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I. Proposed Action

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

the best alternative is to build new pools at existing reactor sites.
d

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 licensing

work is geared to completing the first new storage facility by 1990, thus

permitting time to review the design of additional facilities and to make

further advances in ensuring a minimum of hazard to the environment and
the public.

II. Need for Action

As early as the year 1990, TVA =ay 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 additicnal nuclear reactor units in various stages of con-
struction. Spent nuclear fuel will result from normst operation 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.

In common with the then generally accepted concept of recycling the tuel
for commercial nuclear power, TVA originally undertook its nuclear power
program on the basis that spent fuel would 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 year of its

removal from the reactor.

. ... . ,
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3 In 1977 President Carter announced that the United States would indefi-
nitely defer commercial reprocessing of spent nuclear fuel because of

i the potential for nuclear weapons proliferation as well as the fact that
it had not yet been proven economical. As a result of this action,

] reprocessing is now precluded as an option for spent nuclear fuel.

1
1
.; Every existing and proposed nuclear plant has facilities for storing spent'

..

~1 fuel. With the deferral of reprocessing, IVA recognized that very limited
storage capability was provided in the original design of the spent fuel

j storage pools, and in the mid-1970's began to expand existing pool storage
capability. This involved making more efficient use of the existing space'

j 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 installed in the pools of 3 operating TVA nuclear reactors

| (Browns Ferry units 1, 2, and 3), and they are being incorporated in the'
,

I |
design and construction of the other 14 TVA reactors. '

:
l<

:

f Table 1 in the Appendix identifies the dates of storage need and storage
:

i capacity requirements for eacn nuclear plant until the year 2000, as well
1
; as for the estimated life of each plant, a figure unich is highly specula-

| tive.1 These computations assume that high density storage similar to that,

I at the Browns Ferry plant will be installed as planned in all TVA nuclear

4 plant pools. The first additional storage capacity is expected to be

needed in 1990 for spent fuel from Sequoyah.

III. Outions for Storing TVA Scent Fuel

TVA has examined a variety of possible options and identified two prin-
I cipal alternatives to provide tne necessary additional storage capacity.

Both alternative.s involve building additional spent fuel storage facili-

ties as described below:

1. The TVA nuclear plant design life is 40 years from issuance of the
cons truction permit.

|

|'

4

4
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A. Onsite Individual Independent Spent Fuel Storage Facilities~

hat This alternative involves construction of an independent storage
facility at each TVA nuclear power plant site designed to expand its
spent fuel storage capacity. Spent 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 thescent

aited independent storage facility on the plant site. The reactor pool would
2el never be filled, because storage space would always be kept in reserve
2 rage to accommodate the entire reactor core in case the reactor vessel had
space to be unloaded. Under this option no near-term offsite shipment of

spent fuel to a storage facility would be required and, therefore,
er there are no offsite impacts associated with transportation.
:s

3. One Centralized Independent Spent Fuel Storage Facility to Serve All
:he of TVA's Reactors

This alternative involves construction of a centralized facility
.ge designed to provide the needed additional spent fuel storage capacity
ell for all of TVA's reactors. Spent fuel would be stored in the onsite
ula-

'

.

power plant pools until only full core reserve storage capacity
tnat remained. The oldest stored fuel would then be tran.' ported to the

ear 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 involves 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 ],

1similar in both cases, as shown in the Appendix, figure 1.
.-

.

In the case of alternative 3, spent fuel could be shipped through the use
of three transport modes or a combination thereof: truck, rail, or barge.

Truck transport utilizes tractor-trailer rigs. Special spent fuel casks
- are used which are designed to meet road weight limitations as well as to j

withstand severe accidents. These casks have a rather limited spent fuel

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

-
..
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| utilizes casks on special rail cars that have greater spent fuel capa-
| cities (i.e., 12 to 24 fuel assemblies) than truck casks. The projected
I
. adiation dose to the population is lower in rail than ia highway ship-
j ments. Barge transport may become an important future artion, with a
'

[ potential for lower radiation exposures. This mode could conceivably nse
| truck casks, rail casks, or special casks designed for sarge transport.

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 highway or rail. Accord-
ingly, 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 onsite

i

alternative.

:
,

i 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 nuclear generating facility which typically employs 250.to 300

,

,
people. The primary noticeable activity would be the arrival and depar-,

ture of 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 years 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
7-1/2 ' fears at an existing nuclear plant site.

| Typical schedules for a decentralized (onsite) and a centralized facility
are shown in the Appendix, figure 2.

.

L
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'' IV. Comparison of the Alternatives

-ted To provide a basis for a preliminary comparison between the two principal
'P~ storage alternatives and the choice of a preferred alternative, TVA
* evaluated the most probable contributions of three significant factors:

use,

| t. 1. Technical Feasibility
#E 2. Environmental Impacts and Radiological Health Effects

#7' 3. Economic Feasibility

to be The findings are summarized in this section. The uncertainties associated1

with the evaluations are discussed in section V below.
aar,

Technical Feasibility
!

The construction and operation of both alternatives would utilize existing
and proven technology and equipment. Water pool storage of spent fuel has,

been demonstrated by 20 years' safe operating experience.! There appears'I

th a no technical reason why storage of spent fuel under water for the life of
the plant or longer cannot be accomplished using existing tecnnology.. For

* either alternative, facility modifications or additions of modules utilizing
* dry storage could extend storage for several additional decades or longer
DY should that become necessary. Thus, there is no technological difference

which would preclude consideration of either alternative.

Compliance 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'

'1 of
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

. ';
1. A. 3. Johnson. Battelle-Pacific Northwest Laboratories, " Spent Fuel Storage

Experience," Nuclear Technology, mid-April 1979.

.

em
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against accidental releases.y' Sites selected for the location of nuclear |

s

_-
;

t
i plants are satisfactory for spent fuel facilities from environmental and !

"

= ! :

s engineering standpoints. |,

:--

IVA has handled and stored spent nuclear fuel in the past and will con- f
'

tinue to do su in the future in a way that safeguards the environment from .

.] any significant releases of racioactive materials. Perspectives on

perceived risks from radiological releases are discussed in the Appendix. .

. ,

;=

?
The primary environmental differences between a centralized facility and
individual onsite facilities would be the impacts of transporting spent

i fuel to a centralized facility. The fuel transport offsite results in

greater transportation impacts and costs than fcr the onsite option; the
I costs have been determined and included in the comparative results shown

~ '

L in the Appendix, table 2. A secondary impact would be the additional com-
mitment of land resources required for a central facility if located at a

f new site. In making its decision, TVA will fully consider all environmental

Z issues in accordance with TVA's procedures for compliance with the National

4 Environmental Policy Act and other envirort- ;21 requirements. However,

i TVA's studies to date indicate there are n. dironmental considerations
_T

ec '

) which would preclude either alternative.
-

,

Other transportation impacts are discussed next.-

- i

i
Compliance with Radiological Health Regulations

I

r If spent nuclear fuel is routinely tranportec to a centrailzeo storage =[.--
facility operated by TVA, tne vast majority of the public will not be

__
_7

y near the transportation routes and will not be exposed to any ionizing'

h radiation from that source. For the few people who might be exposed to
1' the shipments, the dose would be about 0.01 millirem / year (meem/yr),

f
s

k 1. Storage of U.S. Spent Power Reactor Fuel, DOE /EIS-0015-D, Draf t Environ-
-

mentrl Impact Statement, U.S. Department of Energy, August 1978.
r 2. Handling and Sto age of Spent Light Water Power Reactor Fuel. NUREG-0404,
{ Generte Environmental Impact Statement, U.S. Nuclear Regulatory Commission,

'

August 1979.
'

1
|

,

.

-
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auclear which is far below radiation limits set by law. The background radiation
and

exposure level of approximately 110 mrem /yr is discussed in the Appendix.
Facility operators and shipping crews would be expected to receive higher
doses of radiation than any memoer of the general public, but these doses

an-
.

would also be below the limits set for occupational exposures (up to 5,000
- -

: trom
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

! and
)g less since fewer shipments would be handled at each facility and the

j Sads would be moved over shorter distances.
,

the
St rage at the individual onsite facility would result in no additional

4

'

mwn
radiological exposure to the public from offsite shipment of spent fuel.

; e

t 2t a
These conclusions of radiological safety include the consideration of

g
accidents, both onsite and during shipment. Spent fuel shipping casks are'

yonalu

designed to withstand severe conditions including high speed collisions
er,

| - without significant loss of contents or increase in external radiation
levels. The probability of a severe accident breaking the casks would be

*.evertheless public per-Vextremely remote as explained in the Appendix.4

ception that transportation of spent fuel poses a potential hazard is a
reality that will be considered in future actions taken by TVA.

1

Economic Feasibility
;

To obtain cost comparisons, three basic facility sizes were examined, and
che approximate base cost was determined to be $43 million for a 700-MT _

; ;

facility, $50 million for a 1,'00-MT facility, and $90 million for a
3

3,000-MT facility. These base costs were then adjusted to the nominal !
,

'

sizes and: locations actually needed. Using these adjusted base costs, each
facility cost was escalated to the midpoint of construction at 3 percent.

.
Transportation and operations and maintenance (0&M) costs were similarily

1

escalated to the year of expenditure. To complete the analysis, all costs*

]n, were discounted at 11 percent to obtain present value dollars (1979).
TVA uses this method of accounting to reflect the cost of early capital4

expenditures. This method is used for comparative analysis only and is
not intended to determine the actual costs for a facility.

<

x

ih
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l
4 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 onsite
facilities to store spent tael, then the onsite option would involvei

l direct cost to TVA that are greater than the central storage facility
'

;

! option. ,

!
.

j

However, as shown in the Appendix, figure 3, economic comparison favors the i
;

ti onsite option in accommodating the early needs. With technological advances
;

described in section V, such as rod consolidation, construction of facilities s:
: 4:

j at Hartsville, Phipps Bend, and Yellow Creek may not be necessary if some
'

! system of further disposition becomes available. Furthermore, if final

} disposition of spent fuel becomes available in the 1995-2000 time frame, .

|
construction of the Bellefonte f acility would also not be required. This

would reduce the comparative cost of the onsite option as shown in table 2

to $131 million.,
,

i
:

The same circumstances would not reduce the cost of the centralized facility'

|
by much, because most of it will already have been built. The final 'if-
ferential in direct costs would then shrink to some $20 million, or less
than 20 percent, in favor of the centralized option.

.

V. Response to Future Develonments

If TVA could be sure of the job to be done and the regulatory constraints
for doing it, it could make an early choice of one of the two options for
fuel storage on the basis of feasibility, economic costs, and health risks.
At this time, however, both the job and its constraints are subject to
future changes which TVA cannot control. Under such conditi s of uncer-
tainty, the benefits of waiting for better information may outweigtt the
potential savings of early decisinn to build a central facility. It

appears that IVA could respond appropriately and safely to a wider range
of future developments by starting on the path to onsite storage.

Future studies may optimize the onsite storage of spent fuel by assessing
ehe potential for storage facilities that could provide the capacity for
more than one power plant. This consideration recognizes that some power

plants are locatec close together and transportation of small amounts of ,

f

l
_ _ _ _ _ . _ _ _ ___ __.._ _ _ _ _
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spent fuel between them may be practical. Using this approach, significant

facility cost savings might be realized with minimum transportation impacts.

The key to future developments will be in national policy for nuclear
power, in technology of spent fuel storage, in provision for final dispo-
sition of radioactive material, in new laws and regulations, and in State

.he
and local provisions for transport and disposal of hazardous substances.

:ces

ties ,
National Policy

'
The current moratorium on nuclear fuel reprocessing is officially con-
sidered a temporary measure pending resolution of the proliferation and
economic concerns about reprocessing. Certainly reprocessing is a possi-

.

'

bility in the future and TVA has a large financial stake in the potential
,
'

fuel value of its spent fuel if reprocessing is proven economical and

safe from proliferation. Above-ground, onsite storage preserves that

option. If the ban on reprocessing were made permanent, there would be
Lity

time to work out a plan for longer term storage if necessary either
_

onsite or at a central facility. Alternatively, spent fuel could be

shipped for permanent disposition when such provisions are available.

If the decision is made to resume reprocessing and recycle plutonium for
reactor fuel, any additional storage facilities already built on the

s
reactor site would remain useful as a place to hold backlogs of spent

r
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 physical fact that the fuel becomes less hazardous and easier to

handle as its radioactivity decays with time.

Current designs for spent fuel facilities achieve higher density of storage

with the help of racks--affording a more compact stotoge array and contain- j
9 |'

ing ceutron absorbers. With older fuel. further develcpments may permit i

even more compact storage under water, which could defer the need dates i
!

_

|
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,? shown in table 1. One such development, the potential for wnich is being
g studied by TVA, is fuel rod consolidation. This process would involve
p_ dismantling spent fuel assemblies and placing individual fuel rods in

je close array within a car.ister the approximate size of an original fuel
,

1 assembly. Rod consolidation could provide for storing up to twice the
a amount of spent fuel in suitably designen high density fuel storage racks.

?.. While rod consolidation is in the conceptual stage of development, it may 4I
be tested, licensed, and found economically feasible in time for application ||

,

* at the TVA facilities scheduled for operar. ion after the Bellefonte Nuclear ?
-

i Plant. Backfitting to earlier plants would require design modifications
.

-|.=
,4

x that may offset the benefits. '
i

=

i :
1 Finally, spent fuel may be stored under water until it har 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
i material for final disposal should this be necessary. On the other hana,

,

since operating experience for more than 20 years is not available, a very
j long passage of time (i.e., several decades or longer) also may make the
J fuel assemblies less reliable by weakening the cladding, which means that

f the current methods for storing these assemblies are interim measures.
j 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 provides the option of not constructing new=

k storage units if the eat; ting ones can handle tne load.
?
:

Hazardous Waste Regulations

j State governments in the Tennessee Valley area are expected to develop
i regulations and procedures for safe transportation and disposal of hazard-

,

i aus materials with the help of guidelines wnich will be made available by |
7 the Environmental Protection Agency (EPA). While nuclear spent fuel ship- i

} ments are now controlled by other regulations (Nuclear Regulatory Commission
[NRC) and Department of Transportation [DOTl), they will be affected by the
way in wnich the overall problem of hazardous materials management is solved.

I r

j 7 The solutions, however, may either help or hinder tne shipments.
r

,

l

|
.

I
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On one hand, Federal and State authorities may put together an effective
.

system of hazardous freight control, designed to safeguard the routes,'

mitigate accidents, and protect passers-cy from sptils. The author ties
,

[' for managing such a system have not been completely established, but the
- working components are at hand in each State. With an effectice system in

[ place, offsite shipments of spent fuel should gain in safety.
_

On the other hand, various levels of governnient in their concern for the5

_
safety of their constituents, may enact legislatior. that bans 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 vulnerable.

;

I VI. Conclusion
,

If TVA must store all of the spent fuel it will have generated through the
year 2000 or later, economic comparison of the cost factors that we can
quantify for the two alternatives under present conditions favors the
centralized facility. Ilowever, 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 ced
design improvements.

.

- Minimized transportation impacts and the risks of possible future

,
restrictions to offsite transport.

ion
Utilization of land area and security provisions already dedicated to-

nuclear power plant operation.
.m d .

When all these factors are considered, onsite storage of spent fuel appears
to have more merit for T7A than storage at a centralized facility.

L
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Table 1

1/TVA SPENT FUEL STORAGE REQUIREMENTS ;
'

:
THROUGH YR 2000 AND ESTIMATED LIFE OF PLLNT (35 YEARS) ,

:

:

.

Existing
~ Fuel Year Extra Storage

- Spent Fuel Poel FCR Capacity Reg'd
^,

Nuclear Generated Capacity Limit (Above FCR)
Plant Yr 2000 LOP (FCR) Reached Yr 2000 LOP .

? MT MT MT MT MT

S/ 620 1150
*

- I
'

Sequoyah 1140 1670 520 1990

S 570 1150 )) ~4atts Bar 1090 1670 520 1991
-

-

1/ 27601/ 1600 1993 670 1160
'

Browns Ferry 2270
:

.

Bellefonte 1030 1700 760 1997 270 940 ;

il 0 2260b! 3850 1590Hartsville

bl 0 1130b 1920 790I Phipps Bend
-

il 0 960b 1980 1020Yellow Creek2

"?
_

2
:
- 1. All quantities and dates are based upon completing fuel pool

.'
[ reracking with high density storage racks as now scheduled.
;

7 2. The earliest facility need date could be extended approximately !
three years by interplant transfer of spent fuel if this transfer;
proves to be feasible.

_

r 3. The General Electric Company has ultimate respcastbility for some
- of the spent fuel included in this amount.
;;

.

- 4. Less than full core raserva 1 mit.

i 5. After year 2000.
t .

-

/
-

\
t KEY: MT - Metric Ton

! LOP - Life of Plant .

I

{ FCR - Full Core Reserve f

1
I

!

1 :

;
;

[' .

!
<

I r

l F
i i
?j

1 at
,
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Table 2

ONSITE VS. CENTRAL. FACll.lTY COST CollPARISON

(till.l.10!G OF PRESENT VAI.UE 1979 D01.LARS; DISCOUNTEI) CASil FLOW ANAL.YSIS)

'IllRollGil Ylt 2000 AND l_.lFE OF Pl. ANT (35 YRS)

Yr 2000 1.ife of Plant (35 Yrs)
O&tt ,.Onsite Facility O&M, Facility

To t.a l Size Facility Transpo rt.a t.i on j jFacility Size Facility Tra nspo rta t ion, j Tot a l

flT MT

Seiguoyali 700 39.0 7.0 46.0 1200 41.0 21.5 62.5

Watts Har 700 36.0 6.5 42.5 1200 38.0 21.0 59.0

Browns Ferry 700 36.0 6.5 42.5 1200 38.5 18.0 56.5

N - - - - 900 32.0 16.0 48.0 >Bellefonte

liartsville - - - - 2400 52.5 26.5 79.0

Phipps Bend - - - - 1200 32.0 16.5 48.5

Yellow Creek - - - - 900 28.0 13.0 41.0
3

2/ 9000 262 132 3942ITOTAI. 2100 111 20 131

_ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . . _ _ _ _ _
_ ._

SI2/ 9000 168 140 308Centra 1 FaeiIity 2400 73 38 111

. - . . - - - _ - - - - -

l

1. All t ransportat ion costs assuine shi unent by truck.l
i

2. I f final ilisposition of spent fuel does not become available in the 1995-2000 time frame, construction of a
facility at E+;lefonte would be required at an additional cost of $33.0 million.

3. These figures ato not ref1(ct ien quantifiable costs anil other iactors. |

KEY: llT - tiet ric Ton
O&ti - Operation and liaintenance

__ _ _ __
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- B. Notes on cerceived risksw
-

_

Policy decisions are made by TVA on behalf of the residents of the Tennessee
5 Valley region. Management's objective is, of course, to deliver the most

benefit at least cost, but decisions made now must deal with the uncertain

future. There is always the risk that benefits will be less and costs will

{_ be more than predicted. This risk, however, is perceived differently by

different people. In submitting a decision to the judgnent 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. Accordingly, a

_ i 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 representec;

Covernment agencies and electric utilities, 10 percent were industry offi-
cials or consultants, 10 percent represented citizens' organizations, 10

' percent were proIessionals with expertise in nuclear power, and the remaining
were counted as unaffiliated. On the choice af alternatives for storage,

60 percent approved the concept of stcrage onsite, while 10 percent came
- .

| out in favor of a central facility offsite; 40 percent came out strongly in

favor of caclear power, 20 percent were strongly against, 10 percent were
r _-

|
_

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

1
_.

1 -

More useful than the simple poll of votes was a study of reasons given for
each option. Tbese comments have been a valued input to the study. Some

,k were incorporated into this final report. Many others showed a perception
-

~ of risks completely different from the unspoken assumptions of the draft
! -5 report. The explanations that follow explain TVA's reasoning on points
1

of 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

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

7 damage is known reasonably well for high doses, and progressively less

-

-
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- so for lower doses. For example, in a population of one millice
' people exposed to natural radiation every year, an average low dose

of 100 mrem per person, the upper limit for the predicted damage is
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 ;

c,

. and seven extra deaths from cancer. ' )

: |
.

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 expected to produce a small
increase in the amount of damage.1 With this in mind information was2

[ i= gathered about the sources of radiation exposure to the population of je
s

i the Tennessee Valley region. This section explains why nuclear power )
4 operations of TVA were not one of the significant sources of populationg -

jj exposure, and why the normal operation of projected additional plants
+
g will not become a significant source of additional population exposure.

$ The next section ceasiders risks associated with accidents.
e
7

Environmental radiation in air, water, vegetation, wildlife, and food

3' is surveyed regularly by TVA's Radiological Hygiene Branch. The aver-

{ age exposure in the region was measured at 110 mrem /yr per person.
-

f This is the background radiation from soil, cosmic rays, .74 ural

radioactivity in the body. Just by residing near certain shale or
- granite outcroppings a person could get up to 200 mremiyr 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

esposure level in Colorado. In some regions outside the United

'l 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

[

| 1. National Academy of Sciences Advisory Committee on the Biological Effects
i of Ionising Radiation (the BEIR Committee), "The Effects on Populations of
| Exposure to Low Levels of Ionizing Radiation," NAS, Washington, DC, 1972.

2. G. W. Casarett, " Biological Ef fects of Low Levels of Radiation Exposure"
in " Radioactivity in Consumer Products," NUREG/CP-0001, Washington, DC,
1978. ~ . . ,,

a am
,
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1
-.) of some 18 mrem per U.S. citizen computed for the year 1979.1 X-ray

images are used to benefit health, but they are taken with widely dif-
j ferent efficiencies. Makers of X-ray ecuipment and State Bureaus of
} Radiological Health are working to raise the efficiency to higher
A;l standards, with a prospect of future reductions in the average annual
3 diagnostic exposure.
<
1

I Another source of exposures came to light in tests of ionizing radia-s
j tion in homes. The radioactivity in the homes had nothing to do with
n

3 , nuclear power: it came from the decay of naturally occurring radiumj in the cement and other structural material used in the construction1
of the houses. It was known, for some time, that cement construction-

i gives occupants of buildings an annual exposure of some five zremJ .,.
1 above background. The recent tests, however, showed wide differences ;-

t:

f from home to home, with some of the highest exposures more than dou-:
-

bling the backgrouna level. The Environmental Protection Agency is}
q now studying what advice to give the homeowners (much can be done by

} simple ventilation) and developing regulations for the identifica-
4 tion and discosal of waste materials which have higher than usual3
m naturally occurring radioactivity.
d.

]0 Nuclear power plants produce vast amounts of radioactivity, but they
5
d are designed to contain nearly all of it, and they are monitored to
'q measure all the releases. The highest level of exposure calculated at,

*

3 the site boundaries of the Browns Ferry Nuclear Plant in the six months ,

k from January through June 1979 amounted to about 7 mrem above background i1
.

d or 14 mrem /yr.~ For this whole region in the year ending June 1979 the '
t

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

M

-

Exposures to ionizing radiation are an occupational hazard to workersa

4

1 in the'. nuclear industry sna nuclear medicine and to x-ray and gamma
ray machine operators in medicine and industry. TVA monitors the '

ht

~
exposure of eacn of its workers in areas of potential radiation exposure :

! 1 ;
'

.1

f 1. Report'of the Interagency Task Force on the Health Effects of Iontzing
, Radiation, Department of Health, Education and Welfare, June 1979.
; 2. " Radiological Impact Assessment. Srowns Ferry Nuclear Plant, January-June I

.

1 1979," MRH-79-7-DF3, Tennessee Valley Authority, June 1979.
1 .

| \(-

>2. -
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and does not permit the year's exposure to go over 4,000 mrem. In

practice, few workers accumulate as much as 1,000 mrem of expcrare 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 from the exposures,

of the general population. If the small numoer of exposed TVA workers
,

was lumped with the large number of residents in the region in computing
the average annual exposure, the increase caused by the occupational
exposures would be relatively small.

.

; For these reasons, the exposure to ionizing radiation of the general
,! population of the Tennessee Valley region would not have been signifi-

' | cantly smaller without the Browns Ferry Nuclear Plant than it was with
*i .

It.'.

(2) Risks of Accidents'

. TVA operates large coal burning, nuclear, and hydroelectric power systems.
It has in its territory major operations that make up both the coal fuel

and the nuclear fuel cycles, and is engaged in intensive development of
technology for solar applications. Each energy system is liable for some
share of environmental degradation, damage to health, and long-term hazards

~

to life because each system leans heavily on a different facet of the

environment. Hydroelectric plants are land-intensive, inundating large

portions of the watershed. Coal power plants are fuel intensive: a

1,000-megawatt electric power plant burns 400 tons of coal per hour.
,

Nuclear power plants are radioactivity intensive: they pack 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 unit.
.

' The resulting mix of liabilities to human health and the environment is

different for each system as discussed below. It would be a mistake to
conclude that nuclear power is the only form of energy generation that is
the bearer of a hazard. On the contrary, each of its adverse ef fects is

shared by other energy systems, so that after an overall comparison of
liabilities, nuclear was considered to be the preferred source of addi-

| tional electric power in the Tennessee Valley for the near future. With
, ,

1

_)
< - -
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w

r new technological developments, relative risks can change. Minimizing
I'- these risks for the benefits received is an important goal of TVA's
g continuing develoraent programs.

,

;
_

; Environs-ntal impacts differ both in timing and in extent. The major

3{ environmental impacts of a hydroelectric installation are over and done

{ with when a stretch of landscape has been flooded behind the dam, and the
=

resulting pcal can then be used for recreation and controlling floods.
b Solar energy could also claim whole areas of landscape, to mine and smelt

|} g copper for sol'ar collectors and associated plumbing. Copper mining for
3 solar units would also, for the most part, be over once the units were built,

and the land could be recl.*imed. By contrast, coal and uranium mining3

i must continue as long as these fuels are used to generate energy. The
iesulting environmental impacts and the difficulties of reclamation, how-
ever, are far greater for coal mining simply because 1,000 tons of coal are

y needed to yield the same amount of electrical energy as 40 tons of ore con-
taiuing about 0.2 percent uranium. The occupational damages to health from

i

} underground min ng of coal and uranium are also rougnly proportional to the
.- ; amounts mined.1

.

i
~

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

; continuing risks to populations downstream or downwind.

5
7 Prevention of a flood or of a release of radioactivity is both an initial
=

-

design problem and a icng-term custodial problem. Lams, nuclear reactors,:

3 and spent fuel storage pools are designed to withstand extreme events sucn
e

j as earthquakes, and are monitored to maintain the margin of safety they
'

! were designed to have. Scenarios describing an imaginary disaster (a
-

" design base accident") are useful as one way of promoting conservative
i design and vigilant supervision; they are quite disturbing both for dams
a

.

i and for nuclear power plants,'~'3 much less so for spent fuel storage
i 7
| ;
1
| [ 1. R. L. Gotchy. " Health Effects At cibutable to Coal and Nuclear Cycle

; Alternattves," NUREG-0322, Wast.n4 on, DC, 1977.t

2. A. O. Babb and T. Mermel, " Catalog of Dam Disasters, Failures and Accidents."
Bureau of Reclamation, Washington, DC, 1968.s

,
3. H. W. Lewis, " Risk Assessment Review Group Report to the U. S. Nuclear

Regulatory Commission.'' Vashington, DC, 1978.

. - ,
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facilities and transportation. 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 mines, by contrast,
can he 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
radioactive 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
same level. Normal eleases from nuclear power plants have remained at a
small fraction of permiscible levels in air and water. Actual release of

pollutants from coal power plants have been much closer to the permissiblee

level: TVA is taking action to ensure releases from its coal power plants
will all be in compliance. The most troublesome pollutant from coal is

,

sulfur dioxide gas and its chemical derivatives (SO.), potential sources

of damage both to human health and to lake ecosystems. Fly ash, bottom
*

cinders, precipitator, and scrubber sludge from coal plants contain radio-
active radium at concentrations from 2 to 8 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 unusual 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 -
g posed of with cinders, ashes, and sludge. By storing spent nuclear fuel we

,

store waste material in order to confine po'lution.
~.

When a nuclear power plant is taken ,ut of service, most of the slack is
now taken up by coal plants. If a sufficient numoer of coal plants cou'i
be constructed, TVA's nuclear power plants could be phased out of operation

-.

1. G. Yadigaroglu, et al. , " Estimation of Spent Fuel Transportation Risks "
Trans. Amer. Nucl. Soc. 15:74, 1972.

. . . .
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lE before there is any need for additional storage facilities for spent fuel.
.

1( To do so, however, would be to replace the hazard of confined pollution '

i ~ with the damage done by released pollution. It would also be extremelyg

costly and would adversely affect TVA's reserve generation capacity. This=-
c

was not seen as an acceptable choice.

' ,

l
Z C. Notes on Facilities and Equipment !
[ Soent fuel

Commercial nuclear fuel consists of short cylindrical pellets of ceramic
uranium dioxide (U0 ). These pellets are stacked and sealed in a zirconium, 2

i alloy tube. Fuel rods thus formed are then assembled into bundles in a
E- square array called a fuel assembly which has dimensions of 5" x 5" x 125'
I, 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 pressurized water reactors (PWR's) at some TVA plants under

( construction, the numoer of fuel assemblies is less for these reactors,
- making the total amount of fuel about the same for both types.
;

2 Several hundred fuel assemblies are arranged to form a reactor core. New

! r_ nuclear fuel is enriched in the isotope U-235, which produces most of the
1y energy released in the reactor. U-235 is fissionable but is not very radio-
-

active, and new fuel is safe to handle.1 The fission reaction is turned on
^

or off in the reactor by means of ccatrol rods. With the reactor on,
's
; nuclear reactions generate heat and convert the fuel gradually into a wide
L variety of new isotopes. Most of them are radioactive. One, Pu-239, is

b fissionaole and uetumes an additional source of energy, but U-235 is
:-

- depleted faster than Pu-239 is built up.
?_ ,

L_ )
-

_

Depending upon the reactor type, about one-fourth to oce-third of the fuel
- assemblies must be replaced each year (approximately 30-35 metric tons) due

to depletion of U-235 and the buildup of isotopic fission products. The

spent fuel in these assemblies contains these isotopes which are a heat

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

-:

[ 1. The word " safe'* is used here to ir.dicate that workers require no special
_

protection to li: cit radiation exposure.:

-

__ _ _ _ _ _ _ _ _ -_ _-
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The spent fuel assemblies are removed from the reactor by using a remotely
operated unloading machine and temporarily stored in the power plant spent
fuel storage pool where they remain stored under at least 20 feet of water
while radioactivity and internal Leat generation decreases by radioactive

decay. This radioactivity diminishes rapidly in the first year or so and

more slowly thereafcer.

Fuel storage pools

Each of TVA's nuclear facilities is designed to include built-in spent

fuel pools, typically with storage capacity for the spent fuel resulting

from 10 to 15 years' operation plus sufficient additional 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 intensely radioscrive 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 RADI0 ACTIVITY INVENTORY
0F SPENT NUCLEAR FUEL4

5 YF.ARS AFTER REMOVAL FROM A REACTOR

Reactor Type

M PWR

1Average fuel exposure, MWD /MTU 35,000 45,000
Isotopes: Tritium (H-3), Ci/MT2 610 840

Carbon-14 (C-14), Ci/MT2 0.7 0.9
Krypton-85 (Kr-85), Ci/MT2 7,910 9,090
rodine-129 (I-129), Ci/MT2 0.037 0.049.

5Nonvolatile fission products, Ci/MT2 4.6 x 10 6.3 x 10

1. MWD /MTU = megawatt-day 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
radioactive disintegration.)

.-
,

_ _ _ _ ___.____ __ _ _ . _ _ _ _ . _
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2

5 During a reactor refueling, spent fuel is generally transferred under water
on a specially designed transport cart. This is accomplished througn a

1 fuel transfer canal connecting the reactor refueling pool to the bottom of

.
the spent fuel pool. When moving the spent fuel from the pool to another
facility, such as an independent storage facility, a fuel cask is lowered
into the pool on;o a specially built stand wtere one or more spent fuel

- assemblies are raised into the cask. The sealed cask can be removed via an
overhead crane to a truck or railroad car for transport. The casks used -

for this purpose provide efficient radiation shielding and cooling during
transport, and'are extremely strong as described below. In the pool. the

s'penti 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 normally
15 .o~ 20 feet or more, radiation levels are quite safe for normal work
activities. Water also allows the workers to see the fuel assemblies.

'

t

Prevention of criticality (chain reaction in the stored fuel) is a most

: important feature of pool safety. Fuel is now stored 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.

J A second important task is to preserve the fuel cladding from corrosion and
2 mechanical damage for as long as possible by careful handling of the fuel
b assemblies and by appropriate water treatment.

-

the independent storage facility discussed in this report will use a water-
i cooled storage pool. The technology of water-cooled pool scorage is well

.

'

developed, and water basins have been used successfully for receiving and
k storing spent nuclear fuel for 20 years. The actual water pool could best
.'

be characterized as a large, steel-reinforced concrete structure with walls
.

J 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

and to retain adequate water to ensucc safe storage of the fuel assemolles,

L

-

-
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and (2) to prevent all massive equipment, such as cranes, etc. , from falling
into the pools, thus causing damage to the spent fuel during a tornado or
earthquake.

.

- Shioping 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 radiation.

Regulations (10 CFR 71) help ensure these casks are accident proof con-
tainers. The cask design has been tested to withstand impact. fire, and

.

immersion.

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

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

This equipment may only be damaged in an highly improbable serious accident.
-

The consequences can then be analysed in stages. 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. Second, the fuel
rods will increase in temperature from internal 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 radioactive 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. Whether
this theoretical opportunity would actually be used to advantage will
depend on the provisions for safeguarding hazardous shipments described in
section V of this report.

Spent fuel storage installations

An indepencent spent fuel storage installation is a separate facility for
storage of irradiated nuclear fue. This type of facility could occupy
anywhere from 6 to 14 acres depending on its storage capacity. The site

Proceedings of the Fif th International Symposium, Packaging and Transpor-1.

tation of Radioactive Materials, May 7-12 1978, Las Vegas, Nevada.
2. " Environmental Surveys of Transportation of Radioactive Materials to and

!from Nuclear Power Plants," WASH-1238.

--
* * *
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;

would include areas for buildings, tranportation access, and a security
perimeter. Additional acreage may be required for support installations

(i.e. , of fsite electrical power, potable water pipeline, sanitary waste
_

j
_

facilities, and fire protection).
-

.m
"c
.s
i

An independent storage facility is designed to receive, handle, decontam- Et
Minate, and reship spent fuel casks; to remove irradiated fuel from casks; faen

to tra w fer the fuel underwater in a storage pool; and to cool and control gg

the q- >f the water. The facility is also designed for removing spent 2E

k
fuel i

. |
. basins, loading the spent fuel into shipping casks, decon- a-

94
taminating .._2 3d casks, and accommodating fuel with cladding penetrations. gg

' 'n
I N.i

D. Notes on Reference Materizls .

c sr
j This report deals with a preliminary review of the relative merits of the i

two principal alternative approaches to extend spent fuel storage. Long

Eg 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

,5 the safety of the design. These reports will be public documents acces-
sible througn th2 TVA Citizen Action Office at Knoxville. These will be

the source of information that interested citi: ens can use to confirm that [
- <

} the proposed facility will live up to the standards which could only be {
1 outlined in general terms in this report. "

2 -

n

[ Those interested in the current re-,rd of performance of TVA's nuclear

} power facilities are invited to refer to the most recent report: " Radio-
:

logical Impe:t Assessment, Browns Ferry Nuclear Plant, January-June 1979,";

i MRH-79-7-DF3, available through the TVA Information Office at Knoxville. _

;

?

| A clear and simple explanation of ionizing radiation and nuclear power can
- 3
| ; be found in. a compact book by E. J. Hall, " Radiation and Life" (Pergamon
1 -

Press, New York, 1976).

;

A
:
:

i
i
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

In the Matter of )
)

Proposed Rulemaking on ) Docket No. PR-50, 51
)

the Storage and Disposal )
)

of Nuclear Waste ),

CERTIFICATE OF SERVICE

I hereby certify that I ha~e served the original and 20

conformed copies of the following documents on the Nuclear Regulatory

Commission by depositing them in the United States mail, postage

prepaid and addressed to Secretar.y, U.S. Nuclear Regulatory

Commission, Washington, DC 20551, Attention: Chief, Docketing and
.-

* Service Section:
..

Tennessee Valley Authority's
Statement of Position

and that I have served a copy of the above document upon the persons

listed below by depositing it in the United States mail, postage

prepaid and addressed to:

Marshall E. Miller, Esq. Richard Fryling, Jr. , Esq.
U.S. Nuclear Regulatory Commission Public Service Electric and Gas
Washington, DC 20555 Company

80 Park Place
Leo Slaggie, Esq. Newark, New Jersey 07101
Office of the General Counsel
U.S. Nuclear Regulatory Commission David Santee Miller, Esq.
Washington, DC 20555 231 Morgan Street, NW.

Washington, DC 20001
.
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Stephen Ostrach, Esq. Mr. Eugene N. Cramer
Office of the General Counsel 17146 Ridgepark
U.S. N>,. clear Regulatory Commissio. Hacienda Heights, California 91745
Washington, DC 20555

Richard M. Sandvik, Esq.
Karen Cyr, Esq. Department of Justice
Rulemaking and Enforcement Division 500 Pacific Building
Office of the Executive Legal 520 SW. Yamhill

Director, FNBB 9604 Portland, Oregon 97204
U.S. Nuclear Regulatory Commission
Washington, DC 20555 Karin P. Sheldon, Esq.

! Sheldon, Harmon and Weiss
Mr. James C. Malaro, Chief 1725 I Street, NW.
High Level Waste Licensing Manage- Suite 506

ment Branch Washington, DC 20006
Office of Nuclear Material Safety

and Safeguards, 905-SS Mr. Marvin Lewis
U.S. Nuclear Regulatory Commission 6504 Bradford Terrace

* Washington, DC 20555 Philadelphia, Pennsylvania 19149

Ronald J. Wilson, Esq. Dr. Judith Johnsrud
810 18th Street, NW. 433 Orlando Avenue
Washington, DC 20006 State College, Pennsylvania 16801

Omer F. Brown II, Esq. Ezra I. Bialik, Esq.
U.S. Department of Energy Environmental Protection Bureau
1000 Independence Avenue, SW. Two World Trade Center
Washington, DC 20545 New York, New York 10047

Keith A. Onsdorff, Esq. Mr. Michael H. Raudenbush
' Assistant Deputy Public Advocate The S. M. Stoller Corporation

Division of Public Interest Advecacy 1919 14th Streer, Suite 500
P.O. Box 14'. Boulder, Colorado 80302
Trenton, New Jersey 08625

Dr. William A. Lochstet
Mrs. W. W. Shaefer 119 E. Aaron Drive
3741 Koehler Drive State College, Pennslyvania 16801
Sheboygan, Wisconsin 53081

: Richard P. Wilson, Esq.
Maurice Axelrad, Esq. Assistant Attorney General
Lowenstein, Newman, Reis, Axelrad, 2600 Cull Street
and Toll Columbia, South Carolina 29201

.'

1025 Connecticut Avenue, NW.
Washington, DC 20036 Elliott Andalman, Esq.

Andalman, Adelman and Steiner
E. Dennis Muchnicki, Esq. 224 Second Avenue
Assistant Attoiney General Hattiesburg, Mississippi 39401
Environmental Law Section

,
30 East Broad Street, 17th Floor Mr. Catt Walske. President
Coiumbus. Ohio 43215 Atomic Industrial Forum, Inc.

7101 Wisconsin Avenue
Washington, DC 20014
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Jocelyn F.-Olson, Esq. Mr. Creg Darby
Marlene E. Senechal, Esq. Hanford Conversion Project
Special '.ssistant Attorneys General 1817 N.E. 17th
1935 West County Road B2 Portland, Oregon 79212
Roseville, Minnesota 55113

Ms. Priscilla C. Grew, Director
E. Tupper Kinder, Esq. Department of Conservation
Assistant Attorney General State of California
Environmental Protection Division Sacramento, California 95825
Office of Attorney General
State House Annex Carl Valore, Jr., Esq.
Concord, New Hampshire 03301 Valore, McAllister, Aron and

Westmoreland
Mr. A. S. West Mainland Professional Plaza
Rohm and Haas Company 535 Tilton Road
Independence Mall West Northfield, New Jersey 08225
Philadelphia, Pennsylvania 19105

Richard W. Lowerre, Esq.
Mr. Raymond M. Momboisse Assistant Attorney General
Pacific Legal Foundation Environmental Protection Division
1990 M Street, NW. P.O. Box 12548, Capitol Station
Washington, DC 20036 Austin, Texas 78711

Mr. Orville Hill James P. McGranery, Jr. , Esq.
2315 Camas Avenue LeBoeuf, Lamb, Leiby and MacRae
Richland, Washington 99352 1333 New Hampshire Avenue, NW

Washington, DC 20036
Mr. David Berick
Environmental Pol: :y Institute Dr. Miro M. Todorovich
317 Pennsylvania Avenue, SE. Executive Secretary
Washington, DC 20003 Scientists and Engineers for

Secure Energy
Christopher Ellison, Esq. 410 Riverside Drive, Suite 82A
California Energy Commission New York, New York 10025
1111 Howe Avenue
Sacramento, California 95825 George Freeman, Jr. , Esq.

- - Hunton and Williams
Dr. Bertram Wolfe P.O. Box 1535
Vice President and General Manager 707 Main Street
General Electric Company Richmond, Virginia 23212
175 Curtner Avenue

] San Jose, California 95125 Michael J. Scibinico II, Esq.
I Department of Natural Resourses
! Mr. Ken Kramer Tawes State Office Building

Lone Star Chapter of the Sierra Club Annapolis, Maryland 21401 ;
P.O. Box 1931
Austin,. Texas 78767
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Mr. Robert Halstead Richard M. Hluchan, Esq.
Department of Administration 36 West State Street

; State of Wisconsin Trenton, New Jersey 08625
1 West Wilson Street
Madison, Wisconsin 53702 Harry Voigt, "aq.

LeBoeuf, Lamb, Leiby and MacRae
R. Leonard Vance, Esq. 1333 New Hampshire Avenue, NW.
Anthony J. Gambardella, Jr., Esq. Washington, DC 20036
Assistant Attorneys General
715 Madison Building Ms. Lorna Salzman
109 Governor Street Friends of the Earth
Richmond, Virginia 23219 72 Jane Street

New York, New York 10014
Joseph Gallo, Esq.
Isham, Lincoln and Beale June D. McArtor, Esq.
1050 17th Street, NW. Eeputy Attorney General
Washington, DC 20036 Tatnall Building

P.O. Box 1401
Michael Miller, Esq. Dover, Delaware 19901
Peter Thornton, Esq.
Isham, Lincoln and Beale Mr. Bryan L. Baker
One First National Plaza Mockingbird Alliance
Suite 4200 900 Lovett Boulevard
Chicago, Illinois 60603 Houstop, Texas 77006

Mr. William J. Cahill, Jr. Mr. Ray K. Robinson
Consolidated Edison Company of Exxon Nuclear Company, Inc.

New York, Inc. 777 106th Avenue, NE.
4 Irving Place Bellevue, Washington 98009 ;

New York, New York 10003
William Griffin, Esq.

Patrick Walsh, Esq. State of Vermont
Wisconsin Department of Justice Office of the Attorney General 1114 East, State Capitol 109 State Street |Madison, Wisconsin 53702 Montpelier, Vermont 05602

Marshall Coleman, Esq. Mr. John O'Neill II
Attorney General Route 2, Box 44
Commonwealth of Virginia Maple City, Michigan 49664
Supreme Court Building
1101 East Broad Street Mr. Ashton J. O'Donnell
Richmond, Virginia 23219 Bechtel National, Inc.

P.O. Box 3965
Mr. Ralph Stein San Francisco, California 94119
Office of Nuclear Waste Management
Mail Stop B107 Mr. M. A. Glora
U.S. Department of Energy Site Qualification and Licensing
Washington, DC 20545 Department

Office of Nuclear Waste Isolation
U.S. Department of Energy

|4

505 King Avenue '

Columbus, Ohio 43201
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Mr. Phillip Warburg Thomas M. Lemberg, Esq.
State of Connecticut Leva, Hawes, Symington, Martin
444 North Capitol Street and Oppenheimer

' Suite 317 815 Connecticut Avenue, NW.
|

Washington, DC 20001 Washington, DC 20008

Wayne McDanal, Esq. Jan Eric Cartwright, Esq.
Federal Energy Regulatory Commission Attorney General of Oklahoma
North Building, Room 3408 112 State Capitol
Washington, DC 20426 Oklahoma City, Oklahoma 73105;

j Lawrence K. Lau, Esq. William J. Scott, Esq.
Deputy Attorney General Attorney General,

State Capital State of Illinois
State of Hawaii 160 North LaSalle Street
Honolulu, Hawaii 96813 Chicago, Illinois 60601

John Ashcroft, Esq. William J. Guste, Jr., Esq.
Attorney General Attorney General
State of Missouri State of Louisiana
Jefferson City, Missoiri 65102 234 Loyola Building

79th Floor
Mr. James R. Richards New Orleans, Louisiana 70112
Capital Legal Foundation
1101 17th Street, NW. Joseph DiStefano, Esq.
Washington, DC 20036 Assistant General Counsel

U.S. Department of Energy
Mr. George DeBuchananne 1000 Independence Avenue, SW.
Chief, Office of Radiohydrology Washington, DC 20545
Water Resources Division
U.S. Geological Survey Francis X. Bellotti, Esq.
National Center, MS410 Attorney General
Reston, Virginia 22092 Commonwealth of Massachusetts

One Ashburton Place, 19th Floor
Lawrence Coe Lanpher, Esq. Boston, Massachusetts 02108
Hill, Christopher and Phillips, P.C.
1900 M Street, NW. Joyce P. Davis, Esq.
Washington, DC 20036 Law Department

Cons-lidated Edison Company of
Lee L. Bishop, Esq. New York, Inc.
Sheldon, Harmon & Weiss 4 Irving Place

f 1725 I Street, NW. New York, New York 10003
Washington, DC 20006
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Dr. Terry Lash William S. Jordan III, Esq.
'

Natural Resources Defence Counsel Sheldon, Harmon & Weiss
25 Kearing Street 1725 I Street, NW.
San Francisco, California 94108 Suite 506

Washington, DC 20006
7

This / day of July, 1980.
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Donald R. Bustion II
Attorney for Tennessee
Valley Authority
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