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' l EPRI PERSPECTIVE |

|
'

; The status and progress of nuclear waste dis-
posal programs is of ten cited as a major impediment |

to civillan nuclear power generation. While in-
formed technical opinion has emphas12ed that wastes*

, PROJECT
DESCRlrTION from nucle 3r fisstor. can safely be disposed of an

. ,-

geologic media, regulatory and institutional f actors
y continue to delay a large scale demonstration in the

U.S.

Against the background of delay and pol ry re-- -

N view which is occurring, this document is inteaded
to emphastre .ne worldwide technical programmatu,

progress that has occurred in the past two years to
effectively implement nuclear waste disposal sys-
tems. This work is as Oxten.On of a previous EPRI-

*. project, Status of Comercial huclear Hich-level

Waste Disposal, EPRI NP.44-SR, September 1976, which

described the engineering approach to waste disposal:,
,

in the context of the more ready-to-operate waste
,

'disposal unit processes. The processes described
are not necetaarily cptimum, but represent an ad--

' equately safe and effective first generation n;aste
disposal system. ,

*

The objective of this project is to highlight
significant technical and programatic accomplish-.

ments in implementing waste disposal that have
occurred over the past two and one half years. The
emphalls is placed on high-level waste disposal and
spent fuel disposal, with only brief coverage of
other wastes. Similarly, the emphasis is upon pro-

e PROJECT
- OBJECTIVES

gress on process equipment ar* systems that are more'

practical or advanced in terms of readiness for y-*

demonstratton.
,,,

There is aruch less emphasis on second generation

systems, which may have some eventual merit, because
of the belief that the U.S. program objective should

t'

)
|| 111
, .

Y 4-

,

8 , * * * - *-., e 6y5 , ,,
, .~ _\ .

*
s

#
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! be expeditious implementation of an adequately safe.

first generation technology, and not selection of an
I optime p scess technology or optimum geologic media

which might result in an additional period of pro.
| gramatic delay."

l'
t Significant technical progress has been made
$ both in the U.S. and throughout the world. The most

significant accomplishments are perhaps the success-'

ful operation of the waste vitrification plant at '

' Marcoule. France, with production of 4.5 tons of.

waste glass as of August 1978, and the publication'

AND CONCLUSIONS of an integrated system design study together with
an integrated system assessment in Sweden,<wnder the
Nuclear Fuel Safety fKBS) project. In the U.S.,

.

significant (but perhaps less glamorous) progress
has occurred in demonstrating full scale prototypes,

and in performing studies to justify waste disposal
technology and regulatory and siting criterie.

*

It appears there is an adequate and growing
~

technical base for the necessary decisions and
action to implement a timely waste disposal program
in the U.S.

R. F. Williams
Project Manager
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ABSTPACT

.

The status and technical pmgress of nuclecr
'

waste disposal is reviewed with e4 hasis on

technical and programatic progress in High *

Level Nuclear Waste disposal technology dusing
the 1976 to 1978 time period. Process steps
in the waste solidification and geologic dis--

-- posal system are described emphasizing processes
and systems that are more advanced in terms

of readiness for full-scale U.S. demonstration. ''

Worldwide technical accomplishments in support
of the reference U.S. waste vitrification and-

geologic disposal approach art highlighted.,
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f LNFBR Liquid Metal Fast Breeder Reactor
,

I
. LWCHW Light Water-C%1ed Heavy Water Moderated

f. LWR Liyt Water Reactor
f.

t MTHM Metric Ton Heavy Metal

j NFS Nuclear Fuel Services,

'

NRC Nuclear Pegulatory Com6ssion

ASTF hear-Surfact Test Facility
3
t.

ONVI Office of Nuclear Weste Isolatica

ORtil Oak Ridge National Laboratory .,

r
'

PAMELA A German vitrification process developed at Julich. Germany

PHWR Pressuriaed Heavy Water Reactor.

PlVER A French vitrification process used at Harcoule France,

PNL Pacific Ncrthwest Laboratory'

PWR Pressuriaed Water Reactor,

W
R&D Research and Development

SC Spray Calciner (U.S.)

SRL Savannah River Laboratory
'

SRP Savannah River Plant
"

TAD Technical Alternatives Document
: *

THTR '. ilum Heavy Water Temperature Reactor

TRU Transuranic Wastes

HSGS United States Geologic Survey

VERA A German vitrification pilot plant at Karlsruke. Gerr.any
,

WCF Waste Calcination Fa'cility
,

WIPP Waste Isolation Pilot Plant '*

<,
.

WSEP Waste Sv'idification Engineering Prototype'j
*
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! SJPNARY

," In the last several years, the event which had
the greatest impact on the nuclear waste management
program in the U.S. was the government decision to I

indefinitely defer commercial reprocessing of spent
nuclear fuels. This measuro became effective in
April 1977

,

lThe decision to defer commercial fuel reprocess-,

ing created a need for more storage space for spent
- nuclear fuels until a decision on their long-term

- '# ,

disposition can be niade. It also created a need to |
DISPOSAL TECHNOLOCY consider how and Aere these fuels can be isolated

iADDED f rom the biosphere, because they represent a risk to
,

the env'ronment that is at least comparable to that '

of the high-level waste (HLW) that results from
,

reprocessing. (Categories of waste are defined in,
'

AppendixA.)
-

Deferring the reprocessing of spent fuels did
not decrease the scope of the nuclear waste manage-
ment program in the U,S. Since the program must,,

still consider the possibility that in the future a
i decision will be made to reprocess these fuels. In

=

addition, much of the technology is required for

-

existing wastes. Thus, the U.S. R&D program on
{

WASTE DISPOSAL AND nuclear waste management remains much the same as it i

HiGH LEVEL WASTE was two years ago, except for the added requirements

SOLIDIFICATION for interim storage and ultimate isolation of unre-
.. CONTINUE

processed spent fuels. Emphasis on solidifying
liquid HLW has shif ted from the wastes espected from

.

comercial fuel reprocessing plants to defense,

'

wastes at Savannah River Hanford, and Idaho Falls.
The technology developed could also be applicable to.

wastes already produced and stored at the now inac-
tive Nuclear Fuel Services (NFS) plant at West
Valley, New York. Vitalfication technology previ-

*

ously developed for future coanercial waste is
.

directly applicable to these wastes. I
*

':
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The uranium and plutonium present in irradiated
nuelcer fuels have substantial fuel value that will
be lost if these fuels are never reprocessed. Also,
recovery and reuse of plutonium is necessary in a

SUBSTANTIAL FUEL breecer reactor : program. Reprocessing schemes have

VALUE WILL BE LOST been proposed that may resolve the weapons pro-
If FUELS ARE NEVER lif eration issue. For example. CIVEX processes
RUROCESSED would recover urantum and plutontun for reuse; how-

ever, the plutonium would not be in a weepons-usable

form.

The planned basic, or ref erence, nuclear waste
.

management system in the U.S. Involves geologic iso.
lation of all comercial HLW and all loir level
wastes (LLW) that contain significant r iunts of*

long-lived transuranium elements (TRU wastes). The

7 present limit for non TRU wastes is 10 nCl of
a radiation /g of waste from TRU elements. This
limit is currently being reviewed to see if it is

| unnecessarily low. Other LLW will be buried in
,

near-surf ace f acilitics. Because they will decay to
| innocuous levels in a few tens or hunoreds of years,

they are considered safe if the near surface sites'

are properly monitored and maintained.
'

Guaranteeing the integrity of a geologic forma-
tion for thousands or millions of years is recog-

0E OGIC ISOLATION nited es very difficult. For th's reason, isolation i.

'

U of wastes in geologic formations will probably rely
MULTIBARRIER

,

.,

*'i TECHNOLOG on multiple barriers. To alleviate concern that
,

some future event may expose the wastes to fluids
,

(principally water) that could carry the wastes to
a 1

"I the biosphere, several barriers can be impos'ed to
'

prevent or greatly retard dispersal of the radia. .

nuclides. Possible barriers include relatively

I insoluble waste forms, corrosion-resistant con-
tainers and ove.-nacks, addition of materials which
adsorb and retain radioactive elements, and long
paths that the fluid must traverse to reach the bio-

i$' sphere. Some studies indicate that a long path-

SE E5IGNE TO
OPERATE AT LOW through the natural geologic barrier is adequate by !

, .
WASTE TEMPERATURES itself. The repository system can also be designed
IF REQUIRED to operate at lower temperatures so that water is of ; ,

much less concern. Temperatures can be lowered by ;

further aging the waste or spent fuel, u' sing lower .

.
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concentrations of waste, or improving the repository
design to increase heet transf er in the region adja-

;

cent to the waste canister. '

Ocfense activities produce all types of nuclear j
wastes. Detailed studies are in progress on how to |
best fit these defense wastes into the overall U.S.
waste managecent system.

.

RECENT PROGRfSS

/

Progress toward a waste management system that
will ultim.tely require no surveillance cae. be
divided into two categories: 1) evaluation of
specific technological advancements, and 2) evalua-
tion of the costs, risks, ond benefits of the many
options for the nuclear waste management system.

Category 1 - Recent Techr.ological Advances

In France a production HLW vitrification facil.
ity began " hot" operation in June 1978. This facil-
ity, known as the AVM, will routinely convert the
high-level wastes stored at Marcoule. France, to

FRANCE BECAN borosilicate glasses. The AVM process consists of a

ITR FICAT ON FACILITY " *"# ' ' " ' " * " " " " " "' * " '"*
IN 197i; The stainless steel canisters of glass are stored in

air-cooled pits located adjacent to the processing
'

plant. A similar waste processing plant (AVH) is
being designed for operation at the La Hague fuel
reprocessing plant in France.

In Ma*ch 1979, the U.S. will perform the first
**

1arge-scale vitrification of comercial' high-level '

wastes. The H.W from high burnup Light Water Reac-,

tor (LWR) spent fuel will be converted to boros111-
i cate glass using a spray calciner/in-can melting

U.S. WILL PERf ORM E'"'''' **" " 8 ' ' " '" *
FIRST LARCE-SCALE by 2.4 m (B in. x 8 f t) long. This technology is

; VITRIFICAllON OF LWR highly developed and was operated radioactively at
HICH-LEVEL WASTE

Hanford prior to 19p using defense HLW materials as
a source of waste. The 33 cansiters of solidified
HLW from the . ste Solidification Engineering Proto-
type (WSEP) are still stored at Hanford. The boro-
silicate glass canisters are still being evaluated;
however, af ter eight years storage, there has been
no change observed in the glass properties.

..
e i
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Boros111cate glass has been chosen internation- !

'

ally as the reference solidified waste form for HLW, j
and vitrification processes have been developed for
this waste form. The glass has a low dissolution .

rate in water and other environmental solutions that
may occur in a properly designed repository. It !

exhibits good physical integrity. It can acconpo-
date a wide variety of waste constituents, as well

,

'
as frequent changes in composition. It is thereby *

bon') SILICATE CLASS fully adaptable to the large numbers of wa}te com- j
HAS I ROVEN DESIRABLE'

WASTE-FORM FEATURES positions requiring treatment. The system is de- i

signed so that only a small fract".. of the glass f*

'

will t,e 5,5ceptible to ther'ai devitrification.
Even if devitrification occu'4, the only significent

.

result is less than a tenf a1d increase in the glass* ,

fdissolution rate. All tt 5ts to date shaw that the
, glass is extremely stable o all types and levels of !

'

radioactivity.

I
in the U.S. the vitriflotion technology previ-

3

ously developed for comercial HLW is being evalu-
ated for use in defense waste programs. The most -

active developmental program is aimed toward the ,

. possible vitrification of HLW stored at the Savannah
AS V C O River Plant (SRP). If a decision is made to remove,,

APPLIED IN DEFENSE
the wastes from the storage tanks, a vitrification i

- *

WASIE !*!tOGR AM facility could be in operation by 1988. The vitri- .

fication process would be spray calri.1ation coupled

d. to either an in-tan melter or a continuous ceramic
melter. |.i

.
*

The U.S. waste vitrification studies ,at the-

,

Pacific Northwest Laboratory (PNL) have emphasized '

in-can melting of waste glass with joule. heated .

/

ceramic melting as a possible backup. Recent engi-*
,

neering-scale studies (nonradioactive) with continu- '

CONTINUOUS JOULE- ous ceramic melters indicate they may offer advant- I'
HEATED CERAMIC ages over in-can meltees. Major advantages are: 1) 1

.

MELTER DEVELOPED '

FOR VITRIflCAllOfu capacity can be very high, 2) waste canisters are ;*

not subjected to high temperatures, and 3) a variety
of glass formi (e.g., marbles, monoliths, etc.) can'

be produced in the same equipment.

Alternative waste forms and processes are being

developed for the immobilization of radioactive
waste. These forms may provide improved containment

|
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of the waste either by inherent improved properties,

i
;

Ij. Such as stable low-leaching crystals, or by pro-
'I

,

viding multiple barriers of containment. Alterna- !
ALTERNATIVE WASTE tives being investigated include supercalcines by |
FORMS MAY OFFER Pennsylvania State University as part of the PNL |
SECOND GENERATION !

IMPROVEMENTS OVER multibarrier waste form, metal matrices at Argone,e
CLASS National Laboratory (ANL), and termet at Oak Ridge

National Laboratory (ORNL). Considerable develop-
ment is required before it can be determined whether.

these alternatives offer a subs'tantial improvement
over glass. |

,

Recently the Sandia Laboratories conducted
,f full-scale crash tests on spent fuel shipping

casks. Truck and railcar-mounted casks were crashed
SAFE TRANSPORTATION into virtually 1 movable concrete targets at speeds
Of NUCLEAR WASTES up to 136 km/h (84 mi/h) with only superficial dam-
EEW A5MED

age to the cask and no rupture of contained fuel
elements. Similar casks would be used for trans-
porting canisters of HLW. *

g/ The general concept that nuclear wastes can be
"'/ . safely isolated in geologic formations is receiving
.

widespread support among the nations of the world.
Eighteen countries have programs to evaluate various
formations for potential disposal sites. The

"

SEVERAL NATIONS HAVE Federal Republic of Germany is already operating thepitot GEOLOGIC

REPOSITORIES 5CHEDULED Asse salt eine for the disposal of nonhlgh-level
FOR OPERATION IN wastes. Sweden is conducting fleid tests in the-

LATE 1980s Stripa mine to support tiesign of a disposal site.
Belgium, France, Italy, Spain, Sweden, and the. - -

United States plan pilot repositories in the 5980s.
Comercial repositories by the year 2000 are planned f'

p by Canada, the United Kingdom, the Federal Republic
of Germany and the United States.

[ A Waste Isolation Pilot Plant (WIPP), cur ently
expected to be operational in 1985, is in the plan-,

ning stages. It will be used primarily as a geolo.,

i U.S. WASTE ISOLATION gic disposal location for TRU wastes fran the
'

..-% PILOT PLANT (WIPP) defense program 'and as a f acility in which to per- '

AN
rm R&D with other waste saterials in salt. A sitepg O N

'

has been proposed near Carlsbad, hew Mexico, it is
_

I now undergoing detailed geologic investigation end a
conceptual f acility design has been prepared. The

*

DOE task force on waste management recommends that,
.
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in addition to being used for R&D studies on isola-
ting defense HLW, the facility could be used for a

,

' demonstra tia'i of disposal of a limited number of

comnercial fuel assemblies.

The Office of Nuclear Waste Isolation, operated
by Battelle Memorial Institute for the Department of |
Energy (00E), has an extensive program to identify

( and develcp candidate geologic formations and loca-
'

tions for nuclear waste disposal. Salt formations ; j-

'

have received major emphasis to date, but other |

[ formations (granite, shale) are also being evalu- ; )
SEVER AL U.S. GEOLOGIC ated. Rockwell Hanford Operations has a DOE , program ; l

'

SITES BFING EVALUATED to evaluate disposal of wastes in the basalt 'under- ,

FOR WASTE DISPOSAL lying the Hanford area. Similarly, a program to,

jM evaluate the potential for waste disposal at the DOE ,

hevada Test Site is being conducted by Sandia
3

Laboratories for DOE. A major objective of the
,

'

study is to determine if waste disposal is compat-

,'N ible with the predicted effects of continued weapons
testing.

The Federal Republic of Germany plans to con.
centrate reprocessing, recycling, and waste disposal
at Gorleben in Lower Saxony. A 1400 t/y reprocess- *

,

ing plant is planned for operation in the late,. GERMANY TENDING
TOWARD NUCLEAR 1980s. The area lies over salt beds. Solidifica.
PARK CONCEPT tion of high-level waste and intermediate storage in"

8/, a retrievable mode is planned to allow time to
' < develop and demonstrate final disposal in geologic i

'. formations. f
*" ''

Deferral of comercial spent fuel reprocessing,

'
in the U.S. requtes that spent fuels be held in

' interim storage longer than in a closed fuel cycle i
(probably >20 y). Water basin storage is the only

* '~' FAVORABLE RESULTS FOR
SAFE 20- TO 100-y WATER nique available. Dry storage of spent fuel is being
MASIN STORAGE OF considered at this time. An assessment of past
SMNT FUELS water basin storage experience concludes that no.

significant problems have been encountered during
'storage of both Zircoloy and stainless steel-clad

sf fuels for periods ranging up to 18 y, and that pro-
spects are favorable for safe water basin storage of

_

spent fuels for longer periods. Long-tern storage

|
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will require more storage capacity in the reactor ,.

Storage basins, as well as in away from-reactor
|

storage facilities.

Temporary storage or permanent isolation of l,

spent fuels in geolo.ic formations will require Ij
'

Ipackage designs appropriate to the waste form and
geologic formation. This is a new need since prior

SPENT FUEL PACKACING
PROGRAM UNDERWAY pa-kagirg studies have involved only wastes. A DOE :'

program to develop spent fuel packeging has been,

formulated and is already in progress, in addition,
* ,

* several alternative high-integrity canister concepts
have been proposed in Sweden and are being studied.:.

Category 2 - Costs. Risks and Benefits
.

The second category toward implementing the
overall nuclear waste management program is related
to costs, risks and benefits. Key events in this

category are highlighted below.

A study has been completed that characterlies
and classifies the various technologies for managings

\ nuclear wastes produced in reprocessing fuels from
*

\ TECHNICAL ALTERNATIVES LWRs. Yhis report, ERDA-76-43, is the Technical
DOCUMENT IS5UED Alternatives Document (TAD) and is serving as a,

- ' reference docisnent for the preparation of environ-
mental impact statements and other documents
required for licensing the construction and opera--

tion of waste management f acilities.

I In March 1978, a DOE task force under the direc.
4 * * *" "* *

DOE REVIEW OF
s

NUCLEAR WASTE nuclear waste management programs in the DOE. That-

*

MANAGEMENT COMPLETED report (00E/ER-004/D) endorses geologic disposal of
both high-level wastes ar.d spent fuels and recom-
mends govern wnt ownership and operation of all -

nuclear waste disposal sites.
,

/
''

The DOE Review of Nuclear Waste Management was

INTERACENCY REVIEW studied by an Administration-estabitshed interagency
CROUP ESTABLl5HED review group. A report on the review (TID 28818) is

/ TO PROVIDE
'

due to the President in December.1978, with recom- .

REC MENDATIONS mendations to be "uIed in. decision mning and imple. -

mentation. The report will be reviewed by the pub-
lie and government agencies in early 1979.

A Comercial Waste Management Statement

(00E-1559) based on guidelines from the report by

*5-7
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the DOE Task Force for Review of Nuclear Waste Man- 4

l.
agement was complated in September 1978. This is a
modification of the generic engironmental impact

CO E A ^ statement on the management of comercially-gener-g N

STATEMENT PREPARED ated nuclear wastes. Its release to the public is
'

anticipated early in 1979. It .:111 be subject to 1

'
, : the normal review and coment process.

Technical alternative documents have been pre-
pared defining potential paths for future management.

of the HLW stored St SU, Hanford, Idaho National
Engineering Laboratories (INEL), and at the NFS

"" * " " " * *E8 ' ' " " * *' "d DOCU LNT PREPARE I R
DOE 51TES AND these technologies are in preparation (or the*

.

''
NF5 PLANT government-owned sites and will serve to gu'ide pro-

*

gransnatic decisions on the long term management of,

these wastes.
.

A worldwide International Fuel Cycle Evaluations
' 'Program (INFCE) was established. The purpo;e of

y this program is tc thoroughly evaluate the major
alternative fuel cycles to identify how test to

,

e' minimize the risks of weapons proliferation and. at
INTERNATIONAL FUEL the same time, to assure that civilian nuclear power

^ remains a blable er.ergy source. While the resultsCR UN ER 'AY
of the INfCE will be advisory only, the outcome

'

could well influence the nature of the future fuel
,

cycle and, consequently, the composition of the ,
'

high-level wastes which could be produced, |

* In Sweden, a total system review and analysis |

|was completed on the handling of spent fuel and the j j
*

final disposal of vitrified HLW. An extensive
,

SWtDISH (KBS) STUDY safety analysis was made of a system involving 10-y
,

INDICATES CEOLOGIC storage of spent fuel before reprocessing, vitrifi-
DISPOSAL 5AFE cation of the HLW to borosilicate glass, near-sur-

face storage of the glass for 30 y, containment of%

the glass in a multilayer waste canister, and isola-
tion of the canister in a granite repository with
f on exchange material surrounding the canister.

All these barriers prevent the escape of the
wastes to the' biosphere via water. The maximum,

/ g' potential dose to individuals living near the ;

repository was calculated to be a factor of nearly
40 less than the International Comittee for Radia-

f tion Protection (ICAP) limit for scntinuous exposure

/ of individuals.
'

,
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b- The Environmental Protec t ion Agency (EPA) and
' the Nuclear Regulatory Comission (NRC) are cur-

rently preparing regulations related to HLW. Tne.,

THE EPA AND NRC TO EPA published radioactive waste criteria in late

155UE STANDARDS AND 1978. These standards or criteria are current ly
REGULATIONS SOON

undergoing pubitc review and coment. The NRC is

..

preparing a new regulation, 10 CFR 60, that deals
with disposal of high-level wastes in geologic

repositories. A draft of this, regulation may be

available for public coment early in 1979.y-
Several risk assessment studies are in progressf.,

*

to define the performance of and provide the bases
for criteria for geologic repositories. These stuJ.

RISK ASSESSMENT. tes treat the waste form / containment / repository /
STUDIES IN PROGRESS-

surrounding geology /ecosysten. as a system of bar-
riers. Studies are underway at Lawrence Livermore
and Sandia Laboratories (NRC-sponsored), A. D. Little

- and the University of New Hemico (EPA), and the
~~

. Pacific Northwest Laboratory (00E).

Several important technical rieetings on solidi.
fled waste forms were planned in late 1976 and early_

1979. The results of these meetings will be docu-,

mented in pre:eedings to be published in 1979.

These meetings include a symposium on Science Uncer-

lying Radioactive Waste Management, held in conjunc-
TECHNOLOGY EXCHANGE
MEETINGS ON SOLIDIFIED tion with tne 1978 meeting of the Materials Research
WASTE FORMS UNDERWAY Society (November ?8-December 1,1978. Boston. MA);

], the NRC Conference on High-Level Radioactive Solid
liaste Forms (Denver, CD, Deceser 18-21.1978'; and

'a the upcoming DOE /American Ceramic Society sponsored
,

International Symposium on Ceramics in Nuclear haste
.

Management (to be held April 30-May 2.1979. Cincin- -

', nat1. OH).

|

( CONCLUSIONS
,

'

.s \ 1. The strategy for safe raanagement of nuclear
A TECHNICAL PROGRESS wastes in the U.S. appears mell defined. The U.S./' TOWARD IMPLEMENTING A

O WASTE MANAGEMENT strategy is s i.nllar' to that being proposed and
T STRATEGY APPEARS adopted by other countries, i.e.. geologic isolation

ADEQUATE of spent fuel or imobilized HLW, geologic isolation

[ of TRU wastes and engineered surf ace storage, or
-

burial of low level non-TRU wastes.

. .
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! 2. The current successf ul operation of the French
AVM vitrification facility, the prior operation of'j.

, : U.S. solidification processes using fully radioac.
^ tive waste (W5EP), and the current program to use

OR IMMOBIL.,

j' RADIOACTIVE WASTES U.S.-developed processes for potential vitrification
b of defenst HLW clearly show that systems are avail. i:

'

able for temob11tring radioactive wastes.
.

,

3. Many c ontries are actively " studying geologic
formations to isolate radioattive waste, and several
countries plan pilot. plant repositories in the 1980s
(Belgium, Canada, France, West Germany, Italy,
Spain, Sweden, Great Britain and the United

States). West Germany already operatet the Asse
MANY COUNTRIES salt mine as a repository for nonhigh-level wastes.

Un ates H studykg W W salt. W'

ORM IONS 101 OLATE
RADIOACTIVE WASTE salt and basalt, granite, and shale locations, where

these riedia can provide safe isolation of wastes.
Sweden conducied perhaps the most thorough system

atic study of geologic isolation of HLW and unrepro-
)' cessed spent fuelt available to date. This study

clearly concluded that geologic storage of HLW or
spent fuel could be cerried out safely.

4 There appears te be a ccrp isus among technical
_,_

esperts th4t HLW and TRU wastes can be safely ise-

TICHNICAL CONCENSUS lated in geologic formations, but that extensive
THAT WA51E5 CAN BE 5AfELY data on each proposed site is needed as a basis for
150 LATE N GEOLOGIC choosing the optimum waste form, waste containment,

: and emplacement mode. Progress appears adequate for

acquiring the needed data and for determining the
#, risks of geologic isolation.

,

5. The degree of conservatism to be use'd in geo-
logic disposal appears to be one remaining techical*

,

issue on which there is nut yet consensus. At one
# "" #" "" #'

DECREE OF CONSERVATISM
IN REPO51 TORY DE5!CN 15 surf ace cooling before emplacement of HLW. At the

REMAINING TECHNICAL ISSUE other extreme, some U.S. designers contemplate waste

emplacement at high heat load after only 10 y.
- Sweden selected a maximum 70 C canisteIwall tem-0

perature after emplacement; INFCE is considering
0

; 110 C. Early U.S. designs for dry repositories

{-
have been as high as 375'C. The degree to which

i
i .
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multiple barriers are required as part of the over.
,,

all wa*,te management system is part of this techni-'-
'

]
cal issue. The DOE task force stated that imple- ;> -

mentation of geologic dispesal should emphasite
technical conservatism.

.

6. Progress toward developing technologies for com-DEVELOPMENT OF ,

,- . COMMERCIAL WASTE percial waste management should t'e continued, even
MANAGEMENT though fuel storage and disposal is planned at this

- TECHNOLOGIES SHOULD
*'

BE CONTINUED
*"e These technologies are reautred for wastes that

already exist. -
, . . .

; e The amount of ctmercial waste is growing rap-
idly (e.g., annual #r production in '19855

z" will exceed the total inventory in defense
'

HW).

, e Reprocessing of spent fuel may be rtinstated. ,

e
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Section 1.

INTRODUCTION

, . . -

in 1976 FpRI published a status report One cf the major ef fects of the new pol-
un the management of conrnerc ial nuc lear icy has been the introduction of spent fuel
f ue l cycle waste with ..mpha s is on hig% as a longer term waste. management problem.
level waste (HLW) from spent fue l repro. There fore , although the et.0 pasts of this
ce s s ing .( 1,) That repor t described the report will be on HLW, censiderable atten., ' technology that had been dev e loped, t he tion will be given to the storage and po.
significance of the technology to easte tential isolation of spent fuel. The tech..

'

management, and plans for future work. nology described by Dau and Williams (1).

Since that time, there has been a signifi. is betefly reviewed, but emphasis is
cant change in the policy of the United placed on accompitshments since 1976.

'
States on f ue l reprocessing. In April These accomplishments inc lude those made
1977, the government announced that repro. internationally and those related to
cessing of spsnt nuclear fuels was to be defense HLW from production type reactors.
inde finite ly de layed. Ob iously this de-
cision has affected the plans for the The proposed U.S. waste. management ref er.

'. management of comerc ial maste, even ence system for comercial wastes is shown
though the disposal recairements for in Figurt 1-1 (?) It provides isolat ion
unreproce ssed spent fuel will be similar of HiW and tranbrante (TRU) eastes in a
to those for HLW. In light of this policy location away from the bicsphere. This
change, this repor t will rev iew recent reference system assures that uncontrollect
progress maoe toward implementing an reentry of thtse wastes into the biosphere,

eff ective waste management program. is very unlik e ly. (The origin of the
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'. FIGURE 1 1. Proposed Reference U.S. Nuclear Waste Management System (2)
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wastes is descr 6ted in Ag endia A.I Ee- contacting the maste form and allowing
cause both wastes contain , t gn if icant radioactive constituents to frigrate into
amounts of long-lived (tens of thousands the nearby <jeologic for'iat ion by any of+

of y?ars) rad iosc t ive ele, rents, complete several types of engineered barrter-
iso lation from the biosphere is considered These berriers include the waste canister
necess4ry. The need for spent f uel isola- wall, secondary canisters, and mate r t e ls
tion will be at least equivalent to ti at impervious to water or materials which
for these mastes if spent fuel is never tbsorb and retain radioactive elements.
reprocessed. toon-TRH Iow-level wastes. :temoteness of the repository from the~

because they will deca / to innocuous lev- blosphere and the slow movement of
els in a relatively snort time (a f tw hun- radiosctive constituents through rock and
dred years), are considered safe if pro- soil paths to the biosphev a provide natu-
perly stored and monitcred in near-surf ace rol isolation barriers.
Sites. Mining and milling wastes will be

'

manajed cn.ite even though the/ contain In th is report we ask : Where do we
long-lived TRJ constituents. stand and where are we going toward

implementing this waste management sys-
Prew'ous and present de f ectse ac t iv it ie', temt it must be recognited that safe man-

have produced and will continue to produce agement of nuclear wastes is a complicated*

*

eli these waste types. Detailed studies problem involving many technical disc i-
are in progress on !aow to best fit the w plines, it is also a problem about which
defense wastes into the overall U.S. nu- the general public is highly concerned.

y clear unte management program.
The authors believe that the conclustons

Isolation cf Hl.d and TRO waste in geo- drawn in this report represent a f air
log li, formations depends on a multiple- assessment of the attitude of the technt-
barr ier system to prevent reentry of cal community. A generel concensus has
rad ionuc lides into the b iosphere.( 3) not yet becn reached, however, on what
Figure 1-2 shows some of the barriers would constitute the most satisf ac tory
whicn est exist or be built into this mul- maste ornagement system. Similarly, di-
tibarrier system. lne inner-most bar-ter ve r gent vicws on ttt- adequacy of our.

is a re'atively insoluble waste form, such progress are evidtet from coments in tN
as glass, whicn will resist leaching of put.lic and tettsn ic a l media. The authors
radioactive constituents if water enters hope that the material prc sented here will*

the repository and contacts the waste provide a casts from which the reader car
form. Entering matcr can te cielayed from draw his own conclustens.

%,, NATURAt
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Section 2,

a
.

QUANTITIES OF WASTE AAD SPENT FUEL

inis section presents data on c4isting direc t ion of J. M. Deutch, predicted U.S.4

'
and predicted cuantitles of nuc lear industrial growth using a " low" -ate and a*

wastes, both in the U.S. and worldwide, to "htgh* rate consistent with the Natior.01._,

assess the magnitude of the nuclear waste [nergy Plan. Figure 2-1 shoes these pre-problem. Mining and milling wastes and dictions through the year 2000 The higha

wastes which will be genu 'ed during growth rate agrees wito a prediction is-
future decontamination and decomissioning sued by the Oak Rtoge National Laboratory*

of nuclear f ecilities tre not inc luded. (ORNL ).( 4) Also shown is an ER3A growth2--
rate preilleted in 1976. This rt,te is sig-

' COMMERCIAL WASTES. U.S.A.
*

ntf tcantly higher than current growth rate
peed ictions. The DOE Task Force reportAt present, only a relatively small also gives the spent LWR N /3 FW%

amount of comercic) HLW exists in the 1/3 SWP) fuel wh ich will be discharged
, .

U.S., about 2300 m3 (610,000 gal) of slur- under each of the two predicted growthry in storage 4t the Nuc lear fue ls Ser-
curves. These data are shown in Table 2-2.~ ~

v ices (IF S) pl6nt at West Valley, M.
tlnts inc lu'Jes some cefense waste from With the DOE nigh growth rate, some 8100proouction reactors.) About 446.000 m3 of retric tons of heavy metal (MMi would be<'
solid comercial LLW and TRO wastes con. distharged in the year 2000 from U.S. re.taining about 123 kg of TRU elements are actors and the accumulated dischsege fromburied at six sites, as shown in Table 2 1.

1975 to 2000 would be about 97.800 MTHM.

Until and unless a decision is made to The DOE report (2) also estimates thereprocess spent f ue l, there will be no amounts of commercist LLW and TRU wastes, more comercial HLW produced in - the U.S. that would be produced in each of theseUnreprocessed spent fuels will accumulate cases. These data are su'rtarized inwith the growth of the nuclear power Table 2 3 for both cases because they,

industry. A DOE Task Force (2) for Review represent an extreme case range of
e.~

of Nuclear Weste Management, under the conditions. The DOE report assumes
-

..

TABt! 21. Existing Conenercial TRU and LLW Wastes, January,1977 (2)
.

TRU Waste Buried LLW Buried.'
Site kg TRU Elements Thousands of m3 >

Barnwell, SC 0 97.7
Beatty, NV 14.3 $5.0' "'

Hanford, WA 22.7 14.4
Namey flats. KY 69.1 140.2
Sheffield, IL 13.4 68.0
West Valley, NY 3.6 _70.0-

Total 123.1 446.1
.
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FIGURE 2-1. Predictions of the Growth of fluclear

Power in the United States '

JABLE 2 2. Spent Fuel Genersted. Annual and t
Cumulative, in the Urlited States '

- '---'145 WinTT 36 c..e in rusu ~~
l,

"

Metric fees of Heavy Metal f rTMv)(a)
j

'
Veer Ann al CuGtQ Ann a f ~ Cu7enu 4Y[[

'
'

u

2,300 |intsting 2, 300 ..
* 147' l.000 3,300 1.M0 3,300 8

j

1878 1.100 4.400 1.100 4,4M |
-

1979 1.300 5,700 1,303 5,700 g
1980 1.300 7,00J 1.300 7,000 *

J1981 1.400 8,400 1.400 8,400 .,,

j- 1982 1.600 10.0M 1.600 10,000
,'

1933 1.900 11,900 1,900 11,900
1964 2,200 14.100 2.700 14.100
1965 2,700 16.800 2.700 16,800
1986 2. 9M 19,700 2.900 19.700
1987 3,400 23.10) 3,400 23,100 j
1998 3,600 26.70) 3.600 26,700

)1989 3.700 30.400 3,900 30,600 : i

1990 3,700 34.10) 4,200 34.800 8 1

1991 3,800 37.900 4,600 39.400 |
1997 3.800 41.70) 4.900 44.300 *

1993 3.800 45.500 5,200 49,500 I,

1994 3,800 49.300 5,700 55,200
|1995 3,700 53.000 6,000 61,200

'
1936 3.700 - 56.700 6.500 67.700

,- 1997 3,700 60,400 6,900 74.600
1998 3,600 64.000 7,3M 81,900
1999 3,600 67,600 7,800 #9,700,

2000 3.500 71.100 8,100 97.800

3
'

(4) Unpackaged volume is about 13.1 f t NTHM. Excludes etsenoeges prior*

to 1975.
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t' TABLE 2-3. Future Range of U.S. Comercial LLW and TRU
Weste Generation (2)

LowGrowth(8) High Growth (b)*

LLW. 1000 m3 TRU,1000 m3 LLW.1000 m3
Year GWe ann. accum, ann. accum. GWe ann. accum.

1977 48 92 92 0.28 0.28 48 48 92

1980 61 110 400 0.28 1.10 61 110 400

1985 127 100 850 0.28 2.50 127 210 1260
-' 1990 148 86 1280 0.28 4.00 195 310 2650

1995 148 100 1780 0.28 5.40 283 450 4650

20 % 148 110 2350 0.28 6.80 380 590 7360,

..

(a) Volume reduction esployed
(b) No volume reduction
(c) Volume of TRU in DOE Task Force study is same for both low and*

high cases because it is essumed these wastes will be combined
with larger volumes of DOE TRU wastes in a 00E repository.

|
;

conditions designed to minimize wastes in that of spent fuel is nearly a factor *of
the low case (148 Gwe in 2000) and mani. 10 less; both require similar handling for
al2e wastes in the high case (380 GWe in disposal.
2000).

In sumary, based on nt,c lear poer
Platt and McElroy sumarire data on LWR growth consistent with the National Energy

wastes generated per GWe-y in a once. Plan and continued deferral of fuel repro-
through (no reprocessing) fuel cycle and cessing, comercial nuclear activities
for the LWR fuel cycle with full reutill- could be expected to generate about
2ation of plutonium.(5) This data, repro. 110.000 m3 of spent fuels, about 7,000 m3
duced in Table 2-4, can be utilfred to of TRU wastes, and up to about 7 all-

lion m3, fuels
predict the approximatv volumes of future of LLW ty the year 2000. If the
waste. The area under the DOE high growth spent were reprocessed, about
curve in Figure 2-1 integrates to about 12,000 m3 of vitrified HLW waste would be
4400 GWe-y for the period 1978 to 2000. produced; there would be increasei in the

'. # Based on 25 m3 of spent fuel per GWe y, production of L'.W and TRU wastts.
the volume of accumulated spent fuel in
2000 would be 110,000 m3 COPettRCIAL WASTES, FOREIGN

*. .

~1f reprocessing were reinstituted in the Future production of nuclear . stes out-
U.S., we could also estimate the volume of side the U.S. will, of course, 'depe'id on'

future weste from that type fuel *c 'e . the growth of nuclear pomer there. In
Past experience in reprocessing LWR " Karch 197G, a DOE-sponsored sumary was
indicates that the voluee of HLW b. Issued of openly available information on
solidtfication is about 20 m3 per foretgn and international waste managementi

,
of energy production. For 4400 t programs and technology.(6) Table 2-5,
there would be 88,000 m3 of liquid 'iken f rom that sumary, shows power-reac-
before solidification. Vitrific a tion 'wt tor plans for 40 countries throughout the
reduce this to about 12,000 m3 of bon world. Data in Table 2-5 can be sum-
silicate glass. . . With the reprocessi marized to indicate a nuclear power growth
cycle, additional wastes would be gene, f rom ' ab Jut 210 Gwe (operable, under con-
sted. Table 2-4 shows that reproctssing struction,"or comitted) in 1978 to about
almost doubles the volume of wastes, but 800 GWe in the year 2000. The DOE Task "

the aggregate 115511e plutonium content in Force report indicates a growth from about
the waste is reduced about 50-fold. In 85 GWe (operating) in 1978 to about 600 Gwe-

'

addition, the volume ci SILW compared to in 2000. (The U.S. has off ered to store -
I

: '
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TABLE 2 4. (k'R Nuclear Wastes,10 y Cooling,1 GWe-y (Packaged volumes) (5,)g.

Units*
'

Fuel Type VoTEne, mJ wt U, kg wt Pu, kg Radioacl M i'y 7 7

. Unreprocessed spent Fuel 25 36,400 310 13.0

Packaging Waste 9 0.0002

Reprocessed Westes

Vitrified HLW (10 ys

after discharge from
Ireactor) ' 2. 8 3.4 *I 10.4.

Intermediate-Leve l

Weste 52 1.7 'I 0.07 iI

I8)Hulls and Spacers 7.4 0.24 0.03

Mixed Oxide f uel
I 0.65( a)Waste 18 |

(a) contained Pu
(b) compacteda

(c) in concrete

10% of f ore igr. spent fuels if the co' "- will be produced in the future can t,e
tries involved forego spent fue l reg e. approximated from data in Table 2-4
cessing. The task force report estimat .
the amount of spent f ue l that would be If we assume that the free world (except

, rece ived for storage under this arrange. U.S.) nuclear-power. generating capacity
'- ment.) Earlier predtettons (~7,8) were for will grow to 600 Gwe by the year 2000,

significantly higher growth rales. then it can be estimated that in the
period of 1978 to 2000, about. 6600 GWe.y

!
4

Concilations of existing and expec ted of nuclear energy will be generated.<

nuclear wastes worldwide are not avall- Table 2-6 suonarizes the amounts of unre-
able. However, since most of the reactors processed spent fuel and various nuclear 4

planned are LWRs, experience in the genera. wastes which would be produced without
tion of wastes in the (WR cycle can be spent fuel reprocessing, and with spent
applied and the amounts of wastes which fw l reprocessing.
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'' TABLE 2-5. Nuclear Power Pr0jett5, Foreign
i

I c*i1, lov des ~~lds16ec ' Tfies tea ir&e
. ,

*'
Ar9entina : 0.9 ! PHiv 9 2000
u teta 0. 7 ! Leet
be l j ive 5.5 ft.Wi

i

i trat t i 3.1 ILt8) 10 1990
,

5 70 20*"
t 6 1 aria 1.8 f t *) 7* .

''
- C a'.a J e !!.9 ( M.1' 76 Pu00

(n e le 0.6 . d 48

Co.b a I.i (Lbdi Several reactort 1993
Gannalevas ta 1.4 fwi 12 19%,,, '

0.1 ' GC Hb* i
t upt 0.6 ' ; mM 2 2000

' ,7 7thiand 2.2 f t' Al 6 1935.

F rance 37.2 'Lhai 43 1995
'

2.2 f GCkt.;
U.3! fGC%.3' , , ,

1.4 fL*Ff45
,

Gee,ef.y (last) 2.7 'W1
Ge many ( u sti 26.3 (ipi 30 1986ri

- fl. ) !L*rgan
0.3 (1 J4)
0.05 (PHel!

Ms 'jary 1.0 (a2) 5. 7 1990n

12 2000
ladia 0.4 ftht) 6 1900

1. 3 ( Pr'.4' 70 2000

N' tran 4.2 (Lea) 22 1992
34 2000

Israel 0.ef b)*

Itaff 5.1 ( L eit' 9 13 1985
i 0.2 (GCA) *
i 0. 4' (LWCH.)
i Japan 19 (Lua) 40 1946

i 0.3 !LwrE4) 93 1993
i 0.2 (GC8' i

*) . 2 (Lwthet+
'

t.orea (Sovth) 1.2 (LWel 4 1985
0.6 (Ph.8) 40 46 2000

"- - a wwa it 6(D4
L.nemosr9 1.3 (LW)
Mesico 1.3 (LhA) 10 1990-

I betaerlands 0.5 (tht) 3.5 7

.' ! 1.e. Pealand 1.2 i

Paatstan- 0.1 (PHea) 4.S 1990
16 2000.s.

Pnillepines 1.2 (LWR) 3.9 2000
'' Poland .

0.4 (LW) + 16 P%1t 2000
0.4 (LWA) 8 Ive0

Romania
Soutn Afr6ca 1.8 (LWR) 12 2000 *

Scala 15.6 (LW4) '

0.5 IGCal
Sweden 9.4 (Lot)
$sitatrland 5.9 (LWR 1
Talman 4.9 (l.h2)

| T.sraey 4.4 1990 !

United Kingdom 11.4 (GCR) 10r) 2000+

'' O.1 ( HW'.p l
0.3 (LMFb4)

U.S.S.R. 5.0 (LWR) 26 ?-

14.9 LLGR)
L'IBA)1.0 i

fe9oslails 0.6 |Lht) 0.6 1967
.

(a) Operable, under construction, or on order.
(b) With desalinatton capactts.
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, h. TABLE 2 6. Future Foreign Wastes from 6600 GWe-y LWR Production

Volume, m3 *
s

Once-throu h c cle-~'-
165,000

'

5 pent ue
Conditioning waste 59.000

Reprocessing with full
pTUTonium utiltrat ton

Vitrified high-level waste 18,000

Intermediate-level waste
(contained in concrete) 340,000

,

* Cladding and hardware ~

(cogacted) 49,000*

'lixed oxide fuel waste
' '

(contained in concrete) 119,000

(a) Basco on quantities of waste produced per I-

GWe-y .( 5,)

i

All the wastes shown in Table 2 6 will wastes. Details on these studies are pre--
require special treatment, e.g., disposal sented in Sections 4 and 5.
as HLW or TRU wastes. The worst-case
total volumes for each option are between Volumes of the DOE HLW are large. How- ;

200,000 and 500,000 m3 Tnese volumes are ever, because the integrated exposure .

.. ' equivalent to cubes about 60 to 80 m on a level of defense-production fuels is rela-
side. While treatment, transportation, tively low and because the defensa repro-
and disposal of these wastes will be cessing and waste storage operations cre-
cost.ly because of the special precautions ated relatively large volumes of HLW per ,

required, the volume, are small compared ton of heavy metal processed, the wastes
to those of conventional mining, are quite low in radioactivity compared to |q| comercial HLW. Von Hippel and Krugmann :

// DEFE M E WASTES, U.S. made a corparison between defense HLW and j
comercial HLW (currantly largely unrepro.

,/ The origin and Status of defense high- cessed spent fuel) based on W5r inven.
,

I

level wastes already in storage at 'he Sa. tory.QO,) This isotope was chosen because t.''
vannah River-Plant (SRP), the Hanford Res- of its relatively long half-1tfe (28 y) j

-

ervation, and the Idaho National Engineer- and becasse it has a high potential risk j j

ing Laboratory (INEL) are given in Sec- for a few hundred years. Their survey i
tion 4. In addition to these wastes, large in6icated that: 1) currently, the inven- ',

amounts of LLW and TRU wastes are buried or tory of 90 r from U.S. commercial power5
in retrievable storage at these and at generation is about equal to that in all e i

.- other government-owned sites. Table 2-7 defense HLW; and 2) based on their pre- i '

shows the amounts of DOE wastes presently dicted comercial power growth rate, in |in existence and which are expected to be 1985 the annual comercial production of '

in existence in 1985.(9.) The intermediate. 905r will equal the total inventory in all ,

level wastes at ORNL ere unique and may be defense HLW. Such surveys emphasize that, j .

"

considered disposed of when injected into although the current deferred spent fuel : !.f,g. shale by hydrofracturing. reprocessing situation may allow more
emphasis on defense waste disposal, the i

Currently, DOE is conducting studies on comercial waste problem is growing rap- I

various options for permanent disposal of idly 'and adequate solutions must be vigor- g'
these wastes, particularly the HLW and TRU ously sought. 1

,
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TABLE 2-7 Defense Waste Inventories

Detecer 1985
January 1.1977 Projections

"* High-level waste
(elllions of gallons)

Liquid in tanks 34.9 15.3
Salt cake and sludge in tanks
(Savannah River and Hanford) 38.6 SJ.7
Calcine in bins (Idaho) 0.4 1.1

*

Total 73.9 70.1
3/ (270,000 m3) (260,000m)

ORNL intermediate-lenel 11guld waste "|
(ellitons of gallors)
Liquid in tanks 0.2 0.1*

' Studge in tanks 0.4 0.0
Liquid mixed with cement and dis.
posed of as grout in shale forma-
tion underlying site 1.1 2.5 ;

Total 1.7 2.' '

" -- (6.300 m3) 9.600mI)
'

Low-level and TRU solid waste .

!(alllions of m3)
Non-TRO in land burial f,ites

'
i

(17tites) 0.83 1.15
TRU in land burial sites <

(6 sites) 0.37 0.37 |
TRU retrievably stored ,

(6 sites) 0.04 0.11-

Total 1.24 1.63
.
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- I.

'

STATUS OF REPROCE55tf4 AND REFABRICATION !-

I

No comercial spent nuclear f6el is be- ment. Extensive reprocessing of spent
ing reprocessed in the U.S. at the present nuclear fuels may result in large oaanti-
time. Defense f6el reprocessing continues ties of purified plutonium throujhWt ther

at the U.S. 00E sites, and coninercial fuel world, which raight be f abricated, into nu. 1

*/ reprocessing is in progress in several clear explosives if it were produced with- |
fore ign facilities. These operations are out adequate safeguards. 1[' discussed in more oetail in Appendix B. |

These considerations led to the U.S.-

solvent extraction is the basic separa. decision to suspend reprocessing of spent,

tions technique used in all current spent- convnercial nuclear fuels and to atters,t to i

; fuel reprocessing f ac ilities in the persuade other nations to do so until the
i wor ld. The technology for solvent extrac. potential for nuc lear weapons prolifera-

tion is well established. Many plant tion can be minimited. One step in this
years of experience with the technlQue direction is the International Nuclear
have been accumulated without any incident Fuel Cycle Evaluation (It#CE) program.(11)

< of significant risk to the env ironmen t. Tne lhFCE was established under U.S. spiin- -

Most of the highly active radioactive sorship to study world energy nee::s and
wastes have been stored as liquids; they how nuc lear energy Can be eitployed to
are discussed in section 4 Safely satisfy these needs with rJiniNm

potential for nuclear weapons prolifera--

Nuclear fuel reprocessing as currently tion. One of the activities of the !*.FCE, , .
f pract iced separates high purity uranium is to evaluate fuel cycle processes which

.' and plutonium from other spent fuel con- have improved $Jfeguards.
stituents to minimize problems of ref abri-.

cating the uranium and plutonium into new Other efforts in the U.S. include thei

; nuclear f ue ls. Because the level of study of alternative nuclear fuel cycles
penetrating radiation of these highly and reprocessing /refabrication scnemes
purified products is relatively low, both which would not result in weapons-usable.

can be handled without expensive and materials. These ef forts are discussed in
s sophisticated remotely controlled equip. Appendix B. but are beyond the scope of
I this report. ., ,
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Section 4

.

INTERlH STOR2GE OF Sp(NT FUEL AND HIGH-t[yEL Wa$T[$
,

/
Sp(NT FUEL range. This poses the question of the

long term reliability of water basin stor. '

In a closed nuc lear fuel cycle, spent age of spent fuels. A. B. Johnson has
fuels are stored at the reactor site for a made a survey of the experience to date
short period (usually < 1 y) and then are with water basin storage of spent
transferred to storage at a reprocessing fuels.(13) The ssrvey covers 30 U.S. and
plant until they are processed. Deferral Canadia E storage pools. Spent fue l
of fuel reprocessing in the U.S. has ee- storage experience is also sumarized for'

phast2ed the need for facilities for the British pools at Winfrith and Wind-
longer interim storage of spent fuels and scale and for a German pool at Karlsruhe,
presents the possibility that the fue ls
will finally be isolated without pro. At the end of 1976 there were approxi-
Cessing. mately 8700 power reactor fuel bundles in

storage in U.S. pools; approximately 907. 1Spent fuels are stored at reactor sites of these have Zircaloy cladding. The re-
|and at reprocessing plants in specially- mainder have stainless steel cladding,. . - ,

' jdesigned water basins, such as the Goeral Approximately 70.000 smaller Zircaloy-clad '

Electric Morris plant pool shown in Fig- bundles were in storage in Canadian pools i
'

ure 4 1. The fuels hang in racks designed at the end of 197G.
to maintain proper spacing of the fuels so

* that a critical nuclear asserbly cannot be Maximum pool rest ' ente to date for Cana.
formed. They are generally not in canis- dian fuels is 14 y. Zircalcy-clad U.S.
ters but are in direct contact with the fuel has been in storage rp to 18 y. Ex-basin water, which is circulated and perimental and comercial stainless-steel-
cooled. Spent-fue l storage basing are clad fuel has been stored up to 7 y. Un-sized and operated so that there is room irradiated stainless-steel fixtures have
for one reactor charge in case an been stored up to approximately 20 y.
unscheduled reactor discharge is required. Maximum burnups for stored comnwrcial fuel

'

'

/ are approximately 33,000 mwd /tu for both.

Some radioactive materials may enter the Zircoloy- and stainless-clad fuel.
basin water from surf ace contamination on *

the fuel assent 11es and through the leach- [xperience in water basin storage of
-

ing of fuel material from defective ele- irradiated nuclear fuel has been very
ments. Several techniques, including ion good. To date, based on visual observa.
exchange, flitr. tion, and sk insning. are tion of the fuel and monitoring of the
used to remove these materials to keep the basin water, there has been no evidence of
radioactivity level of the basin low and degradation of either Zircaloy or stain-
to minimize exposure of operators. Pool less steel cladding. Release of fuel,

chemistry. (e.g., addition of hydra zine, material from defected fuels to the taasinboric acid, and lithium hydroxide) and pH water has been minimal even though most
control are tailored to the particular fuel defected fuel is stored without er. closurebeing stored.(12) in a canister. Mechanical damage to fuels'*

cr the pater basin during handling and
in the , once-through fuel cycle imposed storage of fuels has been minimal.

by deferred spent fuel reprocessing,
longer interim storage of spent fuels will Followlay the survey of past experience
be required, perhaps in . the 20-to-100-y in water bar.in storage of spent fuels, an

,

.
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FIGURE 4 1. G. E. Morris Operation - Fuel Pool

assessment of potential degradation mecha- rized by the statement. " Review of the
nisms for caterials in pool storage was corrosite literature has net developed

; made.(ll) This assessment included studies major concerns regarding obvious mecha.
of hydriding effects in Zircaloy and stain- nisms which have high proba)jljty to de.

.

3less steel, fission product (e.g., I, Cs) grade fuel bundle materials."tL 3'a

attack, and helium embrittlement. Corro- ,

*

I. sion studies included aqueous, biological, . The assessment concluded that the pros-' "

f. galvanic, crevice pitting and stress cor- pects are favorable to extend storage of
.

', rosion cracking in cladding. The assess- spent nuclear fuel in water pools, it was
ment also included localized attack at recomended that periodic examination of
fuel defects, crud layers, and pool equip- selected pool-stored fuel be made to

i ment corrosion. These studies wre suma- '
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determine if slow degradation of fuel bun. a form for leng. term storage or isola.I
die materials is operative to an extent tion. For comercial fuel reprocess t rig,

that Could Cause problems in the 20. to plants, this interim storage per iod for
100.y time frame, liquid waste is Ilmited by existing rega.

lations to 5 y.(IB) The NTS plant =as.* Dry spent fuel interim storage options granted an exemtion from this regulation
are also being considered.(14-lE) How. Sinct it was in operat for, at the time this
ever. a fully developed ory storage cption became law.
is still several years away.(13)

Most of the U.S. experience with interim
Under the present U.S. deferral of spent storage of HLW has been with defense

fuel reprocessing (and the offer to store wastes. Eccause several different pro-' 10% of foreign spent fuels), more storage cessir:g schemes have been used for defense
space will be needed than is available at fuels (EiPO . Redox. Pures, and ICPP pro-4
reactor sites. The DOE Task Force Review cesses) and because the wastes from dif.
of huclear Waste Management (2) concluds ferent processes have been mixed in the
that the first away-from. reactor ( AFR) storage tanks, the .tored astes are not
storage will be needed by 1933. How this uniform in composition. Also, since the
ATR storage ' is to be achieved--bj govern. defense wastes have generally been made.

ment or private interests..is current *,y alkaline (by adding NaOH) before storage,
under discussion. One suggestion for tbc they have a much higher salt < content than
initial need is to utillae the fuel stor. comerc ial h igh-leve l waste. which is
age basin at the AGNS P1 snt. Barnwell acidic. Acidic high. level defense wastes,

SC.( 17 ) Interim retrievable storage of have been stored only at the Idaho Chemi-.

spent'~ fue ls in a geologic formation may tal Processir.g Plant (ICPP).(1,9)
. also be done on a test basis to detcrmine
the feasibility of permanent isolation of Alkaline HLW has been stored in carbon.
the fuels in the site. steel.1;ned, reinforced concrete tanks

buried uncerground. Ear ly tanks used at
HIGH-LEVEL siASTE$ Hanford had a single steel liner. Stress

cracks have developed in se"eral of these
Present nucIn r fuel reprocessing schemes tanks. and they have developed leaks. The

separate and purify uranium and plutonium wastes have been removed from such tank s
and leave virtually all of the nongaseous and transferred to nonleaking tanks. The
fission products and the nonplutonium tanks used at Savannah River and newer
actinide elements in a waste stree i. This tanks being built at Hanford have a d0uble-
waste stream is comonly called *he high. walled steel liner with an air space be.
level waste (HiW), as shown in Figut 2 4-2. tween the walls and provision for puming

any liquid waste that may leak frem the
High-level waste has been stored as a inner liner back into the tank. A section*

Ilquid or slurry at the reprocessing site, of a double-walled tank is shown in Fig.
pending further treatment to convert it to ure 4-3.i

..
i-

CLADDING AND4
HARDWARI. .

-

4 URANIUM
REPROCESSING

s\ SPENT FUEL

4 PLUTONIUM,

4 Htw,

FIGURE 4 2. Origin of High-Level Waste
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~L ' FIGURE 4-3. Cross Section of Tank for Storage of )'

High level Liquid Waste
l'

Stress cracks have developed in the inner has operated in t1e U.S. is the RF5 plart*
, ~ ~

liner of some Savannah River tanks, but no at West Valley, 6Y; however, this plart
* * wa te is known to have escaped f-om the has not been operational since 1972. Most
I outer liner. The double-liner tanks appear of the waste prodLced while the plant was j

to provide safe interim storage for high- operating (ca. 600,000 gal) was made alka. '..

** 1evel wastes. While the leaks which have line and stored in a double-lined ct.roon.

" occurred in the single-lined Hanford tanks steel tank similar to those at Savannai *

*
have received considcrable attention, none River. The only acidic waste stored at
of the leaked material has entered the the NFS plant was produced while thoria
water table or bicsphere, and no signifi. fuels were reprocessed. About 12.000 gal
cant risk to the surrounding biosphere has of this waste is stored in a 15,000-gal,.

been identified, stainless-steel tark contained in 4 stain.
less steel-lined c.encrete vault.(2.2)

Acidic hi,h-level waste is stored at thet
- ICPP in statnless steel tanks contained in Activities and Plans for Defense H;W

,

,. . - stainless steel-lined concrete vaults. The } {vaults can be monitored for leaks from the While interim storage of liquid high- 1
'*

g- tanks. No leaks have ever been found. level wastes in properly designed tanks 8

appears adequately safe, operations are in I~ ~ ~ ~ ~ [xperience with interim storage of waste progress at all three DOE sites to redu e j ,

~, from cour,ercial nuclear feel reprocessing the volume of the HLW and to make these 1

--' plants is very limited in the U.S. The wastes less mobile. At ICPP, the wastes g

only commercial reprocessing plant which are being calcined to a solid in a fluid- !
. . _ . _ . tred-bec waste calcination f acility (WCF).
4. -
"LTU

h% 4-4
'
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i The solids are stored in underground stor- radioactive constituents with it. The
1 a<le bins contained in concrete vaults, primary radioactive constituent of the
?- The WCF has been operated as a plant-scale superna tant liquid is cesium. After it

facility since 1%3 without any signifi. has aged, the supernatant 11guld is pro-
cant releases of r.dioactivity to the cessed through a continuous evaporator for

. environment. A new calcination facility dewatering, and the concentrate is trans.
( NWCF) is being built for operation in ferred to a cooled tank, where suspendeJ._

1980.(19) Salts settle out. The supernate is re.
turned to the evaporator and the process

At Hanford, (21) cesium and strontium are is repeated until the waste is converted
'

being removed Trom the wastes, and the to a damp salt cake. In 1985 it is ex-,

l' residual wastes are concentrated to damp pected that the inventory of HLW at tre
1 salt takes, damp sludges, and residual SRP will occupy 31 waste tanks and will
3 (not evaporable) Itquor. Cesium and stron- consist of 13.300,000 gal of sludge and
, tium are removed because in the aged wastes 5,600,000 gal of liquid waste. The small

(>5 y),137Cs and S0ir are the major heat. amount of ConrnerC ial HLW produced end
producing radioactivities lef t. With the stored et the hF5 plant has r.ot been fur.
removal of these wastes, the remaining ther processed.
wastes can be stored as damp solids or.

liquids in tne large tanks without concern Althnugh the HLW interim storage at the
about overheating. Tne 5e and Cs are con- DOI sites and at the NF5 plant appear ace.

i verted to solids, canned in doubi -walled qua te ly safe for many years, procedurese

( conta iners, and stored in special water- for putting them into more innobile forms,

. Cooled vaults. and for isolating them from the biosphere
r/ are being studieo. Documents have been

,' 'n' hen the program is Completed on Cur- prepared (cr each site in whlCh a nutter

' 'I. . -
rently-stored wastes, the high-Icvel waste of alternative routes are described and-

. Invente,ry at Hanford will consist of ap- for which preliminary cost estimates base
.) prox imate ly: been prepareJ (19,21,22) The basic cp-

i > tions are the same for Tnree sites:
~

'' * 25,000,000 gal (bulk) of damp salt cake

k * 11,000,000 gal (bulk) of damp slurige

i. Present Modify form and store or
* 3,000,000 gal of liquid wastes, which Storage dispose on site

will remain in active processing
Modify form and ship to an

* 2900 capsules containing compounds of offsite repository.
stronttum or cesium.

After suboptions were considered, such as
Process improvements may reduce the quan- waste form and possible removal of TR'J
tity of residual liquor. elements numerous potential options were

derived for each site. Before any deci-
\;.- At the Savannah River Plant. ( 2,2) the stons on further treatment of these wastes
. , ' alkaline wastes are allowed to age to re- are made, environmental impact statements
', duce the radioactivity through decay. defining the risks and cost benefits of
j During the aging, a sludge settles to the each route will be completed. intse are

s' | ,
bottom of the tenks, carrying most of the in preparation. *
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c CONVERSION AND PACKAGING OF WASTis FOR ISOLATION '

.

HIGH-LLVEL WASTE TREATMENT |,

/! All nations reprocessing nuclear fue ls A00EOUS .

*
OMAS

' ' now plan to solidify the liquid HLW to a WASTI
, CALCINER

,
,

,

.f- less mobile form for interim storage and '

;ye long term d is pos a l . Borostitcate glass I

has been developed by several countries CALCIAE >

). . . for this purpose.(23 25) The relatively
|

,

, ,,
insoluble glass is the inner-most barrier*

in a geologic disposal scheme comprised of GLASS !
TO M RS

; MEllTR t HEAT
waste, engineered barriers, and geologic q
barriers. Other waste forms, such as crys-
talline material., are also ander con. *

,

stocration, f

Due to the decision to defer spent fuel
reprocessing in the U. S. , emphasis has (Agj $i[R
shif ted frori solidifying comercial HLW to

..

solidifying defense HLW. Results of stud- -
*

- e_ . ies in this area should apply to potential i
\ alternative fuel cycle wastes, as well as '''

to the comerciel HLW stored at the NFS COOL AND 50ti0try j.

plant. A preliminary assessment of the "

potential effects of alternative fuel cy- FIGURE 5-1. Reference HLW Conversion j
-

'
cles on HLW vitrification was published in System : ,

1978.(26) i 1

U.S. HtW Conversion System Two melters have been highly develcped '

in the U.S.: an in-can (batch) melter, j
in the U.S. basic HLW conversion system, and a ceramic (continaoa) metter. The t.' equeous wastes are calcined, mixed with in-can melter, shown in Figure 5 ?, con- 8

\ glass-forming reagents, then melted and sists of the waste canister contained in a j
allowed to cool. As the mixture cools, it six-20ne furnace; forced air cools the

'

solidifies to a glassy product, as shown glass that is heated by the decay of the j
,

~
in Figure 5 1. contained fission products. Calcine and .

glass-forming frit fall into the heated iThe wastes are calcined in a spray cal- canister, where they are melted at a
~

ciner, shown schematically in Figure 5-2. tecperature of s1050 C. When the canister |
0

High-level aqueous waste is sprayed into a is filled, calcine and frit are diverted e |

heated ($7000C) chanter where the droplets to an empty canister; the filled canister j
of spray are dried and calcirad (primarily is then cooled and removed from the'

..
- to oxides) as they f all through the cham. furnace. Aber. Particulate matter in the off-gas ; ),

stream is caught on filters, which are Figure 5-3 illustrates the joule-heated !
Ji periodically cleaned by a back pulse of ceramic melter. C41 cine and frit are fed

air. Glass-forming frit is added to the into a ceramic-lined chamber, where they l

,

,

,,/ calcine as it f alls from the calciner to are melted by alternating current passing '

|| | the metter.(27) between electrodes imersed in the melt. f
i

. I
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The melt overflows continuously and may go with a stainless steel canister; an* into a canister or into molds for produc- Inconele canister permits temperatures up~

. ing glass shapes, such as marbles. Both to 1150*C,
types of melters and the spray calciner
are being developed for the DOE by PHL. Studies on the joule heated ceramic--

lined melter for producing radioactive
Development of the spray calciner on an glasses were begun at PHL in late 1973 (?4)

engineering scale with both nonradioactive Over 17,000 kg of nonradioactive glass
and radioactive wastes has been extensive, have been produced and melters have been,

During the Waste Solidification Engineer- at operating temperature for over three
ing Prototype Progr (1%6 to 1970). 13 years without serious degradation. Inr' canisters of solidt ned waste were pro- January 1977, a large-scale ceramic metter'
duced in tre spray calciner with actual becatte operational. It has operated at

{ high-level radioactive waste.(28) glass-producing rates up to 130 kg/h when
'

fed calcine.(3 This melter was de-3

Recent efforts with the spray calciner signed to also_1,)accept direct liquid feed-
3 ~; r have been directed toward scaling up the ing.(32direclI) The ability to feed liquid wastet equipment so that it can meet the high f to the melter enables Dotential
s ', throughput requirements for defense elimination of the calciner, thereby sim-i wastes, such as those at Savannah River, plifying the system. In April 1978. test-,

One plant-scale calciner has calcined more ing was begun on a spray calciner coupled..

than 300 t 6LW/h (5_), three times the HLW to a ceramic melter (SC/CM).Q) The SC/CMprocessing rate required by a large com- is capable of
100 kg/hproducing(equivalent

nonradioactive--.-

mercial fuel reprocessing plant, such as glass at over to
the Barnwell 1500 t/y plant. The main waste from a s3000 t/y consnercial repro-
f eature that makes the spray calciner at- cessing plant). No serious operating prob-
tractive for use with both coariercial and lems have been encountered to date with ar,2 % defense HLW is its ability to calcine a of these melters.
wide variety of waste compositions.Q9) In,

addition, it is a simple system, enabling The ceramic meltpr offers such attrac-,

fast startup and shutdown, with li'*1e tive features as:(Siholdup of radionuclides.
. production of several waste forms, such

The in-can melter has been demonstrated as monoliths or marblc5in lab , pilot plant , and plant-scale
systems. Over 40 engineering. scale canis- . sufficient capacity for nearly any sire
ters of nonradioactive glass and two of waste plant
actual radioactive glass have been pro-4

duced. The in-can melter itself is well * melter operation at higher temperatures
developed. During the gast two years, the than the in-can melter, possibly allow.
mechanical features have been improved and ing some improvement in glass quality,,

the equipment has been enlarged to achieve,

a high throughput. A 12 in. dia in-can a waste storage canisters which do not
selter will process 50 kg/h of melt, typi- have to be heated above about 600*C.
cal of what would be required for a large1

' 1500 t/y reprocessing plant. Larger dia- Previous U.S. studies on the production.

# meter 20- to 24 in. canisters have pro- of HLW glasses, including the WSEP progra:n'

cessed approximately 90 kg/h. Although discussed earlier, have concerned wastes
this approaches the requirements ir expected from conrnercial fuel reprocessing
defense waste needs, it may be destranse plants. Was'es (ce the WSEP program were
to use two melters in parallel, prepared from fresh defense HLLW spiked

with a highly radioactive rare-earth fis-
Some advantages of the in-can melter sion profuct mixture. This provided the

are: 1) its overall simplicit
melt transfers are required, 2)y since no complete spectrum of fission product acti-

a low sen. vity. It also produced a vitrified waste
'sitivity to changes in composition, and with a high heat generation (f 300 w/t) in !

,

'

3) a minimwn number of process steps, the glass, simulating short-cooled com-
because the melter is also the final stor- mercial HLW.(28 The 33 canisters of 1

solidified HLW T) rom WSEP are still storedage vessel.(Tt temperature of about
30) The process is Itmited to -

ia mar,ime me 1050*C at Hanford and are still being evaluated. j
'

' Registered trademark of the International Nickel Co. Inc., Huntington, WV.
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Af ter eight years of storage no change has For several years, German development
been observed in the glass oroperties. In centered on a spray calciner-melter process<

,

1976, a program was started at PhL to to produce a borostitcate g last .( 23,24) I
design and construct engineering-sca ie This process was tested on nonradioRtTie
equipment for preparing ccmercial HLW and material in the VERA pilot plant. Since~

to produce a ilmited nu2er of canisters 1977, work has involved a ceramic melter
of borosilicate glass from it. The refer- unit in which liquid HLW 15 fed directly
ence spray calciner in-can melter system into .a melter already at the melting,

is to be used in this fully remotely oper- temperature. It has been tested exten-
ated plant. The target date for complet- sively on a pilot-plant scale (301/n)
ing two canisters of this waste is Spring with nonradioactive HLW. A drum dryer
1979. rising-level inpot melter process (FIPS)

has been developed which produces boro-
'

Foreign Activities silicate glass for thorium-bearing (HTGR)
wastes.(23) A 10 k9 glass /h pilot plant

Conversion of high-level waste to glassy is planned. Another German process, the
materials for i,.tcrim storage or ultimate PAMELA process, produces phosphate glass
disposal has been adopted in several coun- in a ceramic me t ter.( 23) The glass is

*
tries other than the U. S.( 23) Processes formed into beads and " Incorporated in a
in France, Germany, and Engfand have t.een lead alloy matria. Cold testing .cf the
operated at various levels of site and process has been completed. A* 30 to
radioactivity, inc luding ac tua l plant 40 t/n HLW pilot plant is planned for con-
operation in France. struction at the Eurochemic 91 ant in bel-

France has developed and tested two pro-
cesses at Marcoule.( 23,24) In one, the Waste vitrification work in the United
p!VER process, Itquid ilTW and glass formers Kingdom has concentrated on the FINGAL/* I

are adaed to a pot and are calcined. Ine HARVEST process which produces a borosili. I

tenipergtun is ratsed to melt the contents cate glass by the rising-level process.(y) I

and the n. Jn glass is drained into a Glass formers and HLW are added slowly to i

0canister. Ene process has been tested on a pot maintained at 1050 C. Drying, cal.
~

full-level Marcoule waste on a pilot-plant cining, and melting occur simultaneously.
basis; 12 t of glass were produced at a This process was demonstrated in the

,i maximum activity of 3000 Ci/t. FIMAL pilot plant with actual waste frot
Windscale (24), and in a full-scale pilct

i Tte second process at Marcoule uses a plant at Yarnell using nonradioactive
j rotary ca lciner coup led to a melting waste. Several pilot p lant and indus-

f urnace.(M) Product glass drains batch- trial-scale f acilities based on the pro-!

;! wise into waste canisters. The process cess are planned for operation in the 1979 '

1 has been tested on nonrad ioac t ive mate- to 1990 period.
rials in a pilot plant with a throughput .,

| of 20 kg glass /h. Based on this contin- Currently, India, Italy, Japan, and th<
vous process, a demonstration pilot plant USSR have waste vitrification studies in.,

, ( AVM) with a cap ac ity of 15 to 18 kg various stages of progress.(~23)
' glass /h has been constructed at Marcoule.

Figure 5 4 shows the AYM process and f aell- While there are many approaches to the'

. ' . ity.(33) The plant began operation with vitrification of high-level nucle 4* , wastes
actuaT radioactive waste in June 1978. under study and development, the objective*

Eighteen m3 of radioactive HLLW were vitri. in all cases is the same: The waste is
fled, producing 9000 kg of glass during the being converted to a form having good
first campaign.(34) physical stability and relatively low

solubility (i.e., in ground water, brines,
The AVM process is shown in Figure 5-5. etc., which might come in contact with the

,

It consists of a rotary calciner and a waste at its disposal location).
continuous Incon11 metter (1150oC). The
stainless-steel canisters of glass are Borosilicate Glass
stored in air-cooled pits located adjacent
to both the P!VER and AVM processing Borosilicate glass has been chosen as i

facilities. A plant ( AVH) similar to the the reference glass form in the U.S. be- I.

AYM is being designed for operation at the cause Itt has a low dl5501ution rat 2 in
La Hague reprocessing plant in France. So water and good physical integrity, can
the required reprocessing rates at accomodate a wide variety of waste r.on.
La Hague may be attained, parallel AYM. stituents, is relatively slow to devitrify,

type calciners and melters will most likely and is stable to radiation effects. Glass
be required. sagles have been spiked with the highly

1

*
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FIGURE 5-5. French AVM Process at Marcoule

active alpha emitter, N m. This Figure 5-8 compares the rate of attackC

accelerates the ef fects of radiation with- by water at 990C on a rinc-boros titcate
in the glass.(35) Glass samles exceeding waste glass as compared to several comon
the equivalent of over 500,000 y of radia- materials. The waste glass shown mere is
tion dose retein their original physical almost as inert to attack by water as ,

features, as seen in Figure 5 6. The only Pyrex glass. To put these data more in
effects noted on the glass thus f ar have perspective, we can assume that the waste
been a silght change in density (less than glass, at the time it is emolated in a dry
15) and a storage of approximate ly geologic formation, is an integral cyl--

- 30 cal /9 of rsergy in lattice defects, a inder 90 cm (1 f t) is dianeter encased in
negligible amount. Leach r tes and me- one or more metallic canisters. Then, we
chanical impact behavfor remain essen- can assuor that through some process,
tially unchanged. water enters the formation, penetrates*

through the canisters, ud imerses the*

Data are also avellable on devitrifica- waste glass. If he surf ace temerature
tion and its possible effect on is about that of afilospheric boiling water

0
glass.(25, Tass as aFigure 5-7 shows the leach

(100 C), then in 1000 y the outer 1 cm cf .35)
rate. of~ g function of storage the glass Cylinder will be corroded. This
temperature. Crystal growth (devitrifica- corresponds to about 7 voll of the raste

0i tion) does not occur below 500 C or above cylinder.
10000C, and the maximum growth occurs at I

to 700 C over,long periods. As can be lf we assume a uniform penetration rate, j05000*

seen in the figure, the devitrificat403 about 15,000 y would be required to com-
causes only a modest change in the glass pletely alter tha glass. However, by
leach rate, less than a f actor of 10 for 1000 y the repository and glass ttgera-

0these two glasses. Perhaps more important tur8 have decreased to less than 100 C.

position; as seen in Figure 5-7, glass com.to leach rate is the effect of This is because the fission products in
different the waste glass continue to decay and a*ei .

i glasses have different teach rates, nearly gotte after 500 years. Figure 5 9
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HEAT DOSE-RATE

DECAY CENERATION CUMULATIVE 30 cm F ROM

TIME.yr f! ATE.kW c DOSilGRAM SURFACE

II 0
1 22 1.0110 1.1 x 10 Rlhr<

, 0

'$ 10 3.1 25110" 6.2 x 10
I 3

t 100 0.36 7.1 x 10 5.8 x 10

A- 10 % 0.02 15hly8 1.6
*

!I 10,000 0.006 3.0 x 10" 1.3
'

'i\d 18
100,000 0.003 6.1 x 10 0.6

I I CAN MATERIAL 30aL SS.

.' p 30 cm- VOLUME - 0.21 m3
ComENTS - 2.5 MTU EQUlvALENT

.

FIGURE 5-9. Typical Hign Level Waste Canister ,,.

. "
/ shows this change in heat content with decreases rap ly with decreasing temera-

time. A canister esclaced at ten years' ture. If 350 C water round entst in a,

detsy time with 3.1 kW will contain only repository, a 30 en die block of waste
360 W at 100 y and 20 W at 100 y. Tne glass could be cogletely altered or fully
change in waste canister and repository crystallized in a few d(cades. However,
temerature with time is shown in Figure with proper repository design am* opera-,

5 10. These te meratures represent a tion, such tenceratures at the glass sur-
typical early repository design and are f ace will never esist, particularly if a

typical of maximum heat loadings in a substantial cuantity of water is present

repository. A more conservative design, to further improve heat transfer. The* ,

with lower heat loadings,. would lead to panimwe temperature that can exist at the
Icmer tesperatures. canister wall in the repository is .

,

3750C (36) under dry conditions, as shove
As espected f.Je Arrhe9195's principle, in Fig 5Fe 5-11. At the same time, the

the rate of attack by water on the glass te@erature in the rock away from the can

. -
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FIGi)RE 5 10. RW Canister Teenperatures in a Salt pesository i*
(Troic,1 iarly Degign with Hi h Heat Loading)9

i

j is at 1400C to 2000C (Figure 5 11), 1500C in dry salt if 4t .ere e-p t s:. d
depending on the host rock. The large after about 45 y. If the maste concentes-'. temperature rise oc curs acrGM t he dry tion in the or iginal canister is renc.5' trackf tll material and air gap near te e to one. third the normal content, tne .41.
canister. If the salt or rcck near the temperature rould t,e 1500C after era

.

canhter bec omes wat, the he a t transfer about 10 y . Anotr.cr facter h toe ami |near the can nte r . improves; if sufficient loadsng in tne r pository. Fipre 5.;)e
water co m in ccntact witn tr.e cannter, sho s the rue to repasitory teg . erat..- ,

the tempe at are eey be near that of the above t he a-b i.>nt tercerature as a f.N.
r

i1400 to 20'FC field tem.serature (Fig. tion of t e.e casatity of maste heat . . .
ure 5 10). placed in each ecce (plan view) of repu s.

story.(5.38) F0r esatale. an areal load ra '

The higher te%eratures at tne canister of Il0~k7/ acre canes an average r u e c,f
wall only esist for a short time (%100 y) 1000C. If the ambient terserature est in the repository life. If nigher 350C. the average salt temperatu e 4..fr'

temperatu es could en dt with mater f rom tne maste conhter is about 135 C (45
r 0.,

"
; present, the9 the host rock (e.g., granite sho.n in figure 511). Reducing the areal

in figure 5.b) could also be ondergo6ng loading obviously reduces the waste canis.~.
, attack.(35) Wests ik provides data indi. ter temperature.

. 1 cating Fat the re lat ive darability of
.glau is 45 good as other r.ater tals. u.ch The waste cannter that contains the

- 6

'
as the geolog ic host rock. even under glass or c,ther solidified form will ago
emphastye tne need for]J Treseentreme cond it ions .( 3 data do provide a barrier to the waste leaving te+[

thorougn evaluat ion repository. Altnough the current Feceral,

of any given Jisposal locatio', and preser Regulation 10 CFR 50. Anendin F. does n;t
desigt./cperat ion of ther repository, require contaleinent Dy the cankter befor.d,

'
93 days af ter r ec e ip t a t t he repos t t ory , a

| Many repository destgr.5 can I;e utilised typical container will certainly previce
to reduce the terocrature near the cants. some longer term conta n'r'ient. if a sir' ole
ter in a repository. As illntrated in stainless.sttel Canister is used, sow oft Figure 5 11. one important consideration the metal will cract c,e to (nloride in
is to imprCve the heat transfer and ths; the repository, wh6en Codes str ss corrG.e
reduce the escessive temper ature rise .ston. However, tnis should not lead to

|across the cr65hed Cackf tll and air gap, total Canister failu e and (ne veMel '

r

Other ways of reducing the es:Imsvn canis. should continue to hold - the solid waste -

ter wall temperature. Which occur 6 shortly tightly together and provide a ccercsvi
after emp lac erient , are shown in Fig. barrier. Leach rate data on steini- v
ure 512.(5) The canister sh ,en in Fig. Steel, locone l. P.d carbon rM 5 cw I

.

ure 510 wwld nave a wall tercerature of - re lat t ve ly lo. attack ey h0VC salt I,
,

Ie.

L
i, , , .

s
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.N 200 ._ ,

a
I brine QS) This information suggests as

s thin canister wall will provide some con-.. -
.- tainment during the first 100 y. As dis-

' ' ~ cussed above, it is not likely that a we*
.\ ,/ 100 .- high-temperature condition such as this#

o gua ?? ilr> Jo a> would be present for this length of time.--
4.

,
te ls _. L.1; * In the Swedish KB5 safety study, a can-17.3o ister is designed to last for 1000 y.(39)

" ^ * *
. .: n -- Borostitcate glass would be cast in a

stainless steel canister during process.
~ FIGURE 5-11. Typical Profile of Repost- ing. Before the waste is placed in geo-

tory Te.oeratures hear a Idaste Canister - logic disposal, a 6-in. layer of lead and~ +
An Early Salt Repository Design a titanium outer skin would be applied.

,,

. In the study, the canister is isolated in
'' M a wet granite repository at a temperature

of 70*C. (Further details of this study

n' .
. ._ ._ ,

I
are in Section 8.)'

. - -
. . *wni *ts u. ( At .i.

Ur ! aIEsa'Or'Ya'aNaf - Studies underway for DE; are consider-
ing lietting the *witter wall temperature,, : . s.uls swane mtua.t + ;.,
to 110*C ci time of inser. ion in the, p.. ;. . . . .

cao teiams sr soo: ,m ~*- ,.
rer's hwy. High temperature repository

p, g. uunania i

F g| | ti,noittons will not be present for exist-'
, _ , , ~

ing defense and NT S high-level wastes,j ''
i. arua. =v.iui m'

, sus.r. .s . .. u- n which are much lower in radioactive decay*
k_. ., , ,
% p, / :s nau ? . e. heat.

"-= -- --
....A| N

-

\.......
. .. ...... .. . . . . . . . .

'' Other Solidificatica Activities

fw- .--
.m.- Alternative waste forms that mignt be. .

-

I[N *aUnJ M^ used in place of glass are be.ng developed; cwvatut
c co.nu. .a.a stw. ma at several laboratories and universities.

: -

o These materials range from supercalcine at'-<
' ' " * * * '* ,PNL (10) and Penn State University (11,) to*-

'i. .
p a cermet at ORNL.(42,) The PAMELA process" " " * ' ' ' ' ' "i s

in Germany (f'~these alternative processes 23) is probably the mest highlyL J --
,

FIGURE 5-12. feduction of' Cnister Wall developed o+ .

I Temperatures by Aging or Ellution of it consists of emplacing phosphate or boro-
. '

- 4, ' Waste silicata glass beads in a metal matrix.
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. . ~ ' Many of these alternative processes see compounds, such as perovskite (CaTiO )3being investif,a ted as potential alterna- ar.d rirconta (Zr0). These are ther- .2tives to glass because conceivably they mally stable compounds that may improve,

." may offer some improvement for immobilir- resistance to leaching. In this concept
ing high level wastes. This may. result it is proposed that the 5YNROC could be
from either an improvement in the inherent encapsulated and transported in

,

Ni Fe !3"T physical properties of the waste form or containers. These would be placed in ceen !
| by prov iding multiple layers of protec. holes in granite and surrounded Wh ;

i

'

, tion. An example of the former is the Uushed magnesia and serpentine. Obvi-
, | preference by some for a crystalline waste cua ly, these mulMbarrier sy uems could )

;,. form. It is possible to madtfy the liquid become rather conclex, so a realistic
' N ,_ waste with appropriate additives so that approach would be to OMy pick those bar-

1

, ~ - during processing, certain crystalline riers that provide Significant berefit' compounds are formed. In practice, since while substantially reducing the risk ofy more than 30 elements are involved, only a loss of containcent during storage and,

1' few elements can be forced to crystalltre isolation,.

j
.

%, . in desired phases. Although direct con-
itrol of the entire system is not feasible, Waste form development has to be under-
!., ' .

it is possible, in principle, to estatslish taken in the context of the total syste% '

%' % I(
that all phases formed have acceptable including processing, storags, t,ransporta-
properties. The preferred synthetic On- tion and isolation. Fr.cto'rs that must beeral compounds would be quite increally addressed include:

*

/ >- stable and could offer improvcc resistance,
.% j to leach ing. Exag les d this type of e

i
process and waste form compatibility, |Lb g waste form are suotecalcine ( a,1,) and tr.c lud ing temperature and pressure l

5YhROC.(43) requirements that affect corrosion3* .
%

N and volatility, .r An exNe of the multiple layer waste ,

' / 49 form n the multibarrier waste form shown
'

adaptability to fully remote hot-celle, ,y vi Figure 5-14 that is being developed at operation
. w. Q PNL. ( 4_0) The inner core (primary barrier)

might consist of a refractory crystalline e ease of process scale-up to meet,7
y form, such as supercalcine, or it could be plant throughput requirementsP a glass marble. The inner core could be
L. coated with a leach and oxidation-

-

flexibility of the waste form toe'w resistant material (second barrier), cast adapt to many different waste com-'

in a metal matrix (third barrier), and positions and to withstand daily|VA placed in the metal canister (fourth variations in the waste stream com-b arr ier ),( 3,40) The waste cantster could position4. 5

d also be designed to provide multiple layers
'

of protectior., such as the Swedish waste e thermal and radiation stability of |canister destribed above. the waste form '

- ,.
-

bg
brability, including mechanical.

% *, !

]Q
_ _ PELLET 0F WA5TE stability and solubility in environ.

'

jf MATTRIAL mental solutions.
-W

OM).O-
Coat |NG 0F INERT. NON-PORWS liith the exception of rapid thermal |C' C 7 "ATIRi^t alteration under so=e extreme and unlikely 1Ob4 MATRIX OF OUCillt. thtRGY repository conditions, glass and vitrif t-

{%s- v
ca,ti,on,,cto,ii, in ,,i,t io, t, ,3, onstrated

processes have been dem.O y- As50RetNT.mca rstRunt
v- -

i

,, , of in,,, !3 CONDUCilVITY MATTRIAL*\~. 'lo6s f actors. While other waste forms may
Om%g

N,. _J CANISTER WALL
offer some improvements in thermai stabi; .
ity, it is not tr.own whether they can

y,~Q~% satisfactorily accomodate all of the
- FIGURE 5-14. Multibarrier Waste Form total system requirements. As an examie,-- r- crystalline waste forms possess numerous

phases, each of which has a different )Another example of the multibarrier con. crystal structure. The formation and.~.
'

cept incorporates the SYhROC material re- stab'ility of these phases are highly de-,

cently conceptualtred in Australia.(43) pendent on waste corposition control. The
.

_
- As with supercalcine, the waste elements argument has been a3vanced that crysta l. |

* are incorporated into synthetic minera l line forms are preferable because they ares .- more thermodynamically stable than glass.
g# ..-.

5
i

% s-n
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However, this may be a moot point when all Figure 515 do not indicate that tne leach
;
; f actors are considered: rate performance improvements will be sub-

N stantial. Figure 5-10 is taken f rom Jar-
4..,

t . The crystals are not all stable to dine and Steindler (M) and ts representa-
rad iat ion and some will become amor. tive of 25 to 100% cenditions. Data on

, ' " ' * phous (glass.like), supercalcine has been added f or compari-
son.(45) Recent data under severe hycro.

j0e if gless does crystallize -(devitri- thermaT conditions, 350 C and 135 atm in
i fy), the loss in teach rate perform- salt brine, incicate that teach rates for ,-

ance is very small (less than a f ac. Supercalcine are comparable to those for
,

! '' -- tor of 10). 91455.(3],) Therefore, selection between ,

alternative solidification schemes may be l
i

~ ' e It is difficult to apply equilibrium dominated by the choice of the simplest !
1

! thermodynamics to a system of complex process. However, it is wise to continue )

i structures whose overall composition pursuing alternative technologies so that ]

is mace of more than 30 components a suitable backup system is available and 1

; % and which is subjected to an intense to continue to look for a system that may |
radiation field. offer substantial improvements.'

.

% y
Nltiple layers of protection can peo- This philosophy was supported at a re--

| wide an improved waste form. Obv iously , cent workshop where ceramic r id glass
metal matrices would increase mechanical radioactive waste forms were discussed..-

4 strength and improve thermal characterts. Tnere was general concensus that the in-
Lics.(44) However, in general, these new formation ava11'J1e on glass provided a

|alternatives require about the same pro- good basis to establish glass as 8
.

4

..

; L -. cessing temperature as current low tempera- satisfactory waste form and that
i tum glass (10500 to 11500C) and alli, crystalline ceramics show promise as good
* s. eny cases, require more production waste forms if such more developmt.ntal, , *

Ste,s. Also, data such as that shown in work is completed.(4,,6) A recent report by- '

:
1
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describes the use of boro. isostatically. compressed tentonite and

(M) lass
Mende.

g as a satisf actory waste quartz sand, as shown in Fioure 516.Q)
. silicate

formfor isolating high-level radioactive ,

'

wastes.
AConsiderable develo;rnent is required , % s

before decisions can be made on the suit. .

iability of these waste forms and whether
they offer a substantial improvement over
currently available technolo2y.

coerts coviesy
'#

SpfNT. FUEL TREATMEfJT ~( f:n /
If unreorocessed spent fuels are to be

temporarily stored (ret.'ievably) in a geo. | casi umu
logic formation and eventually isolated .y m. coerte..

'there, appropriata spent fuel packages are fg
needed. The spent fuel pack aging pro. % ,,

gram (T)by the Battelle Office of huclear
a7 in the U.S. is being managed for ,,, a

the 00 /
liaste Isolation. The baseline option is /
placement of spent fuel in canisters with
only an inert gas (e.g.. *elium) fill. 4.f a %

Other options being studied include fill.
Ing the canister with a metal matr ix ,
sand, or other glassy or ceramic mate.
rials, as well as encapsulating the spent

,

" , ,
..
.

fuel and canister when the fuel is de. .;
clared a waste for disposal. Initially

C '*",

the sensitivity of the waste form to the . .. **. ' - - - -1. . ,geology for containment in a repository ;
will be evaluated. Also, suf ficient tech.

*

nical information is being accumulated cn ,

the packaging and encapsulating options to
permit an assessment of the alternatives

h. by 1979 1980. The study will consider ' " . . . , ' '
- whether any waste form other than the 3 -

- - - -

canistered spent fuel is desirable as a |

.s package for disposal of spent fuel, as a
.

~j' opposed to retrievable storage which must 1.o rr.. -
'

p k eep cpen the options for reprocessing, " * ~ ~ *I continued storage, or disposal.
* -

Emperimental packaging and storage of FIGURE 5 16. KBS Spent Fuel Isolation'

.| spent fuel is planned in 1978, using f act. Concept - !*

n__ lities previously associated with the nu. - I

clear rocket program in hevada. Several |

packagei will be examined by Wes tinghouse. Granite formations investigated in the
Nevada in the Engine Maintenance and Dis. KBS project showed potential for small |

*-

assembly (EMAD)faellity.Q) water flows (0.1 to 0.2 i /m2/y) and this j
4

in part accounts for the sophisticated '

A comprehensive study on packaging spent packaging and emplacement. Disposal forma. 1

fuel was' conducted by the Swedish project, tions essentially free of water are being 1-

|Kaern-Braen.$lesaekerhit (KBS), set up in sought in the U.S. and less sophisticated
The containment proposed packaging may suffice. j

early 1977.(H) ister t iis a copper can that will hold 500
)-- fuel reds. Af ter the fuel rods are placed The spent fuel packaging program is just 4

In the canister, it will be filled with getting' underway in the U.S. However.-

lead, and a copper Ild will be welded in data is already available on the teaching
..

place. The ' final storage / disposal loca. of irradiated fuel pellets in various*

tion proposed is in granite some 500 m solutions (48) and good progress is being-
~

-. below ground. Canisters will be emplaced made on storage of fuel and potential pack. .

in oversized holes completely lined. with aging concepts.({.8) Furthermore, work
,

- 1..-
$'*
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done to date on packaging HLW for isola.
25 to 30 y, and retrievable storage in a.

geologic formation is not schedulco until ,

tion is directly applicat 'e to spent f uel. af ter 1985 even if the dectston is made toThus, there should be adequate time to test such storage in the Waste Isolation
develop packaging concerts since ultimate Pilot Plant (WIPP) in hew Mexico.(2)disposal of spent fuels is not needed for
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Section 6

CTHER FUEL CYCLE WASTES

Prior sections in this report have dealt sheared fuel is then exposed to a dissol-

material. 3)
vent (HND which dissolves the coreprimarily with H.W and spent fuels. This

A residue of cladding and inter-". Section discusses other fuel cycle wastes:
cladding and hardware wastes, gaseous mal fittings is lef t, called cladding and
wastes, and other Icw-level wastes, both hardware, or ' hulls." This sequence is
TRU and nonTRU. Mining and milling wastes shown in Figure 6-1.

,

will not be covered; techniques for stabi-
liaing these wastes in place are being The cladding and hardware waste is radio-
developed. Also, wastes derived from de- active due partly to neutron activation
contaminating and decommissioning wornout products generated in the metals and part-
or obsolete nuclear f acilities will not be ly to a small amount of fuel material re-
covered. Honever, technology being devel- siaining on the inner surf ace of the clad-
oped for volume reduction, decontamina- ding. Because of the amount of transurar.ic
ti on, and elimination of combustibles may elements present, it must be considered a
also be applicable to these wastes. TRU waste.

CLADDING AND HARDWARE Light-water reactor fuels are generally
4

*

clad in aircenivt alloy (Zircaloy) tubes
In the first step of reprocessing spent which have stainless steel or Inconel end.

;- nuclear fuels, end fittings are removed fittings and spacers. Figure 6-2 shows a
mechanically, and the fuel rods are shear- sample of Zircoloy cladding residue,
ed into small pieces (1 to 5 ca.). The

_ --

r

CH0P | CH0PPED
, READY FUELFOR CH0PPING,

iSHEARi lf ULL
FUEL REMOVE END4
ASSEMBLY flTTINGS MECHANICALLY

.- g
-

HARDWARE WASTE
OlS$0LVE .

CORE
MATERIAL

01SSOLVER SOLUTION TO _

SOLVENT EXTRACTION
'

4 CLADDlt AND,

HARDn ARE WASTE-.
a-.. .

FIGURE 6-1 Source of Cladding and Hardware Waste

.A

' 6-1
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FIGURE 6-2. Zircaloy Cladding Residue

Typically, the residue weighs about 6 tron irradiation of this urente pro.
325 kg/tU for an LWR reference fuel.(a9) duces alpha emitting activation products.
W'thout compaction, it has a volume of For typical irradiation levels, total alpha,

about 0.3 m3/tu ($10 m3/Gwe-y). Most of activity from this source is, at 5 y out of
the material is Zircaloy (70 to 805). 12 reacto ebout 90 nC1/g Zr (85 nCi MIPu.
to 22% is stainless steel, and about 8% is 2 nCi g cm. and 3 nC1. others). These
Inconel. Principal activation products alpha emitters are distributed throughout
present at 5y out of the reactpr are the metal and. consequently, cannot be

. -
60Co, 55 Fe. 125Sb, 63 NI. and .25mic. removed by any surface decont amination,Their~ combined activity it about 900 technique. The cladding is estimated to-

nC1/g Zr. 2trceloy-2 and Zircaloy-4 the contain 30 to 60% of the tritturs generated
rirconium alloys generally used in LWRs, during irradiation.
contain some tramp uranium (1 to 3 ppm),<
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Irradiated cladding has an esternal cor- c ladd ing and hardware metals into ingots
rosion product layer up to 506 m thick and for disposal or possibh reuse.(9) In,_,

an interna l on toe layer a few p m thick . this study, essentially complete decorte.
Following HNO3 dissolution of the core mination of 7trceloy cladding (eacept for

. . , material about 0.1% of the c"e mater tal internal activation prodsets) was obtenned
- remains associated with the c oadding ps i. by treating the cladding with gaseous NF

0marily in the internal oxide layer. at approaimately 600 C cod than leaching
it with an aqueous so lut ion.( 53) The

Zirconium and 2trceloy alloys can be py. metal can be melted and cast as an IrIget.
rophortC it finely d if iced .( 50) This
property of the cladding must be consid- Foreign PAD on claeding and hardware
ered in any proposed treatment, storage, waste includes:(61

-
or disposal of the waste.

~

meltdown of ZircaloyFrance e

To date, only a small amount of cladding cladcing for consolt-
and hardware wastes has been produced from cation and decont aais-
(cmerc ial fuel reprocessing in the U.S. nation
These wastes were simply drled, placed in.

e immobilliation of hullssteel barrels, and burned. Defense fuel Germany
reprocessing in the U.S. has involved in concrete .

chemtcal dissolution of Zirceloy cle.1 ding
tnterim storage in cyl-and siA> sequent storage and treatment of india e

the aqueous waste. No solid metallic indrical tileo holes in
waste is produced. the ground

[fforts toward improvements in the treat. United Kingdom e corpaction and encapsu-
ment and disposal of cladding and hardware 14160n of stainless
maste have had four major objectivest stee l and Z irc aloy

hulls,

e providing a barrier to dispersal of the
radioacitwe constituents Research being coordinated oy the Com-

mis s ion of European Countries nn.\ e reducirg the volume cludes:(6)

e reducing the potential for 2irconium Belgium incorporation in low.e
fires melting alloys

,

e possibly reusing the constituents. Germany incorporation in con-e

crete
Many approaches have been proposed and
studied for ach iev ing these objec tivas. France e decontamination and ;
These approaches include sorting out the conditioning it. glass

e dif f erent metals for separate treatment,
mechanical Compaction, chemical and eleC. United Kingdom e characteritation of

Itrochemical decontamination, casting the radioactivity in dif. *

metals as ingots, putting the waste in an ferent cladding wastes.
~

,

/ inert matrix, themical dissolution, burn-
,

ing Zircaloy to ottoes, and volatilizing OTHER LOW.LEvil SOLID kASTES
airconium as the chloride. The Technical.

'Alternatives Document (TAD) presents an Low-level solid wastes are generated in
eacellent survey of these proposed schemes all phases of the fuel cycle, as well as'
and the status of the technology in. in R&D activities. They include cleanup

volved.(g)ll pilot-plant,Most of the technologies are materials, failed equtoment, containers,
in the sma laboratory, or and contaminated clothing. These wastes

,

conceptual stage and require further devel- encompass a wide range of materials, such
opeent. The most highly deve loped as paper, rags, glass, plastics, wood. '

"~.
technology casts the waste as metal metals, and soils. They occupy a large
ingots.(_a9) volume, as shown by the data in Sec. .

tion 2. Some are TRU wastes and some are
tmless spent fuels are reprocessed, not. '' under the U.S. reference waste

technology is not needed for treatment and management system, the non-TRU wastes may -

disposal of the cladding and hardware. be disposed of in near-turface burial.

waste. This is the current situatisn in grounds, but the TRL wastes from comier.
the U. S.( 5J) A PNL developmental pro- cial operations will be disposed of in a
gram decontaminates Zirceloy and casts the federal repository,

,'
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Good management practices can he lp to The 1AD preserts a good Sumnary of past
' minimiae the volume of tnese mastes. This accompittnments in all of these areas.f 51)

has been shown unenever a co scerted eff crt ~~

to oo so nas been carried out. Inc irierat ion of co tustible nuc lear
mastes has already been applied on a plant

. ~ . , Researcn and deve lopment ef forts toward and pilot scale at numerous sites, ter,tn
improved management of these eastes have U.S. and f ore ign.( g) Cur ren t ly, the DOCy

much the same abjectives as tnose for man- supports developmental studiet on a fluid
aging c lead i ig and carceare mastes, bed inc inera tor at occky Flats. (54) a
(nonasts nas seen on the treatment of 120 controlled air inc inerator at LA5L.~1551
wastes 5tnce the se mastes represent a and an H'.0 -Hp'.04 Jigestor fcr osidatTon3long term r .sk to the biosphere and their of organic materials at HIDL.(5f-)
diwosal i s. a rc pos i tr,ry will be re la- -

tively espensive. Dcellent decontemina' Mn of me tal
surfaces Dy electropolishing was accom-

Solid mastes ca's t e divtced roughly into plished in P!.L studies.(57) Other studies
cort u st it le and no co 4wstible sater ials. on imo011 :2ation of inc eTerat or ashes and..,

.| Some of the techataves f or treating tnese other litu wastes in glass, concrete,
' '

mastes are: ceram6c, and cere t fortes are in prcgress
lhe U.S. program 6s ries igned to demon-

1) Coeustible Solid Wastes strate tne required systems for pr'oc es s -
. ing, pack aging. Shipping, and isolat ing

&chanical corvaction alpha. bearing mastes by the mid 1930s.(g)
'

*
IrM.ineration or os tflat ton 6n Hh0 .H;50 GA5(005 WASTES3,

.

Fination of restdue in a ristr s: Certain f ission products and neutron act 6-
wat son productb generated during irradle-

Reco wrj of ac t inides from inc ine rator tion of nuc lear f uels are it.ert gases or
ashes become gases during reprocessing opera-

tions. Those of most concern in maste
2) hor.coest ible Solid Waste management are 85(r, 1291, 14 C, and 3%

(tritium). Data on these four iso.cDes
$ste rcLct ton are shown in Table 6-1.

Maha' ical compaction so f ar these nuclides, alth the escep.
tion of I291. have t>een distharged to the

Melt.ng i;i metals atmospr'ere. Discharge limits ef fective in
1983 nave been established by the U.S. IPA

Dec9ntaminallon of equipment for reuse for 85Kr 4(i s 10 Ci/GWe/y) and for 1291
(5 mci /Gwe/y),(58) These correspond to

Fination in a matris. decontamination factors of about 8 and 240
~

.

*

TABLt 6-1. Gaseous Isotopes of Concern in Wast 4 Managerent(s).
,

Half Life. Quantity per Where Cnemical Form
Yea'rs Source Gne-y(LWRJ), Released _DischerceL

85Kr 10.76 Fossion 3.3 s 105 Cl Fuel Kr

dissolution

1291 1.6 a 107 Fission 1.2 Cl Fuel 12 or organic
' dissolution todides

14C 5730 nactivatton 9-49 (fuel Reprocessing C02 Sr carbo-
of C. N, d only) Ci plant. sone nates
0 ,at reactor at reactor

3H 12.3 Ternary fis- 2-4 a 104 Cl Reactor and HTO or NT
sion, some reprocessing
activation plant
of impurities

,,
. (a) Material taken f roc Reference $8.

6-4
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for Ur and 129 . respectively, as com. cladding during reactor operatten. Of1K

parea to coglete release. OtScnarse lim. tnat remaining, most ( 995) will te re.
its for 3H and I4C have nct yet been leased to the dissolver solution as HTO in'

set in tree U.5. the reproce55 tog operation. For Zircalcy.
c lad f uels. m,cn of tne tritium is con..

haste managem(nt k&D on these isotopes tained" * ). the cladding and ts not released..

can be didiced into 1 0 phases: 1) recow. curing dissolution. Inst which does enter
try of the 850tcpe, and 2) conversion to a into ths dissolver solut hn fray be releneo
form 66ttable for Storage anc disposal as aCwton ef fluents or as mater vapor.
le e st at us of ma tte managem rt l' & D fore
these 15c, topes is $w inar tied t'elow. Incre are three mein options f or trit tume

canagenenti
~

e Tr. tium can be evcIved and recoterec
A Diatt for recovering O(r from dis. alth an aQweous solvent bef ore the sol. 2

so lver off gas by c ryogen ic ctStillation vent contacts fuel. The vo tos t d it ic n
D is in operation at h[L.( 591 Other such proceu develcped at Oak Ridae nas given

plants are being ovve loped Tn Fras4e. best trit tum releases > 90% during neat.ing of
Germany, Jesan, and Ce lg ism. A p l sng cnooped fsel (450' to 500'C for four to

e tased cn legato absorption e5 in co1J sin hours).(62)
operet tun at Oak R idge .( 60) Long. term hot

~

.

ornonstration of the prodis is r.eeded. e inrough aqueous recycle in tne pla t,a

tritium can be removed and solidtftc0
5torage foems investigated f or rr in. in a small side strean.. %vever, there

|c luce : l 's cont a inm+rit in presswrited cy!. Nj De Sign if ic ant in plant esp 0wre
inders, ar.c 2) Incorporat ion in ir.or gan ic problems mitn this approach,
meterials. such 45 glass. cerancs teo. I

lites. ar.J metals.(61) Concern over long. e !$0 topes can tse enriched and tte HT3 can
,

te m corit a inM nt in~presswreicG cy linde r5 bt collec ted frem the ligand Stream.r $

proepts inis Secc.no group cf stusies. To
date, t#w technalogies are still in the Triti 9 as H10 can be encorporated in '

lateratory Stage. cor4 rete list migrates cut rapidly if nv;st. !
ture is pri:Seht. A coit tnation cor. crete. I

dl, polycer ettertal recent ly de w strated in
1the 11.5. Sho.5 promise for providing the

Techology esists f or the removal of 300 r+ces54ry (cntainment.(63) Collectirn of
one f rom gas Stream (51) by amost scrub. hi0 on drytag agent (e.g.. silica gel. )bing (fea0rt. Hg(ts0 1 *Hb "20 M k.0 ). and activated alsmica. or molecular Slesed -32 3
by (nromatograpnic sorption on 501:05 followec Ly m apsulation to prevent HTO |
(gharcoal. gilver.6epregr.atec solics. and rete ase may prodste an adegwately stable I

o.etal teoletes). Present MD cfforts are form. Formation of metal hyorides, weh',

directed toward converting the iod ine to a5 36rconium sydride, may be applicabla,
forms ade gua te for lon . term contatnment inese procenes are all in the laboratory
in geolog6c isolation the hal' life of or demonstrat 6cn stage.
1291 is 1.6 s 107 y). ine total awantity
of no1:ne present in spent thR f,e ls is I4C .

~
relat ive ly large (sC.25 kg/t), and tne
cost of expensive metals. such as Hg anc lt is not clear at this time that col. j

Ag. reGJir d for recovery of the iodine is lection and storage of I4C will ever bee '

569nif. ant. Inv5 there is ar> incent ive nec t % 5 ary . f it should DtTome> necessary I.

to reuser these metals ice resse. Re. to control 4C emission, esisting tecn. I
5earCn and develcomnt on storage /esolat(rn noloy for removal of C0; fron gases
forms of tod ine are in the laboretory could protely be applied. E,ecause of the
stage. long half life of I4C geologic 15o1a.

tion 15 heeded. . L.c h isolstion fr.ay be
3H effectec as a part of krypton isolat ico
~

processes. One of several relatively in.
For stainlest. steel. clad fuelt, mos. of soluble' carbenstes would prob ab ly be an j

the trit tum will have escapeo tnrougts the adequat'e disposal form. j
.

'
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Section 7.

TRANSPORIATION C0htlDiCaf!ON5

Any dncussion of nuc lear waste manm.. reprocessed, shipping casks for comerc est,*
ment must goesidor the problefns of trer.s. wastes will not be needed. Casks for
porting nuclear materials. Iransport at ion shipping defense HLW could dtf.f er consed.
85 a flecessary link in all aspects of the erab ly in Gesign because of the ' low spcc i.
nuc lear fue l cycle and will become increas. fit decay heat content of the easte.
ingly critical in an expanding nuc lear
ec onom/. It is espec ially critical with Ine D0! Task Force for lieview of hoclear
highly radioactive materials. Weste Manapmmt{?) espresses conc *rri

about the ara llab O tty of equ ipwret f0r
HAR M R[ transporting rfLW and TRO wastes. The cor.

rent comercial cask inventory con tra m
At present. TRO wastes are shipped only port only about one. third of the sp*et

/ In Dn! owned ranlcars which are ne it her fwel output from current ly operat6ng re.
license 1 nor available to indu st ry.( ?) attars. Recently Indastry in the U.S. and
inere are only about tei ralicars and-it abroad (67) nas comitted to build more
sou sd take decades using these cars to cJsks. Grrent ly, there are no sp.ctal
trarsport the def anse 1RJ wastes espected requ irement s for transporting low. lev e l
by 19% to the WIPF f acility. wastes.

Spent fuels are transported. e it her by R(Gut A110N5
truc6 or by railcer, in spec ially. designed
casks. The abiltty of such casks to with. In the past, nuclear materials have bee
stand ' credible transportation acc idents moved around the courtry ulth relative
witnout breaching and loss of contents has ease and with only a few incidents. a'l of
been a point of concern. Recently the 5an. which have been minar. the prospects for
dia Laboratories have conducted full.sta te great ly increased movements of these,

casi s.( M,H) saterials requires good coninunications tocrash tests ori shipp ing t

Truck. and railcar-mounted casks have 6een assure public acceptance. Transportat ion
crashed into virtually treiovable concrete of viucleer materials in the U.S. 15
targets at speeds up to 136 km/h (84 ml/h) subject to regulations issued by tne,

with only superficial damage to the cask Cepartmerit of Transportation (H) and ti.e
' and no rup ture of contained fuel ele. tuclear Regulatory Consnission.(60 5 teller

ments. These te*sts are reassuring, regulations developed by the U.[A are in

Cantsters of high. level wastes would be
!

transported in casks steller to those used 5(CURITY-

for spent fuels. One conceptual design. |
shown in Figure 71 proposes a railcar. The present NRC. DOT. and DOE positirm
mounted task for wast ( canisters.(~66) is that guards are not needed dur* 9 trans.

pcrt of spent fuels and TRU was * With
iThe cask will hold nine waste canisters adequate adstnistrative controls, srds '

e00 cm (s) ft) in diameter with a total shoslo be needed even less dort.y tans.
waste volume of 1.58 m3 Based on esta port of HLW. Risk analyses of trans.

f ro.t Pratt et 41..Q) this vo!ume of HLW porting nuclear materials generally con.'

would correspond to about 0.36 CWe.y from clude that the risk to transportation
an LWR fuel cycle. peo shipping cask spe. per o nnel as well as to the public. is very

? cifically designed for HLW canisters has sma ll.( 71 73)'
yet been built. If Spent fuels are never

i
,

.
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|. rog ,- However informative and reassuring these $pread transportation of nuclear materials
3

studies may be to the authors s'io their it to be accepted by the pubilC. A con- ). .:. -p- . .'n . .' technical peers, the re$ults must be avalla Certed public education effort is needed. !

Q- able pubilcly in lay terminology if wide- (
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~. Altnosgh various waste disposal alterna- Earlier empnasis in the U.S. on dispos al

'
tives are being studied in the U.S.. cur- of nuc lear waste s was also on tne ou f

. . ser.t egnasts is on land (geo log ic ) dis- salt De n because: *

pg, pos a l. Several criteria have contributed
g to adopting geologic disposal in the re- e Ey natu e, salt beds are cra.r

,f '

ference U.S. nuclear waste .uanagement sys-.

tem: Th=y are considered geologically sta-e

b le.

" ' . . . [,ecause salt creeps readil, u r. "er

raast available techr. ologye

Iess transportation pressure, crack s in the salt Wo.lJ*4 .
*

. 2. M.'4,', tera to be se lf -he a l in g . Latensi.e
f eser erplacement problems testing on a noaradioactive t' asis eise

oor.e in a salt dote near Lpr s ,
rost certainty an to long. term stabi- . J ( 76). *

''W=' s lity
~

Any permanent disposal cf nd isar ..gstes
e fewer prot, lems witti interna t iona l must ensu e that no event er cc-o in a t IMrh e j r.nemen t s , of events, man-made or n,g t .r J l ly cctur-

% ring, can ret J. n the wastes to tre bio-
-

GEOLOGIC |59LATION . sphere in amounts great enov,*i 10 cauw aa

*rg significant risk to the bicspnere. Twr-
Current activities in geologic site se- thermcre, the procedures of p.t t t r* ; tne_ , . , _ _

,

_-. lec t ion in tne U.S. erphasize the use of mastes in apprcpriate forms fcr di>Nsal,
salt ' eds; however, etner deep, potentially transporting them to the disNsil site.v

. . . ' dry formations, s uch as granite. shdie, and emplacing (nem in disposal ut tntail4 ~

"~ ' and basalt, are also being considered. A en acceptable risa to the biosphere.
# '

waste isolation pilet plant (WIPP), in-
c- f tended as a final disposal site for de- Responsibility for the D0f ren*am for*3

A'ND ducting RAD =stn cther waste materials in recently shif ted to Battelle Sc orial

. fense TRJ wastes and as a place fur con- isolstica cf comerc ial oesten eas been
' sa lt. 15 scneauled for operation in 1985. Institute. Tne O'fsce of Lclear haste, N ~s

A proposed site near Carlsbad. W. has !$ulation (Onli at Battelle will rest'
'

been thosen, and data are being collested likely recomend a salt location fer tne
for the necessary prelicensing oocumenta- first cc riercial repository. Tne NE Tau, ,, ,

tion. A conceptual drawing of tne WIPP Force concluded t*iat the earliest pessiolei
" g .,

-)/ f ac ilit w is sto n in Figure B-1.! 74) ine date fer this candidate site selectior. is
f acility will nave two storage leve75.(75) 1979 and for repository operation. 19H.! ?)Y--J, The upper- level. s?100 ft below tFe -The Owl program =lli also evalwate potes-

'y-- - surface. will be for cont ac t. handled : IRU tial sites in basalt, shale, and granite.\ waste. ine lower level. M603 f t belowMh the surface will be used for remote ly ine, D0f site at Hanford rests on de(p

[h.T handled waste and HLW esperiments. A DOE beds of basalt that are tnousnt to bc$ nuclear waste management test force re lat ively dry and geologically stable.
7 recorriends that capability for doing R&D Charac ter izat ion of the geology of the4. g r .N on disposal of defense HlW and on a limita site and the basalt beds is in pregress in

g ed amount of unreprocessed comercisl fuel a study conducted by RocLeell Hanford
; be included in the design.Q)
- .
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,
Operations.(77) Research ,nd development determine if disposal of nuclear wastes at

-
on the disposal of H.W and unreprocessed the site would be compatible with pre---s
spent fuel in a basalt Near-Surf ace Test dicted efforts of continued weapons test-

4 Fact 11ty (NSTF) is also
underway.(" July77) ing.

.$ Excavation of the kSTF began in

%w*. Figure ~B)-2 will be miced simultaneously in
A detailed study of the disposal of nu-1978.(78 The three tunnels shown in

clear wastes in granite formattor,s is in.
~~ *

Gable Mountain at Hanfo-o. Electric heat- progress in Sweden. Tests using electric
T er tests art trcheduled to begin there in beaters to simulate waste are underway in-

~ . ~ _ . August 1979... the Stripa mine in Sweden. The |1.5, ($'

participating in these tests through joint
Work is in progress to evaluate the po- funding with Sweden.'- .

tential for nuclear waste disposal at thes ,

DOE Nevada Test $lte (NTS). The principal Tests of the behavio- of domed salt*

- ( contractor for the NTS studies is Sandia formations ander heat leading will be con.
_ . . t, Laboratories. A major objective is to ducted in the Avery Island salt mine in
, .

_
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- . FIGURE 8.?. The hear Surface Test Facility at Hanford,. %

. [,' * Loutstana by RE/ SPEC, Inc.. and Union Car. the transoortation veh ic le to mine han. [
bide Aclear Olvistor, d1tng egapment at the surf ace, lower the. , . -

'-
canisters to the eglacement level, trans.

,

.

; Ther ochemical and mineralogical changes port them to the emplacement site, and !..(- in idated argillaceous rocks are being eglace them. Adequate shielding, decon.
,

. , , observed in a test uncerway in Conasuage tamination equipment, and air control must - )Shale at Oak R idg e. The - princ ipal con. be provided 50 that operators and the en.
|

..

tractor is Sandia Laboratories, vironment are protected from contamina.,

_ , . . - tion. All of these safeouards are f amil.
The physical operations of egl,scing nu. tar to the mining and nuclear incustry,

clear wastes in a deep geologic formation
- present to problems new to the mining and However, the fact that the wastes to be
. ., e . nuclear industries. The basic concept in. isolated contain radioactive mater f als,

volves constructing vertical shaf ts to the that entit decay heat and represent risk to-

eglacement depth, excavating lateral tun. the biosphere for many thousands of 3 cars
'nels to rooms where tht canisters' are to prescnts some new f actors to be considered*

be eglaced, and boring the actual em. in the select?on, design, and oper stion of
'C placement hcles.Q9) Special equipmert is a geologic disposal site. Some of these
..@ reeded to transfe' waste canisters from considerations are Itsted below:

.
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.. e The site mu t remain int ac t and un. When waste emplacement in a terminal.
disturbed for many years. No mining repository is co9pleted, it must beactivfties can be permitted in tne
vicinity. backfilled and the shaf ts and tunnels

leading to it er,t be plugged. How
the back filling 15 done will affectGeo log 'c isolat ion in the U.S. has the thermal regime, as well as the

e

been previously based on the premise expansion and subsidence in the, that the disposal site will be es. repository. How the shafts are'- % sentially free of water. Give:1 a dry plugged may influence the long. term'-
formation initially, water must be isolation of the reposttory., exc luded during mining, e@ lacemen t ,~ "

!sealing operations and subseqa nt
Tne reader is referred back .to Section 5-

storage. 1and Flgures 5 9 through 5 13 wnere some of
N inese repository designs issued are ad.Diecay beat emitted by the wastes (see

dressed. All of the above concerns aff ect
e

J, figure 5 9) will heat the surrounding the design of a repository for long-termhost material, causing espansion and
isolation of th9 radioactive waste. To apossible themical reactions, espe. large entent, the above concerns can be

__

\.' c ia lly if nigh-temperature water is minimited if a conservative design conceptpresent. Eacess he expansion can is chosen. Many of tne epeller designN,
cause the host material to fracture, efforts for comercial maste repositoriespotentially allowing water to enter

in the U.S. have been directed toward re.. the repository from the surface or lat ively high thermal loadings in waste
' from underground aquifers. repos itor ies.( 36,80) This high te m era.

ture has caused-some concerns.(81) WithIntense radiation may produce signi. lo.e r temperatures, there would ~6e less
s e

gy ficant physical and chemical changes concet* about predicting the long term-~
in the wastes and surrounding media. behavior of the geology. In addition, if~~

.

the temperature in the repository at theIf water enters the repository,, e cor. rock.c an is ter interface was at or belcwrodes the waste containers, and comes 100'C, the rate of attack on the waste. in contact with tha -este, the rate package would be minimal. If the repost.
.

at which the satte is le attr:d will tory design ellows tem eratures of 300'C,,

. increase wit', inc reasing tevoevature then even tFough entering water would re.
of the wa r.t e.wa ter interface. This duce tne temerature, it may still be hotbecomes m.ch less of a problem as the enough to rapidly atte6a bnth the wastefission product neat decays.

and the host rock near the canister.
--

%
Geologic iso lat ion is based on toe

The DOE Task Force (?) states that the
e

.

premise that no phesiomenon, man caused plan for geologic wastF isolat toi and itscr na t ura l, will occur that will ex. Implementation should emphasite technical' * pose the wastes to fluids (ground canservatism. ine overall system proposedwater) that will carry them to the in the Swedish KB5 safety study is an~
3 blusphere. But, since repository exagle of conservative design and multi.,
,h

integrity and the exclusion of water barr ter protection directed toward mini-
-'" ! for hundreds of thousands of years miting the risk of system f a ilure.( 39)cannot be guaranteed, multiplo bar. Key features M the system are listed ~tn-; riers to the dispersion of the waste Table 8 1. The Swedish repository schememay be built into the system if does not have nearly as many Concerns as...
' ' ' . necessary. For esamle, the Htw is were addressed above. This concept isconverted to a re lat ive ly inso lub le snown in Figure 8 3.

' form, and the waste may be encased in-

ono or more metal containers wh ich It is likely that repositories can be', s
corrode very slow ly in the en iron- designed, constructed, and safely operatedv4-
ment. lon esthange materials, such without nearly as much conservatism as. as bentonite clays, may be packed .eg ioyed in the Swedish system. However,'V-
around the waste to absorts waste ele. without some degree of conservatism, such24 ' ments from aqueous solution and re. as either the use of multiple barrt:rs orF tain them. The repository . may be lower temperatures, it is questionable that/(

.

Ic*ated where entering water must one could prove that a repository systempass through a long path of absorbing is absolutely safe, in actual practice
,

-.

materials before it can reach the there will be 49 spso facto temperaturebiosphere,
limit since tne first wastes to be placed- .,

In geologic repositories will be low. heat, ~ . , , . . .
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TABLE S-1. Proposed Swedish Waste 1solstion Scheee
* ''

s Step Feature

Reprocess the spent fuel 2 to 10 y after removal The 10 y period decreases fissim -

frors the reactor. ' product heattog and radioactivity.

Vitrify the RW in borosilicate glass in stainless Borcsilicate glass is stable and
steel canisters with a 9% fission product loading relatively insoluble. The 9%-

'

in the glass. Store until 10 y out of reactor. loading further decreases the
thermal loading in tLe cantster.
The stainless canister is part of
the vitrification process and
provides adtquate centainment for
interim storage..

,

Store the canister of etW glass for 30 y in near.- This provides further decay of. the
surf ace repositories, fission product heat and decre.ases -

}
the radioactivity,.,

f- ' Place 10 cm of lead around the stainless steel HLW The titanium provides a 1000-y bar. 1

can and cover the lead with 6 run of titanium, rier in the repository conditions. |
The lead shielding vrinimites hydroly- ,

I sis of water which could accelerate !

% ! corrosion of the titcntum-

f'
i Place the canister in a bentonite-quartz barrier The bentonite is an ion exchange

within the granite repository at a depth of material that swc11s when wet to pro.
500 m. vide low water permeability.

~

The granite repository will have l/, water pretent, but the ther al load- |
- P., ing is suth that temperatures will j

not exceed 700C, which should !
' cause little, if any, change in the ' igeology. !

)

/ defense wastes and long-cooled consnercial e rock-mechanics studies to predict
4

wastes.(En)
25 Ea .y operative experience structural behavior of a repository -

would t provide a basis for future daring constructTon and operation and.. a
design. long-term emplacement of nuclear

,

wastes
s~

in addition to studies noted above, *

y ., several studies are in pr'gress to provide bore-hole plugging studies, including.

-; the data needad for repository tiesign.(~82) develnping special cements, devising
The Office of Nuclear Waste Isolation Is techniques to accurately rieasure pro-
directing studies at many of the national perties of the cements, and verifying j
laboeatories and at several universities: the techniques by field testieg .- '..

- r* e heat transfer and thermal analysis waste isolation safety assessment, to **-e
' programs to predict time temperature develop the methodology required for

distributions encountered in geologi- the assessment of long-term safety of
/.. cal dispos al of thermal radioactive geological disposal.

.

l
wastes*

The other repository programs at Sandia,.

, * waste-rock interaction studies to Rockwdll, and Nevada Operations Office
,4 characterire the chemical, physical- have similar studies underway. A discus-,

/ chemical, geochemical, and radio- sion of the OKLO natural reactor and its
/- chemical reactions between emplaced relevance to geologic isolation of radio-
/. radioactive waste and surrounding active waste is presented in Appendix C.* ~'
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2900 mm | 00ARTZ SAND |10%

'

]'*~ BENTONITI15%
|

TliANIUM 6 mm'

5000 mm /.-

./ | t(AD 100 mm
'

f
|!.L CHROMIUM NICKIL ST[[L 3 mm

IM mm i it! '
VITRITl[D WA5TE

! ! LEAD|N/
dimm '! \ y- OVARTZ SAND 90%. BENTONiit 10%. o

'v- gi. a,

f fliANIUMllD

. . , J
612 mm

i% _ ;

i' '

1000 mm a +
e

' ,'r( - FIGURE 8 3. The Swedish KB5 Warte Disposal Concept . A Cross Section to
,

'

r the Granite Repostfory .

OTHER 015P05at ALTERNAfivts e Extraterrestrial space.. space orbit s
"-

, alternatives to land- (geology) can never reenter the earth's atmo.
designed' to ensure that the wastes

Several
have been constoered for the ultimate dis. sphere,

,

posal (isolation) of nuclear wastes. t
These include the following: A special case of nuclear waste manage.-

ment , involves separating (partitioning) ;
Seabed.. stable deep seafloor (abysmal the 'long.Ilved alpna. emitting elemen ts 'e
plains), 52 duction rones, deep (TkU elements) and returning them to nu. ,

trenches, and rapid sedimentation clear reactors where they are converted !.

' areas (e.g., deltas) (transmuted) to shorter. lived or inert
| - Isotopes. The residual, shorter.1t ved *

i

e Ice sheets..the Antarctic ice sheet waste might then be disposed of under less
rigorous conditions.

.
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A cetailed Study was made in the U.$. of (Ist to the bioWhere, anc prethir.ary

]these various diipcial alternat i ve 5.( 83 ; Cost estimates were Considered in the )
$ite IDCation5, apprDpriate walte fore, Study. The TAD also addresses many of '

model of transportatten and earp lacement , these alternative 5.(3)
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section 9 )
'

l

WASTE D!5P05AL R[GUL ATIONS, AND CRITERI A_

Establishing and implementing a nuclear
.# waste management system involves: de f tn.

Ing alternettre approaches, risks, and e The DOE operates sites in conformance
- cnts; establishing criteria and regula- with hRC regulat tor.s.

tions; and obtain.ig pub lic acceptance.
This section will discuss progress in The [PA plans to pubitsh general enyt.
these areas. ronmental criteria in 1978. These will be*

quite broad and appilcable to all forms of
CRITtR A. RIGULATICNS, LICCNSINf! AND radioactive waste. Workshops were helo'

VDIATh in 1977 in Reston, VA, and Albuqueroue,
hM, to achieve broad public participation *

In the ef forts to meet all the require- in prepar ing these criteria. The t tv-
ments f or safe and reliable disposal, one table for [PA's HLW program is designed to
key element is the performance Criteria coordinate with the needs of the DOI to

- wh ich are used to evaluate the systems. design disp 6 sal f actitties and of the MC
Inese criteria are required to that ' safe" to create a regulatory structure. The EPA
15 safe enough. Although these criteria has formed an Interagency Work ing Crc.,p
are not yet established, it appears they made up of representatives of DOI, M C,
will be finalized in the near future. and USGS to eschange both technical and
Goth the EPA and the NRC have important 94) Sta criteria for

program intermation.(Tprovided by (FA forroles in providing or regulating criteria,*

radioactive waste wer
i coment in hovember 1978: 1) definttton

The EPA has responsibility for setting of radioactive wastes, 2) length of 15014-
radiation protection standards for radio. tion period. 3) asses 5*ent of risk, 4) un-
active wastes with: 1) broad responst- acceptable risks, 5) lo*ations for radio-
tility to provide Federal radiation guld- active waste disposal. and 6) procedures

~
,- ance for all radiation directly or that provide additional protection.(~ES) .

Indirectly affecting health, and 2) speci- '

fic responsibility for setting generally Current ly, the regulation most appil. *

anplicable environmental standards outside cable to high level waste is 10 CFR 50
c the boundaries of sites which possess Appendia F.(IB) This regulation states

radioactive materials seject to regula- that HLW mu'il be solidtfled within 5y
tion under the Atomic Energy Act. The EPA after reprocessing and be shipped to a
standards are ne ither method nor site federal repository within 10 y af ter re-
specific. The NRC will regulate waste man- processing. The regulation also requires
agement operations, assuring that [PA that the solidtfled waste be chemically.
standards are met. The DOE is responsible therma lly, and radioistically stable to

i

-

for developing the waste management tech. the entent that the internal pressure not
|nology and for operating HLW sites in con- esteed the safe operating pressure of the <

formance with NRC regulations. Thus, the canister for the period up to 90 days I

three a9encies can be dif ferentiated by after receipt at the repository.
,

'
their responsibilities:(84)

The NRC is currently preparing a new
- e The EPA sets radiation protec tion regi,lation, 10 CFR 60, which will deal I

standards, with disposal of high level radioactive ,

wastes in geologic repositories. A draf t
|e The IRC regulates waste management of this regulation may be available for

operations to meet EPA established pubite coment in early 1979. The
Ilmitt. proposed regulation will be in two parts.

91 1
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One 6, art sets forth the genera l rules gov. because the testetty of the waste was
erning the licensing of DOE to receive, less than that of the radiam from the
store, and dispose cf high lavel waste in natural uranium ore deposits.
a geologic repository. The second part
sets fo.th performance objec tives and e Tonnessen and Cohen (ESI snowed that
technica l criteria for site suitability, the tonicity of tha and LMFER wastes
design, and operation of a geologic repos 6 is less af ter 200 to 300 y than some

/ tory. The regulation is directed to geo. chemically tonic ores. Ineir results
logic repositories becaust: 1) it is the are shown in Figure 9 1.,

DOE's current ly intended c irect ion, and
2) with the possible exception of perma. While these analyses are nelpful, they
nent surf ace storage, geologic disposal 65 have several hsttaticas:

'
bel 6eved to be the only present _ met ^.od
wnicn reasonably assures that the waste . These analyses oo not adfress the
can be disposed uf with no undue risk to transport of radion clides in geolo.u

pubtle health and safety. An EC EIS will gic and biologic ardte.
provide technical arguments that s@ port

'. this belief, e They distribute the risk over all of
society instead of to individuals,

Currently there are two major perform.. living near tne repository,
ance objectives proposed in 10 CFR 60.

Finally, they assume that the repost.Tnese eres e
tory will be equivalent .o the natu. )

*
e Facility Design and Operation: The ral geology in preventing nuc lear :
f acility and its systems sna H be de. wastes from reaching w ans. j

%. Signed and operated si as to assure the |
.- contr31 of radiat6on releases and espo. More detailed studies are in progress to !

sure, as required by 10 CFR 20 inc luding provide an adequate basis for setting l
ALARA. criterla.

Ie tong. Term performance: The sealed A study eas been sogleted by Burkho1*r
Tipository shall be shown by state.of. which considers the waste form / repository /
the. art procedures and analysis to have geologic and biologic site as a sys.
sufficient euttiple natural and engt. tem.( 89) (5everal .,t ne r studies are also

neered barriers to waste migration to underia~y. ) Tr.is study determined the
conservat tve ly prevent the transport of importance of the wartous barriers to
rad ionuc lides to the biosphere in radionuclide acrement, assuming that sW
amuunts exceeding acceptable releases, event had occurred which permitted flowing

water to cortect tne waste. The nucl6de
retention and leach resistance barriers

RISE: 5TUDIES were found more agortant than the con. ,

tainment barrier, but the containment I

. Several investigators have used the should preven'. water from reaching the
"tosicity" or *he r ard inden" approach in waste until the waste tegerature is low

/ an a* tegt to put the potential risk of enough to prevent rapid teaching. This
nuclear mastes in perspec tive w i t .. the condition can be made more certain bs

s' risk (radioactive or chemica l) t, f natu. proper selection of the geologic formation
rally. occurring cres: and by proper oesign of the repository,

Hamstra (86) showed that, af ter 300 to A 5(milar study ('90) performed the saaiee
500 y of decay, the toxicity of the analyses for spent Tuel, cladding waste,
high. level maste from LWR reactors is and various cther Solid wastes (TRU. LLW.
less than the ore froe whi6h the ore tallings). Some conclustons were:
uranium came.

e Spent fuel requtres greater nuclide
e Cohen (RJ) co".,ar e d the projected istMatton than HLW because sore U and

'
release of radionuclides from a geo. Pu are present.
logtC r.pository to the natural re.
lease of radioactivity from the ,o Good isolation conditions, co@ ared.

earth's crust. lie concluded that to storage in the blosphere, can
nuclear power is a method of " cleans. greatly reduce the projected masinre
ing* the earth over the long term. dose consequences to individuals.

Poor conditions can increase it.

.
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e Isolation at multiple sites can re. Technical Alternativet Decument Co pleted
duce the requiren.ents for leach
resistance of soma waste forms. A study has bee.. uriMeted mbich

characterlies ang **P tifies various
Work is continuing on barrief and system technologies for managing the nuclear' studies at Law ence Livermere and Sar.dta sastes produced in reperre u tng thR

Lat, oratories (felt. sponsored). the Univer. fuels. This report, tne Technical
sity of New Me s t co and Arthur D. Little Alternatives Docueent (TAD). will serve

'. (IPA), and the Pacific Aer'thest Laboratory as a reference document im the prepara.
(DOE). Relatively little has t+en report. tion of environmental impact s t:t N-d s ~ ~ ~

ed but the repcrts available suggest that end other documents reoutred for licens.
Significant progress is being rede.(9J.M) ing the constructico and operation of

waste management facllttles.(74)
A discussion of the OKLO r.atural reactor

and its relevance to geologic isolation of Cersvretal Waste Panaccerat Stateeent
*

.

radioactive weste is presented in Appen. Trepared
din C.

A 9eneric envirormental impact state.
SUPPORTING DOCUMENTATION ment (Gtts) on the managerer.t of cover.

cially ger.erated nuclear mastes has been
Important ilnks in the da:45 ton.eaking prepared. Recently. PNL completto a

chain include defining the va* tous options modificati m of this document, a
that may entst for nuclear +aste manage. Cce ercial Waste Management $tatement
ment and determining the relative cost of (ChMS) ( ), based on guidelines from the
these options. ,both in dollars and in report the DOE Task Force for review
envirorrtental impact. Docuwetation com. of Nuclear haste Management (2). The
pleted or in progress in this area is study was co v ieted in September 1978
hignlighted belon:
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and is for u',e by tM governre r.t in disposal cf a !imited tvur cf spect
pr+p+ ring a polic y ttate unt r/i maste f6el asse-blies. It a l v, r c r ce ne
'' A# aic-f ee t . $0detal bcuaw hi s ha v e 1,*t n governwnt omhership and r,pr a t i *,n vf
pref e't d to suppur t i'e (sN',.(@9J all nu(, lear masts sites.

Te e t *inc al Alt ernativ*s Dwnt s . Pre. letars ynty b rien Gro7D ( s t at,l i s* *d in

hvecf7IsMites
~

Fov e@ 6ccuerveca t iv,*. t % t he i recs , e 1
~

(a* h of the W ',i t e s , 'M, !!,[L , tr4 1*e DQ( k0 d lem Cf f.A lfar * *' t d V t**
h t* f r e d . h 3 '. ,,repartd a tec h% ital alts t. epaent w i, st s'i ned t y ta t t it. i'.t e s t M' .s

r.4t t res CM0nt 'har dc tr f ir in1 IM f**,t al,I t '.9.ed Inte r at'f (y Per ia'w 6rC P.
V ar i's As t*.chrH Iolles f or fr an 4*j ing t hr- Uf.r n rufflin95 pr r8' incl Ted 10 o*.t 7.', tic

f* a st's ed (presce ( ge,Q ( g{ Jeg ) (,,q { Pv, c. *, pye g g. , A rg-pOr t r,rg (64 eggeg i$ d je.r
ite.'19. M y) fr.wievmentel i pect 6 t es- Presi++t ' m Du ece* 19 /; .

state .ent. t,at ed on these techrolegin (l'fe,lpl,) It mill lere t xe a vt af
t r e. In g.t ep sr at hys , ae.d will ger ve tc, ret ov. n ;)t t r os to it b '. cd in ("c is n' ns

g e *> progray.at C G '#. l' i '#F. (#1 .he f*4k trg and iapitaref lat i%.s

\ tv,= le-r#l R 4c.a')Wie*ll r,f t rp- og"tcs.
.' te c e e i,,rg t ac t.ee ja r f t mp r.ne

in c e., it al Alte r nat t e 5 Drtu.ent. Prop + red WriaT'is 3 mTtIEr* s . t.r 0 r. 5/r

I:Tr~'K ~ *

~~

!.e,a r a l i=portant tecenical v tle y
A te rhnical alternatives echwt ea w solttitied =sste i t# * 5 w re p l a re ".:c

teen prepa<ed f or er a.ta g ing t he wall in late 19?h a~1 #1rly Im. *v.

.s w et of c o ercic.1 U in st or 4t- at results of the w e,*tir9s wi'l 'e

14 'J ' p l ant an We',t Villey, f Y.(G) doc urr.en te d in proceed inn to t,e pub.

l i".hr d i.i 19/9. TM5e reet tr':s t r e l de:
jrt e cr at ional Fuol (yr le f ralu at it,r. Prr.. a syge.i r c;n ',c u nr e Legly D ah ..
gr r . L 4es.4y ac t ive 1. i . t e n' ar.4 pe (. te: : it we..

pec t ion . i t e. t i.< P, . arm.41 vict '~t v
it the s ea,est or Pre uffer:t Car ter , a the h teriale hva r t t ',ec uty l'. , *.c

= *? %ide Jr.ternat e.i! i vc I ".jc Ic ;> i L.t r.e ter 1, |9/", W.ttn. '' 4 . '. . ! ;.

le tl,st iw I're ge .sm ( ;'.t ([ ) u ., es t a t,- t4 *4 Lce:t t r er.c e c n tii ~ t e s e l -i"r..

* v.1 (II) Th" purro',e of this preyn a*tive r.r l itt e.V,t p frra.7Ev~r7J i . ..t

to cca''wct a thar69gh evaluati.e of tJ 7rNid; arJ tte W m 'e1 Dep,* t en t..
i

t r.o rurplete f uel cys te to noent if y t,3, cf [r.or gy//Wr iter. Cer amic Su. is t r spn. Ir
to t, cst rir. Mise the rist s of prolif era. scred Intern 4tineil 5,v-De s t #i ca C .ar 4
t i vr., and at the we line. to anure r" c e, in7 .~2 L 4r . c.te kinaareent [tEt c '

FIE~I~n~[UTiWiitT~T5 o, 47iT',0 . Paf jttat c iv il l ar. nuc lear pNr recains a
v : #,le e ner g/ source. t r,r t y count r ies ?, 1979 ).
er J f our ir.ternat lonal organtratior s are
participatir.g in this progra9 An Orgsn.

. . irirg and Flenary Ccef er ence . mas se ld P;;Bt lC ACL(PTA!.r,[
.' in Octot,er 1971. vark ing groups sere
I established and co. chair countries f or P4 tic concern ov r eaviroemeetal cult.e

tN groups were au tgred. Most of the ity has incre ased tre-endow'.ly ,in' t w int
w rking groups have held two reet t r.g'.. f em decades. The recent ref orcadum r., rco.

. bhtle' the results of the IW Cf mill t>e clear factlittes in Calif ernia, the cur.
Advisory only. . the out car.c cosid w ll reit threat of a ref erendu- tri he. Verk,e

c infisence the nature of the future fuel and the snany protests over nuclear c c.n.
cycle and, cor:sequer.tly, the cre;nttien st r uc t inn are a ple evidence of th's cce..
of the high-level meste which would be tern. At the sa.e ti're. hen the i m e of
pec4sced. deciding on a nuclear neratorte mas put

f t,ef ore the voters in five states, by a tec.
,

|

00! Peview of Nuclear 'aaste Manamerit - to.one eargin, tiese mSo octed fewed-

cut ete continsed devel r ent of nuclear p ce r.l
W; wever, tM public concerns are e v uent

Early in March 1972, a DOE Task Force ar.d they conclusively shcar that pAlic !under the direction of J. M. Dwtch com acceptance er.ust be mon if nuclear cr eru, 4

pleted a review of all risclear maste is to continue to grow. The Interage.cy )
management programs in the 00E.(?) Their Review Group study has insti%ted open i

report endorses gaologic disposal of eeetings of the propesed 0.5. r.sclear
high. level masles and spert fuels and mute enanagevr.t plaris. IM [f'A hss cor..
reccer. ends early testing of geologic meted sistlar open meetings on criter ia.,
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Gover net e Jenc ies re c ognite tMt t he respvo*r.t s .ere un3*( Icef'. On t e.e + u .e
pst, llc F..st a hear: e > '] inf vacd if triese el r4direc t s.c entet. 4t ;wt ?M cf t e .-

pl arii 4*e tc te atteptec. psb i t t f elt t hat ramar t . .e .: .t*s >< o ')

des de ves t*at .e tsaaot 4tireu te e.6

$s veyi (8 psbleC attits*c5 10= ar d me preda'.ta0 t v*. m'est0 2M eri- t ', t s ,* e' ,r

tret W er': t*tbrol?1rC lear p*ee have Dt+n Conduc tet 'IC?.503) ee.0 EM t e l' ev e: e

46J t*t cate have tcen an a l g ed. (lU ,'7.I ) (en ferd shs tu Store magtf * a. a t'. c

ly; su veys sere analysed t y"*'/ Er i.111 re v e- L.e a prot t . . I ' ,' '. - D e u-U .< t r

$^0 3 dei n f . l l,0} } I'd') C DPC lwdi 3 t *ia t r(%Jlts ar tlf tte t*..., ta F3 ''Jia t o.'

tvest 19.'t, a c lear n aprity cf the nt- turr et p<cr..c lese '.aleec e cf ts: lir .% -

Ilt res?t(J t'*e JSe Cf m f le6r cot r Qt. le ion, (N- ' e t hn t C l l (ter.p tly sit t ),eu

lidt I CP 1 I p 'C D 4*J l ItY $1'J'I ll % (CPnt.f I8 d C Cf.V Inf leil e e I der.f ? Li t'+ bi!Iiy t ,*
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a ltnouye utner tettne p:*. 94j ?,e ,, .,v; for psu a .1 illiams (/), sh ,e the p l aa.t ..
*pecific steps (e.g.. ii.n e s c henge fer years of espes lence -en tna U.S. and fur.,
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umns 2A, 26, and 2C separate and f.,rther tne AGN5 plant. [ason Nuclear Corpeny has;

! Ouriff u anium and plutonium. designed a fuel reprocessi'ig plant pro.
'

posed for construction near . OR*ite in Trn.( .
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tages: defeeral of connercle) nuclear fuel repro.

cessing in the U.S., the future of these
e It is readily made a continJous pro. . plants is unknown. However, AGh5 wn

cess. funded by the U.S. government in Ff.1976 '

to study alternative operating schemes.
* The solvent can be easily recovered

for reuse.
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Cetat br st.iin. Other (.ow trses are ni > = lif arat 64n of nws. lear weapons. foo weapcas.n

$6 ntitcant repr.icen t og fatttt. w*,abl* maternal mu ld t,* Grod,ted. 16.f P e inn ing 9
Lees. stead, pluton twm vs uld be lef t ette wren 6s ia

and a small percent age of wiste proowsts.
AI.1[Rist.Ilvf RIPROC(551td SCHEMi $

*'
' ~ ~ ~ ~ - ~ ~

which mde the prodwct highly racicactiu.
$wbseowent separation of tne p >wtr,n ew- 65

The U.S. is present ly comitted to an impou tble eithout coevies and h igh ly
indefinite def erral of spent nuc le ar f ue l sophist icated eqw tpaient . Inc prod ct cowld
r eprocc u ing. The government is encourag. be ref abricated int o f ue l cod 5 ty renote
Ing other nat 6ons to do the name until the operetton.
ro le of nuc lear ener gy in supplying the
world's energy needs and approaches to in 1977 and 1918 ine DOI was $4portl'i1
minimi2ing the potential f or nuc lear wea. work on ceve lopwnt of alternatore f.e l
pont prellf erat ion Can be better under. Cyc le tec hno log t et.(61 tre DCL set also
stood. If Spent 'uels are not reproi.e55*d supporting Studiet cd fuel cycles that do

* to rec 0ver plutonium and uran tum, the en. not directly inoplve graniu'i or pistonewt, a

ergy represented by them is lost. Fur. A progree at Savannah Rever Laboratory was
thermore f uel reprote5566g 15 required to evalwating the use of thorium fuel in inios
Support a breeder reactor program wh lCh 45 e polstble Solution to the pctent'al,

Scree believe is neCet%ary to siSbre meet. ' proliferation probles.(7) (Cateptual Oe.
*

| ing long. tern eriergy needs. Signs were being prepared for tne thor eve
j' fuil Cycle f a(llittel and supporting R>3

Inele Contiderations have prompted in. efforts were underway to S0lve new and*

( terest in alternative * r eprcte gg ing. dif f erent problemi a ttof, l at e d with proa

p celsin, t orea f i.
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products much as are present in the nu- deposits were reactors. This in.
clear wastes whose disposal is of concern cludes the long lived transuranium
now. And they were contained in a geolo- elements which we wish to isolate f or
gic format ten in a manner somewhat similar many thousands of years.
to current plans for isolating nuc lear
wastes. Here, then, is an excellent How Can this information be applied to
opportunity to study the f ate of rtdio- the concept of geologic isolation of nu-
active materials, comprising the same clear wastes? In general, the results
chemical elements of concern to us now, agree witn current technology on the .bcha-
when placed (formed) in geologic isolation. vior of various elements in an aQulfer in

contact with solls-.high valence metals
If nuclear wastes are placed in a dry, tend to be retained; low valence elements

or near ly dry geologic formation. a major tend to move. Retention of the long-lived
concern 15: What happens if water somehow transuranium elements even in the presence
gets into the repository where it may re- of water is encouraging because even if
act with the wastes and possibly carry water enters an initially dry repository,
them back to the biosphere? Hathemat ic al these long-lived nuclides will not become

t' models, based on what we know about the dispersed over very long time
perigds.Osrbehavior of waste constituents in aqui- The observation tnt "most of..the

fers, are constructed to predict what will decayed to 90 r bifore strontTum migea-Z

happen, ho.: long it will take for specific ted indicates that migration of the bival.
'' constituents to travel and how f ar end in ent ettgIs vias slow even with water pre-

what amounts. But the times of concern sent (WS has a 30-y half life). If an
are long compared to present experimental initially dry repository remains dry, or
capability and it would be helpful if the wastes are protected by engineered
there were a real system with which to barriers, for several hundreds of years.
Coopare calculated results. the short-)(ved nuclides will oecay in

place to levels that represent little bio-
The OKLO reactor sites are very helpful sphere risk,

in this regard. It is postulated that
water had to be present in the uranium Care must be exercised in extrapolating
deposits to carry and concentrate the these results to any given geologic re-

,

uranium there and to moderate the neutrons pository. The exact geologic history of !

to maintain the riecessary cnain reaction. the OKLO site is not likely to be dupli- 1

Also, it is probable that the uranium de- cated by a modern waste repository. Mi- !

posits during their active reactor period gration rate data used for the various '

were buried deeply beneath the surf ace, isotopes must be site-specific for a pro-
and the event occurred long ago, giving an posed repository. But the OKLO data do
adequate time frame. lend credence to the concept of geologic

disposal and encouragement that conditions
What has been learned 50 far that is can be found or engineered to assure long.

. he lpful?(3) term retention of critical radionuclides.

* Most of the rare gases (Kr. Ke) are REFERENCES FOR APPEND 11 C
*

gone from the reactor sites,
i >> 1. "The OKLO Phenomenon." Proceedings of

e Most of the songM.nt metals (Rb. International Atomic Agency Symposium
Cs) and the t>iv4 Tent cAtals (Ba, Cd. 20a. Libreville, Gabon, June 23-27,
Sr)havemiErefodaway. B75.

. .a

e Most of the molybdenum is missing. 2. G. A. Cowan, "A natural Fission Reac. I
tor." Scientif ic American, ~235(1): 36-

e Most of the 90 r apparent ly re- 47, July 7976.$
mJined in place until it decayed to'

wZr. 3. G. A. Cowan. *The Retention of Reactor
products in the OKLO Natural Fission

* * Most of the higher valence metals Reactor.* Sumary of a Workshop on
P have remained in place during the Ceramic and Radioactive Glass Waste
9

nearly two billion years since the / Forms. ERDA - Germantown, Conf.-
776102, pp. 113-115, January 4 5, 1977.

e
|
L
.

{ C-2
.

p .

.

I

_



- . - - -

.

N
= ; 2 w ~ _ e -- .. z ..- ,. .,..,...........- , , , , , , . . _ ,.......,.._.s.,1.. . ._q, , , , . , , _ . , , , , , _ ,3

4-

e

II'. ._ g_ ,a- .

,h,
v_

,.

f
p p'.'

'.

$4

4

4*

e

f

.

*
e

e

|

| I

,

.. t
I

!

1
I

( J

{ 'O . ' F''

t NI Tj j; 9 fl [' $ lj. ,[-_ m , _ .

h
' .

C' l

b M M6 S@h I

,
!

.. . .$. ,y ( ''

/ e-!
-

.3
- 9

' ;
. 5 .

y^ .

I! 'w~ -}
6 t ;.r

.$
. m. .; ~

..

; q-'
;. , ;, . :'-

.

f. L .

.|j

,

* .'
=1

* = -*
r .., ..

3., , y j '-w $ ~ . =
.g , : .*- 9 ,y !>a ,a ,t

* -

.

.

- -- - - - .. ;.

l.

1-

. ,i
'-

.
,

..

.

!
1
1


