to the environnent 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 innediate environs of a storage pool.

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

This statement supports the finding that the storage of spent fuel in away-fron-reo.s
facilities is economically and environmentally acceptable.

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
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 environnentally acceptable.

6. Two existing " storage only" facilities are now licenses. One, the hFS 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-
pa ra tion.

#;&r$.y m edIU
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7. Curtailnent 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 thown in this state-
nent, viable measures can be instituted 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 environnental impacts of coal fired power generation are
much higher than those for nuclear power.

8. No nodification of 10 CFR 51.20(e) (the sumary of environmental considerations for the
urantun fuel cycle) appears necessary for spent fuel storage considerations.
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1.0 INTRODUCTION

In this Environmental Impact Statenent the ancant of spent light water reactor (LWR) fcel to be
generated through the year 266; is quantified and conpared with the space available for storage.
The environnental inpact of solving the spent fuel storage problen, using at-reactor (f.R) and
away-fron-reactor (AFR) storage techniques in different ways and teminating generation of spent
fuel by shutting down nuclear power plants, is assessed. A cost-benefit analysis is included
and conclusions and reconnendations are presented.

1.1 STATEt1ENT OF SITUATION

Fron the early days of the nuclear power industry in this country, electric utilities planning
to construct and operate light water nuclear power reactors contenplated that the used or spent
fuel discharged from the reachrs rould be chemically reprocessed to recover the residual quan-
tities of fissile and fertile naterials (uranium and plutoniun), and that the natarials so
recovered would t,e recycled back into fresh reactor fuel . It was also contemplated by the
nuclear industry that spent fuel would be discharged periodically fron operating reactors, stored
in onsite fuel storage. pools for a period of time (to pemit radioactive decay of short-lived
radioisotopes contained within the fuel, as well as themal decay) and periodically shipped off-
site for reprocessing. Typically, space was provided in onsite stora;e pools for about 1-1/3
full nuclear reactor cores. Assuning 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 renaining capa-
city to hold a complete core should unloading of all of the fuel from the reactor be necessary
or desirable for nomal naintenance or because of operational difficulties. Under normal operat-
ing conditions, about 5 years' spent fuel discharge could be acconnodaied before the pools were
filled.

Current U.S. policy has placed a ban on the reprocessing (and recycling) of LWR fuel for an indef-
inite period of tine. As a consequence of this policy the reprocessing part of the fuel cycle
has not been a successful connercial developnent. For a time one such facility actually operated,
the Nuclear Fuel Services (NFS) plant at West Valley, New York. liowever, af ter a shutdown for
extensive alterations and expansion, the conclusion was reached that these changes were conner-
cially impractical and the facility was not reopened Mr reprocessing.I A second facility, the
General Electric Company's tiidwest Fuel Recovery Plant at florris, Illinois, never operated as a
reprocessing plant and is now licensed for spent fuel storage only. A third proposed plant, the
Allied-General Nuclear Service (AGNS) plant in Barnwell, South Carolina, the subject of hearings
before the Connission (Docket No. 50-332 and Docket No. 70-1729), and a fourth plant, the Exxon
plant proposed for construction in Tennessee, which was docketed for license review (Docket
No. 50-564) have not been approved. The recent decision by the Nuclear Regulatory Connission to
teminate proceedings on pending or future plutonium recycle-related license applications specif-
ically includes both the AGNS (with the possible exception of research and development efforts
related to non-proliferat1on objectives) and the Exxon applications [titxed 0xide fuel Order
noticed on December 30,1977(42FR65334)]. $y{$
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A geologic repository is expected to be constructed by the 1990's, and the Connission has sup-
ported the position that pemanent disposal of spent fuel is a viable fuel cycle alternative.
Thus pemanent 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, tne staff has prepared this generic environmental
impact statement on the matter of spent fuel storage capacity.

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 limitation of
the amount of spent fuel generated.

In the light of the national policy banning reprocessing and recycling the assumption was made,
for the purpose of bounding tne 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 limit to the forecasting that must serve as tne basis for the
current decision making actions.

1.2 SPENT FUEL STORAGE REQUIREMENTS AND ALTERNATIVES

The present policy of the United States is to store connercial reactor spent fuel without repro-
cessing pending the decision to reprocess it or to dispose of it directly as high level waste.
Mile construction of a geologic 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 fron the reactor core if the reactor is to continue to produce power. Most nuclear power
plants were origimlly designed to accommodate the equivalent of one and one-third cores of spent
fuel in their onsite storage pools for single reactors and one and two-third cores for dual
reac'ur 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 expansion of storage capacity or
applied for approval for such expansion oy re-racking of their spent fuel storage pools.

The maintenance of reserve capacity sufficient to accunmodate the fuli reactor core in the spent
fuel storage pool at a nuclear power plant is not a safety natter. However, power plant owners
do 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 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 fron NRC data for reactors now
operating, under canstruction, 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 year 2000 and that the total at-reactor storage

1-2
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capacity in year 2000 will be 91,000 MTiti of storage capacity if full core reserve (FCR) is not
maintained and 77,000 MTiti if FCR is maintained. Since these total storage capacity values in-
clude new units caning on line with storage pools, storage capacity shortfalls at older units
and the need for additional storage c.pacity are not shown by these totals. The growth of the
spent fuel storage requirements througil the period 1976-2000 is exanined 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 reactcr systen, regardless 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 another energy source to generate replace-
ment electrical power (coal is seen as this source). '

To provide an overview of the anticipated need for AFR storage, Table 1.1 has been extracted
fran data in Tables 3.1, 3.4 and 3.5 of Chapter 3.0, Six spent fuel storage options which were
considered are sunnarized in Table 1.1. Storage at reactor basins with conpact 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 fuel assemblies using pool
space previously unused for spent fuel and has already been enployed at nost operating reactors.

Table 1.1. Sunmary of Away-from-Reactor (AFR) Storage Requirements ,ba

_

Alternative 1 Al ternative 2 Alternative 3
Wi th F CR' Without FCR Wi tt: FCR Without FCR With FCR Without FCR

Vear requiring AFR storage 1919 1980 1982 1984 1999 --

AFR requirements, 198s, MTHM 2.200 900 700 30 -- --

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

#
230 cmde, i.e., 230 Gwe installed and 202 GWe discharging in year 2000.

Does not tr,clude the ef fect 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 I & 2 basins. (see Vol. 2, Appendix F. Table F.8, footnote b.)

' Reference case.

Q ^ '* ',*f Y *W A.J.O'-
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The six options consider the effect on AFR storage requirenents 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 1.

In Chapter 4.0, the environnental inpacts 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 requirenent for AFR storage needed with compact
storage at the reactors with a full core reserve and for 230 GWe installed is shown in colunn 1
of Table 1.1.

1.3 SCOPE OF THIS TREATMENT

In this environmental statenent, an ?xamination is made of that part of the nuclear fuel cycle
af ter the fuel has been renoved as a power source from a nuclear reactor, and an assessnent is
made of the inpact of storage of such spent fuel through the end of this century. In light of
the status of connercial reprocessing as well as that of possiole pernanent disposal of spent
fuel in the United States, ' the staff has assuned, for purposes of bounding the spent fuel
storage outlook, that neither reprocessing nor pemanent disposal would be implenented before
the year 2000. It is anticipated, however, that by the year 2000 disposition of spent fuel gen-
erated by light water reactors (LWR's) will be detemined and whatever steps are necessary to
inplement these decisions will be initiated. The Depart ent 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 es.tinate 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.

All Alternatives

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

No further use of curre ly 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 licenseo
storage capacity is about 1000 MTHM of which about 500 MTIfi is presently being used. (An addi-
tional 400 tiTHM has been constructed with licensing of storage pending.) The FCR (full core
reserve) requirenent 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 fran estimates of the Energy
Information Administration, which is charged b Congress to develop such projections, through

3w.f.'( 8),1-4 .,
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1995 and extrapolated to 2000 (straight line) by the staff (see App. F)8 The discharging Gle
are based on a three-year delay fron installed year (sane as fuel loading date or FLD) to first
di sc ha rge.

Table 1.2. Nuclear Generating Capacity
Installed and Discharging Spent Fuel

for Each Year, 1979-2000

Capacity Cacatity
Installed, Discharoing,

Yea r rgle GUe

1979 58 46
1980 66 48
1981 73 51
1982 30 58
1983 87 66
1984 94 73
1985 102 80
1986 110 C7
1987 119 94
1988 125 102
1989 134 110
1990 142 119
1991 151 125
1992 160 1 34
1993 168 142
1994 177 151
1995 187 160
1996 195 168
1997 202 177
1998 21 2 187
1999 221 195
2000 230 202

_ __

An estinate of the anount 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. .

Chapter 3.0 provides the description of the four bounding alternatives for spent fuel storage.

Alternative 1 (Reference Case)

In this alternative, reactors at a given site, regardless of type, are allowed to use any space
available on that site for spent fuel storage.

Alternative 2

In this alternative, reactors at any site, with connon ownerihip, can use any spare available
within that oriership.9

Alternative 3

In this alternative, any reactor within the U.S. could use available space at any other reactor
regardless of site location or ownership.

qO '^'* #c r),3;
'

1-5



Alternative 4 (Temination Case)
No action would be taken. Nuclear plants would be shut down as spent fuel pools becone full at
each nuclear plant site. Electrical power needs would be net by another source of energy (e.g.,

c oal ) .4 ' b

Chapter 4.0 contains an exanination of the environnental 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 econonic data for each alternative.

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

Chapter 3.0 contains the staff findings.

Chapter 9.0 addresses the coments on the Draf t Environnental Statement and the staf; responses.
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2.0 SPENT FUEL PRODUCTION ANALYSIS

In this chapter analyses are mode of the projected generation rate of spent fuel through the
year 2000. Section 2.1 and Appendix G provide descriptive material and background infomation 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 connercial power reactors is made of short cylinders (pellets) of high-fired
ceramic uranium dioxide (UO ). Depending upon the specific reactar design, these pellets are in2

the order of 0.75 to 1.25 cm in diameter and about 1.5 cm long. Typically a 366 cn-long stack
or about 250 of these pellets are loaded and hernetically 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 array, each spaced and supported by grid struc-
tures and corner tie rods. The fuel bundle is generally called a fuel assenbly. The assembly
has a botton fitting in the fom of an extension nozzle and a top fitting as a handle. The nozzle
fits into the reactor core supporting grid and caducts coolant water to the fuel, and the handle
permits the renote nanipulation of the fuel assenbly 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 asser.blies used in PWRs and B'nRs differ generally in size and the quantity of fuel contained.
Components of the fuel assembly are also resistant to water corrosion.

Typically, a General Electric BWR assembly (Figure G.2) consists of a 7 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 cn long. Each assembly contains about 200 kilogr.ns of uraniun in the form of uranium
dioxide (U0 ). PWR reactors use larger, but similarly designed, fuel assenblies. The Westing-g

house PWR assembly is a square array of 14 x 14,15 x 15 or 17 x 17 rods, with a pattern of posi-
tions within the array for internal control rods. These assenblies are about 21 cn square by
420 cm long. The Combustion Engineering and Babcock & Wilcox PWR fuel assemblies are similar to

'^
Westinghouse models. A typical PWR fuel assembly contains about 450 kilograms of uranium in the
fom of uraniun dioxide. Typical design characteristics of fuel assenblies manufactured by the
various suppliers are given in Appendix G, Tables G.1 through G.4.*

'More detailed infomation concerning nuclear fuel, including appropriate tabular naterial
and illustrations, is provided in Appendix G.

O '''/1 T.Su %.v , -
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Af ter irradiation, an LWR fuel assembly nomally shows no outward physical change. While exter-
nally the spent fuel is little changed fron new fuel, af ter irradiation within the fuel rods

some of the U02 pellets may have been fractured due to themal stresses and the composition has
changed dramatically. Whereas new fuel is relatively innocuous and can be handled and shipped
as a standard connercial product, spent fuel is highly radioactive and produces considerable
heat. For these reasons spent fuel must be cooled and shielded. With time, cooling and sone
shielding requirenents 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 natrix of the fuel, in the annular

region within the rod surroJnding the fuel pellets, and in the hardware components of the fuel
assenbly. Details concerning the characteristics of this spent fuel are provided in Section 2
of Appendix G.

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

Light water reactors now operating or under construction typically have spent fuel storage facil-
ities which were designed to contain a full core plus the spent fuel renoved from the reactor
during one year of operation. Most BWR fuel nanagenent plans 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 replacenent per year. The average spent fuel storage space in currently operating
reactors and in those that will be in operation by 1985 will acconnodate 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 analysis of the spent fuel storage requirenents, it is assumed that all reactors
utilize reracking to expand capacity within th( limits of existing pool design to attain three
times the design capacity of each pool. Pools with substantially larger capacities night be
constructed in the future.

Both fission and radioactive decay must be considered in spent fuel storage basin design. The
spacing of spent fuel assenblies within fixed racks nust be engineered to make sure that the
array of fuel assemblies does not represent a configuration that could initiate self sustaining
nuclear fission (become critical). This is achieved by insuring that the criticality factor,

keff, is less than 0.95, assuming the nost reactive conposition of the fuel. W3ter serves to
shield workers fron radiation enanating from the stored fuel, and is used to renove heat gener-
ated by radioactive decay. About 97% or more of each assembly's radioactive decay energy present
at reactor shutdown is dissipated within one nonth after the shutdown.

Spent fuel storage facilities nust be capable of acconnodating spent fuel transfer operations
underwater, for exanple, transfer fran within containment to the storage basin, or transfer from
the storage basin to a shipping cask. Under all such operating conditions proper shielding 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 location, size, and capacity.
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2.1.3 Design Assa,ptions of Egsting Technol_oy for Storin1pe,nt_ Fuel Away-frol-ReactorsS

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

Nane _ Location Spent Fuel Storaje Capacity,0t

NFS West Valley, N. Y. 260 tiTU
DCE 'torris :torris, Ill. 750 ;1TU

AGUS Barnwell, S. C. 400 ItTU

_

a Licenses for storage at these installations are expressed in tems of thG uraniu1 content of
the spent fuel .

bExpansion proposed to increase capacity to 1350 'tTU (proceeting indefinitely sayndeJ).

No sp2nt fuel reprocessin) is now being conducted at any of these ohnts. NFS and GE 'forris are
operatinj storage pools but NFS (with 170 '1TU of capacity filled) is no longer receiving spent
fuel for stora;c, GE fiorris nana3enent has cynitted only to receive up to about 350 'tTJ of spent
fuel, and AG15 is not licensed.

The three existing AFR storage pools discussed in this section were designed based on principles
sinilar to those of reactor pools. There are fael-handling dif ferences between re actor pools and
exi stinj AFR pool s. (See App. A for a discussion of reprocessing). Furthernare, these AFR pools
will handle spent fuol asseablies of different design froa PWR's and 3WR's, and fron various
cask types, so the design of the handling facilities nust have greater flexibility than those
for reactors. The staff his not included the existin; pool capacity in the analysis of fJtJrc
storaje av311 ability.

2.2 SPENT FUEL STORAGE REQUIRE: TENTS

2.2.1 Cenand for Storage Capacity, 1976-2000

The annual denand for spent fuel storage depends on the nunber of reactors discharging fuel and
their individual fuel usage rates in the year under consideration. The assunptions made for
rates of reactor installation are described in Section 1.2 and Appendix F of this statenent.
Appendix F describes the nethods used to estinate future spent fael discharges and AR storage
space requirenents. The use of these nodels and assunptionsl (ass 11ptions were required for

reactors beyond the 46 GWe now discharging fuel) creates a fuel discharge schedule as shown in
Table 2.1.

At end of year 1978, about 4230 :ITH t of spent fuel were in storage at reactors. About 170 :1Tri:1
of spent fuel were in storage at the West Valley NFS facility and 310 tiTift at the fiorris,
Illinois, GE facility. The total AFR storaje was 430 !!THit. The facility at Barnwell South
Carolina, is not licensed.

Table 2.1 shows that by 1936 annual discharges will approach the 2700-!!TW1 level and will in-

crease to at least 5800 ftTWi at the projected rate of reactor installation (230 GWe) by the
year 2000.
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Table 2.1. Annual and Cumulated Schedules of Spent Fuel Discharge

___.

GWe Annual Cunulative
Capacity Di scha rge, Di scha rge,a

Year Discharging itT H't MTH'1

1979 4G 1,420 -

1980 48 1,520 2,900
1981 51 1,640 4,600
1982 58 1,850 5,400
1933 66 2,100 0,500
1934 73 2,500 11,000
1985 80 2,440 13,000
1986 G7 2,650 16,000
1987 94 2,840 19,000
1933 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
1995 163 4,840 54,000
1997 177 5,100 60,000
1993 187 5,460 65,000
1999 134 5,730 71,000 ,

2000 202 5,800 77,000

Does not inclub about 4700 MT of spent fuel discharged prior toa

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. Present design 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. App.endix F shows the detailed methods used to detemine AR storage capacities.

Table 2.2 shows the storage capacity in netric tons of heavy metal (MTHM) as related to year and
installed nuclear generating capacity expressed as gigawatts electric (GWe). The storage capa-
city is the total annual storage capacity for all U.S. reactors. Some of this is now being used
to store spent fuel (about 4250 MTHM).

Table 2.2 indicates total reactor basin 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 The average storage
capacity of these reactors was assumed to continue to be about four cores (360 MTHM).
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Table 2.2. At-Reactor Storaje Capacity--Reference Case-.
With and Without FCR

Installed
Capacity, itaxinun Basin Storage Capacity, tith 1

Year GNe Without FCR With FCR
_ _ . . . _ _ -

1979 57 26,000 22,000
1980 64 30,000 25,000
1931 71 33,000 27,000
1982 78 35,000 28,000
1983 85 18,000 31,000
1934 92 0,000 33,000
1935 100 43,000 35,000
1936 108 46,000 38,000
1987 116 50,000 41,000
1988 124 52,000 44,000
1989 132 56,000 47,000
1990 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 19? 78,000 67,000
1997 203 81,000 69,000
1998 212 00,000 71,000
1999 221 G7,000 74,000
2000 230 91,000 77,000
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Service (flTIS), Springfield, Virginia 22161.

4. U.S. fluclear Regulatory Conmission, "Progran Sumnary Report" (Brown Book) USNRC Report
fiUREG-0380, February 16, 1979. Available from fiational Technical Infomation Service
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3.0 DESCR!pTI0t1 0F ALTERNATIVES

This chapter describes the alternatives considered by the staff in analyzing several aspects of
the spent fuel storage situation. The alternatives considered are chosen to bound the exanina-
tion, since large nunbers of variations within these alternatives are conceivable. In fact, at
present, on a case-by-case basis, a number of interin storage actions are under consideration or
are being implenented, such as compact storage at existing reactor storage pools, AFR storage
(at GE Morris), conpact storage of reactor pools at constructed but as yet unlicensed reactors,
and in three cases, transshipnent of spent fuel from one reactor to another reactor for storage
has been requested with one approval already granted. Thus, any one of the bounding alternatives
developed in this statenent is unlikely to be the precise answer to the spent fuel storage pro-
gran. However. the alternatives do scope the program and in subsequent chapters the total in-
pacts, costs, and benefits of their implenentation are exanined and evaluated.

Also, for each of the first three alternatives described below (not including the cessation of
reactor operations), a reference level of reactor installation rate (230 GWe installed by 2000)
and whether or not full core reserve (FCR) capability is used are considered. This nakes a total
of two options (or cases) within three alternatives, or six total cases for which AFR storage
requirenents are documented. In Appendix I these six total cases are also included % .t nigh
reactor installation rate (280 GWe installed oy year 2000). In all : 6cs, expansion of reactor
storage basins by a factor of three tines prer r t deste is assuned. Cases with FCR assune one
FCR per site. All alternati m insune that no final disposal site would be available by 2000
and that no reprecessiag or recycling of LWR fuel will occur by that time.

The alternatives are:

Alternative 1: Assumes no offsite transshipnent of spent fuel; utilizes existing storage tech-
nologies to increase at-reactor ( AR) storage capacity and allows use of all stc. age space
at each reactor site by reactors at that site. This alternative with FCR is the Reference

Case in this statenent.

Alternative 2: Transshipment of spent fuel freely from facilities with full pools to pools with
available storage capacity within each utility-owned generating systen, regardless of geo-
graphical locations.

Alternative 3: Complete and free interchange of available storage space, by transshipnent, re-
gardless of ownership or geographical locations.

Alternative 4: Ceasing to generate spent fuel by allowing reactor shutdown as individual reactor
storage capacity is exhausted. This inplies that other energy sources (such as coal) would
be used to generate replacement electrical power.
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3.1 SCOPE OF SPENT FUEL STO M E rey IRE 2E3TS

3.1.1 Spent Fuel Storage Requirenents

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 naintained and
there is no transshipment of fsite; 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. 7uay-froi-Reactor ( AFR) Storage Requi re1ents with
rio Transshipment, 230 GWe Installed in Year 2000, e

With FCR (Reference Case) and Witnout FCR

AFR Capacity
*Ge e ng Pool Full Core Cunulated ---

Capacity,' Capacity, Reserve , Discharges,a gj ' With
Year GWe :lTR1 tiTRt 'tTRi FCR 'C'd FCR

~

1979 57 26,000 4,700 1,400 40 0
19S0 64 30,000 5,200 2,900 140 20
1981 71 33,000 6,000 4,600 310 110
1982 78 35,000 6,400 6,400 520 240
1983 85 38,000 G,700 8,500 S30 360
1984 92 40,000 7,100 11,000 1,500 550
1935 100 43,000 7,400 13,000 2,200 920
1936 103 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 3,900 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
1995 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

U1998 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

'Does not include 14700 itTRi in storage as of Decenber 31, 1978, both AR and AFR.
b Reference Case,
c Includes s4300 MTHtt in AR storage as of December 31, 1978.
dDoes not include the effect of recent reactor basin storage capacit,/ expansion applications
for the Oconec 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 naximum and nay be overstated in 1997-2000; see Section 3.1.1 for
explanation.

This situation closely resenbles the current status of reactor storage and bounds the capability
of the existing and planned nuclear reactor systen in the U.S. to store spent fuel if no trans-
shipnent is allowed. The potential for use of existing AFR storage (as at GE tiorris) is not
contemplated in the results shown in Table 3.1. The present unused capacity of the fiorris facil-
ity as racked is about 350 itT. This capacity approximates the need for AFR storage (fron
Table 3.1) without FCR througn 1983 and through 1981 with FCR. Application to expond the storage

o up -;
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capacity at this AFR facility by an additional 1100 MT has been nade (protecding indefinitely
suspended).

TN third cclunn of Table 3.1 shows the capability of the entire reactor systen 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 tit of AFR storage

in 1985 (with FCR).

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

a aGWe with FCR GWe without FCR
Alternative i Alternative 2 Alternative 1 Alternative 2

Year Cunulated Eacn Year Cunulated Each Year Canulated Each Year Cunulated Eacn Year

1979 3 3 0 0 0 0
1980 4 1 0 3 3 0
1981 6 0 4 1 0

'

1982 7 1 2 2 4 0 0
1983 14 ' 8 6 4 0 0
1984 19 5 11 3 9 5 2 2
1985 21 2 13 2 12 3 2 0
1986 24 3 16 3 17 5 7 5

1937 25 2 19 3 19 2 5 -

1988 28 2 21 2 22 3 11 6
1989 31 3 22 1 25 3 17 6
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 53 4 40 3 23 6
1995 63 11 50 0 48 8 33 4
1996 69 6 54 4 60 12 36 4

D
1997 78 9 60 6 61 1 50 14
1998 88 10 66 26 69 8 52 2
1999 94 6 112 26 84 15 70 18
2000 96 2 132 20 89 5 82 12

a 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.

bGenerating capacity is a maxinun and may be overstated for years 1997-2000; see Section 3.1.1
for explanation.

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

both Alternatives 1 and 2, AFR storage requirenents are assumed to be net by independent spent
fuel storage installations (ISFSI) as needed. These ISFSIs nay be centralized regional installa-
tions or at-reactor-site installations serving a single utility's nearby reactors. For the years
1997 through 2000, the nodel used understates the available storage capacity. For these years,
postulation of a total of 28 unnaned 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 unnaned reactors coning on
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line during 1997-2000 would be completely speculative, the staff those 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 generating capacity in tho'.e years, particularly for Altertiative 2 with FCR.
The maximum increase of storage capacity in those years is given in Table 3.3.

Table 3.3. Cumulatec' Increase in Storap Capacity in
Years 1997-2000 fran Unnaned, Unsited Reactors

Cunulated Increase in
Number of Plants Storace Capacity (f1Tff t)

Year BWR PWR With FCR Without FCR

1997 2 4 2,000 2,700

1998 3 4 4,400 5,900

'999 2 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
sone degree, each plant is different and each plant operator nay choose one or more of the follow-
ing options:

- Fill unused pool area with existing type racc or racks of different designs;

- Replace nonfuel racks (such as control rod r:cks) with racks which can accept fuel
(store control rods as requ' red in other pool areas, aisle spaces, dryer-separator
pool, or support from the pal walli 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 naterials in the rack construction; and

- Canbinations of the above.

A decision on the nethod used to increase pool storage capacity would have to be based on a nun-
ber of general considerations as well as considerations specific to the design and current status
of the reactor and the spent fuel storage pool involved. These considerations are discussed in
nore 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 rccks or by disassembling sone spent fuel
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assemblies and storing the pins in conpacted fom in special containers or in unused positions
in other spent fuel assenblies.

One of the najor considerations in conpact storage is that the pool design including fuel assen-
bly spacing nust be such that the storage facility is always subcritical by a safe nargin, even
under accident conditions. The current requirenent that k nust be 0.95 rr less for spent

eff
fuel rack designs is given in fiUREG-75/087, " Standard Review Plan for the Review of Safety Analy-
sis Reports for Nuclear Power Plants - LWR", Section 9.1.2. Past design practice used spacings
which allowed calculated k values of 0.93 or less, using less sophisticated conputational

eff

techniques and hence a greater error allowance. For exanple, with current conputational design
deperdent techniques, it has been shown in the case of PWR plants that spacing can be reduced
from about 20 inches to about 12 to 14 inches without exceeding the specified k linit.gff

The fuel storage pool racks for EWR plants are spaced closer tt,qether than for PWR's because the

BWR fuel clonents are smaller and contain less fuel (about 1/2 that of the PWR). Further reduc-
tion of spacing in BWR pools would be more difficult. If the matrix of the BWR storage rack
were brought closer together than the original design, the calculated k would become greater

eff
than allowable. The only alternative lef t for closer packed arrays in BWR pools is the use of
neutron absorbing naterials as part of the rack construction. e naterials which are in use
are stainless steel, Boral (a nixture of B C in aluminun), boron carbide plates and stainless

4
steel alloyed with a small amount of boron.

Neutr on absorber natorials may also be used in the construction of spent fuel racks for PWR
plants. This would provide even greater conpact storage than discussed above. Spacing could be
reduced to as close as 11 to 12 inches, giving as much as a threefold increase in capacity for
PWR pools. The use of nodifi2d 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 najor consiceration in planning for
connact storage at existing plants. Other factors that nust be taken into account are nainten-
ance of adequate pool water cooling capacity, ~ eion protection, and pool water cleanup capa-
city; neeting seismic design requirenents with the new pool arrangenent; and ensuring the protec-
tion of the p .'lic and workers during structuru nodifications of storage pools already contain-
ing spent fuel and during nomal operating and credible accident conditions af ter pool nodifica-
tions are conpleted.

It appears fron experience with sone 39 application approvals to date that these potential prob-
lens usually can be overcone and that conpact storage is a viable option for increasing the stor-
age capacities at nost reactors.

Compact storage plans for reactor storage pools of many operating reactors and reactors under
construction have been de'ined and are at various stages of inplementation.

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 thei,r 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
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Point,* and Humboldt Bay. Of these four reactors, Robinsor.-2 is licensed to ship spent fuel to
Brunswick, where a pool expansion for both PWR and BWR assenbiles has been licensed. San Onofre-1

is at a site where two other similar reactors are being constructed, the first of which will
have suf ficient storage capacity.available in 1983 to acconnodate the next reload fron San
Onofre-l.

Examples of pool expansion at existing reactors are as follows:

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

- Reduced fuel assembly spacing without employing neutron absorber naterials such as
Boral or boron / stainless steel is planned for Sacranento Municipal Utility District's
Rancho Seco (PWR) plant. The original spent fuel pool had a capacity for 244 fuel
assemblies or approximately 1.4 cores. The capacity has been expanded to 579 fuel
assemblies or approximately 3.3 cores. The new storage rack design caploys square
fuel guides fabricated fron 14-gauge stainless steel (0.078 inches) with a 15-inch
center-to-center spacing.

- The Boston Edison Company has increased the capacity of the spent fuel storage pool at
Pilgrin 1 (BWR) by replacing the existing spent fuel storage racks with anodized alu-
ninun fixed-abso;bw racks which have a reduced center-to-center spacing. The neutron
absorber material would consist of a mininun of 35% by weight of natural B C in a type

4

1100 aluminun alloy matrix (Boral). fhis change has increased the capatity fron 900
assemblies or approximately 1.6 cores to 2320 assenblics or approximately 4.3 cores.

At the present time, licensing credit for the use of soluble neutron absorbers in the storage
pool water is not acceptable to the T4uclear Regulatory Connission and to date no known applica-
tions have included credit for this method.

Selected examples 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 requirenents are
given in Appendix D.

3.1. 2. 2 Compact Storage at Existing Reprocessins Plants (AFR Storage)

Increased fuel storage capacity can be achieved at sone existing reprocessing plant storage
pools by nethods similar to those described in Section 3.1.2.1 for reactor stations. Planning
for compast 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 fiorris facility has been increased to 750 MT
with compact storage of spent fuel in existing basins. Recent reviews funded by f;RC indicate
that conpact storage for the West Valley facility could present structural difficulties.I

*In April 1979, an application for a license anendment to expand storage capacity to 441 assenb-
lies (88 MTHM) was received.
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3.l.2.3 Su,na ry

Conpact storage is a neans of increasing spent fuel storage capacity at existing storaje facili-
ties, both at reactors and at some existing reprocessing plant storage pools, which is imple-
nentable with today's technology. The rapidity with anich increased storage capacity can be
achieved by using this alternative nakes it attractive. Fifty-five in:tvidual license anend-
nents ha.c becq applied for to nodify pools by this reans. Of these, 9 were for reactor pools--
40 have been approved and 14 ppplications are cutstanding. The re,tainiN .roplication, also
Jpproved, was for the GE fiorris pool .

3.1.3 folume Expansion of Existing Reactor (AR) and #eprocessing Plant (AFR) Pools

3.1.3.1 Desc ri pti or.

Allowable construction practices for storage pools are discussed in Appendix L, The addition of
space to a fuel pool storage facility by extending the pool or connect.ing in a second rool is
dif ficult at reactors. As notes, any actico that requires a penetration of the pool liner is
nomally avoided. This is particularly true for operating plants with fuel already stored in
the pool . Consequently an add-on section to an existing pool appears to be an unlikely alterna-
tive.

However, storage pools at sone existing reprocessing plants have gates which per"If t add-on sec-
tions to their pools to be isolated frm existing spent fuel storage locations until constrac-
tion is conpleted. The designs of both GE Morris and the Barnwell FRSS will timit ,w builcing

''
of additions to existing pools.''3 General Electric has made application 50 '.RC for an cdbet
section to the existing storage pool to increase storage Capacity to a liCersed 1850 MI.

A potential option in sone nuclear power plants is to build an additional stoPsge 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 t; 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 nay be possible that the sane crane could be used for both facilities. Transfer of spent
fuel between the two storage pools would have to be acconplished by a transfer cask. The add-on
facility is not a practical consideration where the existing pool is elevated in a building or
the building arrangenent does not provide reasonable access between the existing facility and

*

the available space for a new facility.

It is also feasible to construct a spent fuel stJrage facility on a reactor plant site but sepa-
rated fron.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.

3.1.3.2 Sunna ry

Expansion of pool volune at esisting nuclear power plants is an option with limitations in ap-
plication. The staff will perfom detailed safety and environnental r(views of pool volune
expansion if a license for $,ch a modification is requested by a utility.

2EN.&
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Expansion of pool volune at reprocessing plant pools equipped with pool isolation gates is con-
sidered feasible.

3.1.4 Wat Storage Facilities ( AFR)

3.1.4.1 Introduction
The construction of new independent spent fuel storaje installations (ISFSI) nay provide ex-
panded storage capacity for reactor spent fuel. Additional water filled spent fuel storage

pools can be constructed to provide storaje space in excess of several thcusand MTH.i of spent
fuel. This is far greater than the capacitics of current reactor site storage pools.

Presently, spent fuel storaje is licensed by the f.RC at two pools functioning as ISFSI's, though
their original purpose uay have been dif ferent. The pool at the GE fiorris facility is one
example.

All of the connercial LWR spent fuel storage operational experience is with wet storaje. Regu-
latory Guide 3.24, " Guidance on tre License Application, Siting, Design, an.1 Plant Protection
for an Independent Spent Fuel Storage Installation," has prnvided reco1nended criteria and re-
quirenents for ISFSIs but is being updated by a series of guides. Pertinent sections of 10 CFR
Parts 19, 23, 30, 40, 51, 70, 71, 73, now apply to spent fuel storaje installations.

These regulations cover the pcssession of special nuclear materials, but were pronulgated to
cover such possession incidental to nanufactJring 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 nore
definitive regulation base for storage only type activities, a proposed new rule 10 CFR Part 72,
" Licensing Requirenents for Storage of Spent Fuel in an Independent Spent Fuel Storage Instal-
lation," was issued for connent in October 1978.

3.1.4.2 Concepts *

The design of a pool type ISFSI wouid be sinilar to that of spent fuel pools at reprocessing
plants. In addition to the required pools, the designs would include spent fuel cask receiving,
handling, and unloading equipnent; pool water cooling and treatment systens; a heating, ventila-
ticn, air conditioning (HVAC) systen; a radioactive waste treatnent and handling system; cask
maintenance shops; personnel support systens; and the necessary buildings to house this equip-
nent.

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

generated by radioactive decay of spent fuel. Supporting equipnent and systens 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 naintained as low
as reasonably achievable, and is expected to be a small fraction of 10 CFR Part 20 requirenents.

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

Q~>7<u t1 %.)m4
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3.1.4.3 Design Criteria

An ISFS! is described as a "self-contained installation for storing spent fuel." It differs

froi 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 necting the re-
quirenents of Part 70 autonatically satisfies the requirements of a Part 30 and 40 license.)
Part 72, which has been issued for connent, specifically covers the licensing aspects of AFR
storage installations, where spent fuel is kept for an extended period of tine. As with other

major nuclear installations, an environrental inpact review is required in addition to a license

review for an ISFS!.

4Regulatory Guide 3.24 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 connent. Design standards . lust assure safe plant operation. An ISFSI nay

9
contain in excess of 10 curies of long-lived fission products, therefore the design of systens,

structures, and components must provide for the confinenent of radionuclides. In general, the
safe storage of ireadiated fuel depends on naintaining 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 prinary neans of maintaining cladding integrity. Experience to
date indicates that under the proper storage c.nditions, LWR spent fuel can be stored under water
for long periods without serious degradation o' the fuel cladding.5,6 (See App. H.)

A proposed design for an independent spent fuel storage facility sJitable for construction on an
existing reactor site has been approved by the MC. This design, described in the Stone and
Webster Engineering Corporation report nunber SWEC0-7601,7 has a naxinun fuel storage capaciN

of approximately 1300 netric tons of spent fuel (as UO of eitMr ?WR or BUR fuel).
2

Any license application by a utility to construct such a facility would be supported by addi-
tional inforiation and detailed drawings on a site-specific basis as well as a safety analysis
report as necessary for the NRC to per'om its statutory review to ensure the health and safety
of the publiC and the protection of the environnent.

3.1.5 D_ry Storage Facilities (AFR)

3.1.5.1 Introduction

Dry storage of LWR spent fuel assenblies, i.e., storage outside a water environnent, has not

been employed by the U.S. nuclear industry for LWR spent fuel. However, prelininary conceptual
studies indicate that dry storage is feasible, provided the fuel nas first been stored in water

for about five years or more so that the decay heat generation rate is low. For sone applica-
tions, particularly if extended storage is expected, dry storage nay have econonic advantages
over water pool storage.

.l.5.2 Conce tsr

Much of the concept development work for dry storage was originully 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 adjustnent for density of
the radiation sources, heat renoval and shielding requirenents for storage of high level waste
are approximately the same as those required for storage of spent fuel assenblies for equivalent

$)N.$.k
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tines af ter discharge fron a reactor. Technology anJ conceptual designs developed 'or one nay
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 surf ace storage facility (RSSF) - shielded, sealed cask
- Retrievable surface storage facility (RSSF) - air cooled vault
- CANDU shielded, scaled storage cask

Dry caisson storage-

- Air cooled storage racks.

3.1. 5. 2.1 . A.a

The RSSF sealed cask is a concept which had previously been developed for interin surface stor-
age of solidified high level wastes, prior to pemanent placement in geologic fornations or
other suitable facilities.O In this concept solidified high 1cvel wasta is contained in stain-
less steel canisters approximately 3D cn in dianeter and 3 meters in length. Such a canister,
which is roughly the sane volune as a PWR fuel assembly, would contain the high level waste re-
sulting from processing about three netric tons of spent fuel. Assuming that high level wastes
are stored for ten years at reprocessing plants prior to placenent in an RSSF, a typical heat
generation rate is about five kilowatts per canistcr. This is conparable to a typical BWR fuel
assenbly about three months af ter reactor discharge.

The shielded, sealed storage cask design is for aboveground waste storage and is illustrated in
F .g u re 3.1. A stainless steel canister of nigh level waste is to be sealed into a carbon steel
cask approximately 48 cn o.d. x 38 cn 1.d. x 3.2 m long. This cask is contained within a con-
crete ganna-neutron shield approximately 2.5 n o.d. x 0.8 a 1.d. x 3.5 m long. A 15-cn airflow
annulus remains between the carbon steel cask outer dianeter and the concrete inner dianeter.
This assembly constitutes a conpletely passive systen. Heat is renoved fron the assembly by
natural convection.

9The Department of Energy has initiated a research and developnent study of cask storage at its
Nevada Test Site with both PWR and BWR spent fuel in storage casks.

3.1.5.2.2 RW-& " ' " "C

An alternative dry storage concept for the RSSF is an air-cooled vault, illustrated in Fig-
ure 3.2. The high-level waste canisters would be scaled in 1.3 cn thick carbon steel overpacks.
The overpacked canisters would be positioned as shown by lowering then through access openings
in the concrete deck. Natural-draft air circulation would provide adequate heat re aval. Air-
cooled vault storage for non-LWR spent fuel is practiced at the Idaho National Engineering Labor-
a to ry.

3.1.5.2.3 wu/smtadsemu

In Canada, consideration has been given to the application of similar concepts for the storage
of spent fuel frun their CANDU reacters.' Figure 3.3 is a schenatic drawing of a CANDU fuel
assenbly. It is approximately 50 cn long. Figure 3.4 illustrates the storage of about 4.4 MT

O 913-10 vt'h.c,dD
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of such spent fuel asse% lies 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. bse of spent fuel in dry stor-
age testing of this design has been initiated at the Whiteshell Nuclear Research Establishment,
Manitoba.I2

~

Figure 3.5 illustrates 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 aluminun pipe. The pipe is then filled with molten zinc or aluminun to fom a
.olid casting.U Cooling is achieved by the natural circulation of air.

3.1.5.2.4 4 C'33? h'

This concept for dry storage of spent light water reactor fuel was under study by the Atlantic
I3Richfield Company and utilized the shielding and heat transfer qualities of the earth. Sini-

lar approaches are being used at the Idaho Nuclear Engineering Laboratory for the storage of
9Peach Botton (HTGR) spent fuel and after study by the Department of Energy at the Nevada Test

site for LWR spent fuel on a small research and developnent basis.

The Atlantic Richfield concept is illustrated schenatically in Figure 3.6. One PWR fuel assen-

bly or three BWR fuel assemblies are sealed in a nild steel overpack approximately 40 cn in dia-
neter. The overpack is stored inside a well casing or caisson, which nay range fron 50 to t00
cn in diameter. Caisson dianeters in excess of the minimun required to acconnodate the internal
container may be enployed to reduce heat flux into the earth. The depth of approximately 7.5 n
is established to provide adequate shielding.

The mininun spacing between caissons depends on the heat generation rate of contained fuel, maxi-
nun allowable material temperatures, and the thernal 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.

In the design of this particular concept it is assuned that fuel would be received af ter two to
three years of storage in a spent fuel storage pool. spent fuel assenbly or as o..Dlies are
placed in an overpack, welded shut, tested for integrity of the seal, and cleaned of surface
contanination. The m ;psulated assembly or assemblies are then conveyed in a shielded trans-
porter to a previousl, repared caisson and lowered into it. A high-density shield plug is next
lowered into place and then a cover placed on the caisson and locked in place.

Each caisson would be provided with probes to nonitor radioactivity, temperature, and possibly
tracer gases such as helium. The rate of heat evolution is measured before each assembly is
placed in a caisson. Af ter placement, the caisson tenperature rise would be monitored intemit-
tently. The tenperatures of selected caissons is nonitored continuously to verify expected
trends. Maximun temperatures are expected about one year af ter insertion. The soil near and
between caissons would also be monitored at selected locations. Radiation and temperature moni-
tors and/or alams would be placed at strategic locations in the storage area.

At this time, no unusual factors which would preclude an acceptable design have ceen identified

and it is the staff opinion that an adequate dry caisson storage design h$fe%ed for LWR
spent fuel.

%1204' '
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3.1.5.2.5 Air-Cc31ed Storage Racks

All of the previously discussed dry storage concepts have assumed encaps Jlation of the spent
fuel elements into containers. It may also be feasible to store dry spei t fuel without sealing
the fuel in canisters. For example, one concept would utilize closely sp.:ed storage racks
within an enclosed building." The building could be partially or tota ' underground to pro-
vide shielding. Forced once-through air circulation, estinated to be about 150,000 cfm for a
1500-MTU f acility, with filtered exhaust is assumed to provide adequate cooling. A reliable
backup systen for the primary v::ntilation system would be required. Damage to storage building
structures, rather than fuel cladding temperature effects, would be the limiting factor for
safety concerns. Contanination control would also be a major safety concern. For exanple, it
may be necessary to mechanically or chemically clean the surface of incoming spent fuel before
storage. Because of the absence of a moderator (water), fuel spacing in storage racks would not
be limited by criticality criteria as in a storage pool; however, close spacing of dry fael re-
quires assurance there are no possible modes of accidental flooding of the storage area. Final-
ly, sone means of handling ruptured fuel elements must be provided.

3.1.5.3 Design Criteria

The design of dry storage facilities will be subject to siting and licensing procedures prior to
operation. Currently there are no regulations or guides referring explicitly to dry storage
facilities. All general requirenents of 10 CFR Parts 20, 30, 40, 70, 71 and 100 shere appli-
cable would apply. Licensing would be based on 10 CFR Part 70 t. stil such time as the proposed
10 CFR Part 72, which will cover both wet and dry storage, is implemented. Regulatory policy
and guidelines will to developed as plans for dry storage emerge.

3.1. 6 Use of Existing Government Facilities to Store Spent Fuel (AFR)

The possibility of using Federal facilities to store spent fuel fran commercial reactors has
been studied. Either existing storage facilities could be used or a new facility could be con-
structed specifically for such fuel.

3.1.6.1 Existing Spent Fuel Storage Facilities

Currently, the only Federal facility that has a spent fuel storage facility that is similar to
connercial ones is the Savannah River Plant. This Storage pool has a capacity of less thari
100-MT which is used for storage of DOE development program fuels. There is no uncommitted
space that could be used for conmercial fueh. Use of existing Federal fael pools consequently
does not appear to be possible.

3.1.6.2 Possibility of New Facilities

In October 1977, the Department of Energy announced a Spent Fuel Storage Policy for nuclear
power reactor <,. Under this policy, as approved by the President, U.S. utflities will be given
the opportunity to deliver spent fuel to U.S. Government custody in exchange for payment of a

- fee. Under this poMcy, : pent fac! tecnsferred to the U.S. Governaent would be delivered at the
user's expense to a U.S. Government-approved storage site.

If this policy is implemented, spent fuel storage could be accommodated in eitler centralized
large ISFS facilities owned or operated by the U.S. Government or decentralizec storage in
Government-approved decentralized small privately-owned ISFS facilities.

3-19 q: 4 ,
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Two bills have been introduced in the House of Representatives to implenent this policy. One.
H.R. 2586, was introduced on March 1,1979, and the othe*, H.P. 2611, was intr >duced on March 5,
1979. Identical bills have been introduced in the Senate.

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

3.1. 7 Transportaticn Requirements for Away-fron-Reactor Storage

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

- The availability of AFR storage facilities.

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

- Tne availability of spent fuel transportation casks. At any given tire one of these
paraneters will be limiting.

As indicateC in Section 2.1.3, three facilities 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
fuel storage problem and the licensing proceeding for the GE Morris Plant proposed expansion to
1850 retric tons has been suspended indefinitely.

Table 3.1 indicates the amount of spent nuclear fuel which will require transfer away from reat-
tors under variods assunptions. 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. Approxinately 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 or truck

- Mix of fuel BWR and PWR

- Regulatory restrictions such as State and local routinc requirements and sprcial
train requirements

- Shipping distances . py
v os.de
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Individual facility limitations such as special task loading and unloading-

procedures

A conservative estinate of the annual transportation capacity of currently available casks would
be about 1500 netric tons of spent fuel. Thus, for the reference case until the late 1990's, no
additional casks will be needed beyond those presently certified or under construction (see
App. B, Table B.3). Thus, the possibility of a transportation " bottleneck" due to an inadequate
number of casks in the 1390's is not foreseen, assuning casks are used to capacity. Moreover,
there is no indication that industry cannot provide additional casks if needed.

The provisions of AFR spent fuel storage, depending upon where such facilities are located,
coJld involve an additional transportation step. This could be a significant incremental addi-
tion to the transportation requirenents of the nuclear industry. However, the overall environ-
nental inpacts of spent fuel transportation is essentially insignificant.

Ultimately, all spent fuel will eitner be sent to pemanent disposal or to be reprocessed. The
transportation steps involved for disposal are no nore than those required for inmediate repro-
cessing. For later reprocessing a transportation step nust be added unless the AFR storage site
was located at the reprocessing facility.

3.1.8 Inplementation of Reference Case Technologies

The various storage technologies exanined above appear feasible and indeed sone are already in
use. Discussion of these is not meant to exclude new designs. New ideas and techniques will
continue to be developed. For example, applications for stacked (double tier) storage of spent
fuel at the Lacrosse plant pool and for storage of spent fuel assenblies with added fuel inserted
at the Yankee Rowe plant pool have been received. At this tine, however, the technologies exan-
ined seen likely, with perhaps sone variations, to be those implemented in spent fuel storage
through the end of the century.

3.2 TRANSSHIPMENT

A possible option for storing spent fuel discharged by LWR's involves transfer of the fuel frco
the storage pool of one reactor to that of another reactor at a different site, both reactors
belonging to the sane 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 LWR's presently in opera-
tion have filled or are about te fill their spent fuel storage pools. 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 transshipnent involves the novement of spent
fuel fron 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 problen, in which only the para-
neters of spent fuel discharge rate and availability of storage space for the total reactor popu-
lation are considered (Alternative 3), oversimplifies this alternative. Irregularities of tining,
transport and space within this " average" are not accounted for, nor are conditional relation-
ships between these elenents. It would be unrealistic to think that a utility with some excess
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storage space would prenaturely fill up its pool with spent fuel fron another utility. More-
over, legislative action to date by various states and cities could linit the practical appli-

N cation of such unlimited transshipnent. To nore realistically assess the contribution of

transshipment as a potential solution, the following 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, unlinited shipment of spent fuel between reactors of different
utilities is not considered to be practical under nomal conditions. However, in the event of
an energency situation, such as an inninent threat of reactor shutdown due to storage capacity
shortfall, the Federal Government, by preenption of all regulatory authority, could potentially
direct establishnent of a national storage allocation plan utilizing all reactor storage pools
as a single systen. On this basis, projections of such an option are shown in Table 3.4 and
Table 3.5.

3.2.1 Connon Features of the Three Transshipment !1 odes

3. 2.1.1 Facilities for Spent Fuel Handling

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 novenent
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 anong like reactors is expected to be snali. The nost 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 is constructed early, it nay be able to readily receive the fuel frm
the operatang reactor. Such cases are assessed as Alternative 2; i.e., transshipuent among all

reactors belonging to the sane owner.

3.2.1.2 Transportation of Spent Fuel

Spent fuel transshipment creates no new transportation considerations except increased volune.
Transport requircrents, technology, and availability considerations are discussed in Appendix B.

3.2.1.3 Safety Analysis

Fuel transshipment does not generate new safety problens. However, the staf f will perfom site
specific analyses on case-by-case actions to verify this conclusion.

3.2.1.4 Regulatory Aspects

Any reactor receiving spent fuel from another reactor will require an amendnent to its operating
license. NRC will perfom a safety evaluation and appraise the environnental inpact of such an
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Table 3.4. Fuel Usage Sunnary Report'with full Core Reserve (MTH'1)

Alt. 1 Alt. 2 Alt. 3
AFR Req., AFR Reg., Storage Reserve

Cumulated No Intrautility Unlimited Gigawatts
Annual Di scha rges Transshipment Trans shi pme nt Transshipnent Di scha rging

Year Di scharges (3) (2,4,5,6,9,10) (4,5,6,7,8,10) (1,4,5,6,10) (11)

1979 1420 1,420 -40 16,000 46
1980 1520 2,940 -140 17,000 48
1981 1640 4,580 -310 18,000 51
1982 1850 6,430 -520 -30 18,000 53
1983 2090 8,530 -880 -190 18,000 66
1934 2290 10,820 -1,500 -520 18,000 73
1985 2430 13.260 -2,200 -700 18,000 80
1985 2640 15,910 -2,900 -1,200 18,000 87
1987 2840 18,750 -3,800 -1,500 18,000 94
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 16,000 125
1992 3950 36,380 -9,200 -4,100 IS,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 9,900 160
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 -2 8,M0 -19,000 -4,200 202

1 Assunes 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 s4700 f1THM in storage, both AR and AFR, at end of December 1978.
4 Includes s4700 MTHM in storage at end of Decenber 1978.

5 Negative numbers nean AFR storage required. Positive or no number means no AFR storage
required.

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

7 Assunes all reactors within a given utility systen can be used to store spent fuel fron
any reactor within that sane utility systen.

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

10 Does not include the ef fect 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.)

11 Corresponding installed GWe are 230 in year 2000.
12 Includes ef fect of additional storage fron unnaned and unsited reactors.
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Table 3.5. Fuel Usage Sunnary Report without Full Core Reserve (!1TH'1)

Al t . 1 Alt. 2 Alt. 3
AFR Req., AFR Reg., Storage Reserve

Cunulated No Intrautility Unlimited Gigawatts
Annual Di scharges Transshipment Transshipnent Transshipment Discharging

Year Di scha rges (3) (2,4,5,6,9,10) ( 4,5,6,7,8,10 ) (1,4,5,6,10 ) (11)

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

3 Does not include v4700 MTHM in storage, both AR and AFR, at end of December 1978.
4 Includes s4700 MTiti in storage at end of December 1978.
5 Negative nunbers nean AFR storage required. Positive or no nunber neans no AFR storage

required.
6 For sites with nultiple reactors, spent fuel storage from installation of the second or

ddditional reactors is not nade available until fuel lo; ding date has occurred.
7 Assunes all reactors within a given utility systen can be used to store spent fuel from

any reactor within that sane utility systen.
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 Vol . II, Appendix F, Table F.8, footnote b.)

11 Corresponding installed GWE are 230 in year 2000.
12 Includes effect of additional storage fron unnamed and unsited reactors.
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action. Currently, the staf f has not identified any generic problems associated with this alter-
native.

3.2.2 Consideration of the Transshipnent 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 assuned
that the capacity of the spent fuel storage pools at these reactors would be the sane as of
Dec embe r , 1978. It was also assumed that no storage was available at fuel reprocessing plants
or at new storage facilities.

When identifying specific transshipnent actions it was assumed that a utility would try to solve
cach year's storage problen as it occurs. No clain is made that this is the optinal 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, af ter an initial core discharge period of five years for BWR's and
four years PWR's, discharge one-third of their cores per year for FWR's and one-fourth per year
for BWR's.

Consideration was also given to the transportation requirenents (specifically, spent fuel trans-
port cask.) for the transshipnent modes (see App. E). Both rail and truck shipments could be
used for the novenents, but to natinize these requirenents, it was assuned that all shipments
would be nade by truck.

3.2.2.1 Alternative 2

The scope and nagnitude 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 requirenents for Alternatives 1 and 3 are also shown
for easy cor.parison. The list of reactorsI 'IO which were used as the basis for the analysis is
given in Appendix F. This alternative (Alt. 2) contains all of the basic assumptions of Alter-
natives 1 (and 3) but allows transshipment between reactors having the same owner, regardless of
geographic location.

The ef fect of intrautility transshipnent is to reduce the r.md for AFR Storage fran 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 transshipnent is, for year
2000, 30% with FCR, and 40% without FCR.

The ef fect 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 excess AFR storage
capacity in year 2000 of about 10,000 MT if no FCR is required for the reference case. Without
inclusion of assumed reactors ( see Tatle 3.3) the available storage is about 3000 MT less than
requirenents.
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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 transshipnent (intrautility) narkedly reduces the anount of gener-
ating capacity (GWe) which attains filled-pool status through 1997 The generating capacity

(GWe) in years 1998, 1999, 2000 is maxinized 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 FC4 and transshipment, sone 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. '' situation with Unlimited Spent Fuel Transshipnent

In evaluating spent fuel transshipment between reactors belonging to different utilities (con-
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 shortf alls. It is unlikely such an energency situation would be allowed to develop. How-
ever, lead times to expand existing storage facilities are neasured in nonths and to conplete
new facilities may require up to about five years. Thus 3n energency situation is possible.
Any storage connitnent nade by one utility to another would likely be temporary in nature; that
is, any storage connitnent would be to provide relief for a linited duration. This policy is
assumed since any long tem connitnent by a utility to store spent fuel belonging to another
utility could result in advancing the ultinate fill date of its own reactor pools. Thus, a long
tern storage connitnent would be unacceptable to any utility and undesirable because it could
place that utility's reactors in the posibn of having to shut down due to lack of adequate
pool space.

This mode of transshipment would increase the fuel transport case requirenent by the utility
because of such shipments. However, broadening the scope of transshipnent has again resulted,
as shown in Table 3.4, for the reference case, in no requirenent for AFR storage prior to 1999
if unlinited 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 Sunna ry

The objective of this discussion was to investigate the extent to which transshipment could con-
tribute to solving the spent fuel storage problen. Transshipnent 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
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requireacnts for the reference case are reduced by 30" (in year 2000) if transshipient between
reactors having connon ownership is allowed, and the year of first AFR need is postponed froa
1979 to 1982. If unlinited transshipment is perm tted, AFR re]uirenents in year 2000 are 85t
less than those for the reference case, and the year of first AFR need is postponed fron 1979 to
1998, again co, pared to the reference case of Alternative 1.

Transshipment between connonly-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
problens. However, expansion and use of the GE Morris AFR facility WoJld extend the year of
first reactor shutdown due to filled pools for the reference case to 1934 (fro,1930).

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
shortf:115. In 1996, as Table 3.4 illustrates, the need for AFR storage in Alternative 1 with
no of fsite reactor-to-reactor transshipnent would be in excess of three large (about 5000-MT
capacity) ISFSI for 17,000 MT, while for Alternative 2 with such transshipnent there is a need
for only about two large ISFSI for 8800 MT. Beyond 1996 the naximun need for AFR storaje for
these alternatives is shown but this coJld be redaced by projected but unnaned reactors with
undesignated ownership and sites. For Alternative 3, where lack of AFR storage is assuned to

*

result in a national storage allocation plan sanctioned and regulated by the Federal Governnent,
AFR storage need would be for only one large ISFSI for 4200 tit in year 2000 (Since Alterna-
tive 3 treats the nation's reactor pools as a single storage systen, 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 accoanodated; that is, a syste1 to accomplish ultimate disposi-
tion of spent fuel is assuned to be operational.

3.3 TERfilfiAT!0ft CASE

3.3.1 fluclear Technology

All reactors presently operating, except three (see Sec. 3.1.2.1 for details) are either li-
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 tine before the pools becone 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.

Since it see1s unlikely that new reactors would be put into service if this situation developed,
under this alternative, nuclear generated electricity would need to be replaced by an alterna-
tive source or the electrical demand reduced. To analyze the inpact of this possibility (see
Chap. 4), it is assumed that all nuclear plants on line by 1985 111 continue to operate until
their pools are full, and that no new nuclear generation capacity will come on line af ter 1985.

3.3.2 Modification of Fuel %nagenent 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-
nent stays in the core, thereby decreasing the frequency of discharges. The objective of
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in-core fuel nanagement is to minimize the fuel cycle cost while necting the requirenents of
safe and reliable power production. Because of the latter requirenent, fuel managenent is not
only an operating paraneter but also a design paraneter. This implies that nodification of cur-
rent fuel nanagenent practices in order to reduce the spent fuel discharge rate will be con-
strained by design considerations.

The most inportant fuel nanagenent paraneter affecting the rate of spent fuel discharge is the
average discharge burnup of the fuel. The burnup is a neasure of the fuel. utilization, which is
conventionally expressed in tems of themal negawatt days per metric ton of uranium (MW th )*0 *

The average discharge burnup can be expressed as:

Burnup = (specific power) x (capacity factor) x (fuel lifetine in the core)

The specific power is a fixed paraneter for a given reactor, typically 26 ftJ /MTU for BWR's andth
38 MW /MTU for PWRs with older plants being 19 tiW /MTU for BWRs and 28 MW / UI 5"th th th
Reduction of the capacity factor is equivalent to reducing the power plant electrical output
which is the sane as reducing generation to decrease discharge frequency. The only free para-
neter that can be changed by nodified fuel nanagement is fuel lifetine in the core. Since the
fuel discharge rate is inversely proportional to the fuel lifetine or the discharge 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

A higher burnup can be achieved by increasing the feed U enrichnent to compensate for in-
235creasing U depletion and fission product poisoning. However, the peak discharge burnup is

limited by origina; design for fuel perfomance. The fuel perfomance reliability is directly

related to the peak discharge burnup level (i.e., specific power and irradiation time).

The utilization of fuel at a significantly tigher burnup level would require a stronger cladding
(either a high-strength naterial or an increased cladding thickness) to maintain the fuel rod
integrity during the longer fuel life. More generally, safety analysis, licensing pr
and econolics of design and nanufacture standardization favor continuation of proven fuel designs
and burnup levels. Hence, changes in the fuel design to acconnodate a higher burnup and subse-
quent nodification of the fuel nanagenent strategies will not be realized in a short time frane.

2Furthemore, an increased burnup requires an increased U enrichment to provide additional
available reactivity for a longer fuel life and increased reactivity control margins. The in-
creasco enrichment of the fuel would require a reevaluation of the safety analysis.

3.3.2.2 Improved Burnup by Increased Unifomity of Consunption Rate

incentives exist to maintain the spatial power distribution within the core in a unifom 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 approximately 1 MW 0I * O U)*th
Hence, a burnup of 10,000 MWD /MTU is equivalent to the energy released by fissions corresponding
to 1% of the initial uranium loaded into the reactor.
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frequency, so it is ef fectively a naintenance option to help resolve spent fuel storage over-
crowding.

The fission power projuced in the reactor is proportional to the fissile enrichnent and the neu-
tron flux. Neutron flat is lower in the core outer rejion due to the neutron loss by leakaje.
The principle of achieving a flat power distribution is to co1pensate the flux distribution blito
enrichnent distribution. In aidition, control rod positioninj and caalant void distributions

are also used to flatten the power distribution. Since flat pawer distribution is one of the

najor objectives of Current fuel nanagenent practices, it appears that no additional inprovenent
could be naje to retard the spent fuel discharge rate.

3.3.2.3 Thernal Coastdown

For a given initial U enrichnent, increased burnup is linited by the reactivity requireient,

and reactivity is prinarily a function of fissile enrichnent. However, reactivity also depends
on the f nl and coolant tenperatures. in the themal coastdown no te of operation, the reactor
continues to operate in a gradually reduced themal power output by utilizing the increased reac-
tivity value due to the reduce 1 fuel and coolant tenperatures. The coastdown capability of the
nuclese power plant is currently bein) used, depending on each utility's o.4n need and on econanic
considerations (savings due to extended fuel life vs. replace 7ent power cost for the reduced
power operstion). Typically, a two-nonth power coastdown could be considered feasible. Sach a
Coastjown Operation Could increase the discharge burnup by about 10; and hence postpone spent
fuel discharging.

Thenial coastiono lowers the plant capacity factor achievable and too stretchout operation could
conflict with the refueling shutdown period desired to nect load denand. The use of coastdown
operation will depend on each utility's need and operating strate 3 es. However, such practices1

will not significantly inpact the resolution of the proble1

3.3.2.4 Sunna ry

There appear to be no narked benefits to be achieved in terns of relieving the spent fuel storage
proble, by nodified fuel managenent schenes without considerable changes in practices already in
econonic balance. Indeed, there nay be distinct disadvantages. Little realistic relief cense-
quently seens possible by these techniques.

3.3.3 Replacenent Power for LWR-Produced Electricity

In this statenent coal-fired plants are assumed to replace nuclear electric power generating
capacity for the termination alternative. Each type is assuned ta operate at a capacity factor

of 601,. This choice is dictated by the lack of the alternative energy sources to acconplish
this task.20,21 A similar approach has been taken by a recent Ford Foundation study covering

this sane tine frane.21 This position is supported by the National Energy Plan which contains2

a strong re]ulatory progran that would prohibit all new utility and industrial boilers fron burn-
ing oil or natural gas except under extraordinary conditions. This plan is supported by the
National Energy Act of 1973.

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 sone of the proposed alternative power sources may have significant inpacts. 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 nore than about 1% to electrical energy production by the year 2000II)
is speculative.

None of this, however, affects the finding that additional spent fuel storage is environnentally
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 thraugh 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 temination of the operation of nuclear plants is listed in Table 3.2.

In the discussion of environmental impacts an exanination is made of the ef fects of the shutdown

reactors based on the installed capacity, and the replacenent of this lost generating capacity
with some other fuel cycle.
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4.0 ENVIRON'1 ENTAL IMPACTS

In this chapter the incrolental ecological, health, and social impacts associated with the
alternatives of the temination case and the reference case storage solution are discussed.
The temination alternative provides for the shutdown of nuclear power plants when their
storage pools are filled; the reference case provides for expanded interin storage of spent
fuel pending reprocessing or disposal.

4.1 ECOLOGICAL NPACTS

The ecological inpacts of the uranium fuel cycle have been extensively described else-
where.1-6 As previously discussed in this Statenent, the previously published documents
all assume that spent fuel is tenporarily stored at the reactor and is actually stored
and/3r reprocessed at "away-fron-reactor" ( AFR) facilities. This document treats a series
of options (Section 3) for the disposition of spent fuel.

The alternatives discussed below assune 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., fossil fuel)
in order to naintain the utility grid generating capacity (see Sec. 7.4.1.2).

Several storage techniques for naintaining continued operation of nuclear power plants are
considered, including ce, pact 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 temination alternative considered assumes a shutdown of operating nuclear power plants
when their present onsite spent fuel storage capacities are saturated and that coal fired
power plants will cone on line as replacements. Both the environnental inpacts of existing
reactors in safe shutdown condition (Section 4.l.2.1) and the construction and operational
impacts of the replacement coal fired units (Section 4.1.2.2) are considered.

4.1.1 Reference Case Storage

4.1.1.1 Conpact Storage

Increasing the nunber of assemblies stored in existing nuclear power plant fuel pools will
not cause any new environnental inpacts. The amount of waste heat enitted by the plant will
increase slightly (less than one percent), resulting in no neasurable increase in impact
upon the environnent.
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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 constructinn requires the removal of esisting vegetation in the
imediate 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. Following such disturbince, some
of the less mobile life forms perish, while more eat,ile species, such as birds cnd the
large and intermediate-sized mammals, migrate to the |ess disturbed adjacent habitats.
This may create increased competition for rewurces in the surrounding habitst. Some
increase in road kills may occur as a result of increased ve*:f caiar traf fic. Various
measures, such as dust-control procedures, topsoil stockpiling, revegetation, etc., are
usually implemented either to reduce initial irpacts or to f acilitate rapid recovery.

.

Depending upon facility location and the ty;.e of cooling used, aquatic habitats may be
impacted by the construction of intake and cutfall 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 Bartwell 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. Drift from cooling towers may adversely affect local
vegetation. Some local fogging and increased humidity may occur. All 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 st, age technology has been utilized for some years for high level radioactive waste in
solic' form a t the Idaho National Engineering Laboratory (INEL)7 and provides a good example
of the impac b of this technology. Above and below ground dry storage areas are utilized at
the INEL. Below-ground dry storage is also provided for HTGR spent fuel 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 th-t 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 imediately surrounding the storage area. In areas immediately 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
gr',undwater supplies will rat be impacted. Thus the scent fuel storage facility does not
appear to have any ecolcgical impact on the surface or groundwater envirc ment-

The statements relating to the ecological impacts included in Section 4.1.1.2 above for wet
storage applies as well to dry storaje technology.

4.1.2 Termination Case

4.1.2.1 Shutdown 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. Af ter its spent fuel storage pool is filled, each reactor will have to be
placed in safe shutdown condition, but the operation of the cooling system must be con-
tinued to remove decay heat from any scent fuel in the core and in the storage pool.

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 centrolled 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. All impacts associated with the water makeup facility (entrainment
and impingement 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 significantly less
than those of the operating facility.

4.1.2.2 Replacement witn Coc;-Fired Facilities

At present and through the year 2000, the only large scale economically feasible replacement
fuel is coal.9 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 .1early equal in all impacts except the cyclone furnace requires approximately
98 as much coal as a pulverized burner to produce 1,000 MWe;9 the cyclone furnace yields
0.17, of the ash as particulates leaving the stack, corrpared with 0.4% icr a pulverized-coal
burner, when each is equipped with an electrostatic precipitator;9 and the tyclone furnace
produces more N0 than does a pulverized coal burner because of the higher operating tem-x
perature of a cyclone furnace.

Other alternative combustion modes (e.g., fluidized-bed combustion conversion to synthet'c.
natural gas, or liquifaction prior to combustien) 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 technologies.

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 ef ficiencies for the replacement coal fired facilit: .9 The plant capacity

is assumed to be 1000 KWe net.

Finally, it is assumed that the majority of the replacement plants will have to be built
near the sites of the shutdown reactars to maintaia utili'.y load balancing. From an
environmental point of view, the site selection process for these 1,000-MWe coal fired
generating plants should be quite similar to site selec iwi for the nuclear facilities. As
a result, the probable sites for the coal fired plants will resemble, ecologically, the
proposed and alternative sites discus.ed 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 sim'lar to the nonradiological impacts analyzed in the

EIS's for the nuclear plants replaced. The major exceptions expected will be the s.ce-
specific impacts associated with airborne combustion emissions and the transportation
requirements of coal-burning plants (see App. C). It is not feasible to consider these
site-specific impacts in this document. A regional analysis of these impacts has been
published elsewhere.

4.1.2.2.1 constructicn zyacts

Because the coal fired power generating facilities are assumed to be located on or near the
sites of the nuclear facilities to be replaced, the site-specific construction impacts are
assumed to be comparable to those discussed in the environmental impact statemants for the
individual nuclear stations.

The relative magnitudes of the construction impacts for the coal 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 oistribution lines and controls, the turbine, and the generator
will be similar regardless of the source of the energy uted 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 deliverec at 1001 capacity). The staff has assun,ed 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, 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 **
Criponent Area, sq. ft Component Area, sq. ft

Power Generating Pcwer Generating
Reactor 50 x 103 Boiler 50 x 103
Turbine / generator 50 x 103 Turbine / generator 50 x 103
Subtotal 100 x 103 Subtotal 100 x 103

Fuel handling Fuel handling
Railroad siding 5 x 103 kailroad siding 100 x 103

Ccal stockpile 100 x 103
Subtotal 5 x 103 Subtotal 200 x 103

Waste handling (exc. heat) Waste handling (exc. heat}
Spent fuel storage 50 x 103 Slag storage 100 x 103

Ash ponds 200 x 103
Scrubber sludge storage 100 x 103

Subtotal 50 x 103 Subtotal 400 x 103

Waste heat disperal Waste heat disperal
Cooling towers 1,000 x 103 Cooling towers 1,000 x 103
UHS 45 x 103
Subtotal 1,045 x 103 Subtotal 1,000 x 103

Total 1,200 x 103 Total 1,700 x 103

Area permanently disturbed *** 9x 106 Area permanently disturbed *** 13 x 106
(200 acres) (300 acres)

Constru.: tion area 13 x106 Construction area 20 x 106

.

Data are staff approximation based on "Bailly Generating Station, Nuclear-1, Final
Envirormental Statement," "Skagit Nuclear Power Project, Final Environmental Statement,"

*.and " Black Fox Station, Units 1 & 2, Final Environmental Statement."
"The Environmental Effects of Using Coal for Generating Electricity (Draft)," U.S.

... Nuclear Regulatory Commission, NUREG-0252, March 1977.
Includes access roads, parking lots, landscaping between buildings, etc., not included
in the rest of the table.

.
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feet (at 100% capacity), although mine-nouth 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 cmbined.

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 scne ultinate disposal area. This waste disposal could create heavy truck
traffic, noise and dust, and would require large land sit?s 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 coal fired plant will be approximately one and a half times that
affected by construction of a nuclear plant (see Table 4.1). Assuning that the onsite
biota are distributed reasonably unifomly, it may be concluded that approximately one and
a half times as aany plants and animals will be lost due to construction. With appropriate
mitigative neasures, the ecological impacts frm the construction of coal fired plant land
uses are generally expected to be acceptable.

4.1.2.2.2 Opmtimt :ym

Assuming approximately 30% themal efficiency," 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% themal efficiencies, produce about 1.5-1.8 GW of waste heat
per gigawatt of electric power. Therefore, the replacement 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 tenperature
difference of blowdown to ultimate receiving water bodies, the majority of this waste heat
for either type of plant would probably be dissipated to the atmosphere. Questions of
global themal balance including the effect of the additional production of CO I"U"

2
replacenent coal plants are beyond the scope of this inpact statenent.

A najor public concern with nuclear power has been the routine release of radioactive
substances to the atmospere. This concern implicitly includes the erroneous assunption
that coal fired plants do not release radioactive substances. However, a portion of the
ash content of domestic coal is uraniun and thorium.12 500e 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 nay

'1exceed that nomally released by a nuclear reactor. Martin et al . have coupared a
hypothetical 1,000-MWe coal plant (based on the Widows Creek 1960-MWe TVA plant) with two
then existing nuclear reactors (Connecticut Yankee, 45241We PWR; Dresden-1, 200-MWe BWR),

and have concluded that downwind exposure to radioactbe materials is greater from a coal
plant than from a modern PWR, but less than that from a BWR.I4 It should be recognized,
however, that emissions from 3WR'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 made,
BWR's have inproved their waste gas treatirent systen by the addition of charcoal decay
tanks to reduce radioactive releases. In addition, enission controls on nodern coal plants
have been greatly inproved over Widows Creek.

The burning of coal produces a variety of air pollutants, including 50 , fiO , particulates,
2 x

and trace elenents, in varying amounts depending on the source of coal. There are state-of-
the-art control devices, particularly scrubbers and precipitators, that ef fect a considerable
reduction in these pollutants in the stack gas, but none is 100f effective. For the ternina-
tion case, in the year 2000 the following total magnitudes of these pollutants would be reachedt
for 50 , 600-1200 kilotons /yr; for N0 , 750 kibtons/yr; for particulates, 40-60 kilotons /yr;2 x

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 fron 1976-2000 is given
in Appendix C, Fiwres C.1 through C.5. These airborne pollutants are known to have adverse
impacts on human health, crops, and real estate.9.15

The fuel requirenents 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 in air quality attributable
to the plant. By contrast, for a nJclear plant seven rail cars equipped to handle 100-ton
casks or the equivalent truck capacity would be needed to renove the spent fuel elements
for the annual refueling, and about 10 trucks woJld be required to deliver the required
reload fuel .

4.1.2.3 Fuel Cycle Considerations

Donestic coal on the average ranges fran about 8,000 to 14,000 Stu per pound.9 Each

power-generating station rated at 2,500 MWt (1,000 MWe) and operating at a capacity
factor of 0.6 would have to consume between 4,300 and 7,700 tons of coal per day. The
total annual coal consumption to replace the shutdown nuclear capacity is shown in Figure
4.1. 9

Figure 4.2 shows the acreage that would have to be disturbed annually by strip nining to
meet this coal production schedule.9 An estinated average of 95 acres per gigawatt-year
would be disturbed by coal nining, for a total of fron 9,000 to 60,000 acres disturbed for the
nuclear-generated power to be replaced by year 200C.

Current estinates for reclanation of coal strip nine disturbed land are approxinately
$5,000 per acre. Underground nining by conventional or advance techniques may reduce the

total acres disturbed. However, any potential ecological benefits of underground nining
over surface mining are more than offset by health and safety considerations: "The acci-
dental fatality rate for underground coal nining is higher than for any other
occupation... "9

Delivered coal is not the raw coal produced at the nine. Various processes collectively
referred to as benefaction are utilized to reduce inpurities in the coal.9 The nagnitude
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of this waste production would reach about 50 megatons /yr in year 2000 and its projected growth
fron 1979-2000 is shown in Appendix C, Figure C.8.

The wastes (gob) produced during benefaction are commonly rich in pyrites (sulfides of
iron), trace elements, and heavy metals. The pyrites release sulfuric acid when exposed to
nomal rock weathering processes, so runoff water from the gob disposal area nay be extremely
acidic. The runoff water may also carry high concentrations of trace elements and heavy
metals. The exact magnitude of the gob volunc, acid released, and netals carried in runoff
is highly variable and depends on the composition of the coal and benefaction technology
employed. Similarly, uranium nust pass through milling, enrichment, and fabrication
processes. Although uranium milling is analogous to the benefaction of coal, its impacts
are more similar to the impacts of milling netals, such as copper. A generic environmental
inpact statenent on uranium milling is now in preparation. The draft statement has been cir-
culated for comment.

Because only a small fraction of the ore is uranium, "the anount of solid tailings is
"roughly equal to the ore feed rate plus part of the reagents used in the process

The tailings may be acidic or alkaline, depending upon the milling process, and will
typkally be fine particles.

The coal fuel cycle produces ultimate by-products that require ultinate disposal . The
burning of coal produces cinders or slag that must be stored temporarily onsite prior ta
being transported to the ultimate disposal site. The predicted slag production reaches
1.8-3 megatons /yr in year 2000 based on information in Reference 9 and its growth frc. .
1979-2000 is shown in Appendix C, Figure C.9.

Each year the precipitators and scrubbers for a 1,000-MWe plant at 60% capacity could produce
400-650 tons of fly ash and 70-400 kilotons of wet line-50 residue. The total expected pro-

2

duction of collected fly ash and scrubber sludge in year 2000 reaches about 7-12 kilotons /yr
and 7-33 megatons /yr respectively and their growth fran 1979-2000 is shown in Appendix C,
Figures C.10 and C.11. These wastes would require temporary onsite storage (covering as
mucn acreage at the boiler and turbine buildings conbined) and then would be transported to
sone unspecified ultinate disposal site.

4.2 HEALTH IMPACTS

When one examines the human health impacts associated with the alternatives discussed in
this environnental impact statement, it appears that there is little 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 radionuclides with short half-lives
will have decayed to negligible levels. Consequently, the radiological and heat load
inpacts 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 little impact on the health and safety posture as a whole.
The principal health impact is associated with incremental radiation dose. This subject is

4-9

%2230



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 Storage Alternative

4.2.l.1 Nomal Operations

The calculated health effects of the nuclear fuel cycle are sumarized in Table 4.2.I7 In
addition to the indicated potential excess nortality, there could be increases in morbidity
due primarily to the incidence of nonfatal cancers.II For persons employed by the nuclear
industry, the incremental incidence of nonfatal cancers and benign thyroid nodules could
possibly be approximately one case per gigawatt-year.II 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 fuel cycle.

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

Occupational General PublicFuel Cycle
Component Accident Disease Accident Disease Totals

Resource recovery 0.2 0.038 N 0 0.085* 0.32
(nining, drilling, etc.)

Processing 0.005*** 0.042 ** 0.026-1.1 0.073-1.1

Power generation 0.01 0.061 0.04 0.016-0.20 0.13-0.3

Fuel storage ** %0 ** S 0 s0

Transportation sO s0 0.01 s0 0.01

Reprocessing ** 0.003 ** 0.059-0.062 0.057-0.065

Waste Management ** s0 ** 0.001 0.001

Total s 0.22 0.14 0.05 0.18-1.3 0.59-1.7
222*These effects indicate that 4060 Ci of Rn released from mining the urenium 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 colunn.

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

The radiological impact from spent fuel storage is as follows:
0

- Population dose due to the release of Kr fron 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 regardless of whether
such fuel is stored at a nuclear power pla.it or at an AFR storage facility.

4.}m*> T}A
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For the " aged" fuel involved 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, a
conservative release rate of 1 Ci/MT-year was used. (Based on experience at the GE Morris
Operation 18 this figure could be high by a factor of 10 ). The resultant population dose6

factors were:
Uni ted States = 0.004 nan-rem /MT-yr.

Foreign = 0.02 man-ren/MT-yr.

Occupational dose rates, based primarily on at-reactor experience, used in final GESM0 were
20 man-rom per 1,000 MT-yr.

The above figures are applicable to conventional water basin storage pools. The figures
for the various types of passive dry storage systens under development are expected to be
comparable or less. Based on these figures, the calculated doses due to all spent fuel in

85storage are shown in Table 4.3. Note that the population doses are not corrected for Kr

decay.

.

Table 4.3. Radiological Doses from Spent Fuel Storage

Occupational Dose Population Dose,
MT Fuel Total Body, Skin, man-ren

Year in Storage man-rem U.S. Foreign

1980 7,600 160 33 150

1985 18,000 360 77 350

1990 33,400 670 140 54

1995 54,300 1,100 230 1,100

2000 81,200 1,600 550 1,600

4.2.1.2 Compact Storage

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 pools of filtered, deionized water.

The water serves as a coolant to remove decay heat of the spent fuel, and as a radiation
shield for the stored spent fuel. The occupational radiatior exposure results from the

radioactivity in the water and the required operational activities. The spent fuel contri-
butes a negligible amount to dose rates in the pool area because of the depth of water
shielding the fuel .

Radioactivity in the pool water cones from introduction of reactor coolant water into the
pool during refueling; the dislodging of crud from the surface of the spent fuel assemblies
during handling of the assemblies, and the leakage of fission products from defective spent
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fuel elenents. The rata of introduction of reactor coolant water into the pool with conpact
storage should not change because the proposed nodification does not involve a change in

]. the refueling procedures. Although the proposed nodification will increase the total
number of assenblies that can be stored in the pool, it is not expected that there would ben

a significant increase in the nunber of times the asse1blies are handled before shipnent
offsite. Also, any significant renoval 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 fiorris Plant and at the NFS, New York Plant has indicated that there is little or no
leakage of radioactivity fran spent fuel which has cooled several nonths. There should not
be a significant increase in leakage activity fro 1 spent fuel to the pool because of the
proposed nodification.

The pool cleanup systen serves to clarify and renove the radioactive materials from the

pool water. Pool water treatment technology is, well developed, and it is not uncomon to
find fuel pool water with radioactivity content co, parable to the 10 CFR Part 20 limits for
occupational uses. Water carried out of the fuel pool by nechanical neans or scepage is
collected in sumps and recycled through a radwaste clear a systen. Small amounts of pool
water eventually reach the environnent but only after r seral levels of radwaste treatment,
so that the quantities of radioactivity released are i' ,ignificant.

The only gaseous radionuclides released to the atmosphere in significant quantities are the
noble gases, principally krypton-85. Sone radiation reaches the environnent in the form of
direct radiation from the fuel within the pool and from the transportation of intemediate
level wastes to the final disposal site. Direct radiation in the vicinity of the spent
fuel storage pool is extremely low, in the order of one to two milliren per hour. If this
were the only contribution to the occupational dose, that dose would ve quite small.
However, the occupational dose is dominated by the exposures involved in handling and
noting the fuel, in handling radwaste, and in decontaninating tools during which time the
dose rates are higher. In all other respects, the FCR and no-FCR alternatives proved to

. .have nearly identical radiation inpact. 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.

4.2.1.3 "Away-fron-Reactor" Storage

At the nonent, independent spent fuel storage installations (ISFSI) comprise two licensed
fuel pools, the GE installation at Morris, Illinois, and the NFS installation at West Valley,
New York, and one facility undergoing licensing, the AGNS facility at Barnwell, South
Carolina. These are relatively small facilities with a maxinun total capacity of less than
1,000 tonnes. An ISFSI design 0; about 1100 metric tons pool capacity to be situated at

*
a reactor site and to utilize some reactor facilities, such as electricity, water, and
waste processing systens, has been reviewed by the NRC staff. Such an ISFSI, designed
to receive spent fuel fran several neighboring reactors of a utility, would have reduced
transportation (comparable to offsite reactor transshipment) compared to a large regional
ISFSt. However, for the purposes of bounding the impacts of this alternative, large ISFSIs.
with total capacities of the order of 6,000 tonnes in multiple units of about 500 tonnes
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each were assuned. O In effect, each independent unit is the size of the currently pro-
jected larger fuel pools at reactors and is designed, built, and operated in very nuch the
same manner. Thus, the najority 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.21 The storage of much larger quantities of spent fuel 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 specialized design of these facilities resulted in a
lowering of radionuclides released to the aquatic environment.

4.2.2 Safety ind Accident Considerations

To be a potential radiological hazard to the general public, radioactive naterials aust be
released from a facility and dispersed offsite. For this to happen:

- The radioactive materials involved must be available in a dispersable fom.
- There must be a mechanism available for the release of such naterials fra1 the

facility, and

- There nust be a mechanism available for offsite dispersion of such released
material.

Although the inventory of radioactive naterials contained in 1000 MTRi of aged spent fuels nay
be in the order of a billion curies or more, very little is available in a dispersable fom;
there is no nechanism available for the release of radioactive materials in significant quantities
from the facility; and the caly nechanism available for offsite dispersion is atmospheric
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
low risk of a catastrophic resea a of radioactivity.

The radioactive materials present in a spent fuel storage installation are:
- The spent fuel in storage
- Impurities in the pool water
- The " crud" deposits on the surfaces of the fuel pins and tel assembly structural

components
- Airborne radioactivity, primarily due to ent-ainment in evaporating pool water
- Impurities renoved from the pool waters by fi'tration and ion exchange treatment
- Wash solutions generated during shipping cask cleanup and miscellaneous decontani-

nation operations
- Dry materials such as contaninated protective clothing, blotting paper, cleaning

naterials and ventilation systen filters.

4.2.2.1 Conposition of Spent Fuel

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
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curies per metric ton of uranium as a function of time since discharge fro 1 a reactor
(decay time) is shown in Table 4.4 The decay times were chosen to represent:

Days Event

0 - At tine of discharge froa reactor.
120 - Typical short storage time of AR spent fuel .
365 - tioninal decay time for acceptance of spent fuel at an AFR (proposed 10 CFR

Part 72).
3,650 - Time when only long-lived activity reaains.

.

Note that fron a gross radioactivity standpoint, the fission product nuclides are predominant
throughout the life 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 freshly discharged fuels at a reactor, a
IIprincipal concern is the 8-day I which is absorbed by plants, animals and humans, par-

I
ticularly in natural iodine deficient inland locations. However, since the quantity of I

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 storage
facility.

Those fission product nuclides of primary concern under conditions of long term spent fuel
9 I4Cs I Cs and possibly I. These nuclides are present in signifi-storage am Kr and

cant quantities, are soluable in water and biologically mobile. Cesium enters the muscle
9

' issue of animals and man. The isotope 1 has a low specific activity 1.4 dpm per gram of
' dine in the environment where the background radio of 1 to I ranges from 4.8 x 10-10I9

O, , 3.1 x 10-9 Thus, to receive a dose of the same order as that natural dose from K in

th thyroid would require 1 to I ratios about 10,000 times background.22 However,I29 I

bet.ause of its 17-million year half-life, its release to the environnent 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 their daughter 49.8 0.191 0.167 0.105
elenents***

Light elements & fuel element 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%

p . a ,. v , ~
% $ 0 f e h.9 Y
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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 nost significant potential hazard.

Of the materials of fuel elenent construction and surface crud deposites, the most signifi-

cant radionuclide 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

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

137
slight increase in the Cs content of the pool waters.

4.2.2.2 Krypton-85

The principal radioactive gas which could escape fran defective fuel alemtnts in storage is
Kr. The evidence to date indicates that the free gases present in fuel p'n void spaces

leak out rather quickly from defective fuel elements in the reactor and upon discharge, but
that the gased 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
plant with chopping fuel, in preparation for dissolution, snowed the the release of krypton
from spent fuel was narginally 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
85of Kr in sufficient quantities to be measurable offsite.

4.2.2.3 Cesium-134/137

Stable cesium is rare geologically and in the biosphere but radioact:te cesium from 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 natrix 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 cesium concentration in pool waters is readily controllable by circulation

through an ion exchange resin bed.
.

4.2.2.4 Pool Water Activity

The fuel pellets are sintered ceramic cylinders which have a very low 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-
ium alloy (or stainless steel) cladding tubes with welded end clotures. The only mechanism
available under nomal operating conditions for radionuclides in spent fuel to become
available fca dispersal is through the corrosion of defective fuel pins by the pool waters.
Experience i t pools where aged fuel has been stored (GE Morris Operation and NFS West
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 oniy the fuel directly exposed by a cladding defect is available for

attack and only Qr a relatively short time.
a m. ..
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A Zircaloy-clad fuel bundle containing two failed rods was placed in a closed can af ter
burnup of 1900 MWD /MTU. After nine years, the radioactive content of the water inside the

137Cs).23can had risen to only 1 mC1 (s 5 ppm of

24 137 134NFS reported an experienced pool water impurities composition of 76% Cs; 6% Cs; 6%
124 I44 90 60Sb; 6% Ce and 1% Sr. GE Morris Operation has also identified Co 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 10-4 to 10-3 u ci/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 fram a dense black
for PWR 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 contanina-
tion of cask coolants. A small fraction also apparently becomes either dissolved or
suspended in the pool waters, e.g., 60Co. However, based on visual observations at the

NFS West Valley plant, most of the crud deposits remained on the fuel assembly until it
was chopped up prior to reprocessing.

4.2.2.6 Airborne Radioactivity

Airborne radioactivity within a spent fuel storage facility 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 limits in 10 CFR Part 20, Appendix B. Table I.

4.2.2.7 Pool Water Purification Systen

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 o
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 disoosal is limited to that contained in a

spent filter or ion exchange unit at the time of replacement. As these are wetted materials,
* pills could cause a local decontamination and cleanup problen 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 becone a source o'
contamination to the cask cavity. On receipt at the storage installation, the water in the
cask cavity is sampled for radioactivity and, if necessary, flushed out before the cask is

4-16
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opened. The wash waters generated are collected in the onsite low level waste systen for
treatment prior to disposal.

Wash soluttor.s from plant decontamination operations are also collected in the low level
waste system for treatment prior to disposal.

The GE Morris Operation has a somewhat unique systm, different from that described
above. This fact ity has a vault which is embedded in rock for their collection of low
level wastes. TMs vault was originally intended for the collection of low level wastes
frm the reproceising plant and is designed for relatively long period onsite storage to
take advantage of radioactive decay before final treatment and disposal. It is not antici-
pated that a storage only facility would be equipped with such a vault, but would more
likely use relatively small volume tankage behind shiciding for the collection of low level
wastes prior to treatment.

4.2.2.9 Dry Waste Materials

A spent fuel storage operation also generates dry radioactive waste materials. These
consist of contaminated protective clothing, blotting paper, and cleaning mops and plastic
sheeting. Such materials are nomally collected in plastic bags and packaged in drums
prior to disposal. The contained radioactivity in such drums is normally in the order of
200 u Ci/ drum. This activity adheres to the materials involved and is not in a readily
dispersable fom.

4.2.2.10 Release Mechanisms

As underwater storage is a low temperature, low pressure environment, there is no driving
force for the sudden release of a major fraction of the radioactive materials contained in

the stored spent fuel even under abnomal operating conditions. Small quantities of radio-
active materials could be released inside the facility during an 'nadvertent venting of a
shipping cask while it is being prepared for unloading or a spill of low level waste
materials in the waste handling and treatment system.

4.2.2.11 Of fsite Dispersal Mechanisms

Again, because of the absence of high temperatures or pressures in an under water spent
fuel storage operation, the only mechanism for offsite dispersal of released radioactive
materials is atmospheric conditions.

4.2.3 Accidents and Natural Phenonena

for an accident to represent a potential radiological hazard to the general public, t e
saae conditions apply - radioactive materials must be released from the facility and dh
persed offsite. For this to happen:

- The radioactive materials involved must be rendered into a dispersable fom.
- These must be released from the facility, and
- The conditions must be present for dispersion offsite of such released materials.

A range of potential accidents and natural phenomena events have been analyzed.

p.u ,m,sy
e3 O A,6sd O*
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1

4. 2. 3.1 Accidents Resulting in Rupturing of Fuel Pins

Both NFS and AGNS included in their safety analysis reports (Docket flos. 50-201 and 70-1729
respectively) an under water fuel drop accident in which it was assuned that all of the
fuel pins in a fuel assenbly were ruptured. Because of the age of the spent fuel, very

131
littic I remains and with a decontamination factor of 100 for an under water release, a

131negligible amount of 1 would be available for dispersion offsite. The NFS calculated
release rates for an assembly exposed for 33,000 MWD /tiTU and cooled for a minimum of 120
days were:

Release Rate -- C1/Sec

Nuclide From Fuel From Pool
85 5.5 x 10~4 5.5 x 10'Kr
1 31 9.2 x 10~7 9.2 x 10Xe
129 3.7 x 10-10 3.7 x 10-121

1 31 2.9 x 10~7 2.9 x 10~91

Wi:5 ground level release dispersion factors in the order of 10~4 to 10~7 sec/m" at nost
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 Missile 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
pool. The activity in the gap between the fuel and the fuel cladding 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 utility 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 deflected from its course of traiel.

Assuming a uniform storage array of 40 BWR assetblies and 27 PWR assemblies, a toLI of
20 MT of fuel could be impacted. It was assumed that 10% (a high figure) of the contained
85Kr is in the fuel cladding gap and hence available for release. Similarly,11 of the
129 1 is also assumed present in the gap. However, 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 terns for spent fuel exposed to an average of 28,000 mwd /MTU shown in Table 4.5
were calculated.

Assuming an atmospheric dispersion factor (x/Q) of 10-4 sec/n for a ground level release and3

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.

W:%3
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Table 4.5. Calculated Source Tems for Low-Probability Missile Accident
Analysis - Away-fron-Reactor Storage Pool

Inventory Curies Released Curies Released
C1/MT* Fraction per MTU per 20 MT of Fuel

Radio- 1 yr 3 yr in Release 1-yr old 3-yr old 1 yr 3 yr
nuclide decay decay Gaa** Fractions *** fuel fuel old ol d

85 3 3 2 2 4 4kr 9.6x10 8.4x10 0.1 0.1 9.6x10 8.4x10 1.9x10 1. 7x10

129 3.1x10-2 3.1 x10-2 0.01 0.01 3.1x10-6 3.1x10-6 6.2x10-5 6.2x10-5I

Bases:

*28,000 (average) mwd /MTU burnup, ORIGEN Code calculation.
**85Kr = 10%; 1291 = 1%

***85Kr = 100%; 1291 = 1% of gap activity

Table 4.6. Calculated Site Boundary Dose Rates fer Low-Probability Missile
Accident at Away-From-Reactor Storage Pool

Exposure at
Site Boundgry, Dose _

Ci Released Ci-sec/m Conversion Critical Organ Dose, rem
Radio- 1 yr 3 yr 1 yr 3 yr Factor, 3 I Y# #nuclide decay decay decay decay Rem /Ci-sec/m decay decay

85 4 4Kr 1.9x10 1.7x10 1.9 1.7 3.0x10-2 5.7x10-2** 5.1x10-2..
129 6.2x10-5 6.2x10-5 6x10-9 6x10-9 4.6x10 2.9x10-2*** 2.9x10-2...1 6

*SO-year conmitnent

** Skin

*** Thyroid

4.2.3.3 Fires and Explosions

Fires and explosions could be the driving force for the dispersion of radioactive matedals in
finely divided foms. However, there is no need for the use of explosive materials in an AFR
storage facility and nomal operating procedures limit 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.

4.2.3.4 Criticality Accident

Assuming the fuel storage desi was adequate, a criticality accident in a spent fuel pool could
conceivably approach the power i .els (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.
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4.2.3.5 High Pool Water Activity

Based on operating experience 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 10-3 wCf/nl. At
this concentration the dose rate on the bridge crane above the pool is less than 2 mrem /hr.

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

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

4.2.3.6 Rupture of Waste Tank or Piping

One of the potential sources of in-plant personnel 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 uC1/ml. For this reason, this system is nomally
located behind shielding.

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

One method of cleanup w >uld be to absorb the spillage with vemiculite and load it into drums
for disposal. If the v aste treatment facility is located within a shielded cell with a HEPA
filter in its exhaust ..ir duct, and only particulates are involved, 99.9% of which would be
captured on the HEPA 'llter, the effects of the spill would be confined to the cell. A decon-
tamination and cleantp operation would be necessary, but this could be confined and would have a
negligible effact ra 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 could be distributed within the facility
in a pattern depending on air flow.

3
With an air volume of 100,000 ft or greater, the activity of the building air might be in-

creased initially, but with circulation through a HEPA filter, this activity could be reduced to
nomal 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 pemit" restric-
tions.

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 Level

A 1,000-ton-capacity storage pool is 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 nomally designed with a minimum of 12 feet
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of water over the fuel in storage, enough to reduce the gama dose rate from the fuel assemblies
to less than 0.5 nr/hr at the pool surface.

Fuel transfer mechanisms have limit switches and mechanical stops to prevent raising a fuel
elenent 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 gallons, would have only a negligible inpact
on personnel exposures,

- A loss of 25% of the water, about 250,000 gallons, would reduce the shielding over the
stored fuel to about 6 feet. Under these conditions the fuel transfer bridge crane
work could be carried on within the facility but this nay have to be done under "spe-
cial work pemit" conditions.

~

The fall of the water level to this depth may require an energency nodification of the cooling
Water circuit inl.et and outlet lines, such as Connecting energency supply and Cutting off any
bleed-of f systen, but this sFould be feasible without serious over exposure of personnel.

While the loss of all water is beyond the design basis envelope, it involves only low risks for
independent spent fuel storage installations in which only aged spent fuel is stored. The major
consequence of such an unlikely event would be a small skyshine dose at a site boundary. Dose
rate versus distance calculations have been nade for this event.27

The heat generation rate of spent fuel decreases rapidly with tine for a short period following
discharge fran a reactor. For exanple, at one year af ter discharge the spent fuel heat genera-
tion rate is less than one percent of its rate when it is discharged fran the reactor. At ten
years its heat generation rate has decreased by another factor of ten to one-tenth of one percent.

Assuning that the spent fuel stored at an independent spent fuel storage installation is at
least one year old, calculations have been perfomed to show that loss of water should not
result in fuel failure due to high temperatures if proper rack design is enplayed. 8 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
facilities 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.

4.2.3.8 Loss of Cooling

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 requirenents placed on the design and construction of
the cooling systen other than the pool water be circulated in a closed loop. However, in the
course of a safety review, the staff does require an adequate backup supply of water. A loss of
the cooling systen for a number of weeks was experienced at the GE tiorris facility operating
during the 1976-1977 winter with no adverse effects.

On January 16, 1977 a two ' hour interruption in the power supply shut down the circulating punp.
The outdoor temperature was -19'F. When nomal flow was reestablished, a pipe break was dis-

covered and the systen was shut down and drained. With 225 tons of fuel in storage, the GE pool
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reached an equilibrium tenperature of ll5*F over a nober of weeks. The hunidity in the building

was unconfortably high, but otherwise this incident had no adverse inpact on either plant per-
sonnel or the general public.

NFS showed an analysis in their SAR for a planned expansion program of their pool filled with
6fuel (giving off 12 x 10 Btu /hr) and allowed to reach a boiling temperature. Their calculated

time required to reach boiling was 48 hours for an isclated pool, and a boil off rate of 1,500
gal /hr. A comparable staff ;alculation for a much larger pool and more compact fuel storage but
with a heat generation rate more typical of fuel placed in extended storage showed a tenperature
rise of about 4*F/hr. and the time to reach boiling was 33 hours.

These figures show that there is tine to take corrective action even with a coplete loss of
cooling. If conditions preclude reactivation of the cooling systen within the time allowance to
reach boiling, makeup water nust be provided to offset evaporation losses. A staff calculation

7for a pool containing 1,000 tons of fuel with a heat generation rate of 3.4 x 10 Stu/hr would
require 60 gal / min to maintain the water level under boiling conditior.s.

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

NFS calculated that, with a decontanination factor of 10 , the airborne activity within the

building, with the pool water boiling, would be less than the occupational exposure concen-
tration limits shown in 10 CFR Part 20, Appendix B, Table II, Column I.

4.2.4 Considerations and Assumptions Used for Offsite Transportation Accident Analysis

All infomation in this section is samarized fron WASH-1238, " Environmental Survey of Trans-
portation of Radioactive Materials to and from Nuclear Power Plants."29 The consequences of a
major release of radioactive material from a spent fuel shipping cask could be severe; however,
the low probability of such an occurrence during transportation makes the risk fron such acci-
dents extrenely small. 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 franes, 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 sone conbination
of inpact, puncture, fire, or submersion in water.

4.2.4.1 Estimates of Releases in Accidents

Estimates of the amount of radioactive material released and the calculated doses in the unlikely
event that a shipping cask is breached are sumnarized herein. The consequences in terns of

1 , and fission85
1potential doses to humans were calculated for the estimated releases of Kr.

products. Normal distributions of weather and population densities for a release on land were
used in the calculations.

c . a m sl'odw:.W *
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Table 4.7 shows the probability 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

3more persons receiving doses of "D" or more milliren as a result of a release of 1.1 x 10 Ci of
85Kr, 1 x 10~2 C1 of 131, and 130 Cl of gross fission products, with all of the krypton and1

iodine and 1% of the gross fission products being dispersed in the air. It would require an
accident of the extra severe category to cause a release of this magnitude. Therefore, the
total probability of "N" or more persons receiving doses of "D" or more milliren from the trans-
portation of spent fuel would be the probabilities in Tables 4.8 through 4.11 multiplied by the
appropriate probability 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 Moderate Severe Extra Severe Extrene

2 x 10-6 3 x 10-7 8 x 10-9 2 x 10 l x 10-l3I

Table 4.8. Probability of "N" or More Persons Receiving a Dose to the Skin of
"C" Milliren or More from the Release of 1,100 Curies of

Krypton-85 in an Accident (from WASH-1238)

058 I** "

Number of
People, "N" l 10 100 1000 5000

1 0.9 0.5 0.1 2 x 10-2 3 x 10'3
10 0.6 0.2 3 x 10-2 1 x 10-3

2
10 0.2 4 x 10-2 2 x 10-3

3
10 7 x 10-2 2 x 10-3

4
10 1 x 10-2

5
10 5 x 10~4

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 Iodine-131 in an Accident (from WASH-1238)

Dose (nilli m ), "D"Number of
People, "N" 1 10 100 1000

2
1 0.5 9 x 10 2 1 x 10-2 2 x 10

10 0.1 1 x 10- 4 x 10~4
2

10 2 x 10-2 6 x 10-4
3

10 1 x 10-3

c. .<,os s
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Table 4.10. Probability of "N" or More Persons Receiving a Dose to the Lungs of
"D" PIilliren or More from 1.3 Curies of Grcss Fission Products Which

Became Airborne as a Result of an Accident (from WASH-1238)

Number of -
Oose (mH H rd , T

People, "N" 1 10 100 1000 5000 10,000

1 1 0.8 0.3 5 x 10-2 1 x 10-2 4 x 10-3
10 0.8 0.3 6 x 10-2 4 x 10-3 3 x 10~4 4 x 10-5
10 0.4 9 x 10-2 6 x 10~3 1 x 10~42

10 0.1 1 x 10-2 2 x 10~43
,

4
10 4 x 10-2 5 x 10~4

10 4 x 10~35

Table 4.11. Probability of "N" or More Persons Receiving a Oose to the Whole Body of
"D" liillirem or More over a Period of One Year Folicwing the Release in an Accident

of 130 Curies of Gross Fission Products L'hich Deposit on the Ground (80% of
the dose is to the skin) (from WASH-1238)

Oose (mH W ed , T
Number of

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
2

10 1 0.9 0.6 0.3 0.1 6 x 10-2
3

10 1 0.7 0.4 9 x 10-2 2 x 10-2 6 x 10-3
4

10 0.8 0.5 0.2 3 x 10-2 9 x 10-4 2 x 10-4
10 0.7 0.4 8 x 10-2 2 x 10-35

4.2.4.2 Consequences of Implementing Storage 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 goverment facilities.

The estimated average distance frm a nuclear power plant site to an AFR storage facility over
whici. the Irradiated fuel would be transported is 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 Kr as the result of an extra severe transportation accident is 4 x 10~'. If

85

the offsite storage facility was located at or near a future reprocessing plant or disposal
site, this probability would be about 4 x 10~I4 However, if the offsite storage facility.

required an additional 1,000 miles of travel, the probability of occurrence of this accident
would increase to 8 x 10~U . Consequently, the environmental risk due to offsite transportation
accidents involving spent fuel casks remains extremely small.

c><mnp
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4.2.5 Temination Case

The temination case assunes that as nuclear power plant pools becane filled with spent fuel,
the plants will be shut down and the generation capacity replaced by coal plants. In addition
it was assumed that .io new nuclear plants would be built for start up af ter 1985.

The staff has made several projections of public health fatalities derived fran the temination
Table 4.12 presents a generic analysis for the whole coal fuel cycle.I7 This appears tocase.

be the best approxination of excess nortality due to substituting coal fired plants. This table
corresponds to Table 4.2 for an LWR. Health effects estinates fran radon have been conservatively
extended into an admittedly uncertain future to incorporate periods ranging fron 100 to 1,000
yea rs . Similarly, the staff also extended health effects estinates of carbon-14 releases for
100 to 1,000 years into the future.

In this table, excess nortality is synonynous with prenature death. Therefore, in the case of
radiogenic cancer, for example, excess mortality does not mean more people in a given population
will die, since every nember of the population will die at some time fran some cause. Prelatu re
death implies that some nenbers of the population will die (statistically) at an earlier time
than they would have had they not received a radiation dose.

The " excess nortality" figures represent projected deaths 90 years into the future (i.e., a
40-year environmental dose connitnent period per annual fuel requirement, with a 50-year dose
commitnent for each of the /') years).

4.3 SOCIAL U1 PACTS

Two assunptions underlie the discussion of all the alternatives. First, analysis of the various
options assumes a period of socio-political stability. This inc!udes the assumptions that no
unexpected national or international event will occur ( g., oil eibargo), the econony will be
reasonably healthy, and a political atmosphere condut...e to problen solving will prevail.
Second, the analysis projects nomal operating conditions at all generating facilities.

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

Occupational General Public
Fuel Cycle
Component Accident Disease Accident Oisease Totals

Resource recovery 0.3-0.6 0-7 * * 0.3-8(nining, drilling,etc.)

Processing 0.01, * * 10 10

Power generation 0.01 * * 3-100 3-100

Fuel storage * * * * *

Transportation * * 1.2 * 1.2

Waste management * * * * *

Totals 0.35-0.65 0-7 1.2 13-100 15-120
*

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 perceived problems to a
sna11 area. As at a nuclear power plant, safeguards and safety measures can be developed to

~

restrict access. The location of such a site near a connunity would produce social problens
similar to those associated with siting of other nuclear-related facilities.

Social impacts likely associated with independent storage facilities will be similar to those
occurring at power plants and are of three main types: (1) impacts on socially valued aspects

of the natural environment, (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 hansns. The removal of the land for the site frm future development,
long-tem demands on the water supply, and visual intrusion of cooling towers or buildings on
the natural landscape will pemanently af fect the relationship of the residents with their
environnent and the development of the area.

Areas where such facilities would be built would pay most of the resulting socioecononic costs
but receive few of the social benefits involved. Also, while certain itens can be isolated and
labeled as costs or benefits, other impacts cannot be quantified or are slow in developing,

causing then to be unaccountable.

4.3.2 Temination Case

This social analysis is based on the phasing out of nuclear power through a one-to-one replace-
nent of such plants with coal fired plants and past M85 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 Employnent

The electric pour industry is one of the nation's largest enployers. fluclear facilities re-
quire about the a,e 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 econmic and environmental service systens.
Thus, people are clustered where there is adequate enployment, nirkets and distribation systens.
Coincident with denser population there will be requirenents for water, a capability for waste
removal, and a capacity for hone heating and cooling. In the past two decades when energy was
relatively inexpensive and the price of electricity was declining, Americans developed an energy-
intensive life style. The suburbs and low-density housing grew rapidly. However, with the
recent increases in energy costs, the rate of suburbanization has declined. The suourban

development, with its predominance of single-f amily hones, is far more consumptive of energy
than multiple dwelling units. fiore and more Americans are turning to either common-wall dwellings
or apartrents. 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 densely
populated connunities connected by transportation corridors will replace the present spread-city
pattern.

w aa m '"
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Local impacts in coal nining areas and tiong transportation corridors could be quite signifi-
cant. These include population and travportation increases with attendant local societal
stresses and adjustnents. For the averap citizen, the nost noticeable impact of the replace-
nent of nuclear energy with coal fired or other types of power plants under the temination
altern1tive would be higher utility bills.
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5.0 SAFEGUARDS CONSIDERATIONS

5.1 INTRODUCTION

Safeguards are defined as those measures employed to deter, prevent, or respond to (1) the un-
authorized possession or use of significaat quantities of nuclear materials through thef t 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 in the overall risk of
death, injury, and property damage to the public from other causes beyond the contrcl of the
individual.

Since the inception of the program for peaceful uses of nuclear energy in 1954, a primary con-
cern of the safeguards program has been special nuclear materials (SNM) accountat'ility. Start-
ing in 1967, however, public concern end awareness regarding the physical protection of nuclear
materials and facilities has been growing because of the rapid growth of the nuclear power in-
dustry coupled with the increase in terrorist activities indicated by acts of individuals or
identifiaile groups over the past decade or so.I Accordingly, in addition to the SNSi account-
ability provisions contained in 10 CFR Part 70, the NRC publishes (in 10 CrR 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
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, were considered in the course of this analysis. (See Sec. 4.2 regard-
ing the safety-related impacts of the 50 rage and transportation of aged spent fuel.)

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

Irradiated (spent) fuel removed from light water cooled power reactors (LWRs) contains low
enriched uranium, fission products, and plutonium and other transuranics. It is highly radio-
active and requires heavy shielding for safe handling. Thef t 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) tt.e immediate hazard posed by the high radiation levels. Sabctage of spent fuel might be
witain the capability of potential adversaries, however, and therefore may constitute a possible
hazard to local populat' ions.

3G250
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The NRC is continuously evaluating the nature and e(tent of potential threats against nuclear
materials and fac.lities. It is not possible fro 1 the available evidence to conclusively demon-
strate that any imminent threat to the nuclear fuei ir.dustry actually exists. It is *pparent,
however, that:

There may be people who have the skills necessary to plan and execute an operation
against the industry;

* Conceivebly such people could be gathered together and notivated to conduct such an
ope ra tion.

There have been no deliberate acts of sabotage directed against a licensed activity which culni,-
nated in a direct or indirect danger to the public health and safety by exposure to radiation.'
The possibility always exists that at see point in tine a disgruntled employee or politically
motivated group nay 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 installations (ISFSis), power reactors
(LWRs), and shipping packages during transportation. Given the absence of any evidence indi-
cating the existence of a donestic threat to the nuclear power industry, it is not possible to
ascertain the likelihood of a sabotage attack against these activities. Consequently, pro ^ec-
tion against such acts and their possible consequentes is dictated by prudence. Although .he
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 neasures 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 requirenents of the regulations, and
possible consequences of certain sabotage events. Away-fron-rssctor ( AFR) storage, at-reactor
(AR) storage, and spent fuel transportation activities are exanined separately as a basis for
conparing 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 indepmo'nt spent fuel storage
installations (located at reactor sites, but separate fron existing structures, or at separate
sites) are two alternative methods for providing increased AFR stora9. capacit_ . Sections 2.1.3
and 3.1.4 cescribe 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 violent natural phenonena. The
design criteria established to naintain confinement of radioactive contaminants are delineated
in Appendix B (Vol. 2). In short, AFR storage facilities are designed to assure adequate mar-
gins of safety in accidents and to mitigate their consequences.

To the extent that acts of sabotage initiate sequences of events much like those initiated by
accidents, the measures c'esigned into AFR storage facilities for mitigation of consequences of
such accidents also provide sone protection against potential releases resulting from sabotage.
The large volune 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 axists that potential saboteurs may be capa-
ble of overconing the inherent protection and engineered safety features in an attempt to create
a radiological hazard. For this reascn, fGC regulations include requirenents for the physical
protection of spent fuel against sabotage.*

5.2.1.1 Safeguards Requirements for Spent Fuel at AFR t.ocations

Spent fuel in interin storage (i.e., prior to disposal or reprocessing) at FRPs and spent fuel
storage sites nust be stored in accordance with requirements for its protection against sabotage
contained in Section 73.50 of 10 CFR Part 73. These regulations do not include a specific defi-
nition of a potential adversary, but have been inpleneated to prescribe a ranje of physical se-
curity neasures that a licensee nust follow. Principal features include protection forces
(guards), physical and procedural access controls, detection aids, connunication systens, rnd
liaison with local law enforcement agencies.

Each licensee is re aired to prepare and sabmit a security plan for NRC approval. The plan con-s

tains deta ls on how the licensee intends to implement the security provisions applicable to hisi

site. In addition to the basic security plan, each licensee is also required to develop a guard
qualification and training program and a plan for responding to safeguards contingencies as out-
lined in Appendices B and C cf 10 CFR Part 73.

Any equipnent, system, device, or raterial of which the f ailure, 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 identification of vital
equipment and naterial is a necessary part of the NRC staf f's review of the security plan sub.
nitted by an applicant or licensee. Spent fuel is considered vital in this sense and is there-
fore required to be located 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 requirenent
applicable to the ir.terin storage of spent fuel appears in Section 1.0 of Appendix J in Volume 2.

5.2.1.2 Environnental Effects of Sabutage
'

In assessing the inpacts of successful malevolent acts, one can denonstrate the potential nagni-
tude of the radiological consequences by postulating destructive acts against the stored fuel
elements and analyzing the resultant effects. Radiologically, sabotage events nay be similar to
accidents or abnormal operations and thus the consequence estination techniques for the effects
of these latter causes 3150 apply to sone sabotage events.**

A reasonab'e upper bound on estinated consequences stenning from sabotage incidents can be estab-
lished if (1) no limiting assumption is nade with regard to the sequence or number of deliberate
events or (2) no credit is taken'for the effectiveness of any existing security neasures. As
part of broad study of adversary actions at nuclear facilities, the NRC directed a study of

* Industrial sabotage, in the context of the nuclear industry, is defined in 10 CFR 73.2(p) anc
neans any deliberate act which could directly or indirectly endanger the public health and
safety by exposu c to radiation.

**The discussion and analyses presented in Chapter 4.0, "Environnental Impacts," address poten-
tial radioactive releases, both routine and accidental, associated with AFR storage.
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potential consequences associated with the successful sabotage of spent fuel at AFR storage
locations.3,4 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 terns of loss of life, 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 nade sufficiently broad in scope to encompass nany of
these variations. Nevertheless, certain of the scenarios that may be possible within the refer-
ence design cannot occur at a plant 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-unloading cell (CUC) impossible. The worst-case consequences presented for
this range of reference events should not be inferred to represent the potential ef fects of
sabotage at every AFR storage location.

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

I. Danage to Fuel Assemblies in the Cask-Unloading Cell (CUC)

!1 ode 1. Mechanical damage to between 1 and 20 fuel assemblies in the air space of

the CUC (nomal ventilation conditions).
|iode 2. Sane as (1) but with HEPA filtering ruptured or removed, ventilation flow

nalntained.
Mode 3. Same as (1) but with air flow from CUC discharged directly to atmosphere

unfiltered at ground level.

II. Danage to Fuel Assemblies in the Spent Fuel Storage Pool (SFSP)
Mode 1. Explosive repture of 1, 24, and 1000 fuel assemblies underwater in the SFSP

(nomal ventilation conditions).
Mode 2. Sane as (1) but with final filters damaged, ventilation fans operational.
Mode 3. Sane as (1) but with ventilation systen turned off and openings created in

opposite walls of the SFSP building.
Mode 4 Sane as (1) but with breach in 3/16-in steel liner and 5-f t concrete floor

so that contaminated pool water leaks into the ground.

Unique features of each scenario which affect the radiological source tems are explained in
Section 2.0 of Appendix J. The population distribution and weather conditions assumed for the
purpose of calct.lating the health effects approximate those of a site near Oak Ridge Tennessee.
The resultant estinates are displayed in Table 5.1. Only late fatalities are listed since for

thJ range of events considered there were no early deaths. The quantity of radioactivity 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 sonatic ef-
fccts considered.

With regar j to property damage, the calculations show that only when 20 fuel assemblies are
breached in Events I.2 and I.3 is sufficient contamination released to require interdiction of
land and crops and land decontamination. (Events I.2 and I.3 involve the unfiltered release
fron fuel assemblies ruptured in air in the Cask-Unloading Cell. elevated and ground-level re-
leases, respectively.) Breach of a single fuel assembly does not release sufficient contamina-
tion to require such measures. The - Hum predicted property damage is $150,000 (in 1974
dollars, based on the economic data fur the site and the interdiction and decontantnation
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criteria used in the Reactor Safety Study ). This cost is associated with the reduction of radi-
ation dose received by the general population through chronic exp ure pathways by taking the
protective actions discussed above. Such actions may result in - reduction of the incidence of
late fatalities of about 30% frm the number expected to o ur in their absence.

Table 5.1. Late Fatalities *

b C
Event Single Assenbly Intemediate Release Max h n Release

Cask Unloading Cell

Mode 1 5.60 x 10~7 1.12 x 10 1.12 x 10-00

Mode 2 5.22 74.1 74.1

fiode 3 4.75 65.4 65.4

Spent Fuel Storage Pool

Mode 1 3.72 x 10'8 8.92 x 10-7 3.72 x 10-5
Mode 2 3.72 x 10-8 8.92 x 10~ 3.72 x 10-5
flode 3 4.0C x 10-8 9.59 x 10~7 4.0 x 10-5
Mode 4 3.73 x 10-8 8.92 x 10' 3.72 x 10d

a Weather conditions for a day in September used. The spent fuel assemblies are assuned to have
been out of the reactor for one year.

b20 assemblies for Cask-Unloading Cell Events, 24 assemblies for Spent Fuel Storage Pool events
(see Sec. 2.0 of Appendix J).

C20 assemblies for Cask-Unloading Cell Events,1000 assenblies for Spent fuel Storage Pool Events
(see Sec. 2.0 of Appendix J).

d Same as Mode 1 (no late fatalities due to groundwater dispersion).

Short-tem evacuation of the local population is not assuned in the aSove estinate because it

was detemined that inrediata evacuation has an insignificant effert on the consequences of the
events treated here. However, the cost of evacuating all of the population within 5 ailes of
the plant site, and downwind within 25 miles, would total $7.8 x 105 (1974 dollars) if it were
undertaken for any of the events studied.

In addition to the above estimates, a calculation was made to detemine occupational exposures
for each of the reference events. The resulting estimated whole-body doses are less than I ren
per person and are well below the acute occupational exposure linits currently set.

5.2.2 Storage in At-Reactor ( AR) Facilities

5.2.2.1 Aged Spent Fuel St.' age Locations

Each of the three basic alternatives for increasing inter, spent fuel storage capacity (Chap-
ter 3.0) involves utilization of at-reactor storage pools. Both conventioni.1 and compact storage
techniques are presently enployed at existing nuclear power plants, and preset t design and con-
struction practices are expected to continue for storage pools at all reactors under construction
or in planning. These practices are discuss?d in detail in Section 3.1 and Appendix B of this
statenent.

( .mt 4J hMat&R
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Technical design requirements analogous to those discussed above for AFR facilities are appli-
cable to the storage of spent fuel assemblies at reactor stations. The configuration of the
fuel storage pools is essentially the same for all nuclear power plants. There are, however,
variations in their respective physical 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) building. BWR systems are designed with the fuel storage pool on the reactor operating
floor. 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. More 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 stlinless steel plates (3/16" to
1/4" thick) welJed together to ensure a leaktight system. An estimate of the comparative physi-
cal sizes of existing reactor storage pools for a range of reactor sizes and for the two basic
types can De inferred f rom the figures for pool storage capacity given in Table 8.1 in Appen-
dix B. These capacities (without compaction) range from 162 assemblies for a 500-MWe PWR to
1160 assemblies for a 110041We 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 e.ent: may be radiologically similar 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 af ter discharge) that
otherwise would have gone to reprocessing or disposal. Volatile and nonvolatile radionucliJes
with soort half-lives will have decayed, and therefore the radiological and heat load impacts of
this older fuel are factors of 10 lower than that of the less-cooled 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 radiological consequences of successful sabotage at such storage
locations. Whether the older fuel is present or has been removed to a location offsite has

little 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 environmental effects
analyzed above for AFR storage pools.

6.2.2.2 Protection Measures

Spent fuel at reactor sites is subject to the same physical protection as other vital equipment
at the reactor. Requirements for physical security at nuclear power reactors are contained in
Section 73.55 of 10 CFR Part 73. The principal features include:

A physical security organization including armed guards trained and qualified in
accordance with specific '4RC requirements.

Physical barriers such that vital equipment is protected by two security barriers,.

Access restrictions to control the movement of personnel, vehicles, and materials.*

Entrance search of personnel, pa;kages, and vehicles for firearms and explosives.

Intrusion-detection aids, including alarms which must annunciate in continuously*

manned central ard secondary alarm stations,
T~n . c y <vN?u b Jd5-6



'
* A dedicated onsite response force of at least 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 safegaards 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 could lead to the release of the radioactive inventory present in the reac-
tor core or in recently discharged fuel.

5.2.3 Spent Fuel Shipments

Storage options involving (1) increa;ed AFR storage at ISFSIs or (2) storage of spent fuel from
one or more reactors at othe- newer reactors with unused available storage capacity (transship-
ment between reactors) require additional transportation steps. (Increasing AR compact storage
capacity does not in itself involve any additional transportation of spent fuel.) The security-
related impacts of increased transportation of aged spent fuel are examined below.

:i . 2. 3.1 Shipuent Description

Massive, durable containers (casks) weighing 25 to 100 tons are used for the transport of spent
fuel assemblies (by road, rail, or sea). All casks must meet Department of Transportation (DOT)
requirements set forth in 49 CFR Part 173 and Nuclear Regulatory Commission (NRC) requirements
for fissile material packages and large quantity packages set forth in 10 CFR Part 71.

A typical cask is cylindrical and about 20 feet long. The arrangement of the basic components
constituting the cask can be viewed as a series of bollow coaxial cylinders, each of progres-
sively larger diameter. A steel innermost cylinder contains the spent fuel. A coolant such as
helium, air, or water it in contact with the spent fuel to aid in heat dissipation. The inner-

most cylinder is surrounded by a cylinder of dense metal, such as lead, several inches thick.

The uense metal cylinder, in turn, is encased in a second steel cylinder. A jadet several
incaes thick containing hydrogenous material, such as water, surrounds the second steel cylin-
der. The jacket is encased in an auter steel cylinder. The end members, one of which is re-
movable, are made of steel several inches thick. The end members are often equipped with sacri-
ficial impact limiters to absorb forces involved'in impact accidents.

6.2.3.2 Response of Shipments to Sabotage

AlthoJgh it appears that no sabotage 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 believes that publication of specific details pertaining to the
sabotage of certain nuclear activities would be contrary to the public interest. Accordingly,
much of the information concern;ng the techniques for sabotage of spent fuel casks is classified
as security information and is withheld from public disclosure.

For the purpose of this unclassified discussion, sabotage scenarios are grouped into three
categories: (i) sabotage through mechanical means or deliberate " accident-like" means,

5-7
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(ii) 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 environnent.

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

Drop tests conducted by Sar.dia Laboratories using spent fuel shipping casks showed
that there woJld be no releases at inpact velocities up to 250 nph onto hard soll
(equivalent to a free fall drop of 2000 f t).6

* The consequences of dropping a cask into deep water have been considered.7 It is ex-

pected that no radioactive material would be released if a cask were dropped into water
of the depths encountered along the route.

Renoving the cask cover would be both difficult and dangerous. The cover is heavy and
in practice is renoved with the aid of a crane. The renoval operation is perforned
with the entire, cask submerged underwater to provide shielding from radiation. In
absence of shielding, the radiation enanating fron the open end of the cask would be
lethal to anyone in the innediate vicinity.

* It is very unlikely that breaching of the cask cavity would be attenpted using power
tools, burning bars or similar types of equipment. If sections of both the ganna and
neutron shielding were renoved, the radia' ion field at working distances would prob-t

ably be lethal.

Deliberate use of fireams directed at breaching of the cask to release significant radiation
probably would not be successful due to cask design. Most small fireams would cause no func-
tional damage to the cask. High-power rifle and nachine gun projectiles night 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.

The use of a light antitank weapon against a cask has been considered. The nost effective of
the light antitank weapons is a rocket-propelled projectile that employs a shaped warhead
capable of penetrating several inches of amor. The precise effect of an attack on a cask with
an antitank weapon is not known. It is known, however, that tM quantity of explosives used in
an antitank warhead is less than that which could be used in an explosive attack. Accordingly,
it can be safely stated that the worst-case consequences arising fro 1 the use of an antitank
weapon would be less than those resulting fro 1 an explosive attack using a heavy, shaped charge.
The consequences of successful explosive attack are discussed in Section 5.2.3.3.

Sabotage through the use of high explosives could likely produce cask penetration. However, the
effort required would be extensive. Various sabotage scenarios involving the use of high explo-
sives were consiacred in a recent NRC-supported study. The study has been issued in draft forn

and is currently under review by sne NRC staff. The study concludes that the only realistic way
to attack a spent fuel shipment in order to cause dispersal is with high explosives. The amounts
of explosives considered range upward into 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

Mq cs ;.W gM. y .y
<

S-8



understood at this time and are under study as explained in the next section. There is, how-
ever, general agreenent among the study authors and the NRC staff reviewers concerning the
following points:

' To breach a cask would require the skillful use of explosives as well as knowledge of
cask design paraneters.

* Large charges, in the range of many tens to '1any hundreds of pounds of explosives,
would be needed.

* In the more credible scenarios, the saboteur would 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 radioactive contents, particularly if smaller charges are used.

5.2.3.3 Radiological Consequences of Successful Sabotage

Although it is unlikely that a sabotage threat exists, and although it would require extensive
effort to sabotage the cask so as to cause dispersal of radioactive naterials, the consequences

'
of such a scenario have been calculated. The calculation begins with the assunption that sabo-
tage is atte,pted 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 fom, and the neteorological conditions. Of the radioactive
naterial released, it is the aerosolized, respirable natcrial capable of being deposited in the
lung that would likely dominate the health consequences. The data available to aid in esti-
nating the release fraction and the respirable fraction are sparse. Accordingly, there are
large uncertainties in the estinates of these quantities. Because of these uncertainties, it is
a connon practice to assign conservative values (i.e., values that lead to a high level of con-
sequences) to the quantity of naterial that is postulated to be released in aerosolized and
respirable form. The consequences of release from a truck cask containing one spent fuel ele-
nent have been calculated for a release of 1% of the solids,1% of the volatiles, and 100A of
the gases (all released naterial assumed to be 100% respirable) for various poculation densi-
ties. The quantities of material postulated to be released and the assunption that all released
material would be 1001 respirable are believed to be cmervative. The results of the calcu-
lation are as follows:

Population
Density

(persons per Early Latent Cancer
square nile) Fatalities Fatalities

250 0 9
2,000 0 72

10,000 1 362

The fatality figures above are derived from the results of a conputer-aided calculation ,10 in9

which the following data were used:

Population density: 2,000 people per square nile.

Munher of fuel assemblies: 3*

Release fraction: As specified in the preceding paragraph.

Tine for exposure to contaninated ground: 24 hours*

Qra om-
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The icriputer-aided calculation predicted 0.4 carly fatality and 217 latent cancer fatalities.
The figures shown above were derived fro 1 these values by assuning that fataliti s would bee

directly proportional to population density and to the nuber of fuel assenblies subjected to
sabotage.

As was noted in the previous section, the NRC staff has in progress a progran designed to pro-
vide confirnatory data on the response of spent fuel and spent fuel casks to explosive attack.
These data would be used in future consequence calculations to replace values that are now as-
signed on a conservative basis. This program, however, is not expected to yield useful results
before 1980.

5.2.3.4 Protection of Licensed Spent Fuel Shipments

The Connission has issued interim regulations (in 10 CFR Part 73) to strengthen the protection
of licensed spent fuel shipments, pending the outcone of the confimatory research program. The
protection requirenents include:

NRC to be notified in advance of spent fuel shipments;
* Route planning (to be approved by the NRC) ao avoid where practicable heavily popu-

lated areas ard the use of additional protection neasures, 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 imobilization features;*

Use of at least two escorts or drivers specifically trained in physical protection and*

radiolocical energencies;

Nonstop shipnents where possible and special precau'. ions if stops are necessary; and*

The developnent of response procedures for coping with safeguards energencies.*

These neasures are designed to provide additional assurance that response forces can be sannoned
in a timely nanner 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 little relative safeguards sionificance. This conclusion is a result of the staff's

consideration of the follewing factors:
* The absence of any infornation confiming an identifiable threat.

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

* The protection requirenents of the regulations which provide deterrence and a capa-
bility for sumoning 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:
* The difficulty of breaching a spent fuel cask and fragnenting the spent fuel,

The magnitude of the estimated consequences of successful sabotage, % gg
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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 estinated herein. Alternatives 1-3 involve the development of necessary AFR spent
fuel storage without or with interim transshipment between AR storage pools. Alternative 4
assumes temination 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 dollar;

6.1 STORAGE TECHNOLOGIES

6.1.1 Compact Storage

The costs of examples detailed in Appendix D. " Increasing fuel Storage Capacity," are estinated
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 exanples are sunnarized in Table 6.1.

An estinate of the time necessary to inplement this alternative is given in Figure 6.1. The

current early pool nodifications appear to be taking longer than indicated in Figure 6.1, but
the times shown are believed to represent an average over a period of several years,

fiodifications made to operating plants can be nore expensive once fuel is stored in the spent
fuel pool. If fuel is stored in the pool, all fuel rack installation work must be perforned
under water and all equipment removed from the pool must be assumed to be contaninated. This

contanination and the necessary decontamination procedures substantially increase the cost of
removing old racks and installing new ones in the pool. Whenever possible, it is advantageous
to make all nodifications 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
exa Nle:

- Fuel rack design and analysis
- Fuel rack fabrication
- Fuel rack installation
- Fuel pool structural analysis and modification
- Fuel pool cooling and filter-denineralizer analysis and modification
- Buildi.sg ventilation systen analysis and nodification
- Fuel handling systen nodifications '

- Replaccnent of equipment storage locations displaced by fuel racks
- Renoval, decontanination, and disposal of b d spent fuel racksi

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

Os,,nn
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a
Table 6.1. Summary of Examples used for Cost Estimates

b
Storage Spaces Modification Cost,1979 Dollars

After Per Addi- Cost per Addi c
Case Plant Type Plant Size Original Modification tional Space tional MTU Stored Total Costs

A PWR operating Two 1040-MWe units 340 868 3,600 8,000 1,900,000

B BWR operating 545 MWe 740 2,237 3,700 18,000 5,500,000

d
C PWR operating 852 MWe c72 833 3,900 8,700 2,200,000

D BWR under construction 1103 MWe 1,020 2,658 700 3,400 1,100,000

a See Appendix D for more complete descriptions of the plants and modifications.
khen necessary, costs were escalated by 7.5% per year to 1979 dollars.
cBased on the conversion factors for equating fuel elements to MTU in new fuel as employed in this statement.m

k BWR: (No. of fuel assemblies) x (0.20) = MTU
PWR: (No. of fuel assemblies) x (0.45) = MTU.

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

Due to the basic similarities in design of tt'e old and new racks for Case A, there was no need
for nodification of 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 irtended for fuel racks. Tio 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 fiRC has approved
an increase in spent fuel storage capacity for this reactor to 2237 BWR assemblies. The
increase in storage capacity is being acco,plished through the use of storage racks containing
Boral, a neutron-absorbing material . Each storage rack is 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 roo1 for the
storage of 40 nore assemblics, result.ng in th,: total of 2237 spaces. Whet completed, the
nodifications to this storage pool will result in a 202% increase in storag? capacity at an
estimated cost of $5.5 million (escalated to 1979 dollars).

6.1.6.3 Case C--Operating M

Storage space at this reactor was compacted soon af ter 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 stainless steel and provide stora9? for
833 assemblies. This modification resulted in a 206% increase over the storage capacity as
originally designed. The total cost was about $2.2 nillion (escalated to 1979 dollars).

6.1.1.4 Case D--BWR Under Construction

Case D is a BWR plant that is currently under unstruction. For this plant it is possible to
have the new spent fuel racks installed before the plant commences operation. Since this is
being done during construction there is some flexibility in arrangement of the fuel racks and
modification to the fuel pool structure.

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.
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The capital and operating costs that are attributable to spent fuel storage are not readily sep-
arable f an the costs of other plant functions. However, it is reasonable to assune that the
costs will be conparable 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 Volune

Conditions under which expansion of the volune of a spent fuel storage pool, principally at re-
processing plants, might be a reasonable alternative are discussed in Section 3.1.3. In sun-
nary, the nost inportant condition is the provision in the original pools for future pool areas
to be operationally connected to the original pool conplex.

These new storage pool areas can be considered as new installations with sone of the support
services provided. Therefore, the capital and operating costs of these pools can be expected to
be approxinately the sane as those indicated for the independent facilities discussed in Section
6.1.3.

6.1. 3 Storace at Independent Facilities

The cost of storage of spent fuel at independent storage facilities is dependent on plant invest-
nent and annual operating costs, which were estinated 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 fom of financing, amortization period, average
pool utilization factor, duration of storage between input and output, handling costs, and profit
goals.

Several published estinates contain projections of such costs. Estimates of investnent re-
quired range from $20-$30 million for 1,000 MTV capacity and from $30-40 million for 2,000 MTU
Capacity. Approximately 60 to 90 operating personnel probably would be required. Annual oper-
ating costs for a 1,000-MTU facility will be about $1.3 million. Implementation tine is esti-
nated in Figure 6.2.

An alternative concept has been developed by Stone & Webster Engiaeering 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 conplex. Transportation of spent fuel would be raini-
mized by this approach, as would be site qualification difficulties. Some reduction of operating
cost night 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 M1d f acility,4 about $17,000 per MTV.

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. Conpara-
tive costs based on the mid-point of construction and discounted to 1979 dollars were $73 million
for a 2400 MTHM centralized ISFSI versus a total of $111 million for three separate ISFSI
(700 MTHM each). Inclusion of operation and naintenance and transportation costs in discounted
to 1979 dollars (through year 2000) resulted in total costs of $111 million for the centralized
ISFS! versus $138 million for the three corresponding at-reactor-site TSFSI. The above TVA
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costs were indicated to be for comparative analysis only and were not intended to represent
actual costs.5

Another alternative is the storage of sper.t fuel by the federal government. According to a pro-
posed national policy, the Department of Energy (DOE) would accept spent fuel fron comercial
reactors for interim storage and later " ultimate disposition" on the basis of a one-time fee.
00E estimates of the capital cost of the seeded AFR storage range fron 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 dollars)." 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 fran a number of distant power reactors. Using DOE's values 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 deconnissioning costs for interin AFR storage and also these costs for ulti-
mate disposition in geologic repositories. The DOE preliminary estinates 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 interin AFR storage followed by ultinate disposition.6,7 They
correspond to about $3.5 million per year of operation of a 1000-!Ne power reactor for disposi-
t1on alone, and a simil r amount for AFR storage (1979 dollars), or about one nill /kWh of elec-
trical output for AFR storage and eventual disposition.

6.l.4 Dry Storage Facilities

6.1.4.1 Canadian Dry Storage

Several methods of dry storage for fuel fran Canadian (CANDU) reactors have been evaluated.
Although fuel used in Canadian reactors is different than fuel used in the light water reactors
in the United States, the same type of dry storage systems should be applicable to both types of
fuel. Although the dry storage concept appears feasible for U.S. spent fuel, it has attracted
little consideration in this country. The Canadian study suggests that overall costs would be
comparable to the water basin approach usually f avored in the United States.

6.1.4.2 D3 Caisson Storage

Preliminary ast estimates for the dry caisson storage concept are not publicly available at
this time, cwever, cost savings, relative to construction of additional storage pool capacity,
may be attainacle.

6.1.4.3 Implementation Tine

Tne time needed to build independent spent fuel storage facilities, wet or dry, can be divided
into four partially overlapping steps: design, licensing, 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 tine may range from 4 to 6 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 f acility for waste
treatnent and for the supply of ele:tricity and water. Such a facility could have an inplemen-
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, sone power reactors would be forced to teminate
operation because of inability to discharge spent fuel fro 1 the core. Such shutdowns would
begin in 1930 and increase in nunber during follwing years (see Table 3.2). Two types of costs
would ensue from the renoval fro 1 service of a specific nuclear generating plant. As an innedi-
ate consequence, power equivalent to that fomerly provided by the subject plant would have to
be generated by other existing generating plants to ensure availability and reliability, typi-
cally at sutdtantially increased fuel costs. In the longer tem, 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 anple. However,
the possibility of no increase in consunption of electrical energy is unlikely.

Early 1979 stean-electric plant fossil fuel costs in nills /kWh were about 12 for coal and 23 for
oil.* The staff estinates nuclear fuel cost under recent contracts at about 9.3 nills /kWh.**
Since a 1000-MWe poaer plant (at the typical capacity factor of s 0.6) generates 5.26 y 109 kWh
per year, the estimated 2.7 mills /kWH cost difference t.etween 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 supplied by existing
coal-fired plants. The annual cost increment would be about $72 million if oil-fired steaa-

electric plants provided the nakeup electrical energy, and $115 nillion if it were necessary to
use oil-fired ccribustion turbines. These increnental costs may be compared with the interim AFR
storage cost increment of about $3.5 nillion for one year's operation of a 1000-MWe nuclear
plant, based on the DOE "one-tine charge" estinate.

In the longer tern (under Alternative 4), construction of replacenent 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 estinated replacenent costs.

* Based on extrapolation of " Cost of Fossil Fuels Delivered to Stean Electric Utility Plants,"
as reported in Reference 9.

** Based on nuclear fuel cycle cost projections fron Reference 10, Table 11 (No Recycle Case)
with " spent fuel disposal" component adjusted to DOE "onetine charge" estinate.
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Table 6.2. Estimated Annual Bgseload
Generating Plant Costs

(in millions of 1979 dollars,
for 1000-MWe plant with 1990

first year of operation)

Cost Component Nuclear Coal

bFixed cost 121.3 97.9

Operation & maint. 9.3 19.2

Fuel 45.4 81.5

Total 176 199

* Based 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-000,
December 1978, averaged over ten regional esti-
mates and de-escalated (at 5% annually) to 1979
dollars.
Interest, depreciation, insurance, and taxes on
capital investment.
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7.0 EVALUAT!0N

, .1 UUAV0!DABLE ADVERSE EhVIRONMENTAL EFFECTS

This document has identified four possible courses of action for dealing with the shortfoil
of spent fuel storage capacity through the year 2000. One, the ternination case ( Alterna-
tive 4), does not solve the problem but rather pemits LWR-generated electricity to be
replaced by coal-produced electricity. The others include the reference case ( Alternative 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 alternatives solve the
problen by providing for additional spent fuel storage through compact stcrage at reactor
storage pools and away-fron-reactor (AFR) storage capacity. Each of these courses of action
results in sonc unavoidable adverse environnental impact, although qualitatively and quanti-
tatively the inpacts are quite dif ferent.

7.1.1 Abiotic Effects

7.1.1.1 Land

The effect of taking no positive action to forestall the shortage of spent fuel 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

replacement of nuclear capacity, coal is the most likely choice, and for each new coal plant
new space must be provided near the transnission network, possibly at the site of the nuclear
station being replaced. Table 4.1 shows the approximate land areas required for nuclear and
coal fired plants. As nany as 1121,000-ttWe coal fired plants may be needed through year
2000, requiring new land for the plant, transport facilities for fuel and storage area for
fuel and waste. One such plant may require about 300 acres, which nay be added to the area
already disturbed by the nuclear site. New transmission corridors night be avoided by
proper siting of replaconent plants. Finally, mining of the 220 to 250 million tons of coal
required annually will cause significant land disturbance, though not usually in the power
plant region.

Creation of independent spent fuel storage facilities, expansion of onsite holding pools,
and dry storage involve sone new use of land. The first two involve construction and dedi-
cation of small anounts of land for an indefinite time period. Dry storage night require
larger anounts of space, depending on the means of implementation. Areas used for these two
purposes would probably be chosen, in part, for lack of other usefulness.

7.1.1.2 Water

In the temination case, reduced generation would cause a decrease in the use of cooling and
process water at nuclear power stations. Sone water is required for residual heat removal
in cold shutdown, but makeup water requirements and themal discharges would be a small
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fraction of those requirements during power operation. Replacement of sone or all of this
power is to be expected. Organized replacenent of the electrical capacity using coal fired
plants would produce water demands similar to those currently encountered as themal dis-
charge requirements are less for coal plants of a given negawatt rating, but other uses of
water in waste treatment and fuci preparation may balance relative consumption. Land
disturbance may result in sone loss of water quality due to runoff.

Other alternatives do not entail significant new increnental inpacts on water use over those
for normal power operations.

7.1.1.3 Air

Any strategy which involves construction will result in release of air pollutants such as
dust and vehicle emissions.

Mining, transport and burning of coal produce airborne particulates and contaminants, and
release of these contaminants would increase if fossil fuels were used more extensively to
replace nuclear plants. Health ef fects from th'ese effluents are shown in Chapter 4.0.

7.1.1.4 Noise

Any construction activity associated with implementation of an alternative will prob 3bly add
to noise levels in local regions. This aspect is difficult to assess without the more
specific details which become available when implementation is actually in planning stages.
However, traffic to and fron 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

The alternatives considered generally do not change the present state of esthetic quality,
or lack of quality, in regions affected by pcwer plants and spent fuel storage shortage.
Independent storage facilities and dry storage will result in new surface structures which
may occasion displeasure to viewers, but this depends to a great extent on choice of loca-
tion. New fossil fired stations serving demand vacated by shut down nuclear plants would
provide najor additional visual intrusions; these would include tall stacks, coal storage
piles and coal handling equipnent and structures as well as heavy rail and truck traffic.

7.l.2 Biotic Effects

Compact storage at reactors should have little incremental impact on biota, while activities
requiring new structures and concomitant construction activity inevitably 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.

Coal extraction to supply coal fired plant replacements for nucicar plants would surely
disturb large habitats.

Total excess mortality associated with the operation of a 1,000-MWe nuclear power plant for
one year is estimated to be about 0.59 to 1.7. This includes the following components of
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the fuel cycle: resource recovery, processing, power generation, fuel storage, transporta-
tion, reprocessing and waste naragenent (see Sec. 4.2.1). Similarly, the cperation of a
coal-fired plant of the sa,e capacity is estinated to cause an excess nortality of about 15
to 120 due to resource recovery, processing, power generation, fuel storage, transportation
and waste nanagement (see Sec. 4.2.5).

7.1. 3 Radiological Effects

Upper bounds for annual increnental population and occupational exposures associated with
spent fuel storage are presented in Table 4.3 of this statenent. %s discussed in Section
4.2.1, there are no major dif ferences in the doses associated with any of the storage tech-
niques considered. U.S. popirion dose associated with spent fuel storage rodes would be
for the critical organ, skin, 350 person-re,/yr in year 2000. Tnis is less than 0.002t

6of the annual U.S. population dose fran natural background sources of about 26 x 10 person-
ren per year.

Radioactive particulates nay be expected to be enitted to the atnesphere frun coal-fired
plants. In sone cases, the total quantity of radioactive substances released in the stack
effluent of a coal-fired boiler may exceed that nomally released by a nuclear reactor (see
Sec. 4.1.2.2).

7.2 RELATIONSHIP BETWEEN LOC AL SHORT-TER'i USES OF MAN'S E'.VIR0'tiENT AND LONG TER'i

PRODUCTIVITY

7.2.1 Scope

The National Environnental Policy Act (NEPA) requires specific consideration of the extent
to which the exercise of proposed alternatives involves trade-offs between short-tem
environnental gains at the expense of long-tem losses of productivity, or vice versa, and
of the extent to which they foreclose future options. "Short-tem" is typically taken to
r:ean approxinately the period of construction and operation. For the purposes of this
document, it will be defined as ont to two decades.

Rasources which night be otherwise ccnnitted to long-tem productivity are innobilized as
long as spent fuel storage continues. It should be recalled that nost tnemal power genera-
tion nethods provide large long-tem economic benefits, wnile they also entail some inescap-
able drain on long-tem productivity. The staff concludes that the negative aspects of
continued nuclear power generation are outweighed by positive long-tem ef fects.

7.2.2 Enhancement of Short-Tem Productivity

The alternatives which allow for continued generation of electricity on demand by nuclear
power plants clearly enhance short-tem productivity. Conversely, diminution of electrical
supply and resulting economic insecurity in a region are destructive to short-tem produc-
tivity. Use of either coal or nuclear electric generating units assures a stable supply of
el ectrici ty.
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The long-tem enviroment will be strongly influenced by generation of electrical power,
which creates considerable waste heat and byproducts, and de;.letes non-renewable resources.
Alternatives which allow nuclear power generation continue, though probably do not increase,
the level of long-tem environnental degradition currently accepted by society for short-
tem enhancenent of productivity. Replacenent of nuclear power with coal-fired units will
be nore ininical to the long-ten environnental quality.I

7.2.3 Uses Adverse to long-Tem Productivity

It has been concluded in nost cases that short-tem environnental effects of nuclear power

plants are acceptable given their contribution to the innediate and long-tem productivity
of a region. Maintenance of a technical franework in which productivity is assured in the
future is important, and nuclear power plants represent an option critical to national
productivity over the long-tem. The same night be said for fossil-fueled generating cap-
ability which, according to alternatives catlined, would probably replace shut down nuclear
facilities given limiting shortages of storage space. In a sense, the only real options are
to continue generating electricity fron plant sites by one neans 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 connitment inplied

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 COMMITMEf1TS OF RESOURCES

7.3.1 In troduc ti on

Irreversible conn.tnents generally concern changes set in notion by the proposed action
which at sone later tine could not te altered so as to restore the present environmental
conditions. Irretrievable connitnents are generally the use or consumption of resources
that are neither renewable nor recoverable for subsequent use.

Connitnents inherent in enviromental inpacts are identified in this section, whereas the

main discussions of the inpacts are in Chapter 4.0 and connitnents that involve local,
long-tem effects on productivity are discussed in Section 7.2.

7.3.2 Connitments Considered

The types of resources of concern in this case can be identified as naterial resource 3,
including naterials of construction, renewable resource materials consumed in operation, and
non-renewable resources ccnsuned, and nonnaterial resources, including a range of beneficial

uses of the environnent.

Resources considered which nay be irreversibly or irretrievably connitted are:

Biological resources destroyed in the vicinity,-
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- Construction materials that cannot be recovered and recycled with present tech-
nology,

- Materials that are rendered radioactive but cannot be decontaninated.

- tiaterials consa,ed or reduced to unrecoverable forns of waste,

The atnospnere and water bodies used for disposal of heat and certain waste.

effluents, to the extent that other beneficial uses are curtailed, and

- Land areas rendered unfit for other uses. These of inportance to this project are

discussed in the following sections.

7.3.3 Biotic Resources

Construction involved with implementing alternatives will result in narked effects on onsite
biota and disturbance of sone of the biota adjacent to a site. Some lands occupied by
present or future structures utilized in connection with interin spent fuel storage will be

pernanently altered. While conplete restoration of this land night be possible, it is
believed that the considerable difficulties that would be encountered nake this possibility
unlikely. Therefore, the above uses can be essentially considered at irreversible or irre-
trievable connitnents. This is especially true for alternatives requiring that spent
nelear fuel, or a derivative, be stored for many yi ars.

In nost areas under consideration, witn the nonini t land requirenents of nost alternatives
in nind, it is thought that the .?oroductive Ncential of nost species is sufficiently high
that losses as a result of the inplementation and operation of alternative: will not have a

long-tern effect on population stability anJ structure of local ecosystens. The alterna-
tives requiring nassive new uses of coal or other fossil fuels are a possible exception:
najor construction, fuel and waste storage, fuel transport, and possibly new transnission
corridors nay introduce large new connitnents of resources which are irreversible.

7.3.4 t'aterial Resources

7.3.4.1 Materials of Construction

Alternatives requiring new construction would result in use of naterials alnost entirely of
the depletable category. Concrete and steel constitute the bulk of these nat3 rials, but
numerous cther nineral esources are of ten incorporated. It is not certain whether these

naterials will be recycled when their use teminates. Replacement of existing nuclear
capacity would obligate a quantity of depletable raterials that are basic in nature (e.g.,
concrete and steel) and which are already connitted to use for pcwer plants.

There will be a long period of tine before teminal disposition of construction naterials
must be decided. At that time, quantities of naterials in the categories of precious
netals, strategic and critical naterials, or resources having small natural reserses nust be
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considered individually, and plans to recover and recycle as nuch of these valuable deplet-
able resources as is practicabic will depend on need.

7.3.4.2 Replaceable Corponents and Consumable fiaterials

Continued generation of power, either by nuclear neans or by reans of fossil fuels, entails
irretrievable consumption of energy resources. Other reactor conponents consumed are fuel
cladding, reactor control elenents, replaccable core conponents, process thenicals and minor
quantities of naterials used in naintenance and operation. Fossil-fueled plants require
analogous replacements since degradation occurs fron high terperatures and other corrosive
conditions. !iost spent fJel storage alternatives do not differ greatly as to replaceable
corponents.

7.3.5 Land Resources

fiost of the land required for nuclear poner plants is or will be connitted for the period
urder consideration in this docunent. If fossil plants replace nuclear plants, reduced
generation by nuclear plants would result in increased requirenents for land. Alternatives
such as independent storage facilities or dry storage would have their own land requirements
equivalent to or less than that dedicated for a typical power station. The options presented
require little additional land use. In general, land co,nitnent is potentially reversible
except for that occupied by the reactor building, an area which underanes considerable
stress during operation and nay require isolation for nany years af ter shutoo n. Other

land, in any sort of power station, is probably retrievable. The arount of connitrent is a
function of the level of ceconnissicning 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 AM LYSIS OF ALTERNATIVE COURSES OF ACTION

7.4.1 Purpose and Nature of the Analysis

The benefit-cost analysis is intended to provide an orderly and objective basis for deci-
sions by the Connission as to the need for further consideration of the natters treated in
this Statenent 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 tnat which appeared in the draft statenent
(DGEIS) ir, order to recognize the substantial changes in Circunstances which have occurred since
the DGEIS was prepared. The najor changed circunstances are the following:

1. A Federal spent fuel storage and disoosal policy has been proposed and the
Departrent of Enecgy (DOE) has published related cost estinates.

2. The Connission has found it compatible with its responsibility for the public
health and safety to amend a number of power reactor operating licenses to pernit

qs . . m ..u r
62 U U.9 {

7-6



storage pool nodifications which have substantially increased the storage capaci-
ties. Such nodifications have been proposed (or completed after Connission
approval) for nost of the power reactors now operating or under construction.

3. The relevant econonic costs have escalated narkedly fron the reference year 1976
used in the DGEIS to the updated 1979 estinates appearing below and in Chapter 6.

The elenents of the treatnent here have been substantially revised in response to the changed
circunstances but the point of view embodied in the analysis is unchanged. The najor revisions
are the following:

The econanic cost of spent fuel storage and ultinate disposition associated with
continued power reactor operation is now estinated entirely on the basis of published
DDE estinates. This is a " worst case" estinate, for reasons discussed in the text.

The Reference Case and the Temination Case ( Alternative 4) are compared. The
*

Reference Case assunes compact storage at reactor pools with no transshipment and
with naintenance of full core reserve (FCR) as did the "rv#erence" case of the DGEIS,
but Alternative 4, the Temination Case, differs from the "temination"
case of the DGEIS in that AR storage capacity is assuned to have been increased
by nodi fication. This change affects the tining, rather than the nature of
the cost.

*

The discussion of the possibility that replacenent of "terninated" power reactors
would not be required has been updated and modified.*

7.4.1.2 Scope

There are no benefits to be considered 'n the analysis of spent fuel storage other than the
already realized one of electrical energy production from the nuclear power plants consid-
cred. The alter. ative courses of action, which would pemit continuation of nuclear gener-
ated electricity or would replace it with Coal fired power, would have associated anvironnental
costs which are compared here.

The power reactors for which storage of spent fuel night demand special consideration during the
next decade were licensed under post-NEPA regulations which require a benefit-cost analysis for
each. Each such analysis balanced the expected electrical energy production of the proposed
plant against all of the expected economic and environmental costs associated with both the
construction and operation of the plant. Since the benefit-cost analysis for each plant either
has or will have withstood the successive tests inherent in the Connission's procedures, it
would be unproductive to reconsider the same benefits and costs collectively for tnese plants.

7.4.1.3 Courses of Action

The potential problen addressed by this environmental statenent is sinply described. The
operation of nuclear power riants to provide their desired product--electrical energy--
produces spent fuel . Interin 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 asse-blies would be shipped to a
reprocessing plant within six nonths to a year af ter renoval fran the reactor. The decision
to defer reprocessing indefinitely resulted in an unanticipated accunulation of spent fuel in
reactor storage pools. This 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 inpos-
sible and nuclear power generation would necessarily cease. The problen has been nitigated
during the last few years by nodification of the storage pools at sone power reactors, and it
is likely that nearly all storage pools will be nodified.

A set of four alternative courses of acuan has been defined in Section 3.0, each cf which
assunes the estinated maxinun reasonable increase in AR storage by pool nodification. The

liniting alternatives are Alternative 1, in which no transfer of spent fuel from one AR site
to another occurs but sufficient AFR storage capacity is assuned available so that all power
reactors are able to continue operation, and Alternative 4, the Temination Case, in which no

AFR capacity ' no transshipnent are assumed. Under the Temination Case, operation of a few
power reactors is teminated in the early 1980s by inability to discharge spent fuel, the nunber
of teminated reactors increasing with tine as more and nore AR facilities are filled (see

Table 3.2). Under Alternatives 2 and 3, transfer of spent fuel among AR facilities is pemit-
ted, either within each utility systen (Alternative 2) or generally ( Alternative 3). Such
transshipnent tends to defer the need for AFR f acilities.

" 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 naxinun costs for continued operation of nuclear plants or
early temination of operation, respectively. The increnental costs (economic and environnen-
tal) associated with Reference Case are those associated wi?h the additional 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 cperation
of the AFR storage and of the ultinate disposition facility. The incremental costs associated
with Alternative 4 are those due to the construction and operation of replacenent 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 stes.n) would be necessary. That
assumption would be in error if a Chronic surplus of such Capacity were to develop in the
future, a contingency which the staff believes to be very inprobable. Historically. U.S. con-
sumption of electrical energy has increased rather steadily for nore than 60 years, although
absence of growth or small declines in annual use have occurred in years of sharp ccononic
recession (1930-33, 1937, 1974) and at the end of World War II.
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The rate of growth of electrical energy use scens to I. ave declined in recent years. The five-
year increase in annual k;.'h used in the United States was 18.7t fron 1973 to 1978, against 41.4t
fron 1968 to 1973.2,3 It is probable that the long-tern rate of growth will continue to decline
slowly in the future because of increasing real cost of electrical eccqy, recuted econonic and
population growth, and increased mphasis on conservation of all foms of energy. However, a
signif t: ant national surplus of generating capacity for a considerable period could arise only
if electrical energy consu'ption declined substantially or unexpectedly failed to increase for
nany years. (In the latter case, already-connitted plants under construction night be conpleted
during the first five "no-growth" years, resulting in sone surpluc capacity.) The staff has
been unable to identify any reason to expect either train of circunstances.

!1oreover, of the order of one GWe of very old gancrating capacity nay be expected to be retired
fron service each year.2 and about 40% of fossil-fueled generation in 1978 depended on oil
(22.2t) and natural gas (18.6t).3 It appears likely that both national policy and econcnic
considerations wculd tend to force any " surplus" of nuclear- and/or coal-fueled capacity to be
enployed 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 in Section 7.4.2 is essentially the comparison of the estii ated
environnental and econonic costs for each of the course of action alternatives, guided by the
following principles.

- Environnental and econanic costs are generally conpared separately. That is, no
attempt is cade to nonetize environnental costs in order to facilitate balancin) then

*

against econonic costs. This choice is made because of the inevitably subjective and
controversial character of attenpted nonctization of environnental costs.

- Course-of-action alternatives are conpared on tie basis of a single " typical" neans to
implementation for each in Section 7.4.2. The validity of the choice of " typical"
inplementation is then tested by a conparison of inplenentation alternatives in Sec-
tion 7.4.3.

- Environnental costs are generally estinated en the basis that actual construction and
operation of the physical facilities inplied by inplenentation of each alternative
(e.g., replacenent of coal-fired plants under continuation of present practice) would
be carried out in such a nanner as to nininize environnental costs. This assunption
is supported by the existence of substantial state and Federal regulatory ef forts
addressed to control and reduction of environnental inpacts and by the vigorous " watch-
dog" activities of a nunber of enviromentally-concerned public organizations.

7.4.2 Cost Comparison of Alternatives

The objective in this section is to conpare the increnental economic costs of the Reference Case
and Alternative 4 in an even-handed way. A reasonable approach is to consider a nuclear plant
at the stage eere AR spent fuel storage has all been used. Under Alternative 4 operation of
the plant would be terninated. All of the costs associated with prior operation of the plant,
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construction cost, cost of future decomissioning, cost of ultimate disposition of existing
spent fuel, etc., would have been incurred already. The increnental cost of operation for one
more year, say, under Reference Case would be the cost of the nuclear fuel consuned (including
cost of ultinate disposition), the "nornal" operating and naintenance cost (less the correspont <
ing ccst 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 anount of electrical
energy, 5.3 billion kWh for a 1000-We plant at 0.6 capacity factor.

Under Alternative 4, the Temination Case, generation of the same amount of electrical energy
would require a replacenent plant, assuned to be coal fired in order to have a definite basis
for estinates. Since the replacenent plant would not otherwise be needed (during the year
considered), the increnental cost of its operation would include a pro-rata fraction of construc-
tion cost (1.e., interest, depreciation, and taxes due to the construction investnent). That
is, the increnental cost under Alternative 4 would be the " total cost of generation" for one
year of such a plant. The resulting benefit would be the sane as under the Reference Case.

The estinated incremental econnnic costs associated with the two alternatives are suanarized in
Table 7.1. The costs for Alternative 4 are about three tines greater than for Reference Case,
prinarily because of the large increnental fixed cost (pro-rata construction cost) required for
the replacenent plant. Because the replacement plant construction cost doninates the comparison,
no reasonable change in other cost-conponent estinates coJId change the sense, nor nuch weaken
the force, of the conparison. At the sane tire, it is noteworthy that the estinated increrental
fuel cost alone under Alternative 4 is nuch larger than the estinated cost for AFP storage under

the Reference Case.
.

Table 7.1. Incre-ental Costs (nillions of 1979 dollarg)
for One-Year Operation of a 1000-Ne Generating Plant

Reference Case Temination Case

bNuclear fuel 47 Fixed cost' 98

Operation & raint.c jg pJgj g)

dAFR storage 3 Operation & naint. 19

Total E9 Total 198

a Based on Table 6.2 except as noted.
Nuclear fuel cost estinate increased by N52 nillion to reflect
DOE spent fuel disposal estinate.

C Increased to match coal-fired operation and naintenance estinate
in eesponse to utility connents on draf t state,ent.

d DOE "ona-tine charge" estinate.
' Interest, depreciation, and taxes on construction cost

Alternatives 2 and 3 (with FRC as in toe Reference Case) would pemit nany GW-years of continued
nuclear plant operation with transshipment cost (which is only a fraction of AFR cost) substi-
tuted for AFR cost, although sone AFR cost wculd eventually occur. These alternatives therefore
would be slightly less costly than Reference Case. It follows that Alternati es 1, 2, and 3v

(with FCR) are each greatly preferable to Alternative 4 with respect to econonic cost.
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7.4.3 Conclusions

7.4.3.1 Environnental Costs

According to Chapter 4 and Section 7.1, the principal unavoidable adverse environnental impacts
associated with the Reference Case and Alternative 4, the Temination Case, are land use for
both construction and mining, a conplex of (generally nodest) inpacts associated with construc-
tion of new facilities, and the overall impact on public health dJe to occupational accidents
and both public and occupational exposure to pollutants (including radiation). As evaluated in
Chapter 4, these environnental costs are sunnarized in Table 7.2 on a unit basis, i.e. for one
year's operation of a 1000-f tWe power plant.

Table 7.2. Estinated Environnental Costs for One-Year Operation
of 1000-MWe Generating Plant

Hagnitude

Reference Case Alternative 4
Type of Inpact (nuclear with AR1 (coal-fired)

Disturbed land (acres):
tiew construction < 0.1 u30
Mining s 60 s90

aG; neral construction inpacts s 0. 5 s 30

Mortality s1 140 *

"In arbitrary units, assuned to be proportional to construction cost.

Based on Table 7.2, the environnental costs associated with the Reference Case are substantially
less than those associated with Alternative 4, mainly because the Reference Case involves con-
paratively little construction and because of the relatively high nortality rate for the coal /
electricity cycle.

7.4.3.2 E:ononic Costs

As shown in Table 7.1 and discussed in Section 7.t.2, the econonic costs expected for the

Reference Case are much smaller than estinated for the Temination Case. The unit difference
in cost is estimated as about $130 million (1979 dollars) per year of operation of a 1000-ftie
generating plant, about 2.5 cents /kWh.

7.4.3.3 Overall Cost Conparison

Both environnental and econonic cost conparisons clearly favor the Reference Case over the

Temination Case. Alternatives 2 and 3 (with FCR) are estinated to have sonewhat lower econonic
costs than the Reference Case and conparable environmental cost, so that each also appears
superior to the Temination Case.

kbf
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8.0 FIflDIf4GS

1. The lack of sufficient spent fuel storage capacity at nuclear power plants has been alle-
viated by ongoing and plar.aed modifications of at-reactor spent fuel storage pools. fiod i-
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, f4RC had received applications for nodifications 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 economically feasible and justified. Licensing of these actions is adequately covered
by existing regulations and established regulatory practices. This statenent 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 slready in sone pools, the licensing 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 nodifi-
cations and subsequent operations, are nade where necessary.

3. Table 3.1 contains upper bound requirenents 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 conpact storage of fuel in reactor pools that has negligible

'fironmental impact 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 nagnitude of the AFR spent fuel storage requirements * are as
follows:

Year MTHM

1980 40
1985 1,900
1990 6,300
1995 14,000
2000 27,000

Assuming that the national objective of an operational 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-f ron-reactor storage is not great. fio nore than six
storage pool installations of 5000-fiTKi size would be required by the year 2000. However,
the effect of the announcement by the U.S. Departa nt of Energy (DOE) of a proposed Spent

*These include the efiect 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.

kkeh.)
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Fuel Policy on October 18, 1977, has been to discourage private construction of AFR storage
capacity since the announcenent 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 tine needed to provide the required AFR storage capacity has becone short.
Consequently, unless sone use is made of existing licensed AFR storage capacity in con-
bination with intrautility transshipnent, it is possible that individual reactor shutdowns
due to shortfalls in spent fuel storage capacity at reactor storage pools will oc, 'r.

4 The storage of LWR spent fuels in water pools has an insigificant inpact on the environ-
nent, wnether at AR or at AFR sites. Primarily this is because the physical fom of the
naterial, sintered ceranic oxide fuel pellets hernetically sealed in Zircaloy cladding
tubes. Zircaloy is a zirconiun-tin alloy which was developed for nuclear power applica-
tions becaJse of its high resistance to water corrosion in addition to its favorable
nuclear properties. Even in cases wheri defective tubes expose the fuel naterial to the
water environment, there is little attack on tne ceranic fuel.

The technology of water pool storage is well developed; radioactivity levels are routinely
naintained at about 5 x 10 uC1/nl. Maintenance of this purity requires treatnent (fil-
tration and icn exchange) of the pool water. Radioactive waste that is generated is readily
confined and represents little potential hazani to the health and safety of the public.

There nay be small quantities of Kr released to the environnent from defective fuel
elenents. However, for the fuel involved (fuel at least one year af ter discharge), experi-
ence has shown this to be not detectable beyond the imediate envir' i of a storage pool .

There will be no significant discharge of radioactive liquid effluents fron a spent fuel
storage operation as wastes will be in solid fom.

This statenent supports the finding that the storage of spent fuel in away-fron-reactor
facilities is econonically and environnentally acceptable.

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
limited capability for the expansion of their spent fuel storage capacity. Based on the
experience to date with underwater storage, the construction and cperation of " storage
only" facilities is assessed to be both technically feasible and environmentally acceptable.

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

6. Two existing " storage only" facilities are now licensed. One, the NF" N Valley plant
under 10 CFR Part 50, and the GE Morris plant, under 10 CFR Part 70. However, neither of
these regulations addresse: the specific requirenents of a spent fuel " storage only" type
of facility. There is a recognized need for a nore definitive regulatory basis for the
licensing of future facilities of this type. Action is now underway to meet this need.
The poposed 10 CFR Part 72, " Storage of Spent Fuel in an Independent Spent Fuel Storage

o m ,og a
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Installation," has been issued for caanent. Supporting regulatory guides are 1s0 in
preparation.

7. Curtailnent of the generation of spent fuel by ceasing the operation of existing nuclear
power plants when their spent fuel pools beconc filled is found to be undesirable, and the
prohibition of construction of new nuclear plants is not necessary. As shown in this
state 1ent, viable neasures can be instituted to alleviate the spent fuel storage capacity
short fal l . Such measares are economically and environnentally preferable to replacing
nuclear generated power with coal fired power plants. The societal costs would also be
significant as the excess nortality rates and cr.vironnental inpacts of coal fired power
generation are much higher than those f7r nuclear power.

8. fio nodification of 10 CFR Sl.20(e) (the sumnary of environmental considerations for the
uraniun fuel cycle) appears necessary for spent fuel storage considerations.

.
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9.0 DISCUSSION OF C0f tfiENTS RECEIVED ON THE DRAFT ENVIROMtENTAL STATE!!ENT

Pursuant to 10 CFR Part 51, the "Draf t Generic Environnental Impact Statement on Handling and
Storage of Spent Light Water Power Reactor Fuel" was transnitted, with a request for comments, to:

Advisory Council on Historic Preservation
Ams Control and Disarnanent Agency
Department of Agriculture

Department of the Arny, Corps of Engineers
Departnent of Connerce

Departuent of Heal th, Education and Wel fare

Departnent of Housing and Urban Development
Department of the Interior

Department of State

Departnent of Transportation
Departnent of Energy

Environnental Protection Agency

In addition, the NRC requested concents on the draf t environmental statement fron interested

persons by a notice published in the FEDERAL REGISTER on ifarch 24,1978, (43 FR 12402). In

response to the requests referred to above, connents were received from the following (letters
in parentheses are codes keyed to connents and responses):*

State of Indiana State Board of Health
Eugene N. Craner (A)

State of New Jersey, Department of Community Af fairs
Texas Energy Advisory Council (B)

liississippi State Clearinghouse for Federal Prograns

Lt. Col. Emil G. Garrett (RET) (C)
State of Utah, State Planning Coordinater
State of Louisiana Department of Urban and Cminunity Affairs
State of Iowa, Office for Planning and Programming
State of North Carolina, Utilities Commission (D)
State of West Virginia, Office of Econanic and Connunity Development (E)
fbrth Dakota State Planning Division
South Dakota State Planning Bureau (Corr.nissioner) O r ',, 'T D'

v ondeQUSouth Dakota State Planning Bureau (Executive Director)

*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 Developnent District (G)
State of Kansas, Departnent of Administration (F)
U.S. Departnent of Cor:1erce (H)
U.S. Department of the Interior (I)
Wisconsin Electric Power Company (K)

State of North Carolina, Departnent of Administration
State of Texas, Budget and Planning Office (N)
Portland General Electric Conpany (L)

Detroit Edison (J)
General Electric Company (ii)
State of Colorado. Departnent of Local Affairs
Gulf States Utilities Company (0)
State of New flexico Departnent of Finance and Administration (P)

Babcock & Wilcox (Q)
GPU Service Corporation (R)

State of Oregon Intergovernmental Relations Division (S)
State of Ohio, Environnental Protection Agency (T)
U.S. Department of Health, Education and Welfare (U)
Comonwealth of Virginia, Council on Environnent (V)

Environmental Coalition on Nuclear Power (Y)
State of Nevada, Office of Planning Coordination (U)
State of California, The Resources Agency of Californh (X)
State of Illinois, Bureau of the Budget (Z)
State of flissouri, Office of Adninistration

State of Texas, Budget and Planning Office [ Railroad Connission connents] (AA)

Environmental Coalition on Nuclear Power [ additional connents] (Y)
State of Alaska, Sta, 'earinghouse

Southwest Pesearch and Infomation Center ( AB)
Virginia Electric & Power Company (AC)
University of Kentucky ( AV)
Connonwealth of Puerto Rico, Department of Natural Resources

Arizona State Clearinghouse (AD)
Connonwealth of flassachusetts, Energy Facilities Siting Council (AE)

Allied-General Nuclear Services (AG)
Tennessee Valley Authority (AF)
Kanan Sciences Corporation ( AH)

Atonic Industrial Forum, Inc. (AI)
Georgia Power (AJ)
Natural Resources Defense Council, Inc. (AK)

Yankee Atomic Electric Company [UWMG] ( AL)

U.S. Department of Energy ( Ari)

Power Authority of the State of New York (AN)
Yankee Atomic Electric Company ( AO)

Cornonwealth Edison (AP)
State of Illinois, Attorney General ( AQ)
State of Wyoning (AW) , .. . , m ,m

E
'*State of New York, Departnent 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. Bonnia (AX)

State of Illinois, Attorney Ceneral [ corrected connents] (AQ)
U.S. Environnental Protection Agency (AU)
Duke Power Company (AY)

State of Alabana, Alabana Developcent Office
Boston Edison Company (AAA)

Institut fur fietallurgie (AAB)
State of Pennsylvania, Pennsylvania State Clearinghouse
Natural Resources Defense Council. Inc. (supplements to coments)

The letters of connent are reproduced in their entirety in Chapter 1 of Volume 3. The staff's
consideration of the connents received and its disposition of the issues involved are reflected
in part by revised text in the pertinent sections of this final envirorriental statenent and in
part by the responses presented in Chapter 2 of Volune 3.
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