SPENT FUEL MANAGEMENT
PROGRAM STUDY

SUMMARY REPORT

TENNESSEE VALLEY AUTHORITY

SEPTEMBER 1979

TVA
*AN
X

8007100328



ACKNOWLEDGMENTS

This report was prepared principally by R. H. Davidson and J. B. Moegling.
Tennessee Valley Authority Division of Fuels, and Dr. George G. Berg, Uni-
versity of Rochester. A aumber of TVA orzanizations provided advice and
assistance in the spent fuel management study supporting this report. A
draft of this report (Swamary Option Paper, May 1979) was made available

t5 interested individuals and organizations and comments were encouraged.

[t was also reviewed by the following six technical consultants:

Dr. George G. Berg, Associate Professor of Ragiation Biology and Biophysics,
the University of Rochester Medical Center.

Dr. Terry R. Lash, Staff Scientist, Natural Resources Defense Council, Inc.
Dr. Joseph A. Lieberman, Partner, Nuclear Safety Associates.

Dr. Norman H. Macmillan, Associate Professor ot Metallurgy and Materials

Research, Materials Research Tiboratory, the Pennsylvania State University.

De. Karl Z. Morgan, Neely Professor, School of Nuclear Engineering, Georgia
lastitute of Technology.

Dr. Joel R. Primack, Associate Professor of Physics, University of Califormia,
Saata Cruz.

lomments by these coasultants were considered in preparing this report. whilc
these genmerally support th. conclusions and the proposed actiem, this report
does got necessarily reflect all aspects of the specific views of each reviewer.
Those interested in the reports of the six technical consultants may obtain

these through the TVA Citizen Action Office at Knoxville.

Comments from the general public and from the technical consuitants were a

valued iaput in preparing this fimal report.



L]
.

Proposed Action

This report is a summary of the Tennessee Valley Authority study to
increase its speat nuclear fuel storage capacity. It concludes that

the best alternative is to build new pools at existing resctor sites.
Increased storage capacity may be needed in order to assure operation of
TVA nuclear power reactors. The new storage units would be similar to

the ones already in place at existing nuclear plant sites. Alternate

ways of providing the needed storage, their costs, and their environmental

impacts are summarized in this paper.

Construction of additional storage units at existing sites was chosen in
preference to the construction of a central storage facility away from
reactors. The time table for preliminary planning, design, and licemnsing
work is geared to completing the first new storage facility by 1390, thus
permitting time to review the design of additional fac:lities and to make
furcher advances in ensuring a minimum of hazard to the environment and
the public.

Need for Action

As earlv as the year 1990, TVA may run short of storage space for spent
fuel taken out of its nuclear power reactors. TVA now operates 3 nuclear
power reactors (Browns Ferry units 1, 2, and 3, all near Decatur, Alabama)
and has 14 additional nuclear reactor units in various stages of comn-
struction. Spent nuclear fuel will result from normal operatiomn of these
reactors as the nuclear fuel becomes depleted and must be replaced.
Because of its radioactive and thermal characteristics this spent fuel
requires controlled storage.

[n common with the then generally accepted concept of recvcling the tuel
for commercial nuclear power, TVA originally undertook its nuclear power
program on the basis that spent fue. wou'd be reprocessed to recover the
useable uranium and plutonium. Shipment of spent fuel from power plants
to a reprocessing facility was expected to occur within a vear of its

removal from the reactor.



[n 1977 President Carter anncunced that the United States would indeii~
nitely defer commercial reprocessing of spent nuclear fuel becauss of
the potential for nuclear weapons proliferation as well as the fact that
it had not yet been proven economical. As a result of this actionm,

reprocessing is now precluded as an oprion for spent nuclear fuel.

Every existing and proposed nuclear plant has facilities for storing spent
fuel. With the deferral of reprocessing, VA recognized that very limited
storage capability was provided in the original design of the spent fuel
storage pools, and in the mid-1970's began to expand existing pool storage
capability. This involved making more erfficient use of the existing space
in the plant pools by using fuel storage racks having a more compact
storage array and greater neutron-absorbing capability and thus greater
capacity. At the present time (September 1979) high density fuel racks
are being instaliled in the pools of 3 cperating TVA auclear reactors

(Browns Ferrv units 1, 2, and 2), and they are being incorporated in the

jesign and construction of the other 14 TVA reactors.

Table 1 in the Appendix identifies the dates of storage need and storage
capacity requirements for each nuclear plant until the year 2000, as well
3s for the estimated life of each plant, a figure which is highly specula-
:xve.l These computations assume that high density storage similar to that
at the Browns Ferry plant will be installed as planned in all TVA nuclear
plant pools. The first additional storage capacity is expected to be

needed 1n 1990 for spent fuel from Sequoyahb.

-

-
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Jptions for Storing TVA Spe.t Fuel

TVA has examined a variety of possible options and identified two prin-
cipal alternatives to provide the necessary additional storage capicity.
Both alternatives involve building additional spent fuel storage facili-

ties as described below:

The TVA nuclear plant design life is 40 years trom issuance of the
construction permit.




hat

ipent
nited
el

Jrage
ipace

8

he

e3e

A. Onsite Individual Independent Spent Fuel Storage Facilities

This alternmative involves comstruction of an independent storage
facility at each TVA auclear power plast site designed to expand its
spent fuel storage capacity. Speat fuel would be stored in two stages.
First, it would be moved from the reactor into the reactor's storage
pool. Then, the oldest fuel in the storage pool would be moved to the
independent storage facility on the plant site. The reactor pool would
never be filled, because storage space would always be kept in reserve
to accommodate the eamtire reactor core in case the reactor vessel had
o be unloaded. Under this option no near-term offsite shipment of
spent fuel to a storage facility would be required and, therefore,
there are no offsite impacts associated with transportation.

3. One Centralized Independeat Spent Fuel Storage Facility to Serve All

of TVA's Reactors

This alternative involves comstruction of a centralized facility
designed to provide the needed additional spent fuel storage capacity
for all of TVA's reactors. Spent fuel would he stored 1in the onsite
power plant pools until only full core reserve storage capacity
remained. The oldest stored fuel would then De transported to the

centralized facility for storage as new spent fuel was generated.

In summary, the two alternatives would differ primarily in that one option
involves onsite storage units while the other involives a single larger
facility with the need for transport of spent fuel off the reactor site.
The design and general characteristics of storage pools would be very

similar in both cases, as shown in the Appendix, figure I.

[n the case of alternative B, spent fuel could be shipped through the use
of three transport modes or a combination thereof: truck, rail, or varge.
Truck transport utilizes tractor-trailer rigs. Special spent fuel casks

are used which are designed to meet road w=ight limitations as well as to
withstand severe accidents. These casks have a rather limited spent fuel

capacity, i.e., one or two fuel assemblies per cask. Rail trausport



utilizes caskc on special rail cars that have greater spent fuel capa-
cities (i.e., 12 to 24 fuel assemblies) than truck casks. The projected
radiation dose to the population is lower in rail than in highway ship-
ments. DBarge transport may become an important future option, with a
potential for lower radiation exposures. This mode could conceivablv use
truck casks, rail casks, or special casks designed for barge tramsport.
At present this alternative involves uncertainties since barge transport
has not been used for commercially generated spent fuel in this country.
Available casks are licensed for shipment by 1aghway or rail. Accord-
iagly, both offsite and onsite spent fuel transport has been assumed to be
made using licensed casks of existing design. Future technological
developments may allow simpler methods of onsite fuel transport, further
reducing transportation costs and radiological impacts for the omsite

ilternative.

The maximum number of personnel expected for the operation of a central
storage facility would not be greater than one-half that associated with a
2-unit auclear gemerating facility which typically employs 250 to 30
peopie. The primary noticeable activity would be the arrival and depar-
ture ot transportation vehicles carrying the spent fuel casks. For the
centralized facility alternative the maximum number of cask shipments by

truck would be about four a day.

Each onsite facility would require about one-fourth of the operating

personnel needed for the central facility.

The licensing, design, and construction lead time for an onsite inde=

pendent spent fuel storage facility is estimated to be 7 vears for each of

the nuclear plant sites. Necessary lead time for a centralized storage

facility is estimated to be 9-1/2 years at a new (nonnuclear) site and

V=172

years at an existing nuclear plant site.
g

Typical schedules for a decentralized (onsite) and a centralized facilicy

)

ire shown 1n the Appendix, figure 2.
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Comparison of the Altermatives
To provide a basis for a preliminary comparison between the two principal

storage aiternatives and the choice of a preferred alternative, TVA
evaluated the most probable contributions of three significant factors:

1. Technical Feasibility
Euvironmental Impacts and Radiological Health Effects

-~

3. Economic Feasibility

The findings are summarized in this section. The uncertainties associated

with the evaluations are discussed in section V below.

Technical Feasibility

The comstruction and operation of both altermatives would utilize existing
and proven technology and equipment. Water pool storage of spent fuel has
been demonstrated by 20 years' safe operating experience.f There appears

no technical reason why storage of spent fuel under water for the life of
the plant or longer cannot be accomplished using existing technology. For
either altersative, facility modifications or additions of modules utilizing
dry storage could extend storage for several additional decades or longer
should that become necessary. Thus, there is no technological difference
which would preclude consideration of either alternative.

Compiiance with Environmental Regulations
TVA's studies and the Department of Energy (DOE) and Nuclear Regulatory
Commission (NRC) environmental impact statements for storage of spent

fuel from light water reactors have concluded that storage of spent fue'
whether in a centralized facility or in onsite facilities, can be accom-
plished with minor environmental impact. Such facilities would be
designed and built in compliance with environmental regulations concerned
both with routine releases of radioactive materials and with safeguards

. 8. Johnson, Battelle-Pacific Northwest Laboratories, "Speat Fuel Storage

Experience " Nuclear Technology, mid-April 1979.



against accidental releases. '™ Sites selected for the location of nuclear
plants are satisfactory for speat fuel facilities from eavironmental and

engineering standpoints.

TVA has handled and stored spent nuclear fuel in the past and will con-
tinue to do so in the future in a way that safeguards the environment from
any significant releases of radioactive materials. Perspectives on

perceived risks from radiological releases are discussed in the Appendix.

The primary environmental differences between a ceatralized facility and
individual onsite facilities would be the impacts of tramsporting spent
fuel to a centralized facilitv. The fuel transport offsite results in
greater transportation impacts and costs than for the omsite option; the
costs have been determined and included in the comparative results shown

in the Appendix, table 2. A secondary impact would be the additiomal com-
mitment of land resources required for a central facility if located at a
new site. In making its decision, TVA will fully consider all environmental
issues in accordance with TVA's procedures for compliance with the National
Eavironmental Policy Act and other environmental requirements. However,
TVA's studiss to date indicate there are no environmental considerations

which would preclude either alternative.
Other transportation :mpacts are discussed next.

Compliance with Radiological Health Regulations

[f spent nuclear tuel is routinely tranported to a cemtraiizeda scorage
facility operated by TVA, tne vast majority of tae public will not be

near the transportation routes and will not be exposea to any 1o0m1210g
radiation from that source. For the few people who might be exposed to

the shipments, the dose weuld he about 0.0l millirem/year (mrem/yr),

1. Storage of U.S. Spent Power Reactor Fuel, DOE/EIS-0015-D, Uraft Eaviron-
mental Impact Statement, U.S. Department of Energy, August 1978.

2. Handling and Storage of Spent Lizht Water Power Reactor Fuel, NUREG-0404,

Generic Eavironmental Impact Statement, U.S. Nuclear Reguiatory Commission,

August 1°79.

-
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which is far below radiation limits set by law. The background radiation
exposure level of approximately 110 mrem/yr is discussed in the Appendix.
Facility operators and shipping crews would be expected to receive nigher
doses of radiation than any member of the general public, but these doses
would also be below the limits set for occupational exposures (up to 5,000
mrem/yr as set by Federal regulations, or up to 4,000 mrem/yr as set by
the TVA). Even for the maximum case of 1,000 truck shipments per year to
a central facility, the average dose to an operator would be less than
1,000 mrem/yr. The dose to workers at an onsite facility could be even
less since fewer shipments would be handled at each facility and tle

loads would be moved over shorter distances.

Storage at the individual omsite facility would result in no additional
radiological exposure to the public from offsite shipment of speant fuel.

These conclusions of radiological safety include the consideration of
accidents, both onsite and during snipment. Spent fuel shipping casks are
designed to withstand severe conditions including high speed collisions
without significant loss of contents or increase in extermal radiation
levels. The probability of a severe accident breaking the casks would be
sxtremely remote as explained in the Appendix. Nevertheless public per-
ception that tranmsportation of spent fuel poses a potential hazard 1is a

reality that will be considered in future actions takem by TVA.

Economic Feasibility

To obtain cost cumparisons, three basic facility sizes were examined, and
the approximate base cost was determined to be 343 million for a 700-MT
facility, 550 million tor a 1,400-MT facility, and $90 million for a
3,000-MT facility. These base costs were then adjusted to the nominal
sizes and locations actually needed. Uzing these adjusted base costs, each
facility cost was escalated to the midpoint of construction at 8 perceat.
Transportation and operations and maintenance (O&M) costs were similarily
escalated to the year of expenditure. To complete the anmalysis, all costs
were discounted at 11 percent to obtain present value dollars (1979).

TVA uses this method of accounting to reflect the cost of early capital
expenditures. This method 1is used for comparative analysis only and is

aot intended to determine the actual costs for a facility.
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As indicated in the Appendix, table 2, if TVA finds it necessary to com=
plete all three (Sequoyah, Watts Bar, and Browns Ferry) or more omsite
facilities tc store spent fuel, then the casite option would involve
direct cost to TVA that are greater than the central storage facility

optioc.

Howaver, as shown in the Appendix, figure 3, economic comparison favors the
onsite option in accommodating the early needs. With technological advances
jescribed in section V, such as rod comsolidatiom, comstruction of facilities
it Hartsville, Phipps Bend, and Yellow Creek may not be necessary Lf scme
system of further disposition becomes available. Furthermore, 1f final
disposition of speut fuel becomes available in the 1995-2000 time frame,
construction of the Bellefonte facility would also oot be required. This
would reduce the comparative cost of the omsite option as shown 1n table 2

to $131 million.

The same circumstances would not reduce the cost of the centralized facility
by much, because most of it will already have been built. The fipal dif-
ferential in direct costs would then shrink to some $20 milliom, or less

than 20 percent, in favor of the centralized option.

Response to Future Developments

[f TVA could be sure of the job to be done and the regulatory coamstraints
for doing it, it couls make an early choice of one of the two options for
fuel storage on the basis of feasibility, economic costs, aud health risks.
At this time., however, both the job and 1ts comstraints are subject CO
future changes which TVA cannot control. Under such conditions of uncer-
tainty, the benefits of waiting for better intormation may outweigh the
potential savings of early decision to build a central facility. [t
appears that TVA could respond appropriately and safely to a wider range

of future developments bv starting on the path to onsite storage.

Future studies mav optimize the onsite storage of spent tuel bv assessing
the potential for storage facilities that could provide the capacity tor
more than ore power plant. This consideration recognizes that some DOwer

plants are located close togetner and transportation of small amounts of



.ae

1ces

w

-

Lity

i

KS.

-9=

speat fuel between them may he practical. Using this approach, significant

facility cost savings might be realized with minimum transportation impacts.

The key to future developments will be 1in nationmal policy for auclear
power, in techcology of spent fuel storage, ia provision for final dispo-
sition of radioactive materia., in new laws and regulaticas, anc in State

and local provisions for transport and disposal of hazardous substances.

National Policy

The current moratorium on nuclear fuel reprocessing is officially con-
sidered a temporary measure peanding resolutiom of the proliferation and
economic concerns about reprocessing. Certainly reprocessing 1s a possi-
bility in the future and TVA has a large financial stake in the potenmtial
fuel value of ics spent fuel if feprocessxng is proven economical and
safe from proliferztion. Above-ground, onsite storage preserves that
ortion. I[f the ban on reprocessing were made permaneat, there would be
time to work out a plan for longer term storage if necessary either
snsite or at a central facility. Alternmatively, spent fuei could be

shipped for permanent disposition when such provisions are available.

[f the decision is made to resume reprocessing and recycle plutonium for
reactor fuel, any additional storage facilities already built on the
reactor site would remain useful as a place to hold backlogs of spent
fuel. While a central facility would lose its usefulness for temporary
storage of spent fuel more quickly than the smaller units, the central

site may be attractive for other industrial uses.

Technical Advances

Some of the developments in the technology of spent fuel storage rely on
the nhysical fact that the fuel becomes less hazardous and easier to

handle as its radioactivity decays with time.

Curreat designs for spent fuel facilities achieve higher density of storage
with the help of racks--affording a more compact storage arrav ind contain-
ing neutron absorbers. With older fuel, further developments ay permit

even more compact storage under water, which could defer the need dates
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shown in table 1. Ore such development, the potential fecr which is being
studied by TVA, is fuel rod consolidation. This process would involve
dismantling spent fuel assemblies and placing individual fuel rods in

close array within a canister the approximate size of an original fuel

- -

assembly. Rod comsolidation could provide for storing up to twice the
amount of spent fuel in suitably designed high density fuel storage racks.
While rod comsolidation is in the conceptual stage of development, it mav

be tested, licensed, and found economically feasible ia time for application

o el

at the TVA facilities scheduled for operation after the Bellefonte Nuclear

Plant. Backfitting to earlier piants would require design modifications
that may oifset the benefits.

Finally, spent fuel may be stored under water until it has lost so much
radioactivity that the resultant internal heating is no longer a problem.
Techniques could then be developed for dry storage or for embedding in a
material for tipmali uisposal should this b= necessary. On the other hana,
since operating experience for more than 20 years is not available, a very
long passage of time (i.e., several decades or longer) also may make the
fuel assemblies less reliable by weakening the cladding, which means that
the current methods for storing these assemblies are interim measures.
Plans for very long-term storage will depend on provisions for the

appropriate encasing of spent fuel as may be necessary.
As explained in section IV, each of these technological advances would
favor storage onsite, which proviges the option of not constructing new

storage units 1r the existing cuts can handle the load.

Hazardous Wastc Regulatioans

State governments in the Tennessee Valley area are expected to develop ]
regulations and procedures for safe transportation and disposal of hazard-
ous materiais with the help of guideiines wn:i-h will be made available by

tiae Eaviroomental Protection Agency (EPA). While nuclear spent fuel ship-
ments are now controlled by other regulations (Nuclear Regulatory Commission
(NRC] and Department of Tramsportatiom [DOT]), they will be atffected by the
way in wnich the overall proolem of hazardous materials m nagement is solved.

The solutions, however, may either help or hinder the shi; -nts.
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On one hand, Federal and States authorities may put together an erffective
system of hazardous freight control, designed to safeguard the routes,
mitigate accidents, and protect passers-by from spills. The authorities
for managing such a system have not been completely established, but the
working components are at hand in each Stace. With an effe tive system ia

place, offsite shipments of spent fuel should gainm in safety.

On the other hand, various levels of government in their concern for the
safety of their constituents, may enact legislation that banms the passage
of hazardous shipments. They may zone against repositories of hazardous
and radioactive wastes. Even the insurance provisions for spent fuel
shipments which are now available to nuclear power installations under the
Price-Anderson insurance system may be changed by the Congress. Operation
of a central storage facility would be highly vulnerable to changes that

interfered with offsite shipments. Onsite storage would be less vulperable.

Conclusion

If TVA must store all of the spenc fuel it will have generated through the
year 2000 or later, economic comparison of the cost factors that we cam
quantify for the two alternmatives under present conditions favors the
centralized facility. However, cost uncertainties and other considerations

which cannot be fully quantified combine to offset this advantage. Principal
among these are:

-  Flexibility to avoid overbuilding, should conditions reduce requirements
for storage.

- Greater potential for including future technological developments crd
design 1mprovements.

- Minimized transportation impacts and the risks of possible tuture

restrictions to offsite transport.

Utilization of land area and security provisions already dedicated to
nuclear power plaat operation.

Wwhen all these factors are considered, onsite storage of spent fuel appears

to have more merit for TVA than storage at a centralized facility.
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FIGURE 1

CUTAWAY ISOMETRIC OF
INDEPENDENT SPENT FUEL
STORAGE INSTALLATION



Figure 2
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Figure 3

AFR YEARLY COST COMPARISON

ONSITE vs. CENTRAL

THROUGH YEAR 2000

NOTES:

The cost curves arve simplifled

to separate facility costs
(vertical lines) from O&M and ¥
trdnsporlatlon costs (sloping &
lines). Facility costs are

shown at midpoint of construction.
0&M and transportation costs

start at need dates for each
facilicy.
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Table 1

TVA SPENT FUEL STORAGE REQUIREMENTS:/

THROUGH YR 2000 AND ESTIMATED LIFE OF PLANT (35 YEARS)

Existing
Fuel Year Extra Storage
Spent Fuel Pool FCR Capacity Req’'d
Nuclear Generated Capacity Limit __(Above FCR)
Plant Yr 2000 LOP (FCR) Reached Yr 2000 LOP
9T MT 9T MT T
Sequoyah 1140 1670 520 19902/ 620 1150
Watts Bar 1090 1670 520 19912/ 570 1150
? ?/
Browns Ferry 22703/ 27602/ 1600 1993 670 1160
Bellefonte 1030 1700 760 1997 270 940
Hartsville 4 1850 1590 3/ 0 2260
Phipps Bend 4 1920 790 3/ 0 1130
Yellow Creek 4 1980 1020 3/ 0 260

—

All quantities and dates are based upon completing fuel pool
reracking with high demsity storage racks as now scheduled.

ro

The earliest facility need date could be extended approx1mately
three years by intcrplant transfer of spent fuel if this transfer
proves to be feasible.

3. The General Electric Company has ultimate respcmsibility for sume
of the spent fuel included ia this amouat.

]

4. Less than full core ra2serv2 lL.mit.
5. After year 2000.
KEY: MT - Metric Ton

LOP - Life of Plant
FCR - Full Core Reserve

v
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Table 2

ONS1TE

‘ VS. CENTRAL FACILITY COST COMPAKISON

(MILLIONS OF PRESENT

THKOUGH YK 2000 AND LIFE OF PLANT (35 YRS)

FUNVCIDIRSTEC T RS

Onsite Facility 0&M, Facility
Facility _Size  Facility Transportation="  Total __Size
MT MT
Sequoyah 100 39.0 7.0 46.0 1290
Watts Bar 700 36.0 6.5 42.5 1200
Browns Ferry 700 36.0 6.5 42.5 1200
Bellefonte?/ . . . . 900
Hartsville - . . ’ 2400
Phipps Bend - - - - 1200
Yellow Creek - . - - 9500
TOTAL 2100 1 20 1313/ 9000
Central Facility 2400 73 38 113/ 9000

1. All transportation costs assume shipment by truck.

_ Life of Plant (35 Yrs)

Facility

VALUE 1979 DOLLARS; DISCOUNTED CASH FLOW ANALYSLS)

T T08M,

41.0 21.5 62.5

38.0 21.0 59.0

18.5 18.0 56.5

32.0 16.0 “wo
o

52.5 26.5 79.0

32.0 16.5 (8.5

28.0 13.0 41.0

262 132 3943/

168 140 3083/

2. If final disposition of spent fuel does nol become available in the 1995-2000 time frame, comstruction of a

facility at Bellefonte would be required at an additional cost of $33.0 million.
3. These figures do not reflcct on-quantifiable costs and othrr factors.

MT - Metric Ton
0&M - Operation and Maintenance

KEY:
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Notes on perceived risks

Folicy decisions are made by TVA on behalf of the residents of the Tennessee
Valley region. Management's objective is, of course. to deliver the most
benerit at least cost, but decisions made now must dea’ with the uncertain
future. There is always the risk that benefits will be less and ccsts will
be more than predicted. This risk, however, is perceived differently by
different people. In submitting a decision to the judgment of its con=-
stituents, TVA tries to convey not only an accounting of costs and benefits
but also an idea of the way management perceives the risks. Accordiagly, a
preliminary draft of this report was circulated not only to expert reviewers
but also to over 800 individuals and organizations within the Tennessee
Valley region with a request for comments and criticisms. About 50 answers
came by mail and 20 by telephone. Of these responses, 25 percent represented
Goveinment agencies and electric utilities, 10 percent were industry offi-
cials or consultants, 10 percent represented citizens' organizations, 10
percent were professionals with expertise in anuclear power, and the remaining
were counted as unatfiliated. On the choice of alternatives for storage,

60 percent approved the concept of storage onsite, while 10 percent came

out in favor of a central facility offsite; 40 percent came out strongly in
favor of nuclear power, 20 percent were strongly against, 10 percent were

uncommitted, and the rest did not comment on this issue.

More useful than the simple poll of votes was a study of reasons given fcr
each option. These comments have been a valued input to the studv. Some
were incorporated into this final report. Many others showed a perception
of risks completely different from the unspoken assumptions of the draft
report. The explanations that follow explain TVA's reasoning on points

ot widest disagreement. Whether or not comments were incorporated in

this report, all will be considered in future actions taken by TVA.

(1) Risks of exposure

lonizing radiation is hazardous to people. The amount of damage that
can be expected increases with the dose received by each person; the
jose, in turn, increases with exposure. The relation of dose to

damage 1s known reasonably well for high doses, and progressively less
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so for lower doses. For example, in a population of one milliom
people exposed to natural radiation every year, an average low dose
of 100 mrem per person, the upper limit for the predictad damage 1is
some 45 deaths from cancer each year, which amounts to about 2-3
percent of one year's death toll from cancer. The lower limit from
the same exposure, however, is judged to be somewhere between zero

1
and seven extra deaths from cancer. 2

This uncertainty about low doses must not be mistaken for an uncer=
tainty about small increases in dose. A small increase in the dose
already received by a population is exvected to produce a small
increase in the amount of damage.1 With this in mind information was
gathered about the sources of radiation exposure Lo the population of
the Tennessee Valley region. This section explains why nuclear power
operations of TVA were not one of the significant sources of population
exposure, and why the normal operation of projected additional plants
will not become a significant source of additional population exposure.

The next section considers risks associated with accidents.

Eavironmental radiation in air, water, vegetation, wildlife, and food
is surveyed regularly by TVA's Radiological Hygiene Branch. The aver-
age exposure in the region was measured at 110 mrem/yr per person.
This is the background radiation from soil, cosmic rays, and natural
radioactivity in the bodv. Just by residing near certain shale or
granite outcroppings a person could get up to 200 mrem/yr from natural
sources. This was the high end of the distribution of natural expo-
sures in the region. It is also close to the average background
exposure level in Colorado. In some regioans outside the United

States, the natural background is over 500 mrem/yr.

The largest population exposures, other than background, come from

diagnostic X-rays (medical, dental, and chiropractic), with an average

National Academvy of Sciences Advisorvy Committee on the Biological Effects
of lonizing Radiation (the BEIR Committee), "The Effects on Populations of
Exposure to Low Levels of Ionizing Radiation,” NAS, Washiagton, DC, 1972.
G. W. Casarett, "Biological Effects of Low Levels of Radiation Exposure”
in "Radioactivity in Consumer Products," NUREG/CP-0001, Washimgton, DC,
1978.
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of some 18 mrem per U.S. citizen computed for the year 197‘}‘.1 X-ray
images are used to benefit heal:th, but they are taken with widely dif-
fereat efficiencies. Makers of X-ray equipment and State Bureaus of
Radiologicai Health are working to raise the efficiency to higher
standards, with a prospect of future reductions in the average annual
diagnostic exposure.

Another source of exposures came to light in tests of ionizing radia-
tion in homes. The radioactivity in the homes had nothing to do with
auclear power: it came from the decay of naturally occurring radium
in the cement and other structural material used in the construction
of the houses. It was known, for some time, that cement construction
gives occupants of buildings an aanual exposure of some five mrem
above background. The recent tests, however, showed wide differences
from home to home, with some of the highest exposures more thaan dou-
bling the background level. The Eavironmental Protection Agency 1is
aow studying what advice to give the homeowners (much can be done by
simple ventilation) and developing regulations for the identifica-
tion and disposal of waste materials which have higher than usual

naturally occurring radioactivity.

Nuclear power plants produce vast amounts of radioactivity, but they

are designed to contain nearly all of it, and they are monitored to
measure all the releases. The highest level of exposure ca'culated at
the site boundaries of the Browns Ferry Nuclear Plant in the six moanths
from January through June 1979 amounted to about 7 mrem above background
or 14 mtem/yr.2 For this whole region 1n the vear ending June 1979 the

average exposure from this source was about 0.001 mrem per person.

Exposures to ionizing radiation are an occupational hazard to workers
in the'nuclear industry and nuclear medicine and to X-rav and gamma
ray machine operators in medicine and industry. TVA monitors the

exposure of each of its workers in areas of potential radiation exposure

l. Report of the Interagency Task Force on the Health Effects of Ionizing
Radiation, Department of Health, Education and Welfare, June 1979.
2. "Radioiogical Impact Assessment, Srowns Ferry Nuclear Plant, January-June
1979," MRH-79-7-DF3, Tennessee Valley Authority, June 1979.

.
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and does not permit the year's exposure to go over 4,000 mrem. In
practice, few workers accumulate as amuch as 1,000 mrem of exposure in

a year at work. Because these exposures are significantly greater

than the background exposure and constitute a potential job hazard to
the individuals, they are accounted for separately irom the exposures

of the gemeral population. If the small aumber of exposed TVA workers
was lumped with the large aumber of residents in the region in computiag
the average annual exposure, the increase caused by the occupational

exposures would be relatively small.

For these reasons, the exposure to iomizing radiation of the general
population of the Tennessee Valley region would not have been signifi-
cantly smaller without the Browns Ferry wuclear Plant than it was with
it.

Risks of Accidents

TVA operates large coal burning, ouclear, and hydroelectric power systems.
[t has in its territory major operations that make up both the coal fuel
and the nuclear fuel cvcles, and is engaged in intensive development of
technology for solar applications. Each energy system 1s liable for some
share of environmental degradation, damage to health, and long-term hazards
to life because each system leans heavily on a different [acet of the
environment. Hydroelectric plants are land-intemnsive, inundating large
portions of the watershed. Coal power plants are fuel intemsive: a
1,000-megawatt electric power plaat burns 400 toms of coal per hour.
Nuclear power plants are radicactivity intemsive: they p;ck the fuel for
a whole year's production of electricity into a single reactor vessel.
Solar water heaters are materials intensive: a relatively large area of

collector, preferably made of copper, is needed for each low-power umit.

The resulting mix of liabilities to human health and the environment 1is
different for each system as discussed below. It would be a mistake to
conclude that nuclear power is the only form of energy gemeration that 1is
the bearer of a hazard. On the contrary, each of its adverse effects 1is
shared by other energy systems, so that atter an overall comparison ot
liabilities, nuclear was considered to be the preferred source of addi-

tional electric power in the Tennessee Valley for the near future. With
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new technological developments, relative risks can change. Minimizing
these risks for the benefits received is an important goal of TVA's
continuing development programs.

Environmental impacts differ both in timing and in extent. The major
eovironmental impacts of a hydroelectric installation are over and done
with when a stretch of landscape has been flooded behind the dam, and the
resulting pool can then be used for recreation and controlling floods.
Solar energy could also claim wnole areas of landscape, to mine and smelt
copper ror solar collectors and associated plumbing. Copper mining for
solar units would also, for the most part, be over once the units were builce,
and the land could be reclaimed. Bv contrast, coal and uranium mining

must continue as long as these fuels are used tc generate energy. The
resulting environmental impacts and the difficulties of reclamation, how-
ever, are far greater for coal mining simply because 1,000 tons of coal are
needed to vield the same amount of electrical energy as 40 tons of ore con-
taining about 0.2 percent uranium. The occupational damages to health from

underground mining of coal and uranium are aliso roughly proportional to the
1

imounts mined.

Hydroelectric dams, coal plants, and nuclear facilities all pose some

continuing risks to populations downstream or downwind.

Prevention of a flood or of a release of radioactivity is both am initial
design problem and a long-term custodial problem. Dams., nuclear reactors,
and spent fuel storage pools are designed to withstand extreme events such
is earthquakes, and are monitored to maintain the margin of safety they
were designed to have. Scenarios describing an 1maginary disaster (a
"design base accident") are useful as one way of promoting conservative
lesign and vigilant supervision; they are quite disturbing both for dams

: y ) :
and for nuclear power plaats,”’™ much less so for spent fuel storage

I. R. L. Gotchy, "Health Effects Attributable to Coal and Nuclear Cvcle
Alternatives,” NUREG-0322, Washington, OC, 1977

2. A. 0. Babb and T. Mermei, "Catalog of Dam Disasters, Failures and Accidents.”

Bureau of Reclamation, Washington., DC, 1968.

2. H. W. Lewis, "Pisk Assessment Review Group Report to the U. S. Nuclear
Regulatory vommission.” Yashingtoan, DC., 1978.
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facilities and transportation.1 The potential for a major accident will be
much smaller after these facilties are decommissioned, and future genera-
tions may find that it is less trouble to. leave them in place and watch
them than it is to dispose of them in any other way. Abandoned undergound
mines will also remain for an indefinite future. Strip wzines, by contrast,

can be reclaimed when mining is ended.

Both coal and nuclear power generate troublesome wastes. Nuclear wastes
are highly toxic due to natural and man-made radioactive isotopes; coal
wastes, although much less concentrated, contain naturally occurring
radiocoactive isotopes and other important pollutants. Standards for
releases of toxic wastes are set by the EPA in an even-handed way, to bring
risk of damages to public health from either source below approximately the
came level. Normal releases from nuclear power plants have remained at a
small fraction of permissible leveis in air and water. Actual release of
pollutants from coal power plants have been much closer to the permissible
levei: TVA is taking action to easure releases from its coal power plants
will all be in compiiance. The most troublesome pollutant from coal is
sulfur dioxide gas and its chemical derivatives (SOK). potential sources
of damage both to human health and to lake ecosvstems. Fly ash, bottom
cinders, precipitator, and scrubber sludge from coal plants contain radio-
active radium at concentrations from 2 to 3 picocuries per gram. EPA has
proposed classifying anything with more than 5 picocuries per gram as
controlled radioactive material requiring special disposal. In this
context the unvi'al feature of spent nuclear fuel is that it retains the
waste products of the nuclear reaction. The bulk of the coal combustion
wastes, by contrast, either goes out in the air or is appropriately dis-
posed of with cinders, ashes, and sludge. Bv storing spent nuclear fue: we

store waste material in order to confine pollution.

When a nuclear power plant is taken out of service, most of the slack is
now taken up by coal plants. [f a sufficient number of coal plants could

be constructed, TVA's nuclear power plants could be pnhased out of operation

G. Yadigaroglu, et al., "Estimation of Spent Fuel Transportation Risks,"
Trans. Amer. Nucl. Soc. 15:74, 1972.
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before there is any need for additional storage facilities for spent fuel.
To do so, however, would be to replace the hazard of confined puilutien
with the damage done by released pollution. It would also be extremely
costly and would adversely affect TVA's reserve generation capacity. This

was not seen as an acceptable choice.

Notes on Facilities and Equipment

Spent fuel

Commercial nuclear fuel consists of short cylindrical pellets of ceramic
uranium dicxide (UO,). These pellets are stacked and sealed in a zirconium
alloy tube. Fuel rods thus formed are then assembled into bundles in a
square array called a fuel assembly which has dimensions of 5" x 53" x 12%'
in the case of the boiling water reactors (BWR's) at Browns Ferry. while
the number of fuel rods and the size of the fuel assemblies are somewhat
greater for pressuriced water reactors (PWR's) at some TVA plants under
comstruction, the number ot fuel assemblies 1s less tor these reactors,

making the total amouvnt of fuel about the same for both types.

Several hundred fuel assemblies are arranged to form a reactor core. New
auclear fuel is enriched in the isctope U-235, which produces most of the
energy released in the reactor. U-235 is fissionable but is not very radio-
active, and new fuel is safe to handle.” The fission reaction is turned on
or off in the reactor by means of control rods. With the reactor on,
auclear reactions generate heat and comnvert the fuel gradually into a wide

variety of new isotopes. Most of them are radioactive. One, Pu-239. is

-~
3

1ssionable anc vecomes an additionai source of energy, but uv=-235 1s

depleted faster than Pu-239 is built up.

Depending upon the reactor type, about oue-fourth to one-third of the

assemblies must be replaced each year (approximately 30-35 metric -ons) due

-

1

to depiecion ot U~235 and the buildup of isotopic fission products. The
spent fuel in these assemblies contains these 1sotopes which are a heat

source and require cooling in water to prevent damage to the fuel.

——— e et e,

|

The word
protection
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safe” is used here t)7 indicate that workers require no special
to 1t radiation exposuce.
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The spent fuel assemblies are removed ‘rom the reactor by using a remotely
cperated unloading machine and te~ urarily stored in the power plaat spent
fuel storage pool where they remain stored under at least 20 feet of water
while radioactivity and internal heat gencration decreases by radioactive
decay. This radioactivity diminishes rapidly in the first vear or so and

more slowly thereafter.

Fuel storage pools

Each of TVA's nuclear facilities is designed to include built-in spent
fue! pools, typicélly with storage capacity for the spent fuel resulting
from 10 to 15 years' operation plus sufficient additicmal capacity for the
assemblies from an entire core unloading (full core reserve). This
additional full core reserve capacity allows the performance of major
maintenance and inspections requiring the removal of all fuel from the

reactor vessel.

Spent fuel stored in the pools is not as intenselv radicactive as the
fuel in the reactor, but the spent fuel does contain a large amount of

radioactivity and must be carefully stored.

Table 3
TYPICAL RADIOACTIVITY INVENTORY

OF SPENT NUCLEAR FUEL
5 YEARS AFTER REMOVAL FROM A REACTOR

Reactor Type

BWR BWR
Average fuel exposure, MWD/MTU! 35,000 45,000
Isotopes: Tritium (H-3), Ci/MT? 510 340
Carbon-14 (C-14), Ci/MT? 0.7 0.9
Krypton-85 (Kr-85), Ci/MT? 7,910 2,090
Todine=129 (I-129), Ci/MT? 0.037. 0.049,
Nonvolatile fission products, Ci/MT? 4.6 x 10° 6.3 x 10°

1. MWD/MTU = megawatt-dav per metric ton unit. (This is a measure of the
amount of energy drawn from each ton of fuel.)

2. Ci/MT = curies per metric ton. (A curie is a measure of the rate of
radiocactive disintegration.)
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During a reactor refueling, spent fuel is generally transferred under water
on a specially designed tramsport cart. This is accomplished through a
fuel transfer canal connecting the reactor refueling pool to the bottom of
the spent fuel pool. Wwhen moving the spent fuel from the pool to another
facility, such as an independent storage facility, a fuel cask is lowered
into the pool onto a specially built stand where one or more speat fuel
assemblies are raised into the cask. The sealed cask can be removedi via an
crerhead crane to a truck or railroad car for transport. The casks used
for this purpose provide efficient radiation shielding and cooling during
trausport, and are extremely strong as described below. In the pool, the
speat fuel is moved about underwater with remote handling equipment. The
fuel is kept underwater because water aids in transferring heat from the
assemblies and acts as a good shield against radiation. At depths normaily
15 to 20 feet or wore, radiation levels are quite safe for normal work

activities. Water also allows the workers to see the fuel assemblies.

Prevention of criticality (chain reaction in the stored fuel) is a most
important feature of pool safetv. Fuel is now s*ored in high-density

storage racks containing a neutron-absorbing material to provide appro-
priate separation of fuel assemblies and to increase neutron absorption

assuring against a criticality accident.

A second important task is to preserve the fuel cladding trom corrosion and
mechanical damage for as long as possible by careful handling of the fuel

assemblies and by appropriate water treatment.

The independent storage facility discussed in this report will use a water-
cooled storage pool. The technology of water-cooled pool storage is well
developed, and water basins have been used successtully for receiving and
storing spent nuclear fuel for 20 years. The actual water pool could best

be characterized as a large, steel-reinforced concrete structure with walls
several feet thick having a 30- to 40-foot deep stainless steel lined pool

in its middle. Supported on bedrock, the storage pool is designed to

retain its watertight integrity for all design accidents, including tornadoes
and earthquakes. The storage facilities are designed (1) to resist rupture

3 to retain adequate water to ensure safe storage of the fuel assemblies,
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and (2) to prevent all massive equipment, such as cranes. etc., ‘-om falling
into the pools, thus causing damage to the spent fuel during a tornade or

earthquake.

Shipping casks

A shipping cask holds one or more fuel assemblies and serves both as a heat
exchanger to cool the spent fuel and a shield to absorb the radiationm.
Regulations (10 CFR 71) help ensure these casks are accident-proof con-
tainers. The cask design bas been tested to withstand impact, fire, and

: > 1
immersioq.

A cask designed for truck or rail transport should be able to come through

a collision at high speeds and a possible resulting fire without cracking.

This equipment may only be damaged in an aighly improbable serious accident.
The consequences can then be analysed in stages.2 The liquid or cooling
gas may leak out through a crack in the cask. This material could be con-
taminated with radioactive materials only to the extent that some fuel
elements were also damaged and leaked while in the cask. Cecond, the fuel
rods will increase in temperature from internai heat generation if the
coolant is lost. This may damage the cladding and release some gases.
Last, and in a most unlikely circumstance, fire from the accident may reach
the fuel within the rods, releasing highly radicactive vapors. The design
of the cask is intended to provide time, even in the most serious accident.
to warn people downwind from the wreck and to stabilize the load. Whecher
this theoretical opportunity would actually be used to advantage will
depend on the provisions for safeguarding hazardous s-ipments described in
section V of this report.

Spent fuel storage installations

An independent spent fuel storage installation is a separate facility for
storage of irradiated auclear fuel. This tvpe of facility could occupy

anywhere from 6 to 14 acres depending on its storage capacity. The site

Proceedings of the Fifth Iaternational Symposium, Packaging and Traaspor-
tation of Radioactive Materials, May 7-12, 1978, Las Vegas, Nevada.
"Environmental Surveys of Transportation of Radioactive Materials to aad
from Nuclear Power rlants,” WASH-1238.
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would include areas for buildings, tranportatiom access, and a security
perimeter. Additional acreage may be required for support installations
(i.e., offsite electrical power, potable water pipelire, sanitary waste

facilities, and fire protection).

An independent storage facility is designed to receive, handle2, decontam-
ipate, and reship spent fuel casks; to remove irradiated fuel from casks;

to transfer the fuel underwater in a storage pool; and to cool and control
the quality of the water. The facility is also designed for removing spent
fuel from storage basins, loading the spent fuel into shipping casks, decon-

taminating loaded casks, and accommodating fuel with cladding penetrations.

Notes on Reference Materials

This report deals with a preliminary review of the relative merits of the
two principal alternative approaches to extend spent fuel storage. Long
before any new facility is built, TVA will prepare an environmental assess-
ment of the proposed project, a detailed project design, and a report on
the safety ot the design. These reports will be public documents acces=-
sible through the TVA Citizen Action Office at Knoxville. These will be
the socurce of information that interested citizens can use to confirm that
the proposed facility will live up to the standards which could only be

outlined .n general terms in this report.

Those jnterested in the current record of performance of TVA's nuclear
power tacilities are invited to refer to the most recent report: '"Radio-
logical Ilmpact Assessment, Browns Ferry Nuclear Plant, January-June 1979.,"
MRH-79-7-DF3, available through the TVA Information Office at Knoxville.

A clear and simple erplanation of ionizing radiation and nuclear power can
be found in a compact hook by E. J. Hall, "Radiation and Life" (Pergamon

Press. New York, 1976).
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Secretary
U.S. Nuclear Regulatory Commission
Washington, DC 20555
Attention: Chief, Docketing and Service Section
Re: In the Matter of Proposed Rulemaking

on the Storage and Disposal of Nuclear

Waste - Docket No. PR-50, 51
Dear Sir:
We are enclosing for filing in the above proceeding the original and
20 conformed copies of the following document, together with the

certificate of service:

Tennessee Valley Authority's Statement of
Position

Sincerely vours,

derbert S, Sangﬂr, Je. é;L’

General Counsel
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UNITED STATES OF AMERICA
BEFORE THE NUCLEAR REGULATORY
COMMISSION

In the matter of
PROPOSED RULEMAKING ON Docket No. PR-50, 51
[HE STORAGE AND DISPOSAL
OF NUCLEAR WASTE
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TENNESSEE VALLEY AUTHORITY'S
STATEMENT OF POSITION

INTRODUCTION AND SUMMARY

.<nnessee Valley Authority (TVA) hereby submits its
statement of position in the above-captioned proceeding. As stated
in the Notice of Hearing, this proceeding is designed to: (1) reassess
confidence that safe storagz of spent fuel will be pcssible; (2)
determine when storage or offsite disposal will be available; and (3)
examine whether wastes can be safely stored onsite, if offsite storage
or disposal will not be available until after the expiration of the
licenses for nuclear facilities. It is TVA's position that safe
storage of spent fuel resulting from the operaticn of TVA's reactors
in operation or under construction is possible now and that spent
fuel can be safely storec onsite in the event that offsite storage is

not available. This is b?@?
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