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FOREWORD

In his February 12, 1980, messagé to Congress, the President of the United States
announced a comprehensive program for management of radioactive waste. With regard to waste
disposal, the President said:

", . . for disposal of high-level radioactive wasté, [ am adopting an interim
planning strategy focused on the use of mined geologic repositories capable of
accepting both waste from reprocessing and unreprocessed commercial spent fuel.
An interim strategy is needed since final decisions on many steps which need to
be taken should be preceded by a full environmental review under the National
Environmental Policy Act. In its search for suitable sites for high-level waste
repositories, the Department of Energy has mounted an expanded and diversified
program of geologic investigations that recognizes the importance of the interac-
tion among geologic setting, repository host rock, waste form, and other engi-
neered barriers on a site-specific basis. Immediate attention will focus on
research and development and on locating and characterizing a number of potential
repository sites in a variety of different geologic environments with diverse rock
types. When four to five sites have been evaluated and found potentially suit-
able, one or more will be selected for development as a licensed, full-scale
repository."”

In an accompanying Fact Sheet issued by the White House Press Secretary it was noted
that the President will reexamine this interim strategy and decide whether any changes need
to be made following completion of the necessary environmental reviews as required by the
National Environmental Policy Act (NEPA). Issuance of this environmental impact statement
(EIS) is intended to serve as a basis for that reexamination.

In keeping with the mandate of NEPA, this EIS analyzes the significant environmental
impacts that could occur if various technologies for management and disposal of high-level
and transuranic wastes from commercial nuclear power reactors were to be developed and
implemented. This EIS will serve as the environmental input for the decision on which
technology, or technologies, will be emphasized in further research and development activi-
ties in the commercial waste management program.

The action proposed in this EIS is to 1) adopt a national strategy to develop mined geo-
‘logic repositories for disposal of commercially generated high-level and transuranic radio-
active waste (while continuing to examine subseabed and very deep hole disposal as poten-
tial backup technologies) and 2) conduct an R&D program to develop such facilities and the
necessary technology to ensure the safe long-term containment and isolation of these wastes.

The Department has considered in this Statement:
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e Development of conventionally mined deep geologic repositories for disposal of
spent fuel from nuclear power reactors and/or radioactive fuel reprocessing

(a)

wastes.

e Balanced development of several alternative disposal methods.

e No waste disposal action.

Prior to announcing his national waste management program, the President received
recommendations on the program from an Interagency Review Group whose report was issued in
April 1979. In their report, the Interagency Review Group analyzed a number of possible
strategies for the program of high-level waste disposal. These strategies differed with
regard to the number of diverse sites that should be examined in a geologic disposal program
prior to construction of a facility and in one case discussed the implementation of tech-
nologies other than mined geologic repositories.

This EIS has not specifically examined the strategies reviewed by the Interagency
Review Group but the essential differences between them are covered in the comparison of the
first two program alternatives considered here. These alternatives have been examined for
a number of different scenarios of future nuclear power use and for a range of times for
operation of facilities, including those considered by the Interagency Review Group.

A draft of this environmental impact statement--"Management of Commercially Generated
Radioactive Waste"--was issued for review and comment as DOE/EIS-0046D on April 20, 1979.
Copies were sent to Federal agencies with responsibilities associated with radioactive waste
disposal, to governors of all states, and to public interest groups known to have an inter-
est in waste management. Comments were received from the following Federal agencies:

Department of Commerce

Department of Health, Education and Welfare

Department of the Interior

Environmental Protection Agency

Federal Energy Regulatory Commission

Nuclear Regulatory Commission

and from agencies or officials from 17 states.

A total of 219 written communications, incorporating about 2000 comments, were received
and considered in preparation of this final Statement.

An impartial Hearing Board, composed of specialists in several fields, was appointed
to conduct a series of public hearings on the draft Statement. The board members had not
been DOE personnel nor previously involved with the DOE waste management program and were
employed specifically to conduct the hearings and evaluate the public concerns. Hearings
were held in Washington, D.C.; Chicago, I11inois; Atlanta, Georgia; Dallas, Texas; and San

(a) The Statement does not formally consider radioactive wastes related to defense
programs; however, in a generic sense, systems that can safely dispose of commercial
radiocactive wastes are expected to safely dispose of defense wastes.



Francisco, California. Transcripts of these hearings have been made available in DOE read-
ing rooms.(a) The Hearing Board issued their report in February 1980 recommending revi-
sjons to the draft Statement based upon comments made by members of the public at the

~ hearings and upon evaluations of their own observations.

Summaries of issues raised in written comments, responses to them, and the report of
the Hearing Board are included in Volume 3 of this Statement. Changes in the text as a
result of the comment process, including hearing testimony, appear throughout the Statement
as indexed in Volume 3. The final Statement has been reorganized extensively for improved
readability.

Dr, Colin A. Heath, Director, Office of Waste Isolation, Mail Stop B-107, Washington, D.C.
20545, is the responsible Department of Energy manager for this Statement. The Pacific
Northwest Laboratory, operated by Battelle Memorial Institute for the Department of Energy,
was assigned prime responsibility for preparing the draft and final Statement.

Single copies of this Statement may be obtained by writing:

Office of Nuclear Waste Isolation
Battelle Memorial Institute

505 King Avenue

Columbus, Ohio 43201

(a) The locations of the DOE regional offices, which contain the DOE reading rooms, are
provided at the end of this Foreword.



Locatijons of DOE Regional Offices

Region I Boston

Analex Building, Room 700
150 Causeway Street
Boston, MA 02110

Region II New York City
26 Federal Plaza, Room 3206
New York, NY 10007

Region III Philadelphia
1421 Cherry Street
Philadelphia, PA 19102

Region IV Atlanta
1655 Peachtree Street, NE
Atlanta, GA 30309

Region V Chicago
175 West Jackson Blvd., Room A-333
Chicago, IL 60604

Region VI Dallas

2626 West Mockingbird Lane
P.0. Box 35228

Dallas, TX 75235

Region VII Kansas City
324 E. Eleventh Street
Kansas City, MO 64106

Region VIII Denver

1075 South Yukon Street

P.0. Box 26247, Belmar Branch
Lakewood, CO 80226

Region IX San Francisco
Energy Resource Center
333 Market Street

San Francisco, CA 94105

Region X Seattle
1992 Federal Building
915 Second Avenue
Seattle, WA 98174
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CHAPTER 1

SUMMARY

In the course of producing electrical power in light water reactors (LWRs), the uranium
fuel accumulates fission products until the fission process is no longer efficient for power
production. At that point the fuel is removed from the reactor and stored in water basins
to allow radioactivity to partially decay before further disposition. This fuel is referred
to as "spent fuel." Although spent fuel as it is discharged from a reactor is intensely
radioactive, it has been stored safely in moderate quantities for decades. Spent fuel could

be reprocessed, and about 99.5% of the remaining uranium and newly formed plutonium could be
recovered for reuse. However, present policy dictates that spent LWR fuel reprocessing will
be indefinitely deferred because of concern that widespread separation of plutonium could
lead to proliferation of nuclear weapons. As a result, spent fuel is currently stored for
possible future reprocessing or disposal. Storage or disposal must be designed so that
nuclear waste will not be a present or future threat to public health and safety.

The United States Department of Energy (DOE) has the responsibility to develop tech-
nologies for management and disposal of certain classes of commercially generated radio-
active wastes (namely high-level and transuranic).(a) High-level waste is defined as
either the aqueous solution from the first-cycle solvent extraction, where spent fuel is
reprocessed for recycle of uranium and plutonium, or spent fuel if disposed of. High-level
waste is also intensely radioactive.

Other wastes are generated during reprocessing that, although larger in volume than
high-level wastes, are less intensely radioactive. Wastes that contain more than a speci-
fied amount of radionuclides of atomic number greater than that of uranium are called trans-

uranic (TRU) wastes. TRU wastes are categorized here as either remotely handled (RH) or
contact-handled (CH) wastes, depending on the requirements for radiation protection of per-

sonnel. Special attention must be given to TRU wastes because they contain alpha particle-
emitting nuclides that are of particular concern as a result of their long half lives and
tenacious retention if incorporated in the body. Other waste forms that include neither
high-level nor TRU are so-called low-level wastes.(b)

The principal objective of waste disposal is to provide reasonable assurance that
these wastes, in biologically significant concentrations, will be permanently isolated from
the human environment. To provide input to the decision on a planning strategy for
disposal of these radioactive wastes, this Statement presents an analysis of environmental
impacts that could occur if various technologies for management and disposal of such wastes
were to be developed and implemented.

(a) In a message to Congress on February 12, 1980, the President reiterated the role of DOE
as lead agency for management and disposal of radioactive wastes.

(b) Low level wastes, other than those originating at DOE facilities, are managed and
disposed of by licenses in accordance with regulations of the NRC.
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The DOE is proposing a program strategy emphasizing development of conventionally mined
waste repositories, deep in the earth's geologic formations, as a means of disposing of
commercially-generated high-level and TRU wastes. Adoption of this program strategy consti-
tutes a major federal action for which the National Environmental Policy Act of 1969 (NEPA)
requires preparation of a detailed environmental impact statement (EIS).

This summary highlights the major findings and conclusions of this final Statement.
It reflects the public review of and comments offered on the draft Statement. Included are
descriptions of the characteristics of nuclear waste, the alternative disposal methods under
consideration, and potential environmental impacts and costs of implementing these methods.
Because of the programmatic nature of this document and the preliminary nature of certain
design elements assumed in assessing the environmental consequences of the various alterna-
tives, this study has been based on generic, rather than specific, systems. At such time
" as specific facilities are identified for particular sites, statements addressing site-
specific aspects will be prepared for public review and comment.
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1.1 THE NEED FOR WASTE MANAGEMENT AND DISPOSAL

There are now about 70 operating commercial LWR power reactors in the United States, which
represent approximately 50 GWe(a) of installed nuclear powered electrical generating capac-
jty. The amounts of spent fuel accumulated for the present (1980) inventory and for alterna-
tive nuclear power generating scenarios considered in this Statement are shown in Table 1.1.1.

TABLE 1.1.1. Total Spent Fuel Disposal or Reprocessing Requirements

Nuclear Power Growth Assumption

Energy
Generate?;) Spent Fuel (b)
Case Scenario GWe-yr Discharged, MTHM

1 Present Inventory Only-- 200 10,000

Reacfoss Shut Down in

19801{¢
2 Present % gacity 1,300 48,000

(50 GWe)\C/and Normal

Reactor Life
3 250 GWe System by Year 2000 6,400 239,000

and Normal Reactor Life

(No new re cgors after

Year 2000)!d
4 250 GWe System by Year 2000 8,700 316,000

and Steady State Capacity

to Year 2040 (New r agtors

to maintain output)
5 500 ?wg System by Year 12,100 427,000

2040ld

(a) Energy generated is based on the total accumulated through the
year 2040,

(b) MTHM = metric tons (1000 kg = about 1.1 U.S. tons) of heavy metal
in original fuel. One MTHM of spent fuel consists of about 96%
uranium, 1% plutonium and 3% fission products.

(c) Reprocessing is not applicable to Cases 1 and 2 because in Case 1
there is no need for reprocessing and in Case 2 no economic incen-
tives exist for reprocessing.

(d) Waste management impacts of nuclear power generation through the
year 2040 are considered for these scenarios.

The total radiocactivity in one MTHM of LWR fuel and equivalent HLW for various times
after discharge from a reactor is shown in Figure 1.1.1. Similarly, the heat generation
rate in this fuel is illustrated in Figure 1.1.2. These figures show that a reduction by a
factor of about 1,000 in radioactivity relative to one-year-old fuel is reached in about
700 years for spent fuel and in about 200 years for uranium and plutonium recycle high-level
waste. The heat generation rate is lower by a factor of 100 for spent fuel at about
300 years and for recycle high-level waste at about 150 years.

9

(a) One GWe =1 x 107 watts.
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The President, in his February 12, 1980 message on radioactive wastes, called for waste
disposal facilities that could receive wastes from both the commercial nuclear power produc-
tion program and the national defense program. Since defense wastes are not explicitly
treated in this Statement, it is not intended to provide environmental input for disposal
decisions on defense wastes. However, in a generic sense, systems that can adequately dis-
pose of commercial radioactive wastes can reasonably be expected to adequately dispose of
defense wastes, since the processed wastes from the national defense program produce lower
temperatures and lower radiation intensities than do wastes from the same quantity of simi-
larly processed commercial fuel. Thus, assuming that other factors are equal, repository
loading criteria would generally be less stringent (in terms of quantities of waste per unit
area) for defense wastes than for commercial wastes. For this reason certain of the analyses
of impacts presented in this EIS should be of use in the preparation of EIS's on the long
term management of high-level and TRU defense waste.
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1.6

THE PROGRAMMATIC ALTERNATIVES

The programmatic alternatives considered in this Statement are:

Proposed Action. The research and development program for waste management will
emphasize use of mined repositories in geologic formations in the continental U.S.

capable of accepting radioactive wastes from either the once-through or repro-
cessing cycles (while continuing to examine subseabed and very deep hole disposal
as potential backup technologies). This action will be carried forward to iden-
tify specific locations for the construction of mined repositories. The proposed
action does not preclude further study of other disposal techniques. For exam-
ple, the selective use of space disposal for specific isotopes might be con-
sidered.

Alternative Action. The research and development program would emphasize the

parallel development of several disposal technologies. This action implies an R&D
program to bring the knowledge regarding two or three disposal concepts and their
development status to an approximately equal level. Based upon the Department of
Energy's current evaluation, the likely candidate technologies for this parallel
development strategy would be:

1) geologic disposal using conventional mining techniques

2) placement in sediment beneath the deep ocean (subseabed)

3) disposal in very deep holes.

At some later point, a preferred technology would be selected for construction of

facilities for radioactive waste disposal.

No Action Alternative. This alternative would eliminate or significantly reduce

the Department of Energy's research and development programs for radioactive
waste disposal. Under this alternative, existing spent fuel would be left indef-
initely where it is currently stored and any additional spent fuel discharged
from future operation of commercial nuclear power plants would likewise be stored
indefinitely in water basin facilities either at the reactors or at independent

sites.
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1.3 THE PROPOSED ACTION

The proposed action is to select and pursue a programmatic strategy that would lead to
disposal of existing and future commercially generated radiocactive high-level and transu-
ranic wastes in mined repositories in geologic formations. This Statement addresses envi-
ronmental impacts related to implementing such disposal(a). The programmatic strategy will
direct effort and concentrate resources on a research and development program leading to
repositories and to site-selection processes. Some support will be provided to further
evaluate the alternatives of subseabed disposal and disposal in very deep holes.

Environmental impacts related to repository construction, operation, and decommission-
ing are analyzed in this Statement as are the impacts of predisposal waste treatment, stor-
age and transportation to the extent they might effect selection of a disposal option.
Environmental impacts are developed for individual example facilities and for systems based
on the power growth scenarios described in Table 1.1.1 This very broad or generic approach
to evaluating the environmental issues provides a comprehensive overview of the likely con-
sequences of the proposed action and constitutes the first phase of DOE's NEPA implementa-
tion plan for waste management and disposal (DOE/NE-0007 1980). This plan for waste manage-
ment and disposal is based on a tiered approach, which is designed to eliminate repetitive
discussions on the same issues and to focus on important issues ready for decision at each
level of environmental review., Thus, as more site- or facility-specific decision points
are approached, and before each such decision and before conducting of activities that may
cause an adverse impact or limit the choice of reasonable alternatives, additional environ-
mental assessments, or impact statements will be prepared as appropriate.

The proposed research and development program for waste management will emphasize use
of mined repositories in geologic formations capable of accepting radioactive wastes from
either the once-through or reprocessing cycles. This program will be carried forward to
jdentify specific locations for the construction of mined repositories.

Initially, site characterization programs will be conducted to identify qualified sites
in a variety of potential host rock and geohydrologic settings. As qualified sites are
identified by the R&D program, actions will be taken to reserve the option to use the sites,
if necessary, at an appropriate time in the future. Supporting this site characterization
and qualification program will be research and development efforts to produce techniques and
equipment to support the placement of wastes in mined geologic repositories.

The Department of Energy proposes that the development of geologic repositories will
proceed in a careful step-by-step fashion. Experience and information gained in each phase
of the development program will be reviewed and evaluated to determine if there is suffi-
cient knowledge to proceed to the next stage of development and research. The Department
plans to proceed on a technically conservative basis allowing for ready retrievability of
the emplaced waste for some initial period of time.

(a) Disposal of radioactive wastes in mined geologic repositories was stated by the Presi-
dent in his February 12, 1980 message as the interim planning strategy to receive
emphasis pending environmental review under NEPA.
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FIGURE 1.3.1 Deep Underground Geologic Waste Repository

1.3.1 Mined Geologic Disposal of Radioactive Wastes

The concept of mined geologic disposal of radioactive wastes is one in which canistered
high-level wastes and other wastes in canisters, drums, boxes or other packages, as appro-
priate to their form, radioactive waste content and radiation intensity, are placed in engi-
neered arrays in conventionally mined rooms in geologic formations far beneath the earth's
surface. An artist's rendering of the geologic disposal concept is shown together with more
familiar structures for comparison in Figure 1.3.1.

Geologic disposal, as analyzed in this Statement, also employs the concept of multiple
barriers. Multiple barriers include both engineered andlgeo1ogic barriers that improve con-
fidence that radioactive wastes, in biologically significant concentrations, will not return
to the biosphere. Engineered barriers include the waste form itself, canisters, fillers,
overpacking, sleeves, seals and backfill materials. Each of these components may be
designed to reduce the likelihood of release of radioactive material and would be selected
based on site- and waste-specific considerations. Geclogic barriers include the repository
host rock and adjacent and overlying rock formations. While engineered barriers are
tailored to a specific containment need, geologic barriers are chosen for their in-situ
properties for both waste containment and isolation.

1.3.2 An Example Geologic Repository

For purposes of illustration and for estimating the environmental impacts of develop-
ment and implementation of waste disposal in geologic repositories, an example repository
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was postulated that would have an underground area of about 800 hectares (2000 acres) and
would be located about 600 meters ( 2000 ft) underground. This repository area provides for
reasonable waste disposal capacity and is achievable from both construction and operational
points of view using conventional room and pillar mining techniques. Actual repositories
may be larger or smaller than 800 hectares (ha) depending upon site-specific characteris-

tics.

In this Statement salt, granite, shale and basalt are considered as examples of reposi-
tory host rock. These rock types represent a range of characteristics of candidate earth
materials representative of geologic formations that might be considered but other rock
types such as tuff may also be suitable candidates.

Because of restrictions of radioactive waste heat loading on the host rock (to prevent
or restrict effects on the rock structure) and other structural considerations, different
spacing of waste canisters (containers) would be required and would result in different
repository waste capacities for a given rock type and repository area.

The number of 800-ha example repositories required for disposal of spent fuel or repro-
cessing wastes under the different nuclear power growth assumptions described in Section 1.1
is given in Table 1.3.1. The ranges given reflect the different load capacities (both from
a permissible heat load standpoint and because of the different fractions of the 800 ha
available for waste emplacement) of repositories in the different host rocks.

TABLE 1.3.1. Number of 800 Hectare Example Repositories Required for
Various Nuclear Power Growth Assumptions

Number of Repositories

Reprocessing
Case Nuclear Power Growth Assumption Spent Fuel Wastes
1 Present Inventory Only 0.03 to 0.1 (a)
Reactors Shut Down in 1980

2 Present Capacity and. Normal Life 0.2 to 1 (a)

3 250 GWe System by Year 2000 and 1tod 2 to 5
Normal Life

4 250 GWe System(B¥ Year 2000 and 2 to 5 Jtob
Steady State

5 500 GWe System by Year 2000(b) 2 to 7 4 to 9

(a) If all reactors are shut down in 1980 or if nuclear power were to be restricted
to present capacity there would be no economic incentive for reprocessing.
(b) Required by Year 2040.

As shown in Table 1.3.1 the subterranean area needed for spent fuel or reprocessing
wastes from the power-generating scenarios considered in this Statement ranges from approxi-
mately 24 ha (60 acres) to about 7,200 ha (18,000 acres or 24 miz) depending upon the sceg
nario and the choice of repository media. The larger numbers of repositories for reproces-
sing wastes are required principally because of the large volumes of TRU wastes requiring
disposal.
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Once licensing approvals are obtained, an approximate 5-year repository construction
period is estimated. The operating period may range from 1 to 30 years or more depending on
the size of the industry served and on the number of repositories operating concurrently.

1.3.3 Environmental Impacts Associated with Construction and Operation of

Example Geologic Repositories

Environmental impacts associated with construction and operation of geologic reposi-
tories include radiological impacts, both in the short and long term, land and other
resource commitments, and impacts related to ecological, nonradiological, aesthetic, and
socioeconomic aspects. In the case of socioeconomic, aesthetic, and ecological impacts and
hypothetical failures of repositories in the long term, impacts are summarized for a single
800-ha repository, as might be built in salt, granite, shale or basalt and containing either
spent fuel or reprocessing wastes. Radiological impacts of waste management and disposal,
resource commitments and dollar costs are summed in Section 1.7 for total system require-
ments for power growth assumptions given in Table 1.1.1.

1.3.3.1. Radiological Impacts

Radiological impacts that might be associated with repository construction (mining),
operation and decommissioning, as well as those that might result from unplanned events
either before or after the repository was closed were analyzed in detail. The estimated
70-year whole-body dose to a hypothetical regional population (2 million persons) from radon
and radon daughter products as a result of repository mining operations ranges from less
than one to 100 man-rem depending on host rock. During the time the repository was receiv-
ing wastes (6 to 20 years), normal operations might add about 1 man-rem to this total. Dur-
ing these time periods, the regional population would have received from about 1,000,000 to
4,000,000 man-rem from naturally occurring, undisturbed radionuclides. Thus, construction
and operation of a geologic repository under normal conditions do not constitute a signifi-
cant radiological impact.

Accidents occurring during operation of the repository that might have radiological
impacts were also investigated. The accident believed to have the largest potential radio-
logical consequence is the dropping of a waste canister down the repository shaft and rup-
ture of the canister on impact. The 70-year whole-body doses to the regional population
from such accidents were determined to total to less than 6000 man-rem for 20 years of waste
emplacement in a repository. During the same period the regional population would receive
about 4,000,000 man-rem from naturally occurring sources. However, doses to workers in the
repository from radioactive material released in the event of a canister drop could be fatal
(greater than 7,000 rem in first year following the accident). Engineered precautions sim-
jlar to those outlined in Section 5.4 are expected to preclude such consequences and to
reduce doses to workers to safe levels.

Results of a total system analysis of radiological and other impacts for the various
power generating projections are summarized in Section 1.6. For those interested in details
of environmental aspects of the complex interactions of predisbosa] and disposal activities,
and power growth assumptions, Chapter 7 should be consulted.
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1.3.3.2 Resource Commitments

Various resources would be required in the construction and operation of geologic
repositories. Ranges of some of the more important resource ‘commitments, as a function of
host rock, are presented in Table 1.3.2. The values given are based on a normalized energy
production basis of one GWe-yr (about 9 billion kWh, equivalent to one large reactor operat-

ing for one year).

Even at an installed nuclear power capacity of 250 GWe operating over several decades
the tabulated material and energy commitments are but a small fraction of that used for the

TABLE 1.3.2 Resource Commitments Associated with Construction and Operation
of Geologic Waste Repositories, Normalized to 1 GWe-yr

Spent Fuel Fuel Reprocessing Approximate U.S.

Repositories Waste Repositories Annual Production
Propane, m°> 1.6 - 2.0 1.5 - 3.3 1 x 108
Diesel Fuel, m> 1.2 x 102 - 1.7 x 100 1.7 x 102 - 2.5 x 10° 4 x 108
Gasoline, m L2 x10! - 1.5 x 108 1.1 x10! - 2.4 x 10 6 x 108
Electricity, kw-hrs 1.0 x 106 - 1.1 x 106 1.3 x 10% - 1.8 x 10° 2 x 1012
Manpower, man-yrs 1.6 x 10! - 1.7 x 10} 1.8 x 10% - 3.3 x 10} 4 x 108 (2)
Steel, MT 2.5 x 10* - 6.1 x 108 6.2 x 10} - 1.0 x 10° 1 x 108
Cement, MT 2.2 x 10! - 2.6 x 100 2.9 x 10! - 6.7 x 10 7 x 107
Lumber, m 1.7 - 2.1 1.6 - 3.5 3 x 10°

(a) Construction and mining.

total economy. To give additional perspective to the consumption of energy as fossil fuel
and electricity, each was converted to units of energy expended in deep geologic disposal
of waste per unit of energy produced by the fuel from which the waste came. In the case of
spent fuel 0.04% of the energy produced was consumed in geologic waste disposal and in the
case of fuel reprocessing wastes 0.05% of the energy produced was consumed. On this basis
it is concluded that the irretrievable commitment of the above materials is warranted.

1.3.3.3 Socioeconomic Impacts

Socioeconomic impacts associated with the construction and operation of repositories
are dependent largely on the number of persons who move into the locality in which the
facility will be located. Site characteristics that are especially important in influencing
the size of the impacts include the availability of a skilled local labor force, secondary
employment, proximity to a metropolitan area, and demographic diversity {population size and
degree of urbanization) of counties in the commuting region. An additional factor in the
generation of impacts is the time pattern of project-associated population change. For
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example, a large 1abor'force buildup followed closely by rapidly declining project employ-
ment demand could cause serious economic and social disruptions both near the site and

within the commuting region.

In this Statement impacts are estimated for three reference sites, identified as
Southeast, Midwest, and Southwest. These areas were chosen because siting of facilities in
those regions is plausible and because they differ substantially in demographic characteris-
tics, thus providing a reasonable range of socioeconomic impacts.

In general, the reference Southwest site is more likely to sustain significant socio-
economic impacts than are the other two sites, because it has a smaller available unemployed
construction labor force, lacks a nearby metropolitan center, and is subject to the genera-
tion of greater secondary employment growth than are the other sites. If a repository were
to be built in an area where demographic conditions approximated those of the Southwest
site, a detailed analysis of site-specific socioeconomic impacts would be needed to he]p
prevent serious disruptions in provision of necessary social services.

Table 1.3.3 presents the manpower requirements for construction and operation of a sin-
gle waste repository accepting either spent fuel or reprocessing wastes.

TABLE 1.3.3. Manpower Requirements for Construction and Operation of a Single
Waste Repository (three peak years)

Average Annual Employment

Repository Spent Fuel Repository Reprocessing Waste Repository
Medium Construction Operation Construction Operation
Salt 1700 870 2000 1300
Granite 4200 1100 3000 1300
Shale . 2200 880 2100 1200
Basalt 5000 1100 3800 1500

1.3.3.4 Land Use, Ecological Impacts and Other Impacts

At an 800-ha repository, above ground facilities (including mining spoils piles) would
occupy about 200 to 300 ha depending on geologic media. An additional 10 ha would be used
for access roads. An 800-ha area above the subterranean repository would be set aside at
the surface, and mineral and surface rights would be restricted. This surface land, except
that occupied by mining spoils piles, could be returned to its former use when the reposi-
tory surface facilities are decommissioned after sealing and closure of the repository.
Presently an area equal to 3,200 ha, centered over the repository, is considered necessary
for exclusion of nearby subsurface activities. Subsurface activities could be restricted
as long as institutional control exists. (It is expected that this issue will be more
closely examined for site-specific applications. Present plans call for a repository design
that does need not to rely on institutional controls after closure.)

The main ecological concern of repository construction and operation is the potential
for airborne and waterborne contamination of the environs as a result of the very large mine
spoils piles. Land near repositories in salt could be contaminated by windblown salt;



nearby streams could be harmed by runoff contaminated with salt. Removal of the salt to a
nonharmful environment, such as through dilute dispersal at sea or stabilization of the salt
piles could obviate the problem. Repositories in shale do not appear to pose as serious a
problem, although alteration of pyrite, a mineral found in shales, could lead to contamina-
tion of streams. The spoils piles from repositories in granite and basalt are not expected
to have a significantly adverse affect on the environment.

It is possible that for any rock type the pile of rock left on the surface will have
an adverse aesthetic impact. The possibility also exists that these spoils piles of rock
(millions of MT), if arranged properly, could become markers identifying the locations of
the repositories--although some would maintain that such markers eventually might actually
enhance the probability of archaeological exploration.

It is concluded that, in a generic sense, neither land use nor ecological impacts are
of such a magnitude as to deter development of geologic repositories or their use for dis-
posal of nuclear radioactive wastes from commercial power generation.

1.3.4 Environmental Impacts in the Long Term

Planned functioning of the geologic repository after closure will result in very little
in the way of environmental impacts. So long as institutional controls exist there will
probably be some control of land useage above the repository. There will probably be some
monitoring performed until future generations decide to discontinue monitoring. Although
heat from the waste will ultimately reach the surface over the repository, the estimated
temperature rise is expected to be less than 0.5°C in all cases. Small amounts of uplift
and subsidence might occur for repositories in salt and shale but probably none for reposi;
tories in granite and basalt. During planned functioning of the waste repository after clo-
sure there will be no health effects attributable to the repository.

Although waste repositories will be sited, loaded, and sealed with every expectation
that long term radiological impacts will be nonexistent, the ways in which a repository
might fail, the 1ikelihood of its failure, and the consequences to the human environment of
such failure were investigated in detail. At 600 m below the earth's surface, it is
extremely improbable that wastes in biologically important concentrations would ever reach
the human environment. Nevertheless, several events were postulated that might release
repository contents, and estimates were made of the possible consequences of such release,
in terms of radiation dose to, and postulated health effects among, the public. In brief,
these events were:

e impact of a giant meteorite directly over the repository releasing some of the
repository contents to the atmosphere (which is believed to have consequences on
the order of other events such as volcanism and nuclear warfare that might breach
a repository)

e faulting or other fracturing of the host rock, followed by flooding of the reposi-
tory with water and either a) contamination of an emergent stream, b) slow ground-
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water transport to the biosphere, or ¢) contamination of a near surface aquifer
that had been tapped by a well

e human intrusion by drilling for exploration
e solution mining of salt in the case of a repository in salt.

The doses to the regional population were calculated for each event and then the number of
radiation-related health effects was determined by applying a conversion factor of from

100 to 800 health effects (50 to 500 fatal cancers plus 50 to 300 serious genetic disorders)
per million man-rem (as developed in Appendix E). The results were then multiplied by the
probability (where determinable) that the event would occur, to obtain a measure of expected
societal risk.

Societal risk in each case where probabilities could be estimated were very small; for
example, in the case of breach by a giant meteorite whose probability was estimated to
be 2 x 10'13/yr and where the largest calculated consequences were 1.4 x 105 health effects,
the societal risk amounted to 3 x 10'8 health effects/yr, and in the case of faulting and
flooding the societal risk amounted to 3 x 10'11 health effects/yr. For comparison, the
expected societal risk from lightning in the population of 2 million, in the reference envi-
ronment, is about 1 fatality per year. In the worst case of general contamination of water,
not more than one radiation-related fatality was projected to result over a 10,000-year

period.

Although believed to be highly unlikely because of the extreme depth of the repository,
no probability could be assigned to the act of drilling into a repository. If, however,
drilling did take place within the surface projection of the repository area and to the
depth of the repository, the probability was determined to be 0.005 per 1000 drill holes
(based on relative cross-sections and spatial density of canisters in the repository) that
a waste canister would be intercepted. If drilling took place about 1000 yrs after disposal
and a high-level waste canister were penetrated, the contaminated drilling mud, when brought
to the surface, could result in a small increase in risk of adverse health effects occuring
among about two dozen people postulated to live in the immediate area, if no cleanup takes
place.

Even if drilling into the repository were to occur without canister penetration the
drill hole might constitute a conduit for entry of water into the repository. Mechanisms
to return the water to the biosphere are more difficult to postulate. Regardless, if this
event took place, the consequences are believed to be significantly less than those result-
ing from faulting and flooding scenarios also discussed in this Statement.

Because of the abundance of salt in this country, and its frequent location at depths
much less than 600 m, the chance of solution mining near a repository in bedded salt forma-
tions is believed to be remote. However, solution mining in a domed salt formation is

(a) The production rate of the hypothetical salt solution mine was estimated to be suffi-

cient to supply salt for about 40 million people.
A
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believed to be much more likely. Part of the reason for this is that there may be geologic .
surface features that suggest the presence of domed salt; however these features are absent
for deeply bedded salt. Assuming that a repository in salt was breached in the course of
solution mining for salt and that salt was mined for one year before it was discovered to

be contaminated, doses about one-tenth of those from naturally occurring sources were calcu-
lated to result among the 40 million people assumed to be consuming the contaminated
sa]t.(a) Health effects were also estimated to be about one-tenth of those that might be
attributable from natural background.
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1.4 ALTERNATIVE ACTION--BALANCED DEVELOPMENT OF ALTERNATIVE DISPOSAL METHODS(a)

The alternative program strategy calling for balanced development of several alterna-
tive methods requires selection of some other disposal alternative(s) in addition to mined
geologic repositories. The following disposal methods are analyzed as candidates for con-
sideration in the alternative waste disposal program. and from this analysis, mined
geologic, very deep hole, and subseabed disposal are identified as the most likely
candidate technologies for balanced development.

1.4.1 Very Deep Hole Waste Disposal Concept

A very deep hole concept has been suggested that involves the p1acement‘of nuclear
waste in holes in geologic formations as much as 10,000 meters (6 miles) underground.
Potential rock types for a repository of this kind include crystalline and sedimentary rocks
located in areas of tectonic and seismic stability.

Spent fuel or high-level waste canisters could be disposed of in very deep holes. How-
ever, it is not economically feasible to dispose of high-volume wastes (e.g., TRU) in this

manner and thus another alternative, such as deep geologic repositories, is also required
if spent fuel is reprocessed. There is some question whether or not drilling of holes to

the depths suggested and in the sizes required can be achieved.

The principal advantage of the very deep hole concept is that certain (but not all)
wastes can be placed farther from the biosphere, in a location where it is believed that
circulating ground water is unlikely to communicate with the biosphere.

1.4.2 Rock Melt Waste Disposal Concept

The rock melt concept for radioactive waste disposal calls for the direct placement of
liquids or slurries of high-level wastes or dissolved spent fuel, with the possible addition
of small quantities of other wastes, into underground cavities. After the water has evapo-
rated, -the heat from radioactive decay would melt the surrounding rock. The melted rock has
been postulated to form a complex waste form by reaction with the high-Tevel waste. In
about 1000 years, the waste-rock mixture would resolidify, trapping the radioactive material
in what is believed to be a relatively insoluble matrix deep underground. Since solidifica-
tion takes about 1000 years the waste is most mobile during the period of greatest fission
product hazard.

Not believed to be suitable for rock melt disposal are wastes from reprocessing acti-
vities such as hulls, end fittings, and TRU wastes remaining after dissolution. Because of
the inability to accommodate these wastes, some other disposal method would have to be used
in conjunction with the rock melt disposal concept.

(a) Analyses developed in this Statement under the alternative program evaluate the environ-
mental impacts of deferring implementation of a disposal program until the year 2030.
This situation can also be interpreted as demonstrating impacts that would result from a
delayed disposal program.
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1.4.3 Island-based Geologic Disposal Concept

Island-based disposal involves the emplacement of wastes within deep stable geological
formations, much as in the conventionally mined geologic disposal concept and in addition
relies on a unique hydrological system associated with island geology. Island-based dispo-
sal would accommodate all forms of waste as would conventionally mined geologic disposal;
however, additional port facilities and additional transportation steps would be required.
Remoteness of the probable candidate islands has been cited as an advantage in terms of

isolation,

1.4.4. Subseabed Disposal Concept

It has been suggested that wastes could be isolated from the biosphere by emplacement
in sedimentary deposits beneath the bottom of the deep sea (thousands of meters below the
surface), which have been deposited over millions of years. The deposits have been shown
by laboratory experiments to have high sorptive capacity for many radionuclides that might
leach from breached waste packages. The water column is not considered a barrier,'however
it will inhibit human intrusion and can contribute to dilution by dispersal of
radionuclides that might escape the sediments.

One subseabed disposal system incorporates the emplacement of appropriately treated
waste or spent reactor fuel in free-fall needle-shaped "penetrometers" that, when dropped
through the ocean, would penetrate about 50 to 100 m into the sediments. A ship designed
for waste transport and placement would transport waste from a port facility to the disposal
site and would be equipped to emplace the waste containers in the sediment.

Subseabed disposal is an attractive alternative disposal technique because technically
it appears feasible that, at ‘least for high-level waste and spent fuel, the waste can be
placed in areas having relatively high assurance of stability. If at some point in time all
of the barriers failed, the great dilution and slow movement should retard the return of
radionuclides to the human environment in biologically important concentrations. The
research needed to technically permit subseabed disposal to go forward has been projected
not to be as costly or time consuming as some other alternatives. On the other hand, like
jsland-based geologic disposal, the subseabed concept has the disadvantage of the need for
special port facilities and for additional transportation steps in comparison to mined
repositories on the continent.

As noted, subseabed disposal is believed to be technologically feasible; however,
international and domestic legal problems to its implementation would require favorable
resolution. Whether subseabed disposal can provide isolation of wastes equal to that of
deep geologic repositories has not been fully assessed. Because of volume considerations,
subseabed disposal does not appear practical for TRU wastes and some other method would be
required for their disposa].(a)

(a) Trenches in the ocean floor have been suggested as a means of disposing of higher
volume, but less radioactive wastes.
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1.4.5 Ice Sheet Disposal Concept

Disposal in continental ice sheets has been suggested as a means of isolating high-
Jevel radioactive waste. Past studies have specifically addressed the emplacement of waste
in either Antarctica or Greenland. The alleged advantages of ice sheet disposal, which are
disposal in a cold, remote area and in a medium that should isolate the wastes from man for
many thousands of years, cannot be proven on the basis of current knowledge.

Proposals for ice sheet disposal of high-level waste and/or spent fuel suggest three

(a)

emp]acement concepts:

e Passive slow descent--waste is emplaced in a shallow hole and the waste canister
melts its own way to the bottom of the ice sheet

e Anchored emplacement--similar to passive slow descent but an anchored cable limits
the descent depth and allows retrieval of the canister and prevents movement to
the bottom of the sheet.

e Surface storage--storage facility supported above the ice sheet surface with even-
tual slow melting into the sheet.

Ice sheet disposal, regardless of the emplacement concept, would have the advantages
of remoteness, low temperatures, and isolating effects of the ice. On the other hand,
transportation and operational costs would be high, ice dynamics are uncertain, and adverse
global climatic effects as a result of melting of portions of the ice are a remote possi-
bility. The Antarctic Treaty now precludes waste disposal in the Antarctic ice sheet.

The availability of the Greenland ice sheet for waste disposal would depend upon acceptance
by Denmark and the local government of the island itself.

A great deal of research appears to be needed before the potential of ice sheet dispo-
sal is determined. Even though the apparent bowl-shaped ice cap of Greenland would result
in the wastes melting to the bottom of the bowl where they might remain permanently, the
consequences of release of radioactive decay heat to the ice are uncertain. Because of
weather extremes and environmental conditions on the ice sheets, difficulties are also pre-
dicted for transportation of the wastes to the site, waste emplacement and site characteri-

zation.

1.4.6 Well Injection Disposal Concepts

Two methods of well injection have been suggested: deep well liquid injection and

shale/grout injection,

Deep well liquid injection involves pumping acidic liquid waste to depths of 1000 to
5000 m (3,300 to 16,000 ft) into porous or fractured strata that are suitably isolated from
the biosphere by relatively impermeable overlying strata. The waste is expected to remain

(a) Present concepts for waste disposal in ice sheets call for TRU reprocessing waste to be
placed in mined geologic waste repositories.
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in liquid form and may thus progressively disperse and diffuse throughout the host rock.
Unless limits of movement are well defined, this mobility within the porous host media for-
mation would be of concern regarding eventual release to the biosphere.

For the shale/grout injection alternative, the shale is fractured by high-pressure
injection and then the waste, mixed with cement and clays, is injected into the fractured
shale formations at depths of 300 to 500 m (1000 to 1600 ft) and allowed to solidify in
place in a set of thin solid disks. Shale has very low permeability and predictably good
sorption properties. The formations selected for injection would be those in'which it can
be shown that fractures would be created parallel to the bedding planes and in which the
wastes would be expected to remain within the host shale bed. This requirement is expected
to 1imit the injection depths to the range stated above.

This alternative is applicable only to keprocessing wastes or to spent fuel that has
been processed to liquid or slurry form. Therefore, well injection is not sufficient to
dispose of all wastes generated, and a suitable additional technique would be required.

1.4.7 Transmutation Concept

In the reference transmutation concept, spent fuel would be reprocessed to recover
uranium and plutonium (or processed to obtain a liquid high-level waste stream in the case
where uranium and plutonium are not to be recycled). The remaining high-level waste stream
is partitioned into an actinide waste stream and a fission product stream. The fission
product stream is concentrated, solidified, and sent to a mined geologic repository for dis-
posal. The waste actinide stream is combined with uranium or uranium and plutonium, fabri-
cated into fuel rods, and reinserted into a reactor. In the reactor, about 5 to 7% of the
recycled waste actinides are transmuted to stable or short-lived isotopes, which are sepa-
rated out during the next recycle step for disposal in the repository. Numerous recycles
would result in nearly complete transmutation of the waste actinides; however, additional
waste streams are generated with every recycle. Transmutation, however, provides no
reduction in the quantities of long-lived fission product radionuclides such as 99Tc and

1291 in the fission product stream that is sent to geologic disposal.

1.4.8 Space Disposal Concept

Space disposal has been suggested as a unique option for permanently removing high-
Tevel nuclear wastes from the earth's environment. In the reference concept, high-Tevel
waste is formed into a ceramic-metal matrix, and packaged in special flight containers for
insertion into a solar orbit, where it would be expected to remain for at least one million
years. The National Aeronautics and Space Administration (NASA)} has studied several space
disposal options since the early 1970s. The concept involves the use of a special space
shuttle that would carry the waste package to a Tow-earth orbit where a transfer vehicle
would separate from the shuttle and place the waste package and another propulsion stage
into an earth escape trajectory. The transfer vehicle would return to the shuttle while

the remaining rocket stage inserts the waste into a solar orbit.
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Space disposal is of interest because once the waste is placed in orbit its potential
for environmental impacts and human health effects is judged to be nonexistent. However,
the risk of launch pad accidents and low earth orbit failures have not been determined.

The space disposal option appears feasible for selected long-lived waste fractions of
radionuclides such as 129I, or even for the total amount of reprocessed high-level waste
that will be produced. Space disposal of unreprocessed fuel rods and other high volume
wastes does not appear economically feasible or practical because of the large number of

flights involved.
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1.5 NO-ACTION ALTERNATIVE

The no-action alternative would leave spent fuel or reprocessing wastes at the sites
generating the waste or possibly at other surface or near-surface storage facilities for an
indefinite time. In this alternative, existing storage is known to be temporary and no con-
sideration has been given to the need for additional temporary storage when facilities in
use have exceeded their design Tifetime. There seems to be no question but that at some
point in time wastes will require disposal and that considerable time ‘and effort will be
required to settle upon an adequate means of disposal. It seems clear that development of
acceptable means of disposal of wastes is sufficiently complex and of sufficiently broad
national importance that coordination of research and development, construction, operation,
and regulation at the Federal level is required and that the no-action alternative is unac-
ceptable. Indeed, adoption of a no-action alternative by the Department of Energy could be
construed as not permissible under the responsibility mandated to the Department by law.
Neither would a no-action alternative be in accord with the President's message of
February 12, 1980, when he stated that "...resolving...civilian waste management problems

shall not be deferred to future generations."
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1.6 PREDISPOSAL SYsTEMs(?)

After the wastes are generated and before they are disposed of, several predisposal
operations are required. The combination of these operations is referred to as a predispo-
sal system. System operations include treatment and packaging to prepare the waste for the
specific requirements of a disposal option, interim storage if the treated waste cannot be
shipped immediately to a disposal site, shipment to interim storage and/or to a disposal
site, and decommissioning of the waste treatment and storage facilities. In considering
various alternatives for disposal of wastes, different operations for predisposal treatment
required by each alternative must also be compared.

A1l of the alternatives that utilize a dissolution process would also generate con-
siderable quantities of miscellaneous TRU waste. It is assumed here that these materials
are always sent to a mined geclogic repository regardless of the disposal option selected
for high-Tevel waste. '

1.6.1 Predisposal System for the Once-Through Cycle

Following discharge from the reactor, spent fuel is stored for a period of time at
reactor storage basins. The fuel is then shipped to a treatment and/or packaging facility

if a disposal facility is available. If a disposal facility is not available at the end of
the reactor storage period, the fuel is assumed to be shipped to an away-from-reactor (AFR)
storage facility and subsequently shipped to available repositories. When a disposal facil-
ity is available at the end of the reactor storage period, the fuel is shipped to a treat-
ment and/or packaging facility. If the disposal site is separate from the treatment and/or
packaging facility, the fuel is then shipped to the disposal site.

Initial storage and shipment operations are identical for all of the disposal alterna-
tives. The differences imposed on the predisposal systems by the disposal alternatives are
in the treatment and/or packaging and final shipment to disposal.

1.6.2 Predisposal System for the Reprocessing Cycle

In the reprocessing cycle, wastes requiring disposal are produced at the fuel repro-
cessing plant (FRP) and at the mixed-oxide fuel fabrication plant (MOX-FFP). Both high-
level waste and TRU waste are produced at the FRP but only TRU wastes are produced at the
MOX-FFP. These wastes are assumed to be treated and packaged at the site where they are
produced, either the FRP or MOX-FFP. They are then shipped to interim storage if a disposal
facility is not available; finally, they are shipped to a disposal facility.

1.6.3 Accident Impact Summary for Predisposal Operations

Table 1.6.1 summarizes the results of the predisposal-system accident analyses. This
table shows that transportation is the waste management step with the potential for the

(a) Although this section is very brief, predisposal systems involve many facilities,
operations, and processes and for those interested, details are given in Chapter 4,
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TABLE 1.6.1. Summary of Radiation Effects from Potential Worst-Case
Predisposal System Accidents

70-Year Dose to Maximum-Exposed Individual, rem
Once-Through Cycle Reprocessing Cycle

Transportation
(impact and fire)

Spent Fuel 0.6(a)
(4-year-o01d)

HLW 10(b)

TRU Waste 3

Storage 5 x 10-2 8 x 10-3

Treatment and
Packaging 3 x 10-5 2 x 10-3

(a) Shipment of 6-month-old spent fuel, which is unlikely, could result in
a maximum individual dose of 130 rem,

(b) The age of HLW at shipment in the scenario used in this Statement would be
about 6-1/2 years old.

most serious accidents in either fuel cycle. The estimated exposures in these accidents,
however, are not large enough to cause ohservable clinical effects. Only in the case of an
accident involving shipment of 6-month-old fuel was the dose (130 rem) determined to be
sufficiently large that the individuals exposed would have a significant increase in prob-
ability of developing cancer sometime during their 1ife or of passing on a genetic defect.
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1.7 ENVIRONMENTAL IMPACTS OF PROGRAMMATIC ALTERNATIVES FOR THE ONCE-THROUGH AND THE
REPROCESSING FUEL CYCLE OPTIONS AND VARIOUS NUCLEAR POWER GROWTH ASSUMPTIONS

To assess and compare the overall impacts of implementing the three programmatic alter-
natives addressed in this Statement, an analysis was made using a computer simulation of
the complete waste management system functioning over the entire post-fission lifetime of a
nuclear power system. This analysis considers treatment and disposal of all post-fission

(a) and transuranic (TRU)

high-level wastes (spent fuel or reprocessing HLW), airborne wastes
wastes including decommissioning wastes. In this analysis all waste management functions are
accounted for and all radioactive waste streams are tracked each year from origin through

treatment, storage, transport and accumulation in a disposal repository.

Both the once-through cycle and the reprocessing cycle are addressed for the proposed
and alternative programmatic actions for the nuclear power scenarios presented in
Table 1.1.1. For the no-action alternative, indefinite storage of spent fuel in water basin
facilities with no ultimate disposal was assumed and reprocessing is not considered. Only
the first three nuclear growth cases are considered for the no-action alternative, because,
without disposal, growth of nuclear power beyond year 2000 does not appear credible.

DOE estimates that implementation of the proposed program will result in the establish-
ment of operating geologic repositories within the time range of 1997 to 2006. An exact
date of operation, depending on a number of variables, will be determined by the outcome of
existing programs. To cover additional contingencies such as an accelerated effort to open
a repository or, at the other extreme, additional delays for reasons not yet foreseen, a
range of repository startup dates from 1990 to 2010 is considered here. The range of
impacts is important in this simulation rather than the specific dates of repository
startup.

Implementation of the alternative program would result in extending the time to opera-
tion of the first disposal system. This action implies a further period of research and
development to bring the development status of the selected disposal alternatives to an
approximately equal status with current knowledge regarding geologic disposal. At that
time, a preferred technology would be selected and effort would be concentrated on develop-
ing this preferred technology with a program similar to the currently planned program for
implementing geologic disposal. Thus a substantial time delay is inherent in this alterna-
tive. Implementation of this alternative program is simulated by a range of repository
startup dates from 2010 to 2030.

In the system analysis, mined geologic repositories are used to simulate the disposal
method ultimately selected under the alternative program. (This concept is the only one
developed sufficiently to model impacts and costs reasonably well, and any alternative dis-
posal concept that might be selected would only be selected if it did not have significantly
greater impacts or costs.) The principal effects of the alternative program implementation
are the required interim storage for spent fuel or reprocessing wastes, the additional

(a) Airborne wastes from nuclear power plants are not considered in this Statement because
such wastes are considered in the EIS prepared for each nuclear power plant.
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transportation to and from this storage and the impacts and costs for these operations.
Benefits of the delay inherent in this alternative program include the processing and dispo-
sal of older and thus less radioactive and cooler wastes.

Repository startup dates considered in the once-throﬁgh cycle and reprocessing cycle
system simulations are shown in Tables 1.7.1 and 1.7.2, respectively. The range of repro-
cessing startup dates considered is also shown in Table 1.7.2. To simplify the analysis
only a single mid-range repository startup date, year 2000 representing the proposed program
and 2020 representing the alternative program, was used for Cases 4 and 5. For the same
reason only a single mid-range reprocessing date was used for these cases. However, the
same potential range as in the other cases should be inferred for both repositories and

reprocessing.

TABLE 1.7.1. Repository Startup Dates Considered in the Once-Through-Cycle
System Simulations

No-Action
Nuclear Power Growth Cases Proposed Program Alternative Program Alternative
1. Present Inventory Only 1990 to 2010 201002} to 2030 None
2. Present Capacity and 1990 to 2010(a) 2010(a) to 2030 None
Normal Life
3. 250 GWe System by Year 2000 1990 to 2010(2) 2010(?) to 2030 None
and Normal Life
4, 250 GWe System by Year 2000 2000 2020 -
and Steady State
5. 500 GWe System by Year 2040 2000 2020 --

(a) These cases are the same under both the proposed and alternative programs.

TABLE 1.7.2. Reprocessing and Repository Startup Date Combinations
Considered in the Reprocessing-Cycle System Simulations

Proposed Program Alternative Program
Nuclear Power Growth Cases Reprocessing Repository Reprocessing Repository
1. Present Inventory NA(a) NA(a) NA NA
2. Present Capacity and
Normal Life NA NA NA NA
3. 250 GWe System by Year 2000 1990 1990, 1990 2010( )
and Normal Life 1990 201o§bg 2010 2010(P)
2010 2010 1990 2030
' 2010 2030
4, 250 GWe System by Year 2000 2000 2000 2000 2020
and Steady State
5. 500 GWe System by Year 2040 2000 2000 2000 2020

(a) NA = not applicable. Reprocessing assumed not to be undertaken in these low-growth
cases.
(b) These cases are the same under both the proposed and alternative programs.
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1.7.1 System Radiological Impacts

Both the regional (reference environment of 2 million persons) and worldwide 70-year
whole-body dose accumulations for the proposed program, the alternative program, and the no-
action alternative are compared for the once-through cycle in Table 1.7.3. Somewhat higher
dose accumulations are indicated for the alternative program than for the proposed program.
However, the differences are not large enough to be significant.(a) The dose accumulation
for the no-action alternative is somewhat less than for the other alternatives, but consider-
ing the time period involved, the differences are not significant. As would be expected, the
dose increases with increasing size of the nuclear systems served.

TABLE 1.7.3. Comparison of 70-Year Whole-Body Dose Accumulations from Normal Operations
for the Program Alternatives Using the Once-Through Cycle, man-rem

Proposed Program Alternative Program
(Geologic Disposal (Disposal Starting
Nuclear Power Starting 1990 - 2010) 2010 - 2030) No-Action Alternative
Case Growth Assumption Regional Worldwide Regional Worldwide Regional Worldwide
1 Present Inventory
Only 36 48 36 48 0.2 4
2 Present Capacity 200 to 290 to 250 to 370 to
Normal Life 250 370 260 380 90 160
3 250 GWe System by
Year 2000 and 940 to 1400 to 1200 to 1800 to
Normal Life 1200 1800 1300 1900 480 800
4 250 GWe System by
Year 2000 and
Steady State 1400 2100 1800 2600 NA(a) NA
5 500 GWe system by
Year 2040 1900 2800 2400 3400 NA NA

Dose Accumula-
tion from Natural

Radiation Sources 1 x 107 4.5 x 100 1x 107  4.5x 10 10

107,107 4.5x10

(a) NA = not applicable.

The regional and worldwide 70-year whole-body dose accumulations for the proposed and
alternative programs are compared for the reprocessing case in Table 1.7.4. The doses are
much larger here than in the once-through cycle. However, the dose from reprocessing is
only a small fraction of the naturally occurring dose even in the highest nuclear growth
case examined here; i.e., 0.5% of the regional dose and 0.003% of the worldwide dose. The
doses from either the proposed program or the alternative program are the same. The re-
gional and worldwide dose is accumulated principally (about 95%) from the waste treatment
operations and the same quantities of waste are treated in either alternative--the only
difference is that waste production and treatment occur at different times.

(a) Result in less than one additional health effect as will be shown in following tables.
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TABLE 1.7.4. Comparison of 70-Year Whole-Body Dose Accumulations fr?m Normal Operations for

the Program Alternatives Using the Reprocessing Cycle, a) man-rem
Proposed Program Alternative Program
(Geologic Disposal) (Disposal Starting
Nuclear Power Starting 1990 - 2010) 2010 - 2030) No-Action Alternative

Case Growth Assumption ~Regional Worldwide ~Regional WorTdwide Regional Worldwide

1 Present Inventory

Only NA(D) NA NA NA NA NA
2 Present Capacity .

and Normal Life NA NA NA NA NA NA
3 250 GWe System by

Year 2000 and 13,000 580,000 to 13,000 580,000 to

Normal Life to 33,000 970,000 to 33,000 970,000 NA NA

4 250 GWe System by
Year 200 and
Steady State 33,000 1,000,000 33,000 1,000,000 NA NA

5 500 GWe System by
Year 2040 46,000 1,500,000 46,000 1,500,000 NA NA

Dose Accumula-
tion from Natural

Radiation Sources 1 x 107 4.5 x 1010 1 x 107 4.5 x 1010

1x 10 4.5 x 1010

(a) Assumed reprocessing startup dates range from 1990 to 2000.
(b) NA = not applicable.

In this Statement, 100 to 800 health effects (50 to 500 total cancers plus 50 to
300 serious genetic disorders) are postulated to occur in the exposed population per million
man-rem. Based on this criterion, the program alternatives are compared on the basis of
health effects in Table 1.7.5 for the once-through cycle and Table 1.7.6 for the reproces-
sing cycle.

For the once-through cycle, with the high nuclear growth. assumption, the number of
health effects range ffom 0 to 2 on a regional basis and 0 to 3 on a worldwide basis. In
the reprocessing case, the number of health effects are larger. For the high nuclear
growth assumption, they range from 5 to 37 health effects on a regional basis and from 140
to 1100 on a worldwide basis. However, the health effects calculated to occur over the
same period from naturally occurring radioactive sources range from 1000 to 8000 health
effects to the regional population and 4 x 106 to 4 x 107 health effects to the worldwide
population.

1.7.2 System Resource Commitments

Estimates of major resource commitments for construction and operation of the entire
waste management system were developed for each of the nuclear growth assumptions and each
repository and reprocessing startup date. The resources considered include steel, cement,
diesel fuel, gasoline, propane, electricity and manpower.
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TABLE 1.7.5. Comparison of Health Effects for the Program Alternatives
Using the Once-Through Cycle

Number of Effects

Proposed Program ATternative Program
(Geologic Disposal) (Disposal Starting
Nuc lear Power Starting 1990 - 2010) 2010 - 2030) No-Action Alternative

Case Growth Assumption Regional Worldwide Regional Worldwide Regional Worldwide

1 Present Inventory
Only 0 0 0 0 0 0

2 Present Capacity
and Normal Life 0 0 0 0 0 0

3 250 GWe System by
Year 2000 and :
Normal Life 0tol 0 to 2 0tol 0 to 2 .0 0tol

4 250 GWe System by
Year 2000 and
Steady State 0tol 0 to 2 0tol 0 to 2 NA(3) NA

5 500 GWe System
by Year 2040 0 to 2 0 to 2 0 to 2 0 to 3 NA NA

(a) NA = not applicable.

TABLE 1.7.6 Comparison of Health Effects for the Program Alternatives
Using the Reprocessing Cycle

Number of Effects
Proposed Program ATternative Program
(Geologic Disposal (Disposal Starting
Nuclear Power Starting 1990 - 2010) 2010 - 2030) No-Action Alternative
Case Growth Assumption Regional Worldwide Regional Worldwide _Regional _Worldwide

1 Present Inventory
Only NA( 2) NA NA NA NA NA

2 Present Capacity
and Normal Life NA NA NA NA NA NA

3 250 GWe System by
Year 2000 and .
Normal Life 1 to 26 6 to 750 1 to 26 6 to 750 NA NA

4 500 GWe System by ,
Year 2040 - 3 to 27 100 to 800 3 to 27 100 to 800 NA NA

5 500 GWe System by
Year 2040 5 to 37 140 to 1100 5 to 37 140 to 1100 NA NA

(a) NA = not applicable.
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For the proposed program, resource requirements for reprocessing are somewhat higher
than for the once-through cycle in the case of steel, cement, electricity, and manpower; are
about the same to somewhat higher for diesel fuel and gasoline; and are substantially higher
for propane. The higher propane requirement results from incineration of combustible waste.
Gasoline and diesel fuel are used primarily in transportation. These fuel requirements are
based on present practice and can be expected to change as fuel use patterns change gener-
ally. The propane requirements for the reprocessing cycle represent about 0.5% of the total
U.S. consumption for the period to year 2050 assuming current consumption rates hold con-
stant. The largest diesel fuel use amounts to about 1% of total U.S. consumption over the
period.(a) Electricity consumption amounts to 0.02 to 0.05% to the total energy generated
by the nuclear power system in this case.

The resource commitments for the program alternatives using the once-through cycle
increase as the size of the nuclear system served increases. With the exception of the pre-
sent inventory case which changes only slightly, requirements for the alternative program
compared to the proposed program tend to range up to 2 to 3 times higher for steel, cement,
gasoline, propane, and manpower and modestly higher for diesel fuel and electricity.
Requirements for the no-action alternative are zero in the present inventory case and are
about the same as the alternative program for steel, cement, gasoline, propane, and manpower
but diesel and electricity consumption are much lower.

Resource commitments for the program alternatives in the reprocessing cycle tend to be
about the same to somewhat higher than for the proposed program requirements.

1.7.3 Systems Costs(b)

Both total cost and 1eve1ized(c) unit costs (per kWh) were developed. These costs
include all waste treatment, storage, transport and disposal costs'fGF”ngigg—;ggaating
from nuclear power generation through the year 2040. ‘The costs also include DOE's research
and development and repository site qualification costs which are assumed to be recovered
through fees charged to the utilities for storage and disposal. The cost ranges consider
four different disposal media.

In terms of total costs, the costs increase with increasing size of the nuclear system
but are disproportionately high for the very low-growth cases. The estimated costs range
from $5 to $12 billion for the present inventory case {Case 1), to $80 to $150 billion for
the system that reaches 500 GWe installed capacity in the year 2040 (Case 5). Of these
totals, the estimated R&D and multiple-site qualification costs range from $2.9 to $3.6
billion at the Tow end of the proposed program to $9 to $10 billion at the high end of the

(a) While a commitment of 1% of current U.S. consumption may appear small, some commenters
on the draft Statement viewed such a quantity as excessively large in terms of commit-
ment for a single industrial use. It should be noted that resource needs have been
approximated for this final Statement. It is believed that optimizing, for instance in
terms of shipping distances, could result in reduction of quantities of resource
required.

{b) A1l costs are cited in terms of 1978 dollars.

. . _ Annualized Capital and Operating Costs

(c) Levelized Unit Cost = AnnuaTized Units Produceg
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alternative program. The range of costs for the alternative program is higher than the
proposed program for the once-through cycle but about the same for the reprocessing cycle. .
Costs for the no-action alternative are about the same as the low end of the range for the

proposed program.

The costs can be better placed in perspective when shown as unit costs per kWh of
generated electrical energy. The Tlevelized unit costs are sensitive to the discount rate
used (cost of money). Because waste management costs are incurred after the generation of
the electricity, increasing the discount rate has the effect of reducing the unit cost. A
range of discount rates from O to 10% is considered in this Statement and a 7% rate was
selected for illustration in this summary. Since the unit cost for the once-through cycle
and the reprocessing cycle are similar, the unit costs for the program alternatives are com-
pared in Table 1.7.7 without distinguishing the cost range for each fuel cycle. Costs are
somewhat higher when a 0% discount rate is used and slightly lower with a 10% discount rate.
On this basis there is little difference between the proposed program and alternative pro-
gram costs. Cost of electricity in 1978 averaged 3.5 ¢/kWh over all types of services
throughout the U.S. On that basis the additional cost for waste management and disposal
would add about 2 to 6% to the consumer's cost of electricity and no more than 3% if
nuclear power growth to at least 250 GWe is realized.

TABLE 1.7.7. Comparison of Levelized Waste-Management Unit Costs for the Program
Alternatives at a 7% Discount Rate, ¢/kWh

Proposed Program Alternative Program
Nuclear Power Growth (Geologic Disposal {Disposal Starting No-Action
Case Assumption Starting 1990 - 2010) 2010 - 2030) Alternative
1 Present Inventory Only 0.2 0.2 0.08
2 Present Capacity and :
Normal Life 0.1 0.1 0.06
3 250 GWe system by
Year 2000 and Normal Life 0.06 to 0.09 0.07 0.05
4 250 GWe System by
Year 2000 and Steady (a)
State 0.07 to 0.08 0.07 NA
5 500 GWe System by
Year 2040 0.06 to 0.08 0.07 NA

(a) NA = not applicable.
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1.8 CONCLUSIONS

Based on the environmental impacts evaluated in this Statement, it is concluded that a
decision to proceed with the proposed action, that is, development of a programmatic strat-
egy favoring the disposal of commercially generated radioactive wastes in deep geologic re-
positories, is warranted. This conclusion applies whether the wastes are generated in the
once-through or in the reprocessing fuel cycle option.

This conclusion is based on the information contained within this document (and ap-
propriate references) which indicate that the environmental impacts of the program al-
ternatives are similar. The consequences of delaying implementation of a specific dis-
posal technology should not result in any appreciable change in the near-term environmental
effects. The decision to emphasize mined geologic repositories as the primary disposal
technology is similarly based on an evaluation of the long term effects which indicates
that mined geologic 'disposal and those technologies which justify further consideration
would have relatively equal environmental impact. It is recognized that although the level
of knowledge of the alternative technologies is not comparable, sufficient evidence exists
to support that there is little likelihood that these technologies would be superior, from

an environmental perspective, to the geologic alternative.

The no-action alternative is undesirable because of the temporary nature of present
storage of wastes, the need to construct additional facilities for extended storage as pre-
sent facilities reach their design lifetime, and because the no-action alternative is con-
trary to the presidential proclamation and could be construed as contrary to the mandate
given DOE by Taw. Analysis of the no-action alternative in this Statement has not consid-
ered possible failures that could occcur if present facilities designed for temporary use
were to be used indefinitely. It is possible that no-action could result in unacceptable

safety and environmental consequences.

More specifically, regarding the three program alternatives considered in the State-
ment, the following conclusions can be drawn:

e Radiation dose accumulations increase as the size of the nuclear system increases,
Neither the dose accumulation nor the health effects are significantly different for
the program alternatives in either the once-through or reprocessing cycles. The dose
accumulation with reprocessing is much larger (principally because of doses from
radioactive material in dissolver off gas that is released to the environment) (a)

than with the once-through cycle. For comparison, this amounts to 0.5% of the re-
gional and 0.003% of the worldwide dose from natural causes over the same period in
the highest nuclear growth case examined here.

85 d IZQI

(a) Estimated dissolver off gas releases are within the EPA Standard for ““Kr an

which becomes effective in 1983 (40CFR190.10).
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e Resource commitments also increase with increasing size of the nuclear system. With

the once-through cycle, resource requirements for the alternative program range up to
2 to 3 times higher than for the proposed program. With the reprocessing cycle, re-
source requirements for the alternative program are about the same to slightly higher
than for the proposed program. For all cases, resource requirements are a small frac-
tion of current U.S. production rates.

e Waste management costs increase as the size of the nuclear system increases, the waste

management cost range is significantly higher for the alternative program than for the
proposed program. With the reprocessing cycle, the cost ranges are about the same for
both alternatives. The no-action alternative costs fall in the low end of the cost
range for the proposed program with the once-through cycle. When costs are compared
on the basis of levelized unit costs at a 7% discount rate, differences between the
alternative and proposed programs and differences between reprocessing and the once-
through cycle are slight.

e Societal risk from several events with low probability and high consequence in the
long term following geologic repository closure was determined to be small in compari-
son to other societal risks even if large errors in judgement of the probability of
occurrence were made. This conclusion appears valid even if no credit is taken for

effects of multiple engineered and geologic barriers that will be employed to further

assure containment and isolation.

With respect to the alternative waste disposal technologies considered in this State-
ment, the following conclusions can be drawn:

e A mined geologic repository is the preferred alternative based on evaluation of radio-

logical effects during the operational period, non-radiological effects on the human
environment, status of development, conformance with existing National and interna-
tional law, independence from future development of the nuclear industry and potential
for corrective or mitigating'actions. The potential for and consequences of unplanned
events in the long term require further investigation. The only category in which an
alternative technology might offer an advantage would be the radiological effects
during the post-operational period for which space disposal appeared more preferable.
However, this long term advantage would be more than offset by near term disadvantages.

e Subseabed disposal appears promising enough to warrant further detailed examination.
The potential for and consequences of unplanned events in the long term also require
further investigation for this option. Studies of the anticipated environmental

(a) This disposal technology would not be capable of accommodating the full range of waste
types. An alternative technology, i.e., geologic disposal, would be required for large
quantities of solid waste. Thus, this alternative should be viewed as complementary to
geologic disposal.
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effects associated with special port facilities and tranportation links will be made.
The practicality of pursuing this concept, recognizing current National and
international laws and agreements will the further analyzed.

e Very deep hole disposal warrants some additional study as a possible backup for HLW

disposal only. Further development should emphasize the ability for corrective or
(a)

mitigating actions available.

e Space disposal may be profitably studied for its application to special disposal con-

cerns, e.g., more remote isolation of long lived and environmentally mobile radio-
99 IZQI (a)

nuclides such as ““Tc and However, the overall impact on the total
waste management system will need to be carefully evaluated to determine if such sepa-

ration would provide overall benefit.

e Other technologies studied (island, mined repository, transmutation, rock melt, ice
sheet and well injection) either have no clear advantage over geologic disposa1; or
provide no additional complementary function and, in some cases, are clearly less

desirable.

It can be argued that a delay in the program strategy, which would allow for a longer
period of R&D, could conceivably reduce the probability of failure of the chosen disposal
system by producing more knowledge and a greater diversity of choice in selecting a dis-
posal method. DOE concludes that the likelihood of this occurring is small. In addition,
the DOE program allows for a continuing broad based R&D effort, the investigation of a
broad range of alternative media, and technical conservatism in program implementation.

Because this Statement is not site-specific it will be necessary to make other envi-
ronmental analyses addressing the possibility of adverse impacts associated with specific
sites and facilities at such time as the program reaches such decision points.

Recovery of the full costs of research and development and implementation of waste
management and disposal for all modes of operation considered in this EIS, with the as-
sumption of continued nuclear power growth to 250 GWe, resulted in a 2 to 3% increase in
estimated average cost of electrical energy to the consumer. (Complete cessation of nu-
clear power generation at the end of 1980 would result in a significantly higher cost of
waste management per unit of power produced.)

In summary, there appear to be no environmental issues that would reasonably preclude
pursuit of a program strategy favoring disposal of commerically generated radioactive
wastes in deep geologic repositories (regardless of nuclear power growth assumptions).
Thus the proposed action of conducting R&D leading to disposal of radioactive wastes in
deep geologic repositories is believed to be fully supported.

(a) This disposal technology would not be capable of accommodating the full range of waste
types. An alternative technology, i.e., geologic disposal, would be required for
large quantities of solid waste. Thus, this alternative sould be viewed as comple-
mentary to geologic disposal.
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CHAPTER 2

INTRODUCTION

The United States Department of Energy (DOE) has the responsibility to develop technolo-
gies for management and disposal of certain classes of commercially generated radioactive
wastes {namely high-level and transuranic). To provide input to the decision on a planning
strategy for disposal of these radioactive wastes, this Statement presents an analysis of
environmental impacts that could occur if various technologies for management and disposal
of such wastes were to be developed and implemented.

In this Statement, which often has been referred to as a generic environmental impact
statement (GEIS), the various options for permanent waste isolation are examined in a
generic or general sense rather than in a site-specific sense. Various concepts are exam-
ined for the environmental impacts that their implementation might cause at any non-specific
or generic locations. Upon selection of specific locations for waste disposal using the
proposed approach, future site-specific environmental analyses will be prepared.

Section 2.1 describes the relationship of this environmental impact statement to other
waste management decisions and associated environmental impact statements. This section
also outlines the relationship of the President's recent message on disposal of radioactive
wastes to the forthcoming National Plan for Nuclear Waste Management.

Section 2.2 describes the structure and content of this Statement. This section also
describes the relationship of this Statement's format to those decisions that are to be made
(for which this EIS will serve as the environmental input).

Section 2.3 discusses future decisions related to the disposal of commercial radioac-
tive waste.

2.1 RELATIONSHIP TO OTHER WASTE MANAGEMENT DECISIONS

This Statement, Management of Commercially Generated Radioactive Waste, analyzes
impacts of high-level and transuranic waste management following removal of spent light
(a) from nuclear power plants (reactors). The responsibility for develop-
ing technology for disposal of radioactive wastes has been assigned to the DOE by the U.S.

water reactor fuel

Congress. The primary emphasis of this Statement is on the safe, permanent isolation of
radioactive wastes. Also discussed are interim waste storage, treatment, transportation and
facility deconmissioning as they relate to a decision on the proposed method of waste
disposal. ’

The basic waste management steps in the commercial LWR nuclear fuel cycle are shown in
Figure 2.1.1. The heavy solid lines show waste streams covered in this Statement. Airborne

(a) A11 but one of the large commercial power reactors operating in the U.S. today are of
the light water reactor (LWR) type.
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FIGURE 2.1.1. Processes and Waste Streams in the Commercial Fuel Cycle

wastes from spent fuel storage, reprocessing and plutonium-uranium fuel fabrication are also
also covered. In addition to these wastes, a number of other radioactive wastes must be
properly managed and disposed. This section describes the status of program and environmen-
tal statements covering these other wastes and also the status of statements covering broad
. areas (e.g., spent fuel storage and transportation) that are partially included in the over-
all system addressed in this Statement.

2.1.1 Mining and Milling

Mining and milling operations are currently regulated by either the Nuclear Regulatory
Commission (NRC) or by Agreement States (states which have entered into an agreement with
NRC pursuant to Section 274 of the Atomic Energy Act of 1954 as amended (42 U.S.C. 2021)

under which the state government assumes regulatory authority and responsibility). Environ-
mental impacts are considered programmatically in Uranium Milling, NUREG-0511 (NRC 1979a).

Individual EISs have been prepared for each operation licensed. An example is Final Envi-
ronmental Statement Related to the Plateau Resources Limited Shootering Canyon Uranium Pro-
ject, NUREG-0583 (NRC 1979b).
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2.1.2 Uranium Enrichment

To date, two impact statements have been prepared relative to uranium enrichment:

Final Environmental Statement, Expansion of U.S. Uranium Enrichment Capacity,
ERDA-1543 (ERDA 1976)

Final Environmental Impact Statement, Portsmouth Gaseous Diffusion Plant Site,
Piketon, Ohio, ERDA-1555 (ERDA 1977a).

2.1.3 Uranium Fuel Fabrication

No generic statement has been prepared for uranium fuel fabrication. This operation is
covered by individual statements for specific facilities. Examples of such impact state-

ments are:

Environmental Impact Appraisal, Westinghouse Nuclear Fuel Columbia Site Commer-
cial Nuclear Fuel Fabrication Plant, Columbia, South Carolina, April 1977.

Environmental Impact Appraisal of Nuclear Fuel Services Erwin Plant, Erwin, Ten-

nessee, January 1978,

2.1.4 Low-Level Waste

At present, low-level wastes are regulated by the NRC or by Agreement States. In the
event legislation is passed giving DOE any responsibilities related to disposal of low-level
wastes from commercial activities, a programmatic environmental statement would be prepared.
Environmental impacts of low-level waste activities are described in various NRC documents
such as Final Generic Environmental Statement on the Use of Recycled Plutonium in Mixed
Oxide Fuel in Light-Water Cooled Reactors, NUREG-002 (NRC 1976).

2.1.5 Spent Fuel Storage

In October 1977, DOE announced a Spent Fuel Storage Policy for nuclear power reactors.
Under this policy, U.S. utilities would be given the opportunity to deliver spent power
reactor fuel to the U.S. Government in exchange for payment of a fee. The U.S. Government
would also be prepared to accept a limited amount of spent fuel from foreign sources when
such action would contribute to meeting U.S. nonproliferation goals. A bill was submitted
to Congress to authorize action required to implement the Spent Fuel Storage Policy. This
bill, known as the "Spent Nuclear Fuel Act of 1979," would authorize the Secretary of Energy
to acquire or construct one or more away-from-reactor (AFR) storage facilities. The Secre-
tary would be authorized to accept title to and provide interim storage and ultimate dis-
posal for domestic spent fuel and 1imited amounts of foreign spent fuel. A final program-
matic EIS, Final Environmental Impact Statement, U.S. Spent Fuel Policy, DOE/EIS-0015 (DOE
1980a) has been issued which addresses the environmental impacts of various options regard-

ing the interim storage of domestic fuel, the receipt of some foreign fuel, and the fee
methodology for determining the charge for spent fuel storage.



2.4

With regard to receipt and storage of foreign spent fuel, the impacts described in the
present Statement cover a range of future domestic power production which is sufficiently
broad that it would encompass any possible impact due to quantities of spent fuel which
might be shipped from other countries to the U.S. Foreign spent fuel which could be
returned to the United States for storage or possible disposal would be predominately the

LWR type.

Because a decision has been made to implement the Spent Fuel Storage Policy if author-
ized by Congress, an AFR spent fuel storage facility EIS will be prepared to provide the
environmental input into the selection of facilities to meet the demand for spent fuel stor-
age.(a) The environmental effects associated with the acquisition, construction and/or
operation of the facilities and the transportation effects associated with the available
options would be evaluated in this environmental documentation.

2.1.6 Transportation

The NRC and the Department of Transportation (DOT) regulate the transportation of
radioactive waste. Transportation and packaging criteria and standards are outlined in the
Code of Federal Regulations (10 CFR 71 and 49 CFR 170-189). The environmental impacts of
transportation activities are addressed in Final Environmental Statement on the Transporta-
tion of Radioactive Material by Air and Other Modes, NUREG-0170 (NRC 1977).

The present Statement specifically examines the transportation of post-fission wastes
(spent fuel, high-level waste and TRU waste)} from commercial LWR fuel cycle facilities to
both interim storage locations and final isolation sites.

2.1.7 Alternative Reactor Types

The present Statement discusses and compares the characteristics of the wastes gener-
ated in the management of thorium fuels from the Light Water Breeder (Conversion) Reactor
and High-Temperature Gas Cooled Reactor fuel cycle with those obtained from the LWR fuel
cycle. No decisions to construct such reactors would be made before consideration is given
to the disposal of waste from these reactors. However, the impact of wastes which would be
generated by a future Liquid Metal Fast Breeder Reactor (LMFBR) fuel cycle is not analyzed
here. They were addressed in Final Environmental Statement, Liquid Metal Fast Breeder
Reactor Program, ERDA-1535'(1975a).

2.1.8 MWastes From National Defense Activities

High-level waste from national defense activities is currently being stored on DOE
reservations in Idaho, South Carolina, and Washington. EISs that consider the short term
storage of these wastes at these sites have been prepared (ERDA 1975b, 1977b, and 1977c,

respective]y).

(a) The Notice of Intent regarding prepartion of the spent fuel storage facilty EIS was
issued in the Federal Register on August 15, 1980 (45FR54399).
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Since waste forms and conditions are different at the three sites, programmatic state-
ments covering development programs for final waste treatment and final disposal are being

prepared for each site.

Transuranic wastes resulting from national defense activities are also stored at the
sites listed above and at Los Alamos, New Mexico; the Nevada Test Site; and the Oak Ridge
National Laboratory in Tennessee. Statements covering waste treatment and final disposal of

material now stored at these sites will also be prepared.

This Statement does not directly address management and disposal of radioactive wastes
related to national defense programs. However, in a generic sense, systems that can ade-
quately dispose of commercial radioactive wastes have the capability to édequate]y dispose
of wastes resulting from defense programs.

2.1.9 National Plan for Nuclear Waste Management

The President, in his nuclear waste policy statement of February 12, 1980, stated that
the safe disposal of radioactive waste, generated from both national defense and commercial
activities, is a national responsibility. In fulfillment of his responsibility, the Presi-
dent has directed the Department of Energy, in its role as lead agency for the management
and disposal of radioactive wastes, to prepare a comprehensive National Plan for Radioac-
tive Waste Management. This National Plan is being prepared in cooperation with other
involved Federal agencies, primarily the Departments of Interior and Transportation, the
Environmental Protection Agency, and the Nuclear Regulatory Commission. The State Planning
Council, which was established by the President, will also be involved in the development
of the National P]an.(a)
public an opportunity to review DOE's entire program. The Plan will be comprehensive in
scope and include relevant activities of the Federal agencies, states, and local govern-

This Plan will provide a road map for all parties and give the

ments. The Plan will cover all types and sources of radioactive waste and present the
strategy and sequence of events to manage effectively and dispose of radioactive wastes and

associated regulatory activities.

Methods of communication between and among Federal agencies, states and local govern-
ments, and the general public will be presented to show current and proposed interactions
and the nature and degree of public participation in the planning and decisionmaking pro-
cess, including the preparation of the National Plan. The National Plan will be updated
every 2 years in recognition of and response to results of R&D programs, actual operations,
and guidance from institutions such as Federal agencies, state governments, the State Plan-
ning Council and others that might be affected by programs and proposed actions.

A draft of the comprehensive National Plan will be distributed by the Secretary of
Energy in the fall of 1980, for congressional and general public review and comment. After
reviewing public comments and revising the National Plan, a final version of the National

(a) The Council will provide advice and recommendations to the President and the Secretary
of Energy on nuclear waste management issues.
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Plan, including a summary of the public comments, will be issued in 1981. The National
Plan will be used by the Congress, Federal agencies, and the general public to understand
the scope, direction, and interrelationship of activities and the progress being made to
implement the President's policy.
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2.2 STRUCTURE AND CONTENT OF STATEMENT

This Statement describes the character and quantities of the wastes to be managed from
various nuclear power generation scenarios and identifies the environmental impacts (i.e.,
radiological effects, non-radiological effects, resource requirements, socioeconomic
impacts, costs, institutional issues) associated with the management of these wastes. The
power generation scenarios considered and the scope of the analysis are detailed in Sec-
tion 3.2. As DOE has the responsibility for selecting a programmatic strategy for the man-
agement of commercial radioactive wastes, this Statement presents an analysis of alternative
waste management programs for meeting this requirement. The three programmatic strategies
presented in the Statement are:

e Proposed Action. The research and development program for waste management will

emphasize use of mined repositories in geologic formations in the continental U.S.
capable of accepting radioactive wastes from either the once-through or repro-
cessing cycles {(while continuing to examine subseabed and very deep hole disposal
as potential backup technologies). This action will be carried forward to iden-
tify specific locations for the construction of mined repositories. The proposed
action does not preclude further study of other disposal techniques. For exam-
ple, the selective use of space disposal for specific isotopes might be con-
sidered.

e Alternative Action. The research and development program would emphasize the

parallel development of several disposal technologies. This action implies an R&D
program to bring the knowledge regarding two or three disposal concepts and their
development status to an approximately equal level. Based upon the Department of
Energy's current evaluation, the 1likely candidate technologies for this parallel
development strategy would be:

1) geologic disposal using conventional mining techniques

2) placement in sediment beneath the deep ocean (subseabed)

3) disposal in very deep holes.

At some later point, a preferred technology would be selected for construction of
facilities for radioactive waste disposal.

s No Action Alternative, This alternative would eliminate or significantly reduce

the Department of Energy's research and development programs for radioactive
waste disposal. Under this alternative, existing spent fuel would be left inde-
finitely where it is currently stored and any additional spent fuel discharged
from future operation of commercial nuclear power plants would likewise be stored
indefinitely in water basin facilities either at the reactors or at independent
sites.

Beyond the selection of a program strategy, DOE must determine the pace and manner in
which to pursue the selected program. To this end, this Statement examines 1) a range of
dates for the availability of a mined geologic repository and 2) a variety of candidate
repository media (salt, basalt, granite, shale).
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The main body of the text (Volume 1) is divided into eight chapters. Chapter 3 pre-
sents the program alternatives under consideration and outlines the technological and envi-
ronmental bases for the analysis. Discussions- of natural background radiation and the
concept of risk are included to give the reader additional perspectives from which to view
" the material in the Statement. Non-technical concerns relevant to waste management are also
identified for the purpose of airing such issues, which will have to be addressed in any

ongoing plan.

Chapter 4 describes the wastes and analyzes the various activities required prior to
final disposal on a unit basis (e.g., per GWe-yr, per Kg HM, per facility). The processes
of waste treatment, storage, transportation and facility decommissioning are addressed and
their impacts are presented. Chemical resynthesis and partitioning, items included in the
draft in the presentation of disposal techniques, now appear in the discussion of waste
treatment alternatives. A discussion of the relationship between predisposal activities and
the individual disposal technologies is also included in Chapter 4.

Chapters 5 and 6 examine the mined geologic disposal concept and alternative disposal
technologies, respectively. For consistency of presentation, discussion of each disposal
concept addresses the same topic areas:

e Concept and System Description

o Status of Technical Development and R&D Needs

e Disposal Facility Description

e Environmental Impacts of Construction and Operation
e Environmental Impacts Over the Long Term

o Cost Analysis

e Safeguard Requirements.

The depth of the presentation, however, is not identical for the various disposal alter-
natives for two reasons. First, the extent to which a disposal concept can be examined is
a function of the degree to which the concept has been researched, developed, and reported
in previous studies. Accordingly, mined geologic disposal is more fully described than the
other disposal modes. Secondly, an assessment of the impacts from implementing a disposal
alternative is predicated on having data that can be substantiated. The existing data base
for mined geologic disposal is significantly more extensive than for the other concepts;
hence, a more detailed analysis of impacts is possible.

At the end of Chapter 6, a comparison is made of the nine disposal technologies pre-
sented in Chapters 5 and 6 on the basis of several environmental .and policy-related
criteria.

Chapter 7 outlines the trade-offs between the program alternatives (identified in Chap-
ter 3), with emphasis on the entire waste management system. The points of comparison of
the alternative actions deal with nuclear power growth assumptions, fuel cycles, waste vol-
umes, and environmental impacts based on the material in Chapters 4, 5, and 6.

Chapter 8 is a glossary of key environmental, geologic, and waste technology-related

terms and acronyms.
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Volume 2 is a compilation of appendix material. Volume 3 is a presentation of written
public and agency comments and Hearing Board recommendations on the draft Statement and
responses to these comments and recommendations.

During the reviews of the draft Statement, some commenters urged that the option of
shutting down all nuclear power plants be considered in the final Statement. Although such
an action is beyond the authority of the DOE and can be considered only by the NRC or by the
U.S. Congress, this Statement does present an analysis of managing only present inventories
of spent fuel. While the availability of adequate waste management methods should be con-
sidered by these institutions in contemplating such an action, many other far-broader
issues, such as national energy and economic requirements and the overall. safety and envi-
ronmental impacts of other energy systems, would also need to be considered. Due to the
extent of DOE's authority, the scope of this environmental impact statement is limited to
consideration of the impacts of successfully implemented programs for research and devel-
opment leading to permanent disposal of present and future high-level and TRU radioactive
wastes.



2.10

2.3 OTHER DECISIONS CONCERNING DISPOSAL OF COMMERCIAL WASTES(a)

The decisions that the DOE now faces and for which the analysis in this Statement will
provide environmental input will not automatically lead to the placement of radioactive
wastes in any specific location. As the program of research and development and examination
of specific candidate locations proceeds, further decisions will be required relative to
potential environmental impacts. '

The National Environmental Policy Act of 1969 (NEPA 1969), as implemented by the regqu-
lations of the Council on Environmental Quality (CEQ 1978) and the DOE guidelines (DOE
1980b), requires that environmental consequences be considered in Department planning and
decisionmaking. In adopting a strategy for disposal of high-level radioactive wastes, the
DOE will undertake actions having potential environmental consequences. The potential envi-
ronmental effects of these actions and their significance vary. Actions range from the
decision adopting the overall strategy for waste disposal (involving a major resource com-
mitment which ultimately may have a spectrum of potential environmental effects specific to
that strategy) to the selection of specific sites and facilities for waste disposal pur-
poses. Other actions include the conduct of research (data gathering and analysis) which
may have little environmental effect but which may have important technological, cost, and
time implications on long-term waste disposal.

Using the CEQ regulations and the DOE guidelines, a NEPA implementation plan, which is
integrated with overall DOOE planning and decisionmaking, has been developed for the deep
mined geologic disposal strategy. Figure 2.3.1 graphically demonstrates the various steps
associated with integration of the NEPA plan and the overall decisionmaking process.

The DOE's NEPA implementation plan is based on the "tiered" approach, which is designed
to eliminate repetitive discussions of the same issues and to focus on the actual issues
ripe for decision at each level of environmental review. This approach allows coverage of
general matters in broad environmental impact statements (EISs) with subsequent narrower
EISs or environmental assessments (EAs) incorporating by reference the general discussions
and concentrating solely on the issues specific to the subsequent decision.

The NEPA implementation plan identifies the major decision points in the program to
assure that appropriate environmental documentation is completed prior to each such decision
and prior to the conduct of activities that may cause an adverse environmental impact or
1imit the choice of reasonable alternatives. The first major decision process is selection
of a program strategy for disposal of nuclear waste. This Statement serves as the NEPA
input for this first decision.

(a) Much of the material in this section was taken from the recent DOE Statement of
Position in the NRC rulemaking proceedings on nuclear waste storage and disposal
(DOE 1980c). The Statement of Position described in DOE's proposed research and
development program and was prepared pursuant to the initiation of the rulemaking
proceedings. The present Statement, upon issuance as a final impact statement,
will become part of the record of the rulemaking proceedings.
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The second major decision process is that involving the selection of sites for the
disposal of nuclear waste assuming the mined geologic option. The major decision
points in such a site-selection process are:

1. Adoption of a National Site Selection and Characterization Plan including the
national screening for potential regions and selection of areas (approximately
2,590 square kilometers, or 1,000 square miles) for further study.

2. Identification of locations (26 to 78 square kilometers, or 10 to 30 square
miles) for in-depth study.

3. Selection of a preferred site(s) forzbanking,(a) including the possible devel-

opment of an early shaft.

4. Acquiring an interest in land sufficient to protect potential sites from other

uses.

5. Selection of a candidate site to propose to NRC for licensing as the first

repository.

At each of these decision points, the DOE will consider the appropriate NEPA documenta-
tion. While the appropriate NEPA documentation is being prepared for the various decision
points, program activities, including site characterization activities, that have been
analyzed in previous NEPA documents may continue. In addition, further site characteriza-
tion activities may continue if it is clear, based on the DOE's review, that they do not
1) have significant adverse environmental impact or 2) limit the choice of reasonable alter-
natives (40 CFR 1506.1). These activities could include environmental studies, routine geo-
physical studies, shallow drilling, and borehole drilling.

(b)

2.3.1 The DOE's National Environmental Policy Act Implementation Plan

2.3.1.1 Program Strategy

The environmental effects of implementing a program strategy are addressed in this
final EIS on Management of Commercially Generated Radioactive Waste. Based upon the analy-
ses of nine disposal concepts, mined geologic disposal is identified as the preferred tech-
nical alternative and the proposed action is the selection of a program strategy emphasizing

geologic disposal in a mined repository.

2.3.1,2 Site Selection Process

National Site Characterization and Selection Plan

The DOE proposes to adopt formally the current National Waste Terminal Storage Site
Characterization and Selection Plan as the comprehensive National Site Characterization and

(a) Protecting a potential repository site(s) from conflicting uses until such time as a
final site(s) is selected.

(b) Section 5.2 and Appendix B.7 discuss the technical considerations of repository site
selection.
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Selection Plan. The current plan, described elsewhere (DOE 1980c), will be followed pending
adoption of a formal plan. An EA is being prepared as input to the decision on whether to
adopt or modify this plan.

The proposed plan includes:
e The methodology for identifying geographic regions for site studies.

e The methodology and criteria for screening these regions for areas, locations, and
candidate sites to be studied in detail.

The environmental impacts of the methodology and criteria in the proposed plan and
their reasonable alternatives will be assessed. In addition, the selection of areas for
further study and tHe,anticipated range of site characterization activities, including the
environmental impacts of typical surface and subsurface activities in several environmental
settings, will be analyzed. Similarly, the criteria proposed to be used to qualify and dis-
qualify sites will be discussed.

It is be1feved that an EA, and not an EIS, is the appropriate level of NEPA review,
since it is unclear that the decision will result in significant environmental impacts.
However, upon completion of the EA, a decision will be made regarding the need to prepare
an EIS. The Department of Energy will consider the results of the NEPA review prior'to
deciding whether to adopt or modify the proposed plan. The adopted site characterization
process will be repeated in diverse geologic environments and different host media until
four to five sites have been qualified.

Identification of Locations

Following completion of area studies for a particular region, in accordance with the
National Plan, an EA will be prepared as input for a decision to narrow the investigations
to a limited number of locations. The site-selection process to date will be described, and
the environmental factors pertinent to the proposal to limit more comprehensive exploratory
activities to the preferred locations will be analyzed. A comparison of environmental fac-
tors for preferred and alternate locations, based on data commensurate with the level of
site-specific information available, will be provided and the environmental impacts of the
range of potential exploratory activities anticipated in the location studies will be
considered.

Here, too, it is believed that an EA is the appropriate level of NEPA review, since it
js unclear that this decision will have environmental significance. Upon completion of the
EA, a decision will be made regarding the need to prepare an EIS.

Identifying Preferred Sites for Banking/Early Shaft

At the conc]usipn~of the location studies, the DOE will propose one or more of the
sites in a location as a breferred site to be banked. Because a banked site ultimately may
become the location of a repository, it is appropriate to prepare an EIS prior to the deci-
sion to bank the preferred site(s). This EIS also would provide input to a decision to
acquire an interest in the site(s), if necessary, in order to maintain the integrity of the
site through the site-selection process.
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Using a general conceptual design for the appropriate media (a site-specific design
will not be developed until after the candidate site is selected), the EIS will evaluate the
potential environmental impacts of 1) a conceptual repository at the alternate siteg within
the region and 2) the detailed site characterization activities which may be required at
each of the alternate site(s), including the possible construction of an early shaft, if
required.

Although the general conceptual design will not be site-specific, it will be in an
advanced stage of development relative to the medium in which the potential candidate sites
are located. This will allow adequate analysis of the potential environmental impacts asso-
ciated with a conceptual repository at each of the alternative sites. In addition, the
interaction of waste package options with the geologic medium will be assessed in each site-
banking EIS.

Site Selection

Following the banking of sites in several media, a site will be selected for a license
application for the first repository. The EISs previously prepared for site banking will
be supplemented, as appropriate, in an integrated EIS, which will provide a comparative
environmental analysis of the alternative sites. This EIS will incorporate by reference the
site-banking EISs and include any significant new information obtained since the preparation
of the earlier EISs. The site-selection EIS also will serve as input to the environmental
report submitted to NRC with the license application.

2.3.1.3 Land Acquisition

After a site-selection decision, the DOE may take steps to permanently acquire the
site. The site banking EISs, as supplemented in the site-selection EIS, will be used as
input to the land acquisition decision.
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CHAPTER 3

DESCRIPTION OF PROGRAM ALTERNATIVES AND BACKGROUND

This section describes the major action proposed by the Department of Energy for which
this environmental impact statement was prepared, namely the selection of a programmatic
strategy emphasizing geologic disposal in a mined repository as the technology for disposal
of high-level radioactive wastes. Two programmatic alternatives to this proposed action
are also described. In addition, this section provides the reader with a description of
the technical and environmental bases for the analyses which follow in succeeding sections.
Since radiation exposure is a central concern in the management and disposal of nuclear
wastes, background information about radiation and the approaches used to assess radio-
logical risk are presented. Finally, "non technical" issues are discussed to inform the
reader about the broad social, political, and institutional concerns which cut across
specific technical concerns about nuclear waste.

3.1 PROPOSED ACTION AND PROGRAM ALTERNATIVES

As part of its responsibility for developing the technology required for managing cer-
tain classes of radioactive wastes, the Department of Energy proposes to take a major agency
action: selecting an appropriate programmatic strategy leading to the disposal of commer-
cial radioactive waste in a fashion that provides reasonable assurance of safe, permanent
jsolation” of these materials.

This major action involves two specific components at this time, The first is the
selection of geologic disposal in a mined repository as the technology for emphasis in
a research and development program from among the various concepts that have been
proposed. The second decision concerns the nature and extent of the research and
development program to be undertaken, given the designation of geologic disposal as
the technology for emphasis.

In considering alternative methods that might be employed for permanent isolation of
radioactive materials, this EIS identifies and examines nine disposal technologies. These
technologies, fully characterized in Chapters 5 and 6, are:

1) geologic disposal using conventional mining techniques
2

disposal in very deep holes
disposal in a mined cavity that results in rock melting

disposal in repositories located on an island
disposal in sediments beneath the deep ocean in the subseabed

disposal in an injection well
disposal by partitioning of reprocessed waste and transmutation of actinides

)
)
)
)
) disposal in an ice sheet in the Arctic or Antarctic
)
)
)

O 0O ~N O OV & W

disposal by projection into outer space.
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In considering the nine disposal technology concepts, a variety of nuclear wastes is
considered. Each concept needs to be evaluated in terms of capability to handle both spent
fuel (as a waste) and waste from fuel reprocessing. Further, the ability of these technol-
ogies to accommodate transuranic (TRU) wastes is evaluated (see Section 6.2). As shown in
Table 3.1.1, not all of the technologies are capable of handling all three categories of
waste efficiently. Nonetheless, some of these technologies may be useful for special pur-
poseé such as the disposal of very long-lived radioactive substances. Some concepts are
rated impractical because of special handling requirements, anticipated cost, environmental
risks and current capabilities to implement the technology.

TABLE 3.1.1 Potential Ability of Technology to Handle Waste Type

Unprocessed High-Level
Spent Reprocessing TRU
Technology Fuel Waste Waste

Geologic Yes Yes Yes
Very Deep Holes Yes Yes I
Rock Melting No Yes No
Island Yes Yes Yes
Subseabed Yes Yes I
Ice Sheet Yes Yes I
Injection Well No Yes No
Transmutation No Yes No
Space I Yes I

LEGEND: Yes--Concept applies
No--Concept will not work
I--Concept impractical.

Evaluation of these various technical alternatives for waste isolation has resulted in
a finding that geologic disposal (placement of radioactive wastes in geologic formations
using conventional mining techniques) is the preferred technology for research and develop-
ment. However, the evaluation of these alternatives has led to the conclusion that two
other disposal concepts deserve further examination as potential backup or ancillary tech-
nologies to geologic disposal: subseabed disposal (placement of wastes in sediments beneath
the deep oceans), and very deep hole disposal (placement of wastes into very deep drill

holes).

This Statement examines the ultimate environmental impacts of the Department of Ener-
gy's proposed action, a research, development and demonstration program emphasizing mined
geologic repositories, as well as two alternative courses of action: 1) parallel develop-
ment of several technologies to an approximately equal level prior to a decision on imple-
mentation and 2) the alternative of no action.
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The Interagency Review Group (IRG) on Nuclear Waste Management in its report of
March 1979, identified a number of alternative technical strategies, the environmental
impacts of which are encompassed in the analyses contained in this Statement. The IRG
Report recommended after considerable study and public input that:

e The approach to permanent disposal of nuclear waste should proceed in a stepwise
basis in a technically conservative manner.

e Near-term program activities should be predicated on the tentative assumption
that the first disposal facilities will be mined repositories, though nearer-term
alternative approaches--subseabed and very deep hole disposal--should be given
funding support.

e A number of potential sites in a variety of geologic environments should be iden-
tified, and action taken to reserve the option to use them if needed. Within
technical constraints, actions should be taken to have several repositories opera-
tional before the end of the century in different regions of the country.

Beyond these recommendations, the IRG defined four alternative strategies for the
development of repositories:

1. Strategy I provides that only mined repositories be considered for the first sev-
eral repositories and that only geological environments with salt as the emplace-
ment media would be considered for the first several repositories. As a result
of past programs, a large body of information about salt as an emplacement medium
exists. Thus, salt would be a probable choice for these repositories, since the
speed of implementation of this strategy would likely rule out other media.

2. Strategy II is similar to the first, except that a choice of site for the first
repository would be made from among whatever types of environments have been ade-

quately characterized at the time of choice. However the first choice would still
likely be from environments based on salt geology.

3. Strategy III provides that, for the first facility only mined repositories would
-be considered. However, three to five geological environments possessing a wide
variety of emplacement media would be examined before a selection was made. Other
technological options would be contenders as soon as they had been shown to be
technologically sound and economically feasible.

4, Strategy IV provides that the choice of technical option and, if appropriate,
geological environment be made only after information about a number of environ-
ments and other technical options has been obtained.

These strategies are associated with different amounts of time needed to achieve an.opera-
tional repository, with Strategy I requiring the least amount of time and Strategy IV
requiring the most time.

DOE, on the basis of the input from many sources, has formulated a proposed research,
development and construction program for mined geologic repositories that incorporates the
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recommendations of the IRG Report. Environmental impacts that would be associated with

each of these differing strategies and with differences in timing of implementation (i.e.,
immediate versus delay) are well within the envelope of the analyses reported in this State-
ment. Environmental consequences associated with Strategies I through III are bounded by
the environmental analyses of the Proposed Action, while those associated with Stratety IV
are within the envelope of analyses performed for the Parallel Development Alternative
Action. This latter action also envelopes the environmental consequences associated with a
“delayed action" strategy, i.e., delaying siting of a repository until enough is known

about several technical alternatives. These analyses examine the environmental conse-
quences of constructing, operating and decomissioning waste management facilities.

3.1.1 Proposed Action

The proposed research and development program for waste management will emphasize use
of mined repositories in geologic formations capable of accepting radioactive wastes from
either the once-through or reprocessing cycles. This program will be carried forward to
identify specific locations for the construction of mined repositories. The rationale for
the selection of mined repositories as the preferred concept is presented in Section 6.2.5.

Initially, site characterization programs will be conducted to identify qualified sites
in a variety of potential host rock and geohydrologic settings. As qualified sites are
jdentified by the R&D program, actions will be taken to reserve the option to use the sites,
if necessary, at an appropriate time in the future. Supporting this site characterization
and qualification program will be research and development efforts to produce techniques and
equipment to support the placement of wastes in.mined geologic repositories,

The Department of Energy proposes that the development of geologic repositories will
proceed in a careful step-by-step fashion. Experience and information gained in each phase
of the development program will be reviewed and evaluated to determine if there is suffi-
cient knowledge to proceed to the next stage of development and research. The Department
plans to proceed on a technically conservative basis allowing for ready retrievability of
the emplaced waste for some initial period of time.

The proposed timing for emplacement of waste into geologic repositories calls for at
least two operational facilities before the end of the century. This schedule reflects the
need to expand the technical evaluation of a broader set of geologic media and multiple
sites and to consider a possible regional approach to repository siting. Changes in timing
for emplacement of wastes in geologic repositories because of environmental or other consid-
erations is considered within the scope of the proposed action presented in this Statement.

Some support would be provided to further evaluate the alternatives of placement in
deep ocean sediments and in very deep holes. The purpose of this support is to permit
continued evaluation of these technology options as alternatives to geologic disposal.
These options are considered as backups or complements to geologic disposal and are pre-
sently not planned for full development.
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3.1.2 Alternative Action--Parallel Development

As an alternative to emphasis on geologic disposal, the research and development pro-
gram would emphasize the parallel development of several disposal technologies. This action
implies an R&D program to bring the knowledge regarding two or three disposal concepts and
their development status to an approximately equal level. At some later point, a preferred
technology would be selected for construction of facilities for radioactive waste disposal.

Based upon the Department of Energy's evaluation, the 1ikely candidate technologies for
this parallel development strategy would be:
1) geologic disposal using conventional mining techniques
2) placement in sediment beneath the deep ocean (subseabed)
3) disposal in very deep holes.

In order to develop several technologies in parallel, the range of approaches within-
each disposal technology would 1ikely be narrowed to a single candidate approach.

The geologic disposal program would concentrate on a most preferred geohydrological
system and, possibly, host rock. By narrowing the focus of the program, resources of time,
money, and manpower would be made available to pursue the parallel development programs of
the other two technologies.

In a similar fashion, the subseabed program would focus on a preferred system for waste
emplacement and on a few Tocations.

The program activities for very deep hole disposal would eventually be focused on spe-
cific deep geohydrological systems and in specific regions of the country. Since adequate
information about such deep systems is not currently available to do this, a program of
study would need to be developed to acquire such information.

The strategy to develop several disposal technologies in parallel requires the use of
extended term storage facilities since significant additional time would be required to
bring the technologies of sub-seabed and very deep hole disposal to a level of development
equivalent to that of geologic disposal. The main differences between the Proposed Action
and the First Alternative Action are the degree of emphasis on geologic disposal and the

timing of actual construction of waste disposal facilities.

3.1.3 No-Action Alternative

This alternative would eliminate or significantly reduce the Department of Energy's
research and development programs for radiocactive waste disposal. Under this alternative,
existing spent fuel would be left indefinitely where it is currently stored and any
additional spent fuel discharged from future operation of commercial nuclear power plants
would likewise be stored indefinitely in water basin facilities either at the reactors or
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at independent sites. The Department of Energy does not consider this no-action alternative
to be a reasonable course, since it offers no solution for the long-term period beyond the
useful Tife of the water basins.
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3.2 BASES FOR THE ANALYSIS

A number of bases for analysis must be established to assess environmental impacts
associated with a nuclear waste disposal technology. This includes the identification and
description of predisposal facilities necessary for waste management, as well as a descrip-
tion of the disposal facilities themselves. Further, the physical, biological and social
environments into which these facilities will be placed must be characterized. However,
total or net environmental impacts cannot be described completely by the effects of single
facilities in the environment, so this Statement also analyzes complete waste management
systems. The key assumptions associated with a systems analysis are those of nuclear power
growth {i.e., amount of waste to be disposed) and the nuclear fuel cycles considered (i.e.,
kinds of waste to be disposed).

The general approach to environmental assessment used here investigates potential
impacts associated with construction, operation (including potential accidents), and decom-
missioning of predisposal facilities (including treatment, transportation and storage of
wastes) and the repository system itself. Physical protection requirements for safeguard-
ing the wastes from theft or sabotage are also evaluated. Impacts resulting from nuclear
waste disposal include those associated with resource commitments, ecological and atmo-
spheric effects, radiological effects, socioeconomic effects, and the costs of waste manage-
ment and disposal.

Predisposal facilities are discussed in Chapter 4, and geologic repositories are dis-
cussed in Chapter 5. Conceptual facilities are described, their impacts and costs of con-
struction and operation are estimated, and safeguard requirements are evaluated. These
conceptual facilities and impacts are described in detail in Technology for Commercial
Radioactive Waste Management, DOE/ET-0028, April 1979 and Environmental Aspects of Commer-
cial Radioactive Waste Management, DOE/ET-0029, April 1979. Summary descriptions and key

results are presented in Chapters 4 and 5.

A description of the physical environments for the different facilities is given in
Chapter 5 for geologic disposal and in Chapter 6 for alternative technologies. The biolog-
ical and social environments used hypothetical or reference conditions which were assumed
common to all geologic repositories and associated waste management facilities. For assess-
ing general environmental and health effects for these facilities, a single reference envi-
ronment was developed and is described in Appendix F. This reference environment provides
the necessary description of environmental characteristics (e.g., demography, atmospheric
dispersion patterns, surface waters, plant and animal communities) that serve as a baseline
for generically estimating environmental impacts of waste management and disposal. Three
reference environments were used to assess the socioeconomic impacts of the influx of work-
ers associated with geologic repositories and related facilities, because socioeconomic
impacts are particularly sensitive to variation in demography (Appendix G). The use of
reference environments should not be construed as an endorsement of particular regions for
siting waste management and disposal facilities but rather as convenient and realistic )
assessment tools. Different reference environments and bases for analyses were used in the
case of alternative disposal technologies and are described where used in Section 6.1,
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In Chapter 6, alternatives to geological disposal in mined continental repositories are

described, evaluated, and compared.

In Chapter 7, the requirements and impacts for entire waste management systems for sev-
eral different nuclear industry growth assumptions are described. These requirement and
impact descriptions incorporate information about the individual waste management components
(described in Chapters 4 and 5) into system simulation calculations. ‘

The assumptions used regarding nuclear fuel cycles and industry growth as well as the
basis for assessing resource commitments, ecological and atmospheric effects, radiological
effects, socioeconomic impacts, potential accidents, physical protection, and costs of
management and disposal of nuclear wastes are described in the following subsections.

3.2.1 Nuclear Fuel Cycle Assumptions

The waste management impacts of two basic light water reactor (LWR) fuel cycles are
analyzed in this Statement. These are 1) the once-through fuel cycle where spent fuel is
sent to disposal without reprocessing for recovery of residual energy potential, and 2) the
reprocessing fuel cycle where spent fuel is determined to be a resource and is processed for
recovery and use of the contained uranium and plutonium. A uranium-only recycle case (with
plutonium remaining in the high-level waste or recovered and stored elsewhere) was consid-
ered in the draft of this Statement. However, because of the low likelihood that this fuel
cycle would ever be implemented and because of comments to this effect received on the draft
Statement, it has been deleted from this final Statement. Information on this fuel cycle
may be found in DOE/ET-0028 and DOE/ET-0029.

3.2.1.1 Once-Through Fuel Cycle

A simplified diagram presenting the once-through cycle is shown in Figure 3.2.1. Spent
fuel is stored until a qualified Federal waste isolation facility is in operation. Storage
can occur either at the reactor site or at an offsite away-from-reactor (AFR) storage facil-
jty, also sometimes referred to as an independent spent fuel storage facility (ISFSF).
Storage at an AFR is necessary if sufficient storage capacity is not available at nuclear
power plant sites. At the AFR, only nontransuranic and gaseous wastes are generated(a)
while the spent fuel is handled and stored. Thus, the only waste of concern to this State-
ment is the spent fuel itself. The following assumptions are made about the once-through
fuel cycle.

e Although storage capacity in the nuclear power plant (reactor) basins will vary
considerably and may be increased significantly for new plants, a given reactor
basin will have, on the average, the capacity for seven annual discharges in addi-

tion to full core reserve. This capacity assumption results in away-from-reactor

(a) Strictly speaking, the radioactivity content in the wastes is "generated" during irradi-
ation of the fuel in the nuclear power plant.
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FIGURE 3.2.1. Once-Through Cycle

storage requirements that approximate the maximum requirements shown in a recent
study when currently licensed expansion plans are all assumed to be implemented
and full core reserve capacity is maintained (DOE/NE-0002 1980). Implications of
variations in reactor storage capacity are discussed in the Final Environmental
Impact Statement on U.S. Spent Fuel Policy (DOE/ET-0015 1980).

e To permit .the spent fuel to cool down prior to dry encapsulation and disposal the
spent fuel is stored for a minimum of 5 years in the nuclear power plant storage
basins for the reference once-through fuel cycle. If a disposal facility is not
available, the spent fuel remains stored at the reactor until the 7-yr capacity
is filled, after which excess fuel older than 5 years is shipped (Section 4.5) to
an AFR (Section 4.4) where it remains until a disposal facility is available.

e Spent fuel encapsulation (or packaging) facilities (Section 4.3) are located on
the same site as the disposal facility. An alternative of encapsulating the spent
fuel at the AFR and storing packaged spent fuel is also described in the predis-
posal system discussions in Sections 4.3 and 4.4.

e For purposes of estimating transportation impacts, shipping distances from reac-
tors to an AFR average 1000 miles for this generic statement. Shipping distances
from reactors to a repository or from an AFR to a repository are assumed to aver-
age 1500 miles. Therefore, total shipping distance between a reactor and disposal
can be as much as 2500 miles. Actual shipping distances would vary, of course,
depending on sites selected.

The logistics and storage requirements of this fuel cycle for several nuclear power
growth assumptions are discussed in Chapter 7.

3.2.1.2 Reprocessing Fuel Cycle

A simplified diagram of the reprocessing fuel cycle is shown in Figure 3.2.2. In this
fuel cycle, uranium and plutonium are separated from other components of the fuel and
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purified for recycle at a fuel reprocessing plant (FRP). The major process steps at the
FRP, excluding waste treatment operations, which are described in Chapter 4, are:

o Underwater storage of spent fuel awaiting processing.

e Recovery and purification of the uranium and plutonium by solvent extraction using the
Purex process. The reference plant, described in DOE/ET-0028, Section 3.2, operates
300 days per year to process 2000 MTHM/yr of spent fuel. The spént fuel elements are
chopped into short sections so that the contained fuel can be dissolved in nitric
acid. The uranium and plutonium are then extracted into an organic solvent phase
containing tributyl phosphate (TBP), leaving the bulk of the fission products in the
nitric acid solution (the high-level waste). The uranium and plutonium are sepa-
rated and the remaining fission products removed in subsequent solvent-extraction pro-

cess cycles.

e Conversion of plutonium to a solid at the FRP by precipitating plutonium as an
oxalate, which is then separated and calcined to Pu02.

e Conversion of the uranium from a nitrate solution to UE5 at the FRP by calcining
the uranium nitrate to U03, reducing the UO3 to UO2 with hydrogen, then converting
the UO2 to UF4 by hydrofluorination with HF, and finally converting the UF4 to
UF¢ with fluorine. (UF6 is the form required by the enrichment plant.)

Over 99% of the spent fuel fission products and about 0.5% of the uranium and plutonium
would be contained in the FRP high-level waste. Substantial quantities of a variety of TRU

TN
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(a)WATER BASIN STORAGE IN EITHER REACTOR BASINS, AFR FACILITIES OR FRP BASINS

FIGURE 3.2.2 Uranium-Plutonium Recycle Fuel Cycle
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wastes also result. These are described more fully in Section 4.2. After the HLW is solid-
ified {Section 4.3) it may be stored on-site (Section 4.4) for a period prior to shipment
(Section 4.5).

A mixed-oxide fuel fabrication plant (MOX-FFP) prepares fuel containing a mixture of
plutonium dioxide and uranium dioxide for recycle to a nuclear power plant., The reference
MOX-FFP receives UO2 and Pu02 powders and Zircaloy cladding tubes and end plugs and pre-
pares hermetically sealed fuel rods ready for insertion into fuel assemblies. The reference
plant, described in DOE/ET-0028 Section 3.2, operates 300 days per year to produce 400 MTHM
of LWR fuel/yr; up to 5% of the heavy metal content is plutonium. The major process steps
involved include:

® Mechanical mixing of UO, and PuO, powders

e Preparation of dense fuel pellets by pressing, sintering, and grinding the mixed

powder

e Sealing the pellets in Zircaloy cladding to form fuel elements

e Scrap recycle. The following assumptions are made about the reprocessing fuel
cycle logistics:

e Spent fuel is stored until it is shipped to a reprocessing facility. As in the once-
through cycle, storage can occur ‘either at the reactor site or at an AFR. Reactor
basin storage capacity is also seven annual discharges, but spent fuel is stored for a
minimum of one year, once this accumulated backlog of stored fuel is worked off. The
reprocessing plant maintains a working inventory of 0.5-yr worth of spent fuel in stor-
age. Thus, the minimum fuel age at reprocessing is 1.5 years; however, because a large
accumulated inventory of spent fuel exists before the start of reprocessing, it is over
20 years after reprocessing starts before this minimum age is reached.

e The high-level waste is solidified immediately and then stored on-site for 5 years
prior to shipment to a repository or to an interim storage facility if a repository is
not available.

e TRU wastes are shipped immediately after treatment and packaging to either a repository
or interim storage.

e Spent fuel shipping distances are assumed to average 1000 miles from reactors to an FRP
or to an AFR, or from an AFR to an FRP,.

® Treated waste shipping distances are assumed to average 1000 miles to interim storage
and 1500 miles from either an FRP or from an interim storage facility to a repository.
As in the once-through cycle, the actual distances will vary. No waste shipments
between an FRP and a MOX-FFP are assumed.

The logistical and storage requirements of this fuel cycle as well as the once-through
cycle for several nuclear power growth assumptions are discussed in Chapter 7.
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3.2.2 Nuclear Power Growth Assumptions

To cover the range of potential waste management impacts in the years ahead, five dif-
ferent nuclear power growth scenarios are considered in this Statement.

A reference projection of 400 GWe of installed nuclear power capacity in the year 2000
and a bounding Tow projection of 255 GWe in the year 2000 was used in the original draft
Statement (DOE/EIS-0046 D). Since that report was published for comments, however, studies
(Clark and Reynolds 1979) conducted by DOE's Energy Information Administration (EIA) have
indicated that the year 2000 installed nuclear power capacity is uniike]y to exceed
250 GWe.(a) In addition, some comments on the draft Statement stated that the 400 GWe pro-
jection indicated a bias in favor of nuclear power development while other commenters
objected that it overstated the magnitude of the waste management problem. For these
reasons, the maximum projection for the year 2000 considered in this final Statement has
been established as 250 GWe.

None of the projections or scenarios are intended to represent predictions of future
developments. They are intended to encompass a possible range of nuclear power development
and to provide a reasonable basis for estimates of waste management impacts as well as a
basis for either interpolating waste management impacts to intermediate projections or for
extrapo]ating'waste management impacts to higher projected growth rates.

The waste management impacts for these scenarios are presented in Chapter 7.

The five scenarios are described below and the resulting nuclear power capacities are
tabulated in Table 3.2.1 and plotted in Figure 3.2.3.

TABLE 3.2.1. Nuclear Power Capacity Assumptions, GWe

Case 5
Case 3 Case 4 250 GWe
Case 1 Case 2 250 GWe 250 GWe in 2000 to
Present Present in 2000 and in 2000 and 500 GWe
Inventory Capacity Phaseout Constant in 2040
1980 50 50 55 55 55
1985 0 50 113 113 113
1990 0 50 155 155 155
1995 0 50 196 196 196
2000 0 50 250 250 250
2005 0 49 249 250 281
2010 0 44 244 250 312
2015 0 14 214 250 343
2020 0 0 195 250 374
2025 0 0 137 250 405
2030 0 0 95 250 437
2035 0 0 54 250 468
2040 0 0 0 250 500

(a) The referenced report did not project beyond 1995. The figure of 250 GWe in the
year 2000 is based on an extrapolation.
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FIGURE 3.2.3. Nuclear Power Growth Assumptions

Case 1--Present Inventory--This case considers the requirements for management of
approximately 10,000 MTHM of spent fuel that would remain if the 50 GWe of LWR capacity
operating at the beginning of 1980 were shut down at the end of 1980 and all reactor cores

discharged. However, no attempt is made in this Statement to consider or evaluate the
broader issues of an industry shutdown (beyond those associated with handling the waste)
such as national energy policy, impact on the economy, the impacts of alternative energy
sources, costs, and the environmental impacts of such action.

Case 2--Present Capacity--This case considers the requirements for management of
48,000 MTHM of spent fuel that would result from continued operation of the existing 50 GWe
of nuclear capacity to retirement after 40 years of operation with no further additions to
this system. As in Case 1, no attempt is made to consider or evaluate the broader issues

beyond the impact of handling the associated wastes, that would be involved in a limitation
of this sort.

Case 3--250 GWe in Year 2000 and Phaseout--Case 3 assesses the waste management impacts

for all aspects of a complete life cycle of a nuclear generating system including reactor
shutdown, facility decommissioning, etc. In this case nuclear power capacity increases to
250 GWe in the year 2000. (This case follows the EIA high case projection through 1995.)
After the year 2000, no additional nuclear power plant startups are considered. A1l nuclear
power plants are assumed to operate for a 40-year life, after which they are decommissioned.
Thus, the installed generating capacity of the system is reduced to zero in the year 2040,
Based on average experience to date, average startup capacity factors of 59%, 63%, and 67%
were assumed for the first three years of operation for all nuclear plants. Starting with
the fourth year, each plant was assumed to operate at 70% for 22 years and then decline to
40% in its fortieth year after which it is shut down. A total of 239,000 MTHM of spent fuel
js produced in this case.
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We do not yet have sufficient operating experience with nuclear plants to predict this
life cycle with high confidence. These plants are generally assumed to have lifetimes in
the range of 30 to 40 years. The upper end of this range was used here to be conservative
in regard to the amount of radioactive waste to be managed for a specific system. The
declining load factor as facilities age has not yet been observed in nuclear plants but is
similar to the experience of large central-station fossil-fuel generating units.

Using the year 2000 as a reference point, the impacts of other growth assumptions can
be derived by comparison to this case. For example, a 500 GWe system in the year 2000 would
produce approximately twice the impacts of Case 3 if allowed to run out its useful life, or
a 125 GWe system in the year 2000 would produce approximately one-half as much impact.

Case 4--250 GWe in Year 2000 and Constant--This case follows the same growth pattern
as Case 3 up to the year 2000. Then, instead of phasing out capacity as plants are decom-
missioned, new capacity is added to maintain the total capacity at 250 Gwe until the
year 2040, beyond which time the case is not analyzed. A total of 316,000 MTHM of spent

fuel is produced in this case.

This case illustrates the rate at which continuous waste management requirements and
impacts would occur in a constant or steady-state system. An approximate equilibrium is
established.

Waste management requirements and impacts at other constant capacity levels can be
obtained by comparing capacities and impacts to this case.

Case 5--250 GWe in Year 2000 and 500 GWe in 2040--This case also follows the same
growth pattern as Case 3 up to the year 2000. After that, however, capacity additions con-
tinue until a doubled capacity of 500 GWe is reached in the year 2040. Beyond the
year 2040, the case is not analyzed. A total of 427,000 MTHM of spent fuel is produced in

this case.

No equilibrium is established in this case. It illustrates the waste management
requirements and impacts for a continuously expanding system. Results can be extrapolated
to other growth rates by comparing the differences between the year 2040 capacities in
Cases 4 and 5 to the difference in impacts. For example, a capacity of 750 GWe in the
year 2040 would have twice the additional impact over Case 4 that Case 5 has.

3.2.3 Resource Commitment Assessment

In most instances, data describing environmental impacts that are caused by commitments
of resources are presented as land and water requirements, material requirements, energy
consumption, and manpower requirements for construction, operation, and decommissioning of
the facilities. Resource commitments are combined by facilities on a single reference p]ant'
basis for analyzing predisposal activities in Section 4.7 and for geologic repositories in
Section 5.4. Resource commitments are further aggregated by plant to systems of waste
management and disposal within fuel cycle options in Chapter 7.
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3.2.4 Ecological and Atmospheric Impacts

The impacts of the treatment, interim storage, transportation, and final disposal of
radioactive wastes on natural ecosystems cannot be satisfactorily dealt with in detail in a
generic sense because of the overriding influence of site-specific factors. For example,
the expected impacts of certain waste technologies on plant and animal communities in an
area of high precipitation may be markedly different from those in an arid environment. The
ability of natural systems to withstand stress will vary widely according to their environ-
ment. Similarly, the economic worth of the natural resources at risk will depend greatly
on the region and the degree of change already induced by human activities.

In this Statement, the assumption is made that environmental releases of radioactive
wastes that are within the acceptable standards designed to protect man will also be within
Timits tolerable to natural plant and animal populations. In general, man is believed to
be more sensitive to radiation than are other lifeforms. Thus, the discussion of potential
radiation effects on plants and animals other than man is not considered on a generic basis.
Consequently, discussion of the ecological impacts of radioactive waste management is con-
fined mainly to 1) the effects on the use of land and surface water and 2} the impacts
resulting from the release of nonradioactive chemicals and heat to the air and to surface
water.

The main atmospheric effects evaluated in this Statement are the impacts on ambient air
quality caused by emissions to the atmosphere during construction and operation of the
facilities. Secondary emissions from construction force vehicles and construction equipment
are also included in the emissions inventory. Since heat is a by-product of each process,
its effect on the biosphere, whether released directly or via cooling tower, is also inves-
tigated.

3.2.5 Radiological Impacts Assessments and Uncertainties

Radiological impacts are probably perceived as the most important aspect of radioactive
waste management. As a consequence, radiological aspects are considered in detail in this
Statement and in its supporting documents. Radiological impacts are described principally
in terms of dose to workers and to the public (The regional population is described in
Appendix F; mathematical models are described in Appendix D.)

Doses to the public from waste management operations would be expected to arise from
inhalation of radionuclides, by direct radiation, and from ingestion of food products (e.g.,
vegetables, meat, and dairy products) either grown on land contaminated by radionuclides
deposited on the ground or contaminated by deposits directly on the food products
themselves.

Dose from exposure to planned or unplanned réleases of radionuclides to the biosphere
is considered for three main categories of the public: - the maximum individual,(a) the

(a) The maximum individual is a hypothetical resident whose habits would tend to maximize
his dose. :



population within a 50-mile radius reference environment of a waste facility ( 2 million),
and the world population ( 6 billion in the year 2000).(3) In selected instances dose to
the population of the eastern half of the United States is also presented.

Unless otherwise noted, doses are to the whole body; doses to other organs of interest
are presented in DOE/ET-0029. Dose in this Statement is usually expressed as a 70-yr accu-
mulated whole-body dose, although where informative, first-year doses are also given. In

some instances, multigeneration doses are provided.

Health effects are calculated for regional or worldwide populations based on the dose
received by these populations from the aggregation of the facilities involved. The doses
calculated to result from individual facilities, except for nondesign basis repository acci-
dents, are usually too small to warrant discussion of health effects.

In this Statement, 50 to 500 fatal cancers and 50 to 300 serious genetic defects are
assumed to result in an exposed population for each million man-rem of radiation exposure
received (for a total of 100 to 800 health effects per million man-rem). The possibility
of zero risk is not excluded by the available data, i.e., there is a possibility that no
cancers may be caused by low doses of radiation. For further discussion of the derivation

of these risk factors, the reader should consult Appendix E.

Also presented is an alternative approach to analysis of exposure in which the esti-
mated radiation doses from waste management activities are compared with more accurately
known radiation doses from other sources such as naturally occurring radiation and radio-

active materials.

Radiation dose calculations (Appendix D) use models to develop total doses by summing
radiation doses from various radionuclides entering (or externally exposing) the human body.
Each step in the dose calculation has uncertainty associated with it. A common radiation
protection practice has been to assign values to parameters used in dose calculation that,
if uncertain, will tend to overstate rather than understate the resulting dose.

3.2.6 Socioeconomic Impacts

The approach used in the analysis of socioeconomic impacts emphasizes changes in local
employment and population caused by the construction and operation of a waste repository in
selected geologic media. The repositories examined in this analysis generate socioeconomic
jmpacts in several ways: through the employment requirements of construction and operation,
through the demand generated for locally supplied materials and services, through secondary
economic growth generated by the project, and through the public revenues resulting from
project operation. In this generic Statement, the employment requirements are stressed
because they more directly affect impacts (such as demands for housing, education, and
health services) than do other requirements. Because tax structures and prospective reve-
nues vary widely across potential sites no meaningful and representative estimates of reve-

(a) The only radionuclides that contribute significant]g to worldwide radiation doses for
the type of release mechanisms visualized here are 3H, 14C, and 8%r. For this
reason, worldwide dose calculations are based on 3H, 14C, and 8%%r only.
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nue impacts can be provided in a generic study and no such estimates are prepared in this
Statement.

A baseline population from the start of construction of a facility until scheduled
decommissioning is projected. Work force requirements for the project are compared with the
availability of workers already living in the area. Workers not available within commuting
distance of the site will immigrate. The i%pact of their presence in the local area is
increased to the extent that they either induce secondary growth in the local economy or
bring family dependents with them. The total influx of new people to an area can equal
three or four times the number of primary workers hired from outside the area. The model
distributes the total new population to the site county and surrounding counties on the
basis of county size, distance to the work site and availability of housing.

A generic assessment of the socioeconomic impacts incorporates the assumption that a
variety of sites are potential candidates. Since the potential sites may differ consider-
ably in terms of their distinguishing characteristics (especially population size, composi-
tion and distribution, industrial composition of the labor force, and availability of social
services), the potential effects of project development on a number of alternative sites
must be examined. In order to emphasize that the reference sites used in this analysis are
hypothetical, they are simply labeled Midwest, Southeast, and Southwest. Each reference
site consists of a single county. The region within which the county is located is defined
as the aggregation of all counties falling substantially within a 50-mile radius of the
site. The forecasting model allocates immigrants to these counties, then focuses upon the
new population residing in the site county and upon the demands it places upon the county
for social services. The objective of this generic analysis is to provide a range of prob-
able socioeconomic impacts and to illustrate how variation in site characteristics and vari-
ations in construction and operating requirements with different disposal media combine to
produce demographic and economic pressures upon local areas. Whether or not these pressures
become translated into actual net socioeconomic impacts depends upon how each community
responds in terms of the capacity of the service system to absorb new demands, the willing-
ness of the community to adjust to pressure for change, and the availability of mitigating
strategies to the community.

3.2.7 Basis for Accident Analysis

The accident analysis procedure for this Statement involves several steps. First,
potential accidents are identified for each waste management function and alternative tech-
nology. Next, accidents are divided into four categories based on considerations of their
potential to expose plant workers to significant radiation levels and/or release radio-
active material to the environment. Accidents in each severity category are then grouped
by similar release characteristics. Finally, the largest potential accident release
category/accident severity group is selected for environmental consequence analysis. In
all, 207 possible accident types were examined for the waste management system with 116 of
these having potential for offsite releases of radioactive material. Forty-six (46) of the
releases were analyzed for environmental impacts.
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A listing of all accidents considered in this analysis and the grouping of releases to
determine source terms for environmental consequence analysis is given in Section 3.7 of
Technology for Commercial Radioactive Waste Management (DOE/ET-0028). Environmental impacts
of specific source terms are presented in the Environmental Aspects of Commercial Radio-

“active Waste Management (DOE/ET-0029).

Each waste management technology was examined for potential accidents which might
result in offsite releases or significant impact on plant operations. Potential hazardous
material releases (called source terms) were developed for these accidents using successive
release fractions. The release fraction is the fraction of radionuclide inventory that is
released to the next containment barrier or to the environment. The radioactivity released
in an accident may be substantially reduced by one or more barriers, such as high-efficiency
particulate air (HEPA) filter banks. The radioactivity released to the environment was
obtained by multiplying the product of the release fraction for each release mechanism and
. containment barrier (e.g., the accident, process equipment, HEPA filters, etc.) by the
radionuclide inventories involved in the operation. Where more than one waste management
technique was examined, analysis was based on the example system waste form (see figure
4.1.3 on page 4.8 for the identification of the example waste forms).

Accident frequency estimates were developed where possible. In the absence of actual
accident experience estimates are based on previous experience with similar equipment, while
others are engineering judgment based on review of the conceptual designs.

Following source term and frequency definition, the 1ists of representative accident

scenarios were classified into three accident severity groups:

1. Minor--Process interruptions without potential for significant release of radio-
active or other hazardous materials.

2. AModerate--Events with potential for small radioactivity release.
3. Severe--Events with a potential for significant radiation hazards.

The three accident classifications cover the spectrum of design-basis accidents. Non-
design-basis accidents (a fourth category) includes all accidents which exceed site crite-
ria(a) (e.g., mefeorite impact) or involve concurrent independent failure of process and
multiple containment system barriers. By virtue of plant design and operational techniques,
the possibility of nondesign-basis accidents is extremely unlikely during the design life
of the waste treatment or storage facility and are not considered for these facilities.
However, for geologic isolation, because of the long period of required containment, sev-
eral nondesign-basis accidents (or unexpected events) are postulated (Section 5.5).

An umbrella source term concept was used to limit the number of accidents requiring
detailed impact analysis. Viewed independently of accident initiation sequences and fre-

(a) Site criteria include: 1) definition of the maximum credible earthquake, surface fault-
ing, floods and wind velocities based on historical evidence, local and regional
geology, and expert judgment; 2) local and regional demography; and 3) proximity and
definition of hazards caused by man.
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quencies, source terms can be grouped by release severity for environmental consequence
analyses. Releases were classified based on similar release pathways, chemical form, acci-
dent severity category, and isotope types released (fission products, activation products,
and actinides). The largest release from any of the accidents in a similar release group
was selected as the umbrella source term for that group. A summary description of impacts
from the umbrella source terms for each waste management step is presented in Sections 4.8
and 5.4.

Releases of radioactive material to the environment result from both accidents and nor-
mal operational releases. Operational releases result from routine handling or processing
of radiocactive materials and are limited by the containment system design and performance.
They are expected to occur at a relatively uniform rate over the life of the plant. Acci-
dental releases occur intermittently because of operational error or because of system com-
ponent or containment failures. Severity of releases is generally inversely proportional
to their frequency. The small-release, moderate-frequency minor accidents were character-
ized for impact analysis in two ways: 1) as short-term intermittent release to describe
their accidental nature and 2) as integrated reléases averaged over one year to describe
their moderate frequencies of occurrence. Integrated annual releases caused by minor acci-
dents were added to facility releases from normal operations in determining environmental
impacts for normal operation. Because of their low frequency, releases from moderate and
severe accidents are described as separate impacts and are not included in consequences of
routine operation,

3.2.8 Cost Analysis Bases

Estimates of capital and operating costs for waste management predisposal operations
and disposal in geologic repositories were developed for this Statement. This section sum-
marizes the assumptions and methodology used to derive these cost estimates, as well as the

bases for estimating uncertainty ranges. A complete discussion of cost bases and assump-
tions is given in DOE/ET-0028, Vol. 1, Section 3.8.

The cost estimates themselves are summarized in Sections 4.9 and 5.6 for predisposal
and geologic-isolation operations, respectively. Additional cost information on other dis-
posal alternatives where the data base is generally more limited, is presented in the indi-
vidual discussions of these alternatives in Chapter 6. . An analysis of the overall systems
costs of waste management and their impact on the cost of electric power is given in
Chapter 7. The costs presented in Chapter 7 represent a full cost recovery of all identi-
fiable costs including R&D costs and government overheads.

3.2.8.1 Bases for Capital, Operating and Decommissioning Cost Estimates

A constant dollar method of analysis is employed in which all costs, both present and
future, are expressed in terms of the buying power of the dollar in mid-1978.(a) This is

(a) The costs from DOE/ET-0028 were originally derived in terms of 1976 dollars and have
been escalated here to 1978 dollars by multiplying by 1.17. 1980 dollar costs can be
approximated by multiplying by 1.20.
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not meant to imply that inflation will not occur; rather, cost relationships can be more
easily understood and placed in perspective if they are stated in constant dollar terms.
Over the long term, the estimated costs developed in this study will increase at a rate com-

parable to the general rate of inflation.

Capital costs were derived by estimating requirements for major equipment, buildings
and structures, site improvements, and construction labor. Factors were then applied to
these direct cost estimates to generate other direct costs, indirect costs, architect-
engineer costs, owner's staff costs during construction, initial inventory costs and other

startup costs.

Operating costs include all cost items identified with operation. The number of man-
hours, quantities of materials, and requirements for utilities were derived in each case
from the facility descriptions. The allowances for maintenance, overhead, and miscellaneous
costs were derived by applying factors to either capital or direct labor costs.

The capital and operating cost methodology outlined above is used to estimate all of
the costs given in this Statement except for those of the transportation facilities (cost
development for transportation is discussed separately in Subsection 3.2.8.4). An allowance
for working capital is also provided. Working capital is defined as the cash required to
operate a facility, i.e., the difference between current assets and current liabilities.
This cash is treated as an outflow of funds during the first year of plant operation and as
an inflow during the last year of operation. Working capital requirements are estimated at

50% of the first year's operating cost.

The cost of waste management in this Statement also includes the cost of facility
decomhissioning. Specific cost estimates were developed for decommissioning a reference
spent fuel storage facility, mixed oxide fuel fabrication plant, and fuel reprocessing
plant. Based on these estimates, the costs to decommission individual waste management
facilities not otherwise included in the decommissioning of these primary facilities were
estimated at 10% of their capital costs (except for underground repository facilities for
which separate estimates were made). These costs are incorporated in the levelized unit
cost calculations for these waste management facilities. The costs of decommissioning FRP
and MOX-FFP facilities are included in the waste management system costs (Section 7.6).

3.2.8.2 Bases for Levelized Unit Cost Estimates

Levelized unit costs are capital and operating costs translated into equivalent, con-
stant (or level) annual unit costs. The unit cost is sufficient to pay any interest charges
on debt; pay all operating expenses, taxes and insurance; earn a specified return on out-
standing capital; and recover the capital investment over the life of the project. In sum-
mary form the levelized unit cost relationship can be expressed as:

Annualized Capital and Operating Costs
AnnuaTized Units Processed

Levelized Unit Cost =

Since the calculated unit costs are a function of taxes and returns on equity and debt,
ownership for each facility is defined as either private industry, Federal, or utility
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ownership. The constant dollar weighted average cost-of-money rates and ranges (excluding
an inflation premium) used in the levelized unit cost estimates are 10 + 4%, 7 + 3%(3) and
7 + 2% for private industry, Federal, and utility ownership, respectively. Also included
in the unit cost calculations are property taxes and state income taxes as well as Federal
income taxes, accident and hazard insurance, and investment credits.

For this Statement, most unit costs are based on a 15-yr economic plant life. The text
notes when plant lives other than 15 years are used, as in some of the storage facilities.
However, because of the cost-of-money effect over long time periods at the rates emp loyed
here, plant lives longer than 15 years have only a small effect on unit costs. Although it
is not anticipated, the entire facility could be replaced after 15 years with no increase
in unit costs (1in constant dollars) beyond those estimated here.

3.2.8.3 Uncertainty Ranges for Cost Calculations

Uncertainties in the levelized unit cost estimates were derived from uncertainties cal-
culated for three components: 1) capital costs, 2) operating costs, and 3) the cost of
money. The range for capital costs reflects uncertainties in the definition of the engi-
neering scope required to provide a fully-functional plant based on the technology described,
as well as uncertainties in the pricing and quantities for labor, materials, and equipment.

A contingency covering these and similar factors has been included in the base capital cost
estimate. The uncertainty for capital costs ranges from about +20% to +45%, depending on
the faci]ify and equipment, with a median uncertainty of about +30%. The uncertainty in the
operating costs for most facilities is estimated to range from +50% to -25%.

Because of the capital-intensive nature of the nuclear industry, the dollar value of
the capital charge uncertainty generally overshadows the dollar value of the operating cost
uncertainty for most of the facilities evaluated. A weighted overall uncertainty range was
calculated for each unit cost based on the three component uncertainties. A statistical
analysis of several example unit cost ca]cu]at{ons, assuming a normal random distribution
of uncertainty around the three variables, indicates that there is a 95+% probability of
being within the total uncertainty range cited for each levelized unit cost.

3.2.8.4 Cost Estimates for Transportation

The unit cost development for waste transport was somewhat different than for other
waste management facilities.

Estimates of capital costs of transportation equipment were made assuming the equipment
is supplied repetitively by qualified vendors on a competitive basis. The capital cost
estimate covers costs for the complete transportation system including the cost of the cask,

\

(a) Use of the 7% cost of money or discount rate for a Federal project is based on the
assumption that a full cost recovery methodology would be adopted similar to that des-
cribed in DOE/EIS-0015, Vol. 4., where possible charges for AFR storage of spent fuel
are described and a 6.5% discount rate is employed. The +3% range encompasses the 10%
rate specified in the 1972 OMB circular No. A-94 for use in evaluating government pro-
jects. The basis for the private industry and utility discount rates is described in
DOE/ET-0028, Vol. 1.
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rail car or truck trailer, tiedown system, cooling equipment (if needed), and sun shields.
Costs of locomotives and tractors were included in the freight or haulage charges and costs
of the waste containers were included in the predisposal waste treatment costs.

The capital costs were translated into unit cask use charges, using the unit cost cal-
culational procedure, private ownership financial parameters and the cask capacity. A cask
use factor of 80% (292 days per year) and an annual maintenance charge of 2% of the capital
costs were assumed.

Round-trip freight or haulage charges were developed (see DOE/ET-0028, Vol. 4,
Section 6) for both rail and truck transportation. A unit freight charge was developed by
dividing the freight charge per trip by the cask capacity. The total unit transport cost
was obtained by adding the unit cask use charge to the unit freight charge. Additional
detail on transportation cost calculations is given in the previously mentioned reference.

3.2.8.5 Research and Development Costs

Costs for research and development have been included in the overall systems costs for
waste management developed in Chapter 7.

3.2.9 Physical Protection Safequard Requirements Assessment

The characteristics of spent fuel, the waste materials and the facilities were reviewed
and safeguard requirements were identified for each of the waste management steps considered
in this Statement. Results of this assessment are summarized in Section 4.10 for predis-
posal activities, in Section 5.7 for mined geologic repositories and in Section 6.1 for
other disposal alternatives.

Safequard requirements for plants and materials in the nuclear industry are specified
in the Code of Federal Regulations (10 CFR 70 and 10 CFR 73). They include physical protec-
tion measures employed to prevent the theft or diversion of special nuclear material, to
prevent the willful release of radioactive material, and to prevent the sabotage of nuclear
facilities. The principal features of these requirements (10 CFR 73) are the protection
forces (guards), physical and procedural access controls, intrusion detection aids, communi-
cations systems, and plans for emergencies and strict accountability (10 CFR 70) of all
items containing nuclear material iné]uding fuel elements and containers of waste. Equip-
ment items, systems, devices, or materials whose failure, destruction or release could
directly endanger the public health and safety by exposure to radiation are defined as
"vital" (10 CFR 73). Under the existing Code of Federal Regulations, spent fuel and some
waste materials in the reprocessing cycle would be classified as vital, and the areas in
which they are processed would be vital areas. As such, these areas would require substan-
tial levels of physical protection. For example, Federal regulations specify two indepen-
dent and successive physical controls over personnel and vehicular entry and exit to and
from vital areas.

The required physical protection measures are affected by the potential risk of theft
of material that has special strategic worth or is highly radioactive, or by the conse-
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quences to the public following sabotage at a facility handling these materials. The level
of the potential risk will in turn be determined by the characteristics of these possible
targets and the kind and degree of threat anticipated.

Safeguard requirements for the waste management facilities considered in this Statement
were characterized based on the attractiveness and accessibility of the wastes as potential
targets for theft or sabotage. Attractiveness depends on composition and physical form of
the waste. The important aspects of composition are the concentration of fissionable mater-
jals and radioactivity. Radioactive wastes are not considered good sources of fissile mat-
erial for the manufacture of a weapon because of the small quantities of fissile materials
per unit volume. Of the waste forms considered in this Statement, only spent fuel contains
attractive quantities of such materials. However, the physical condition of spent fuel
waste requires sophisticated processing in order to recover the fissile material. Some
highly radioactive nuclear wastes may be in a form that would be attractive to an adversary
as a source of material that is readily dispersable and, because of the health hazard, could
be used to threaten and extort gains from industries or public agencies.

In evaluating the potential for sabotage, consideration was given to design features
that could significantly reduce the consequences of sabotage and contribute to the protec-
tion of this material. These design features include the thick shielding around the more
radioactive process vessels (walls up to 2 m thick); tornado, earthquake and flood protec-
tion requirements for all key process facilities; monitored cells and operations; and equip-
ment for detecting and coping with releases of radioactivity. These features generally
result in facilities that are unattractive targets for sabotage.

Accessibility of the waste materials was also considered. Factors affecting accessi-
bility include: 1) quantity available at a given Tocation, 2) the degree of isolation of
the location, and 3) the complexity of the devices necessary for handling the material

(e.g., whether they are operated manually or automatically and whether special knowledge or
skills are required).

The final element considered in assessing safeguard requirements was the threat level
of potential adversaries. The overall safeguard risk was assessed by considering the above

elements--the attractiveness of the material, its accessibility, and the threat level--in
the following relationship:

Risk to Society = Frequency x Success Rate x Consequences

The frequency of attempts, related in part to the attractiveness of material; the success
rate, related in part to the availability of the material; and the consequences, measured

by effects on the public and the environment, are also all affected by the skills, motiva-
tion, financial backing and intrepidness of potential adversaries. All contribute to the
risk to society. The relationship shows that if one or more of these factors is very small,
the risk to society is also small.

Frequency and success probabilities are difficult to define. However, safeguards mea-
sures normally in place for the vital facilities and vital materials of the fuel cycle are
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designed to reduce the frequency and success rate to very small values. The safeguard mea-
sures will also significantly reduce the consequences of an adverse action through implemen-
tation of safeguard emergency plans by providing effective response to threats and attempted
adversary actions, and by providing effective assistance to public agencies in protecting
the public from the consequences of these threats and actions.(a)

(a) See Appendix E of 10 CFR 50 and Appendix C of 10 CFR 73.
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3.3 NATURALLY OCCURRING RADIATION AND STANDARDS FOR EXPOSURE TO MAN-MADE RADIATION

Although public awareness regarding radiation has grown markedly in recent years, many
readers may not be aware of all of the kinds and quantitites of naturally occurring radia-
tion around them. Because of this and because naturally occurring radiation can often be
used as a meaningful perspective for evaluating radiation exposure from other sources, a
summary of radiation from naturally occurring sources is provided.

To protect workers and the public from excessive exposure to man-made radiation sources
and yet realize the benefit from the use of these radiation sources, standards or Timits of
exposure for various circumstances have been established by several authoritative bodies.
Exposures up to these .standards are believed not to result in undue risk to the individual.
Regardless, the practice of keeping exposures as low as reasonably achievable is fundamental
in the radiation protection field. As a consequence, in many facilities the average expo-
sure is not more than one-tenth of the occupational standard. Because of the importance of
standards in the control of radiation exposure, a summary of presently applicable standards
is also presented.

(a)

3.3.1 Natural Radioactivity and Radiation Dose

Depending on their activities and location, people are exposed in varying degrees to
several sources of ionizing radiation found in nature. Cosmic radiation entering the
earth's atmosphere and crust is one natural source of exposure. Also, nuclear interactions
of cosmic rays with matter produce radiation and radionuclides to which ‘people are exposed.
Other sources exposing people to radiation are naturally occurring radioelements in the

earth's crust.

Natural radioactivity includes all ionizing radiations and radionuclides except those
that have been produced by man's activities, such as that produced by nuclear weapons, bom-
bardment of targets by jon accelerator beams, in nuclear reactors, and from medical and
dental x-rays. Sometimes a distinction is made between natural radioactivity in an unmined
uranium ore body and "enhanced radioactivity" in mine or mill tailings, for example, radio-
activity left on the earth's surface.

The following discussion of dose(b) and dose rate to the U.S. population from
natural radioactivity is presented as perspective for dose estimates associated with man-
agement of commercial radioactive wastes in the LWR fuel cycles. No contention is made
that exposure to natural radioactivity is or is not harmful. However, when doses associ-
ated with waste management are small fractions of natural background dose, such doses

would probably be viewed as insignificant.

(a) The discussion of natural radioactivity was taken largely from Natural Background
Radiation in the United States, NCRP Report No. 45, Washington, DC, 1975.

(b) Throughout this Statement, the term "dose" may generally be taken to mean the more
rigorous term "dose-equivalent." The latter; expressed in units of rem or millirem
(one one-thousandth of a rem), implies a consistent basis for estimates of consequen-
tial health risk, regardless of rate, quantity, source, or quality of the radiation
exposure. Unless otherwise specified, dose is that for the whole body.
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3.3.1.1 Cosmic Radiation

Cosmic radiation refers both to primary energetic particles of extraterrestrial origin
that strike the earth's atmosphere and to secondary particles generated by the interaction
of primary particles with the atmosphere (radionuclides produced by cosmic radiation are
discussed later). The primary cosmic radiation consists of particles produced outside the
solar system and particles emitted by the sun. The cosmic ray dose rate to the population
living at sea level is about 26 mrem per year, taking into account shielding from struc-
tures. Considering the altitude distribution of the U.S. population, the average dose rate
is 28 mrem per year. In Denver, which is the largest city at a relatively high altitude
(1600 meters) in the United States, the average dose rate from cosmic rays is about 50 mrem
per year. In Leadville, Colorado (3200 meters), which has a population of about 10,000,
the average cosmic ray dose rate amounts to 125 mrem per year. High altitude airplane
flights add a small fraction to the population dose from cosmic rays at ground level. For
example, a jet flight of 5 hours duration (e.g., transcontinental or transatlantic at 12 km
altitude) at mid-latitudes would result in a dose of approximately 2.5 mrem to the whole
body. An extreme case would be a 10-hr polar route flight from, for example, California to
Europe where the long flight time and the higher cosmic ray intensities at high latitudes
would result in a passenger dose of approximately 10 mrem (or 20 mrem for a round trip).

3.3.1.2 Terrestrial Radioactivity

Terrestrial radioactive material is present in the environment because naturally
radioactive isotopes are constituents of a number of elements in the earth's crust. The
nuclear interaction of cosmic rays with constituents of the atmosphere, soil, and water
also produce a number of different radionuclides. These naturally occurring radionuclides
give rise to both external and internal irradiation of man.

Cosmogenic Radionuclides

Cosmogenic radionuclides are produced through interaction of cosmic rays with atoms in
the atmosphere and in the outermost layer of the earth's crust. The entire geosphere con-
tains radionuclides produced in this fashion. The four cosmogenic radionuclides that con-
tribute measurable dose to man are hydrogen-3 (tritium) (3H), beryllium-7 (7Be), carbon-14
(14C), and sodium-22 (22Na), all produced in the atmosphere. The total contribution to
the average dose rate (in addition to direct cosmic radiation) by these four nuclides is
less than 1 mrem/yr.

Primordial Radionuclides

Several dozen naturally occurring nuclides are radioactive with half-lives of at least
the same order of magnitude as the estimated age of the earth (4.5 x 109 yr), and are con-
sequently assumed to represent a primordial inventory (that is, some radionuclides are
remaining since the formation of the world). There are three chains or series radionu-
clides headed by thorium-232 (232Th), uranium-235 (23 (238y).  These
radionuclides decay ultimately to a stable isotope of lead through a chain of decaying
nuclides of wide ranging half-lives. These chains contain the, perhaps more familiar,

U), and uranium-238



3.28

nuc 1ides radium-226 (226Ra) and radon-222 (222Rn) as well as 31 other radionuclides.

Other radionuclides decay directly to stable nuclides. The most significant of the primo-
radial radionuclides in terms of dose is potassium-40 (40K). Aside from a small contribu-
tion to dose by rubidium-87 (87Rb), the remainder of the primordial radionuclides, including
plutonium-244 (244Pu), occur in extremely small amounts and make no significant contribution
to dose. Doses resulting from these primordial radionuclides are discussed below.

External Gamma Radiation. The significant contributors to dose to people from outside
of their bodies are 40K and the decay products of the 238U and 232Th series. The principal
determinant of outdoor terrestrial radiation at a given location is the soil concentration
of natural radionuclides. In addition to soil composition, the radiation outdoors varies

depending on the moisture content of the soil, the presence and amount of snow cover, and
on the radionuclide concentration in the atmosphere which itself is quite variable.
Indoors, the level of radiation is modified by the degree of shielding provided by the
building materials against the outdoor radiation, and the amount of radiation originating
from radionuclides in the building materials. Variations in outdoor radiation will be par-
tially reflected indoors and, in addition, the contribution from radon decay products will
depend on the room air ventilation rate. Each of these factors can play an important role
in determining the exposure received by the population.

The overall population-weighted dose rate in the United States from external terres-
trial radiation is estimated to be 28 mrem/yr. Moreover, variability in external terres-
trial radiation is larger than that for other natural sources of human exposure. This
variation in dose rate is characterized by nominal external terrestrial dose rates to the
whole body of 15, 30, and 55 mrem/yr for the Atlantic and Gulf Coastal Plains, for the
majority of the United States, and for an undetermined area along the Rocky Mountains,
respectively.

Internally Deposited Radionuclides. While all natural radionuclides may add to inter-
" nal (inside the body) radiation doses, only a few are found to be significant contributors.
These include 3H, 14C, 40K, and 226Ra and 228Ra and their decay products. Within the United
States, all of these are relatively uniformly distributed so that their levels in foods and
water do not vary appreciably with geographic location. In the United States widespread
food processing and widespread transportation of foods and people have an additional
“averaging" effect on radionuclide contents of diets throughout all geographic areas.

The *average total internal whole-body dose rate of about 22 mrem/yr is dominated by
about 20 mrem/yr from 40K.(a) Dose rates to specific organs from internally deposited
radionuclides are about 30 mrem/yr to the gonads and other soft tissues, 60 mrem/yr to bone

(a) Potassium is an essential element in the body and is physiologically controlled, hence
variations in dietary composition will have little effect on body content or radiation
dose received. The same is largely true for the cosmogenic radionuclides 3H and 14C.
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surfaces, and 25 mrem/yr to bone marrow. The dose to women from internally deposited
radionuclides is about 25% lower than that to men, because of their smaller potassium con-

tent per unit body weight.

Dose to Lung from Inhaled Radionuclides. Dose to the lung from natural airborne
radionuclides results principally from the alpha-emitting daughters of 222Rn. The short
range of alpha radiation means that the doses are delivered locally to the lung tissue,
particularly to the bronchial epithelium. The average dose rate to the total lung is about
90 mrem/yr, while the bronchi epithelium receives about 450 mrem/yr.

Variability in dose rate to the lung is dependent on local concentrations of 222Rn.
There is some increase in areas with elevated levels of 238U and 226Ra in soil and a
decrease in coastal regions during periods of onshore winds. Levels of 222Rn indoors are
dependent on the building's structural materials and ventilation rates. Dose rates to the
lungs of smokers from the long-lived decay products lead-210 (Zlon) and 210Po from 222p,
may be up to three times higher than for nonsmokers.

3.3.1.3 Summary of Whole-Body Dose

From the foregoing, the combined whole-body dose rates from terrestrial radioactivity
received by groups at 1) sea level for the Atlantic and Gulf Coastal Plains, 2) for the
majority of the United States, and 3) for an undetermined area along the Rocky Mountains is
15, 30, and 55 mrem/yr, respectively. The internal and cosmic ray dose rate to the whole
body adds about 50 mrem/yr, which results in totals of 65, 80, and 105 mrem/yr as shown in
Table 3.3.1.

The whole-body dose rate for groups living at an altitude of 1500 m would be increased
by about 20 mrem/yr from the increased cosmic ray radiation. A total whole-body dose rate
of 125 mrem/yr from all sources essentially represents the situation for the city of Den-
ver, where both cosmic and terrestrial components are higher than average.

In this Statement, doses calculated as resulting from various waste management activi-
ties are often compared with the dose received from naturally occurring sources. To avoid
use of ranges of naturally produced doses and to suggest the lack of certainty in the value
for any individual, a well-rounded 100 mrem/yr dose rate has been used for illustration.

On that basis, the doses used in this report for the population and time periods cited are
as given in Table 3.3.2. '

TABLE 3.3.1. Summary of Average Whole-Body Dose-Eguivalent Rates
from Naturally Occurring Radiation, mrem/yr

Cosmic Rays Terrestrial Radiation
{Sea Level) External Internal Total
Atlantic and Gulf
Coastal Plains 28 15 22 65
Majority of U.S. 28 30 22 80

Rock Mtn. Area 28 55 22 105
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TABLE 3.3.2. Nominal Whole-Body Dose Equivalents from
Naturally Occurring Radiation

Annual Dose 70-Year Accumulated Dose
Individual 0.1 rem 7 rem
Regional Population (2 million) 2 x 105 man-rem(a) 1.4 x 107 man-rem
Wor1d-Wide Population (6 billion) 6 x 108 man-rem 4 x 1010 man-rem

(a) Man-rem: the sum of the product of the dose received and the number of individuals
receiving that dose.

Using the foregoing population doses from naturally occurring radiation and the rela-
tionship between population dose and health effects as described in Appendix E (50 to
500 fatal cancers plus 50 to 300 serious genetic defects per million man-rem),(a) the number
of health effects that might be associated with naturally occurring radiation were calcu-
lated and are presented in Table 3.3.3.

TABLE 3.3.3. Health Effects Calculated for 70-yr Accumulated Dose from
Naturally Occurring Radioactive Sources

Serious Total
Fatal Cancers Genetic Defects Health Effects

Regional Population 700 to 700 to 1,400 to
(2 million) 7,000 4,000 11,000
Wor1d-Wide Population 2,000,000 to 2,000,000 to 4,000,000 to
(6 billion) 20,000,000 10,000,000 30,000,000

3.3.2 Applicable Standards for Radiation Exposure Control

A number of existing standards provide for administrative control of potential radio-
logical impacts from waste management operations. These are embodied either in the Code
of Federal Regulations (CFR) or comparable codes of state and local governments. Some of
these standards are presented here and a more extensive treatment is given in Appendix C.

3.3.2.1 Basic Radiation Standards

The basic radiation standards that apply to all NRC Ticensees are given in Title 10

(a) Other suggested conversion factors would indicate more effects and others less, not
excluding zero effects. The Committee on the Biological Effects of Ionizing Radiation
(BEIR), National Academy of Sciences, released in July of 1980 an updated report, the
BEIR III report, that indicates risk estimates of cancer death from low levels of
radiation are only half what they were thought to be eight years ago (as reported in
the BEIR I report, 1972). The range of conversion factors used in this statement
encompass the values suggested in both the BEIR I (1972) and BEIR IIT (1980) reports.
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Part 20 of the Code of Federal Regqulations (10 CFR 20). Title 10 is based on NCRP, ICRP
and FRC guidelines {25 F.R. 4402 et seq May 18, 1960) on radiation standards and the U.S.
Government has endorsed the model regulatory code of the United Nations, which closely fol-

lows ICRP philosophy. An excerpt from 10 CFR 20 follows:

20.101 Exposure of individuals to radiation in-restricted areas.* (a) Except as pro-
vided in paragraph (b) of this section, no licensee shall posses, use, or transfer
licensed material in such a manner as to cause any individual in a restricted area to
receijve in any period of one calendar quarter from radioactive material and other
sources of radiaton in the licensee's possession a dose in excess of the 1imits speci-
fied in the following table:

rem/calendar quarter (rem/year)
Whole body; head and trunk, active blood forming organs; lens of eyes, and
gonads . . . . . . . . . . . . 1-1/4 (5)
Hands and forearms; feet and ankles . . . . . . 18-3/4 (75)
Skin of whole body . . . . . . . . . . 7-172 (30)

(b) A licensee may permit an individual in a restricted area to receive a dose to the
whole body greater than that permitted under paragraph (a) of this section, provided:

(1) during any calendar quarter the dose to the whole body from radioactive material
and other sources of radiation in the licensee's possession shall not exceed 3 rems;
and

(2) the dose to the whole body, when added to the accumulated occupational dose to the
whole body, shall not exceed 5 (N-18) rems where "N" equals the individual's age in
years at his last birthday.

*"Restricted Area" means any area whose access is controlled by the licensee to
protect individuals from exposure to radiation and radioactive materials.

Title 10 Part 20 also tabulates limiting concentrations in air and water for many
radionuclides, for both the working environment and unrestricted areas, which are not to
be exceeded. For individuals in restricted areas, these concentration 1limits have been
calculated, based on continuing exposure for 50 years and standard physiological parame-
ters, to give doses no higher than either those specified above or 15 rem per year to non-

specified organs of the body.

For unrestricted areas, standards specify that no individual should receive a dose to
the whole body in any one calendar year in excess of 0.5 rem, although some exceptions based
on primary concurrent limits (see 10 CFR 20.105) do allow higher doses. In addition, the
average dose from all modes of exposure to "a suitable sample of an exposed population
group" should not exceed one-third of the 1imiting dose criteria. Concentration Guides for
air and water in unrestricted areas are based on limits of the resultant annual dose to
individuals (to either the whole body or specific body organs) of not more than one-tenth
the 1imiting dose for restricted areas.

Since radiation protection guides for the general public are based on averages over a
period of 1 year or longer, the evaluation of long-term average exposures should include
consideration of reasonable annual occupancy factors as well as the variability of the

exposure rates.
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3.3.2.2 Other Requirements

EPA Uranjum Fuel Cycle Standards

Federal Reorganization Plan No. 3 of 1970 specifically transferred to the Environmental
Protection Agency (EPA) the authority to establish standards for "quantities of radioactive
materials in the environment." Under this authority, EPA in 1977 issued regulations
(40 CFR 190) prescribing "Environmental Radiation Protection Standards for Nuclear Power

Operations," which read in part:
190.02 Definitions

(b) "Uranium fuel cycle" means the operations of milling of uranium ore, chemical
conversion of uranium fuel, generation of electricity by a light-water-cooled
nuclear power plant using uranium fuel, and reprocessing of spent uranium fuel,
to the extent that these directly support the production of electrical power for
public disposal sites, transportation of any radioactive materials in support of
these operations, and the reuse of recovered non-uranium special nuclear and
by-product materials from the cycle.

190.10 Standards for Normal Qperations

Operations covered by this Subpart shall be conducted in such a manner as to pro-
vjde reasonable assurance that:

(a) the annual dose equivalent does not exceed 25 millirems to the whole body,

75 millirems to the thyroid, and 25 millirems to any other organ of any member of
the public as the result of exposures to planned discharges of radioactive mate-

rials, radon and its daughters excepted, to the general environment from uranium

fuel cycle operations and to radiation from these operations.

(b) the total quantity of radioactive materials entering the general environment

from the entire uranium fuel cycle, per gigawatt-year of electrical energy pro-

duced by the fuel cycle, contains less than 50,000 curies of krypton-85,

0.5 millicuries of iodine-129, and 0.5 millicuries combined of plutonium-239 and

other alpha-emitting transuranic radionuclides with half-1ives greater than one

year.

By definition these regulations do not apply to transportation or operations at waste
disposal sites but do apply to reprocessing of spent uranium fuel for reuse in the genera-
tion of e]ectricity.(a) Where applicable these regulations supersede the related por-
tions of 10 CFR 20. The basis for the numerical values given was a cost/benefit analyses
of expected reductions of estimated environmental doses and consequent "health effects"

versus estimated dollar costs of additional effluent treatments.

‘Clean Air Act Amendments of 1977

The 1977 amendments to the Clean Air Act specifically required the EPA Administrator
to determine whether emissions of radioactive pollutants will cause or contribute to air
pollution which may endanger public health. The Administrator has made an affirmative

(a) EPA is presently developing radiation protection standards for the disposal of
high-level waste. In addition, NRC has published an Advanced Notice of Proposed
Rulemaking relative to their technical criteria for geologic disposal of high-level
waste.
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finding and listed radionuclides as hazardous air pollutants under Section 112 of the Act
(44 FR 76738, December 27, 1979). EPA must now propose regulations establishing emission

standards for radionuclides.

Marine Protection, Research and Sanctuaries Act of 1972. Public Law 92-532

Dumping of any material into ocean waters is permitted only pursuant to a permit from
EPA, or, for dredged material, the Corps of Engineers. The Act specifically precludes issu-
ance of a permit for dumping of high-level radicactive waste.

Department of Energy Requirements

Other than the quarterly fractionation of the Nuclear Regulatory Commission dose
1imits, and with minor exceptions for specific body organs, the limiting dose criteria of
10 CFR 20 are the same for Department of Energy operations, as given in ERDA Manual Chap-
ter 0524 (ERDA 1975). Any new facilities for commercial high-level waste management are
expected to be licensed by the Nuclear Regulatory Commission.

State Regulations

Under Section 274 of the Atomic Energy Act of 1954 as amended, a number of states and
the Nuclear Regulatory Commission have executed agreements that permit a state to grant
licenses for the control of specified nuclear activities within the state boundaries. Pro-
duction and utilization of special nuclear materials and Federal facilities are specifically
excluded. Examples of state-licensed activities are the commercially operated low-level
waste burial sites at Barnwell in South Carolina and at Hanford in Washington. Although
each agreement state may establish its own inventory limits and administrative, surveil-
lance, and reporting requirements, the same basic radiation protection standards apply as
for Federally licensed facilities. Further, under provisions of the Clean Air Act Amend-
ments of 1977, the states may set standards for radioactive emissions in the air which are

more stringent than Federal standards.

EPA Waste Management Standards

The Environmental Protection Agency is responsible for developing standards applicable
to all Federal radioactive waste management programs; these standards will be implemented
in NRC regulations. EPA has published for public review the initial formulations of their
standards.

In commenting on the draft of this Statement the EPA stated that they are presently
proposing criteria and standards for radioactive waste management. These criteria and
standards will be applicable to any disposal of high-level waste or spent nuclear fuel,

NRC Rules for Licensing of Geologic Repositories

The Nuclear Regulatory Commission has the statutory authority to license facilities
used primarily for the receipt and storage of high-level radiocactive wastes resulting from
activities licensed under the Atomic Energy Act of 1954 and the Energy Reorganization Act
of 1974, The Commission has indicated that regulations c:rering the licensing of De-
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partment of Energy disposal facilities will be issued as Part 60 of Chapter 10 of the Code
of Federal Regulations (10 CFR 60). The procedural part of the NRC regulations was
published for comment on December 6, 1979. It is expected that the technical portion of
the regulations will be published for comment in late 1980.

DOT Regulations

Regulations governing the packaging, labeling, and shipping of radioactive materials,
including radioactive wastes, are given in Title 49 of the Code of Federal Regulations
and are too voluminous to be reproduced here. Included are descriptions of approved
shipping containers for various quantities and types of radioactive materials, including
performance criteria for protection against accidental damage. Limits on external levels

of radiation are provided.
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3.4 RISK AND RISK PERSPECTIVES

The potential environmental impact of nuclear waste isolation is often judged on the
basis of a variety of risk and/or perceived risk issues. In this Statement, risk is defined
as "probable loss." It is defined as the sum product of the magnitude of losses (the conse-
quences) and the probability that these losses will occur. As defined, it does not dis-
criminate between present or future events or between those of low probability/high magni-
tude and of high probability/lesser magnitude. Ordinary use of the term risk is not always
consistent with this definition. For example, events of large magnitude, no matter how
improbable, may be termed a large risk simply because of the size of the consequence.
Similarly, when considerable uncertainty surrounds the estimate of probability or conse-
quence, it might be said that a large risk is present. In both of these cases, the
expected or most probable loss may be quite Tow.

Historically, society has tended to concentrate on minimizing the occurrence of high
consequence events while giving little attention to low consequence events. An example is
the required FAA safety certification of airplanes versus the relatively minor safety
requirements for automobiles (seatbelts, safety glass, etc.). Americans are killed by the
tens of thousands per year in auto accidents and by hundreds in airplanes. Yet it appears
much more attention if not concern is given to 100 plane deaths than to 100 auto deaths.

There is justification for placing attention on potential catastrophic events if such events
could affect society's ability to recover from the catastrophic events. However, it is
important to keep in mind that the amount of risk is not the only consideration in society's
assessment of risk. Consideration of the benefit associated with that risk (or why the risk
is being taken) also places the risk in perspective. The risk analyses in this Statement

do not attempt to quantify the benefit associated with the generation of electricity which
results in the production of nuclear waste.

This Statement considers the societal risk of the predisposal waste management techno-
logies, the risk of operating a repository and the risk of long-term loss of containment or
isolation. Two approaches to analyzing long-term risk are presented below: comparative
hazard indices for both radioactive and non-radioactive materials including nuclear wastes,
and the long-term analysis and risks associated with various scenarios for the release of
radionuclides from deep geologic burial to the biosphere (consequence studies).

3.4.1 Hazard Indices

Hazard indices are based on estimates of potential risk of released radionuclides com-
pared to other risks. The hazard indices can show whether the quantities of toxic radioac-
tive waste exceed the toxic quantities of other chemicals and substances routinely handled
in our society. A number of hazard indices have been developed which are useful in varying
degrees in characterizing the risk. They are summarized in Appendix H of Volume 2. Hazard
indices associated with radioactive materials are considered useful to the extent that the
comparisons inform the reader about the magnitude of hazard compared to more familiar
hazards.
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One such hazard index is based on the amount of water required to bring the concentra-
tion of a substance to allowable drinking water standards. In the present case the amount
of water required to bring the quantity of uranium ore (0.2% U308) necessary to make 1 MT
of reactor fuel to drinking water standards (7 x 10'2 g/y ) was used as a basic hazard index.
Assuming enrichment of 235U to 3%, about 3,400 MT of ore would be required (95% recovery to
make 1 MT of fuel. The hazard index of natural uranium of this quantity of ore is
8.7 x 107 m3. The hazard index of the radionuclides in 1 MT of spent fuel was calculated
based on 10 CFR 20 drinking water standards and summed for various times after the spent
fuel was removed from the reactor. The hazard index for high-level waste from uranium-
plutonium recycle was calculated in a similar way. Division by 8.7 x 107 m3 made the
hazard index relative to 0.2% uranium ore. In addition the hazard index of various ores was
calculated relative to the volume of uranium ore equivalent to 1 MT of reactor fuel. These

indices are presented in Table 3.4.1.

TABLE 3.4.1. The Relative Toxicity (Hazard) of Various Ores
Compared to U Ore (0.2%)

Type of Qre Average Ore Rich Ore
Arsenic 1 10
Barium 5 20
Cadmium 28 120
Chromium 170 230
Lead 40 100
Mercury 460 3800
Silver 1 7
Selenium 70 220

The hazard index for spent fuel and high-level waste is shown in Figure 3.4.1,
together with similarly developed hazard indices for ranges of common ores.

As seen in Figure 3.4.1 the hazard index for spent fuel or reprocessing waste from
uranium-plutonium recycle relative to the ingestion toxicity of the volume of 0.2% uranium
ore necessary to produce 1 MT of reactor fuel is on the order of that for rich mercury ores
at about 1 year after removal of the spent fuel. The hazard index is on the order of that
for average mercury ore at about 80 years. By 200 years the index is about the same as
average lead ore. By 1500 years the relative hazard index for high-level waste is the same
as the ore from which the fuel was made. For spent fuel the relative hazard index is about
the same as the ore from which it came at about 10,000 years.

It is not suggested that spent fuel or high-level waste are not toxic. They are highly
dangerous if carelessly introduced into the biosphere. It is, however, suggested that where
concern for the toxicity of ore bodies is not great, then spent fuel or high-Tevel waste
should cause no greater concern particularly if placed within multiple-engineered barriers
in geologic formations at least as, if not more, remote from the biosphere than these common
ores.
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FIGURE 3.4.1 Toxicity of Spent Fuel and Reprocessing Waste from Uranium-Plutonium
Recycle Relative to 0.2% Uranium Ore Necessary to Produce 1 MT of
Reactor Fuel

Hazard indices generally neglect major confinement features such as the waste concen-
tration (Hi11 1977, Lash 1976), release mechanisms and dynamics (de Marsily 1977), and
aspects of the food chain pathways. The hazard indices for the most part do not character-
jze the population exposures associated with conceivable natural and man-induced disruptive
events--the key aspects of a risk assessment.

3.4.2 Consequence Analysis and Risk Assessment

Consequence analysis is the estimation of the effects of postulated accidental releases
of radionuclides. Risk assessment is the calculation of the consequences of the spectra of
possible accidental releases multiplied by their probabilities and summed to give a total
risk. In this sense, the EIS does not present a complete risk assessment. The technique
for such an assessment is still under development.
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Since long-term repository containment cannot be demonstrated by short-term test,
mathematical models must be relied on to predict the long-term behavior of the repository.
Risk assessment is thus dependent on the development of reasonable predictions of the long-
term behavior of the processes and phenomena that could occur within the repository system.
The risk assessment under development for geologic isolation is taking the form described
in the following methods.

3.4.2.1 Disruptive Events

Many geologic events and processes occur because of the long-term motion of the earth's
plates with their associated stresses and strains, and by the action of long-term weather
patterns associated with a variety of astrophysical and earth phenomena. Many of these phe-
nomena are predictable (usually with an element of randomness); others can only be assigned
an estimated site-dependent probability of occurrence. More specifically the key interest
in predictive modeling is whether a site (selected by virtue of historical stability) will
change to an unstable area (e.g., active faulting, volcanism, significant ground- and/or
surface-water activity, etc.).

Potential disruptive phenomena that could affect a repository have been categorized as
natural processes, natural events, man-caused events and repository-caused processes and
are listed in Table 3.4.2.

The science of geology has tended to concentrate on predicting the location of ores and
fossil fuels and to explain the structure of the earth. Nuclear waste isolation appears to
be the first subject of large interest in long-term predictive geology. Many geologists
have recently been engaged in the development of suitable predictive geologic models and/or
scenarios. This research js concentrating on specific sites as well as global processes.

To be complete, risk assessment must include all significant sources of risk and must
predict the condition of the repository and surrounding area following failure, the time of
failure occurrence and its probability of occurrence. This evaluation is called "Scenario
Analysis" (Burkholder 1978, Greenborg et al. 1978). In general, these evaluations employ
models that are very complex and require the capabilities of electronic .data processing.
Confidence in the models can be increased by comparing the results of the models to natural
systems which exist and adjusting the models until a reasonable degree of conformance is
reached. This concept of calibration and verification has been employed in the hydrology
models discussed below.

3.4.2.2 Lithosphere/Atmosphere Transport

This risk assessment process includes both 1ithospheric (by ground water) and atmos-
pheric (by airborne and other surface processes) radionuclide transport analysis. The
physicochemical processes governing ground-water movement and transport.of pollutants are
sufficiently understood that mathematical models can be formulated. However, these models
require measured physicochemical parameters representing the specific site in order to simu-
late the system. These data are seldom adequate in terms of quantity and quality. However,



Natural Processes

Natural Events

Man-Caused Events

TABLE 3.4.2. Potential Disruptive Phenomena for Waste Isolation Repositories

Repository-Caused Processes

Climatic Fluctuations
Sea Level Fluctuations
Glaciation

River Erosion
Sedimentation
>Tecton1c Forces
Volcanic Extrusion
Ignéous Intrusion
Diapirism

Diagenesis

New or Undetected
Fault Rupture

Hydraulic Fracturing
Dissolution

Aquifer Flux Variation

e Flood Erosion

e Seismically Induced
Shaft Seal Failure

o Meteorite

Improper Design/Operation:

e Shaft Seal Failure

o Improper Waste Emplacement

Undetected Past Intrusion:

e Undiscovered Boreholes or Mine Shafts
Inadvertent Future Intrusion:

e Archeological Exhumation

e Weapons Testing

e Nonnuclear Waste Disposal

e Resource Mining (mineral, hydrocarbon,
geothermal, salt)

e Storage of Hydrocarbons or Compressed
Air

Intentional Intrusion:

e War

e Sabotage

e Waste Recovery

Perturbation of Ground-water System
e Irrigation-

® Reservoirs

e Intentional Artificial Recharge

e Establishment of Population Center

Thermal, Chemical Potential,
Radiation, and Mechanical Force
Gradients:

Induced Local Fracturing

Chemical or Physical Changes
in Local Geology

Induced Ground-water Movement
Waste Container Movement
Increase in Internal Pressure

Shaft Seal Failure

ov-¢
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those data that can reasonably be obtained can be combined with a model to gain valuable
insight. Some ground-water and transport models have been calibrated (Gupta and Pinder
1978, Kipp et al. 1976, Cole 1979) through adjustments of parameters to simulate measured
behavior and thus can be used with some confidence in forecasting. These models have also
been verified (Kipp et al. 1976, Ahlstrom 1977, Robertson 1977) by showing that they dupli-
cate past trends in water table changes and contaminant transport in field situations.

Similarly airborne transport of ejected or reentrained radionuclide aerosols, subse-
quent uptake by biota, food chain pathways and exposure to and ingestion by man can be
evaluated for specific sites.
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3.5 NONTECHNICAL ISSUES

Many of the issues concerning the management and disposal of radiocactive waste do not
confine themselves to strictly technical aspects of the problem. "Nontechnical issues”
refers to broad social, political, and institutional concerns. This discussion is, in large
part, based upon a Conference on Public Policy Issues in Nuclear Waste Management and on a
recent report (Hebert et al. 1978).

The first part of this discussion organizes the nuclear waste issues into a smaller
subset of issues and describes various positions on the issues. Further, the response to
the issues raised by government agencies is discussed. The second part of this discussion
examines in detail two areas of concern: short-term institutional arrangements and insti-
tutional arrangements for the long term.

3.5.1 Social Issues

A major issue concerning some people is the balancing of risks and benefits between
this generation and future generations. One position on the issue is: at present transfor-
mation of the long-lived radioactive wastes into more short-lived forms is not feasible.

As a result, future generations will have a burden of surveillance and monitoring, of risk
to health and safety, and of corrective action should a containment breach occur, either
from human or natural causes. Those holding this view state since this burden is difficult
to specify and since the nation can afford to forego nuclear power benefits, production of
more wastes would be morally irresponsible. An opposite position stresses that the risk
exported to future generations is not unique to radioactive waste, is lower than commonly
accepted risks, is a threat to relatively few people, and is Tow because of manmade and geo-
logic barriers. Such low risk does not constitute an unfair burden given the benefits of
nuclear power. A third position on this issue takes a more global view., Those with this
view state that the issue of waste should be considered in the context of the benefits and
costs and risks of all energy sources, not just nuclear power. For example, the problem of

nuclear wastes should be viewed in the context of the benefit of preserving fossil fuels for

future generations.

The issue of distribution of risk between generations is being examined by the Depart-
ment of Energy and also by EPA and NRC. Early draft criteria by EPA have been explicitly
concerned with this problem and reviewed in a public workshop held in Denver on March 30,
1980 (43 FR 2223). In his February 12, 1980 message on waste management, the President
stated that his paramount objective is to "protect the health and safety of all Americans,
both now and in the future." The Department of Energy in its Statement of Position on the
Waste Confidence Rulemaking Hearings (DOE-NE-0007) takes recognition of this issue in its
stated performance objectives, especially Objective 2, which specifies isolation for
10,000 years with no prediction of significant decrease in isolation thereafter, and Objec-
tive 5, which stresses conservatism in technical approach to provide assurance that regula-
tory standards can be met.
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A second issue involves the need for candor. Concern has been expressed that informa-
tion provided by the government and the nuclear industry concerning such events as the leaks
at the Hanford, Washington, site has not been timely or relevant. However, since the mid-
1950s there has been a large number of technical articles on nuclear power. Some take this
as evidence of candor, while others see the flood of articles as an attempt to confuse the
layman and increase reliance on the technical expert.

The President, in his February 12, 1980 message, noted that past governmental efforts
to manage radioactive wastes have neither been technically adequate, nor have they suffi-
ciently involved states, local governments and the public in policy and program decisions.
The message established a program with mechanisms for full participation of these groups and
continuous public review. The Department of Energy is fully committed to this program.

A third issue, public involvement, was a major topic at the Conference on Public Policy
Issues (NSF 1976). Panelists at this conference generally agreed with the position that any
person, group, or institution wanting to be involved in nuclear waste policy decisions has
that right. Conference participants also pointed out that public participation does not

guarantée sensible decisions nor an enhanced understanding of the issue. While general
agreement was that final decisions should rest with the Federal government, some urged very
strong public input on nuclear waste decisions via such mechanisms as state initiatives.

As stated above, the President's message has mandated full public participation in
waste management policy decisions. Prior to this message, the Department of Energy held
five public meetings in various regions of the country to seek public comment on the draft
of this Statement in addition to the usual written comments. As a result of this input,
this Final Statement has undergone extensive revision. Volume 3 of this Statement documents
the extent of this revision. Further, the Interagency Review Group (IRG) received extensive
public comment on their report dealing with nuclear waste management policy.

A fourth issue is that of uncertainty. Uncertainty pervades the technical and non-
technical discussion about nuclear waste. The major uncertainties relating to nuclear waste
involve: 1) effects of small doses of radiation received at 10& dose rates over a long
time, 2) uncertainty about the ability to isolate nuclear wastes from the biosphere, and
3) uncertainty about human fallibility and malevolence. Some react to the uncertainty with
caution and may urge a go-slow approach to waste isolation, while others feel that the
uncertainties are sufficiently low to proceed with a waste isolation and disposal program.

In its Statement of Position for the "Waste Confidence" Rulemaking (DOE-NE-0007) the
Department of Energy proposes a technically conservative approach to compensate for the
perceived uncertainties in the ability to predict natural phenomena over long periods of
time. The approach will utilize conservative design parameters, large margins for error,
and multiple engineered and natural barriers in a step-by-step approach to implementation
which will permit the capability of corrective action, should processes not operate as

expected.

A fifth issue is that of equity. Some feel that those who live near a waste repository
may be said to bear a greater risk in proportion to their benefit than do those remote from
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the repository. Some feel that those near the repository may not even benefit from the
nuclear power which produced the waste. Another position stresses that people indirectly
benefit from nuclear power because they buy products made with electricity from nuclear
power and, therefore, such equity issues are less valid.

The Department of Energy is considering the feasibility of regional repositories,
(i.e., repositories which serve the needs of the surrounding region) partly in response to
concerns about equity (see discussion in Section 5.3). Under various scenarios there will
be a need for more than one repository for a nuclear economy of 250 GWe by year 2000 (e.qg.,
Case 3 in Section 3.2}.

Concern about safeguards is a sixth issue. This concern hinges largely, though not
exclusively, on the fact that plutonium, produced in the process of nuclear power produc-
tion, is used in nuclear weaponry. Commercial fuel cycles which separate plutonium or other
material with potential use in weapons raise the concern that they might be used for clan-
destine weapons development., Accounting for such material has been seen by some as inade-
quate. Some also worry that security against nuclear threats can only be achieved by
intolerable infringements on personal freedom, while others feel that this is not the case.
There is also a large difference in the perception of how difficult it is to build a bomb,
ranging from the belief that one only needs access to a public library to a belief that it
is a highly risky and technically challenging task requiring a sophisticated manufacturing
capability.

The Department of Energy has an active research program for developing and improving
safeguard and physical security methods that deal with transportation, storage and handling
of radioactive materials. The NRC has promulgated and enforced safeguards and physical pro-
tection regulations for special nuclear materials such as plutonium (10 CFR 73).

Alternatives to nuclear power form a seventh issue area; that is, how one perceives
conservation and other energy production alternatives affects perceptions of nuclear waste.
The belief that cheaper, safer, less-polluting alternatives to nuclear power are available
would incline the holder of that belief to oppose the production of nuclear wastes. Some,
however, feel that nuclear power is superior to currently available technologies and there-
fore are willing to accept the radioactive waste problem. Even if no further nuclear weap-
ons production or power generation occurred, an inventory of wastes from past activities
would need to be stored or disposed.

In its Statement of Position at the "Waste Confidence" Rulemaking, the Department of
Energy proposed in Objective 7 that disposal concepts selected for implementation should be
independent of the size of the nuclear industry (DOE/NE-0007). This is in accord with the
President's statement of February 12, 1980, which requires that waste disposal efforts pro-
ceed regardiess of future developments in the nuclear industry. This EIS examines 5 cases
of nuclear development ranging from termination of nuclear power in 1980 to full development
to properly assess nuclear waste management systems (see Chapter 7).
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An eighth issue area is the transportation of nuclear waste material. Concerns about
accidents, sabotage, and thefts of material in transit are at the core of these concerns and
so relate to the issues previously mentioned.

The U.S. Department of Transportation (DOT) is currently in a rulemaking process con-
cerning transportation of high-level nuclear wastes (45 FR 7140). Further, current regula-
tions of both DOT and NRC are considered to adequately protect public health and safety
(49 CFR, Parts 173 and 177).

The irreversibility of geologic waste disposal is the core of a ninth issue. The argu-
ment has been made that because of its apparent irreversibility we should delay implementing
geologic isolation until we are more certain that the wastes will not be used now or in the
future. Other arguments for delay include keeping the wastes retrievable for 20 to 30 years
in case something goes wrong in the repository or in case a better method is devised in this
period. However, the argument has also been made that disposal methods that are technically
impossible to reverse offer the best solution to isolating the wastes from man.

In its Statement of Position (DOE-NE-0007) of April 1980, the Department outlined its
nstep-wise" approach. This conservative approach would store a limited quantity of material
under well understood conditions and then proceed in a series of small steps so that the
material could be retrieved should unanticipated problems make the system unacceptable. NRC
has also reflected this approach in a recently issued draft of possible technical regula-
tions which would require the capability of retrievability for 50 years after emplacement
operations have ceased. The ability to retrieve the wastes during the initial periods of
operation is seen as one of the main advantages of mined geologic repositories.

The tenth issue area involves the distinction drawn between commercial and military
wastes. Some have argued that no distinction should be made on the constraints of the man-
agement of the two wastes, while others have argued that they should be kept distinct
because of the very different physical nature of the wastes.

The Presidential message of February 12, 1980 specifically directs that the radioactive
waste management program seek to isolate and dispose of wastes from both civilian and mili-
tary activities.

International responsibilities form an eleventh area of concern. The waste issue is
larger than U.S. boundaries because of technology export and import of wastes and because
of possible international solutions to the waste problem. Worldwide releases of radio-
activity may cause health and genetic problems which respect no national boundaries. Fur-
ther, concern has been expressed that in lesser developed countries, cost concerns could
lead to an inadequate waste management plan. Since much of the nuclear waste is now pro-
duced in foreign reactors, some of which are U.S. exports, the argument has been made that
the U.S. must show leadership in solving the nuclear waste problem. An international waste
management authority has been proposed to handle these problems.

The Department of Energy is mindful of international responsibilities for nuclear waste
and is participating in a number of bilateral and multilateral programs to deal with nuclear
waste. Examples are a cooperative investigation with Sweden at a mine in Stripa, Sweden, a
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cooperative agreement with the Federal Republic of Germany for exchange of technical infor-
mation on waste disposal, and active participation in the International Atomic Energy
Agency (IAEA).

A twelfth issue area is that of cost of waste management. Participants in the Confer-
ence on Public Policy Issues on Nuclear Waste Management showed general agreement that we
must be willing to pay for an adequate disposal system. Some fear that adequate charges
will not be assessed to provide perpetual care. Current regulations require a fee to be
paid to the government at the time of transfer of the waste to Federal custody, although the
size of this fee has not been determined.

The President's message of February 12, 1980 specified that "all cost of storage,
including cost of locating, constructing and operating permanent geologic repositories will
be recovered through fees paid by utilities and other users of the services and will ulti-
mately be borne by those who benefit from the activities generating the wastes."

A final issue area, discussed more fully below, concerns institutions for controlling
and managing nuclear waste. These concerns relate both to the short term, i.e., the period
of time up to the closure of a waste repository, and to the long term, i.e., the period fol-
Towing closure for the hundreds of years during which the potential hazards of the waste
remain. Some individuals contend that past mishaps and leaks involving military wastes are
a basis for regarding the current institutional arrangements as inadequate. Others judge
that current institutions have done an adequate job or that new arrangements will lead to
better waste handling. Further the ability of institutions to monitor disposed waste in the
long term is a key part of the issue area, Some feel that technical considerations will
make such long-term monitoring unnecessary, while others feel that the waste has to be moni-
tored for as long as 200,000 years and would be a formidable task. A more intermediate
view is that monitoring might be required for several hundred years.

In the Department of Energy's Statement of Position for the NRC "Waste Confidence"
Rulemaking (DOE/NE-0007), a proposed objective of the program was to provide reasonable
assurance that wastes will be isolated from the environment for at least 10,000 years with
no prediction of significant decrease in isolation beyond that time. Further governmental
concern for this issue is shown by the proposed EPA criterion that a waste disposal system
cannot rely on human institutions for a period of more than 100 years (42 FR 53262).

3.5.2 Institutional Issues

The following two sections briefly expand on short-term and long-term institutional
concerns., These two sections discuss institutional concerns without reference to scale of
the waste management system. Some have argued that institutional issues may potentially
become much more severe with increasing scale (LaPorte 1978).

3.5.2.1 Short-Term Concerns and Institutional Design

Technical solutions to waste management problems are not self-implementing. They
require institutions, either those existing or ones yet to be created, to make them work.
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Setting up a waste management program therefore requires institutional choices: whether to
rely on existing organizational arrangements or to develop new ones. This section discusses
some considerations regarding choice of one or another set of organizational arrangements
for waste management. Additionally, the institutions discussed below should function in
conjunction with the engineered design as part of the overall waste management system.

The Department of Energy (DOE) is currently responsible for establishing programs lead-
ing toward the treatment, storage, and disposal of nuclear wastes. The Environmental Pro-
tection Agency is responsible for setting generally applicable environmental standards for
radioactive waste (3 CFR). The Nuclear Regulatory Commission is responsible for implement-
ing these standards, establishing regulations and policies, and licensing commercial waste
management facilities (10 CFR 20 301, 42 U.S.C. 5842). State governments (in agreement
states) license and regulate low-level burial sites (42 U.S.C. 2021). The Department of
Transportation (DOT) shares responsibility for regulation of the transportation of wastes
with NRC (38 F.R. 8466, March 22, 1973).

A number of organizational options are available for the management and disposal of
nuclear waste. Below are listed four such options: 1) Federal agency; 2) government cor-
poration; 3) government-owned, contractor-operated facility; and 4) contractor-owned,
contractor-operated facility. In a Federal agency, waste management functions would be
performed directly by Federal agency employees who are ordinarily members of the Federal
civil service. A government corporation is a Federally chartered organization with its own
legal personality distinct from that of the Federal government. It is exempt from civil
service rules, thus allowing the managers of the corporation to retain control over all
aspects of personnel management. A government-owned, contractor-operated arrangement is
similar to the government corporation, especially in the private contractor's flexibility
with respect to personnel practices and financial systems. A contractor-owned, contractor-
operated arrangement differs chiefly in that the contractor's financial commitment is much
heavier than under a government-owned, contractor-operated arrangement.

In addition to consideration of organizational options, a knowledge of the basic
regulatory functions is useful in assessing the adequacy of institutional arrangements for
managing and disposal of nuclear waste. The function of regulating the commercial nuclear
waste management system includes the tasks of standard-setting, licensing, technical
review, inspection, and enforcement. Below is a brief discussion of each task.

Standard-setting and licensing are often done by the same organization. Sometimes,
however, one agency (such as EPA) has the task of setting general rules for how tasks must
be done (performance standards), while another agency (such as NRC) has the task of applying
those general standards to a specific case, and of granting a license to operate when proper
coﬁditjons have been met.

A technical review of a proposed action for its scientific adequacy may increase the
safety of the waste management system by helping to avoid errors at key decision points.
Reviewer independence is a valuable attribute; it reduces the opportunities for bias and,
hence, the chances that a review will become automatic approval.
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Inspection, the regular checking of the actual waste management operation to ensure
that it is being performed in the proper manner, is one of the most critical functions in
the entire waste management system., If other parts of the system break down, a good inspec-
tion system will detect them. If the inspection system itself fails, no one will know
whether or not the waste management system is reliable.

The character of the enforcement function depends on whether private or public organi-
zations are the target. In the case of private organizations, credible penalties, such as
fines and license revocation, are available. But these sanctions cannot be expected to have
the same effect on public organizations, which are less influenced by economic incentives.

3.5.2.2 Institutions in Long-Term Nuclear Waste Management

A number of concerns have been raised regarding the role that human institutions may
have in the long-term management of nuclear wastes. Controversy exists concerning: 1) the
need for any human institutions to be involved in Tong-term management, and 2) whether human
institutions could actually carry out any functions that might be required of them over the
long term.

These discussions are speculative. Historical examples of the behavior and durability
of human institutions are the only data that can be applied to the speculations about the
potential future stability and performance of institutions. However, to predict what the
world will be like 50 to 100 years from now, let alone in several centuries, is very
difficult.

Human institutions might enhance safety by accurately predicting the occurrence of the
natural events which could compromise the repository (e.g., earthquakes, floods), and in
responding to them to reduce consequences. Control over these massive events is not Tikely.

Human actions that might produce a release of radioactive material from a repository
have been grouped into three categories: 1) major catastrophic events, such as nuclear war,
2) direct action against the repository, such as sabotage, drilling and exploration, and
excavation, and 3) lapses in monitoring, such as being unaware of a breach in the
containment.

Three sets of factors appear pertinent in assessing the institutional role in long-
term waste management: 1) the functions that can or should be performed by the institu-
tions, 2) the subjective need for these functions, and 3) the likelihood that the functions
will be performed at any given point in time.

Three general categories of functions might increase the safety of a waste repository
and mitigate the consequences of potential accidents:

1. Control and management--including monitoring of security and physical integrity,
performance of routine physical plant maintenance, and maintenance of a staff of
people qualified to carry out technical tasks at the disposal site.
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2. Monitoring--including observation of seismic, thermal, and radiological conditions
to detect any releases or significant changes in site integrity.

3. Information transfer--including maintenance of records and data about the reposi-
tory and its contents. Such information would be needed to effect repair of a
site, to warn future generations about the dangers of the wastes, to inform
people about the resource value of the contents, and to prevent an intrusion into
the repository at some time in the distant future.

It has been suggested that human institutions could provide an increment of safety if
monitoring, surveillance, and security operations are carried out during the first few cen-
turies after a repository is closed. Human activites would provide a backup to the engi-
neered system. This backup system would have the function of predicting the occurrence of
natural hazards, preventing human intrusions, and responding to any anomalies that occurred
at repository sites. These last two functions were seen by some to be especially signifi-
cant in the mitigation of repository accidents.

Predictions are very difficult to make with certainty about whether future societies
would find the task worthwhile to support institutions to carry out the functions noted
above. It has been argued that it is up to future generations to decide for themselves
whether to carry out these functions. Predictions are also impossible to make on whether
information can be conveyed across millenia, or whether organizations can be established
that could last for such time periods. The focus of assessment has been to analyze any evi-
dence to suggest that if organizational and institutional continuity were necessary, could
institutions be established in the present that might survive long enough to carry out their
tasks?

The analysis of these issues is, of necessity, purely speculative, and based on histor-
ical examples that provide no firm basis for making predictions. However, some examples
suggest that complex information in abstract form can be maintained over thousands of
years.(a) The sacred books of major religions and the hieroglyphics of ancient Egypt are
examples. Furthermore, many functional organizations, such as the U.S. Government, have
survived for a century or more while carrying out roughly the same tasks. A few, such as
the British political system, have survived for nearly a millenium. Of course, how much

jnformation has been lost in historical times is not known.
The principal conclusions of this analysis are:

e There are no reasons in principle to indicate that human institutional functions
cannot survive for hundreds of years, given reasonably stable political systems.
However, no strong evidence exists that such functions will, in fact, survive.

e Technical information can be maintained for a very long time if a culture remains
literate and the information has a continuing utilitarian value.

® MWaste management systems adopted in the present time period should place minimal,
if any, reliance on any human management after the repository is closed.

(a) Additionally, no prior known civilization has had both the mass education and com-
munication systems that presently exist.
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CHAPTER 4

PREDISPOSAL SYSTEMS

After radioactive wastes are generated and before their disposal, several predisposal
operations are required. The combination of these operations is referred to in this State-
ment as the predisposal system. The system operations include treatment and packaging to
prepare the waste for the specific requirements of a disposal option, interim storage if the
treated waste cannot be shipped immediately to a disposal site, and shipment to interim sto-
rage and/or to a disposal site. Decommissioning of the waste management facilities,
although not a predisposal operation, is discussed in this chapter because it produces
wastes which must be managed in a manner similar to those wastes produced by fuel reproces-
sing and MOX fuel fabrication plants.

This chapter provides examples of processes and facilities that could be used to carry
out these predisposal operations for both the once-through cycle and the reprocessing cycle.
The processes and facilities described here are not dependent to a significant degree on the
size of the nuclear system served. For each required step, one or more concepts have been
examined in detail to characterize the environmental impacts of construction, operation and
decommissioning, the impacts of potential accidents, the dollar cost of construction and
operation, and the safeguard requirements. Summary results of these evaluations are pre-
sented here. Detailed results are available in DOE/ET-0028 and DOE/ET-0029.

A1l of the concepts evaluated here are considered to represent available technology;
that is, enough information is available to initiate design and construction of full-scale
facilities, although varying degrees of design verification testing may be required. Brief
descriptions are also provided of a number of alternative high-level waste treatment con-
cepts that do not represent available technology but have attractive attributes that make
them potential alternatives.

4.1 RELATIONSHIP OF PREDISPQSAL OPERATIONS TO DISPOSAL AND PROGRAM ALTERNATIVES

The relationships of the predisposal operations to the unique system requirements for
each disposal alternative, for both the once-through and the fuel reprocessing cycles, are
described in this section. The individual components of the predisposal systems are then
described and analyzed in subsequent sections.

4.1.1 Predisposal System for the Once-Through Cycle

A simplified diagram of the predisposal waste management system for spent fuel in the
once-through fuel cycle is shown in Figure 4.1.1. For the example predisposal system
assumed here, the spent fuel is stored at the reactor storage basins for a minimum of
5 years. The fuel may be stored there for a longer period if a disposal facility is not
available and if capacity is available at the reactor. The fuel is then shipped to a
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FIGURE 4.1.1 Predisposal Waste Management System for Spent Fuel
in the Once-Through Fuel Cycle

treatment and packaging facility if a disposal facility is available. If a disposal
facility is not available, the fuel is assumed to be shipped to an away-from-reactor (AFR)
storage faci]ity.(a) When a disposal facility is available, the fuel is shipped there for
treatment and packaging prior to disposal. Alternative approaches include having packaging
facilities located separately from disposal facilities with extended storage of packaged
fuel before disposal.

The types of operations and facilities considered in this Statement for each of the
disposal alternatives are identified in Table 4.1.1. This table shows that the initial
storage and shipment operations are identical for all of the disposal alternatives. The
differences in the predisposal systems are in the treatment and packaging and final shipment
to disposal. Four of the eight alternatives to mined geologic disposal can utilize the same
treatment and packaging options as mined geologic disposal; however, three of these require
ocean ship tfansport to the final disposal site. Four of the alternatives can only be uti-
lized in the once-through cy..ie. if the ~pent fuel is first dissolved as in a reprocessing
cycle. Two of these alternatives require disposal as liquid k':;h-level waste. In these two
cases, no shipment to disposal is required because cne treatment facility and the disposal
facility are located on a common site. The transmutation alternative requires, in addition

¢ to dissolution of the fuel, complex chemical partitioning, target fabrication, and irradia-
tion. Space disposal requires, in addition to dissolution of the spent fuel, a process to
convert the liquid waste into an encapsulated solid material. All of the alternatives that
utilize a dissolution process would also generate considerable quantities of miscellaneous
TRU waste. These would require the same treatment and handling as the comparable wastes
produced in the reprocessing cycle described in the next subsection.

(a) AFR storage facilities were referred to as independent spent fuel storage facilities
(ISFSFs) in DOE/ET-0028 and DOE/ET-0029.
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Predisposal Operations and Alternatives for Once-Through Cycle Disposal

Options

Shipment Shipment Shipment

Disposal to Interim Interim to Treatment and _to
Option Storage Storage Treatment Packaging Disposal

Mined geologic Rail and Truck Water basin Rail and truck Encapsulate indi- None if
vidual assemblies onsite or

rail if

of fsite

Very deep
holes
Rock melting

Island

Subseabed

Ice sheet

Well injection

Transmutation

Injection into
Space

Same as above

Same as above

Same as above

Same as above

Same.as above

Same as above

Same as above

Same as above

Alternatives
include pack-
aged fuel
storage in:

° ny wells

e Air cooled
vaults

e Surface
casks

Same as above
Same as above

Same as above

Same as above

Same as above

Same as above

Same as above

Same as above

Same as above

Same as above

Same as above

Same as above

Same as above

Same as above

Same as above

Same as above

Alternatives
include:

e Encapsulate
multiple
assemblies

e Disassemble
and encapsulate

e Chop, voloxi-
dize and
encapsulate

e Dissolve and
convert to
glassta

Same as above

Dissolve and dis-
pose as liquid(a,b)

Same as mined
geologic island
transports

Same as mined
geologic

Same as mined
geologic

Dissolve and dzs-
pose as liquid(a,b)

Dissolve, parti-
tion, fabricate
targets, irradiate
and reprosess
targets(a

Dissolve and con-
vert to "cermet"
matrix i?
capsules(a)

Same as above

Onsite
disposal

Rail, ocean
ship and
island
transporter

Rail and
ocean ship

Rail, ocean
ship and
over-ice
vehicle

Onsite
disposal

Truck or
rail to

and from
irradiation

Rail to
launch site;
launch to
orbit, see
Section 6.1.8

(a) Spent fuel treatment involving dissolution produces TRU wastes requiring all of the TRU waste pre-

disposal operations shown in Table 4.1.3. for reprocessing cycle wastes.
probably will require mined geologic disposal.

(b) Disposal of spent fuel as an a
be feasible because of critica

These TRU wastes then

queous liguid in the rock melting and well injection options may not

ity questions.
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4.1.2 Predisposal System for the Reprocessing Cycle

A simplified diagram of the predisposal waste management system for the reprocessing
cycle is shown in Figure 4.1.2.(a) In this cycle, wastes requiring disposal are produced
at the fuel reprocessing plant (FRP) and at the mixed-oxide fuel fabrication plant
(MOX-FFP). These wastes are assumed to be treated and packaged at the site where they are
produced, either the FRP or MOX-FFP. They are then shipped to interim storage if a disposal
facility is not available; finally, they are shipped to a disposal facility.

The operations and facilities required for the predisposal system for management of the
high-level waste are shown in Table 4.1.2. As in the case of spent fuel, four of the alter-
natives to mined geologic disposal can utilize the same treatment and interim storage pro-
cesses as the mined geologic disposal option. Three of the alternatives, however, require
ocean transport to the final disposal site. In the two cases where high-level waste is dis-
posed of as a liquid, the only predisposal system facilities required for high-level waste
are the interim storage facilities consisting of double-walled below-grade tanks. For the
transmutation alternative, interim storage is assumed to be required for the liquid high-
level waste in double-walled below-grade tanks prior to the partitioning processing. This
storage requirement and the target recycle requirements are thus exceptions to the sequence
of operations shown in Figure 4.1.2. For space disposal, as in the once-through cycle, the
high-level waste solution is converted to a solid "cermet" matrix contained in special
spherical capsules. Interim storage would be similar to that of spent fuel, but because of
the shape of the container, it would have its own unique design requirement.

Various TRU waste materials must also be disposed of in all of the disposal concepts.
Although it may be possible to dispose of some of these materials after treatment in the
same facility used for disposal of the high-level wéste, it is assumed here that these mate-
rials are always sent to a mined geologic repository regardless of the disposal option
selected for high-level waste. The operations and facilities considered for the predisposal
system for these waste materials are shown in Table 4.1.3.

WASTES FROM WASTE TREATMENT INTERIM o
FRP AND  —— AND > SHIPMENT STORAGE SHIPMENT
MOX FFP PACKAGING .

TO DISPOSAL

“FIGURE 4.1.2. Predisposal Waste Management System for Fuel Reprocessing Plant and MOX-
Fuel Fabrication Plant Wastes in the Fuel Reprocessing Cycle

(a) For a description of the fuel cycle prior to waste generation at the FRP and the
MOX-FFP, see Figure 3.2.2.
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Predisposal Operations and Alternatives for Reprocessing-Cycle High-Level

Liquid Wastes

Shipments to

Disposal Interim( ) Interim Shipment
Option Waste Treatment Storage Storage to Disposal
Mined geologic Convert to stable solid Rail(b) or Water basins Rail{b) or
truck and/or air- truck

Very deep holes

such a? ? calcine, a
glass,{b) a synthetic
mineral, a metal matrix,
etc.

Same as above

Same as above

Caseslo} e

Same as above

Same as above

Rock melting Not required Not required Double-walled Onsite
tanks disposal
Island Same as mined geologic Same as mined Same as mined Rail and
geologic geologic ocean ship
Subseabed Same as mined geologic Same as mined Same as mined Rail and
geologic geologic ocean ship
Ice sheet Same as mined geologic Same as mined Same as mined Rail and
geologic geologic ocean ship
Well injection Not required Not required Double walled Onsite
tanks disposal
Transmutation Partition, fabricate Not required Double walled Truck or rail
targets, irradiate tanks to and from
and reprocess targets irradiation
Injection Convert to a "cermet" Same as mined Similar to Rail or truck
into space matrix in capsules geologic mined to launch site;
geologic Taunch to orbit

see Section 6.1.8

(a) A 5-year storage period in water basin facilities at the reprocessing plant is assumed
before shipment to other interim storage.
(b) The example method of this Statement.
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Non-High-Level
Waste Type

4.1.3

4.6

Example Predisposal Operations and Alternatives Evaluated for

Reprocessing-Cycle TRU Wastes for A1l Disposal Concepts

Waste Treatment

Shipments to
Interim Storage

Interim Storage

Shipments
To Disposal

Fuel Residue(a)

Failed equipment
and other non-
combustible
waste

Combustible
waste

Wet wastes and
particulates

Gaseous and
airborne wastes

Package in canisters

withoyt compac-

tion. Alter-

natives include:

e Mechanical
compaction of
hulls

e Hulls melting

Failed equipment
decontaminated and
disassembled as
required. Non-
combustible waste
packaged without
treatment. Pack-
aged in canisters,
drums and boxes

Incinerate and

immobiziﬁe ash in
cement(b) or bitu-
men. Alternatives
include packaging
without treatment

Immobiligze in
cement(b
or bitumen

Use high efficiency
filters and process
to remove I, C and
Kr. Alternatives
include 3H removal

In casks by raillb)
or truck

Canisters_in casks
by rail b) or
truck. High dose-
rate drums in casks
by rai] or
truck.zb? Other
drums and boxes

in shielded over-
packs or special
containers by rail
or truck(b)

Drums in casks

or shielded over
packs or special
containers by rail
or truck

Same as above

Recovered solids
as above. Kr
not shipped

Dry-well
faci]ity(b) or
concrete vault

Canisters in ?r{-
well facility(b
or concrete
vaults. High
dose-rate drums

in dry-well
facility or c?n-
crete vaults.(b)
Low dose-rate con-
tainers in un-
shielded buildings
or outdoors with
earth cover(b)

High dose-rate
drums in dry-well
facility or c?n-
crete vaults. (b)
Low dose-rate con-
tainers in un-
shielded buildings
or outdoors with
earth cover

Same as above

85 r stored
on-site in spe-
cial facility
for pressurized
gas cylinders.
Other materials
as above

In casks by rai1(b)
or truck

Same as to interim
storage

Same as to
interim storage

Same as above

Recovered sggids
as above. Kr
not shipped off-
site

(a) Spent fuel cladding hulls and hardware that remain after fuel components have been leached out.

(b) The example method of this Statement.



4.7

Although they are not necessarily waste management functions, the spent fuel handling
and storage operations that occur before reprocessing are, to be conservative, also included
in the predisposal system in the system simulation analyses in Chapter 7. This includes the
operations shown in Figure 4.1.1 prior to treatment and packaging.

4,1.3 Predisposal System Relationships to Program Alternatives

The predisposal systems for the preferred alternative, that is, a program leading to
utilization of mined geological repositories, are listed with the mined geologic disposal
option in Tables 4.1.1, 4.1.2 and 4.1.3. If the alternative program to develop several dis-
posal options in parallel were to be adapted, some of the other predisposal operations shown
in these tables might be utilized. For the no-action alternative, spent fuel would be
stored indefinitely without either reprocessing or final disposal.

The predisposal waste management operations for the preferred alternatives are given
schematically in more detail for both fuel cycles in Figure 4.1.3. These operations are
discussed in more detail in Sections 4.3 to 4.6.
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4.2 UNTREATED WASTE CHARACTERIZATION

The quantities and composition of the wastes generated at each step in the post-fission
LWR fuel cycle have been studied in detail. Quantities used in this Statement are based
upon actual practice for processes that have been demonstrated and upon technical judgments
for processes that have not yet been commercially demonstrated. The untreated initial
wastes, termed primary wastes, are identified, described, and classified as the first step
in defining the envirommental impact of radioactive waste treatment. Additional details are
presented in DOE/ET-0028 (Section 3.3).

The primary wastes are processed to form treated wastes suitable for disposal. It is
anticipated that essentially d]] commercial wastes {(on a Curie basis) or a large fraction
(on a volume basis) will receive treatment. Treated wastes are of two types: 1) gaseous
wastes that have been treated to reduce their activity levels so they can be released to the

environment without harm to man, and 2) wastes that have been converted to a stable form
suitable for disposal so that their radioactivity will remain confined and out of contact
with man's environment.

Secondary wastes are generated in the treatment of primary wastes and in the subseguent
handling of treated wastes. Secondary wastes are generated not only from initial waste pro-
cessing, but also from the storage, transportation, and isolation steps. In most cases, the

amount of secondary wastes is small in camparison to the amount of primary wastes; neverthe-
less, an assessment of the environmental impacts is not complete without including the
effects of the secondary wastes. Treated secondary wastes are included with the treated
primary wastes in Section 4.3.7.

Decommissioning wastes result from the operations employed to decommission retired

nuclear fuel cycle facilities. These wastes must also be included in a camplete analysis
of the impacts of nuclear waste treatment; characterization of such wastes is presented in
Section 4.6.

Many methods of classifying radioactive wastes are in use, based on the kind of radio-
activity contained, the amount of radioactivity contained, the untreated physical form, the
treated physical form, etc. In this Statement, wastes have been classified into categories
based on their treatment requirement; i.e., all wastes requiring a similar treatment are
included in the same category. The categories and a brief generic description of each are
given in Table 4.2.1. The first three waste categories are specific to certain fuel cycles.
Spent fuel as a waste is specific only to the once-through cycle, and high-level liquid
waste and fuel residue are specific only to the reprocessing cycle. The last four waste
categories listed in Table 4.2.1 are generated in almost every facility in which radioactive
materials are processed, treated, or handled. Thus, both primary and secondary wastes of
these categories are found throughout the LWR fuel cycles.

Radioactive wastes are also generally classified according to their content of transu-

ranic (TRU) radionuclides (i.e., radionuclides with atomic number greater than 92). Because
of the long half-lives and high radiotoxicity of same TRU nuclides, TRU wastes are
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TABLE 4.2.1. Classification of Primary Wastes fram the Post-Fission LWR Fuel Cycle

Waste Category General Description

Spent fuel Irradiated PWR and BWR fuel assemblies containing fission pro-
ducts and actinides in ceramic U0y pellets sealed in Zircaloy
tubes. Intense radioactivity.

High-level liquid waste Contains about 0.5% of the U and Pu in the spent fuel and over
99% of the fission products and other actinides. Intense radio-
activity.

Fuel residue Includes short segments of Zircaloy tubing (hulls) remaining

after U0p is dissolved and stainless steel assembly hardware.

Gaseous Predominately two types: 1) large volumes of ventilation air,
potentially containing particulate activity, and 2) smaller vol-
umes of vessel vent and process off-gas, potentially containing
volatile radioisotopes in addition to particulate activity.

Campactable and com- Miscellaneous wastes including paper, cloth, plastic, rubber,

bustible wastes and filters. Wide range of radiation levels dependent on source
of waste.

Concentrated liquids, Miscellaneous wastes including evaporator bottoms, filter

wet wastes, and parti- sludges, resins, etc. Wide range of radioactivity levels depen-

culate solids. dent on source of waste.

Failed equipment and Miscellaneous metal or glass wastes including massive process

noncombustible wastes vessels. Wide range of radioactivity levels dependent on source
of waste.

considered more hazardous than non-TRU wastes. Present regulations governing disposal of
TRU wastes are more stringent than those governing disposal of non-TRU wastes. Non-TRU
wastes are eligible for disposal by surface burial and, except for gaseous and airborne
wastes, some of which contain non-TRU radionuclides of special concern (1291, 8% r and 14C),
management of these wastes is outside the scope of this Statement. However, data on the
characteristics of untreated post-fission non-TRU wastes are included in DOE/ET-0028 (Sec-
tion 3.3) along with those of the TRU wastes.

In current practice, a TRU waste is considered to be one that contains more than
10 nanocuries of transuranic alpha activity per gram of waste. However, spent fuel as waste
and high-level waste that results from processing spent fuel, which contain high levels of
transuranic activity, are considered as a separate high-level waste category. Raising the
dividing 1ine between TRU and non-TRU wastes from 10 nCi/g to 100 nCi/g has been proposed
by EPA. Because these 1ow concentrations are often difficult to measure in wastes, we
assume in this Statement that all wastes from locations that might cause contamination
levels above 10 nCi/g of waste are considered to be TRU-suspect and are cambined with known
TRU wastes for treatment.

In order to relate waste quantities to electric energy generation and to facilitate
comparisons between alternative nuclear fuel cycles, the waste volumes and activities in
this section are given per GWe-yr. One GWe-yr (or 8.8 x 109 kWh) is equivalent to the
annual output of one of the largest nuclear power plants operating today (a 1250 MWe plant
operating for one year at 80% capacity produces 1 GWe-yr of electricity). One GWe-yr also
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corresponds to the annual electrical energy consumption of about one million people in the
U.S. (The total electric utility sales in 1978 amounted to about 230 GWe-yr.) For the
generic LWR fuel cycle upon which this Statement is based, 38 MT of UO2 or mixed UOZ-PUO2
(MOX) fuel must pass through the cycle to generate 1 GWe-yr

4.2.1 Once Through-Cycle Wastes

The only primary waste in the once-through fuel cycle within the scope of this State-
ment is the spent fuel itself. Two basic types of LWR fuel are in use today: pressurized
water reactor (PWR) fuel and boiling water reactor (BWR) fuel. The reference PWR and BWR
fuel assemblies defined for this generic Statement are described in Figure 4.2.1. Fuel for
specific plants may vary sanewhat fram these descriptions.

For the purpose of describing radioactivity content of the wastes here, an example fuel

camposition based on a representative mixture of PWR and BWR fuel assemblies was developed.
However, the system simulation results presented in Chapter 7 are based on explicit PWR and
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FIGURE 4.2.1. Unirradiated Reference Fuel Assemblies
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BWR fuel models that account for all radionuclides in the fuel and take into account differ-
ences in fuel exposures for PWR and BWR fuel assemblies and the effects of reduced exposure
for startup and shutdown cores.

The amounts of some selected radionuclides present in the example fuel composition are
listed in Table 4.2.2. These radionuclides were selected based on several factors, among
which are 1) potential for release, 2) potential effect of release, 3) quantity present, and
4) public interest. These nuclides and their radicactive daughter nuclides provide most of

TABLE 4.2.2. Selected Radionuclide Content in Example Once-Through Cycle Spent Fuel

Ci/GWe-yr for Various Decay Periods

Fission Products(a) 1.5 yr 5 yr(b) 10 yr 50 yr 100 yr
W (1.2 x 10 1.6 x 0% 1.3x10% 9.5x10° 1.0x10° 6.1 x 10!
8yr (1.1 x 101) 3.4 x10° 2.7 x10° 1.9x10° 1.5 x 10* 6.1 x 102
Dsy (2.9 x 10) 2.5 x 108 2.2 x10% 2.0x10% 7.4 x10° 2.2 x 10°
1060,  (1.0) 6.5 x 10° 3.8 x10° 1.3 x 10
129, (1.6 x 107) 1.3 1.3 1.3 1 1.3
138cs (2.1) 2.6 x 10° 1.2 x 10° 2.2 x 10° .9 x 107t
137cs (3.0 x 101) 3.5 x10° 3.2x100 2.9x10% 1.1x10% 3.6x10°
1. 7.8x10°h)  95x10% 2.7 x10° 3.1 x10°
Total all Fis- ; ; , } 6 6
sion Products 5.3 x 10 1.6 x 10 1.0 x 10 3.7 x 10 1.1 x 10
Actinides(a)
238) (4.5 x 107) 1.2x100 1.2x100 1.2x10) 1.2x100 1.2 x 10!
2385, (8.9 x 101 8.0x 104 7.9 x 10 7.6 x 10 5.6 x10* 3.8x 10"
239, (2.4 x 10H 1.1x 10" 1.1x10* 11x10* 1.1x10* 1.1 x 104
2405, (6.8 x 10%) 1.7 x 104 1.7x10% 1.7x108  17x10* 1.7 x 10°
241p, (1.3 x 101) 4.2x10% 34x1°% 26x10% 41x10° 3.8x10°
281pn (4.6 x 107) 1.4 x 10 3.5 x 10" 6.1x10% 1.3x10° 1.3x10
2220 (4.5 x 107)) 1.4 x10° 6.0 x 102 3.2x10° 2.7 x10° 2.1 x 10°
28860 (1.8 x 101) 2.9 x 100 4.2 x10% 3.4 x10* 7.4x10% 1.1 %108
Total A1l Actinides 4.5 x 105 3.6 x 10° 2.9 x10® 6.3x10° 2.4 x10°
Activation Products(a)
e (5.7 x 10% 2.8 x 100 2.8x100 2.8x100 2.8x10l 2.8x10
Bre  (2.4) 1.6 x 10° 3.8x10% 1.3x10® 27x10! 4.5x107
60co (5.3 1.6 x 105 1.1 x10° 4.0x 10" 2.6x10° 2.8x107}
83ni (9.2 x 101 1.5 x 100 1.5 x 108 1.5x 10 1.3x10* 7.7 x 103
Totg] A1l Activa- 5 ' 5 a 4 3
tion Products 3.5 x 10 2.1 x 10 7.2 x 10 1.6 x 10 7.7 x 10

(a) Numbers in parentheses are the half-lives (in years).
(b} A minimum age of 5 yr is assumed here for shipment of spent fuel from the reactors
in the once-through cycle.
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the radioactivity in spent fuel while predisposal operations take place. Tables in Appen-
dix A of Volume 2 provide data for these and other radionuclides for longer time periods.

Substantial quantities of non-TRU wastes are generated in the once-through fuel cycle
during operation of nuclear power plants and spent fuel storage facilities. Depending on
the treatment in the once-through fuel cycle, substantial amounts of TRU secondary wastes
may or may not be produced. If the treatment mode involves simply the packaging of intact
spent fuel, the secondary waste produced in the packaging operation should contain very 1it-
tle TRU radioactivity and is considered here to be all non-TRU waste. However, if the spent
fuel cladding is breached in the treatment process, then secondary TRU wastes would be pro-
duced. Depending on the camplexity of such a process, substantial amounts of TRU secondary
waste could be produced. The secondary TRU wastes from the once-through fuel cycle would
be similar to same of the primary wastes in the reprocessing case.

4.2.2 Reprocessing Cycle

When spent fuel is processed to recover (for recycle) the uranium and plutonium it con-
tains, primary TRU wastes of two types are generated in recycle facilities: 1) fuel repro-
cessing plant (FRP) wastes and 2) mixed oxide fuel fabrication plant (MOX-FFP) wastes. In
fuel reprocessing plants the spent fuel is dissolved out of the cladding, the uranium and
plutoniun are recovered and purified by a series of solvent extraction operations, and the
uranium and plutoniun products are converted to UF6 and PuO2 (or mixed U02-Pu02) for further
use. In mixed oxide fuel fabrication plants the PuO2 (or mixed U02-Pu02) is blended with
uo,, processed to a suitable form, and incorporated into mixed oxide (MOX) fuel elements to
be recycled to a nuclear power plant. More extensive descriptions of such facilities are pre-
sented in DOE/ET-0028 (Section 3.2).

Table 4.2.3 contains the estimated quantities and selected radionuclide contents of the
primary high-level, TRU, and gaseous wastes generated in the reprocessing cycle. The radio-
nuclide contents are given as fractions of the amounts present in the recycle spent fuel for
the FRP wastes and as fractions of the amounts present in the fabricated MOX fuel for the
MOX FFP wastes. These amounts are presented in Table 4.2.4, for an example recycle spent
fuel, and in Table 4.2.5, for an example MOX fuel. Except for the isotopes of uraniun and
plutonium, the total amounts of radionuclides present in the untreated wastes of the two
fuel cycles may be directly compared using the data of Tables 4.2.2 and 4.2.4. The quanti-
ties of uranium and plutonium in the reprocessing cycle wastes anount to about 1% of that
present in the spent fuel.

Wastes from two areas of the fuel reprocessing plant (the fuel storage basin and the
uranium conversion facility) are classified as non-TRU wastes. As in the once-through
cycle, non-TRU wastes also result from operation of nuclear power plants and spent fuel
storage facilities.



TABLE 4.2.3. Selected Radionuclide Content in Primary High-Level, TRU, and Gaseous Wastes from Fuel Reprocessing Plant and MOX Fuel
Fabrication Plant

Nuclide Content in Waste Category(b) as _a Fraction of that Present in Spent Fuel (c) or in MOX Fuei{d)

Volume,(‘) Fission Products Actinides Activation Products
Waste Category Facility m3/GWe-yr H Kr Sr, Cs Ru T Ce Pu Am {m _C Fe To~ N
High-Level Liquid Waste FRP 22 0.08 o} 1 1 5 % 1073 1 5 x 1073 1 1 o} 0 0 0
Fuel Residue FRP
Hulls 10 0.15 0 5 x 107 5 x 107 0 5 x107* 5 x107° 5 x 107" sx100t 0.9 002 0.0¢ 0.01
Hardware 2.1 0 0 0 0 0 0 0 0 0 0.07 0.98 0.9 0.9
Failed Equipment FRP 8.4 0 0 1 x 1078 1 x 106 0 1x 1078 1x 107 1x 1078 1x10% o 0 0 0
MOX FFP 1.5 0 0 0 0 0 0 1 x 107509 1 x 10°6(d) 0 0 0 0 0
Noncombustible Waste FRP 15 0 0 1 x 1078 1x 106 0 1x 1078 P x07? 1 x 1078 1x10% o 0 0 0
MOX FFP 1.5 0 0 0 0 0 0 1 x 107309 1 x 10744 0 0 0 0 0
Compactable and Combustible
Waste
Trash + Process Matl's FRP 62 0 0 1rx10® 1ix10% 2a a1 11x10® 61 x 1070 1.1 x 1076 L1x10% o 0 0 0
MOX FFP 3.8 0 0 0 0 0 0 3 x 107800 3 x 10°9() 0 0 0 0 0
Filters FRP 6.1 0 0 1 %107 1x10°% 0 1x10°° 2x 1073 1 %1075 1x107° o 0 0 0
MOX £EP 0.76 0 0 0 0 0 0 7 x 107809 7 x 10749 0 0 0 0 0
Concentrated Liqqids, Wet .3 .5 3 3 -5 .3 -5 .5
Wastes, and Particulate Solids FRP 5.7 1 x 10 0 1x10 1 x10 I x10 1x10 1x10 1) 1x10 1x 10 0 0 0
MOX EFP 2.8 0 0 0 0 0 0 1.1« 1074 2 x 10729 0 0 0
Gaseous Wastes
Dissolver Off-Gas FRP 2.6 x 10%0) 0.05 1 1x 107 2 x 107 1 1« 1077 1x 1077 1 ¢ 1077 1x107  o0.88 0 0 0
Vessel Off G as FRP 11 x 10800 1073 (1076 1x 107 1x 1077 5 x 1073 1x 1077 1x 1077 1 x 1077 1x107 o 0 0 0
Vaporized Excess Water FRP 7.6 x 105(0) 0.72 1x 10710 1x 10716 1 x 10710 1 x 107 1x 10716 1x 1071 1 x 10716 1x1018 o 0 0 0
wox frp 1.5 x 10%(P) 0 0 0 0 0 0 1 x 10712(¢) 1 x 1071006 0 0 0 0 0
ventilation Air FRP 1.2 x 108000y et el 1 x 107H 1 x 1071 1 c107! 1x 1071 1x107l 1x 1071 1x 107l 0 0 0
Mox FEp 8.4 x 105(P) 0 0 0 0 0 0 3 ¢ 107744 3 x 10749 0 0 0 0 0

{a) Data obtained from Section 4 of DOE/ET-0028.

{b) Data obtained form Section 3.3 of DOE-ET-0028.

(c) Quantities present in spent fuel are listed in Table 4.2.4.
(d) Quantities present in MOX fuel are listed in Table 4.2.5.

A0



TABLE 4.2.4.

Fission Products

Selected Radionuclide Content in Example Recycle Spent Fuel

Ci/GWe-yr for

Various Decay Periods

3
85
90

106
129
134
137
144

H

Kr

Sr

Ru

I

Cs

Cs

Ce

Total A1l Fission

Products

Actinides

238U

238Pu
239Pu
240
241
241
242
244

Pu
Pu
Am
Cm
Cm
Total A1l Actinides

Activation Products

14

55
60

63

C

Fe
Co
Ni

Total All Activa-
tion Products

1.5 yr(a) 6.5 yr(b) 10 yr 50 yr 100 yr
1.6 x 00 1.2x10*  9.9x10® 1.0 x 103 6.1 x 10
3.2 x 10° 2.3 x10° 1.8 x10° 1.4 x 10° .7 x 102
2.3 x10° 2.2 x 10° 1.9 x 10° 6.9 x 10° 2.0 x 10°
72x10%  2.2x10° 1.4 x 10
1.3 1.3 1.3 1. 1.3
4.6 x 10° 8.4 x10° 2.2 x10° 2.9 x 1071
3.5 x10° 3.2x10%  2.9x100 1.1 x 100 1.1 x 106
9.1 x10° 1.1x10° 3.0 x 103
5.3 x 100 1.3x10° 1.0 x 10/ 3.6 x 10° 1.1 x 10°
1.2 x 100 1.2x10! 1.2x10! 1.2 x 10 1.2 x 10!
2.1 x 10° 2.1 x10° 2.0 x10° 1.5 x 10° 9.9 x 10%
1.4 x 10 1.4 x10*  1.4x10* 1.4 x10° 1.4 x 10
2.8 x 108 2.8x10%  2.8x10% 2.8 x10° 2.8 x 10°
6.8 x10° 53x108 46x10° 6.7 x10° 6.5 x 10
2.7 x10% 7.6 x10°  1.0x10° 2.2 x 10° 2.2 x 10°
3.8 x 10° 1.6 x 103 1.4 x 103 1.2 x 103 9.5 x 10°
2.7 x10° 2.2 x10° 1.9 x10° 4.2 x 10° 6.1 x 10°
7.6 x 10° 5.7 x 10° 5.1 x 10° 1.1 x 100 4.6 x 10°
2.1x100 21x10! 2.1x10! 2.1 x 10! 2.1 x 10
1.6 x 10° 3.8 x 10% 1.3 x 104 2.7 x 1071 4.5 x 107/
1.6 x 10° 8.0 x 10% 4.0 x 10* 2.6 x 103 2.8 x 107}
1.5 x 00 1.5 x10*  1.5x10%*  1.3x10° 7.7 x 103
3.5 x 10° 1.3x10°  7.2x10% 1.3 x10° 7.7 x 103

(a) A minimum age of 1.5 yr is
(b) A minimum age of 6.5 yr is assumed here for shipment of solidified

assumed here for reprocessing.

high-level waste.
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TABLE 4.2.5. Selected Radionuclide Content in
Example MOX fuel

Ci/Gwe-yr(a) for Different
Times Since Reprocessing

Actinides 1 yr(b) 10 yr
238p,, 1.4 x 10° 1.4 x 10°
23%,, 9.9 x 103 9.9 x 103
240p,, 2.0 x 10% 2.0 x 10%
241p,, 4.4 x 10° 2.9 x 10°
241 7.3 x 103 5.9 x 10°
Total 4.6 x 10° 3.1 x 10°

(a) Assuming 20% of fuel to reactors
is recycle MOX fuel.

(b) A period of 1 yr is assumed here
between reprocessing and MOX fuel
fabrication.
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4.3 WASTE TREATMENT AND PACKAGING

This section addresses the treatment and packaging of high-level (including spent
fuel), TRU, and gaseous wastes resulting from the once-through and the reprocessing cycles.
The principal source of the information contained herein is DOE/ET-0028, Technology for Com-
mercial Radioactive Waste Management (DOE 1979), which was prepared in support of this
Statement.(a) The processes described here are not necessarily optimized but are represen-

tative of currently available technology.

The treated waste form and container each provide a barrier to release of radionuclides
after disposal. The functions of the treated waste forms and containers are discussed in
more detail in Section 5.1.2.

4.3.1 Spent Fuel Treatment and Packaging in Once-Through Cycle

In the once-through fuel cycle, the spent fuel is considered to be waste and is treated
to prepare it for disposal. Treatment processes that have been examined range from simply
1) packaging the intact spent fuel assemblies to 2) chopping the fuel assemblies to expose
the fuel, utilizing a process called voloxidation to remove a portion of the volatile radio-
nuclides, dissolving the fuel in nitric acid and finally converting the solution to a solid
by calcination and vitrification.

Encapsulation of intact spent fuel assemblies for geologic disposal is the example pro-
cess assumed in this Statement for the once-through fuel cycle. Three other treatment
methods are also described to illustrate the range of treatment alternatives available.

4.3.1.1 Encapsulate Intact Assembly (Example Method)

A detailed description of the example encapsulation process is contained in DOE/ET-0028
(Section 5.7.3). A similar process is described in ONWI-39 (Appendix C). In both of these

process concepts the intact fuel assemblies are placed in steel canisters that are then
backfilled with helium and welded closed. A flow diagram for the process is shown in

Figure 4.3.1.

The canister and filler materials included in the studies discussed here are only a few
of the potentially applicable materials. Canister materials being considered by DOE include
a variety of metal alloys, ceramics, carbides, forms of carbon, glasses, and cements; poten-
tial filler (stabilizer) materials include a variety of gases, castable solids, and granular

(a) Additional once-through cycle concepts were discussed later in "An Assessment of LWR
Spent Fuel Disposal Options," ONWI-39 (ONWI 1979); this report also contains information
on a reprocessing case which is somewhat different in waste treatment philosophy than
that presented in DOE/ET-0028. Other recent descriptions of reprocessing waste treat-
ment operations are contained in "Design Integration Study, Spent LWR Fuel Recycle Com-
plex, Conceptual Design, Case A-1, Separated Streams," DP-CFP-78-121 (SRL 1978) and
"Design Integration Study, Spent LWR Fuel Recycle Complex, Conceptual Design, Coproces-
sing Case A-2," DP-CFP-121-79 (Harries et al. 1979). Various methods of waste treatment
and packaging for both fuel cycles are also addressed in "Technical Support of Standards
for High-Level Radioactive Waste Management, Volume B, Engineering Controls,"

EPA 520/4-79-007B (EPA 1977).
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ENCAPSULATION CANISTERED
SPENT FUEL WATER BASIN | ¢ .|  ASSEMBLY | (WELD TOP, He .
ASSEMBLIES | STORAGE "1 DRYING "|FILL, SEAL, FUEL ASSEMBLIES
LEAK TEST)

FIGURE 4.3.1. Flow Diagram for Encapsulation of Intact Spent Fuel Assemblies

solids (DOE/NE-0007, Section II.E.1). The waste package finally chosen will be tailored to
the geologic environment in which the package is to be disposed.

In the DOE/ET-0028 study, the cleaned and dried fuel assemblies are individually pack-
aged in square canisters(a) that are only slightly larger than the assemblies themselves. A
canister for a PWR assembly has dimensions of 0.24 x 0.24 x 4.88 m (9.5 x 9.5 x 192 in.) and
a canister for a BWR assembly has dimensions of 0.165 x 0.165 x 4.88 m (6.5 x 6.5 x 192 in.).
For the mixture of fuel used in this generic study (40% of the assemblies are from PWRs and
60% are from BWRs), 127 canisters are filled per GWe-yr.

The process concept described in ONWI-39 (Appendix C) is very similar except that
cylindrical canisters are used, and the BWR assemblies are packaged three to a canister. A
canister for a PWR assembly has dimensions of 0.36 x 4.72 m (14 x 186 in.) and a canister
for three BWR assemblies has dimensions of 0.41 x 4.72 m (16 x 186 in.). Seventy-eight can-
isters per GWe-yr are required in this instance for the mixture of fuel used in this generic

study.

The DOE/ET-0028 and the ONWI-39 studies present different estimates of TRU waste pro-
duced during the treatment operations. DOE/ET-0028 concluded that waste produced during the
treatment of the intact fuel assemblies could be considered to be non-TRU (as is waste pro-
duced during the irradiation and the subsequent storage of the assemblies). ONWI-39, how-
ever, lists appreciable quantities of TRU wastes resulting from packaging of the intact
assemblies (but does not say in which operations they arise). The actual amount remains to
be determined from operating experience; if a significant amount of TRU waste is indeed gen-
erated during the packaging of intact spent fuel, then the spent fuel capacity of the
repositdries described in Chapter 5 may be somewhat overstated.

Consideration is also given in ONWI-39 (Section 10.3) to other canister design varia-
tions. Alternative canister void filler materials considered include gases other than
helium (e.g., air, nitrogen, or argon), monolithic solid fillers formed by pouring molten
materials (e.g., lead, aluminum, or glass) into the canister and then cooling, and granular
solid fillers (e.g., lead shot, sand, or glass frit). The use of thicker walls in the pri-
mary canisters, overpacks, and increasing the number of spent fuel assemblies per canister

were also considered.

(a) Square canisters allow a more close-packed array during interim storage but are not as
strong as cylindrical canisters with the same wall thickness.
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Another variation considered in ONWI-39 (Section 10.6) involves disassembly prior to
packaging so that the canisters contain spent fuel rods only, instead of complete assem-
blies. In this option the end fittings are removed from the fuel elements, the elements are
disassembled, and the fuel rods are bundled together and sealed into canisters.

4.3.1.2 Chop Fuel Assembly, Voloxidize Fuel, and Encapsulate

A process for chopping the fuel assemblies, removing volatile components through
voloxidation, and encapsulating the spent fuel is described in ONWI-39 (Appendix C). The
end fittings of the spent fuel are first cut off and encapsulated. The remaining portions
of the fuel assemblies are then chopped and voloxidized, and encapsulated in canisters. A
flow diagram for the process is shown in Figure 4.3.2.

The voloxidation process, which is in the development stage (Groenier 1977), promotes
the release of gaseous fission products from the fuel by oxidizing UO2 to U308 at 400° to
500°C in air. This oxidation results in disintegration of the fuel, which provides an
easier escape path for the gaseous fission products. Removal of the gaseous fission pro-
ducts from the off-gas stream is addressed in Section 4.3.4.

The processed spent fuel is encapsulated in c&]indrica] steel canisters that are
helium-filled, sealed by welding, and leak tested. Any leaking canisters are overpacked in
a second larger canister. The primary canister size is 0.30 x 3.0 m (12 x 120 in.).
Sixty-one canisters per GWe-yr are estimated to be required to contain the chopped and
voloxidized fuel.

The end fittings sheared from the fuel-bearing portions of spent fuel are packaged
without further processing in 0.5 x 3.0 m cylindrical canisters. One canister holds the
ends of either three PWR or six BWR assemblies; for the mixture of fuel used in this generic
study, 11.6 canisters are filled per GWe-yr.

PACKAGED
VOLATILEF.P. |
RECOVERY > ;’OPLA”E
OFF[GASES
3
HARDWARE REMOVAL
SPENT FUEL WATER BASIN ASSEMBLY
> AND -3 VOLOXIDATION t—#{ ENCAPSULATION
ASSEMBLIES STORAGE DRYING FUEL CHOPPING
TRU WASTES
y
CANISTERED MISCELLANEOUS TRU CANISTERED
HARDWARE WASTE TREATMENT POWDERED
FUEL

l

PACKAGED
MISCELLANEOUS
TRU WASTES

FIGURE 4.3.2. Flow Diagram for Encapsulation of Chopped and Voloxidized Spent Fuel
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Combustible wastes produced during the processing (secondary wastes) are converted to
ashes in an incinerator, and the ashes are blended with fixation materials and placed into
waste containers. Incineration is accomplished in a molten salt combustion unit followed by
fixation of TRU ashes in aluminum silicate mineral (clay). Noncombustible secondary wastes
are also blended with fixation materials and placed into waste containers. Large pieces of
failed equipment are disassembled or cut into smaller pieces suitable for packaging. The
wastes requiring remote handling are packaged in 0.5 x 3.0-m cylindrical canisters, and the
wastes suitable for contact handling are packaged in 55-gallon drums. The estimated numbers
of these secondary waste packages considered to be TRU wastes are 30 canisters/GWe-yr and
6.5 drums/GWe-yr.

4,3.1.3 Dissolve Fuel and Convert to Glass

A process for dissolution of fuel and conversion to glass is described in ONWI-39
(Appendix C). This process incorporates fuel chopping and dissolution followed by concen-
tration and calcination of the resultant solution followed by vitrification (conversion to
glass) of the calcine. Voloxidation of the chopped fuel is also included in the process, as
described in Section 4.3.1.2. A flow diagram for this process is shown in Figure 4.3.3.
Although glass is the waste form described in ONWI-39, other waste forms such as those dis-

cussed in Section 4.3.2 could also be employed.

The voloxidized fuel is dissolved in nitric acid. During this operation the portions
of the iodine and krypton that were not released to the off-gas system during voloxidation
are evolved. The off-gas treatment process is described in Section 4.3.4.

The dissolution process also allows separation of the fuel cladding hulls from the fuel
itself. The hulls are compacted in small containers with a hydraulic press and several of
these containers are banded together and placed in a 0.5 x 3.0-m cylindrical canister. The
required number of such canisters is estimated to be 17.5 per GWe-yr. The fuel assembly end
fittings are packaged as described in Section 4.3.1.2.

The dissolved spent fuel is concentrated and then spray-calcined. The calcine is then
fed along with glass frit into a continuous ceramic melter for vitrification. The molten
glass that emerges from the melter is collected in canisters which, after cooling, are seal-
welded. The referenced study uses 0.5 x 3.0-m cylindrical canisters; the number required is
estimated to be 141 per GWe-yr. The number of canisters will vary however, depending on the
thermal limitations of the final repository.

The miscellaneous combustible and noncombustible wastes and the failed equipment are
treated the same as in the process described in Section 4.3.1.2. The estimated numbers of
the TRU waste packages in this process are 43 canisters/GWe-yr and 9.4 drums/GWe-yr.

4.3.1.4 Dissolve Fuel for Disposal as a Liquid

The spent fuel treatment and packaging operations described in the preceding three sec-
tions result in waste packages suitable for geologic disposal. These operations could
doubtless be adapted to provide different packages (if required) for disposal by some of the
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methods described in Chapter 6 as alternatives to geologic disposal. However, two of these
alternative disposal methods (rock melting and well injection) involve disposal of the high-
level waste in Tiquid form; thus, a modified spent fuel treatment process is required.
Application of these methods to disposal of dissolved spent fuel presents added nuclear
criticality safety problems and feasability uncertainties resulting from the presence in the
solution of all of the plutonium and the uranium.

By eliminating the calcination and vitrification operations, the spent fuel treatment
process described in Section 4.3.1.3 could provide a liquid waste stream for disposal.
Additional storage would probably have to be provided for the dissolved spent fuel solution
to allow proper operation of the disposal process, however. A flow diagram for such a pro-

cess is shown in Figure 4.3.4.

4.3.2 High-Level Liquid Waste Treatment

High-level liquid wastes are defined as "those aqueous wastes resulting from the opera-
tion of the first cycle solvent extraction system, or equivalent, and the concentrated
wastes from subsequent extraction cycles, or equivalent, in a facility for reprocessing
jrradiated reactor fuels" (10 CFR 50). These wastes contain over 99% of the nonvolatile
fission products and actinides, except U and Pu. If spent fuel is reprocessed, the U and
Pu will normally be recycled. Only a small amount of U and Pu, perhaps 0.5%, resulting from
waste losses during reprocessing will be in the HLW. Liquid high-level waste can be stored
in tanks as an interim measure, but it must be solidified before transportation and

disposal.

Many HLW treatment processes are under development and DOE is committed to examining
the relative merits of many of these processes. For this discussion the candidate processes
have been divided into three categories: those that convert the HLW into glass (Sec-
tion 4.3.2.2), into a crystalline solid (Section 4.3.2.3), or into a composite or multiphase
solid form (Section 4.3.2.4). A further important distinction concerning the candidate HLW
waste treatment processes should also be made. The processes fall into two broad classes:
those that have been developed to the stage of practical engineering-scale implementation,
and those for which there has been some characterization of waste form properties but little
or no process development. Calcine, low-melting glass and cement can be placed in the first
category. A1l of the rest of the waste forms to be described fall into the latter, rela-
tively undeveloped category. Additional data on many of these processes may be found in
ERDA-76-43.

The processing descriptions given here assume that the HLW is not partitioned before
treatment; however, because chemical partitioning has potential as a pretreatment for
high-level liquid waste, partitioning techniques are also discussed in this section.

Before proceeding with the more general discussion, brief descriptions will be given of
the two well developed high-level liquid waste treatment processes used in this Statement
for evaluation of environmental impacts and costs. These processes are:
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1) vitrification by in-can melting following spray calcination and 2) fluidized bed
calcination. These processes are described in detail in DOE/ET-0028. They produce a
borosilicate glass product and a granular powder product, respectively.

Spray Calciner/In-Can Melting (Example Method)

A flow diagram for the in-can melting process, the example high-level waste solidifica-
tion process of this Statement, is shown in Figure 4.3.5. The liquid HLW is dried and cal-
cined in a spray-calciner, the resultant calcine is mixed with about twice its weight of
glass-forming materials, and the mixture is melted within a steel canister. The filled can-
ister is cooled and sealed by welding. The output of the example process amounts to about
2.2 m3 of waste glass per GWe-yr; higher volumes would result from lower waste loadings.

The number of canisters used to contain this volume of glass depends on a number of factors,
among which are the heat generation rate of the contained waste and the heat generation rate
per canister allowed by disposal considerations. For canister heat loadings of 1.2 to

3.2 kW (typical of those allowed in geologic repositories) and 6.5-year aged (out-of-
reactor) waste, the number of canisters would amount to 44 and 17, respectively, per GWe-yr.
A large variety of other glass-making processes have been developed; the output of these
processes would be similar to that described Here.

Fluidized Bed Calcination

In the fluidized bed calcination process {other calcination processes are also fea-
sible), the liquid HLW is atomized as it enters the calciner vessel, which is heated by an
in-bed combustion system. When the atomized HLW is injected into the hot bed, the waste
constituents are converted to solids (primarily oxides) that adhere to the surface of par-
ticles already in the bed. The bed is fluidized by heated air entering through perforations
in the bottom support plate. Calcined product is removed continuously so that the bed
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jnventory remains essentially constant. The calcine is collected in canisters and residual
water and nitrate are removed by heating to 700°C before the canisters are sealed shut. The
output of the example process amounts to about 0.9 m3 of calcine per GWe-yr. A smaller
diameter canister may be required for waste calcine than for waste glass to prevent over-
heating at the centerline of the canister, because of the lower thermal conductivity of

calcine.

4.3.2.1 Chemical Partitioning

The partitioning or separation of certain elements from nuclear fuel cycle wastes has
been viewed as a potential means for improving waste management (ERDA 1976, Campbell 1976,
Schneider and Platt 1974, Cooperstein 1976). The perceived benefits result from removal of
certain radionuclides and, hence, improvements in the management of the resulting parti-
tioned radionuclide fraction compared to the management options for the unpartitioned
wastes. Three subsequent options for disposal of partitioned radionuclides are discussed
in this document: 1)_transmutation as discussed in Section 6.1.7, 2) chemical resynthesis
as discussed in Section 4.3.2.3, and 3) space disposal as discussed in Section 6.1.8.

In general, to partition simply means to separate elements, or groups of elements, from
some mixture of chemical species. In a nuclear fuel cycle, partitioning would occur mainly
during the reprocessing of spent fuel (ERDA 1976). There are many chemical elements 1in
spent nuclear fuels (see Section 2.1), and many combinations in which these elements may be
chemically separated. Consequently, there are also numerous partitioning alternatives that
may facilitate useful waste treatment alternatives or disposal options. For all the speci-
fic partitioning candidates described here, one must realize that: 1) no partitioning
processes have been demonstrated for waste disposal on a commercial scale; 2) historically
most recovery processes leave several percent, or more, of the desired elements in the waste
streams; and 3) partitioning for waste management purposes requires substantially higher
recoveries than have been achieved to date. Partitioning itself is not an option for final
disposal of radioactive wastes, although some waste partitioning may be required as a
pretreatment to permit the final disposal of the resulting waste fraction (e.g., the parti-
tioning of fission product iodine for space disposal).

With respect to waste management, partitioning may lead to improved waste characteris-
tics for either the short term (less than 1000 years) or the long term (greater than
1000 years). The partitioning of strontium and cesium, for example, may be a useful option
to reduce the self-heating (Buckingham 1967) characteristics of high-level wastes over the
short term and thereby permit the storage of salt cakes that are not overly self-heating.
In addition, the partitioning of actinides as well as some fission products may be useful to
reduce the long-term radiotoxicity of wastes (Bond and Leuze 1975, Croff et al. 1977) and,
therefore, reduce the exposure of future populations to radioactivity should the wastes ever
be reintroduced into man's environment in the distant future (say after 100,000 years of
storage).
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Some partitioning options may be useful for maximizing energy conservation in the fuel
cycle, facilitating the beneficial use (Rohrmann 1968) of selected fission products, and
improving nuclear safeguards (Campbell and Gift 1978; Pobereskin, Kok and Madia 1977). The
recovery of cesium, for example, has been examined for use in sterilizing sewage sludges
(Sivinski 1975; Reynolds, Hagengruber and Zuppero 1974); strontium might also be used as a
heat source (Dix 1975) in remote and inacccessible areas. Partitioned palladium, rhodium,
ruthenium and technetium could become mineral resources.

On the other hand, partitioning will invariably complicate waste management during the
operation of the fuel cycle, as compared with other existing methods of dealing with the
unpartitioned wastes (ERDA-76-43, Section 16.2). Several reasons for this are:

e Increased production of secondary wastes. Althought the chemistry associated with
the partitioning of radionuclides is quite diverse, all known options generate
significant quantities of secondary wastes that must be managed. These secondary

wastes may be treated by incineration, by compaction, by immobilization, or by
other methods, but invariably the waste volumes will be increased by the parti-
tioning, and waste management costs will also increase. Many partitioning options
will significantly increase the high-Tlevel waste volume because of the addition
of salting agents or other nonvolative species. Also, many chemical additives may
adversely affect high-level waste solidification and the Tong-term stability of

the waste form (e.g., glass devitrification).

e Increased transportation costs and requirements. Most partitioned waste fractions

can be transported safely only with extensive shielding. For many of the transmu-
tation cycles, the transmutable elements are recycled many times before a signifi-
cant reduction in quantity is achieved. In the case of actinides some of the
transmuted products are strong neutron emitters and will constitute a handling

problem. N

e Increased costs due to partitioning and secondary waste treatment. A1l known par-
titioning options involve sophisticated chemical separation processes that must

be remotely maintained and operated. Significant capital investment and operating
costs will result if these chemical processes are implemented. The recovery of
selected waste constituents, like cesium and strontium, does not significantly
reduce the cost of managing the residual high-level waste.

e Increased potential for radiation exposure. Since partitioning will require
increased chemical operations, handling, transportatior. --d storage, the poten-

tial for increased occupational radiation exposure also exists. The potential for
accidental release of radioactive material (and general population exposure) will
also be increased. These factors must be quantified if partitioning is adopted.

e Increased thermal loading. Partitioned waste fractions with high heat generation

densities impose a higher thermal Tload on containment materials than does unparti-
tioned waste. A recent study (NAS 1978) has suggested that the permanent contain-
ment of cesium and strontium partitioned from wastes at Hanford will be difficult
because of the high heat densities involved.
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4.3.2.2 Glass Waste Forms

Vitrification (conversion to glass) of high-Tevel liquid wastes is being developed in
Germany, France, India, Russia, Great Britain, Belgium, Japan, Canada and the United States.
A facility for vitrification of the HLW from the Marcoule reprocessing plant has been oper-
ating in France since the summer of 1978 (Bonniand et al. 1978). The various HLW vitrifica-
tion processes and properties of the glasses made by them have been well described in recent
reports and symposia proceedings (McCarthy 1979, Chikalla and Mendel 1979).

Low-Melting Glasses

Low-melting glasses are glasses that can be processed at temperatures below about
1200°C. The most well developed vitrification processes throughout the world all pro-
duce Tow-melting glasses of a borosilicate formulaion, although a small amount of develop-
ment continues on phosphate glass formulations (Kelley 1975, Wiley and LeRoy 1979, Gombert
et al. 1979, Kupfer 1979 and Mendel 1978). The product of these borosilicate glass pro-
cesses is a glass casting in a metal canister. The castings vary in size depending on the
process and the amount of radioactivity, but are generally cylinders from 0.3 to 0.6 m in
diameter and 1 to- 3 m long.

Borosilicate waste glasses can contain one-third or more (by weight) HLW oxides; the
remainder is inert glass-forming material added during vitrification processing. The
glasses can tolerate wide variations in HLW composition without sacrificing their prop-
erties. The glass castings contain some fractures caused by thermal stresses induced as the
large monoliths cool. Waste glasses are metastable materials and they must be cooled fairly
rapidly (a cooling rate of at Teast 10°C/hr between 900°C and 600°C is satisfactory for most
formulations) to prevent excessive devitrification from occurring. At Tower temperatures,
e.g., those encountered in geologic disposal, the rates of thermal devitrification are too
slow to be a factor. Extensive studies have shown that the only significant effect of devi-
trification, if it does occur, is a small increase in leach rate. The increase is usually
less than a factor of three even in fully devitrified glasses but in some formulations may
be as high as 10. The glass phase exhibits excellent stability in radiation fields as shown
by tests simulating over 500,000 years of alpha radiation.

Borosilicate waste glasses also exhibit good chemical durability; however, there is a
finite reaction rate with water. The reaction rate is dependent on many factors but for

5 g g]ass/cmz-day after a few weeks

typical waste glasses is usually in the range 10”7 to 10~
of leaching at 25°C. The rate increases with temperature, rising a factor of 10 to 100 for

a 100°C increase in temperature.

High-Temperature Glasses

In the context of this discussicn, these are glasses that melt above 1200°C. They con-
tain more silica or alumina than the low-temperature glasses. An early example of a high-
temperature waste glass is the nepheline syenite waste glass made in Canada from 1958 to
1960. Blocks of this glass, without canisters, were buried below the water table at Chalk
River in 1960. The leaching behavior of these glass blocks has been monitored by means of
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wells. The 905r leach rate decreased with time and after about 5 years stabilized at the
very low rate of 5 x 10'11 g g]ass/cmz-day (Merritt 1977).

Recently, development of a stuffed glass process has begun at Catholic University in
Washington, D.C. (Simmons et al. 1979). The process utilizes a high-temperature, high-
silica glass that can be prepared in a porous form outside the radioactive processing cell.
The pre-prepared porous glass is then soaked in HLW solution. After a suitable soaking
period the solution-laden porous glass is removed from solution and the HLW constituents are
precipitated. The porous glass is then soaked in a solvent that removes the waste from a
surface layer of the porous glass. The solvent is subsequently evaporated and the porous
glass is dried at 625° to 700°C to convert the HLW constituents in the pores to oxides.
Then the temperature is raised to 900°C for sintering. During sintering, the pores col-
lapse. The final product is solid glass that contains the radioactive waste materials
interstitially, and has a high-silica envelope on the outer surface. Alternatively, the
same final form can be obtained by putting waste-laden porous glass granules in an envelope
of waste-free porous glass and sintering to close the pores.

The stuffed glass process potentially yields a product with the durability of a high-
melting glass but utilizes lower processing temperatures. In addition, the product has a
built-in barrier of inert high silica glass on the surface.

Glass-Ceramics

Glass-ceramics are a class of specially formulated materials that can be melted, pro-
cessed and formed as glasses and then devitrified, or crystallized, under controlled condi-
tions. Glass-ceramics have become important commercially in the Tlast 20 years. They are
valued for their thermal stability and physical ruggedness.

Most of the investigations of glass-ceramics as materials for HLW disposal have been
carried out in Germany at the Hahn-Meitner Institute in Berlin and at Karlsruhe (De et al.
1976, Guber et al. 1979). The waste-containing glass-ceramics formulated to date are
usually only about 50% crystalline (commercial glass-ceramics are over 95% crystalline).
Some improvements in thermal stability (higher softening points) and physical ruggedness
have been observed; the leach rates obtained to date are in the same range as those of Tow-
melting waste glasses.

4.3.2.3 Crystalline Waste Forms

For the purposes of this discussion all nonvitreous high-level solid waste forms will
be termed crystalline. In general, crystalline waste forms, particularly those that have
undergone extensive thermal treatment and are not approaching solid solution limits, are
thermodynamically more stable than glass waste forms. In some crystalline waste forms the
crystals are "tailored" to resemble minerals that have a demonstrated stability in nature.

Cement

Cements are used routinely to encapsulate low- and intermediate-level radioactive
wastes. Liquid or slurry wastes are mixed with a predetermined weight of dry solids. The
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solids may be primarily Portland cement such as used in concrete, or may consist of cement
mixed with fly ash' and clays (grouts) and can be specially designed (usually high alumina)
cements {Stone 1977 and Lokken 1978).

Cements are intrinsically somewhat porous and due to the hydrated phases are poten-
tially sensitive to damage from radiation and Tong-term thermal exposure. They have been
considered for the treatment of defense HLW, and techniques that reduce the porosity and
water content may even make their use for commercial HLW feasible (Roy and Gouda 1978). One
such technique is the FUETAP process being investigated at Oak Ridge National Laboratory in
which the waste-containing cement mixture is processed at 250°C and 600 psi (Moore et al.
1979).

Calcine

Defense HLW has been calcined using a fluidized bed calcination process at the Idaho
Chemical Processing Plant (ICPP) since 1963. Over 1500 m3 of granular calcined waste par-
ticles are now stored in stainless steel bins housed in underground concrete vaults. The
calcined waste is a good low-volume, noncorrosive form for storage.

The ICPP calcination process converts the HLW to dry salts and oxides. Consolidation
techniques that decrease the surface area of the solids, decrease the potential for airborne
fines, and increase the chemical durability are being investigated. The consolidation tech-
niques are either sintering processes that yield a type of glass-ceramic product or pro-
cesses that embed the pelletized calcine in an inert matrix (INEL 1978, Lamb et al. 1979,
see Section 4.3.2.4).

Synthetic Minerals

To create synthetic minerals, nuclear waste constituents are chemically incorporated
in crystalline mineral species. The long-term stability of synthetic mineral waste forms
can be deduced from the known behavior of analogous naturally occurring minerals. Of
course, unavoidable differences, such as radiation effects, must be studied. A review of
the stability of minerals that could contain radionuclides is given in Appendix P of
Volume 2.

Development of one synthetic mineral concept (called supercalcine) began at Pennsyl-
vania State University and the Pacific Northwest Laboratory (McCarthy 1977, 1979a; McCarthy
and Davidson 1975). The concept may be considered an evolution of the well-developed cal-
cination processes. Instead of calcining the liguid HLW as received, additions of calcu-
lated quantities of Ca, Al, Si, etc. are made to the HLW so that after calcination and a
heat treatment the waste constituents are chemically bound in predetermined mineral assem-
blages. However, because HLW contains so many different elements, the mineral assemblages
tend to be very complex and difficult to characterize. Recently the emphasis in some
investigations has switched to the development of stable synthetic minerals for only the
actinides in the waste., Fluorite and monazite structures appear to form very stable crys--
tals containing these long-lived waste constituents (McCarthy 1979b). Hot pressing tech-
niques are being investigated for consolidation of the synthetic mineral calcines.
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Another synthetic mineral concept being studied extensively is Synroc, an acronym for
synthetic rock coined by Dr. A. E. Ringwood of the Australian National University at
Canberra, for a concept in which the radionuclides are incorporated in solid solution in
just three nonsilicate minerals: hollandite, perovskite and zirconolite (Ringwood et al.
1979). A distinguishing feature of this concept is that it maintains a low waste loading
(<10 wt%) so that the known stability of the host crystals is not perturbed. The waste
forms are made by mixing calcined HLW with the Synroc additives and hot pressing at 1200° to

1300°C in sealed nickel containers.

One method of obtaining good accommodation of waste radionuclides in synthetic mineral
assemblages is to 1imit the waste loading, as the Synroc concept does. Conceptually, parti-
tioning the HLW into fractions would simplify the task even further and could permit a
higher waste loading. The waste would be partitioned based on considerations of chemical
and mineralogical similarities, and the availability of techniques for isolating various
waste fractions. The possibility exists of processing each fraction individually into a
different synthetic mineral. This concept minimizes crystal compatibility problems during
processing and opens up the possibility of using multiple repository sites selected for
stability with the various synthetic mineral assemblages made frdm each fraction.

4.3.2.4 Composite Waste Forms

In composite waste forms, the HLW is usually contained in particles or spheres of one
type of material, which is surrounded by one or more different nonradioactive materials.
The materials are chosen to have properties that complement one another, so that the prop-
erties of the composite are superior to those of the HLW-containing material by itself. The
waste-containing material can be particles, spheres, or small pieces of any of the candidate
waste forms described in Sections 4.3.2.2 and 4.3.2.3; the surrounding materials are metals
or ceramics used to increase thermal conductivity and/or fracture resistance, and possibly
to act as additional barriers to the release of radionuclides from the waste-containing core

material.

Metal Matrices

The use of metal matrices in composite waste forms has been studied for many years
(Lamb 1979, Jardine and Steindler 1978, Neumann 1979). Metal matrices are used to improve
thermal conductivity and to minimize fracturing of the waste glass beads by adding duc-
Ctility, i.e., an ability to bend without breaking, to the composite waste form. A radioac-
tive demonstration of the PAMELA process, in which HLW glass beads are embedded in a Tead
matrix, is planned as a joint German-Belgium project in the early 1980s (Salander and Zuhlke
1979).

Low-melting metals, such as Tead or aluminum and their alloys, have received the most
consideration as waste form matrices, but higher-melting metals, such as copper and even
steel, can be used to form porous matrices by a powder sintering technique. Even nonporous
melt-formed metal matrices may not form a complete barrier to leaching if water contacts the
waste form; the bond between the metal and the waste-containing particles may not be tight



4.31

enough to prevent access of water to the interior of the composite. A barrier can be
formed, however, as is done in the PAMELA process, by suspending the waste-containing par-
ticles in a basket in the canister and filling the annulus between the basket and the can-

ister wall with pure matrix metal.

Coated Particles

Coated particle composite waste forms are being developed, partially based on the tech-
nology developed for the manufacture of high temperature gas-cooled reactor (HTGR) fuels
(Rusin et al 1978, 1979a and 1979b). These fuels consist of ceramic pellets that are coated
with pyrolytic graphite and silicon carbide, and embedded in a graphite matrix. The core
material that has been most studied for coated particle composite waste forms is the synthe-
tic mineral calcine described in Section 4.3.2.3; however, the concept can utilize other
core materials. Calcine pellets are formed in a disk pelletizer and coated with pyrolytic
graphite and silicon carbide in a fluidized bed. Laboratory tests have shown that an outer
coating of durable A1203 can be added. The coated particles would be surrounded by a
metal matrix in canisters before emplacement in a geologic repository.

Coated particles are a way of adapting the multiple barrier concept to the waste form
jtself. Tests have shown that the particles can have very good chemical durability. How-
ever, the processing would be very complex and require'a large amount of development before
it could be done remotely.

Cermet

This waste form concept, under development at Oak Ridge National Laboratory, produces
a uniform dispersion of waste oxide particles within a metal matrix {Quinby 1978). The
waste and specific additives required to form the desired ceramic oxide phases and metal
alloy matrix are dissolved together in molten urea. The urea solution is precipitated and
calcined and the fine powders produced in this step are compacted by extrusion or pressing
into desired shapes. In the final processing step the reducible metal oxides, such as
oxides of Cr, Ni, Fe, and Co, are reduced in a H2 or CO atmosphere to form an alloy that
encapsulates the unreduced ceramic oxides. After the 800°C reduction the composite is mixed
with an organic binder, extruded to form rods and sintered in a nonoxidizing atmosphere at
1200°C to form a dense ,compact.

High waste loading can be achieved in cermets because metals from salts present in the
waste form part of the metal matrix. The reducing conditions reduce volatilization problems

during processing.

4.3.2.5 MWaste Form Characterization

In that the DOE is committed to examining the relative merits of all potentially
available waste forms, research and development is being supported on almost all of the
waste forms described in Sections 4.3.2.2, 4.3.2.3 and 4.3.2.4. Treatment processes are
already available to produce certain of the waste forms, such as low-melting glass. The
DOE program is designed to determine if there are other waste forms that can be prac-
ticably produced and that offer improved characteristics. A Materials Characterization
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Center has been set up to provide techniques for comparing important waste form materials
characteristics on a common basis (Nelson et al. 1980). The first issue of the Nuclear
Waste Materials Handbook will be published in approximately two years. It will contain
materials data, not only for candidate waste forms, but also for other waste package com-
ponents.

Since the most likely mechanism for release of radionuclides to the biosphere is reac-
tion with and transport by ground water, resistance to leaching of radionuclides by ground
water is the performance characteristic of major interest. Leach resistance can be highly
dependent upon the physical, chemical, mechanical, and radiation stability of the waste
form. The stability of a waste form depends upon its response to radiation, temperature,
and the chemical environment (Mendel et al. 1975). The factors influencing long-term sta-
bility are: 1) transmutation by radioactive decay, which may alter the chemical structure
of the waste form; 2) recoil from alpha decéy, which may break chemical bonds and alter the
physical structure of the waste form; 3) heat generated by radioactive decay, which may
cause the waste form to change to a more thermodynamically stable state and which may accel-
erate potential chemical reactions, including leaching; and 4) the chemical environment,
j.e., water plus dissolved ions, which ultimately determines the rate of release of radioac-
tive materials into the repository.

4,3.3 TRU Waste Treatment in the Reprocessing Cycle

When spent fuel is reprocessed for uranium and plutonium recycle, the non-high-1level
and nongaseous wastes that result from these operations and from the mixed oxide fuel fabri-
cation must also be treated and packaged. This section addresses the treatment of these
solid and liquid TRU wastes. Treatment and packaging processes for such wastes are
described in detail in DOE-ET-0028 (Section 4.0), where wastes are discussed in four cate-
gories: 1) fuel residue (the fuel hulls and assembly hardware), 2) failed equipment and
noncombustible waste, 3) compactable and combustible waste, and 4) wet and particulte solid
wastes. Brief descriptions of the treatment processes for these wastes are given in the
following sections; the referenced document may be consulted for details. Both TRU and
non-TRU wastes of the latter three categories result from operation of fuel reprocessing
plants (FRPs). Only the treatment of the TRU wastes is considered in this Statement; the
treatment of the non-TRU portions would be similar, however.

4.3.3.1 Fuel Residue Treatment

Packaging without compaction is the example fuel residue freatment process used in this
Statement. Mechanical compaction of hulls and melting of hulls are also described to illus-
trate other alternatives. The fuel residue packages have surface dose rates well above
0.2 R/hr. Remote handling of these wastes is thus required.

Fuel Residue Packaging Without Compaction (Example Method)

Packaging without compaction is a treatment concept in which the nonsegregated fuel
residue is monitored for undissolved fuel, dried, and sealed without compaction in stainless
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steel canisters (0.76 m dia x 3 m) for shipment to interim storage or to a repository. The
void spaces in the canister are filled with dry sand to reduce the possibility of ignition
of Zircaloy fines in the fuel residue. Alternatives within the packaging without compaction
concept involve separate packaging of the hulls and hardware, deactivation of fines before
packaging, and use of filler materials other than sand (e.g., concrete). Other containers
(e.g., 55-gallon drums) could also be employed.

Figure 4.3.6, the flow diagram for fuel residue packaging without compaction, shows the
steps involved in the process. The quantity of packaged waste resulting from this option is
estimated to be 9.1 canisters/GWe-yr.

Mechanical Compaction of Hulls. Mechanical compaction of hulls is a treatment concept

for fuel residues in which the hulls are separated from the fuel assembly hardware and Zir-
caloy fines, compacted to 50% of theoretical density, and packaged in stainless steel can-
jsters (0.76 m dia x 3 m) for shipment to interim storage or to a repository. The Zircaloy
fines are deactivated by oxidation and packaged in identical canisters along with the fuel
assembly hardware. Compaction of the hulls could be done by a variety of processes, none of
which has been evaluated with irradiated hulls. Hydraulic press compaction was selected as
the alternative most technically feasible at present.

The steps of the compaction packaging concept are shown in Figure 4.3.7. Implementa-
tion of this option is estimated to result in 1.6 canisters/GWe-yr of fuel hardware and
3.8 canisters/GWe-yr of compacted hulls,

Hulls Melting Process

The hulls melting concept considered here uses the Inductoslag melting process devel-
oped by the U.S. Bureau of Mines Metallurgical Research Center in Albany, Oregon. In this
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FIGURE 4.3.6. Flow Diagram for Fuel Residue Packaging Without Compaction
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process, the sheared cladding hulls are segregated from the stainless steel end fittings and
other fuel element hardware and from the Zircaloy fines. The hulls are melted, and the
ingots from the melter are sealed into stainless steel containers. The Zircaloy fines are
deactivated to eliminate pyrophoric hazards and are packaged with the stainless steel com-
ponents without melting. This melting concept has been demonstrated successfully in making
ingots 10 cm (4 in.) in diameter from simulated fuel residue.

A flow diagram for the melting process is identical to that shown in Figure 4.3.7
except that melting is substituted for compaction. The facility is designed to produce
6 ingots/day, 0.23 m dia x 1.45 m long. These ingots are packaged in 0.76 m dia x 3 m
stainless steel canisters, and the fuel hardware is packaged in identical canisters. The
estimated quantities are 1.6 canisters/GWe-yr of hardware and 2.1 canisters/GWe-yr of melted
hulls.

4.3.3.2 Failed Equipment and Other Noncombustible Waste Treatment

The example treatment of failed equipment and noncombustible waste used in this State-
ment involves decontamination and disassembly of some of the failed equipment (but not of
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noncombustible waste), and packaging either in 55-gallon drums, in 1.2 x 1.8 x 1.8 m steel
boxes, or (at an FRP) in canisters like those used to contain fuel residue (Sec-

tion 4.3.3.1). Failed equipment is packaged in canisters when it cannot be decontaminated
sufficiently to allow packaging in boxes (the boxes must have a surface dose rate less than
200 mR/hr) or it cannot be disassembled to fit in drums. Figure 4.3.8 is a schematic flow
diagram illustrating treatment procedures at an FRP. Procedures at a MOX-FFP are similar

in most respects. Alternative treatment concepts involve varying degrees of decontamination
and disassembly before packaging and the addition of fixation materials (e.g., cement)

within the packages.

For the generic reprocessing cycle studied (Section 3.2.1.2), it is estimated that the
quantity of failed equipment resulting from operation of an FRP could be contained in a
mixture of packages comprising 1.4 canisters/GWe-yr, 1.1 boxes/GWe-yr, and 9.0 drums/GWe-yr.
The boxes have surface dose rates low enough to allow contact-handling but the canisters
and drums require remote handling. The noncombustible waste is packaged only in 55-gallon
drums; the estimated quantity from an FRP is 84 drums/GWe-yr, approximately 10% of which
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may be contact-handled. The quantities of failed equipment and noncombustible wastes esti-
mated for a MOX-FFP could be contained in a mixture of packages comprising 0.38 boxes/GWe-yr
and 7.5 drums/GWe-yr. A1l of these packages could be contact-handled.

4.3.3.3 Combustible and Compactable Waste Treatment

Three major alternatives have been used for treating general trash and combustible
waste: incineration, packaging without treatment, and compaction. Incineration consists
of burning the waste and treating the off-gas for removal of radionuclides and other noxious
materials, thereby decreasing the waste volume and rendering it noncombustible. Incinera-
tion also reduces the potential of biological action occurring in the waste. Packaging
without treatment consists of simply packaging general trash and ventilation filters in
steel drums for interim storage or interment at the repository. The third alternative, com-
paction, consists of compacting the waste and packaging it in steel drums for interim
storage or interment at the repository. A1l three methods have been widely used in the
nuclear industry, although incineration has not been applied to wastes requiring remote
handling. The latter two methods may not give waste packages that meet waste package cri-
teria for the repository.

Incineration was chosen as the example treatment process for this Statement because it
both renders the waste noncombustible and reduces the volume. Several incineration pro-
cesses have been successfully operated with radioactive combustible wastes (Perkins 1976,
Borduin and Toboas 1980). The process assumed here and described in DOE/ET-0028 employs a
controlled-air, dual-chamber incinerator. Packaging without treatment was also examined in
detail as an alternative since it represents the other end of the spectrum in terms of cost,
volume reduction, and flammability of the packaged waste.

Incineration (Example Method)

The FRP wastes include both materials that must be handled remotely and those that can
be contact-handled; we assume the use of separate but identical incinerators for the two
waste categories. The wastes sent to these two units are sorted and high-density combus-
tibles are shredded, as are wooden filter frames after filter media have been removed in a
filter media removal and pelletizing press. Pelletized filter media and noncombustibles are
packaged in 55-gallon drums for disposal. The sorted and shredded combustibles are inciner-
ated, and the ash (which contains essentially all of the radionuclides present in the waste)
is collected for transfer to the wet waste and particulate solids immobilization facility.
The off gas from the incinerator is sent through a high-energy gas-scrubbing system for
cooling and for removal of volatilized radionuclides, acidic gases, and particu]afes before
being filtered and routed to the FRP atmospheric protection system. The scrubbing solution
is concentrated and sent, along with the ash, to the wet waste and particulate solids immo-
bilization facility. Figure 4.3.9 provides a simplified flow diagram of these operations.

We assume that the MOX-FFP is located apart from the FRP and that a separate incinera-
tion facility is therefore required. The facility design is nearly identical to that in the
FRP; however, because of the relatively small volume of off-gas scrubbing solution, it does
not provide for solution concentration before immobilization.
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FIGURE 4.3.9. Treatment of Combustible Wastes and Filters at FRP Remotely Handled
Waste Incinerator Facility

The only packaged waste outputs from the example incineration facilties are the drums
containing the pelletized filter media and minor amounts of noncombustible waste and crushed
metallic frames from HEPA filters. The estimated quantities would fil1l 7.6 55-gallon drums/
GWe-yr from FRP operation and 0.95 55-gallon drums/GWe-yr from MOX-FFP operation. The drums
from the FRP would require remote handling, but those from the MOX-FFP (because the prin-
ciple activity results from alpha radiation) could be contact-handled.

Packaging Without Treatment

The waste packages employed for packaging combustible and compactable wastes without

treatment are steel drums; the larger HEPA filters are packaged in 80-gallon drums, and the
remaining wastes are packaged in 55-gallon drums. The wastes are assumed to be sealed in

plastic bags before they are shipped to the packaging facility. In the packaging facility
they are examined and placed in new drums (if necessary), assayed for fissile material con-
tent, and the lids are tightened to the drums.

The quantities of packaged waste are quite large under this option. We estimate
55 80-gallon drums/GWe-yr and 137 55-gallon drums/GWe-yr of remotely handled waste and
228 55-gallon drums/GWe-yr of contact-handled waste from the FRP. For the MOX-FFP the esti-
mates are 6.6 80-gallon drums/GWe-yr, and 21.5 55-gallon drums/GWe-yr, all of which could
be contact-handled.

If thé'packaging without treatment option is implemented, alternative treatments are
employed for two types of combustible waste: ion exchange resins and degraded extractant.
The jon exchange resins are sent to the wet waste and particulate solids immobilizaton
facility, and the degraded extractant is burned in an incineration unit designed specifi-
cally for that purpose.
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4.3.3.4 Immobilization of Wet Wastes and Particulate Solids

Prior to shipping and isolating wet wastes, they must be immobilized. This step may
be done by a variety of methods. Immobilization of these wet wastes in bitumen and cement
(bituminization and cementation) is discussed here as applied to an FRP and a MOX-FFP.
Another alternative, urea-formaldehyde immobilization, requires process equipment similar
to that for cementation. Cementation is the example treatment process chosen for this

Statement.

Cementation (Example Method)

Immobilization of radioactive wet wastes in cement involves mixing the wastes with
cement, placing the mixture into drums, and allowing the mixture to harden to a liquid-free
product. Cement immobilizaion of radioactive wastes has been widely used in the U.S. A
variety of cementation technologies have been developed, including in-drum mixers, drum tum-
blers, and in-line mixers, each of which is described in ERDA-76-43. For this Statement, a
drum-tumbling system was selected for the following reasons:

e Both liquid and dry wastes can be immobilized without altering the commercially
available technology.

e The wastes are mixed inside the drums, preventing external solidification of the
waste-cement mixture.

The process flow diagram for a cementation system at an FRP is shown in Figure 4.3.10.
A similar system can be used at a MOX-FFP after neutralization of the acidic liquids and

treatment to remove the ammonia present in those wastes (to avoid possible later pressuriza-

tion of sealed containers).
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FIGURE 4.3.10. Process Flow Diagram for Cementation at Fuel Reprocessing Plant
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The packaged waste output of the cementation systems depends markedly on whether or not
the combustible wastes are incinerated (because the incinerator ash and scrubber solutions
are additional feeds to the cementation systems). If the combustible wastes are inciner-
ated, the output of the cementation systems will be 106 55-gallon drums/GWe-yr at an FRP and
31 55-gallon drums/GWe-yr at a MOX-FFP. About 40% of the drums originating at an FRP and
all of the drums originating at a MOX-FFP could be contact-handled.

If the combustible wastes are not incinerated, the packaged waste output of the cemen-
tation systems will be 49 55-gallon drums/GWe-yr at an FRP and 11 55-gallon drums/GWe-yr at
a MOX-FFP, A1l of the drums originating at an FRP require remote handling, but those origi-
nating at a MOX-FFP would be contact-handled.

Bitumenization

Immobilization of radicactive wet wastes in bitumen involves mixing the waste with
1iquid bitumen or asphalt binder and placing it in 55-gallon drums. The temperature of the
binder at the time of mixing (above 100°C) evaporates the free water, and thus reduces the
waste volume. Use of bitumen to immobilize radioactive wastes has been well demonstrated,
largely through extensive operating experience in Europe. However, it is uncertain whether
bitumenized waste forms will meet waste form criteria for repositories.

Several types of bitumenization processes have been developed as discussed in
ERDA-76-43. In this Statement, a continuous screw extruder process was considered for the
following reasons:

e The screw extruder bitumenization process operates at lower temperatures and with
shorter residence times than the batch process, thus minimizing off-gas problems.

e The process uses well-demonstrated technology.
e The process is commercially available in the U.S.

A process flow diagram for a bitumenization system at an FRP is shown in Figure 4.3.11.
A similar system can be used at a MOX-FFP after neutralization of acidic liquids.

If the combustible wastes are incinerated, the packaged waste output of the bitumeniza-
tjon systems will be 48 55-gallon drums/GWe-yr at an FRP and 10 55-gallon drums/GWe-yr at a
MOX-FFP. About 2% of the drums originating at an FRP and all of the drums originating at a
MOX-FFP could be contact-handled.

If the combustible wastes are not incinerated, the packaged waste output of the bitu-
menization systems will be 26 55-gallon drums/GWe-yr at an FRP and 8.7 55-gallon drums/
GWe-yr at a MOX-FFP. About 3% of the drums originating at an FRP and all of those originat-
ing at a MOX-FFP could be contact-handled.

4.3.4 Gaseous and Airborne Waste Treatment

Spent nuclear fuel contains some radionuclides that are released in gaseous form during

certain treatment operations. Such volatile radionuclides include the fission products

3H, 85 129 14

Kr, and I and the activation product “'C. A small portion of the fission product
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FIGURE 4.3.11. Process Flow Diagram for Bitumenization Facility at Fuel Reprocessing Plant

ruthenium may also be converted to a volatile species under normal process conditions. All
of the other radionuclides present may also be present in off-gas and ventilation-air
streams; these are present, however, as suspended particles rather than in a gaseous form.
The fraction of the nonvolatile radionuclides suspended in the gas streams is generally
quite small.

Gaseous and airborne wastes will have to be treated to remove radionuclides whether the
spent fuel is discarded (the once-through case) or reprocessed. However, the complexity of
treatmeht operations might vary widely depending on which cycle is chosen. The treatment
operations will be at a minimum if spent fuel is packaged as intact assemblies (as in Sec-
tion 4.3.1.1) and will be at a maximum if spent fuel is dissolved for disposal or
reprocessing.

4.3.4.1 Filtration

Fi]tratibn js employed to remove radioactive particles from air streams being dis-
charged from various equipment and facilities used in the LWR fuel cycle. Such particles
arise from a variety of sources and mechanisms and their release to the environment can be
controlled by a variety of filtration processes. There has been much experience in this
area, since filtration has been successfully employed for many years in operating nuclear
facilities.

One type of filter used almost universally in nuclear installations is the high-
efficiency particulate air (HEPA) filter. These filters are composed of a specially formu-
lated glass fiber web contained in a wood or metal frame. HEPA filters are available in
several modular sizes; the size most commonly used for large installations is 61 cm on a
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side by 29 cm deep. Strict quality assurance by the manufacturer and installer ensures that
every filter will be at least 99.7% efficient for removing particles of 0.3 um diameter. A
99.9% efficiency for removing radioactive particles (a decontamination factor (DF) of 103)
js taken as a reasonable estimate for each stage of HEPA filtration. Higher removals are

achieved by the use of multiple stages.

Prefilters are used to remove particles Targer than 6 um and have less efficiency for
smaller particles. Prefilters are intended to remove the usual ambient dust from the air
stream and thus double or triple the service life of the highly efficient HEPA filter. For
radionuclide release calculations, a 91% efficiency for prefilters in removing radiocactive
particles (a DF of 10) is taken as a reasonable estimate.

Most nuclear facility designs include final filtration of essentially all of the air
leaving the facility as well as prior filtration of the air leaving individual portions of
the facility (e.g., some process equipment, cells, glove boxes). This is outlined in the
flow diagram shown in Figure 4.3.12. The final filtration system has been termed the atmos-
pheric protection system (APS). Three types of atmospheric protection systems are examined
jn detail in DOE/ET-0028 (Section 4.11) for application at fuel reprocessing plants (simi-
lar systems could be used at MOX-FFP and spent fuel treatment facilities). These three APS
types use HEPA filters for final filtration but use different types of prefilters. One
type of APS employs a commercially available Group III throw-away prefilter, another type
employs a sand-bed prefilter, and the third type employs a deep-bed glass fiber filter.

The Group III prefilter option was chosen as the example case in this Statement.
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FIGURE 4.3.12. Flow Diagram for Filtration of Airborne Wastes
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4.3.4.2 Gaseous Radionuclide Recovery

3H, 14C, 85Kr, 1291) from airborne waste

Where recovery of gaseous radionuclides (i.e.,
streams is required, processes other than filtration must be employed. Recovery of at least
some of these gaseous radionuclides will be required if the spent fuel is processed to con-
vert it to an alternative disposal form in the once-through case or to recover uranium and
plutonium for recycle. In the example process of this Statement for the once-through case
(the packaging of intact spent fuel assemblies), it is anticipated that no gaseous radionu-
clide recovery will be required. This is because only small quantities are expected to

escape from the fuel.

Recovery of the gaseous radionuclides 14C, 85Kr, and 1291 (but not of 3H) is included
in the example off-gas treatment process used in this Statement for the reprocessing cycle.
Most of this recovery takes place from the off-gas stream leaving the dissolver, since these
radionuclides volatilize when the UO2 fuel is dissolved in nitric acid. Iodine recovery
from the gas streams leaving the separations process equipment is also provided, since a
significant fraction of the iodine may remain in the dissolver solution and then volatilize
later. Figure 4.3.13 presents a flow diagram for this gaseous radionuclide recovery system,
The possible use of the voloxidation process to recover tritium is indicated also but, as
mentioned previously, tritium recovery is not included in the example process of this

Statement.

Tritium (3H) recovery is not included in this Statement because the technology is not
believed to have been suitably demonstrated as yet. In the example process, the tritium
present in the UO2 portion of the spent fuel is released to the atmosphere as water vapor.
The bulk of this release occurs when the excess water is vaporized and discharged.

Methods of tritium control have been studied. The voloxidation process (Groenier 1977)
has received the most development, but other alternatives have also been examined (Burger
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and Scheele 1978). The voloxidation process involves oxidation of UO2 to U308 at 400° to
500°C in air. Essentially all of the tritium (plus portions of the other volatile radionu-
clides) is released to the gas stream by this process. The released tritium is removed from
the gas stream (as water) by a bed of adsorbent material.

Although the example process in this Statement includes the recovery of three gaseous
radionuclides, the study described in DOE/ET-0028 (Section 4.9) considered other possi-
bilities as well. These included 1) no gaseous radionuclide recovery, 2) recovery of 1291,
3) recovery of 1291 plus 14C, and 4) recovery of 1291 plus 85Kr.

In the example process, iodine recovery is effected by adsorption on silver zeolite,
carbon recovery is accomplished by adsorption (as carbon dioxide) on zeolite molecular
sieves, and krypton is recovered by cryogenic (very Tow temperature) distillation. Silver
zeolite is a prepared by replacing sodium ions in a zeolite with silver fons. Zeolite mole-
cular sieves are crystalline aluminosilicates having pores of uniform size that completely
exclude molecules which are larger than the pore diameter, thus permitting selective adsorp-
tion of those molecules that are smaller than the pore diameter.

The example off-gas treatment system also includes filtration for removal of particu-
late material, absorption and catalytic destruction steps for the removal of the oxides of
nitrogen, NO and N02, and ruthenium removal. A small portion of the ruthenium may be con-
verted to a volatile form during processing operations. The example system uses beds of
silica gel to remove this ruthenium before it reaches the processes used to recover the gas-

eous radionuclides.

The ruthenium-loaded silica gel and the iodine-loaded silver zeolite are ultimately
disposed of in those forms; the estimated generation rates are 0.046 55-gallon drums/GWe-yr
of the ruthenium waste (which requires remote handling) and 0.68 55-gallon drums/GWe-yr of
the iodine waste. The carbon dioxide is desorbed from the molecular sieve and converted to
solid calcium carbonate for disposal; 0.19 55-gallon drums/GWe-yr is the estimated quantity.
The krypton-rich_ product (80% krypton and 20% xenon) from cryogenic distillation is col-
lected in pressurized gas cylinders for storage; 2.8 cylinders/GWe-yr is the estimated
quantity. These gas cylinders will require remote handling.

Alternatives exist for all of the processes employed in the example gaseous radionu-
clide recovery system. We do not mean to imply that the processes considered here are
necessarily the best, only that they are representative of currently available technology.
Krypton and carbon could be recovered by fluorocarbon absorption and iodine could be
recovered by different solid sorbents or by scrubbing with various aqueous solutions. These
alternatives have been discussed elsewhere (ERDA 1976).

4.3.5 Radionuclide Releases During Waste Treatment and Packaging

Estimates have been developed of radionuclide release during waste treatment and pack-
aging operations in both the once-through and the reprocessing cycles. These estimates are
summarized in Appendix 10A of DOE/ET-0028 for the packaging of intact spent fuel in a spent
fuel packaging facility (SFPF) in the once-through cycle and for a variety of waste
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treatment options at an FRP and at a MOX-FFP for the reprocessing cycle. Table 4.3.1 con-
tains a summary of the releases estimated for radionuclides of potential importance during
the treatment processes selected for use in this Statement. These release estimates are
given as the fraction of the quantity present in spent fuel that is released during the

treatment and packaging operations.

As mentioned earlier, tritium removal is not assumed in this Statement because the
technology has not been fully demonstrated. Should the voloxidation process described
earlier be successfully developed and applied, the release of tritium could be reduced to a
value only 1% (or less) as large as that listed here.

A1l of these releases to the environment occur in gaseous or airborne waste streams.
There are no planned discharges of radionuclide-contaminated liquid streams from these

facilities.

4.3.6 Treated Waste Quantities

Table 4.3.2 contains a summary of the ranges of quantities of treated and packaged
high-level, TRU, and gaseous wastes that result from implementation of various options of
the once-through or reprocessing cycles described in Sections 4.3.1 through 4.3.4. These
quantities are given in terms of the number of waste packages rather than in terms of the
volume of waste because, for the mined geologic repository concepts used in this Statement,
the repository area required for high-level waste is a function of the waste heat output
while the area required for remotely handled TRU wastes is a function of the number of con-
tainers rather than of the volume of waste (see Section 5.3). The data for the packaging
of intact fuel in the once-through case and for the packaging of the reprocessing wastes
were taken from DOE/ET-0028. The data for the packaging of processed spent fuel were taken
from ONWI-39.



TABLE 4.3.1.

Release During Treatment and Packaging, Fraction of That in Spent Fuel(a)

Estimated Radionuclide Releases During Waste Treatment and Packaging

Fission Products Actinides Activation Products
Cycle Waste Category Facility H Kr Sr Ru T Cs Ce Pu Am Cm C Fe, Co, Ni
Once-Through  Spent Fuel SFPF 2x10%  6x10° 1x100% 1x1012 2x10% ax10l 15102 g 0 0 6x10° 1x10710
Reprocessing  High-Level Liguid Waste FRP 8 x 1072 0 2x10® 141019 55100 2x10 2x10 1x107V x 10713 <105 o 0
Fuel Residue FRP 6 x 1077 0 2x107® 251018 o 2x101% 2 x10718 2410718 x 10716 x 1016 g5 10718 5410702
Failed Equipment and _ _ _ R _ _ R _ _
Noncambustible Waste FRP 2x10%0 2x10 2x10 55102 2x101 2x101 2x10718 x 10713 x 108 25100 1y 1019
MOX-FFP 0 0 0 0 0 0 x 1071 x 10715(00) ¢ 0 0
Cambustible Waste and
Wet Wastes FRP 2 x 1078 0 6x107 3x10 2x107 6x10Y7 sx10l 3x107W x 10716 x 1078 54 10717 310716
MOX-FFP 0 0 0 0 0 0 x 10715 x 10718 0 0 0
Gaseous and Airborne
Primary Wastes FRP gx10l 1x10l 1x10 2x10® 1x107 1x10¥ 1x10¥ 2x10°U x 10712 x 1071% 1 x 102
MOX-FFP 0 0 0 0 0 0 x 10712 x 10711 0
Total Wastes from .
Reprocessing 9x10  1x10! 1x10? 2x107® 3x1000 1x10¥ 1x10¥ 14107 x 10711 <101 1x10? s5x1078
(a) Quantities present in spent fuel are listed in Tables 4.4.2 and 4.2.4,
(b) Assuming reprocessing 1.5 years after reactor discharge and fuel fabrication one year later.

Sty
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TABLE 4.3.2. Estimated Quantities of Packaged High-Level, TRU, and Gaseous Wastes

Packages/GWe~yr

Once-Through Case

Intac Pr?cesigg i
S uel ) Reprocessing Case
Packaged Waste Package Type Fuelld Low High Example Low High
High-Level
Spent fuel Canister 127 61 141 -—- -— -—-
Solidified Liquid Waste Canister cee e e 35 27(c)  g4lc)
Remotely Handled
Fuel Residue Canister --- 12 29 9.1 3.7 9.1
Failed Equipment Canister - 2 3 1.4 --- ---
Drum -—- --- .- 9.0 -—- ---
Compressed Gas Canister --- 0.3 0.4 -—- - ---
Gas cylinder --- -—- -—- 2.8 0 2.8
Other Canister -—- 28 43 -—- --- -—-
Drum - --- --- 146 130 316
Contact Handled
Failed Equipment Box -—- -—- -—- 1.5 -—- -—-
Other Drum === 6.5 9.4 93 29 281
Total 127 110 226 298 190 653

(a) The example case described in Section 4.3.1.1.

(b) For the cases described in Sections 4.3.1.2 and 4.3.1.3.

(c) For canister heat loadings of 1.2 to 3.2 kW, assuming 6.5 years after reactor
discharge.
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4.4 WASTE STORAGE

The treated and packaged wastes (Section 4.3) may have to be stored for an interim
period of time before they are finally placed in a repository. With some wastes (e.qg.,
spent fuel in the once-through case and high-level waste in the reprocessing cycle case),
interim storage is desirable to allow many of the radionuclides to decay; this lowers the
rate of heat generation and simplifies the final disposal operations. With other wastes,
there is no technical reason for storage prior to disposal, but storage may be required
while awaiting availability of a final repository. With yet another type of waste (kryp-
ton), a special facility may be required to store the waste until its radioactivity has
decayed to a level Tow enough that it can be released.

4.4.1 ~Spent Fuel Storage

Storage of spent fuel is an integral part of both the once-through and the reprocessing
cycles. In both cases, an initial storage period is aimed at allowing short-lived radionu-
clides to decay away; this results in a lowered heat generation rate that facilitates subse-
quent handling operations and also reduces the degree of radionuclide containment required
'during the processing operations. Unpackaged spent fuel has been stored in water basins in
the U.S. for many years. The initial storage period was first envisioned as lasting only
about one year, after which the fuel would be reprocessed. However, because of deferral of
reprocessing and the possibility that spent fuel may be sent to disposal without repro-
cessing, and thus reguire storage until a repository is available, the initial storage
period may now last 20 years or more.

Even longer storage before disposal or reprocessing may be desirable or necessary.
Thus, extended {(up to 100 years) storage of spent fuel has also been examined. Advantages
include additional reductions in the radionuclide heat generation rate and the continued
availability of the fuel if the decision is made to reprocess spent fuel.

The extended storage concepts examined here involve prior packaging of the fuel, as
described in Section 4.3.1.1, although it could well be that water basin storage of unpack-
aged fuel would be satisfactory for this purpose also. Only intact spent fuel is consid-
‘ered here for extended storage; it is assumed that if spent fuel is to be processed to a
different form for disposal, the processing would not be done until the time of disposal.
Four storage modes for packaged intact spent fuel are described briefly here along with the
water basin storage of unpackaged spent fuel. More detailed descriptions are presented in
DOE/ET-0028, Section 5.

Water basin storage is the only method considered in this Statement for unpackaged
spent fuel. The four packaged fuel storage concepts are described here to illustrate the
range of alternatives available to reduce the already negligible impacts of spent fuel stor-
age to even lower values.
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4.4.1.1 Water Basin Storage of Unpackaged Spent Fuel (Example Method)

The storage of spent power reactor fuel in water basins is an established technology
that has been used successfully for over 20 years. Water basin storage has been employed
at government-owned reactors and commercial light water reactors, fuel storage basins, and
a fuel reprocessing plant. The water basin storage of unpackaged spent fuel at independent
spent fuel storage facilities and at stand-alone at-reactor basin facilities is discussed
in more detail in separate environmental impact statements (DOE/EIS-0015 1980 and NUREG-0575
1979). Water basin storage at independent spent fuel storage facilities was also examined
in detail in DOE/ET-0028.

Spent fuel elements arrive at independent storage facilities in shipping casks. The
elements are removed from the casks and are placed in storage baskets (containers) that are
designed to separate the fuel assemblies sufficiently to assure criticality safety. The
baskets are then moved to pool storage positions.

During water basin storage, the pool water serves both as a radiation shield and a heat
transfer medium to remove the radionuclide decay heat. This heat is then dissipated to the
atmosphere via a cooling tower by means of a secondary (and separate) recirculating cooling
system. The water quality in the pool is maintained by filtration and ion exchange.

Two independent water basin storage facilities for unpackaged spent fuel are described
in DOE/ET-0028 (Section 5.7). One facility stores LWR fuel assemblies containing 3000 MTHM
(metric tons of heavy metal) in six pools (each with a storage capacity of 500 MTHM) and has
the capability to receive and/or ship spent fuel at a rate of 1000 MTHM/yr. The other
facility is similar but is modified to receive spent fuel ‘at a higher rate and route it to
an adjacent fuel packaging facility. This modified facility has the capacity to receive
spent fuel at a rate of 2000 MTHM/yr and to store spent fuel containing 3050 MTHM. Other
sizes are considered in DOE/EIS-0015.

Radionuclide emissions during operation of such facilities were estimated for receiving
and shipping operations and for the storage condition. Table 4.4.1 contains these esti-
mates. These radionuclide emissions occur via the gaseous and airborne release route; no
aqueous releases containing radionuclides are expected.

4.4.1.2 MWater Basin Storage of Packaged Spent Fuel

The water basin storage of packaged spent fuel is similar to that for unpackaged fuel
except that the fuel elements are placed into stainless steel canisters before storage.
Packaging of intact spent fuel was discussed in Section 4.3.1.1. These canisters provide
additional fuel protection, radionuclide containment barriers, and contamination control.

The facility for water basin ‘storage of packaged spent fuel (see DOE/ET-0028, Sec-
tion 5.7.5) is somewhat different from that for storage of unpackaged fuel. Each packaged
fuel pool is designed to store spent fuel containing 2000 MTHM. The facility is designed
for modular expansion to a total of ten such pools for a storage capacity of 20,000 MT.
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TABLE 4.4.1. Estimated Radionuclide Releases During Water Basin Storage of Unpackaged

Spent Fuel
Fraction(2) Released During Fraction{@) Released Each
Fission Products Receiving or Shipping Year During Storage
H 2 x 1078 1 x 107°
Kr 6 x 1072 7 x 1077
I 1x 1077 9 x 107
Cs 7 x 10711 9 x 10712
A11 Others 2 x 10712 2 x 10713
Actinides Negligible Negligible
Activation Products
c 3 x 1076 1 x 1078
A1l Others 2 x 10710 2 x 1071

(a) Fraction of activity in spent fuel released to atmosphere. See
Tables 4.2.2 and 4.2.4 for the activity in spent fuel.

The radionuclide emissions from a facility storing packaged fuel will be markedly lower
than those from a facility storing unpackaged fuel. The radionuclide emissions are assumed
to be negligible since the containment of the fuel elements in high-integrity packages will
reduce the emissions by at least several orders of magnitude below the already low releases
resulting from storage of unpackaged fuel.

4.4.1.3 Air-Cooled Vault Storage of Packaged Spent Fuel

Another alternative for extended storage of packaged fuel involves packaging in carbon
steel canisters and storing in heavily shielded, air-cooled concrete vaults. The conceptual
facility (see DOE/ET-0028, Section 5.7.6), is an adaptation of a storage concept for solidi-
fied high-level waste (ARHCO 1976). In this concept natural-draft air circulation is used
to remove decay heat so that no mechanical equipment is required for heat removal. The
spent fuel canisters are placed vertically within steel sleeves in the vault; these sleeves
increase the natural air flow velocity around the canisters and provide additional heat
transfer area for the air coolant. Air enters a bottom plenum through side inlets in the
structure, passes upward through annuli formed by the storage units and sleeves, and is dis-
charged through an exhaust port to the atmosphere. Air flow is induced by the detay heat of
the spent fuel and the design of the vault. This concept has not been used for fuel stor-
age, but is based on established engineering practice and principles. .

Double containment of the radionuclides maintains radionuclide emissions at negligible
levels. Double containment is provided by single encapsulation of unfailed fuel assemblies
(cladding is one barrier and the canister is the second) and by double encapsulation of
failed fuel assemblies. A more conservative approach would be to doubly encapsulate all of
the assemblies.
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The exhaust air is monitored to provide early detection of emissions. If container
failure is indicated, the contaminated air is diverted through an adjacent sand filter by
forced draft exhaust blowers. The failed package is removed to a facility for repackaging
or overpacking. Package failure is expected to be rare or non-existent.

Each sleeve contains either four PWR or nine BWR individually packaged fuel assemblies.
The referenced design provides for 1120 sleeves per storage vault and for modular expansion
up to a total of ten vaults. Each vault would store spent fuel containing 2000 MTHM, for a
total storage capacity of 20,000 MTHM.

4.4,1.4 Dry Well Storage of Packaged Spent Fuel

The concept of dry wells (also called dry caissons) for the storage of packaged spent
LWR fuel is similar to concepts already in use for other reactor fuels in both the U.S.
(Hammond et al. 1971) and in Canada (Morrisen 1974). For the conceptual facility here (see
DOE/ET-0028, Section 5.7.7), the spent fuel is packaged in carbon steel canisters and placed
in an underground steel- and concrete-lined caisson. The caisson is then closed with a con-
crete plug. This concept relies upon the soil to conduct the decay heat from spent fuel to
the earth's surface, where it is dissipated to the atmosphere. As in the other packaged
fuel storage concepts, double containment is depended on to maintain radionuclide releases

at negligible levels.

The caisson is designed so that its atmosphere may be monitored and sampled periodi-
cally. Water run-off from the storage area will be collected and monitored (and decontami-
nated, if necessary) before release. Package failure is considered a highly unlikely event;
should it occur, the package is returned to the packaging facility for repackaging or
overpacking.

Each caisson provides a storage space of about 1 m in diameter by 5 m high and contains
either three PWR or six BWR individually packaged fuel assemblies. The design provides for
incremental expansion up to 15,800 caissons, which would store spent fuel containing
20,000 MTHM.

4.4.1.5 Surface Cask Storage of Packaged Spent Fuel

In the surface cask storage concept, packaged spent fuel is stored (outdoors) in a
reinforced concrete radiation shield (cask). This concept has been extensively studied
(ARHCO 1976) and is a straightforward application of existing technology. In the variation
described (see DOE/ET-0028, Section 5.7.8), spent fuel assemblies in carbon steel canisters
are placed in vertical concrete casks located outdoors on concrete pads. Heat is removed
from the fuel by natural convection air flow upward through the annulus between the cask and

the fuel packages.
As in the other packaged fuel storage concepts, double containment limits radionuclide

emissions to negligible levels. Monitoring capability is provided to detect radionuclide
leakage and also to detect increases in exit air temperature, which would indicate blockage
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of air ports. Failed packages would be returned to the packaging facility for canister
repair or replacement, as necessary; this is considered to be an improbable event.

Each storage unit is about 3.3 m (10 ft) in diameter and about 7.6 m (25 ft) high.
Each unit provides a storage envelope of about 1 m in diameter by 5 m high, and contains
either four PWR or nine BWR individually packaged fuel assemblies. A large number of stor-
age units would be located at one site; the referenced design provides for incremental
expansion up to a total of 11,200 storage units, which would store spent fuel containing
20,000 MTHM,

4.4,2 High-Level Waste Storage

In the reprocessing cycle case where the fuel to be reprocessed has been out of the
reactor only a few years, the storage of high-level waste either as a liquid or a solid is
desirable to provide additional time for the heat generation rate to decrease. Another
potential reason for storage of high-level waste could be to bridge the (possible) gap
between waste generation and repository availability. The high-level waste could be stored
as a liquid and then be solidified just before repository emplacement, or it could be
solidified immediately and then stored in that form until it could be placed in a reposi-
tory, or it could be stored as a liquid for part of the time and as a solid for part of the
time (although the latter case would doubtless be more expensive).

Except for moderate volumes of surge storage in shielded processing facilities, the
only method given serious consideration anywhere for interim storage of Tiquid high-level
waste is storage in large underground tanks. Many methods, however, appear suitable for
storage of high-level waste after it has been solidified. Solidified high-level waste pack-
ages can be stored similarly to spent fuel in water basins, in air cooled vaults, in dry
wells, and in casks stored on the surface (ERDA-76-43 1976). Additional details on the
storage of liquid high-level waste and of solidified high-level waste in water basins and
in sealed casks can be found in DOE/ET-0028 (Section 5).

In the example waste management system considered in this Statement for the reproces-
sing cycle case, spent fuel is reprocessed 1.5 years after discharge from the reactor. The
resultant high-level liquid waste is solidified immediately (except for a minimal surge
storage period) and the solidified high-level waste is stored for 5 years in a water basin
at the reprocessing plant. When further storage is required pending repository availa-
bility, the waste is stored in sealed casks. Certain other waste disposal concepts under
consideration (i.e., rock melting and well injection) dispose of high level waste as a
Tiquid. Implementation of one of these concepts may require substantial liquid high-Tlevel
waste storage facilities.

4.4.2.1 Tank Storage of Liquid High-Level Waste

Storage of liquid high-level waste in large subsurface tanks has been practiced for
over 30 years in several countries. Most of the U.S. experience has involved storage of
government-produced defense program wastes; the tanks built initially were single-walled,
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but double-walled tanks have been built in recent years at both Hanford and Savannah River
to reduce the possibility of leakage of waste into the environment (DOE/EIS-0063 1980 and
DOE/EIS-0062 1980). The defense program wastes were neutralized before storage (by the
addition of hydroxides) and are stored in carbon steel tanks. The commercial wastes pro-
duced at the West Valley Plant in New York are also stored in this way. More recent plans
involve storage of acidic waste in stainless steel tanks. Such tanks have been built (but
not used) at the Barnwell Plant in South Carolina. The design concept here (see DOE/ET-
0028, Section 5.1) is similar to that used at Barnwell.

The tanks employ double containment, consisting of a primary stainless steel container
within a stainless steel liner. Both containers are supported by and encased in a rein-
forced concrete vault. The tanks in this design are 17 m (54 ft) in diameter and 6 m
(20 ft) high and have a net storage volume of 1140 m (300,000 gal) with 10% freeboard.
Each such tank has the capacity to store the concentrated high-level liquid waste resulting
from reprocessing spent fuel containing 2000 MTHM. Seven tanks are required to provide
capacity for 5-yr storage of the high-level waste produced at a 2,000 MT fuel reprocessing
plant (four tanks filled, one filling, one emptying and one tank held as a spare). The
radioactive decay heat is removed by cooling water, which passes through coils installed in
the tanks; the heat is then dissipated via a cooling tower. The contents of the tank are
continuously mixed by airlift circulators and by ballast tanks that provide an intermittent

flushing action.

The tank off gases are treated to remove any volatilized iodine and particulate radio-
nuclides that might be entrained in the gas stream. Estimated radionuclide emissions are
given in Table 4.4.2.

TABLE 4.4.2. Estimated Radionuclide Releases During Tank
Storage of Liquid High-Level Waste

Fraction(a) Released Each

Fission Products Year During Storage

H 8 x 1073

Kr . 0

I 5 x 1077

Ru 1 x 10'12

AT1 Others 1 x 10713

Actinides

u 5 x 10716

Pu 5 x 10716

AT1 Others 1x 10713

(a) Fraction of activity in spent fuel
released to atmosphere. See Table 4.2.4
for the activity in spent fuel.
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4.4.2.2 Mater Basin Storage of Solidified High-Level Waste (Example Method)

Solidified high-level waste packages (described in Section 4.3.2) can be stored in
water basins in much the same manner as that described in Section 4.4.1.1 for the water
basin storage of spent fuel. In the facility for water basin storage of solidified high-
level-waste examined here (see DOE/ET-0028, Section 5.4.1), the singly encapsulated (in
stainless steel) waste is received for storage from an adjacent waste solidification
facility. The waste canisters are stacked in double-tiered racks in water basins, each of
which is designed to hold the waste from reprocessing spent fuel containing 1,500 MTHM.
Each basin is equipped with a water purification system and a heat exchanger system to
remove the decay heat, which is dissipated to the atmosphere via a cooling tower. Eight
such basins are included in the facility design. Radionuclide emissions estimated for water
basin storage of vitrified high-level waste are given in Table 4.4.3.

4.4.2.3 Sealed Cask Storage of Solidified High-Level Waste

The sealed storage cask concept for extended storage of solidified high-level waste
involves encapsulating the waste canjster in a high-integrity, sealed metal storage cask and
then placing the doubly encapsulated waste in a reinforced concrete radiation shield. The
assembly is then placed on a base in a large outdoor storage yard. Air circulates by
natural convection between the radiation shield and the sealed cask to remove the heat being
generated by the waste. This concept has been studied extensively (ARHCO 1976).

A facility to implement this concept was designed to accommodate 0.3 x 3 m waste canis-
ters generating about 4.4 kW of decay heat (see DOE/ET-0028, Section 5.4.2). The facility's
initial capacity is 2,000 canisters of waste; it can be expanded in 2,000 canister modules
to an ultimate capacity of 20,000 canisters.

TABLE 4.4.3. Estimated Radionuclide Releases During Water Basin
Storage of Vitrified High-Level Waste

Fraction(2) Released Each

Fission Products Year During Storage

H 0

Kr 0

I 0

Cs X 10'13

AT1 Others x 1071
Actinides

U 1 x 10716

Pu 1 x 10716

AT1 Others 2 x 10718

(a) Fraction of activity in spent fuel
released to atmosphere. See Table 4.2.4
for the activity in spent fuel.
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The storage yard is monitored to detect any radionuclide leakage from the storage
units. Radionuclide emissions are assumed to be negligible since leakage of the doubly
encapsulated waste is believed to be highly improbable. Canisters that do leak can be

retrieved and repackaged.

4.4.2.4 Other Solidified High-Level Waste Storage Concepts

Solidified high-level waste could be stored in an air-cooled vault facility similar to
that described in Section 4.4.1.3 for the storage of spent fuel. In fact, the conceptual
facility for spent fuel storage is an adaptation of a concept for storage of solidified
high-Tevel waste (ARHCO 1976). Double containment of the radionuclides in the high-level
waste could be provided by overpacking the primary canister. The design for a solidified
waste facility would be tailored to the high-level waste canister size and heat generation

rate.

Dry well storage of solidified high-level waste could also be employed. This would
resemble the dry well storage of spent fuel described in Section 4.4.1.4. Well size and
spacing would be different for the solidified waste than for the spent fuel, depending on
waste canister size and heat generation rate. Double containment of the waste by overpack-
ing the primary canister could also be utilized for this storage concept.

4.4.3 TRU Waste Storage

The packages of treated TRU waste described in Section 4.3.1 for the once-through case
and in Section 4.3.3 for the reprocessing case could require storage for an interim period

before a repository is available.

The packaged wastes are considered in one of two categories depending on the radiation
level. Packages that have surface dose rates no higher than 200 millirem/hr are "contact-
handled," i.e., workers can handle them without extensive shielding. Packages with higher
surface dose rates require shielding and/or remote handling to protect operating personnel;

these packages are "remotely handled."

The TRU waste packages with the highest surface dose rates are the canisters containing
the fuel residues (the fuel hulls and hardware). Some disassembled failed equipment is also
assumed to be packaged in identical canisters. Two alternative interim-storage facility
concepts for these canisters are described here (see also DOE/ET-0028, Section 5.2): vault
storage and dry-well (near-surface) storage. The dry well concept js used as the example
method in this Statement.

Other remotely handled TRU wastes are packaged in steel 55-gal drums. Vault storage
and dry well storage facility concepts for these wastes are described here (see also
DOE/ET-0028, Section 5.3). Vault storage is used as the example method in this Statement.

The contact-handled wastes are packaged in steel boxes or drums. Unshielded indoor
storage and outdoor surface storage facility concepts are described for these wastes. The
outdoor surface storage concept is the example concept used in this Statement.
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Because of the lower radionuclide content and the integrity of the waste packages, no
significant releases of radionuclides are anticipated from any of these conceptual TRU waste
storage facilities. However, effluents would be monitored to verify that this is indeed
true and to provide early detection of problems that might arise.

4.4.3.1 Vault Storage of RH-TRU (Example Method for Drummed RH-TRU)

In the vault storage concept for remotely handled wastes, the waste is considered to
be packaged either in special canisters (0.76 m dia x 3 m) or in 55-gal drums. Vault stor-
age is the example concept of this Statement for these 55-gal-drum-packaged wastes and an

alternative concept for these canistered wastes.

The 55-gal drums that require remote handling are simply stacked in cells constructed
of reinforced concrete. The drums are unloaded from the shipping container and are placed
in the storage cells by a crane using a vacuum-operated 1ifting device. The design calls
for each cell to contain 500 drums; these are five layers of drums, 100 drums in each layer,
and plywood sheets separate the layers. The basic storage module contains 40 such cells
holding a total of 20,000 drums. Facility designs were evaluated for storage both at an
individual fuel reprocessing plant and at an independent site serving a number of reproces-

sing plants.

The vault storage concept for the canistered waste uses individual sleeves for canister
storage in concrete vaults, which provide radiation shielding. The canisters are handled
with a remotely operated crane. They are lowered from shipping casks through a special
transfer device into the storage space and a shielding plug is placed above the canister.
Each storage space is a galvanized steel pipe (0.9 m in dia) with a plate welded to the bot-
tom and is suspended from the roof slab of the vault. Natural air circulation through the
vault provides canister cooling. The vault storage concept for canisters is based on a
modular design. Each cell has a capacity of 312 canisters. Facility designs were evalu-
ated for siting both at an individual fuel reprocessing plant and at an independent site
serving a number of reprocessing plants.

4.4.3.2 Dry-Well Storage of RH-TRU (Example Method for Canistered RH-TRU)

The dry-well storage concept, which is the example concept of this Statement for the
storage of canisters containing the fuel residue and some of the failed equipment, involves
construction of storage spaces in an above-grade soil structure (berm). The canisters are
placed in individual storage spaces positioned vertically in the berm, and the spaces are
capped with steel and concrete plugs. The plug, canister, and shipping cask are handled
remotely using a crane. Each storage space consists of a galvanized steel pipe sleeve
(0.9 m in dia) with a plate welded to its bottom and suspended from a slab; gravel is back-
filled around the outside of the pipe. Heat is removed by conduction through the soil to
the atmosphere. The basic module designed for the dry-well storage of canisters has two
berms, each containing 1,248 storage spaces.
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A similar approach was examined as an alternative for the storage of the waste packaged
in 55-gal drums that requires remote handling. In this instance 5 drums are stored in each
caisson (0.66 m dia x 5.2 m deep). Most of the drums can be unloaded from the shipping
container and placed in storage using only a shielded mobile yard crane that has a vacuum
lifting device. Drums having high surface dose rates are transferred to the caisson using
a bottom loading cask. In this design, 504 storage spaces are provided in each module.

4.4.3.3 Unshielded Indoor Storage of CH-TRU

The packages of TRU waste that can be contact-handled can be stored indoors in an
ynshie]ded facility. A conceptual facility examined as an alternative to outdoor storage
consists of a precast concrete building containing a number of individual storage cells.
Drums (55-gal) are stacked six high in horizontal layers; plywood sheets are placed between
the layers. Steel boxes are also used to package such wastes; a storage box occupies the
space of 12 drums. The boxes and drums are handled by mobile cranes and by fork-T1ift
trucks.

The basic module used in this design includes two cells, each of which will store
4,200 drums. When storage capacity beyond that provided by the basic module is required,
an expanded version of the basic module is used or multiples of the basic module are

employed.

4.4.3.4 Outdoor Storage of CH-TRU (Example Method)

Outdoor storage is the example concept of this Statement for contact-handled TRU
wastes. This approach is presently used at most government installations. Several varia-
tions are in use, involving below-grade as well as above-grade techniques and differing
amounts of weather protection. The most widely accepted method is to place the waste pack-
ages on some structural pad, and cover them first with an impermeable membrane, and then
with dirt.

In this design the drums and boxes of waste are placed on an above-ground asphalt slab
that is contained within a temporary air-supported structure to allow operations to continue
during inclement weather. The containers are arranged in horizontal layers; sheets of ply-
wood are placed over each layer before the next layer is added. Handling of the containers
is by mobile crane and by a drum grabber. As the storage area is filled, polyethylene
sheets are p1éced over the stacked containers and the stack is covered with dirt to a depth
of at Teast 0.9 m. Once a storage area is completely filled and covered with earth, the
air-supported structure is removed, and the dirt cover is either seeded or covered with a
bitumen layer.

The basic storage module for this concept has a storage capacity for 10,000 55-gal
drums of waste. Capacity can be expanded by either using an expanded version of the basic
module or by using multiples of the module. ‘
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4.4.4 Krypton Storage

The 8%y removed from the off-gas stream as described in Section 4.3.4.2 must also be

stored. This gaseous radionuclide can be encapsulated and stored in pressurized gas cylin-
ders. Alternative krypton encapsulation techniques being investigated include 1) zeolite
encapsulation, where krypton is diffused into "crystalline cages” at high temperatures and
pressures, and where escape of the krypton is slow at low temperatures; 2) dissolution in a
glass matrix, where krypton is trapped within a glass when it solidifies; and 3) entrapment of
krypton in metal solids during high-rate sputtering. :

The krypton storage facility chosen for this Statement stores gas cylinders containing
about 80% krypton and 20% xenon. The radionuclide heat generation rate from such cylinders
is appreciable and refrigerated air cooling is provided. The surface dose rates of the cyl-
inders are such that remote handling is required; this is provided by special transfer con-
tainers and cranes.

The storage plan for krypton differs from those for the other wastes in an important
respect. Since the half-life of 85Kr is relatively short (10.7 yr), it is assumed that

85 85y -

after storage for 50 years or so the ~“Kr can be released. In 50 years the amount of

remaining will be only 4% of the initial amount; after 60 years only 2% will remain.

The krypton storage facility {see DOE/ET-0028, Section 5.6) is located adjacent to a
fuel reprocessing plant and is sized to handle the output of the plant during its Tifetime.
Separate storage cells, each holding 104 cylinders, are provided. The number of cells is
increased every ten years to provide the necessary storage capacity; 14 cells are required
for each ten years' output. The facility also includes hot cells for use in cylinder
inspection and gas transfer (e.g., from a leaking cylinder to a sound cylinder) operations.

The gas cylinders are passed into the storage cell through ball valves and rest hori-
zontally on shelves within the cell. Each storage cell contains five shelves and is pro-
vided with a self-contained air circulation and heat removal system. These air circulation
systems are monitored to provide detection of leaks. If a minor leak is detected, the cyl-
inder is sent to the hot cell and the contents are transferred to a new cylinder. If a cyl-
inder suddenly ruptures, the cell atmosphere will be pumped to a holding tank where it will
be sampled and then either returned to the fuel reprocessing plant or sent to the storage
facility stack for release.

The normal release of 85

Kr from the storage facility occurs in two ways: 1) the small
leakages from a number of cylinders, and 2) the planned discharge of the krypton at the com-
pletion of the storage period. The former release is estimated to amount each year to no
more than 0.1% of the amount of 85Kr present during the year. The latter release does not
begin until completion of the planned storage period. For a 50-yr storage period, this
release amounts to 4% of the amount initially placed into storage. The planned storage

period (and, thereby, the planned release) can'be changed after storage has begun.
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4.5 WASTE TRANSPORT

For the example once-through cycle, the waste transportation of concern for this State-
ment is the shipment of spent fuel. Other wastes would be non-TRU wastes that are not cov-
ered in this Statement. The spent fuel may be shipped directly from the nuclear power
plants to an encapsulation facility located at the geologic repository site, or it may be
shipped first to an interim storage facility and then to the encapsulation facility.

For the reprocessing cycle, transportation is considered for spent fuel, solidified
high-level waste, and TRU wastes. Spent fuel may be shipped from the reactors either to
interim storage or directly to reprocessing. Reprocessing plant and MOX fabrication plant
waste packages may be shipped directly from the fuel reprocessing plants and from the mixed
oxide fuel fabrication plants to the geologic repository, or they may be shipped first to
an interim storage facility and then to the geologic repository.

~ The transportation of these wastes is discussed briefly in the following sections.
More detail is contained in Section 6 of DOE/ET-0028.

4.5.1 Spent Fuel Transport

Spent fuel has been shipped in the United States for many years. Massive, heavily
shielded shipping casks are available for both truck and rail transport of spent fuel from
current-generation LWRs. Most spent fuel casks will accept either PWR or BWR spent fuel by
using different fuel baskets; however, some are designed only for a particular fuel type.
Table 4.5.1 gives information about casks that are currently available or licensed for spent
fuel shipments in the U.S. More detailed information is contained in Sections 6.2.1
and 6.2.2 of DOE/ET-0028 and in Volume 2, Appendix C of DOE/EIS-0015.

TABLE 4.5.1 Available Shipping Casks for Current Generation LWR Spent Fuel

) Max imum
Cask ANumber of Approximate Usual Heat
Cask ssemblies Loaded Transport Shielding Cavity Removal Numbe
Designation  PWR  BWR  (Cask Weight, MT Made Gamma Neutron Coolant ki Avai!abqe(a)
NFS-4 1 2 23 Truck Lead and Borated Water 12 7
(NAC-1) steel water and ’
antifreeze
NLI 1/2 1 2 22 Truck Lead, Water Helium 11 5
uranium
and steel
™-8 3 36 Truck (b} Lead and Borated Air 36 2
steel solid
resin
-9 7 36 Truck (b) Lead and Borated Air 25 1
steel solid '
] resin
1F-300 7 18 63 Rail{c) Uranium  Water and Water 76(d) 4
and steel antifreeze
NLI 10/24 10 24 88 Rail Lead and Water Helium g7(e) 2

steel

(a) According to Winsor, Faletti, and De Steese (1980).

(b) Overweight permit required.

(c) Truck shipment for short distances with overweight permit.
(d) Licensed decay heat load is 62 kW.

(e) Licensed decay heat load is 70 kW.
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These existing casks were designed to transport short-cooled (6 months or less) irradi-
ated fuel, consistent with the earlier expectation of rapid recycling of fissile materials.
The current situation, however, indicates that most spent fuel transport will involve fuel
that has been cooled for at least several years. Consequently, there appears to be consid-
erable incentive to build a fleet of casks specifically designed for this long-cooled fuel
because its lower thermal and radiation output would permit an increase in cask capacity and
a reduction in handling costs. Several cask fabricators have announced new cask construc-
tion programs; some of these address the prospect of transporting long-cooled fuel.

Existing cask designs are for the transportation of unpackaged spent fuel. Transporta-
tion of spent fuel that has been packaged in canisters {either as intact spent fuel or as
treated spent fuel) will require some additional design modifications. If existing casks
or cask designs cannot be suitably modified, new cask designs may be required.

Past experience indicates that an estimated six to eight years could be required to
design, test, license, and then fabricate a fleet of newly designed casks. However, with a
licensed standard cask, a vendor could significantly shorten the length of time required to
deliver a fleet of casks. The useful life of spent fuel shipping casks is estimated to be
20 to 30 years.

Several factors can influence the choice of rail or truck casks for use in the shipment
of spent fuel. Rail casks have a significantly larger payload than truck casks. About
10 times as much fuel can be shipped in a rail cask with an increase in shielding weight of
only about a factor of 4 over the amount required for a truck cask. On the other hand,
truck shipments normally require less time for completion than rail shipments. About 50%
of the reactors now operating in the U.S. or scheduled for completion by 1980 do not have
rail spurs at the site. Many of these reactors without rail spurs can be serviced by inter-
modal (truck or rail) casks, which require overweight permits for shipment by truck to the

nearest rail siding.

In this Statement, it is assumed that 90% of unpackaged spent fuel will be shipped from
reactors by rail and 10% by truck. To accommodate the reactors without rail access, half
of the rail shipments are assumed to be in intermodal casks that allow truck shipment for
short distances. Shipments from interim storage to repositories or reprocessing are assumed
to be 100% by rail. Any shipments of packaged spent fuel are assumed to be by rail using
casks that can handle 7 PWR or 17 BWR packaged assemblies. Spent fuel in the once-through
cycle is assumed to cool at least five years before shipment. In the assumed reprocessing
cycle, however, spent fuel (which is not a waste in this cycle) can be shipped to a repro-
cessing plant after one year cooling.

Transport of spent fuel by barge and by ship has also been considered. Barge transport
is an alternative when both the nuclear power plant and the encapsulation or storage
facility are on navigable waterways. Barge transport suggests high payloads and low tar-
iffs. However, cost gains in these two areas could be offset by the longer transit times

"estimated for barge shipments. Should offshore (floating) nuclear power plants be con-
structed, barge transport is an obvious choice for the initial portion of the journey of the
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spent fuel to an encapsulation or storage facility. Casks for barge shipment of spent fuel
would probably be similar, if not identical, to those used for rail transport.

Ship transport of spent fuel could be required if some of the alternatives to geologic
disposal (e.g., island, subséabed, jcesheet) described in Chapter 6 of this Statement are
implemented. Casks for spent fuel transport by ship would probably require adaptation or
modification of existing design. The design would likely vary somewhat depending on the
specific disposal concept, but could be similar to those of existing casks.

4.5.2 High-Level Waste Transport

High-Tlevel waste transport is required in the example reprocessing cycle. Solidified
high-level waste could be shipped in specially designed casks by truck, rail, barge, or
ship, much the same as for spent fuel. Ship transport would be employed only if a disposal
alternative involving transport across an ocean were implemented. Barge transport would
likely be employed only if both the repository and the fuel reprocessing plant were located
on or very near navigable waterways. Rail tfansport would likely be preferred to truck
transport because of the greater capacity of the rail casks.

We assume in this Statement that all transport of solidified high-level waste is by
rail. Casks for such use have not been constructed but some have been designed (Perona and
Blomeke 1972, Peterson and Rhoads 1977). These designs provide for transport of multiple
waste canisters in a single cask and incorporate many features of spent fuel cask designs.

The rail cask chosen as the basis for this study is a lead-filled double-walled stain-
less steel cylinder weighing about 100 MT (220,000 1b) (Peterson and Rhoads 1972). Neutron
shielding is furnished by a water jacket that surrounds the cask body. The cask will dissi-
pate up to 50 kW of internally generated heat. High-level waste canisters are held in an
aluminum insert that fits into the cask cavity. Different inserts can accommodate nine
0.30-m dia (12-in.), thirteen 0.25-m dia (10-in.), twenty 0.20-m dia, or thirty-six 0.15-m
dia (6-in.) waste canisters. Each of these configurations transports the same quantity of
waste. Thus, regardless of the canister heat generation Timit imposed by disposal con-
straints, the required number of shipments does not vary.

The cask is transported on a special six-axle rail car. The gross shipping weight of
the loaded cask and rail car is about 350 MT (330,000 1b). Casks used for ship transport,
in the event this is required by the choice of a disposal alternative, would require adapta-
tion or modification of existing design.

4.5.3 TRU Waste Transport

Transport of TRU wastes is also required in the reprocessing cycle. These wastes are
considered here in two categories: 1) fuel residues, which we assume to be packaged in spe-
cial canisters; and 2) other solid wastes, which we assume to be packaged in steel drums or
boxes (except for a small quantity in special canisters). Only truck and rail transport are
considered.



4.66

4.5.3.1 Fuel Residue Transport

Fuel residues (spent fuel hulls and hardware) are assumed in this Statement to be pack-
aged in special stainless steel canisters (Section 4.3.3.1). Casks for transport of such
canisters have not been built, but it is reasonable to assume that the design and construc-

tion of such casks present no new problems.

Fuel residue casks may be shipped by rail or truck. Because rail casks could have a
greater capacity and because both reprocessing plants and repositories will have rail ser-
vice, we assume in this Statement that all fuel residue shipments are-by rail. For planning
purposes a rail cask has been postulated that would transport three canisters. The concep-
tual cask is a lead-filled, double-walled stainless steel cylinder weighing about 45 MT
(140,000 1b). An insert would position the three canisters inside the cask cavity and would
act as a heat conduction path from the waste canisters to the inner surface of the cavity
wall. Neither cooling fins nor neutron shielding are required. '

A truck cask that would transport one fuel residue canister has also been postulated
for comparison purposes. This conceptual truck cask is assumed to be a lead-filled, double-
walled stainless steel cylinder weighing about 20 MT (43,000 1b).

4.5.3.2 Other TRU Waste Transport

Other TRU wastes to be transported are the packages resulting from the treatment and
packaging operations for failed equipment and other miscellaneous TRU wastes (described in
Sections 4.3.3.2 through 4.3.3.4). These packages are mainly steel drums and steel boxes,
but special canisters like those used for fuel residue are used in this Statement for a por-
tion of the failed equipment. We assume that all of these packages require shipment in
casks or overpacks that meet Type B packaging standards, even though it is 1ikely that some
could contain a small enough quantity of radioactivity to permit their shipment in Type A
packages. Typical Type A packaging includes steel drums, wooden boxes, and steel boxes that
prevent loss or dispersal of radioactive contents and retain radicactive shielding if
required when subjected to stresses associated with normal transport. Type B packaging
must meet these standards, but also must be able to survive a series of hypothetical
accident test conditions.

Shipments of these wastes could be made by truck or rail. We assume here that most of
these shipments will be by truck. The special canisters containing some of the failed
equipment are transported by rail along with the fuel residue waste.

Drums and boxes that have surface dose rates below 200 mR/hr and can be contact-handled
are assumed to be transported in a Super TigerﬁD A Super Tiger is a double-walled steel
box with a fire-resistant polyurethane foam filler for shock and thermal insulation. Three
pallets, each containing twelve 55-gal drums or three steel boxes (1.2 x 1.2 x 1.8 m), can
be accommodated in a Super Tiger. The maximum payload is about 14 MT (30,000 1b), and the
empty weight is 6.8 MT (15,000 1b). Super Tigers can be carried by either truck or rail.

()liegistered Trademark of Protective Packaging, a subsidiary of Nuclear Engineering
Company.
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Drums that have surface dose rates in the range 200 mR/hr to 1 R/hr require remote han-
dling and are assumed here to be transported in a shielded van that meets Type B package
standards or in a Super Tiger-type overpack that incorporates some shielding even though
such packages are not currently available or designed. Drums that have surface dose rates
in the range 1 to 10 R/hr are assumed here to be transported in casks having an equivalent
shield thickness of 5 cm lead + 2 cm steel; a capacity of 14 drums per cask is assumed.
Drums with surface dose rates above 10 R/hr are assumed to be transported in casks with an
equivalent shield thickness of 10 cm lead + 2.5 cm steel; a capacity of six drums per cask
is assumed for planning purposes.
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4.6 DECOMMISSIONING OF RETIRED FACILITIES

Portions of fuel cycle facilities become contaminated with radionuclides during their
use. Upon retirement these facilities become a waste that must be managed. Management of
this waste is commonly termed decommissioning. Various alternatives are available for
decommissioning retired fuel cycle facilities, as discussed in DOE/ET-0028, Section 8.0.
Much of this information was extrapolated from results of detailed studies of the techno-
logy, safety, and costs of decommissioning nuclear facilities that have been pérformed at
PNL for the NRC (see Schneider and Jenkins 1977, Smith et al. 1978, Smith and Polentz 1978,
Jenkins et al. 1979). In this Statement we assume that dismantlement is required and have
chosen one of two basic decommissioning modes: either immediate dismantlement, or safe
storage with deferred dismantlement.

In immediate dismantlement, all radicactive contamination above regulatory limits is
removed from the facility to an approved disposal or storage site shortly after the facility
is shut down. Depending on further uses of the site, noncontaminated portions of the
facility remaining after dismantlement may be demolished and removed or they may be used for
other purposes.

In safe storage with deferred dismantlement, the facility is prepared at shutdown to
be left in place for an extended time before it is dismantled. The purpose of this defer-
ment is to allow some of the radionuclides to decay so that radiation exposure during the
decommissioning will be reduced. Consideration has been given to both passive safe storage
and hardened safe storage methods. These methods differ in the strength and complexity of
the barriers installed and in the amount of maintenance and surveillance required during
the time of deferment. This time period is termed the continuing care period.

Among the techniques used in decommissioning are chemical decontamination, mechanical
decontamination, equipment deactivation and removal, and isolation of contaminated areas.
Chemical decontamination is often carried out during the initial stages of a decommissioning
operation to reduce radiation levels and remove relatively mobile contamination. Decontami-
nation solutions may include corrosive acids, complexants, detergents, and high-pressure
water or steam. These liquids are generally concentrated by evaporation, and the concen-
trated waste is then immobilized for disposal or storage.

Mechanical decontamination is required to remove residual radioactive contamination
from structural surfaces. These activities are minimal when the facility is being prepared
for safe storage but are extensive during dismantlement. Contaminated steel structural com-
ponents or liners may be removed by sectioning in place with plasma torches, arc saws, or
explosives. Contaminated concrete can be removed with explosives, by drilling and rock-
splitting, or by jackhammering.

Equipment deactivation is done during preparation for safe storage and equipment is
removed at the time of dismantlement. Deactivation involves removing bulk quantities of
process materials or other hazardous substances, closing valves or installing blank



4.70

flanges, and disconnecting electricity and other utilities. Steel equipment can be sec-
tioned (if necessary) and removed using cutting torches, saws, and/or explosive cutting

techniques.

Isolation of contaminated areas is required for safe storage. Airtight barriers are
constructed around contaminated areas (existing facility structures form most of the bar-
rier) and existing penetrations into contaminated areas are sealed off. HEPA-filtered vents
may be installed to accommodate changes in air pressure caused by tempegegure fluctuations.
The barriers constructed for hardened safe storage typically are more substantial and
require less maintenance during the continuing care period than the barriers constructed for

passive safe storage.

This Statement addresses decommissioning only of the fuel cycle facilities subsequent
to the nuclear power plants and decommissioning waste treatment of only the TRU wastes. All
of the decommissioning wastes from the example once-through fuel cycle and a portion of
those from the reprocessing fuel cycle are expected to be non-TRU wastes.

The fuel cycle facilities examined in detail in this Statement include the away-from-

reactor storage facilities (AFRs) in the once-through cycle and fuel reprocessing plants
(FRPs) and the mixed-oxide fuel fabrication facilities (MOX-FFPs) in the fuel reprocessing

cycle. Interim waste storage facilities other than AFRs also require decommissioning, but
this Statement does not consider their decommissioning in detail. Estimates of costs for
decommissioning these other waste storage facilities are included in total waste management
costs but other effects are too small to make a significant contribution to total impacts.

Immediate dismantlement is the example decommissioning method selected here for the
AFR. A1l of the wastes are expected to be non-TRU waste.

For decommissioning an FRP, we assume a 30-yr period of passive safe storage before
dismant lement as the example method. Both TRU and non-TRU wastes are expected to result,
but only the TRU portion is considered for disposal here. Most of the combustible and wet
wastes generated during the safe storage period are treated with the installed waste treat-
ment equipment, and the packaged wastes are stored in the facility until it is dismantled.
The wastes generated near the end of the safe storage period, after the waste treatment
facilities have been shut down, are packaged and shipped offsite to a treatment facility
before being sent to disposal or storage, as are those wastes generated during the 30-yr
continuing care period. The noncombustible wastes generated during dismantlement are pack-
aged without treatment and shipped to disposal or storage.

Because of the low levels of gamma radiation, immediate dismantlement is the decommis-
sioning method assumed here for a MOX-FFP. A1l of the radicactive wastes resulting from
these operations are assumed to be TRU wastes. A1l wet wastes and most combustible wastes
are assumed to be treated with the existing onsite waste treatment equipment. The combus-
tible waste generated after the onsite waste treatment facilities have been shut down is
packaged and shipped offsite for treatment prior to disposal or storage. The noncombust-
jble waste and the treated wet and combustible wastes are packaged and shipped to disposal

or storage.
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Alternative decommissioning methods involving hardened safe storage were also examined
for the three facilities. A continuing care period of about 100 years was considered for
an AFR, while periods of about 1000 years were considered for the FRP and the MOX-FFP. The
1000-year storage period was used to provide a conservative upper bound to the environmental
effects from this activity. A proposed EPA waste storage criterion would 1limit the safe
storage period to about 100 years.

More detail on the wastes resulting from the decommissioning of these facilities is
contained in DOE/ET-0028 (Section 8.0 and Section 10--Appendix A). Estimated quantities
and radionuclide content of the untreated wastes from the example decommissioning processes
are given in Table 4.6.1. The quantities are markedly lower than those presented earlier
(Table 4.2.3) for the wastes resulting from operation of these facilities. The radionuclide
content is also much lower. Quantities of packaged waste resulting from treatment of the
decommissioning wastes are listed in Table 4.6.2.

The radionuclide releases estimated to occur during the decommissioning steps and dur-
ing the TRU-decommissioning waste treatment operations are presented in Table 4.6.3. Except
for the water from the fuel storage basins at an AFR, no release of radioactive liquids is
planned. The water from the storage basins at the FRP is vaporized for discharge (using an
existing vaporizer), as is the water present in the decontamination solutions.



TABLE 4.6.1. Volumes and Radionuclide Content of TRU Wastes Resulting from Decommissioning of Reprocessing Cycle Facilities

Radionuclide Content, Ci/Gwe-yr(a)
Volume, Fission Products Actinides
Waste Category Facility m3/Gwe-yr 905r Total ATl 2al u Total A1l
Noncombustible Waste FRP 1.4 4.7 x 107} 2.4 X 4.0 x 107} x 1071
(Equipment and MOX-FFP 1.5  —eee- - X x 10! x 10!
Structural Material)
Compactable and Com-
bustible Waste
Trash “FRP 0.15 4.8 x 107° 2.4 x 1073 8. 6x 107 1.3 7.2 x 107°
MOX-FFP  0.06 ——-- - 6.1 1. 4.9 1.7
Filters FRP 0.25 1.2 x 107} 6.1 x 1071 5.2 2.8 x 107! 8.0 4.4 x 107}
‘ MOX-FFP  0.02  --e- S .2 5.6 x 100 1.8 6.1 x 10}
Concentrated Liquids,  FRP 0.15 7.9 x 1072 4.0 x 107! 1.4 7.6 x 1072 2.2 x 1.2 x 1071
Wet Wastes, and Par- . . 1 1
b astes, and MOX-FFP  0.19 - 2.2 x 101 7.1 4 x 10
Total 3.7 6.7 x 107} 3.4 x 102 x 10°
(a) At the time of assumed dismantlement (30 years after shutdown for the FRP and at the time of shutdown for the MOX-FFP), based on

30 years of facility operation before decommissioning.

Ly
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TABLE 4.6.2 Estimated Quantities of Packaged TRU-Decommissioning Wastes
(a) (b)

Waste Category Facility = Package Type Packages/GWe-yr
Noncombustible Waste FRP Box 0.028
(Equipment and Structural Drum (55-gal) 6.0

Materials) MOX-FFP Box 0.094
Drum (55-gal) 5.4
HEPA Filters FRP Drum (80-gal) 2.2
MOX-FFP Drum (80-gal) 0.14
Other FRP Drum (55-gal) 1.2
MOX-FFP Drum (55-gal) 0.63

(a) A1l packages are anticipated to have surface dose rates below 200 mR/hr, and
can thus be contact-handled.
(b) Based on 30 years of facility operation before decommissioning.



TABLE 4.6.3.

Radionuclide Re]ease(a) at FRP, Ci

Radionuclide Re]ease(a)

Radionuclides Released on Example Decommissioning of Facilities

Radionuclide Release

at MOX-FFP, Ci at AFR, Ci
Safe TRU waste(b) ' TRU Waste To To (a)
Fission Products Storage Dismantlement Treatment Dismantlement Treatment Water Bodies Atmosphere
D, 8.0 x 107 2.5 x10°" 7.8 x1010 — —- 3.6 x 1070 7.2 x 1072
106, 1.6 x 1074 ——- 1.6 x 10710 — - 8.0 x 10 1.6 x 10711
129, 6.3 x 1001 4.2 x101! 6.3 x 1077 - — ——- -
134, 1.3 x 1073 x1079 - 2.1 x10°10 — - 2.1 x102% 4.1 x10°8
137 2.3 x 1073 4.0 x 0% 1.2 x 1079 — —- 2.2 x1000 4.3 x 1077
144, .7 x 0% 1.6 x 10710 — ——- 1.5 x 107> 3.0 x 10711
Total A1l Fission 3 3 -9 -1 7
Products 7.3 x 10 1.3 x 10 5.1 x 10 —— —— 2.4 x 10 4,7 x 10°
Actinides
238p, 3.0x 1070 2.4 x10% 9.3 x 1071 1.2 x 1070 4.2 x 10712 - ——-
239, 22 x10°% 22 x10°  6.8x107Y 8.8 x 107  3.1x10°%? - B
240p,, 8.4 x10° a5 x120° 1.4 x 101 1.8 x 0% 6.3 x 10712 - -
241p, 5.6 x 107° 1.2 x 1077 1.7 x 1072 2.2 x10% 7.6 x 10710 ——- —
28100 2.0 x 1072 3.4 x 1078 6.2 x 10711 7.0x10°% 2.4 x 10711 i I
282, 1.5 x 107° 1.9 x 10710 4.6 x 10712 —- — - ——
24400 2.6 x 107° 7.2 x1009 g1 x 107Ut —- ——- - i
Total A1l Actinides 6.5 x 10~ 1.9 x 077 2.0 x 1072 2.4 x 107 8.4 x 10710 ——-- ——--
Activation Products
e 2.3 x 10-4 L L L L 65 x 103 1.3 x 10°8
60¢, 6.5 x 107> ——- — - —— 9.5 x 107 1.9 x 1078
Total A1l
Activation R -
Products 6.5 x 107 - — e —- 1.7 x 102 3.3 x 10°8

(a) Released from the facility exhaust stack.
(b) Based on the radionuclide content at the time of shutdown.

/AN
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4.7 ENVIRONMENTAL IMPACTS OF PREDISPOSAL OPERATIONS

Impacts of predisposal operations, including construction and decommissioning of waste
management facilities and transport casks, operation of waste management facilities, and
transportation of spent fuel and reprocessing wastes, are described here.” Impacts consid-
ered include land, water and resource use, socioeconomic impacts, and radiological effects.
The sources of this information are DOE/ET-0028 and DOE/ET-0029, which may be consulted for
- details.

The operational impacts discussed here are based on routine operations. Accidents and
their impacts are discussed in Section 4.8. Source terms for routine releases of radioac-
tive effluents do, however, include releases from minor accidents at reference facilities.

4,7.1 Environmental Impacts Related to Predisposal

Operations for the Once-Through Fuel Cycle

The predisposal operations in the example once-through fuel cycle of this Statement
include: 1) initial storage of unpackaged spent fuel in water basins either at the reactors

or in away-from-reactor storage facilities (AFRs), 2) transportation of spent fuel to the
disposal site (and between storage sites, if necessary), and 3) packaging of the spent fuel.

An additional operation, extended storage of packaged spent fuel, is also evaluated for pos-
sible use in case there is a long delay in repository availability. The impacts of con-
structing, operating, and decommissioning these facilities are covered in this

section.

The jmpacts of the fuel packaging facilities are included with those of the AFRs in
this section, as in DOE/ET-0029, even though the example case for this Statement assumes
that the fuel packaging facilities are located at the disposal sites. Fuel packaging facil-
ities might also be located at the extended storage facilities, if such storage is imple-
mented. The fuel packaging facility impacts would be essentially the same at any of the
three locations.

These predisposal operations assume that the spent fuel will be disposed in a mined
geologic repository within the continental U.S. The use of alternative disposal concepts
could alter the number and type of predisposé] facilities required. The use of a concept
involving disposal outside the continental U.S. (i.e., island, subseabed, or ice sheet dis-
posal) requires the use of additional transportation facilities (i.e., ships and docking
facilities) and possible additional storage facilities. Use of the space disposal, rock
melting, or well injection concepts requires the use of processing plants to obtain suitable
waste forms. Impacts of such processing plants would be similar to those of a fuel repro-
cessing plant in the reprocessing cycle case.

4,7.1.1 Resource Commitments for Once-Through Fuel Cycle Waste Management

Land use commitments for a 3000 MTHM AFR with a fuel packaging facility are about
40 ha, of which 14 ha will be cleared for construction.
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4 3 3

Water use will be 6 x 10" m” during construction and 2.5 x 105 m
operation. As long as water can be supplied from rivers such as the reference R River
(Appendix F), water use should represent a small fraction (~0.001) of the average river
flow, and no significant impact will result from its withdrawal. Site selection should
avoid adverse effects on aquatic systems and other downstream uses of water.

per year during

Other resource commitments during construction and operation of an AFR are presented in
Table 4.7.1. Resource commitments for fabrication and use of spent fuel shipping casks are
presented in Table 4.7.2.

Resource commitments during decommissioning consist mainly of steel, electricity, and
diesel fuel. Total commitments of these resources during decommissioning will be small
fractions of construction commitments.

TABLE 4.7.1. Resource Commitments for Construction and Operation
of an Example AFR

Construction Operation(a)

Materials

Concrete, m3 2.3 x 104 —-

Steel, MT 1.1 x 104 -

Stainless Steel, MT 6.1 x 103 o

Copper, MT 2.7 x 10! —--

Lumber, m3 1.3 x 103 ——
Energy

3 2
Propane, m x 10 —

3 x 103 ---

x 103 -

x 10° 7.8 x 108
sx 103 2.4 x 10

Diesel Fuel, m
Gasoline, m3
Electricity, kWh

Manpower, man-yr

RN D W oo o
- . . .
o 0 N~

(a) Based on operation for 30 years.

TABLE 4.7.2. Resource Commitments for Fabrication and Use of
Spent Fuel Shipping Casks(a)

Resource MT/Cask (m3/km) per Shipment
Stainless Steel 26 --
Lead : 65 --
Depleted Uranium 5 --
Diesel Fuel -- 0.0016

(a) For an "average" cask for train transport of spent
fuel, which has a spent fuel capacity of about
4 MTHM.
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4.7.1.2 Nonradiological Effluents of Once-Through Fuel Cycle Waste Management

Nonradiological effluents from AFR construction include dust and pollutants from
machinery operation. Burning the quantities of fossil fuels listed in Table 4.7.1 also
results in air pollution emissions, but concentrations in air at the fenceline from con-
struction and operation are not expected to degrade air quality beyond applicable limits
(40 CFR 50). :

The major nonradiological effluent from operation of an AFR is the release of about
5 x 108 MJ/yr of heat through the cooling tower. These thermal releases are not expected to
have any significant effects, nor any measurable micrometeorological effects. Predicted
nonradiological effluent air concentrations from AFR operations will be considerably below
applicable Federal air quality standards or naturally occurring gaseous concentrations.

Nonradiologiéa] effluents from decommissioning will be comparable to effluents during
construction of the AFR and are not expected to result in any degradation of air quality.

4.7.1.3 Radiological Effects of Once-Through Fuel Cycle Waste Management

During planned operation of an AFR, the only exposure pathway to man is via airborne
effluents; there are no planned releases of radioactivity to ground or water. During decom-
missioning, it is assumed that the purified pool water and the contained radionuclides are
released to the local weter bodies, however. A summary of the 70-year total body doses to
the work force and the regional population during operation and decommissioning of an
example AFR is given in Table 4.7.3.

In this Statement, 100 to 800 health effects are postulated to result in the exposed
population per million man-rem. Based on calculated doses to the work force, 0 to 3 health
effects are expected over a 70-year period as a result of operation of one 3000 MTHM AFR.

The regional population dose estimated here is a few hundred times lower than that
estimated elsewhere for similar facilities (DOE/EIS-0015, Appendix B). This difference
results mainly from the extra conservatism used in the other study. Both studies indicate
that the doses to the regional population expected to result from AFR operation are very
small in comparison to the doses to the same people during the same time period from natur-
ally occurring sources.

TABLE 4.7.3. Doses Resulting From Operation and Decommissioning

of an AFR
70-Year Whole-Body Dose, man-rem
Operation Decommissioning
Regional PopuTation 1.4(2) 9.8 x 101(2)
' 1

Work Force . 3.6 x 103 7.0 x 10

(a) The dose to:the population from natural]y occurring sources
during the same period is about 1 x 107 man-rem.
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No significant releases of radioactive material are expected during transportation of
spent fuel under normal operating circumstances. However, members of the transport work
force and of the population along the shipping route will receive dose from the direct
radiation from the shipments. The dose for each 4 MTHM rail shipment is estimated to be
7.8 x 10'6 man-rem/km to the regional population and 5 x 10'6 man-rem/km to the transport
work force. For each 0.4 MTHM truck shipment, the doses are estimated to be 2.2 x 10'6 man-
rem/km to the regional population and 5 x 10'5 man-rem/km to the transport work force. For
a 1,600-km shipment distance, the dose to the population for a rail shipment is 0.012 man-
rem/shipment. For comparison, the estimated dose to the same population from naturally
occurring sources is 230 man-rem/day.

4.7.1.4 Ecological Effects of Once-Through Fuel Cycle Waste Management

Construction of an example AFR will remove Qbout 10 ha from its present assumed use for
agriculture and wildlife for the life of the plant. While this change in land use will
reduce its utility as habitat for wildlife, no significant ecological impacts to the region
are expected. Disturbance of animals from fugitive dust, noise, and human activities during
construction will be confined mainly to the 405-ha AFR restricted area. Erosion from
run-off may deposit silt in nearby surface waters unless drainage is controlled by proper
ditching, grading, and silt catchment. After construction is completed and vegetation is-
reestablished or surfacing is completed in the disturbed areas, the erosion problem will be

reduced or eliminated.

The maximum concentrations of airborne particulates, sulfur dioxide, and carbon monox-
ide will occur within the 405-ha AFR restricted area. Particulate concentrations at the
site during construction and decommissioning are estimated to be within Federal ambient air
standards. Levels of carbon monoxide and hydrocarbons calculated to be found are only a
small fraction of the existing rural air concentrations near the reference site. Concentra-
tions of the other materials are less than applicable standards. Consequently, no measur-
able detrimental effects on the terrestrial ecosystem are anticipated.

During operation of the AFR, the release of about 5 x 108 MJ/yr of waste heat is not
expected to have any ecological impact. No significant effects are expected as a result
of discharging the cooling tower blowdown to the local water bodies.

Particulates and gases released to the atmosphere from combustion of fossil fuels dur-
ing normal transport operation are not expected to be of ecological significance.

4,7.1.5 Socioeconomic Impacts of Once-Through Fuel Cycle Waste Management

Socioeconomic impacts associated with construction and operation of an away-from-
reactor storage facility depend Targely on the number of persons who move into the county
in which the facility will be located. Because of this, estimates were made of the size of
the local population influx and their needs for locally provided social services.
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The expected socioeconomic impacts of an AFR on reference sites located in the South-
east and Midwest U.S. are judged to be insignificant. The total numbéf of estimated new
in-migrants equals only about 1% of the existing population in both the construction and
operation phases. In addition, there are no very large transitions over time and the
expected number of in-migrants increases steadily over the 1ife of the project.

The effect of the project is substantially different in the reference Southwest site.
The number of in-migrants estimated amounts to about 9% of the existing population during
construction and about 6% during operation. This decline in population influx from con-
struction to operations of about one-third sets the stage for a boom and bust type of effect
in the Southwest site.

Translating estimated project-related in-migration into socioeconomic impacts is com-
plex and imprecise. Estimates of the level of demand that will be placed on the community
to provide social services to the new workers and their families were made by applying a set
of factors (Appendix G) to the project in-migration values. The product of these factors
indicates how many units of each social service would be "expected" by the in-migrants. The
significance of the impacts is primarily related to the capacity of the site county to meet
these expectations. The calculated level of expected social services at the three reference
sites is given for the year 2000 in Table 4.7.4.

TABLE 4.7.4. Selected Social Service Demands Associated with In-Migration
Related to a 3000 MTHM AFR

Expected Demand in the Year 2000

Southeast Midwest Southwest
Site Site Site

Health

Physicians 0 1 3

Nurses 1 3 9

Dentists 0 0 1

Hospital beds 1 3 11

Nursing care beds 1 3 7
Education :

Teachers 4 7 43

Classroom space, m (9-12) 480 960 5180
Sanitation, m3/day

Water treatment 170 320 1840

Liquid waste 110 210 1260
Safety

Firemen 0 0 2

Policemen 1 1 7
Recreation, ha

Neighborhood parks 0 1 3

Government
Administrative staff 0 1 3
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4.7.2 Environmental Impacts Related to Predisposal Operations for the

Reprocessing Fuel Cycle

Waste treatment operations required in the reprocessing fuel cycle were discussed in
Sections 4.3.2 through 4.3.5 for fuel reprocessing plants (FRPs) and mixed-oxide fuel fabri-
cation plants (MOX-FFPs). Potential waste storage requirements were discussed in Sec-
tions 4.4.2 through 4.4.4. In this section we will summarize the environmental effects of
these waste management operations. The effects will be summarized for three different
reference facilities: 1) a 2000 MTHM/yr FRP, 2) a 400 MTHM/yr MOX-FFP, and 3) a retriev-
able waste storage facility (RWSF) that has capacity to store all the high-level and TRU
wastes from FRPs and MOX-FFPs during the passage of 45,000 MTHM thrOugh the fuel cycle. An
RWSF will be necessary only if reprocessing is initiated significantly before a repository
is available.

The environmental effects of waste treatment, storage, and transportation are summarized
here for the example concepts defined in Sections 4.3, 4.4 and 4.5 for the reprocessing fuel
cycle. The environmental effects of alternative concepts were also examined in DOE/ET-0029;
only in the off-gas case, where the results are significantly different from those of the
example concepts, are the alternatives discussed here. '

The use of other than deep geologic repositories for disposal of the high-level waste
could alter the number and type of waste management facilities required. As in the once-
through cycle, additional transportation facilities such as ships and docking facilities
would be required for disposal by the island, subseabed, or ice sheet disposal concepts.
Use of the rock melting or well injection concepts to dispose of liguid waste would elimi-
nate the need for high-level waste solidification and solidified high-level waste storage
facilities but would probably require the addition of substantial liquid high-level waste
storage facilities. Use of the space disposal concept would require additional chemical
processing facilities and, perhaps, the addition of substantial liquid high-level waste
storage facilities.

4.7.2.1 Resource Commitments in Reprocessing Fuel Cycle Waste Management

Land use commitments for waste management facilities at the reference FRP are about
19 ha compared to 60 ha for the production facilities. At the reference MOX-FFP, the waste
management facilities occupy about 0.3 ha of the 6 ha required for the production
facilities. An RWSF of the reference size would require 170 ha for buildings and storage
areas.

Water used during construction of waste management facilities amounts to about
1.4 x 10° w3, 5.9 x 103 m® and 3.1 x 10° m3, for the FRP, MOX-FFP, and RWSF, respectively.
If these quantities of water are withdrawn over the period of construction from a river such
as R River, as described in the reference environment, the impact on downstream uses will
be insignificant.

Resources committed for construction and operation of- the waste management facilities
are summarized in Table 4.7.5. Resources for construction and use of waste shipping



TABLE 4.7.5. Resource Commitments for Construction and Operation of Reprocessing Fuel Cycle Waste Management Facilities

Waste Mgmt. Facilities Waste Mgmt. Facilities
at Example FRP at Example MOX-FFP Example RWSF
Construction Operation(a) Construction Operation(a) Construction Operation(a)
Material
Concrete, m 7.8 x 104 3.0 x 103 2.6 x 10°
Cement, MT 3.3 x 10° 1.1 x 10° 2.2 x 10%
Steel, MT 1.8 x 10° 6.6 x 10° 5.5 x 10° 1.1 x 10°
Stainless Steel, MT 6.6 x 103
Copper, MT 2.0 x 10? 6.9 3.0 x 102
Lumber, m> 5.1 x 10° 1.8 x 10° 1.3 x 104
Plywood, m? 1.0 x 10° 3.0 x 10°
Energy and Utilities
Propane, m 1.3 x 10 8.4 x 10° 4.1 x 10 3.0 x 10° 3.5 x 103
Diesel Fuel, m 1.2 x 10 7.2 x 10° 4.2 x 102 1.6 x 103 3.5 x 10° 2.2 x 10°
Gasoline, m° 8.7 x 10° 3.2 x 10° 2.5 x 10°
Electricity, kWh 6.4 x 108 2.7 x 10° 2.8 x 10° 4.2 x 107 1.7 x 10% 1.4 x 10°
Water consumed, m> 1.4 x 10° 1.3 x 107 5.9 x 10° 2.5 x 10° 3.1 x 10° 9.0 x 103
Manpower, man-yr 4.0 x 103 4.5 x 103 1.9 x 102 2.6 x 10° 5.1 x 103 2.6 x 10°

(a) Based on operation for 30 years.

8y
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containers are given in Table 4.7.6. These resource commitments are small in comparison
with those of the FRP and MOX-FFP production facilities and in an absolute sense are not
expected to have a significant impact on available supplies of these materials or energy
sources. Energy and materials required for decommissioning do not add significantly to

the quantities of resources required for construction.

4.7.2.2 Nonradiological Effluents of Reprocessing Fuel Cycle Waste Management

Nonradioactive pollutants released to the atmosphere during construction of the FRP and
MOX-FFP waste management facilities and the RWSF result from the combustion of fuel in con-
struction vehicles and machinery, fugitive dust from ground-clearing operations, and parti-
culates from concrete batch operations.

Offsite concentrations of carbon monoxide, hydrocarbons, and particulates resulting
from construction force traffic and construction equipment emissions are projected to be
less than Federal ambient air quality standards. (Onsite concentrations of particulates at
the FRP and MOX-FFP construction sites were found to exceed the air quality standards; this
will occur primarily as a result of construction of FRP and MOX-FFP production facilities
and is a normal situation at sites of heavy construction.)} Evaluation of sulfur dioxide and
nitrogen oxide emissions indicates no significant effects.

The release of about 1 x 109 MJ of waste heat per year from the example FRP waste man-
agement facilities is comparable to the release of heat from a small city or town
(30,000 persons) and is not expected to produce any significant effect on the environment.

Predicted concentrations of pollutants in air from waste management operations will be
a small fraction of Federal air quality standards, threshold 1limit value concentrations

TABLE 4.7.6. Resource Commitments for Construction and Use of Waste Shipping Containers

Material Used in

Construction, MT/cask Diesel Fuel Useg per
Shipping Container Example Capacity Stainless Steel lead Shipment, m”/km
High-level waste Solidified HLW 25 75 0.0020
cask from 27 MTHM
Fuel residue cask 3 fuel residue 16 49 0.0013
canisters (resi-
due from 12 MTHM)
6-drum cask Six 55-gal drums 4 15
14-drum cask Fourteen 55-ga1 5 14
drums
Shielded overpack Thirty-six 55-gal 7 12
drums -
Unshielded overpack Thirty-six 55-gal 7 0 0.0010

drums (or equiva-
lent volume of
boxes)
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(those to which nearly all workers may be repeatedly exposed without adverse effect), and
naturally occurring gaseous concentrations. Consequently, no detrimental effects are
anticipated.

Water withdrawn from the R River for waste management facility operation is not
expected to have adverse effects on local water supplies.

4.7.2.3 Radiological Effects of Reprocessing Fuel Cycle Waste Management

During planned operation of the waste management facilities, the only exposure pathway
. to man is via airborne effluents; there are no planned releases to the ground or water. For
transportation of radioactive wastes under normalAcircumstances, no radioactive materials
will be released via any pathway. However, individuals will receive doses from the direct

radiation from passing rajl and truck shipments.

A summary of the 70-year whole-body doses to the regional population for the individual

waste management activities at the example facilities is given in Table 4.7.7.

Ninety percent of the 70-year whole-body dose to the regional population from waste
management operations results from releases from the off-gas system at the FRP. The example
system, which partially collects volatilized ruthenium, iodine, carbon and krypton, results
~ in a 70-year whole-body dose to the regional population of 8300 man-rem. Should carbon and
krypton be totally released, the dose would be increased to 9900 man-rem, while no treat-
ment, i.e., release of volatilized ruthenium, iodine, carbon and krypton would increase the
whole-body dose to 1.6 x 104 man-rem and result in a thyroid dose of 1 x 100 man-rem. The
annual thyroid dose to the maximum individual from FRP off-gas effluents without treatment
would be 0.16 rem compared to 0.002 rem with treatment. Use of the example system provides
reasonable assurance that 85Kr and 1291 releases per gigawatt—year will be within limits
specified in 40 CFR 190.

The example krypton collection and storage system reduces the worldwide 70-year total
body dose due to 85Kr from 2.4 x 105 man-rem to 3.6 x 104 man-rem per FRP. Thus 2.0 x 105
man-rem of exposure is saved by concentrating and storing krypton. The present worth dollar
cost of this savings is estimated to be $230 million; the cost per man-rem saved is thus
approximately $1200. If krypton were totally released during reprocessing, the number of
health effects expected to result from the 85Kr radiation would be 24 to 190 per FRP.
Implementation of the example krypton collection and storage system would reduce the
expected number of health effects to 4 to 29 per FRP. This reduction of from 20 to 160
health effects may be compared to an estimated 60 disabling injuries and about 1 death per
FRP resulting from construction of the krypton collection and storage facilities.

The 70-year whole-body dose to the worldwide population for the example treatment pro-
cesses at one FRP and one MOX-FFP is 2 x 105 man-rem, which is less than 10'5 of the dose
due to naturally occurring sources during the same 70-year period.

No significant releases of radioactive material are expected during transportation of
the packaged wastes under normal operating circumstances. However, members of the transport
work force and of the population along the shipping route will receive dose from the direct
radiation from the shipments. These doses to the regional population are estimated to be
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TABLE 4.7.7. Dose to Regional Population Due to Operation of an FRP and a MOX-FFP

70-Year
Whole-Body (a)
Dose, man-rem

High-Level Wastes

Treatment--vitrification and encapsulation
Storage--water basin

102
10-2

= 00
N Oy
x x

TRU Wastes
Treatment
Fuel residue--package without compaction 3.5 x 1073
Failed equipment and noncombustible waste--package
after decontamimation and disassembly of failed
equipment as required.
FRP
MOX-FFP
Combustible and compactable waste--incineration

— N

.« .

[AVEE, ]
>
—
o
1
w

FRP contact-handled 3.3 x 10-10
FRP remotely handled 2.8
MOX-FFP 1.6 x 10-8
Wet wastes and particulate solids--cementation
FRP 1.1 x 10-2
MOX-FFP 1.7 x 104
Storage
FueT residue--dry well 0
Other remotely handled--vault 0
Contact-handled--outdoor surface 0
Gaseous and Airborne Wastes
Treatment
--filter and remove Ru, I, C, and Kr 8.3 x 103
MOX-FFP--filter 2.4 x 10-5
Storage
Krypton at FRP site(b) 4.0 x 101_
TOTAL 9.2 x 103

(a) The whole-body dose received by the same population over the 70-year
commitment period due to naturally occurring sources is 1 x 10/ man-rem.

(b) The dose due to operation of the krypton storage facility is an 80-year
commitment which includes 30 years of collection plus 50 years of reten-
tion before release.

3.7 x 10'6 man-rem/km per shipment of solidified HLW or fuel residue and 1.1 x 10'6 man-
rem/km per shipment of other TRU wastes. The doses to the transport work force are
estimated to be 5 x 10'6 man-rem/km per shipment of solidified HLW or fuel residue and

5 x 10'5 man-rem/km per shipment of other TRU wastes. Shipments of HLW and fuel residue
are assumed to be by rail and those of the other TRU wastes are assumed to be by truck.

Table 4.7.8 presents additional 70-year whole-body dose data. Included here are esti-
mates of the doses to the work force as well as to the regional population and also the
doses during transportation of the high-level and TRU wastes generated during the lifetimes
of the facilities.

Doses to the work force and the regional population during decommissioning will be 10%
of the 70-year total body dose resulting from operation of the facilities, assuming a safe
storage period of 30 years before dismantlement of the FRP.
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TABLE 4.7.8. Example ReFrocessing Cycle Waste Management Operations at Individual
— Facilities{a)

70-Year Whole-Body Dose (man-rem) to:

Work Force Regional Popu]ation(b)
FRP Waste Management Facilities 14,000 9,200
MOX-FFP Waste Management Facilities 2,700 0.0014
RWSF 3,600 0.001
Waste Transportation 7,200 140
27,500 9,300

{a) 30-year operation in each case.
(b) The dose to the_regional population from naturally occurring sources
is about 1 x 107 man-rem.

In this Statement, 100 to 800 health effects are postulated to occur in the exposed
population per million man-rem (see Appendix E). On that basis, the 70-year total body
doses to the regional population and the work force listed in Table 4.7.8, suggest that the
number of health effects expected to occur as a result of waste management operations at one

FRP and one MOX-FFP (plus transportation of wastes to the disposal facility) would be 2 to
20 health effects to the work force and 1 to 8 health effects to the regional population.

On this same basis, the regional population dose of 10 million man-rem received from natur-
ally occurring sources over the same 70 years suggests that 1,000 to 8,000 health effects
would occur from these naturally occurring sources.

4.7.2.4 Ecological Effects of Reprocessing Fuel Cycle Waste Management

Construction of waste management facilities will remove, for the life of the plants,
about 19 ha from its present use for agriculture and wildlife at the reference FRP site, and
about 0.3 ha at the reference MOX-FFP site. While this change in land use will eliminate
its utility as habitat for wildlife, no significant ecological impacts to the regions as a
whole are expected. Disturbance of animals from fugitive dust, noise, and human activities
during construction will be confined mainly to the restricted areas (2400 ha for the FRP and
400 ha for the MOX). Erosion caused by run-off may deposit silt in nearby surface waters
unless drainage is controlled by proper ditching, grading, and silt catchment. After con-
struction is completed and vegetation is reestablished or surfacing is completed in the dis-
turbed areas, this erosion problem will be reduced.

Calculated carbon monoxide and hydrocarbon levels caused by construction of the waste
management facilities are only a small fraction of the existing rural air concentrations
near the reference sites. Particulate concentrations are estimated to exceed Federal ambi-
ent air standards only on the construction site. Concentrations of the other materials are
below acceptable standards. Consequently, no measurable detrimental effects on the offsite
terrestrial ecosystem are anticipated.

The release of heat during operation of the waste management facilities is expected to
have no ecological impact. No perceptible impacts to the river ecosystem are foreseen from
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discharges of cooling tower blowdown. With proper intake structure design and placement in
the river, the loss of aquatic organisms through intake screen impingement and entrainment
in the cooling water is expected to have no significant impact on the river ecosystem.

Since the concentration of air pollutants resulting from operation of the waste manage-
ment facilities is several orders of magnitude lower than those allowed by the air quality
standards, no impacts to the terrestrial ecosystem are expected. No toxic effects to native
plant species in the environment are expected during the 1ife of the facilities or during
decommissioning.

Some particulates and gases will be released to the atmosphere from combustion of fos-
sil fuels during normal transport operations; however, these releases are expected to be of
no ecological significance.

4.7.2.5 Socioeconomic Impacts of Reprocessing Fuel Cycle Waste Management

Socioeconomic impacts associated with waste management facilities depend largely on the
numbers of persons who move into the county in which the facilities will be located. To
analyze socioeconomic impacts, therefore, the size of the population influx and the needs
for local social services were estimated.

The number of in-migrants resulting from construction and operation of waste management
facilities is estimated to be large enough to have a significant socioeconomic impact only
in the reference Southwest location for the FRP waste management facilities and the RWSF.

In these two cases, the number of in-migrants amounts to about 8% of the existing population
during construction and about 4% during operation. These facilities at the reference South-
east and Midwest sites are estimated to give population increases of 1% or less. The MOX-
FFP waste management facilities are estimated to give population increases of 0.1% or less
at each of the three reference sites.

The translation of estimated project-related in-migration into socioeconomic impacts
is complex and imprecise. Estimates of the level of demand that will be placed on the com-
munity to provide social services to the new workers and their families were made by apply-
ing a set of factors (Appendix G) to the project in-migration values. The product of these
factors indicates how many units of each social service would be "expected" by the
in-migrants. The severity or significance of these impacts is primarily related to the
capacity of the site county to meet these expectations. The calculated level of expected
social services at the three sites in different areas of the U.S. is given for the year 2000
in Table 4.7.9.

The most significant demands arise for the Southwest site where an adequate labor pool
is not expected to exist. However, the social service demands are small compared to those
for the FRP and MOX-FFP production facilities.
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TABLE 4.7.9. Selected Social Service Demands Associated with In-Migration Related to
Waste Management Facilities at an FRP, a MOX-FFP, and an RWSF

Expected Demand in the Year 2000
Southwest Site Midwest Site Southwest Site
FRP  MOX-FFP  RWSF FRP ~ MOX-FFP ~ RWSF  FRP MOX-FFP _ RWSF

Personnel
Physicians,

Nurses, Dentists 1 0 10 0 8
Teachers 3 0 2 6 0 4 37 1 28
Firemen,

Palicemen 1 0 0 1 0 1 8 0 6
Gov't Admin. 0 0 0o 1 0 0o 3 0

Services
Water Treat-

ment, m3/day 150 7 100 290 17 180 1620 23 1250
Liquid Waste;

m3/day 100 4 70 190 11 120 1080 15 840

Facilities
Hospital and

Nursing Beds 2 0 1 6 0 4 16 0 12
Classroom space,

i (9-12) 420 20 270 880 50 530 4480 70 3390
Neighborhood

Parks, ha 0 0 0. 0 0 0 1 0 2
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4.8 ACCIDENT IMPACTS FOR PREDISPOSAL OPERATIONS

The environmental impacts of accidents that occur during operation of predisposal sys-
tems for both the once-through cycle and for the reprocessing cycle are described in this
section. Potential accidents for the predisposal functions of treatment and/or packaging,
transport, and storage are discussed here for both cycles.

The environmental impacts of accidents described in this section are representative of
jmpacts from all postulated predisposal accidents. Using a methodology of accident identi-
fication and classification that included an umbrella source term, we selected the largest
source term in classified release categories for environmental impact analysis. Results of
this analysis are summarized here. Umbrella source terms are a conservative representation
of releases that result from other accidents in their release category. A description of
the methodology used to develop and select umbrella source terms for impact analysis is
given in Section 3.2.7. \Unless specified otherwise, the maximum-exposed individual in the
following discussion is considered to be a member of the general public, not a radiation
worker. Accident impacts are generally greater to the public than to the workers.

4.8.1 Accident Impacts for the Once-Through Cycle

This section describes the impacts of postulated accidents for handling spent fuel
until it is placed in the disposal facility. Operational and long-term accident impacts
from spent fuel disposal are discussed in Sections 5.5 and 5.6.

While extended storage of packaged spent fuel is not included in the example case, it
may be desired if the operation of the disposal facility is delayed longer than is now
expected. Therefore, analysis of accident impacts of packaged spent fuel storage are
included as a contingency.

4.8.1.1 Radiological Impacts from Spent Fuel Transportation Accidents

Safety during transport of radioactive material depends primarily on shipping contain-
ers. Shipping containers must meet standards established by the Department of Transpor-
tation and the Nuclear Regulatory Commission. Containers holding significant amounts of
radioactive material must prevent loss or dispersal of radioactive contents, retain shield-
ing efficiency, ensure nuclear criticality safety, and provide adequate heat dissipation
under normal conditions of transport and under specified (hypothetical) accident damage test
conditions (49 CFR 173.398). Improbable accidents that exceed the severity of hypothetical
tests, accidents caused by equipment failures and accidents that are less severe than the
test conditions were considered in this analysis to demonstrate the range of potential
occurrences in a transportation environment. Impacts of these accidents are summarized
below,

Recent regulations for the shipment of spent fuel require that all éhipments of spent
fuel be escorted in transit; while severe accidents involving this material are still pos-
sible, the chances of occurrence will be reduced with this required increased surveillance,
Chances of a period of no action by emergency response personnel following an accident,
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which is postulated to result in large releases of radioactive material, may be substan-
tially reduced with these additional transportation personnel. Thus, if a severe accident
does occur, consequences may be partially mitigated compared to the severe accidents
described here.

Truck and rail transport of spent fuel are both expected to be used in the once-through
fuel cycle. Descriptions of the systems considered in the analysis along with detailed
accident descriptions are reported in DOE/ET-0028. Dose calculations for postulated acci-
dents are reported in DOE/ET-0029. Accident frequency estimates cited in this section are
based on an assumed 250 GWe nuclear industry.

The impacts examined in DOE/ET-0028 and DOE/ET-0029 were developed assuming unpackaged
short-cooled (6 months out of the reactor) spent fuel. These impacts are thus much more
severe than those from accidents involving long-cooled fuel. They also do not take into
account the mitigation of impact that is likely to result from the new escorting regulations.

Similar accidents are also plausible for packaged spent fuel if transportation is
required following packaging. However, since packaging provides an additional barrier to
release of nuclides in transportation of spent fuel, the releases would be smaller and more
infrequent than for unpackaged spent fuel. For this reason, specific accidents for packaged
spent fuel transport are not discussed but can be assumed to cause lesser impact than
unpackaged spent fuel transport.

Six accidents for truck transport of spent fuel were analyzed: three minor, two moder-
ate, and one severe. The minor accidents involved rollovers, collisions and the undetected
leakage of coolant. Only coolant leakage was expected to release radioactive material and
could result in a 70-yr accumulated dose to the maximum-exposed individual of 3 x 10'6 rem
at an expected frequency of approximately twice per year.

The moderate accident giving the largest release of radiocactive material is a fire

that activated a pressure relief valve on the cask. A 70-yr accumulated dose of
8 x 107° rem to the max imum-exposed individual would occur at an estimated frequency of

about once every 50 .years.

The severe accident culminating in a long-lasting fire results in a 70-yr accumulated
dose to the maximum-exposed individual of 10 rem. The estimated freguency for this accident
is about once every 50,000 years.

Eight accidents for rail transport of spent fuel were analyzed: three minor, three
moderate and two severe. Two minor accidents involved derailments and 30-minute fires; no
release occurred. The third minor accident involved undetected leakage of cask coolant.
This accident could occur up to twice per year and result in a 70-yr accumulated dose of
2 x 1072 rem to the max imum-exposed individual.

The moderate accidents involved cask impacts, fire-induced cask venting, and failures
in the mechanical cooling system as a result of accident forces. The cooling system fail-
ure is estimated to occur once every 50 years and results in a 70-yr accumulated dose of
8 x 1072 rem to the maximum-exposed individual.
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Severe accidents resulting from extreme impacts and a prolonged loss of cooling to a
design load of fuel assemblies could release significant amounts of radioactive material.
Such an accident was estimated to occur once every 50,000 years. Seventy-year accumulated
doses to the maximum-exposed individual of 130 rem and 140 man-rem to local populations
excluding the maximum-exposed individual would result from such an accident involving
6-month cooled fuel. However, with fuel that has been cooled for several years before ship-
ment (as planned for the once-through fuel cycle), an accident of this severity is not
plausible. In a separate study of fuel transportation accidents (DOE/EIS-0015), it is
reported that a maximum-exposed individual would receive a 50-yr accumulated dose of only
about 0.4 rem from such an accident involving 4-yr cooled fuel (0.6 rem for a 70-yr dose).

4.8.1.2 Radiological Impacts from Unpackaged Spent Fuel Storage Accidents

The example concept for interim spent fuel storage is a 3000-MTHM capacity away-from-
reactor storage facility (AFR). Eighteen accidents were postulated for the receipt and
storage of unpackaged spent fuel at an AFR: eight minor, seven moderate and three severe,
Accident details are described in DOE/ET-0028, Section 5.7. Eight accidents were determined
to have potential for release of radioactive material. Four of the eighteen accidents relate
to the operation of off-gas systems at the AFR. These accidents are not discussed here
because releases from this system would be smaller than accidental releases from the dissol-
ver off-gas system in the fuel reprocessing plant (Section 4.8.2.1) that were designated as
the umbrella source terms. (Those releases result in an estimated 70-yr accumulated dose to
the maximum-exposed individual of 2 x 10'3 rem. )

Releases resulting from minor accidents were added to expected annual operational
releases for this facility based on their estimated frequencies.

Moderate accidents include fuel-handling mistakes, dropped transport casks and uncon-
trolled venting of rail casks. Releases from these accidents are smaller than those from a
packaging facility accident, which is designated as the umbrella source term discussed in
Section 4.8.1.3. (Those releases result in less than 3 x 10's rem accumulated dose to the
max imum-exposed individual during the 70 years after the accident.)

A strike by a design-basis tornado, a criticality event in storage, and a loss of cool-
ing were considered severe accidents at an AFR. The postulated criticality is estimated to
occur only once every 100,000 years and results in an estimated 70-yr dose to the maximum-
exposed individual of 5 x 1072 rem.

4.8.1.3 Radiological Impacts Due to Accidents at a Fuel Packaging Facility

A fuel packaging facility (FPF) will be required to prepare fuel for disposal in the
once-through cycle. The fuel packaging facility may be colocated with either the AFR, a
packaged fuel storage facility or a spent fuel disposal facility. Radiological impacts
that result from accidents at the packaging facility are not dependent on its Tocation.
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Six accidents were postulated for spent fuel packaging operations: three minor, two
moderate and one severe. The three minor accidents involve minor fuel-handling equipment
failures and are expected to result in no releases of radioactive material.

A dropped fuel element occurring about once per year was considered a moderate accident.
The 70-yr dose to the maximum-exposed individual from this accident was estimated to be less
than 1 x 107 rem.

A worst-case fuel drop accident, in which the cladding on 20% of the fuel rods is rup-
tured, was estimated to occur once every 100 years. This severe accident is estimated to
result in less than 3 x 107 rem accumulated dose to the maximum-exposed individual during
the 70 years after the accident.

4,8.1.4 Radiological Impacts from Packaged Spent Fuel Storage Accidents

If spent fuel is to be stored for extended periods before disposal, it may be
desirable to store it as packaged spent fuel. Accidents at such facilities are discussed
here. Accidents for the handling of spent fuel at a waste repository are discussed in
Section 5.5.

Representative accidents for packaged spent-fuel receiving operations were considered
to be similar to those postulated for a spent-fuel packaging facility (Section 4.8.1.3).

Four technologies were considered for the extended storage of packaged spent fuel: one
wet and three dry. A water basin concept was considered for wet storage. Dry storage was
considered in vaults, caissons and surface casks.

Nine accidents were postulated for the water basin storage of packaged fuel. Six are
the result of the loss of essential basin services and would cause no release. A strike by
a design-basis tornado or a criticality in the pool were considered to be severe accidents,
but are expected to release less radiocactivity to the environment than the equivalent acci-

dents in the pool storage of unpackaged fuel discussed in Section 4.8.1.2 (a 70-yr dose to
the maximum-exposed individual of 5 x 1072 rem).

Various sets of severe environmental conditions were postulated for the dry storage
concepts. No design-basis environments were considered capable of causing a release of
radioactive material. Package failures resulting from unidentified defects or corrosion
were the only mechanisms identified for material releases from dry storage. Releases are
estimated to occur once every 10 years from the example facility and result in a 70-yr
accumulated dose to the maximum-exposed individual of 1.1 x 10'6 rem.

4.8.1.5 Non-Radiological Impacts of Accidents in the Once-Through Cycle

Disabling injuries and deaths will result from construction of waste management facil-
ities, as they do in construction of all facilities. Using estimates of man-hours invoived
in facility construction and statistical injury and death rates for construcion activities
(13.6 disabling injuries and 0.17 deaths per million man-hours), we estimate that 110 dis-
abling injuries and less than two deaths will result from construction of a 3000 MTHM AFR
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with a colocated spent fuel packaging facility. About 60% of these injuries and deaths are
attributable to the AFR itself, and 40% are attributable to the packaging facility. Decom-
missioning activities are estimated to result in only about 3% as many deaths and injuries
as do the construction activities.

Injuries and deaths will also result from spent fuel transportation, as they do from
other transportation activities. For rail transport, we use estimates of 0.36 disabling
injurdes and 0.039 deaths per million km. For truck transport, the estimates are 0.44 dis-
abling injuries and 0.045 deaths per million km. These injuries and deaths may occur either

to the transportation worker or to the public.

4.8.2 Accident Impacts for the Reprocessing Fuel Cycle

This section describes the impacts of postulated accidents in the predisposal waste
management operations required in the reprocessing fuel cycle.

4.8.2.1 Radiological Impacts from Accidents During the Treatment and Packaging of

Reprocessing Wastes

In the reprocessing fuel cycle, both high-level and TRU wastes are generated at the
fuel reprocessing plants (FRP), but only TRU wastes are generated at the fuel fabrication
plants (MOX-FFP). Discussions of waste management accidents at these facilities are divided
into high-level, transuranic, and gaseous or airborne waste management operations.

Calcination and vitrification processes were considered for the treatment of high-level
liquid wastes. Minor and moderate accidents involving in-cell material spills, process
equipment failures and the loss of components in the off-gas treatment processes were con-
sidered. No credible scenarios for severe accidents were identified for either of these
technologies. Accidental releases are, in part, mitigated by processing through the FRP
atmospheric protection system (a final exhaust-air filtration system). :

The largest release from a minor accident results from a 2-kg calcine spill to the
cell. Spills of this magnitude are estimated to occur once in 10 to 1000 years, but smaller
spills to the cell probably will occur more frequently. The 70-yr accumulated dose to a
maximum-exposed individual from this accident is 6 x 10'6 rem.

A moderate accident involving the loss of an off-gas filter is estimated to.occur once
every 5 years. The 70-yr accumulated dose to a maximum-exposed individual would be
2 X 10~% rem for this accident. A1l other moderate accidents for the high-level waste
treatment facilities would result in smaller doses.

Transuranic wastes generated in the example FRP consist of fuel hulls and hardware,
failed equipment, combustible and noncombustible wastes and wet wastes. Similar wastes,
with the exception of hulls and hardware, are also produced at the MOX-FFP.

Packaging without compaction, hulls compaction and hulls melting were considered for
the treatment of fuel hulls and hardware. No credible moderate or severe accidents were
identified for any of these technologies. The worst minor accident postulated was a
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zirconium fire. In this accident, 2 kg of irradiated zirconium are available for combus-
tion. The 70-yr accumulated dose to a maximum-exposed individual was estimated to be
1 x 1072 rem.

Failed equipment will be disassembled at both the MOX-FFP and the FRP. It is antici-
pated that during this operation equipment could tip over or be dropped by an overhead
crane. The primary hazard from these accidents is to plant workers. No offsite releases

-t

will occur.

Combustible waste treatment technologies involve either packaging with no treatment,
or controlled air incineration followed by ash immobilization. Generally, the minimum
treatment processes did not have potential for other than minor accidents. Both minor and
moderate accidents were identified for controlled air incinerators. No credible severe
accidents were identified for the treatment of combustible wastes.

Minor accidents involving combustible wastes include minor ruptures in waste bags,
small fires and waste package spills. The consequences of the largest release from a minor
accident are a 70-yr accumulated dose to a maximum-exposed individual of 2 x 10'4 rem.

Moderate accidents in the incineration operation include explosions and large fires.
The largest 70-yr accumulated dose from a moderate accident is 8 x 107> rem to the maximum-
exposed individual.

Eight accidents were identified for the immobilization of wet wastes using the bitumen
process: s$ix minor and two moderate. Similar accidents are also plausible for the cementa-
tion process.

Minor accidents that do not generate areosols were considered to have no release of
material beyond the processing cell area. Spillage of the treated waste product would be
contained in the cell. A bitumen fire will result in the largest minor accident release.
The impact of releases from this accident would be negligible.

The accident with the largest release, classified as a moderate accident, was a filter
failure concurrent with a bitumen fire. This accident is expected to occur about once every
300 years and result in a 70-yr accumulated dose to the maximum-exposed individual of
5 x 1077 rem.

There are two types of radioactive components in gaseous effluent streams. The first
is radioactive gases and volatilized radionuclides. These components are captured either
by adsorption beds or by cryogenic processing of the gas stream. The second is radioactive
particulates entrained in the gas flow. These particulates are captured by the use of
highly efficient filtration systems. Gas effluent air processing systems at the FRP may use
all of these processes. However, at the MOX-FFP, filtration is the only process employed
since particulates are the only significant materials in the off-gas effluent.

Minor and moderate accidents were identified for the treatment of gaseous waste streams.
No credible severe accidents could be identified. Minor accidents include plugged beds and
filters, minor leakage through processing equipment and failure of active system components
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such as blowers, pumps, etc. These accidents are considered to have no releases sufficient
for consideration as an accidental release. Minor ‘leakage was added to normal operating
releases. '

Moderate accidents include catastrophic filter ruptures, rupture of catalytic units dur-
ing changeout and shutdown of all treatment systems. The largest release of this type would
result from a shutdown of the dissolver off-gas system at the FRP for 30 days. Iodine,
ruthenium, carbon and krypton would be released. A maximum-exposed individual is estimated

2

to receive a 70-yr accumulated dose of 3 x 10°° rem from this accident. The accident is

estimated to occur about once every 10 years.

4,8,2.2 Radiological Impacts from Reprocessing Waste Storage Accidents

If waste disposal facilities are not available at the time wastes are being generated,
interim storage will be required. Several storage alternatives have been analyzed for high-
level waste, TRU waste, and krypton.

At the example FRP, high-level waste is solidified immediately after generation.
Canisters of solidified high-level waste are then stored in water basins until they have
aged sufficiently for disposal (5 years assumed). If a disposal facility is not available
at that time, the waste is assumed to be sent to a sealed-cask interim surface storage
facility.

Fifteen accidents were identified for water basin storage of solid high-level waste:
six minor, five moderate and four severe.

Minor accidents include failure of components in ventilation and cooling systems. No
releases result from these accidents.

Moderate accidents include failures of basin structural components, canister handling
errors and canister failure during storage. No releases to the environment result from
these accidents. Increased worker exposures are expected for accidents that release activ-
ity to the pool water.

Severe accidents in this facility involve dropping large objects into the pool, fires
and a design-basis tornado strike. Consequences of these accidents are less than those
cited in Section 4.8.1.2 for a spent-fuel storage pocl (a 70-yr dose to the maximum-exposed
individual of 5 x 1072 rem).

The only accident with a potential for environmental consequences during sealed-cask
storage of solidified high-level waste is a canister rupture during its placement in a storage
cask. The accident is considered of moderate severity and, using calcine, would result in a
70-yr accumulated dose to the maximum-exposed individual of 8 x 10'3 rem.

Transuranic wastes include drums and boxes of contact-handled TRU wastes and drums and
canisters of remotely handled TRU wastes, including packaged fuel residues. No credible
severe accident scenarios were identified for TRU waste storage. Accidents for the storage
of fuel residue are all less severe than accidents described for the cask storage of solidi-
fied high-level waste. Outdoor storage methods for all TRU wastes and indoor storage
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methods for remotely handled TRU wastes have potential for both minor and moderate acci-
dents. Indoor storage methods for contact-handled TRU wastes 1imit the accident spectrum

to minor accidents.

Typical minor accidents involving TRU waste packages include dislodging of surface con-
tamination, rusting through of containers, and mechanical breaching of package. The 70-yr
accumulated dose for the maximum-exposed individual for the largest of these releases is
2 x 10 rem.

Moderate accidents include fires in storage, tornado strikes and drums dropped from a
crane. The 70-yr accumulated dose to the maximum-exposed individual for the largest of
these releases is 4 x 1074 rem.

Krypton removed from the FRP dissolver off gas is assumed to be collected in pressur-
ized gas cylinders and stored onsite at the FRP in a separate facility. Three moderate
accidents were postulated for the release of gas from one cylinder (130 kCi). If this
occurs in the operating area or storage corridor, gas would be released via the facility
stack. The 70-yr accumulated dose to a maximum-exposed individual in the public would be
5 x 10'3 rem. This accident is estimated to occur once every 20 years. Of greater potential
consequence are the employee doses from this accident. A worker in the area of the ruptured
cylinder faces hazards from flying debris and could receive a radiation dose rate of up to
8 rem/min. Immediate evacuation of the area would be required.

4.8.2.3 Radiological Impacts from Reprocessing Waste Transportation Accidents

A reprocessing fuel cycle has potential transportation requirements for spent fuel,
solidified high-level waste, fuel residues, and other TRU wastes. "As in the once-through
cycle, safety during transport depends primarily on shipping containers. The containers must
meet standards established by the Department of Transportation and the Nuclear Regulatory
Commission. Packages containing significant amounts of radioactive material must be designed
to prevent loss or dispersal of the radioactive contents, retain shielding efficiency, ensure
nuclear criticality safety, and provide adequate heat dissipation under normal conditions of
transport and under specified (hypothetical) accident damage test conditions (49 CFR 71,
Appendix B). Improbable accidents that exceed the hypothetical tests, accidents due to
equipment failures and accidents that are less severe than the test conditions were consid-
ered here to demonstrate the range of potential occurrences in a transportation environment.

Minor, moderate and severe accidents were postulated for the rail transport of solidi-
fied high-level waste. Minor accidents for this material are similar to those for spent
fuel. A moderate accident could result in a reduction in neutron shielding and a local
hazard of increased neutron exposures. No radiocactive material would be released in this
accident. A severe accident involving impact and fire could result in a material release.
This accident is estimated to occur only once every 330,000 years and result in a 70-yr
accumulated dose to the maximum-exposed individual of 10 rem.

Transuranic wastes were considered to be transported in DOT-licensed packages. Three
minor and one severe accident were identified. The worst minor accident is expected to
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occur once per year due to improperly closed waste packages and result in a 70-yr accumu-
lated dose to the maximum-exposed individual of 3 x 10'3 rem. A severe accident involv-

ing severe impact and fire with an estimated frequency of once every 100,000 years would

result in a maximum-exposed individual 70-yr whole body dose of 3 rem.

4.8.2.4 Non-Radiological Impacts of Accidents in the Reprocessing Cycle

Estimates of deaths and disabling injuries resulting from construction and decommis-
sioning of reprocessing fuel cycle waste management facilities are given in Table 4.8.1.
Injuries and deaths also result from transportation of the wastes. As in spent fuel trans-
port, we use estimates of 0.36 disabling injuries and 0.039 deaths per million km for rail
transport and 0.44 disabling injuries and 0.045 deaths per million km for truck transport.
These injuries and deaths may occur either to the transportation worker or to the public.

TABLE 4.8.1. Disabling Injuries and Deaths from Construction and Decommissioning of
- Reprocessing Fuel Cycle Waste Management Facilities

(a) (b)
Construction Disabling Injuries Deaths
Waste Mgmt. Facilities
at Example FRP 55 0.7
Waste Mgmt. Facilities
at Example MOX-FFP 5 0.06
Example RWSF 415 5
Decommissioning
Waste Mgmt. Facilities
at Example FRP 25 0.3
Waste Mgmt. Facilities
at Example MOX-FFP 5 0.06

(a) Based on frequency rate of 13.6 per million man-hours.
(b) Based on frequency rate of 0.17 per million man-hours.

4.8.3 Radiological Impact Summary for Predisposal Operations Accidents

Table 4.8.2 summarizes the radiation effects of the predisposal-system accident
analysed for this Statement.

This comparison shows that transportation is the waste management step with the
potential for the most serious accident in either fuel cycle. The estimated exposures in
these accidents, however, are not large enough to cause observable clinical effects. The
individuals exposed would presumably bear an increased probability of developing cancer
sometime during their 1ife or of passing on a genetic defect.
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TABLE 4.8.2. Summary of Radiation Effects from Potential Worst-Case
Predisposal System Accidents

Maximum-Exposed Individual Radiation Doses, rem

Once-Through Cycle Reprocessing Cycle

Transportation

Spent Fuel

(4-yr-old) 0.6(a)

HLW 10(b)

TRU Waste 3
Storage 5 x 10-2 8 x 10-3
Treatment and

Packaging 3 x 1075 2 x 10-3

(a) Shipment of 6-month-old spent fuel, which is unlikely, could result
in a maximum dose of 130 rem.
(b) Based on HLW 6.5 years after reactor discharge.
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4.9 COST OF PREDISPOSAL OPERATIONS

Costs for treating, storing, and transporting spent fuel or commercial reprocessing and
mixed oxide fuel fabrication wastes are presented in this section. A1l costs are stated in
terms of constant(a) 1978 dollars,

The costs shown here are 1eve1ized(b) unit costs based on capital, operating, and
decommissioning costs for the individual predisposal waste management operations., Capital,
operating, and decommissioning cost estimates have been developed as part of this Statement
for the predisposal facilities associated with the example geologic disposal system and are
summarized in Appendix.A. Predisposal costs for alternatives other than geologic disposal
are based on predisposal costs of the geologic disposal system where the operations are
similar. Where the operations are different, data from other studies have been used to the
extent available.

For the once-through cycle, the mined geologic and very deep hole concepts have the
lowest predisposal systems costs ($103/kg HM) of the alternatives studied in this State-
ment. Costs of other alternatives are 50 to 100% higher. For the reprocessing cycle, the
mined geologic, very deep hole, well injection, space injection, and rock melting alterna-
tives all cost about $170/kg (including spent fuel storage and transportation). Costs of
other alternatives ranged from $15 to over $230/kg HM more than the lowest cost options.

The cost tables in this section are intended to provide predisposal cost comparisons
between disposal alternatives and to illustrate cost relationships among predisposal compo-
nents for the example geologic disposal alternative. The total costs presented here do not
include the significant costs of research and development. Costs for the entire waste man-
agement system, levelized with respect to the power generation that produced the waste, are
developed in Chapter 7.

A brief explanation of the cost estimate assumptions and bases for the costs developed
in this Statement is given in Section 3.2. Additional detail on predisposal facility costs
for geologic disposal is available in DOE/ET-0028, Volumes 2, 3 and 4.

4.9.1 Once-Through Fuel Cycle Predisposal Costs

For the example once-through cycle, predisposal operations consist of storage at reac-
tor basins, storage in independent basins when reactor basin capacities are exceeded, treat-
ment and packaging of the fuel assemblies, and all transportation operations. A brief
description of the operations required for each disposal option is found in Table 4.1.1.

Table 4.9.1 lists the costs associated with these predisposal operations for the alter-
native disposal methods studied. Reactor basin storage charges of $25/kg HM and transporta-
tion costs of $26/kg HM for shipment of spent fuel to treatment facilities are common to all

(a) For a definition of constant dollar costs, see Section 3.2.8.1.

(b) Levelizing refers to developing a single, constant unit charge, which recovers all
expenditures associated with a facility or system including interest (see Sec-
tion 3.2.8.2). The costs stated in this section are levelized with respect to indivi-
dual waste management operations only.



TABLE 4.9.1. Unit Costs of Predisposal Operations for Once-Through Cycle Disposal Options

Cost, $/kg HM

Mined Very Deep Rock Sub- Ice Injection Trans- Space

Predisposal Operation Geologic Holes Melting Island seabed Sheet Well mutation Injection
5-Year Reactor Storagé 25 25 25 25 25 25 25 25 25
Shipment to Interim

Storage (1000 mi) () 5 9(c) 5 5 olc) 9lc) glc)
Interim Storage(?) 29 29 39(¢) 29 29 29 3glc 39(c) 39(c)
Shipment to Treatment

(1500 mi) 26 26 26 26 26 26 26 26 26
Treatment and Packag-

ing 18 18 70(¢) 18 18 18 706} 200(€)  agolc)
Shipment to Disposal .- (b) --(b) 6 50 50 50 6 20 <15
TOTAL 103 103 175 150 150 150 175 320 <214

(a) Based on interim storage of 25% of total spent fuel discharges.

(b) No cost is shown for this step since the analysis assumes that packaging or treatment is accomplished at the
disposal site. If packaging facilities for mined geologic disposal of spent fuel were located offsite, an
additional transportation step would be necessary for this option.

(c) Includes costs of managing TRU wastes generated during dissolution of the spent fuel.

A1
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disposal alternatives. The rock melting, well injection, transmutation, and space injection
alternatives have somewhat higher costs for shipment to interim storage, interim storage,
and treatment since the spent fuel is dissolved and management of‘additiona1 waste streams
is required. The high transportation costs of the island, subseabed, and ice sheet alterna-
tives are a result of the required land and ocean transportation.

The mined geologic and very deep hole concepts have significantly lower predisposal
costs than the other alternatives, $103/kg HM. The island, subseabed, and ice sheet alter-
natives have higher costs, $150/kg HM, because of the expensive transportation requirements.
The other alternatives have higher predisposal costs because of the cost of managing the
additional waste streams generated. These range from $175/kg HM for the rock melting and
well injection alternatives to $320/kg HM for transmutation.

4.9.2 Reprocessing Fuel Cycle Predisposal Costs

A brief description of the predisposal operations for the reprocessing fuel cycle
required for each of the disposal options is found in Table 4.1.2. Costs associated with
these operations are shown in Table 4.9.2. Spent fuel storage and transportation costs
could be considered as reprocessing costs rather than as waste management costs if spent
fuel is reprocessed. For consistency and conservatism, the costs of spent-fuel storage and
shipment are included as waste management costs in this Statement. Without these costs, the
predisposal costs of the reprocessing cycle alternatives are comparable to or less than the
once-through cycle costs.

Waste treatment costs of the reprocessing cycle alternatives are comparable with two
exceptions: 1) costs for the rock melting and well injection alternatives are lower since
high-level waste solidification is not required, and 2) costs for the transmutation alter-
native are higher because of repeated chemical partitioning and target fabrication
operations.

Transportation costs for the rock melting and well injection alternatives are less than
other options since the high-level waste is not transported offsite. However, the cost of
interim storage of the high-level liquid waste for these two alternatives is much higher
than the cost of solidified high-level waste storage employed in the other alternatives.
Transportation costs for the island, subseabed, and ice sheet alternatives are significantly
higher than for other alternatives because of the oceanic shipments of high-level waste.

Total predisposal system costs of the mined geologic, very deep hole, rock melting,
well injection, and space injection alternatives are similar, e.g., $168/kg HM. The costs
of the island, subseabed, and ice sheet alternatives are 185/kg HM or about 10% higher and
costs of the transmutation alternative (>3$400/kg HM) are more than 100% higher than any
other alternative.



TABLE 4.9.2. Unit Costs of Predisposal Operations for Reprocessing
Waste Disposal Operations

Cost, $/kg HM

Mined  Very Deep Rock Sub~ Ice Injection Trans- Space
Predisposal Operation Geologic Holes Melting Island seabed Sheet Well mutation Injection
Spent Fuel Storage and
Shipment 59 59 59 59 59 59 59 59 59
Waste Treatment
o FrP(2:C) 67 67 43 67 67 67 43 >230(f)  wgrle)
o Mox-rrp(P) 4 4 4 4 4 4 4 >70(f) 4
Shipment to Interim
Storage (1000 mi) 6 6 4 6 6 6 4 6 6
Interim Storage(d) 23 23 52 23 23 23 52 23 23(e)
Shipment to Disposal
{1500 mi) 9 9 6 26 26 26 6 >12 <15
168 168 168 185 185 185 168 >400 <174

(a) Fuels Reprocessing Plant. See Appendix A for a breakdown of example FRP waste treatment costs and options.

(b) Mixed Oxide Fuel Fabrication Plant. See Appendix A for a breakdown of example MOX-FFP waste treatment costs and
options.

(c) Includes HLW and TRU waste treatment costs ($/kg HM) as follows:

Mined Geologic and Rock Injection Space
Similar Cost Options Melting Well Transmutation Injection
HLW 24 -- -- 24
TRU Waste 43 43 3 43
TOTAL 67 43 43 >>230 Y

(d) A $10/kg HM cost for TRU waste storage is common to all options. The remaining cost is for HLW storage.

(e) HLW storage costs for those options may differ from those for the mined geologic option because of different
configurations. No difference is assumed here.

(f) Based on additional partitioning facility costs.

1"t
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4.9.3 Detailed Predisposal Cost Estimates for Geologic Disposal

This section describes in greater detail the predisposal cost estimates for the examp]e
geologic disposal alternative. Costs are derived for both the once-through and reprocessing

cases.

4,9.3.1 Once-Through Fuel Cycle

Table 4.9.3 1ists the costs associated with once-through predisposal operations.
Reactor basin storage is estimated to cost about $6/kg HM per year with storage periods on
the order of five years, for an equivalent present-worth cost of about $25/kg HM.

After storage, the fuel assemblies may be: 1) packaged intact, 2) disassembled and
packaged, 3) chopped, voloxidized, and packaged, or 4) chopped, the fuel dissolved, and
converted to glass. Treatment costs shown in Table 4.9.3 for the above options range from
$18 to $92/kg HM due to the increasing complexity of these operations.

Costs for independent unpackaged water basin storage of spent fuel vary significantly
with the size and capacity utilization of the facility. Costs for storage in a non-
expandable 3000 MTHM basin are estimated at about $117/kg HM.(a) Costs for a 5000 MTHM non-
expandable basin (DOE 1978), using unit cost assumptions in this Statement are estimated at
$80/kg HM.(3) Estimates for a facility expandable to 20,000 MTHM are $45/kg HM.(2) In
addition, costs vary nearly inversely with capacity utilization. For example, if a facility
utilized only 50% of its capacity, unit costs would be almost doubled.

Other storage options include storage of packaged spent fuel. In these cases, spent
fuel could be packaged in facilities located adjacent to storage facilities. Table 4.9.3
illustrates costs for four such design concepts. Dry well storage appears to be the most
cost effective alternative.

Packaging of the spent fuel could be done either at facilities adjacent to storage
basins or at the repository. Packaging facilities that are integral with the repository
are assumed for the example system here and may be more cost effective due to lower trans-

portation costs for unpackaged spent fuel.

Transportation costs include transport of the spent fuel from reactor storage to inde-
pendent storage (25% of the fuel), reactor storage to repository (75% of the fuel) and
independent storage to repository (25% of the fuel),

Total predisposal costs for the example case in Table 4.9.3 are about $103/kg HM. The
range is estimated using the lowest and highest cost options.

(a) In the cases shown in Table 4.9.3, it is assumed that only about 25% of total spent
fuel discharges are sent to independent storage and the cost is reduced proportionally.
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TABLE 4.9.3. Predisposal Unit Costs for the Once-Through Cycle
Unit Cost, $/kgq HM(a)

Example Other
Treatment System Options
Decay Storage at Reactor Basin 25(b) --
Package Intact Fuel Assemblies 18 --
Disassemble and Package Fuel Rods -- 3g(c)
Package Chopped and Voloxidized Fuel - g2(c)
Dissolve Fuel and Convert To Glass -- 92(C)
Independent Away-from Reactor (AFR) Fuel Storage
Unpack aged
e Nonexpandable 3000 MT Basin 29(d) --
e Nonexpandable 5000 MT Basin -- 20(d)
e Modular Basin Expanded to 20,000 MT -- 11(d)
Packaged :
e Water Basin -~ 38
e Air-Cooled Vault -- 35
e Dry Well -- 22
e Surface Cask -- 30
Transportation _gl(d’e) -
Total 103 range 85
to 186

(a) Costs may be expressed in $/GWe-yr by multiplying by 38,000 kg HM/GWe-yr.

(b) Reactor basin spent fuel storage costs are based on a charge of $6/kg HM
per year. The value shown in the table is equivalent to a minimum storage
time of 5 years with a real cost of money of 7% per year.

(c) Estimates based on facilities and operations described in ONWI-39,

July 1979, except that the cost calculations were modified to a 7% real
cost of money basis. Estimates include treatment of all wastes generated,
but do not include transportation and disposal. Costs for the entire sys-
tem are shown in Table 4.9.7.

(d) Average fuel cycle cost based on interim storage of 25% of total spent
fuel discharges.

(e) Packaging may be done at the repository or at another site. The transpor-
tation costs for the example case are based on a packaging facility which
is integral with the repository and assumes that packaged fuel handling
is accomplished using repository facilities. Transportation costs consist
of $5/kg HM for shipment of 25% of the spent fuel to AFR storage,
$20/kg HM for shipment of the other 75% of the spent fuel from reactor
basins to final disposal and $6/kg HM for shipment of the fuel in AFR
storage to final disposal.

4,9.3.2 Reprocessing Fuel Cycle

Reprocessing fuel cycle wastes consist of wastes from reprocessing and mixed oxide
fuel fabrication plants. Table 4.9.4 shows the unit costs for alternative methods of waste
treatment for these wastes. '

Differences in cost between treatment options are not large, ranging from 10 to 25%,