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1 INTRODUCTION

Dealing with the problems posed by nuclear waste management is a
major issue confronting continued use of the nuclear fuel cycle. Large
amounts of radioactive wastes have already been generated as a result of past
nuclear reactor operations, bur these wastes are being temporarily kept in
aboveground storage facilities awaiting a government policy decision on final
disposition. Although research on various technologies to dispose of radio-
active wastes is given high priority, a commercial waste disposal facility is
not expected to be in operation before 1985. The magnitude of the waste
disposal problem and the waste management techniques themselves are directly
affected by the nuclear fuel cycle used. Whether the once-through, light-
water reactor (LWR) cycle or the fast-breeder reactor (FBR) will be used in
the future will determine the types of wastes to be disposed of and thus
dictate the technology( ies) to be used to dispose of them. Even if no new
reactors are built, nuclear wastes would continue to be generated for another
30 years by the reactors in operation today. Hence, there is no easy solution
to the nuclear waste management problem.

The type of risk we are willing to live with is the main issue that
must be addressed in nuclear waste management. Theoretically, all waste
disposal technologies under consideration will provide long-term isolation of
such wastes from the biosphere; however, some require spent fuel Co be
reprocessed, which increases the proliferation risk, while others rely upon
theories that have not yet been rigorously tested. Although continued re-
search will answer some questions, other questions may never be adequately
resolved .

This paper surveys the current situation regarding radioactive waste
management and disposal methods and assesses, as well the risks associated
with the waste disposal technologies. The origin of radioactive wastes is
discussed first to approximate the kinds and quantities of wastes that are
generated. Then various waste disposal technologies are examined along with
their possible advantages, disadvantages, and projected costs. Finally,
several areas of potential risk are identified and each of the technologies
are compared in terms of their ability to deal with a particular risk.



2 NATURE OF RADIOACTIVE WASTES

2.1 INTRODUCTION

Radioactive wastes, the inevi table by-products of the generation
of eLectricity by nuclear reactors, are encountered at al l stages of the
nuclear fuel cycle — in mining and milling, in fuel fabrication, in reactor
operation, in spent fuel assemblies, and in the reprocessing of spent fuel,
should it become a reali ty for future generations. Figure 1 shows a block
diagram of the types of radioactive wastes generated in each phase of the
uranium-based fuel cycle, with and without fuel recycling or reprocessing.
Fuel cycles u t i l i z i n g other nuclear fuels ( e . g . , thorium or mixtures of
thorium and uranium) have similar flow charts. As shown in Figure 1, each
phase of the fuel cycle produces one or more types of radioactive waste. By
far, however, the largest quantities of radioactivity are produced by the
nuclear processes that generate power in the reactor, i . e . , spent fuel, which
is removed annually from the reactor and not reprocessed, or high-level wastes
resulting from spent fuel reprocessing. The final disposition of both of
these radioactive wastes has been a major obstacle to the worldwide expansion
of nuclear power. .

2.2 CLASSES OF NUCLEAR WASTES

There are five classes of ivr-lear wastes^-: high-level waste (HLW),
made up of spent fuel and reprocessing wastes; t ransuranic (TRU) waste;
low-level waste (LLW); uranium ta i l ings; and decommissioning/decontamination
(D/D) waste. Because each type of waste varies in radioactivity, toxicity,
and heat generation, different waste management techniques and specifications
are needed in order to assure isolation of each waste type from the biosphere.

2.2.1 High-Level Wastes (HLWs)

High-level wastes can be either intact spent fuel assemblies removed
from a reactor after serving their useful life or the wastes generated as a
result of spent fuel reprocessing. A 1000-MWe light-water reactor discharges
annually about 30 metric tons (t) of spent fuel using the present once-through
fuel cycle . Because of the density of the spent fuel, this quantity only
occupies about 2 rr.3 of space.^ Commercial spent fuel contains about 96
weight % of the uranium originally charged to the reactor as fresh fuel in
addit ion to 3 weight % f i ss ion products and 1 weight % TRU elements and
daughters.^ Most fission products decay to stable elements after several
hundred years , whereas TRU elements remain radioact ive for thousands of
years. Consequently, spent fuel in i t i a l ly generates a great deal of heat and
is very radioactive. After a decade, the heat generated decays by a factor in
excess of 300, while the radioactivity decays by a factor of 1000.' Cur-
r en t ly , commercial spent fuel assemblies are stored at the reactor s i t e
awaiting a decision on the question of spent fuel reprocessing. If r e -
processing is not used in the nuclear fuel cycle, spent fuel will remain the
bulk of the waste generated. Twenty-three hundred metric tons of heavy metal
already exist from past reactor operations.'-
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It Che nuclear fuel cycle is closed and spent reactor fuel is re-
processed to recover uranium and/or plutonium, a different type of HLW will
become the bulk of the wastes generated. Reprocessing wastes contain 84
weight % fission products and 16 weight % actinide wastes,-" i.e., elements
with atomic numbers greater than the element actinium. In addition to lessen-
ing the volume of wastes that must be disposed of, spent fuel reprocessing
reduces the amounts of transuranic elements in the waste. However, the
consequent reduction in waste disposal risk achieved by reprocessing and
recycling must be balanced against the new risks entailed in using plutonium
in the active fuel cycle and in processing large quantities of radioactive
materials. Reprocessing wastes to be disposed of now constitute 2,200
of commercial and 260,000 m^ defense material.^ The total volume of this
waste would be enough to fill a two-story building covering an area of one
square citv block.

2.2.2 Transuranic (TRU) Wastes

Transuranic wastes, i.e., wastes containing elements with atomic
numbers greater than uranium, result primarily from spent fuel reprocessing
and fuel assembly refabrication; very little is generated by the once-through
fuel cycle. Transuranic wastes are currently defined as material containing
more than 10 nanocuries of TRU activity per gram of material. Because of
their long half-lives, TRU wastes must be isolated from the biosphere for time
periods similar to those for HLWs, i.e., 1CH to 10° years. However, problems
associated with heat generation and temperature increases are absent, and
since TRU wastes are easier to handle than HLWs, the operational demands on a
disposal system designed for TRU waste alone would be more modest than those
associated with an HLW repository. This means a special TRU repository could
precede the development of an HLW repository due to the elimination of con-
cerns about heating effects. From past reprocessing operations, 123 kg of
commercial and 1100 kg of defense TRU waste? need to be disposed of.

2.2.3 Low-Level Wastes (LLWs)

In contrast to TRU wastes, LLWs are defined as containing less than
10 nanocuries of TRU per gram of material or may be altogeter free of TRU
activity, but LLWs might have potentially hazardous amounts of fission pro-
ducts. LLWs are generated in all phases of the nuclear fuel cycle and other
operations that utilize radioisotopes. Disposal of LLWs consists of burial in
shallow pits; 14 x 10° of commercial and 46 x 10° t of defense LLWs have
already been buried.

2.2.4 Uranium Tailings

The residues from the mining and milling of uranium also contain
lew concentrations of naturally occurring radioactive elements. Uranium mill
tailings are generated in large volumes and 130 x 10° t now are stored
uncovered at various sites of mining and milling operations. Because tail-
ings emit the carcinogenic gas radon-222, the stabilization of these piles
from water and erosion is of great concern. According to Victor Gilinsky,
nuclear physicist and NRC member, uranium tailings could become the dominant



source of radiation exposure to the public from the nuclear fuel cycle,
unless the tailings are isolated from the atmosphere.

2.2.5 Decommissioning/Decontamination (D/D) Wastes

The final category of nuclear wastes involves those generated upon

the retirement of a nuclear facility due to obsolescence or adverse economics

of continued operation. D/D is potentially a source of large quantities of

radioactive wastes. The volume of LLW (no TRU) that might result after the

shutdown of an 1160 MWe reactor could vary from 60 m-> under a mothballing

procedure, to 23,000 m^ for complete removal/dismantling.^ Until retired

nuclear facilities and land are decontaminated, such facilities and land must

be considered and treated as waste storage sites.



3 WASTE DISPOSAL TECHNOLOGIES

3.1 INTRODUCTION

Many techniques for the disposal of radioactive wastes are under
investigation. They include deep geological burial; seabed, ice sheet, and
extraterrestrial disposal; transmutation; and disposal by rock melting in deep
mined cavities, and in deep drilled holes. Some of these technologies are
suitable for one or several types of radioactive waste. However, because some
important decisions concerning nuclear energy, namely, spent fuel reprocessing
and use of the breeder reactor, have been deferred indefinitely, work is
continuing on methods to dispose of all kinds of wastes. Furthermore, many
methods need to be reseached and developed as a hedge against any of them
proving to be technically impossible or environmentally undesirable. Conse-
quently, the remainder of this chapter briefly explains each of the above-
mentioned disposal techniques and relates its advantages, disadvantages, and
associated costs.

3.2 BURIAL IN DEEP GEOLOGICAL FORMATIONS

Burial of radioactive wastes in deep geological formations or reposi-
tories is the most advocated technique. Of all the candidate rock formations
under consideration, i.e., anhydrite (calcium sulfate), granite, shale, flocd
basalt, tuffs, and unsaturated rocks, rock salt is the most studied and
foremost candidate. Rock salt has the favorable characteristics of high
thermal conductivity, high structural strength, and plastic flow under pres-
sure. In addition, salt is abundant throughout the United States and salt
mining is highly developed. Extensive testing of rock salt as a repository
medium was made in an abandoned salt mine near Lyons, Kansas, from 1965-1967.
Then in 1970 when the AEC announced plans to construct a full-scale pilot
disposal plant on this site, public pressure as well as some unforeseen
technical difficulties forced abandonment of the project. Hence, the DOE is
planning to construct a new salt repository near Carlsbad, N.M., for disposal
of TRU military waste and for experimentation with other ; types of waste.^
The project, called the Waste Isolation Pilot Plant (WIPP) is scheduled to
begin operation in 1985. The costs associated with waste burial in geologic
repositories, the least expensive of any waste disposal technology, are
approximately $50/kg of spent fuel.

Waste form is an important consideration in the success of geologic
burial. Because of the corrosive nature of groundwater, anv container the
wastes are placed in will lose its integrity after about 100 years, leaving
the wastes themselves subject to the leaching action of groundwater. Conse-
•quently, the wastes must be cast into forms of extremely low solubility and
resistent to the effects of radiation. Liquid wastes must first be solidified
and then fixed into a borosilicate glass, ceramic, oxide, or silicate mineral
form. Wastes such as contaminated trash (e.g., paper and gloves) will prob-
ably be incinerated and the ashes fixed into an inert form such as glass,
concrete, metal, or synthetic mineral. Spent fuel rods are in a ceramic form
already and will merely be placed in stainless-steel cannisters for burial.



Before proceeding with large-scale disposal of radioactive wastes
in geologic repositories, several issues still need to be resolved. First,
the scientific community is not totally convinced that geologic burial is
completely safe because accurately predicting the fate of buried radionuclides
over several hundred to millions of years is unprecedented and challenging.
Because the earth science disciplines are relatively new, there is little
experience with the long-term effects of heat on rock mechanics, groundwater
on the leaching and transport of wastes, and tectonic history on the host
medium. Second, test facilities are needed in order to fill the aforemen-
tioned knowledge gaps. Third, criteria for repository site locations mast be
established so that major population centers and minable resources can be
sufficiently isolated from waste repositories. It is hoped that the DOE' s
WIPP will be a step in this direction.

3.3 SEABED DISPOSAL

Disposal of radioactive wastes at sea involves either implanting
waste cannisters on the ocean floor by means of a free-fall penetrometer (an
aerodynamically stable body with a pointed nose and stabilizing fins) or using
remotely operated machinery on the ocean floor to drill the holes, emplace the
waste cannisters, and later backfill. The advantages to this waste disposal
technology are its remoteness from society, high isolation from the biosphere,
high heat sink capability, and a large available area. Furthermore, the
problem of gaining access and control of terrestrial sites is avoided by using
the ocean as a burial site.

The disadvantages involved with seabed disposal include the difficul-
ties in guaranteeing the integrity of the waste container given the corrosive-
ness of sea water, in monitoring and retrieving tne waste cannisters, and in
the extra ocean transportation and port facilities required. Finally, the
issue of the political ramifications of the so-called London Convention must
be addressed. This treaty addresses the issue of defining high-level radio-
active matter unsuitable for dumping at sea and indicates that wastes should
be emplaced only if they have a relatively low radioactive level. ^ Further
research is needed to resolve the aforementioned uncertainties in seabed
disposal as well as to place a cost estimate on the various candidate wastes.

3.4 ICE SHEET DISPOSAL

Burial of radioactive wastes in the Antarctic ice is also being con-
sidered. The waste canisters could be placed on the ice and allowed to sink
vertically into the polar ice cap due to the heat generated by radioactive
decay of the waste. As the container sinks, the water behind it refreezes,
thereby sealing the opening. Additional advantages include a low temperature
for cooling, high isolation from society, and the possibility of using the
Antarctic an an international waste disposal site.

However, many questions concerning ice sheet disposal need to be
researched. They include the problem of long-term stability of the ice
sheets, the lack of detailed knowledge of the thermal, chemical, physical; and
mechanical properties of ice sheets, and the unknown thermal and radiological
effects on perma frost. Another factor is that once the waste canisters have
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').>', TRANSMUTATION

Transmutation is a process whereby long-lived fission products are

'..-inverted to shorter Lived nuclides by bombarding the nuclei with either

photons or other subatomic particles. This conversion greatly reduces the

long-term risk associated with many fission products and shortens the time

over which isolation of the wastes must be assured. Spent fuel reprocessing

and plutonium recycling are a necessity in order to partition the wastes for

transmutation. Transmutation is accomplished by placing partitioned wastes in

any device producing subatomic particles (e.g., accelerators, cyclotrons, or

reactors). Commercial nuclear power reactors are favored as transmutation

devices because of their demonstrated technology and their availability in

large enough numbers to handle the materials being recycled.

Advantages associated with transmutation include total irreversibility

and simplified disposal, since the transmuted wastes need not be isolated for

as long as the original fission products. The disadvantage of transmutation

lies mainly in the need to develop the technology to perform the process. A

practical partitioning process with a very high degree of recovery of acti-
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'Die finai waste disposal technology being investigated is the burial

if rad i oi sot op'.'.s in deep drilled holes. Containers of waste would be emplaced

in up to 1.2-k~ columns at the bottom of holes 8-13 km deep. The tech-

nology used to drill holes to depths in excess of 6 km with bottom diameters

of 15-20 cm has been established already in the oil and natural gas industry.

Drilling to depths of 12 km with bottom diameters of 38 cm would merely be an

extension of current technology at an increased cost.

The advantages of this method are that at such depths, there is little

chance of the waste cannisters being exposed to the biosphere as a result of

their being disturbed through groundwater transport, human intrusion, or

climatic or surface changes. Disadvantages lie in the uncrtainties in

geologic, geophysical, and geochemical properties of specific sites; unknown

effects of temperature, pressure, and thermal stress on the surrounding rock

caused by a long column of hot wastes; and questions relating •"o the retriev-

ability of the wastes. The costs associated with deep hole drilling have been

estimated to be S40/kg of reprocessed HLW for a 12-km hole. Spent fuel

buried in this manner would be 15 times more expensive than reprocessed

HLW.6
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4.2 RISKS OK HKJH-LEVFa WASTE DISPOSAL

As nntcil in Chapter 2, HLWs consist of either spent fuel assemblies

or wastes resulting from the reprocessing or recycling of spent fuel and must

be isolated from the biosphere1 for many thousands ot years because of the

long-lived radioisot opes they contain. Nuclear industry spokesmen claim the

disposal oi lil.W is a major reason for public opposition to nuclear power.

Hence, most of the research work on radioactive waste disposal has concen-

trated on Hi.'.-.1 disposal.

Burial in deep geologic formations is the most widely researched

solution to the HLW disposal problem. The nation's first waste disposal pilot

project, WIPP, which will begin operation in 1985, will be the geologic burial

of radioactive wastes. Although favored by the scientific community as a

solution to the problem of HLW disposal, the technique faces stiff opposition

from the United States GeoLogical Survey (USGS). The USGS questions the

stability of rock formations once the HLW has been emplaced. The effects of

mechanical, chemical, and thermal disturbances on the host rock are largely

uncertain and may lead to a breach of the waste repository. Coupled with

groundwater transport, the wastes could return to the biosphere much sooner

than expected and with serious consequences.

Proponents of geologic repositories argue that the risks associated

with geologic burial can be lessened through conservative design and a systems

approach.^ A systems approach recognizes that the fate of HLW is governed by

the chemical and physical properties of the host rock, by the natural geologic

environment, and by engineered barriers such as the waste form. Consequently,

judicious choice of the host medium, waste form, and back-up systems, multiple

natural and engineered barriers should preclude the release of radionuclides

to the biosphere. Furthermore, wastes will be buried at depths of 600 meters

where the characteristic time intervals required for any substantial change

are on the order of millions of years.
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Another disposal technology that accommodates both spent fuel and

reprocessing wastes is disposal in deep drilled holes. Similar problems

confronting geologic disposal are common to deep drilled hole burial. But

other than conceptualizing possible systems, little has been done to demon-

strate technical feasibility, which will require 10-15 years of studies.

The options of rock melting in deep mined cavities, extraterrestrial

disposal, anc transmutation all entail the risks associated with spent fuel

reprocessing, namely, plutonium proliferation. Since the Carter Administra-

tion is deferring spent fuel reprocessing indefinitely, these technologies

would probably not be implemented before the turn of the century. These

technologies are promising and are being investigated as a hedge against any

problems that may cause geologic repositories to be inadequate. Transmutation

of HLW would most likely be coupled with geologic burial, thereby requiring

less stringent isolation requirements because of the reduced hazards of

transmuted wastes. A three-year DOE-funded program (begun in 1977) is under

way to determine the feasibility of and incentives for transmutation. A

safety assessment of extraterrestrial disposal is due to be completed bv

1981, while the technology of rock melting in deep mined cavities is still

in the early stages of feasibility studies. Table 1 summarizes the critical

issues to consider when assessing the potential usefulness of the waste
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.̂-V RISKS OF LOW-I.MVF.L WASTE (LI.Wj DISPOSAL

Low-1 .?•/•-1 wastes 'icrur in virtually all phases of tile nuclear fuel
L v" ', ••• ;n addition to b ' i nr; produced in nedical,1 research, and manufacturing
activities tli at uti Ii7.e rad i oi sot opes . The current method of LLW disposal is
by shallow land burial. This type of burial involves placing treated or
untreated wastes in trendies and ccv.-;rinj the wastes with a meter or r.ore of
soil. Sites are selected on the basis of favorable geologic and hydroseologic
c h a r a c t e r i s t i c s that are like 1 v to isolate the wastes on the site until
they have decaved to innocuous levels. The DOE has 14 active and two closed
nuclear waste- burial zrour.ds , and commercial operators maintain three open and
three closed sites. In the past, some LLW was disposed of by dumping con-
tainerized wastes overboard at specific ocean sites -and letting the wastes
settle to the seafloor. This practice was suspended in 1970.

However, because LLW consists of products with greatly varying levels
of r a d i o a c t i v i t y (half-lives range from a few seconds to a few thousand
vears), and some LLW burial sites have developed leaks (although no public
hazard has occurred), all of the wastes cannot be disposed of by shallow land
or seafloor disposal methods. Geologic burial and ocean sediment burial may
be employed for certain long-lived wastes. Additionally, liquid LLW could be
disposed of by deep well injection. This technique involves pumping liquid
wastes several hundred meters into rock formations capable of retaining the
wastes until they have decayed to safe levels. Shallow land and seafloor
burial could also be made to provide more isolation potential by net relying
merely upon geologic barriers but by using engineered barriers such as mod-
ifying the waste form and improving trie packaging. (See Table 1 for lists
of the technologies for and issues involved in LLW disposal.)

Approximately 57,000 m-* of commercial LLWs are disposed of each year
at commercial sites. At this rate, sufficient capacity at the three operating
commercial sites will be available only for the next 5-10 years. Due to
uncertainties in Federal and State regulatory programs, however, commercial



• . ' • r . - i ! r s a r > ' u n w i l l i n g t o i n v e s t i g a t e a d d i t i o n a l s i t e s . T o r e v e r s e c h . i s

' : • • : : ' ! , a n a t i o n a l p l a n f o r l i i » m a n a g e m e n t o f L i . ' , - . ' n e e d s t o b e i m p l e m e n t e d ,

' : . : •• . [, i . - i n r n u ' t . a d d r e s s v a r i o u s L'..'/! d i s p o s a l s t r a t ' - z i ^ s t o b e p u r s u e - ! a s v e i l

•: i r < • - 1 i c i - n . ' , i r i g p r o c ' - d u r > - ' : a n d i . P A s t a n d a r d s o n p a c k a g i n g o f w a s t e s a n d

•:•"•. i l •• '-,••• 1 '•<•-1 i o n . T i m e - t a b l e - , f-, r f ' - a s i b i l i r y s t i d i < - - s , R 6 D a c t i v i t i e s , a r . d

! ' - : : i n i i - . t r . - i t i ' < : i p l a n t s i <, r \ A . Y , ' i i s f j ' •" a ! T j . s t b e e s t a b l i s h e d . U n l e s s a c o r r . p r e -

• , f . T . i v > - I . ; . ' , - . ; . r , , T . i ; : i i •, / i d o p l . •••'. , i n d u s t r y a n r i g o v e r n n ' - n t : : . a y b e l e f t w i t h r . o

.•. .•! '•• I d i s p o . ' - o f s u c h n . ' i t ' T i . i l .

!' i ) •. , i \i \ •: t i n ' l . i r ; ; " 1 , t ' I u . i n t i t .' '• s ' . ' : r ; i ' l . o - i r ' i v i - v . i - U i ' a r - u r m i ' 1 . "

' . i i i i i i ; " . ; V - i ' - . t . - i r ' - ^ ' - : i . - r . - j t ' . - d . - m r i ' i / j ! I v w i t h 1 ";;; t a i r > ' ' i d y i n < • ' < i s t : n c •- . ' T \ - -

i - i M i ' - n ; . . - v n l • ; : • : ( • o f I l i t ' " ; . - ? w n r ; t ' ' . s o b v i o u s l y p r o h i b i t s d i s p o s a l i n ^ o o l o ^ i c

r . ' p u s i t n n '••: o r o t h ' - r m e t h o d s p r o j j O H . - d f t j r H L W , T K L ' w a s t e , o r L L V J d i s p o s a l .

Y e t , b ' - c a u s " o f t l i r - h a z a r d t i v v p o s . " ? , m e a s u r f s m u s t b e t a k e n t o m i n i m i z e t h e

r i s k s p o s i - d b y t h e e x p o s e d p i l e s s c a t t e r e d a t b o t l ) . a c t i v e a n d i n a c t i v e u r a n i u m

m i l l i n g s i t e s . A s a n i n t e r i m m e a s u r e a t a c t i v e m i l l s i t e s , t h e N R C i s r e -

q u i r i n g t h e m i l l o p e r a t o r s t o d i s p o s e o f m i l l t a i l i n g s i n s u c h a w a y t h a t

r a d o n e m i . r . i n n i s r e d u c e d t o a b o u t t w i c e t h e n a t u r a l b a c k g r o u n d r a t e . T h i s

r . - ' i u i r i T n e i U i '': h . ' i n ; ; a c c o m p l i s h e d b y c o v e r i n : ' t h e t a i l i n g s w i t h c l a y a n d s o i l

. ' i n d r i ' j ' . r - ' i f l i n;.p . I n r e s i s t w i n d a n d w a t ' - r e r o s i o n . I ' n d e r ^ r o u n d b u r i a l o f t a i i -

i r i i - . s i s b i ' i n i ; p r o p o s e d a s .1 m e t h o d o f f u t u r e d i s p o s a l . T a i l i n g s m . T . T b e

r . - t ' i r r v r l t o t h e m i n i - p i t s f r o m w h i c h t h • • y c a 1 o r p l a c e d i n s p e c i a l l y ••:•:-

. / j v . - i t " d b . - ! o w - ; ; r ; i i l c p i t s . T o e f f e c t m o r n p e r m .i n " n t r e g u l a t i o n o f a c t i v e n i 1 1

s i t > - s , t h e N R C i s p r e p a r i n g n G e n e r i c E n v i r o n m e n t a l I m p a c t S t a t e m e n t ( G E T S ) o n

u r a n i u m m i l l t a i l i n g s . T h e c l e a n u p o f i n a c t i v e s i t e s i s t h e r e s p c n s i b i 1 i 1 v o f

t i i e D U E . L e g i s l a t i o n i s b e i n j j c o n s i d e r - ' d b v C o t i 2 r ' - ' s s t o a u t h o r i z e t h e n e z —

• - ' s . s a r v , j - ' t i o n s .

•'• .h -a.SKS OF DHCnNTAMINATIOfl/DECOMMISSIONIN'G (D/D) WASTE DISPOSAL

Decommissioning of n u c l e a r f a c i l i t i e s w i l l a l s o r e s u l t in a l a r g e

amount of w a s t e s . However, t he was te g e n e r a t e d from d i smant lement can be

c h a r a c t e r i z e d a c c o r d i n g t o was te t y p e , i . e . , HLW, TRL' w a s t e , or LLW, and

l i sposed of a c c o r d i n g l y . The s i t e i t s e l f must be c l eaned up s u f f i c i e n t l y t o

p rov ide u n r e s t r i c t e d use of t he l and . O t h e r w i s e , l o n g - t e r m i n s t i t u t i o n a l

c o n t r o l must be p r o v i d e d . S ince D/D was te i s a newcomer to t he n u c l e a r was te

d i s p o s a l forum, s t a n d a r d s s t i l l need to be deve loped s p e c i f y i n g t e c h n i q u e s and

procedures to accompl ish D/D.



CONCLUSIONS

S e v e r a l c o n c l u s i o n s c a n b e m a d e b a s e d u p o n t h i s s f u d v o f t h e w a s t i - s

'ii^v.K- r.i t c-ii b v th<- n u c l e a r f u e l c v c l e a n d t h e t e c h n o l o g i e s f o r a n d r i s k s i n -

v o l v e d w i t h r a u i o a r t i v e w a s t e d i s p o s a l . F i r s t , i t m u s t b e r e a l i z e d t h a t

r - ' ^ ar i le.s s :>: f:it:;r-,j n u c l e a r p o l i c v , a n u c l e a r w a s t e d i s p . v s . i l p r o b 1 e m loe---

e x i s t a n d m u s t b e .;.-a 1 c w i t h . E v e n a m o r a t o r i u m o n n e w n u c l e a r p l a n t s 1 • - a v • • -

;:; v i ';. tin- w a s t e s a l r e a d v i n e x i s t e n c e a n d w a s t e s y e t t o b e g e n e r a t e d ': v

r . - a c t o r s i n op--r.! t i o n . T h u s , a t t h e v e r v l e a s t , t e . / h n o ! o g i .-s t o e f f e e t i -.•••'. v

ii'- p u s i - o : . m r c u r r e n t w a s t e p r o b l e m m u s t b e r e s e a r c h e d a n d i d e n t i f i e d .-.:-, i .

t:.'-:~, b a s , . - : u p o n tin- : i n d i n ; : s , f a c i l i t i e s t i d i s p o s e o r t h e r a d i o a c t i v e wi:-t>-s

3i t be bu: 1 f .

Second, the magnitude of the waste disposal problem is a function

:>i future nuclear policy. As noted in Table \ there are some waste disposal

t c hnolo<4i -s that a. J suitable for both fo'ins of HLW (spent fuel and reproc-

essing w a s t e s ) , whereas others can be used with only reprocessed wastes.

Therefore, the sooner a decision on the future of nuclear power is made the

more accurately the magnitude of the waste problem will be known, thereby

identifying those technologies that deserve more attention and funding and

tuose that can be a b a n d o n e d . This d e t e r m i n a t i o n w i l l h e l p to f o c u s the

ri-search and development effort so that we can better solve the radioactive

waste di"posa! priblcn.

Finally, the results in Table 1 show that there are risks associated

with everv disposal techno 1ogv. One technology may afford a higher isolation

potential at the exnen.se of increased transportation risks in comparison to a

second techno lo^v. Establishing the types of ri=Vs we are willing to live

with must be resolved before any waste disposal technology can be instituted

for widespread commercial use.
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