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PROJECT
DESCRIPTION

PROJECT
OBJECTIVES

EPRT PERSPECTIVE

The status and progress of nuclesr waste dis-
posal programs is often cited as 2 major impediment
to civilian nuclear power generation, While in-
formed technical opinion has emphasized that wastes
from nuclear fission can safely be disposed of n
geologic media, regulatory and institutional factors
continue to delay a large scale demonstration in the
u.S.

Against the background of delay and poliry re-
view which is occurring, this document is {ntended
to emphasize .ne worldwide technical piogrammatyz
progress that has occurred in the past two years to
effectively implement nuclear waste disposal sys-
tems. This work is & xtensiyn of a previous EPRI
project, Status of Commercial huclear Kigh-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
disposa! wunit processes. The processes described
are not necet-arily optimum, but represent an ad-
equately safe and effective first gencration vaste
disposal system.

The objective of this project is to highlight
significant technical and programmatic accomplish-
ments in implementing waste disposal that have
occurred over the past two and one half years. The
emphasis is placed on high-level waste disposal and
spent fuel disposal, with only brief coverage of
other wastes. Similarly, the emphasis {5 upon pro-
gress on process equipment ar ' systems that are more
practical or advanced 1in terms of readiness for
demonstration,

There 1is much less emphasis on second generation
systems, which may have some eventual merit, because

of the belief that the U.S. program objective should

i
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SUMMARY
AND CONCLUSIONS

be expeditious implementation of an adequately safe
first generation technology, and not selection of an
optimum process technology or optimum geologic media
which might result in an add'tional period of pro-
grammatic delay.

Significant technical progress has been made
both in the U.S. and throughout the world. The moct
significant accomplishments are perhaps the success-
ful operation of the waste wvitrification plant at
Marcoule, France, with production of 4.5 tons of
waste qlass as of August 1978, and the publication
of an integrated system design study together with
an integrated system assessment in Sweden, wnder the
Nuclear Fuel Safety (KBS) project. In the U.S.,
significant (but perhaps less glamorous] progress
has occurred in demonstrating full-scale prototypes
and in performing stucies to Justify waste disposal
technology and regulatury and siting criteria,

It appears there is an adequate and growing
technical base for the necessery decisions and
action to implement a timely waste disposal program
in the U.S.

R. F. Nilliams
Project Manager
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ABSTRACT

The status and technical progress of nuclecr
waste disposal 1is reviewed with emphasis on
technical and programmatic progress in HMigh
Level Nuclear Waste disposal technology dur‘ng
the 1576 to 1978 time period. Process steps
in the waste solidification and geologic dis-
pesal system are described emphasizing processes
and systems that are more advenced in  terms
of readiness for full-scale U.5. demonstration,
Worldwide technical accomplishments in support
of the reference U.S. waste vitrification and
geologic disposal approach are hiohlighted.
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IN 1977 SPENT FUEL
DISPOSAL TECHNOLOCY
ADDED

WASTE DISPOSAL AND
HiGH-LEVEL WASTE
SOLIDIFICATION
CONTINLE

SIMMARY

In the last several years, the event which had
the greatest fimpact on the nucléar waste management
program in the U.S. was the government decision to
indefinitely defer commercia) reprocessing of spent
nuclear fuels. This measur> became effective in
April 1977,

The decision to defer commercial fue! reprocess-
ing createc a need for more storage space for spent
nuclear fuels until a decision on their long-term
disposition can be made. It also created a need to
consider how and where these fuels can be fsolated
from 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 fram
reprocessing. (Categories of waste are defined in
Appendix A.)

Deferring the reprocessing of spent fuels did
not decrease the scope of the nuclear waste manage-
ment program {n the U.5. since the program must
still ccasider the possibility that in the future a
decisfon will be made to reprocess these fuels. In
addition, much of the technology is required for
existing wastes. Thus, the U.S. RLD program on
nuclear waste management remains much the same as it
was two years ago, except for the added requirement
for interim storage and ultimate isolation of unre-
processed spent fuels, Emphasis on solidifying
lquid HLW has shifted from the wastes expected from
commercial fuel reprocessing plants to defense
wastes at Savanmah 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. Vit-ification technology previ-
ously developed for future commercial waste is
directly applicable to these wastes.

$-1



SUBSTANTIAL FUEL
VALUE WiLL BT LOST
IF FUELS ARE NEVER
REPROCESSED

GEO( OGIC ISOLATION
UTILIZES
, MULTIBARRIER
\ TECHNOLOGY

REPOSITORIES CAN
BE DESIGNED TO
OPERATE AY LOW
) WASTE TEMPERATURES
IF REQUIRED

The uranium and plutorium present in frradiated
nuclzor fuels have substantial fuel value that will
be lost f these fuels are never reprocessed. Also,
recovery and reuse of plutonium s necesuary in 2
breeder reactor program. Reprocessing schemes have
been proposed that may resolve the weapons-pro-
liferation fssue. For example, CIVEX processes
would recover uranium and plutonium for reuse; how-
ever, the plutonium would not be in 3 weapons-usadle
form,

The planned basiz, or reterence, nuclear waste
management system in the U.5. fnvolves geologic 1s0-
lation of all commercial HLW and all lowslevel
wastes (LLW) that contain significant arsunts of
long-lived transuranium elements (TRU wastes). The
present limit for non-TRU wastes is 10 nl) 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-surface facilities. Because they will decay to
innocucus levels in a few tens or hunareds 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-
nized 25 very difficult. For th's reason, isolation
of wastes in geologic formations will probably rely
on multiple barriers, To alleviate concern that
some future event may expose the wastes to fluids
(principally water) that could carry the wastes to
the biosphere, several barriers can be ilpo{ed to
prevent or greatly retard dispersal of the radio-
nuclides. Possible barriers finclude relatively
insoluble waste forms, corrosion-resistant con-
tainers and ove--nacks, addition of materials which
adsordb and retain radicactive elements, and long
paths that the fluid must traverse to reach the bic-
sphere. Some studies {ndicate that -a long path
through the natural geologic barrier {s adequate by
ftself. The repository system can also be designed
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, using lower

$-2



FRANCE BEGAN
OPERATION OF
VITRIFICATION FACILITY
IN 198

U.S. WILL PERFORM
FIRST LARGE-SCALE
VITRIFICATION OF LWR
HIGH-LEVEL WASTE

concentrations of waste, or improving the repository
design to increase heat transfer in the region adja-
cent to the waste canister,

Defense activities produce all types of nuclear
wastes. Detailed studies are in progress on how to
best fit these defense wastes into the overall U.S.
waste management system,

RECENT PROGRESS

Progress toward a waste management system that
will ultimetely reguire no surveillance cam be
divided 1into two categories: 1) evaluation of
specific technological advancements, and 2) evalua-
tion of the costs, risks, and benefits of the many
optfuns for the nuclear waste management system.

Category 1 - Recent Technological Advances

In France @ production HLN vitrification facil~
ity began “hot" operation in June 1878, This facil-
ity, known &s the AVM, will routinely convert the
high-level wastes stored at Marcoule, France, to
borosilicate glasses. The AVM process consists of a
rotary calciner end a continuous metallic melter,
The stainless steel canisters of glass are stored in
dir-cooled pits located adjacent to the processing
plant. A similar waste processing plant (AVH) is
being designed for operation at the La Mague fuel
reprocessing plant in France,

In March 1979, the U.S. will perform the first
large-scale vitrification of commercial’ high-leve)
wastes. The MW from high burnup Light Water Reac-
tor (LWR) spent fuel will be converted to borosili-
cate glass using 2 spray calciner/in-can melting
process. The canisters of glass wil) be 20 om dia
by 2.4 m (B in. x B ft) long. This technology ts
highly developed and was operated radiosctively at
Hanford prior to 1970 using defense HLW materials as
@ source of waste. The 33 censiters of solidified
HLW from the . ite Solidification Engineering Proto-
type (WSEP) are sti)] stored at Hanford. The boro-
silicate glass canisters are still being evaluated;
however, after eight years storage, there has been
no charnge observed in the glass properties.

$-3
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BOnISILICATE GLASS
HAS | ROVEN DESIRABLE
WASTE-FORM FEATURLS

WASTE VITRIFICATION
YECHNOLOGY BEING
APPLIED IN DEFEMSE
WASIE PROGRAM

CONTINUOUS JOULE-
HEATED CERAMIC
MELTER DEVELOPED
FOR VITRIFICATION

Borosilicate glass has been chosen internation-
ally as the reference solidified waste form for MLW,
and vitrification processes have been developed for
this waste form. The glass has 2 low dissolution
rate in water and other environmerial solutions that
may occur in a properly designed repository. It
exhibits good physical integrity. It can accommo-
date a wide variety of waste constituents, as well
#s frequent changes in composition. It is thereby
fully adaptable to the large numbers of waste com-
positions requiring treatment. The system is de-
signed so that only a small fract® . of the glass
will e € sceptible to ther ol devitrification.
Even if devitrification occy 5, the only significent
result is less than a tenf,ld increase in the glass
dissolution rate. A1l tests to date show that the
glass is extremely stable o all types and levels of
radioactivity.

In the U.S. the vitrificition technology previ-
ously developed for commercia) HLW s being evalu-
ated for use in defense waste programs. The most
active developmenta! program 15 aimed towarc the

. possible vitrification of HLW stored at the Savannah

River Plant (SRP), If a decision is made to remove
the wastes from the storage tanks, a vitrificalion
facility could be n operation by 1988. The vitri-
fication process would be spray calrination coupled
to either an in-<an melter or a continuous ceramic
melter,

The U.S. waste vitrification studies at the
Pacific Northwest Laboratory (PNL) have emprasized
in-can melting of waste glass with joule-heated
ceramic melting as o possible backup. Recent engi-
neering-scale studies (nonradicactive) with continu-
ous ceramic melters indicate they may offer advant-
ages over in-can melters, Major advantages are: 1)
capacity can be wvery high, 2) waste canisters are
not subjected to high temperatures, and 3) a variety
of glass forms (e,g., marbles, monoliths, etc.; can
be produced in the same equipment.

Alternative waste Jorms and processes are being

developed for the immobilization of radiocactive
wasie. These forms may provide improved contzinment

§-4
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ALTERNATIVE WASTE
FORMS MAY OFFER
SECOND GENERATION
IMPROVEMENTS OVER
CLASS

SAFE TRANSPORTATION
OF NUCLEAR WASTES
SEEMS ASSURED

SEVERAL NATIONS HAVE
PILOT GEOLOGIC
REPOSITORIES SCHEDULED
FOR OPERATION IN

LATE 19805

U.S. WASTE ISOLATION
PILOT PLANT (WIPP)
PLANNED FOR
OPERATION IN 1985

of the waste either ty inherent improved properties,
tuch as stable low-leaching crystals, or by pre-
viding multiple barriers of containment, Alterna-
tives being investigated include supercalcines by
Pennsylvania State University as part of the PNL
multibarrier waste form, metal matrices at Argonre
National Laboratory (AKL), and cermet at Oak Ridge
Nationa! Laboratory (ORNL). Considerable develop-
ment is required before it can be determined whether
these alternatives offer a substantial improvement
over glass,

Recently the Sandia Laboratories conducted
full-scale crash tests on spent fuel shipping
casks, Truck- and raficar-mounted casks were crashed
into virtually immoveble concrete targets at speeds
up to 136 km/h (B4 mi/h) with only superficial dam-
#9e to the cask and no rupture of contained fue!
elements. Similar casks would be used for trans-
porting canisters of WLW.

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
Federa) Republic of Germany is already operating the
Asse salit mine for the disposal of nonhigh-leve!
wastes. Sweden 15 conducting field tests in the
Stripa mine to support vesign of a disposal site.
Belgium, France, Italy, Spain, Sweden, and  the
United States plan pilot repositories in the 1980s.
Commercial repositories by the year 2000 are planned
by Canada, the United Kingdom, the Federa)l Repudlic
of Germany and the United States.

A Waste Isolation Pilot Plant (WIPP), curvently
expected to be operational in 1985, is in the plan-
ning stages. It will be used primarily as a geolo-
gic disposal Tlocetion for TRU wastes from the
defense program and as a facility in which to per-
form RLD with other waste materials in salt. A site
has been proposed near Carlsbad, New Mexico. It is
now undergoing detailed geologic investigation end a
conceptual facility desfgn has been prepared. The
DOE task force on waste management recommends that,

§-5
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SEVERAL U.S. GEOLOGIC
SITES BEING EVALUATED
FOR WASTE DISPOSAL

GERMANY TENDING
TOWARD NUCLEAR
PARK CONCEPY

FAVORABLE RESULTS FOR
SAFE 20- TO 108y WATER
RASIN STORAGE OF
5ENT FUELS

in addition to being used for R&D studies on isola-
ting defense HLW, the facility could be used for a
demonstration of disposal of a limited number of
commercial fuel assemblies,

The Office of Nuclear Waste Isolation, operated
by Battelle Memorial Institute for the Department of
Energy (DOE), has an extensive program to identify
and develcp candidete geologic formations and loca-
tions for nuclear waste disposal. Salt formations
have received major emphasis to date, but other
formations (granite, shale) are also being evalu-
ated, Rockwell Hanford Operations has & DOE program
to evaluate disposal of wastes in the basalt under-
lying the Hanford area., Similarly, & program to
evaluate the potential for waste disposal at the DOC
hevada Test Site is being conducted by Sandia
Laboratories for DOE. A major objective of the
study is to determine 1f waste disposal is compat-
fole 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 1s planned for operation in the late
1980s. The area lies over salt beds. Solidifica-
tion of high-level waste and intermediate storage in
2 retrievable mode {5 planned to allow time to
develop and demonstrate fimal disposal in geologic
formations.

Deferral of commercial spent fuel reprocessing
in the U.S. requ' es tha: spent fuels be held in
interim storage longer than in a closed fuel cycle
(probably >20 y). Water basin storage is the only
proven and extensively used spent-fuel-storage tech-
nique available. Dry storage of spent fuel s being
considered &t this time., An assessment of past
water basin storage experience concludes that no
sfgnificant problems have been encountered during
storage of both Zircaloy and stainless-steel-clad
fuels for perfods ranging up to 18 y, and that pro-
spects are favorable for safe water basin storage of
spent fuels for longer perfods. Long-term storage

o - . <t - —




SPENT FUEL PACKAGING
PROGKAM UNDERWAY

TECHNICAL ALTERNATIVES
DOCUMENT ISSUED

DOE REVIEW OF
NUCLEAR WASTE
MANAGEMENT COMPLETED

INTERAGENCY REVIEW
GROUP ESTABLISHED
TO PROVIDE
RECOMMENDATIONS
TO PRESIDENY

will require mory storage capacity in the reactor
storage basins, a5 well as in away-from-reactor
storage facilities,

Temporary storage or permanent f{solation of
spent fuels in geologic formations will requirs
package designs appropriate to the waste form and
geologic formation. This is a new need since prior
packagirg studies have involved only wastes. A DOE
program to develop spent fuel packeging has been
formulated and 1s already in progress., In addition,
several alternatise high-integrity canister concepts
have been proposed in Sweden and 2re beiny 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 characterizes
and classifies the various technologies for managing
nuclear wastes produced in reprocessing fuels from
LWRs, <his report, ERDA-76-43, is the Technica)
Aiternatives Document (TAD) and is serving as a
reference document for the preparation of environ-
mental  impact statements and other documents
required for licensing the construction and opera-
tion of waste management “acilities,

In March 1978, & DOE task force unier the direc-
tion of J. M. Deutch completed a review of al
nuclear waste management programs fin the DOE. That
report (DOE/ER-004/D) endorses geologic disposal of
both high-level wastes and spent fuels and recom-
mends governaent ownership and operation of all
nuclear waste Jisposal sites,

The DOE Review of Nuclear Waste Management wes
studied by an Administratien-established interagency
review group., A report on the review (TID 28818) {s
due to the President 4n December, 1978, with recom-
mendations to be used in decision-mucing and imple-
mentation, The report will be reviewed by the pub-
1ic and government agencies in zarly 1979.

A Commercial  Waite  Management  Statement
(DOE-1559) based on guidelines from the report by
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COMMERCIAL WASTE
MANAGEMENT
STATEMENT PREPARED

TECHNICAL ALTERNATIVES
DOCUMENT PREPARED FOR
DOE SITES AND

NFS PLANT

INTERNATIONAL FUEL
¢ CYCLE EVALUATION
PROGRAM UNDERWAY

SwiDISH (KBS) STUDY
INDICATES GEOLOGIC
DISPOSAL SAFE

S s
——

the DOE Task Force for Review of Nuclear Wasie Man.
agement was completed in September 1978, This 15 @
modification of the generic eniironmental impact
statement on the management of commercia)ly-gener-
osted nuclear wastes. Its release to the public is
anticipated early in 1979, It 111 be subject to
the normal review and comment process.

Technical alternative documents have been pre-
pared defining potential paths for future management
of the HLW stored 3 SRP, Manford, ldaho National
Engineering Laboratories (INEL), and at the NFS
plant, Environmental impact statements based on
these technologies are in  preparation for the
government -owned sites and will serve to guide pro-
grammatic decisions on the long-term management of
these wastes,

A worlidwide International Fuel Cycle Evaluation
Program (INFCE) was established, The purpoie of
this program s tc thoroughly evaluate the major
alternative fuel cycles to identify how Lest to
minimize the risks of weapons proliferation and, at
the sume tme, to assure that civilian nuclear power
remains a viable erergy source, While the results
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 cou'd be produced,

In Sweden, a total system review and analysis
was completed on the handiing of spent fuel and the
final disposal of wvitrified HWW, An extensive
safety analysis was made of a system fnvolvihg 10-y
storage of spent fuel before reprocessing, vitrifi-
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
fon exchange material surrounding ihe canister,

A1l these barriers prevent the escape of the
wastes to the biosphere via water. The maximym
potential dose to individuals living near the
repository was calculated to be a factor of nearly
40 less than the International Committee for Radia-
tion Protection (ICRP) Vlimit for ontinuous exposure
of individuals,

5-8



THE EPA AND NRC TO
ISSUE STANDARDS AND
REGULATIONS SOON

RISK ASSESSMENT
STUDIES IN PROGRESS

TECHNOLOGY EXCHANGE
MEETINGS ON SOLIDIFIED
WASTE FORMS UNDERWAY

) TECHNICAL PROCGRESS

Vs TOWARD IMPLEMENTING A
WASTE MANAGEMENT

y STRATEGY APPEARS
ADEQUATE

The Environmental Protection Agency (EPA) and
the Nuclear Regulatory Commission (NRC) are cur-
rently preparing regulations related to MWLW. Tne
EPA published radicactive waste criterfa in late
1978. These standards or criteria are currently
undergoing public review and comment, The NRLC s
preparing 8 new regulation, 10 CFR 60, that deals
with disposal of high-level wastes in geclogic
repositories, A draft of this regulation may be
avaiiable for public comment carly in 1974,

Several risk.assessment Studies are in progress
to define the performence of and provide the bases
for criteria for geologic repositories. These stud-
1€s  treat the waste form/containment/repository/
surrounding geology/ecosysten as a system of bar-
riers. Studies are underwdy 8% Lawrence [ivermore
and Sandia Laboratories (NRC-sponsored), R, D. Little
and the University of New Mexico (EPA), and the
Pacific Northwest Laboratory (DOE).

Several important technical meetings on solidi.
fied waste forms were planned in late 1976 ang early
1979, The re:ults of these meetings will be docu-
mented in preteedings to be published in 1979,
These meetings include a symposium on Scrence Unger-
lying Radioactive Waste Management, held in conjunc-
tion with the 1978 meeting of tne Materials Research
Society (November 2B-December 1, 1978, Boston, MA);
the NRC Conference on Mign-level Radioactive Solig
Waste Forms (Denver, CO, December 18-21, 1978'; ang
the upcoming DOL/American Ceramic Society sponsored
Internationa) Symposium on Ceramics in Nuclear waste
Management (to be held April 30-Mey 2, 1979, Cincin-
nati, OH).

CONCLUSIONS

1. The strategy for safe management of nuclear
wastes in the U.S. appeart well gefined. The U.S.
strategy is s:ailar to that being proposed and
adopted by other countries, i.e., geologic isolation
of spent fuel or fmmobilized WLW, geologic isolation
of TRV wastes and engineered surface <torage, or
burial of low-level non-TRU wastes,
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SYSTEMS ARE AVAILABLE
FOR IMMOBILIZING
RADIOACTIVE WASTES

MANY COUNTRIES
STUDYING GEOLOGIC
FORMATIONS TO 15SOLATE
RADIOACTIVE WASTE

TECHNICAL CONCENSUS
THAT WASTES CAN BE SAFELY
ISOLATED IN GEOLOCIC
FORMATIONS

DEGREE OF CONSERVATISM
IN REPOSITORY DESIGN 1S
REMAINING TECHNICAL 1SSUE

2. The current successful operation of the French
AW vitrification facility, the prior operation of
U.S. sclidification processes using fully radiosc-
tive waste (WSEP), and the current program to wuse
U.S.-developed processes for potential vitrification
of defense HLW clesrly show that systems are avail-
able for ‘mmobilizing radicactive wastes.

3. Many cuontries are actively 'nudymg geologic
formations to isolate radicactive waste, and several
countries plan pilot-plant repositories in the 1980s
{Belgium, Canada, France, West Germeny, Italy,
Spain, Sweden, Great Britain  and  the United
States). Mest Germany already operates the Asse
salt mine as a repository for nonhigh-leve! wastes,
The United States 15 studying bedded salt, domed
salt and basalt, granite, and shale locations, where
these media can provide safe fsolation of wastes.
Sweden conducied perhaps the most thorough system-
atic study of geologic isolation of KW and unrepro-
cessed spent fuelc 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 cor. wus among technical
experts that HLW and TRU wastes can be sufely iso-
lated in geologic formations, but that extensive
data on each proposed site is needed 2% & basis for
choosing the optimum waste form, waste containment,
and emplacement mode. Progress appears adequate for
scquiring the needed data and for determining the
risks of geologic Ysolation,

5. Thw degree of conservatism to be used in geo-
logic disposal appears to be one remaining techical
issue on which there 1s nut yet consensus, At one
extreme, sone furopean countries plan 80 to 50 y
surface cooling before emplacement of MK, At the
other extreme, some U.5, designers contemplate waste
emplacement at high heat load after only 10 y.
Sweden selected a maximum 70°C canister wall tem-
perature after emplacement, INFCE 45 considering
110%. Early U.5. designs for dry repositories
have been as high as 375°%C. The degree to which

$-10



DEVELOPMENT OF
COMMERCIAL WASTE
MANAGEMENT
TECHNOLOGIES SHOULD
BE CONTINUED

multiple barriers are required as part of the over-
all waste management system 15 part of this techni-
cal tssue. The DOE task force stated that imple-
mentation of geologic dispesal should emphasize
technical conservatism,

6. Progress toward developing technologies for com-
mercial waste management should be continued, ever
though fuel storage and disposal is planned at this
time:

e These technologies are required for wastes that
dlready exist,

e The amount of commercial warte s growing rap-
idly (e.g., annual 90g, production fn 1985
will exceed the total inventory in defense
iw).

e Reprucessing of spent fuel may be reinstated.

§-11
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Section 1

INTRODUCT1ON

in 1976, FPRI published a status report
un  the menagement of commercial nuc lesr
fuel cycle waste with .mpnasis on high-
leve! waste (MLW) from spent fue) repro-
cessing.(1) Tnat report described the
technology that nad been developed, the
significance of the technology to waste
management, and plans for future work.
Since thet time, there has been a signifi-
cent change in the policy of the Uniteo
States on fue) reprocessing. In April
1977, the government announced that repro-
cessing of spent nuclear fuels was w0 be
indefinitely oelayed. Obsiously this ge-
cision has oaffected the plans for the
management of commercial  waste, even
though the disposal regquirements for
unreprocessed spent fuel will be similar
to those for HLW. In lignt of this policy
change, this report wil! review recent
progress  made  toward implementing  an
effective waste management progrem.

One of the major effects of the new pol-
Wy has been the introduction of spent fuel
85 & longer term waste-management problem,
Therefore, although the e.ohasis of this
report will be on MLW, considerable atten-
tion will be given to the storage and po-
tential 1solation of spent fuel. The tech-
nology described by Dav and Willvams (1)
¥s  briefly reviewed, bul emphasis s
placed on accomp)ishments since 1976.
These accomplishments include those made
internationally and those related to
gefense HLN from production-type reactors,

The proposed U.S. waste-management refer-
ence system for commercial wastes 15 shown
in Figure 1-1.(2) It provides isolation
of Hue and transuranic (TRU) wastes in a
location away from the biosphere. This
reference system assures that uncontrolled
reentry of thise wastes into the brusphere
s wery unlikely. (The origin of the

MIGH LEVEL
1O% (VI WASTES TPANSURALIC S WASTES SPAT RS
kAL AL REVROCESSING 4D REPROCESS NG
SouRcl RS SOURCES REFABRICATION PLANTS PLANTY REACYORS
TAPORARY WAST ON STt
SI0RAGE 1ALS SINRAGE
1
AVAy
FROW
RiACIOK
SIORAGE
— e o cuem poemdeens el -
R H § PROLESS | [ S0UIDIFY AND | !
T PMDUCTION 1 ¢ ASKIEDID | VENCAPSUATE | i PNERPSUATE |
'_--.l,---' '.--]..--' | Skttt L..l.--..-.'
— ) 1 |
oL SIt SHALLOW 0L0GIC GL0L001C GEOLOGIC

STORAGE J BURIAL

RPOSIIORY

REPOSITORY REPOSITORY

FIGURE 1-1. Proposed Reference U.5. Nuclear Waste Management System (2)
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wastes 1%
cause both

descrited in Appendix A} Be-
wasles contain  Zignificant
amounts of long-lived (tens of thousands
of yrars) radigsctive elerents, complete
isolation from tue Diosphere 1S considered
necessary.,  Tne need for spent fue) 1sola-
tion will be 4t lesast equivelent tu that
for these wastes if spent fuel 15 never
reprocessed, Non-TR''  low-leve! wastes,
because they will decay to innocuous lev-
els in a relatively snort time (8 few hun-
dred years), are considered safe f pro-
per ly stored and monitured 1n near-surface
sites.  Mining and milling wasties will be
mansjed on.ite even though they contain
long-Nved TRU constituents.

Prev ous and present defonse activities
have produced oand will continue to produce
¢!V these waste types. Detairled studies
are in progress on low to best fit thesc
deferse wastes into the overall U.5. nu-
clear waste mnagement program,

Isclation of HLe and TRU waste
logi. formations oepends on
barrier system to prevent
radionuc hides  into  the  biosphere.(3)
Figure 1-2 shows some of the barriers
which may exist or be built into this mul.
tibarvier system, 1ne inner-most barrier
15 8 relatively insoluble waste form, such
as glass, which will resist leaching of
redivactive constituents 1f water enlers
the repository and contacts the waste
form. Entering watér can te delayed from

in geo-
8 multiple-
recntry of

NATURAL
BARRIERS
(GEQSPHERE 'MYDROSPHERE,

1-2
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contacting the waste form and allowing
radipactive constituents to migrate into
the nearby geovlogic forqation by eny of
several types of engiweered barrier

These berriers include the waste canister
wall, secondary cenisters, and materia's
Impervious to water or materials whicn
sord and retain radivactive elements.
temoteness . the repository from the
bilosphere and  the slow movement  of
redicective constituents through rock and

01l paths to the biospherg provide natu-
reil 1sclatiron barriers,

In thnis report we ask: Where 90 we
stany  and  where are we qoing Lowdrd
implementing this waste managemont 5y«
tem? t must be recognized that safe man-

dgement of nuclear westes 15 a complicated
problem involving many; technical disca-
plines. TL 1s also a problem about which
the general public 1% highly concerned,

The authore believe that the conclusions
drawn in this repurt represent a fair
assessment of the attitude of the techni-
cal community, A general concensus has
not  yet becn reached, however, on what
would constitute the most satisfociory
waste minagement system, Swmilarily, di-
vergent viuws on the adequacy of our
progress are evidert from comments in Lk
pul. 1ic ond technical media.  The authors
hope that the moteria’ prisented here will
provide & oasis from which the reader Car
draw his own conc lusions.

L
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Sectiun 2

QUANTITIES OF WASTE AND SPENT FUEL

Tnis section presents data on caisting
and  predicted quantities of  nuc lear
wastes, both 1n tne U.S. and worldwide, to
assess the magnitude of the aucieyr waste
problem. Mining and milling wastes and
wastcs  which will be gener ed during
future decontamination and dgeconmissioning
of nuclear facilities ere not inc luded,

COMMERC 1AL WASTES, U.S.A,

At present, only a relatively smal)
amount  of commercicl HLW exists in the
U.5., about 2300 m3 (610,000 gal) of siur-
fy in storage at the Nuclear Fuels Ser-
vices (NFS) plant at wWest Valley, Ny,
1Tn‘s  includes some cefense-waste from
eroguction reactors,) About 446,000 m3 of
30110 commercial LLW and TRU wastes con-
taining about 123 kg of TRU elements are
buried at six sites, as shown in Tapble 2-1.

Until and unless a decision 15 made to
reprocess spent fuel, there will be no
more commercial WLW produced in the U.S.
Uireprocessed spent fuels will accumulate
with the growth of the nuclear powe:r
industry, DOE Task Force (2) for Review
of Nucleer Waste Management, under the

direction of J. M. Deutch, predicted U.S.
Industrial growth using a “low* ~ate and a
"high" rate consistent with the Nationa)
tnergy Plan. Figure 2-1 shows *these pre-
gictions through the year 20C0. The high
growth rate agrees witn a prediction 15-
sued by the Oak Ridge Nationa) Laboratory
(ORNL).(4) Alsc shown 1s an ERDA growth
rate predicted in 1926, This rite is sig-
nificantly higher than current growtlh rate
predictions, The O00F Tesk Force report
also gives the spent LWR  (v2/3 PaE,
1/3 BWP1 fue)l which will pe discharged
under each of the two predicted qrowth
curves. These data are shown in Table 2-2.

With the DOE nigh growth rate, some 8100
metric tons of heavy mets!l (MT¥M) would be
gischarged in the year 2000 “rom U.S. re-
actors and the accumulated discharge from
1975 to 2000 would be about 97,800 MTHM.

The DOE report (2) also estimates the
amounts of commercid) LLW and TRU wastes
that would be produced in each of these
Cases, These data are sumarized in
Table 2-3 for both cases beceuse they
represent  an  extreme case range of
conditions, The DOE  report assumes

TABLE 2-1. Existing Conmercial TRU and LLW Wastes, January, 1977 (2)

TRU Waste Buried LLW Buried
Site kg TRU Elements Thousands of m3
Barnwe )1, SC 0 9.7
Beatty, NV 14,3 §5.8
Hanford, WA 22.7 14.4
Maxey Flats, KY 62.1 140.2
Sheffield, IL 13.4 68.0
West Valley, WY 3.6 _Jo.0
Total 123.1 446,11
2-1
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FIGURE 2-1. Predictions of the Growth of Nuclear
Power in the United States

TABLE 2-2. Spent Fuel Genercted, Annual and
Cumulative, in the United States

l\unz lons of Meavy Metg) (M1nv) ‘o)

— 6 A BT TN
_Year hans T T 'tn'nhl ive Aanga T T TumaTative
(xistang - 2,00 . 2,300
9 1,000 3, 300 1,000 3,200
1678 1,100 4,40 1,100 4,400
199 1,300 $, 700 1,300 5,700
1980 1,30 7,00 1,300 7,000
1981 1,800 8,400 1,400 8,400
1982 1,600 10, 000 1,600 10,000
1943 1,900 1,850 1.5 11,900
1965 2200 TR 2,200 V4L 100
1965 2,700 16,800 2,200 16,800
1986 2,900 19, 700 2,9% 19,700
1987 3,600 23,10 3,400 23,0
1998 3,600 26,700 3,600 26,700
1989 3,700 30,400 3,900 30,600
19%0 3,7% M, 100 4,200 34,800
1991 3,800 37,900 4,600 39,400
1992 3,800 41,700 4,900 44,300
199) 3,805 45,500 8,200 49,500
1994 3.8 49,300 5,700 §5,200
199% 3,700 $3,000 6,000 61,200
19% 3,700 66,700 : 6,57 67,700
1997 3,700 60,400 6,900 74,600
1996 3,600 64, 000 7,300 81,900
1999 3,600 67,600 1,800 #9, 760
2000 3,500 1,1 8,100 97,800

{a) Unpackaged volume is about §3.1 FL3MTMM,  Excludes oischarges prior
to 192

.
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TABLE 2-3. Future Range of U.S. Commercial LLW and TRU

Waste Generation (2)

Low Growtn(®)

s m

High Groutr(b)
MLTROET T T 1000 e

Year GWe ann.,  eccum. ann.

accum, GWe  ann.  accum.

1977 48 82 92 0.28
1980 61 110 400 0.28
1985 127 100 850 0.28
1990 148 86 1280 0.28
1995 148 100 1780 0.28
2000 148 110 2350  0.28

(a) vVolume reduction employed
%b) No volume reduction
3

0.28 48 45 92
1.10 61 1o 400
2.50 127 210 1260
4,00 195 310 2650
5.40 281 450 4650
6.80 B0 59 7360

) Volume of TRU in DOE Task Force study is same for both low and
high cases because it s assumed these wastes will be combined
with larger volumes of DOE TRU wastes in a 00L repository,

conditions designed to minimize wastes in
the low cese (148 Gwe in 2000) and maxi-
mize wastes in the high cese (380 GWe 1in
2000).

Platt and McElroy summarize data on LWR
wastes generated per GwWe-y 1in 2 once-
through (no reprocessing) fuel cycle and
for the LWR fuel cycle with full reutili-
2ation of plutonium.(5) This data, repro-
duced in Tadble 2-4, can be wtilized to
predict the approximate volumes of futyre
waste. The area under the DOE high growth
curve in Figure 2-)1 integrates to about
4400 Gwe-y for the period 1978 to 2000,
Based on 25 md of spent fuel per Ghe-y,
the volume of xcum!sud spent fuel in
2007 would be 110,000 m3,

If reprocessing were reinstituted in the
U.S5., we could also estimate the volume of
future waste from that type fuel ‘e,
Past experience in reprocessing LWR =
indicates that the volume of HWLW b
solidification s about 20 m3 per
of energy production. For 4400 t
there would be B8,000 m3 of liquid
before solidification, Vitrification wm
reduce this tc about 12,000 m? of boi
silicate glass. With the reprocessi
tycle, additionz! wastes would be gener
ated. Table 2-4 shows that reprocessing
almost doubles the volume of wastes, but
the aggrogate tissile plutonium content in
the waste 15 reduced about 50-fold. In
sddition, the volume of HLW compared to

2-3

that of spent fue! 1s nearly a factor®of
10 less; both require similar handling for
gisposal,

In  summary, based on nuclear power
growth consistent with the National Enercy
Plan and continued deferra! of fue! repro-
cessing, commercial  nuclear activities
could be expected to generate about
110,000 m3 of spent fuels, about 7,000 m3
of TRU wastes, and up to about 7 mil-
Tion md of LLw by the year 2000. If the
spent  fuels were reprocessed, about
12,000 3 of vitrificd WLW waste would be
produced; ther: would be increase, in the
production of L'.W and TRU wastes.

COMMERCIAL WASTES, FOREIGN

.

Future production of nuclear . ‘stes out-
side the U.5. will, of course, depend on
the growth of nuclesr power there, In
March 1976, @& DOE-sponsored summary was
issved of openly-available informacion on
foretgn and international waste management
programs and  technology.(6) Table 2-5,
‘sken from that summary, ShOows power-reac-
tor plans for 40 countries throughout the
worid. Date in Table 2-5 can be sum-
marized to indicate a nuclear power growth
from about 210 GWe (operable, under con-
struction, or committed) in 1978 to about
800 GWe in the year 2000, The DOE Task
Force report indicates a growth from about
85 GWe (operating) in 1978 to sbout 600 Gwe
in 2000. (The U.S. has ofrered to store
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TABLE 2-4,

LNR Nuclear Wastes, 10-y Cooling, | GWe-y (Pockaged volumes) (5)

Units
Fuel Type Volume, m3  wil U, kg™~ wt Pu, kg Radinactivity, W7

Unreprocessed Spent Fue 25 36,400 310 13.0

Packaging Waste 9 0.0002
Reprocessed Wastes

Vitrified Miw (10 y

after discharge from

reactor) 2.8 3.4(®) 10.4

Intermediate-Leve )

Waste 52 AL 0.07

Wulls and Spacers 7.4(%) 0.24(9) 0.03

Mixed Oxide fFue!

Waste T 0.65(%)

m??ntnmd Pu
(b) compacted
(c) in concrete

10% of foreign spent fuels if the co "=
tries nvolved forego spent fuel rey
cessing, The task force report estimal
the amount of spent fue)l that would be
received for storage under this arrange-
ment.) Earlier predictions (7,8) were for
significantly higher growth rates.

Compilations of existing and expected
nuc lear wastes worldwid: are not avail.
able. Mowever, since most of the reactors
planned are LWRs, experience in the genera-
tion of wastes in the LWR cycle can be
applied and the amounts of wastes which

will be produced in the future can be
approximated from data in Table 2-4,

If we assume that the free world (except
U.S.)  nuclear-power-gencrating  capacity
will grow to 600 GWe by the year 2000,
then 1t can be ocstimated that in  the
period of 1978 to 2000, about. 6600 GWe-y
of nuclear energy will be cenerated.
Table 2-6 summarizes the amounts of unre-
processed spent fuel and wvarious nuclear
wastes which would be produted without
spent fuel reprocessing, and with spent
fuel reprocessing,
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TABLE 2-5. Nuclear Power Projects, Foreign

- . —— “ - —— — . -—
—foutry _Lemaed T . Frigecied Year
Argenting 0.9 M 9 2000
hustrrg 0.7 L
belyrum 5.5 L
Lrenl 3.1 TLaR! 10 1390
0 {
Eolyaria 1.8 L / ‘
Caveda i1.8 [vim i’ % 2
Cnale .0 « 348
[ 2] 1.7 find) wveral reactors 1990
Laven s luvas 1y I.& T i? V9%
0.1 [
£ 0.6 Clwe ? 2000
Fiviang 2.2 ‘Lak & 1985
Franie 3.2 find & 1985
.2 ‘ale)
¢ ‘Gl ne?
i.é LMEER
Germgry TEast) z.1 fomwt
Germany et 6.3 [ome 3 198%
0.3 1ivrgs
0.3 1R
0.0% " PHad
Hnyary 1.8 {Lwm 5.7 1900
1? 2000
india 0.4 1R 6 1990
1.2 [ Dpig’ 20 2000
Iran &.2 Time) 2 1997
34 2000
isras) 0.8/d}
1taly 5.1 fiwd} 913 198%
0.7 fGLR
0.0 fCamina
Japan 19 fim? 40 1986
0.3 Nl 1 90 1990
0.2 raea
.2 (Lelna’
tores |South) 1.2 (e 4 1985
0.6 (Phat) 40-4¢6 2000
Kywd 11 s'v’
Lutemdoyry 1.3 (Lwe®
Merito 1.3 {Ln®) 10 1990
Netuer lanas 9.% (LWR) .5 ?
hew Jeslond 1.2 ?
Panstan 0.1 (PHaR! 4.5 1990
16 2000
Millipines 1.2 (LR 3.9 2000
Polang 0.4 (LWR) 8 10
Rumenia 0.4 (LwR) + 16 PuwR 2000
Soutn Africe 1.8 (LaR) 12 2000
Seain 15.6 (Lwe!
0.5 (GCR)
Sweden 9.4 (Lwn?
Switzer land 5.9 (LwR:
Ta'wan 49 (1 wi)
Turkey 44 1990
United Kingdom il.4 GCR) 100 2000
0.1 MWL wWE
0.3 {LMFBR)
U.5.5.R. 5.0 {LwR} 2% ?
14.9 LeR)
1.0 L™ gR)
Yugos lavia 0.6 LWR) 0.6 1987

{8) Operable, under construction, or on order.
(D) With desalination cepacity.
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TABLE 2-6. Future Foreign Wastes from 6600 GwWe-y LWR Production

Once-through cycle
T Spent fuel

Conditioning wasie

Reprocessing with full
plutonium u zation

vitrified high-Teve! waste

Intermediate-level waste
(contained in concrete)

Cladding and hardware
(compacted)

Mixed oxide fue) waste
(contained in concrete)

{a)
Volume, m3

165,000
59,000

18,000
340,000
49,000

119,000

(8) Based on quantities of waste produced per

Gie-y.(5)

All the wastes shown in Table 2-6 will
require special treatment, e.g., disposal
as HLW or TRU wastes. The worst-case
total volumes for each option are between
200,000 and 500,600 m3. Tnese volumes are
equivalent to cubes about 60 to B0 m on a
side. While treatmeni, transportation,
anc¢ disposa! of these wastes will be
costly because of the special precautions
required, the volume, are small compared
to those of conventional mining.

DEFENSE WASTES, U.S.

The origin and status of defense high-
level wastes already in storage at ‘he Sa-
vannah River Plant (SRP), the Hanford Res-
ervation, and the ldeho National Eugineer-
ing Laboratory (INEL) are given in Sec-
tion 4. n addition to these wastes, large
amounts of LLW and TRU wastes are buried or
in retrievable storage at these and at
other government-owned sites. Table 2.7
shows the amounts of DOE wastes presentiy
in existence and which are expected to be
fn existence in 1985.(9) The intermediate-
leve] wastes at ORNL ere unique and may ve
considered disposed of when injected into
shale by hydrofracturing,

Currently, DOE s conducting studies on
various options for permanent disposal of
these wastes, particularly the WLW and TRU

wastes. Detzils on these studies are pre-
sented in Sections 4 and 5.

Volumes of the DOE HLW are large. How-
ever, because the integrated esposure
level of dgefense-production fuels 15 rela-
tively low anu because the defense rcpru-
cessing and waste storage operations cre-
ate” relatively large volumes of Hiw per
ton of heavy metal processed, the wastes
are quite low in radioactivity compared to
commercial HLW. Von Hippel and Krugmann
made 3 corparison between defense HLW and
commercial HLW (currently largely unrepro-
cessed spent fuel) based on Sr invens
tory.(10) This isotope was chosen because
of its relatively Jong half-iife (28 y)
and because it has 2 high potential risk
for a few hundred years. Their, survey
inuicated that: 1) currently, the inven-
tory of %sr from U.S. commercial power
generatfo. 15 about equal to that in all
defense MLW; and 2) based on their pre-
dicted commercial power growth rate, in
;9&5 the annua) commercial production of
Osr wil) equal the total inventory in al)
defense MLW. Such surveys emphasize that,
although the current deferred spent fue)
reprocessing situation may allow more
emphasis on defense waste disposal, the
commercial waste problem is growing rap-
fdly and adequate solutions must be vigor-
ously sought.

S ———————— . O MW



TABLE 2-7. Defense Waste Inventories

danvery 1, 1977

High-level waste
(millions of gallons)

Liquid in tanks 34.9
Salt ceke and sludge in tanks
(Savannah Rive: and Henford) 38.6
Calcine in bins (1daho) 0.4
Tota! 73.9
(270,000 m3)

ORNL. intermediate~leve] liquid waste
(mi1lions of gallors)

Ligquid in tanks 0.2

Sludge in tanks 0.4

Liquid mixed with cemaent and dis-

posed of as grout in shale forma-

tion underlying site 1.1
Tota! 1.7

(6,300 m3)

Low-leve! and ;uu solid waste
(millions of m?)

Non-TRU in land burial sites

(17 =ites) 0.83

TRU in land burial sites

(6 sites) 0.27

TRU retrievably stored

(6 sites) 0.04
Total 1.24

December 1985
Projections

1.15
0.37

0.11
1.63
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Section 3

STATUS OF REPROCESSING AND REFABRICATION

No commercial spent nuciear fuel 15 be-
ing reprocessed in the U.S5. at the present
time. Defense fuel reprocessing continues
ot the U.S. DOE sites, and commercial fue!
reprocessing 15 in  progress in  several
foreign facilities. These operations are
discussed in more detail in Appendix B,

Solvent extraction is the basic separa-
tions technique used in all current spent.
fuel reprocessing facilities in  the
wor ld. Tne technology for solvent extrace
tion 15 well established. Many plant
years of experience with the technigue
have been accumulated without any incident
of significant risk to the environment,
Most of the highly active radioactive
wastes have been stored as liquids; they
dre diacussed n Section 4.

Nuclear fuel reprocessing as currently
practiced separates high purity wuranium
and plutonium from other spent fuel con-
stituents to minimize problems of refabri-
cating the uranium and plutonium into new
nu¢ lear  fuels, Because the level of
penetrating radiation of tiese highly
purified products 15 relatively low, both
can be handled without expensive and
sophisticated remotely controlled equip-
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ment . Extensive reprocessing of spent
nuclear fuels may result in large quanti-
ties of purifiec plutonium throuyhuutl the
wor |d, which mignt be fabricated into nu-
clear explosives if 1t were produtesd with-
out adequate safeguards.

These considerations led to the U.S.
gecision to suspend reprocessing of spent
commercial nuclear fuels and Lo attempt to
persuade other nations to do so until the
potential for nuclear weapons prolifera-
tion can be minimized. One step in this
direction 4s the [International Nuclear
Fuel Cycle Evaluation (INFCE) program.()l)
Tne INFCE was established under U.S. spon-
sorship to study world energy needs and
how nuclear energy can be erployed to
safely satisfy these needs with miaimum
potential for nuclear weapons prolifera-
tion. One of the activities of the [NFCE
is to ovaluate fuel cycle processes which
have improved sifeguards.

Other efforts in the U.S5. 1nclude the
study of alternaiive nuclear fuel cycles
and  reprocessing/refabrication  scnemes
which would not result in weapons-usable
materials, These efforts are discussed in
Appendix B, but are beyond the scope of
this report, .

o .




Section 4

INTERIM STORAGE OF SPENT FULL AND MIGH-LEVEL WASTES

SPENT FUEL

In & ciosed nuclear fue! cycle, spent
fuels are stored at the reactor site for a
short period (usually <1 y) and then are
transferred to storage at a reprocessing
plant until they are processed. Deferral
of fuel reprocessing in the U.S5. has em-
phastied the need for facilities for
'onger interim storage of spent fuels ang
presents the possibility that the fuels
will finally be isolated without pro-
cessing.

Spent fuels are stored at reactor sites
and at reprocessing plants in specially-
designed water basins. such as the Geteral
Electric Morris plant pool shown in Fig-
ure 4-1. The fuels hang in racks designed
to maintain proper spacing of the fuels so
that & critical nuclear assembly cannot be
formed. They are generally not in canis-
ters but are in direct contact with the
basin water, which s circulated and
coo led. Spent-fue)l storage basins are
sized and operated so that there is room
for one reactor charge 1in case an
unscheduled resctor discharge is required.

Some radioactive materials may enter the
basin water from surface contamination on
the fuel assemblies and through the leach-
ing of fuel material from defective ele-
ments, Several technigues, including ion
exchange, filtr,ifon, and skimming, are
used to remove these materials to keep the
radioactivity level of the basin low and
to minimize exposure of operators. Pool
chemistry, (e.g., addition of hydrazine,
boric acid, and lithium hydroxide) and pH
control are tailored to the particular fuel
being stored.(12)

In the orce-through fuel cycle imposed
by deferred spent fue) reproccsnn?,
longer interim storage of spent fuels will
be required, perhaps in the 20-t0-100-y

range. This poses the question of the
long-term reliability of water basin stor-
age of spent fuels. A. B. Johnson has
made & survey of the experience to date
with water basin storage of spent
fuels.(13) The survey covers 30 U.S. and
Canadian storage pools. Spent  fuel
storage experienc2 s also summarized for
the British pools at Winfrith and Wind-
scale and for a German poo! at Karlsruhe,

At the end of 1976 there were 2pproxi-
mately 8700 power reactor fuel bundles in
storage in U.S. pools; approximately 90%
of these have lircaloy cladding, The re-
mainder have stainless stee! cladding.
Approximately 70,000 smaller Zircaloy-clad
bundles were in <tor2ge in Canadian pools
at the end of 197C,

Maximum pool resi ‘ence to date for Cana-
dian fuels is 14 y. Zircaloy-clad U.S.
fuel has been in storage vp to 18 y, Ex-
perimental and commercial stainless-steel-
clad fuel has been stored wp to 7 y. Un-
irradiated stainless-steel fixtures have
been stored up to approximately 20 y.
Maximum burnups for stored commercial fue!
are approximately 33,000 MwWd/tU for both
Zircaloy- and stainless-clad fuel, )

Experience in water basin storage of
irradiated nuclear fuel has been very
good. To date, based on visual observa-
tion of the fue! and monitoring of the
basin water, there has been no evidence of
degradation of either Zircaloy or stain-
less steel cladding. Release of fuel
material from defected fuels to the Lasin
water has been minimal even though most
defected fuel is stored without erclosure
in a canister. Mechanical damage to fuels
or the water basin during handling and
storage of fuels has been minimal.

Followiuy the survey of past experience
in waier batin storage of spent fuels, an

"
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FIGURE 4-1. 6. €. Morris Operation - Fue! Pool

assessment of potential degradation mechy-
nisms for materials in pool storage wes
made.(13) This assessment included studies
of hydriding effects in Zircaloy and stain-
less steel, fission product (e.g., I, Cs)
sttack, and helium embrittlement, Corro-
sion studies included aqueous, biological,

. galvenic, crevice pitting and stress-cor-

rosfon cracking in cladding. The assess-
ment 8lso included localized attack at
fuel defects, crud layers, and pool equip-
ment currosion. These studies were summa-

4.7

rized by the statement, “Review of the
corrosion literature has net developed
major concerns regarding obvious mecha-
nisms which have high proba?ﬂ‘ty to de-
grade fu! bundle materials, (13

The assessment concluded that the pros-
pects are favorable to extend storage of
spent nuclear fuel fn water pools, It was
recommended that periodic examination of
selected pool-stored fuel be made to
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determine if slow degradation of fue) bun-
dle materials 1is operative to an extent
that could ceuse problems in the 20- to
100y time frame.

Dry spent fuel fnterim storage options
ore  also being considered.(l4-16) Mow-
ever, a fully developed ary storage option
is still severa) years away.(13)

Under the present U.S. deferral of spent
fuel reprocessing (and the offer to store
10% of foreign spent fuels), more storage
space will be needed than 15 available at
reactor sites. The DOE Task Force Review
of Nuclear Waste Management (2) conc ludss
that the first away-from-reactor (AFR)
storage will be necded by 1983, How this
AFR storage 15 to be achieved--by govern-
ment or private interests--is currently
under discussion, One suggestion for the
initial need is to utilize the fuel stor-
9ge basin at the AGNS Piant, Barnwell
SC.(17) Interim retrievable storage of
spent fuels in a geologic formation may
also be done on 3 test basis to determine
the feasibility of permanenc isolation of
the fuels in the site,

HIGH-LEVEL WASTES

Prisent nucleur fuel reprocessing schemes
separate and purify uranium and plutonium
and leave virtually all of the nongaseous
fission products and the nonplutonium
actinide elements in a waste strezm, Tmis
wasle stream is commonly called *he high-
leve) waste (HLW), as shown in Figut > 4.2,

High-level waste has been stored as a
Tiquid or slurry at the reprocessing site,
pencing further treatment to convert it to

REPROCESSING

a8 form for long-term storage or isola-
tion. For commercial fuei reprocessing
plants, this interim storage pericg for
liquid waste is limited by existing regu-
lations to 5 y.(18) The NS plant was
granted an exerption from this regulation
S$iNCE 1t was in operatior at the time this
became low,

Most of the U.5. experience with interm
sturage of MW has been with odefense
wastes,  Bocause several different pro-
cessing schemes have been used for defense
fuels (81704, Redox, Purex, and [CPP pro-
cesses) and because the wastes from dif-
ferent processes have been mixed in the
storage tanks, the ‘tored .astes are not
uniform 1n composition, Also, since the
defense wastes have generally been made
alkaline (by adding NaOH) before storage,
they have a much higher salt content than
commercial high-leve!l waste, which s
acidic, Acidic high-level defense wastes
have been stored only at the ldaho Chem -
ca) Processing Plant (1CPP).(19)

Alkaline WLVY has been stored in carbon-
steel-1.ned, reinforced concrete tanks
buried wunderground. Early tanks used at
Hanford hed & single steel liner. Stress
cracks have developed in several of these
tanks, and they have developed leaks. The
wastes have been removed from such tanks
and transferred to nonleaking tanks, The
tanks used at Savannah River and newer
tanks being built at Manford have a double
walled steel liner with an air space bde-
tween the walls and provision for pumping
any liguid waste that may lesk from the
inner liner back into the tank, A section
of a double-walled tank is shown in Fig-
ure 4.3,

CLADDING AND
HARDWARE

URANIUM

SPENT FUEL

PLUTONIUIM

HL

ili

FIGURE -2, Origin 0f High-Level Waste
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FIGURE 4-2.
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1/4 inch LINER
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- ‘__\ 12 inch STAINLESS STEEL

r WALL AND BOTTOM

£ feet

suwe

Cross Section of Tank for Storage of

High-Level Liquid Waste

Stress cracks have developed in the inner
liner of some Savannah River tanks, but no
wiste 15 known to have escaped from the
outer liner, The doudble-liner tanks appear
to provide safe interim storage for high-
level wastes. While the leaks which have
occurred in the single-lined Hanford tanks
have received considcrable attention, none
of the leaked material has entered the
water tadble or bicsphere, and no signili-
cant risk to the surrounding biosphere has
been identified.

Acidic hign-level waste 15 stored al the
1CPP in stainless-stee] tanks contained in
stainless-steel-lined concrete vaults, The
vaults can be monitured for leaks from the
tanks. No leaks have ever been found.

Experience with finterim storage of waste
from commercial nuclear fuel reprocessing
plants s very limitad in the U.S. The
only commercial reprocessing plant which

4-4

has operated in the U.S. is the NFS plant
at West Valley, Y; however, this plart
has not been operational since 1972. Mo:t
of the waste prodiced while the plant was
operating (ca. 600,000 ga)) was made alka-
line and stored 17 a double-lined cirbon
steel tank similar to those at Savannan
River, The only acidic waste stored at
the NFS plant was produced while thoris
fuels were reprocessed. About 12,000 ga!
of this waste is stored in a 15,000-gal,
stainless-steel tark contained in 3 stain-
less-steel-lined concrety vault,(20

Activities and Plans for Defense Miw

While interim storege of 1liquid high-
level wastes in properly designed tanks
appears adequitely safe, operations are in
progréss at all three DOE sites to redu.e
the volume of the HLW and to make these
wastes less mobile. At ICPP, the wastes
are being calcined to @& solid in a fluid-
fzed-bea waste calcination facility (WCF).
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The solids are stored in underground stor-
ane bins contained 1in concrete vaults,
The WCF has been operated as a plant-scale
facility since 1963 without any signifi-
cant releases of r dicactivity to the
environment, A new calcination facility
(MWCF) 15 being built for operation in
1980.(19)

At Hanford, (21) cesium and strontium are
being removed from the wastes, and the
residual wastes are contentrated to damp
salt cokes, damp sludges, and residual
(not evaporable) liquor. Cesium and stron-
tium are removed because in the aged wastes
(35 y), '37Cs and S0ir are the major heat-
producing radicactivities left, With the
removal of these wastes, the remaining
wastes can be stored as damp solids or
liquids in tne large tanks without concern
about overhcating, The Sr and (s are con-
verted to solids, canned in doub e-walled
contaners, ang stored n specia’l water-
cooled vaults,

when the program is completed on cur.
rent ly-stored wastes, the high-level waste
inventory at Hanford will consist of ap-
proximate ly:

® 25,000,000 ga) {(bulk) of damp salt cake
® 11,000,C00 gal (bulk) of damp sludge

e 3,000,000 ya! of liquid wastes, which
wili remain in active processing

® 2900 capsules containing compounds of
stront ‘um or cesium,

Process improvements may reduce the gquan-
tity of resigual liguor.

At the Savannah River Plant, (22) the
alkaline wastes are allowed to age to re-
duce the vradioactivity through decay.
During the aging, a sludge settles to the
bottom of the tenks, carrying most of the

4-5

radicactive constituents with it, The
primary radicactive constituent of the
supernatant liquid is cesium, After t
hes aged, the supernatant liquid s pro-
cesscd Lhrough a8 continuous evaporator for
dewatering, and the concentrate 1s trans-
ferred to a cooled tank, where suspended
salts settle out. The supernate 1§ re-
turned te the evaporator and the process
is repeated until tne waste 15 converted
to a damp salt cake. In 1985 it 15 ex-
pected that the nventory of HLW at tre
SRP will occupy 31 waste tanks and will
consist of 13,300,000 ga! of sludge and
5,600,000 gal of liquid waste. The small
amount of commercial HLW produced ¢nd
stored ot the NFS plant has not been fur-
ther processed.

Although the HLW interim storage at the
D0t sitey and at the NFS plant appear ade-
Quately safe for many years, procedures
for putting them into more immobile forms
and for isolating them from the biosphere
are being studieo. Documents have been
prepared for each site in which & number
of alternstive routes are described and
for which preliminary cost estimates have
been prepared.(19,21,22) The basic cp-
tions are the same for Three sites:

Continue storage as is

Present Modify form and store or
Storage dispose on site

Modify form and ship to an
offsite repositary,

after suboptions were considered, such 25
waste form and possidle removal of 713U
elements numerous potential oplions were
derived for each site. Before any deci-
sions on furtier treatment of iLhese wastes
are made, environmental impact statements
defining the risks and cost-benefits of
each route will be completed. Tnese are
in preparation, =
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Section 5

CONVERSION AND PACKAGING OF WASTES FOR ISOLATION

HIGH-LEVEL WASTE TREATMENT

All nations reprocessing nuclear fuels
now plan to soligify the ligquid MLW to a
less mobile form for interim storage and
long-term disposal.  Borosilicate giass
has been developed by several countries
for this purpose.(23-25) The relatively
insoluble glass is the inner-most barrier
in a geologic dispesal scheme comprised or
waste, engineered barriers, and geologic
barriers. Other waste forms, such as crys-
talline materials, aore also under con-
sideration,

Oue 10 the decision to defer spent fuel
reprocessing in the U.S5., emphasis has
shifted from solidifying commercial HLW to
solidifying defense HLW. Results of stud-
ies in this area should apply to potential
alternative fuel cycle wastes, as weil as
to the commercie! HLW stored at the NFS
plant. A preliminary assessment of the
potential effects of alternative fuel cy-
cles on HLW vitrification was published in
1978.(26)

U.5. HLW Conversion System

In the U.S. basic HLW conversion system,
aqueous wastes are calcined, mixed with
glass-forming reagents, then melted and
allowed to cool. As the mixture cools, it
solidifies to a glassy product, as shown
in Figure 5-1.

The wastes are calcined in a spray cal-
ciner, shown schematically in Figure 5.2.
High-level aqueous waste is sprayed into a
heated (v700°C) chanber where the droplets
of spray are dried and calcirad (primarily
to oxides) as they fall through the cham-
ber, Particulate matter 1in the off-gas
stream {s caught on filters, which are
periodically cleaned by a back pulse of
air. Guss-forﬂn? frit is added to the
calcine as it falls from the calciner to
the melter.(27)

AQUEOUSS il —— AT
WASTE il HE AT

CALCIN
GLASS
FORMER'S —-.| MELTER HEAT
4
CANISTER

T

COOL AND SOLIDIFY

FIGURE 5-1. Reference HLK Conversion
System

Two melters have been highly develcped
in the U.S.: an in-can (batch) melter,
and 3 ceramic (continuo.s) melter. The
in-can melter, shown in Figure 5-2, con-
sists of the waste canister contained in a
six-zone furnace; forced air cools the
glass that is heated by the decay of the
contained fission products. Calcine and
glass-forming frit fall into the heated
canister, where they are melted at a
temperature of ~10509C, When the canister
is filled. calcine and frit are diverted
to an empty canister; the filled canister
is then cooled and removed from the
furnace.

Figure 5-3 {llustrates the joule-heated
ceramic melter. Calcine and frit are fed
into a ceramic-lined chamber, where they
are melted by alternating current passing
between electrodes immersed in the melt.
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FIGURE 5-3,

Schematic of Spray Calciner Ceramic Melter System
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The melt overflows continuously and may go
into a canister or into molds for produc-
ing glass shapes, such as marbles, Bolh
types of melters and the spray calciner
are being developed for the DOE by PAL,

Development of the spray calciner on an
engineering scale with both nonradioactive
and radioactive wastes has been extensive,
During the Waste Solidification Engineer-
ing Prototype Progr (1966 to 1970), 13
canisters of solidh ed waste were pro-
duced in the spray calcinur with actual
high-level redicactive waste.(28)

Recent efforts with the spray calginer
have been directed toward scaling up the
equipment so that ft cen meet the high
throughput requirements for defense
wastes, such as those at Savannah River,
One plant-scale calciner has calcined more
than 3000 HLW/h (5), three times the HLw
processing rate required by a large com-
mercial fuel reprocessing plant, such as
the Barnwell 1500 t/y plant. The main
feature that makes the spray calciner at-
tractive tor use with both commercial and
defense HLW is its ability to calcine a
wide variety of waste compositions.(29) In
addition, it is @& simpls system, enabling
fast startup and shutdown, with 1i*%]e
holdup of radionuciides.

The in-can melter has been demonstrated
in lab-, pilot plant-, and plant-scale
systems, Over 40 engineering-scale canis-
ters of nonradiocactive glass and two of
actual radicactive glass have been pro-
duced, The in-can melter itself is well
developed. DOuring the past two years, the
mechanical features have been improved and
the equipment has been enlarged to achieve
& high throughput. A 12-in. dia in-can
melter will process 50 kg/h of melt, typi-
cal of what would be required for a large
1500 t/y reprocessing plant, Larger dia-
meter 20- to 24-in, canisters have pro-
cessed approximately 90 kg/h.  Although
this approaches the requirements "
defense waste needs, it may be desiravie
to use two melters in parallel,

Some advantiges of the fn-can melter
are: 1) its overall simplicity since no
melt transfers are required, 2) a low sen-
sitfvity to changes in composition, and
3) a minimum number of process steps,
because the melter is also the final stor-
age vessel.(30) The process is limited to
& naximum melt temperature of about 1050°C

with & stainless steel! canister; an
Inconel® canister permits temperatures up
to 1150°C.

Studies on the joule-heated ceramic-
lined molter for producing radioactive
lasses were begun at PiL in late 1973.(24)
ver 17,000 kg of nonradioactive glass
have been protuced and melters have been
at opersting temperature for over three
years without serious degradation, In
January 1977, a large-scale ceramic melter
becare operational. It has operated at
?Mss-producing rates up to 130 kg/h when
ed calcine,[31) This melter was de-
signed to also accept direct liquid feed-
ing.(32) The ability to feed liguid waste
directly to the melter enables potential
elimination of the calciner, thereby sim-
plifying the system, In April 1978, test-
ing was begqun on a spray calciner coupled
to a ceramic melter (SC/CM).(5) The SC/CM
is capable of producing nonradioactive
glass at over 100 kg/h (equivaleat to
waste from a ~3000 t/y commercial repro-
cessing plant). No serious operating prob-
lems heve been encountered to date with ar_
of these mclters,

The ceramic melter offers such attrac.
tive ‘eatures as:(

e production of several waste forms, such
as monoliths or marblcs

o sufficient capacity for nearly any size
waste plant

* melter operation at higher temperatures
than the in-can meiter, possibly allow-
ing some fmprovement in glass quality

+ waste storage canisters which do not
have to be heated above about 600°C.

Previous U.S. studies on the production
of HLW glasses, including the WSEP program
discussed earlier, have concerned wastes
expected from commercial fuel reprocessing
plants, Was'es for the WSEP program were
prepared from fresh defense MLLW spiked
with a highly racioactive rare-earth fis-
sion pro‘uct mixture. This provided the
complete spectrum of fission product acti-
vity. It also produced a vitrified waste
with 8 high heat generation (€300 w/t} 1n
the glass, simylating short-cooled com-
mercial HLN.(28) The 33 canisters of
solidified MLW Trom WSEP are still stored
at Hanford and are still being evaluated.

;Icgtsurod trademark of the International Nickel Co. Inc., Huntington, WV,
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After eight years of storage no change has
been observed in the glass oroperties. |In
1976, & program was started at PNl to
design and construct  engineering-scaie
equipment for preparing commercial HLW and
to produce a limited number of canisters
of borosilicate glass from i1t, The refer-
ence spray calciner in-can melter system
is to be used in this fully remotely oper-
ated plant, The target date for complet-
ing two canisters of this waste 15 Spring
1979.

Foreign Activities

Conversion of high-leve! waste to glassy
materials for iatorim storage or wltimate
disposal has been adnpted in several coun-
tries other than the U.5.(23) Processes
in France, Germany, and England have Leen
operated at wvarious levels of size and
radioactivity, including actual plant
operation in France,

France has developed and tested two pro-
cesses at Marcoule.(23,28) In one, the
PIVER process, liguid HLW and glass formers
dre adued to @ pot and are calcined. The
temperglure 15 reised to melt the contents
and  the n oglass is drained into @
canister. ne¢ process has been tested on
full-level Marcoule waste on a pilot-plant
besis; 12 t of glass were produces at 2
macimum activity of 3000 Ci/i,

The second process
rotary calciner

8t Marcoule uses a
coupled to a melting
furnace.(33) Product glass drains batch-
wise 1ntc waste canisters. The process
has been tested on nonracivactive mate-
rials in a pilot plant with a throughput
of 20 kg glass/n. Based on this contin-
Yous process, a demonstration pilot piant
(AVM) with a capacity of 15 to 1B kg
glass/h has been constructed at Marcoule,
Figure 5-4 shows the AVM process and facil-
ity.(33) The plant begon operation with
actuaT radicactive waste in June 1978,
Efghteen m3 of radioactive HLLW were vitri-
fied, producing 9000 kg of glass during the
first campaign.(34)

The AVM process is shown in Figure 5.5,
It consists of a rotary calciner and a2
continuous Incon2] melter (11500C). The
stainless-steel canisters of glass are
stored in air-cooled pits located adjacent
to both the PIVER and AWM processing
facilities. A plant (AVH) similar to the
AVM is being designed for operation at the
La Hague reprocessing plant in France. 50
the required reprocessing rates ot
La Hague may be attained, parallel AVM.
type calciners and melters will most likely
be vequired.

5-4

For several yeoars, OGerman development
centered on @ spray calciner-melter process
to produce a borosilicate glass.(23,24)
This process was tested on nonradipactive

material in the VERA pilot plant. Since
1977, work has involved a ceramic melter
unit in which ligquid HLW 18 fed directly
into a melter already at the melting
temperature. It has been tested exter-
sively on a pilot-plant scale (30&/n)
with nonradioactive HLW. A drum dryer

rising-level inpot melter process (FIPS)
has been developed which produces boro-
silicate glass for thorium-bearing (MHTGR)
wastes.(23) A 10 ky glass/n prlot piant
is planneu. Another German process, the
PAMELA process, produces phosphate glass
in 8 ceramic melter.(23) Tne glass 1is
formed into beads and ncorporated in
lead alloy matrix, Cold testing of tne
process has been completed, A 30 to
40 2/n HLW pilot plant 15 planned for con-
struction at the Eurochemic nlant in Bel-
gium to be operational in 19C2-1983,

Waste wvitrification work in the United
Kingdom hds concentrated on the FINGAL/-
HARVEST process which produces a borosili-
cate glass by the rising-level process.(23)
Glass formers and HLW are added slowly to
2 pot maintained at 1050°C. Orying, cal-
¢ining, and melting occur simyltansously.
This  process was demonstrated n  thne
FINGAL pilot plant with actual waste fron
wWindscale (24). and tn a full-scale pilot
plant at THarweell wusing nonradicactive
waste. Several pilot plant and indus-
trial-scale facilities based on the pro-
cess are planned for operation in the 1979
to 1990 period.

Currently, India, Italy, Japan, and the
USSR have waste witraficetion stydies in
various stages of progress.(23)

While there are many approaches to the
vitrification of high-level nuclear wastes
under study and development, the objective
in all cases 15 the same: The waste s
being converted to a form having good
physical stability and relatively iow
solubility (i.e., in ground water, brines,
etc., which might come in contact with the
waste at its disposal location).

Borosilicate Glass

Borosflicate glass has been chosen as
the reference glass form in the U.S. be-
couse ft has a Jow dissolution ratz in
water and good physical integrity, can
sccommodate a wide variety of waste con-
stituents, s relatively slow to devitrify,
and 15 stable to radiation effects. Glass
samples have been spiked with the highly
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active alpha  emitter, €44y, This
acce lerates the effects of radiation with-
in the glass.(35) Glass samles exceeding
the equivalent of over 500,000 y of radia-
tion dose retain their original physical
fealures, as seen in Figure 5-6. The only
effects noted on the glass thus far have
been a siight change in density (less than
13) and a storage of approximately
30 cal/o of smergy in lattice defects, a
negligtble amount, Leach retes and me-
chanical impact behavior remain essen-
tially unchanged.

Data are also available on devitrifica-
tion and its  possible effect on
glass.(25,35) Figure 5-7 shews the leach
rate of gTass as a function of storage
temperature. Crysta) growth (devitrifica-
tion) does mot occur below S00°C or above
10009C, and the maximum growth occurs at
500° to 700°C over long periods. As can be
seen in the figure, the devitrificat'on
causes only a modest change in the glass
leach rate, less than a factor of 10 for
these two glasses. Perhaps more important
to leach rate is the effect of glass com-
position; as seen in Figure 5-7, different
glasses have different leach rates,

5-6

Figure 5-8 compares the rate of attack
by water at S9°C on a zinc-borosilicate
waste glass as compared to several common
materials., The waste glass shown here 1§
almost as inert to attack by waler as
Pyrex glass. To put these data more in
perspective, we can assume that the weste
glass, at the time it is emolaced in a Ory
geologic formation, s an integral cyl-
inder ~30 ¢a (1 ft) fin diameter encased in
one or morc metallic canisters., Then, we
can assure that through some process,
water enters the formation, penetrates
through the canisters, ind immerses the
waste glass., If 1he surface terperature
fs about that of almospheric boiling water
(100°C), then in 1100 y the outer 1 cm of
the glass cylindzr wil) be corroded. This
corresponds to about 7 vol% of the raste
cy linder.

1f we assume & uniform penetration rate,
ebout 15,000 y would be required to com-
pletely alter trhe glass. However, by
1000 y the repository and gliss tempere-
tures have decreased to less than 100°C.
This s becsuse the fission products in
the waste glass continue to cecay and a~e
nearly gove after 500 years. Figure 5-9

L
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FIGURE 5-6. MW Glass Aged tu tae Equivaleat of 500,000 y
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shows this change in neat content with
time. A canister emlaced at ten years'
decdy time with 3.1 kW will contain only
360K at 100y and 20 W at 100 y. Tne
change 1in waste cenister and repository
tempersture with time 45 shown in Figure
$-10.  These ‘temperatures represent @
typicel early repository design and are
typical of maximum hest Joadings n 2
repository. A more conservative design,
with lower heet loadings, would lead to
Tower temperatures.

As expected f..om Arrhenfus's principle,
the rate of attack by water on the glass

5-8

decreases rapidly with decreasing tempera-
tore. 1f 3509 water could exist in a
repository, & 30 ¢cn dia block of waste
glass could be completely altered or fully
crystallized in @ few Occades. Wowever,
with propur repository design and opera-
tion, such temperatures at the glass sur-
face will never exist, particularly 1f @
substantial quantity of water s present
to further f{mprove heat transter, The
maximer ‘emperdture that can exist at the
canister wall in  the vrepository is
3759C (36) under dry conditions, as showr
fn Figure S-11. At the same time, the
temperature in the rock awdy from the car
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15 2t l40°C to  2009C (Figure 5-11),
gepending on the host rock.  The large
lemperature rise OCCurs #ross (he ary
Lachfill maturigl and air Gap eear e
cantsier, If the salt or ruch near the
Canister Decoumes wel, the medt transfer
near the Canister amproves; f sufficient
water Comes A Contact wilh the Canister,
the temperal ire may be near that of tne
1800 1o 2009C fielc tempersture (Fig-
ure 5-10).

The higher temperatures at tne canister
wall only exist for a shart time (2100 y)
In  the rejository  life. It nigher
temperatures  could  exist  with  water
present, then the nost rock [e.g., granite
tn Figure 5-8) could also be unoergoing
attack.(35) Westsik provides data indi-
cating thet the relative durebiiity of
glass 15 a% 4000 as olher materials, such
a5 the geologic host rock, even under
extreme concitions.(37) Tnese data oo
emphasize toe need for thorougn evaluation
of any given Sisposal location and proper
oesigr/opereal ion of the repository,

Many reposiiory cesigns can be utilized
Lo reduce the temperalure nedr the Canis-
ter in ¢ repository. As fllustrated in
Figure S5.11, oane important consigeration
15 10 improve the heal transfer and thy.
reduce Lhe  crcessive  Llemperature  rise
eCross the crusted Dackfill and air gap.
Other ways of reducing the mazimum Canis«
Ler will temperature, which occurs shortly
after emplacerent, ore shown  in  Fig-
ure 5-12.(5) The canister smen (n Fig.
ure 5-10 wiuld nave & wall terperature of

1509C in dry «alt f it were emplaced
after aboutl 49 y. if the waste €oncentrs-
tign in tne origingl canister 15 recuc 3
L0 onc-thirgd the normal content, tne gl
tempersture ~0ulo be 15090 after e,
sbout 10 y. another factor 1s tne avea)
loaging  in tne  repository, Tigure §.50
Shows Lthe rise in repositlory temperat e
bove the ambient temperdture 48 3 for. -
tion of tue quantity of wasts heygt o .
placed 1n each ecre (plan view) of repoiy-
tory.(5,38) For esamule, an areal loasing
of 110 kd/acre causes an average rise of
1000¢, If the ambient Ltemperdiure 1%
3500, the average salt temperatury 4u.y
from tne waste canister 1s about 1359 (4%
shomn in Figure 3-11). Reducing the areal
10ad1ng obvious |y reduces the waste canis-
ter tempurdture.,

The waste ceanister (nat contains  tr.
glass or other sol1aified form will 452
Provide & barrier 1o tne waste leaving tne
repository,  Although the current Fegery!
Reguistion 10 CFR 50, Appendin F, doeq st
reQuire containment Dy Lhe Canister beyons
90 doys after recepl at the repository,
Lypical container will certainly privize
some longer-term contaimment. [If a sieple
stainiess-steel canister s used, some of
the meta) will crack due 1o Cnlorige 19
the repository, which causes stress Corrps
$49n.  HMowever, tnis should not lesd 12
total canister failure and tne wesse)
should continge to hold the solid waste
tightly together and provide 8 corrcs un
barrier, Leach rate data on staetn’cc:
steel, Inconel, 4snd carbon s Gege
relatively  low  attach w3 2509 salt
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brine.(35) This information suggests a
thin canister wall will provide some con-
tainment during the first 100 y. As dis-
cussed above, 1t s not likely that a wel
high-temperature condition such as this
would be present for this length of time.

In the Swedith KBS safety study, & can-
ister is designed to last for 1000 y.(39'
Borosilicate glass would be cast in a
stainless steel canister durino process-
ing. Before the waste is placed in geo-
logic disposal, a 6-in. layer of lead and
a titanium outer skin would be appliec.
In the study, the canister is isolated in
a wet granite repository at a temperature
of 70°C, (Further details of this stucr
are in Section 8.)

Studies underway for !*7.L are consider-
ing limiting the = iscer wall temperature
to 110°C 2* Lime of inser.ion in the
rer~. ooy, High temperature repositery
songitious will not be present for exist-
ing defense ard NWFS high-level wastes,
which are much lower in radicactive decay
heat .

Other Solidificaticn Activities

Alternative waste forms that mignt be
used in place of glass are be.ng developed
at several laboratories and universities,
These materials range from supercalcine at
PN (40) and Penn State University (41) to
@ cermet at ORNL,.(42) The PAMELA process
fn Germany (23) 4s probably the most highly
developed of these alternative processes.
It consicts of emplacing phosphate or boro-
silicate glass beads in & mwetal matrix,

TS i ey
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Many of these alternative processes ae
being fnvest .gated as potential alterna-
tives to glass because conceivably they
may offer some improvement for immobiliz-
ing high-level wastes. This may result
from either an improvement in the inherent
physical properties of the waste form or
by providing multiple layers of protec-
tion. An example of the former s the
preference Ly some for a crystalline waste
form, It is possidle to madify the liquid
waste with appropriate adoitives so that
during processing, certain crystalline
compounds are formed. In practice, since
more than 30 elements are involved, only a
few elements can be forced to crystallize
In desired phases. Although direct con-
trol of the entire system is not feasible,
tt 15 possible, in principle, to establish
that all phases formed heve acceptab'c
properties. The preferred synthetic min-
eral compounds would be guite tinermally
stable and could offer improvcy resistance

to leaching. Examples <. this type of
waste form are swuocccalcine (4]) and
SYNROC.(43)

An exa=, & of the multiple layer waste
form .5 the multibarrier waste form shown
‘i Figure 5-14 that is being developed at
PNL.(40) The inner core (primary borrier)
might consist of 2 refractory crysta'line
form, such as supercalcine, or it could be
2 glass marble. The inner core could be
coated witk a  leach- and oxidation-
resistant materia! (second barrier), cast
in a metal matrix (third barrier), and
placed in the metal canister (fourtn
barrier).(3,40) The waste canister could
also be designe. to provide muitiple layers
of protection, such as tne Swedish waste
canister destribed above.

PELLET OF WASTE

COATING OF INERT, NON-PORUL'S
MATER AL

MATRIX OF DUCTILE, ENERGY
= ABSORBENT, MIGH THERMAL
CONDUCTIVITY MATERIAL

CANISTER WALL

FIGURE 5-14,

Multibarrier Waste Form

Another example of the multibarrier con-
tept incorporates the SYNROC material re-
cently conceptualized in Australia,(43)
As with supercalcine, the waste elements
ere  incorporated into synthetic minera)

L - . i -
P . A
e B i T AT, ’ S | -
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such as
(2r0p).

compounds,
ard zirconia

perovskite (CaTi03)
These are ther-
mally-stable compounds that may improve
resistance to leaching. In this concept
i1t 15 proposed that the SYNROC could be
encapsulated and transported in NijFe
contamners., These would be placed in déen
holes  in granite and  surrounded v ith
("ushed magnesia and scrpentine.  Obvi-
ously, these multiharrier sytiems could
become rather cospiex, s$o a realistic
approach would be to on'y pick those bar-
riers that provide significant benefit
while substantia'ly reducing the risk of
loss of containcent during storage anc
isolation

Waste form development has to be under-
taken in the context of the tota! system,
including processing, sturage, transporia-
tion and tsolation, Factors thet must be
addressed inc lude:

e process and waste form compatibility,
ircluding temperature and pressure
requirements that affect corrosion
and volatility

e adaptability to fully remote hot-cell

operation

o gase of oprocess scale-up 0 meel
p'ant throughput requirements

o flexibility of the waste form to
adapt to many different waste com-
positions and Lo withstand datly
variations 11n the waste stream cum-
position

o thermal oand radiation stability of

the waste form

e durability, tncluding mechanical
stability and solubility in environ-
mental solutions,

With the exception of rapid. therma)
2lteration under some extreme and unlikely
repository conditions, glass and vitrifi-
cation processes have been demonstrated
satisfactorily in relation to all of these
factors. While other waste forms may
offer some improvements in therma) stabi, -
fty, it is not known whether tney can
satisfactorily accommodate all of the
total system requirements, As an example,
crystalline waste forms possess numerous
phases, each of which has a different
crystal structure, The formation and
stability of these phases are highly de-
pendent on waste composition control. The
argument has been advanced that crystal.
1ine forms are preferable because they are
more thermodynamically stable then glass,



However, this may be a moot point when all
e factors are considered:

e The crystals are not 1) stabl: to
radiation and some will become amor-
phous (glass-lice).

o If gless does crystallize (devitri-
fy), the loss in leach rate perform-
ance 15 very small (less than @& fac-

i tor of 10).

e It is difficult to apply equilibrium
thermodynamics to & system of complex
structures whose overall composition
is mage of more than 30 components

~ and which is subjected to an intense

radiation field,

Multiple layers of protection can pro-
vide an improved waste form. Obviously,
meta) matrices would increase mechanical
strength and improve thermal characteris-
tics.(84) However, 1in general, these new

" alternatives require about the same pro-
m—— cessing temperature as current low-tempera-
turr glass (10500 to 11509C) and will,

8 My cases, require more production

ste,s. Also, data such 2s that shown in

Figure 5-15 do not indicate that tne leach
rate performance improvements will be sub-
stant1al. Figure 5-10 15 teken from Jer-
dgine and Steindler (84) and is representa-
tive of 25 to 1009 cenditions. Data on
supercalcine has been adaed for compari-
son.(45) Recent data under severe hycro-
thermal conditions, 350°C and 135 atm n
salt brine, ingicate that leach rates for
supercalcine are comparsble to those for
glass.(37) Therefore, selection between
alternative solidification schemes may be
gominated by the choice of the simplest
process. However, 1t is wise to continue
pursuing alternative technologies so that
2 suitable backup system 15 available and
to continue to look for a system that may
offer substantial tmprovements,

This philosophy was supported at a re-
cent workshop where ceramic "ad  glass
radicactive waste forms were discussed.
There was general conzansus that the in-
formation avail ole or glass proviced @
good basis to establish glass a5 @
satisfactory waste form and that
crystalline ceramics show promise 25 good
waste forms if much more developmental
work 1s completed.(46) A recent report by
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Mende. (25) describes the use of boro-
silicate "glass as @ satisfactory waste
form for 1isolating high-level radiocactive
wastes.

Considerable development is required
before decisions can be made on the suit-
ability of these waste forms and whether
they offer a substantial improvement over
currently available technoiogy.

SPENT-FUEL TREATMENT

If unreprocessed spent fuels are to be
temporarily stored (ret.ievadly) ir a geo-
logic formation and eventually isolated
there, appropriate spent fuel packages are
needed, The spent fuel packaging pro-
gram (47) in the U.S5. s being managed for
the DO by the Battelle Oifice of Nuclear
Waste lIsolation. The baseline option is
placement of spent fuei in canisters with
only an inert gas (e.g.. %eliom) fill,
Other options being studied include fill-
ing the canister with a metal matrix,
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
the sensitivity of the waste form to the
geology for containment in a repository
will be evaluated. Also, sufficient tech-
nical information is being accumulated cn
the packaging and encapsulating options to
permit an assessment of the alternatives
by 1979-1980. The study will consider
whether any waste form other than the
canistered spent fuel is oesiradble as 2
package for disposal of spent fuel, as
opposed to retrievable storag? which must
keep open the options for reprocessing,
continued storage, or disposal.

Experimental packaging and storage of
spent fuel is plamned in 1978, using faci-
lities previously associated with the nu-
tlear rocket program in Nevada. Several
package. will be examined by Wesiinghouse-
Nevada in the Engine Maintenance and Dis-
assembly (EMAD) facility.(2)

A comprehensive study on packaging spent
fuel was conducted by the Swedish project,
Kaern-Braen-Slesaekerhit (KBS), set wp in
early 1977.(39) The containment proposed
15 @ copper canister that will hold 500
fuel reds, After the fuel rods are placed
in the canister, it will be filled with
lead, and a copper 1id will be welded in
place. The final storage/disposal loca-
tion proposed ft¢ in granite somc 500 m
below ground. Canisters will be emplaced
in oversized holes completely lined with
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isostatically-comprecsed tentonite and
quartz sand, as thown in Figure 5-16.(5)
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FIGURE 5-16. KBS Spent Fuel Isolation
Concept

Granite formations f{nvestigated in the
KBS project showed potential for smal)
water flows (0.1 to 0.2&/m/y) and this
in part accounts for the sophisticated
packaging and emplacement, Disposal forma-
tions essentially free of water are being
sought in the U.S. and less sophisticated
packaging may suffice,

The spent fuel packaging program is just
getting wunderway 1in the U.S, However,
data 15 already available on the leaching
of irradiated fuel peliets in various
solutions (4B) and good progress is being
made on storage of fuel and potential pack-
aging concepts.(2,47) Furthermore, work
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gone to date on packaging HLW for isola-
tion 1% directly applicat e to spent fuel.
Thus, there should be adequate time to
deve lop packaging concepts since uitimate
disposa) of spent fuels s not needed for

25 to 30 y, and retrievable storage in a
geologic formation is not schedules until
after 1985 even if the decis‘on 1% made to
test such storage in the Waste [solation
Pilot Plant (WIPP) in New Mexico.(2)

514



Section 6

CTHER FUEL CYCLE WASTES

Prior sections in this report have dealt
primarily with HLW and spent fuels, This
section discusses other fuel cycle wastes:
cladding and hardware wastes, gaseous
wastes, and other low-level wastes, both
TRU and nonTRU. Mining and milling wastes
will not be covered; technigques for stabi-
112ing these wastes in place are being
developed. Also, wastes derived from de-
contaminating and decommissioning wornout
or obsolete muclear facilities will not be
covered. MHowever, technology being devel-
oped for volume reduction, decontamina-
tion, and elimination of combustibles may
also be applicable to these wastes.

CLADDING AND MARDWARE

In the first step of reprocessing spent
nuclear fuels, end fittings are removed
mechanically, and the fuel rods are shear-
ed into small pieces (1 to 5 cw). The

HARDWARE WASTE

DISSOLVER SOLUTION TO

SOLVENT EXTRACTION

sheared fuel 1s then exposed to a dissol-
vent (MNO3) which dissolves the core
material, A residue of cladding and inter-
nal fittings s left, called cladding and
hardware, or *hulls.™ This sequence is
shown in Figure 6-1.

The cladding and hardware waste is radio-
active odue partly to neutron activation
products generated in the metals and part-
ly to & small amount of fuel material re-
paining on the inner surface of the c¢)ad-
ding. Because of the amcunt of transureric
elements present, it must be considered a
TRU waste.

Light-water rezctor fuels are generally
clad in zirconium alloy (2ircaloy) tubes
which have stainless steel or Incone! end
fittings and spacers, Figure ©-2 shows 2
sample of Zircaloy cladding residue.

FUEL REMOVE END READY FUEL CHOP | CHOPPED
ASSEMBLY FITTINGS MECHANICALLY al FOR CHOPPING | {SHEAR) | FUEL

DISSOLVE
CORE
MATERIAL

-

CLADDING AND
HARDWARE WASTE

FIGURE 6-1. Source of Cladding and Hardware Waste



FIGURE 6-2. 2ircaloy Cladding Residue

Typically, the vresidue weighs about
325 kg/tU for an LWR reference fuel.(49)
Without compaction, it has a volume of
about 0.3 m3/tU (~10 m3/GNe-y). Most of
the material is Zircaloy (70 to BO%), 12
to 22% is stainless steel, and about BX fs
Inconel. Principal activation products
present at 5 y out of the reactor are
60Co, 55Fe, 1255b, 63 Ni, and 125mTe,
Their combined ac.'vity +{¢ about 900
nCi/g Ir. 2ircaloy-2 and Zircaloy-4, the
zirconium alloys generally used in LWRs,
contain some tramp uranium (1 to 3 ppm).

6-2

Moutron irradiation of this yrenium pro-
duces alpha-emitting activation products,
For typical irradiation levels, total alpha
ectivity from this source is, at § {:9”‘ of
reactor, ebout 90 nCi/g Zr (B5 mC1 <Sip,.

2 nCi 48Cm and 3 nCi, others). These
alpha emitters are distributed throughout
the meta) and, consequently, cannot be
removed by any surface decontamination
technique, The cladding s estimated to
contain 30 to 60X of the tritium generated
during irradiation,
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Irragiated cladding has an externa! cor-
rosion product layer up to S0um thick and
an internal oxioe layer & few um thick,
Following HNO3 dissolution of the core
mater ia! about 0.1% of the crre material
remains associaled with the c.adding pri-
marily in the internal oxide layer,

Zirconium and Zircaloy alloys can be py-
rophoric i1 finely divided.(50) Tnig
property of the cladding must be consid-
ered in any proposed Lreatment, storage,
or dispusal of the waste,

To date, only & small amount of c¢ladding
and hardware wastes has been produced from
commercial fuel reprocessing in the U.S.
These wastes were simply dried, placed n
steel barrels, and buried. Defense fuel
reprocessing in the U.5. has involved
chemical dissolution of Zircaloy clasding
and  subsequent storege and treatment of
the agqueous waste. No sulid metallic
waste i3 produced.

Efforts toward improvements in the treat.
ment and disposal of cladoing and hardware
waste have had four major objectives:

e providing & barrier to dispersal of the
redioac.ive constituents

® reducing the volume

e reducing the potential for 2irconiurm
fires

e possibly reusing the constituents,

Many approaches have been proposed and
studied for achieving these objectives,
These approaches include sorting out the
different metals for separate trestment,
mechanical compaction, chemical and elec-
trochemical decontamination, casting the
metals as ingols, putting the waste in an
inert matrix, chemical dissolution, burn-
ing lircaloy to oxides, and volatilizin
2irconium as the chloride. The Technica
Alternatives Document (TAD) presents an
excellent survey of these proposed schomes
and  the stetus of the technology ine
volved.(51) Most of the technologies are
in the small pilot-plant, laboratory, or
conceptua) stage and require further devel-
opment The most  highly developed
technology casts the waste as metal
ingots.(49)

Unless spent fuels are reprocessed,
technology 1s nol needed for treatment and
dispose) of the cledding and hardware
waste. This f1s the current situatien ‘n
the U.5.(52) A PML developrental pro-
gram decontaminates Zirceloy and casts the

6-3

clagding and harcware metals nlo ingots
tor disposal or possible reuse.(49) n
this study, essentially complete deconta-
mination of Zircaloy clagding (except for
internal activelion products) was obtaines
by treating the claddwng with gaseous wF
at approscimately 600°C cna then leaching
it with an  aqueous solution (53] Tne
metal can be melted and cast a5 an ingol,

Foreign RAD on cleoding and hardware
waste includes (6’

France o meltdown of Qircaloy
cledcing for consoin-
gatron and decontami-

nation

Germany e wmobilization of twlls
W concrete

india e interim storage in cyl-
indrical trled holes in
the ground

United Kingdom ¢ CcOMPACLIOn ano encapsu-
latiwon  of  stainless
steel and ircaloy
hulls,

Research being coordinated oy the Com.
mission  of  Efuropean  Countries  in-
¢ ludes :(6)

Belgium e incorporetion in  low-
melting alloys

Germany e incorporstion in con-
crete

France e decontamination and

conditioning 1. gless
United Kingdom « characterization of

rediosctivity in dif.

ferent cladding wastes,

OTHER LOW-LEVEL SOLID WASTES

Low-leve! »0lid wastes are generated in
a!) phases of the fue! cycle, as well as
in RBD activities. They fnclude cleanup
materials, faileo equipment, containers,
and contaminated clothing. These wastes
encompass a wide range of materials, such
s paper, rags, glass, plastics, wood,
metals, and soils. They occupy @ large
volume, as shown by the data in Sec-
tion 2. Some are TRU wastes and some are
not, Under the U.S. reference waste
management system, the non-TRU wastes may
be disposed of in near-surface burial
grounds, but the TRL wastes from commer-
cial operations will be disposed of n @
federal repository.

S ——
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Good management prectices can help to
minimize the volume of toese mastes. Tnig
has been shown whenev:r @ concerted effort
10 00 50 nas been carried oul,

Researcn and geve lupment efforts toward
tmproved managoment of these wastes have
mych the same Jboectives &8s those for man-
aging  claooing  and  narcwdre  wastes.
Empnasis nas deen on the treatment of TRY
wastes  siace Lhese  wastles  represent g
long-term r sk to tne biosphere and therr
disposal v a repusitory will e rela-
Live ly expens ve.

Solid wastes can be diviged roughly into
combustit le and newombustible materigls,
wome of the techniues for Lresling tnese
wasles arc:

1) Comtustible 50110 wasies

Mechanice ] compaction

Incineration of oxidation 16 HNGy-H;50

Frsation of residue 1n & matrix

Recurery of actinides from incinerator
ashesy

2) Noncombustable Solid Weste

Size reduction

Mechar 1ca! compaction

Meit.ng ¢t metals

Decantaming: ion of equipment for reuse

Fization in 2 matria,

Tne TAD preserts 3 good summary of past
accomplisnments an all of these ereas.'5l)

Incineration of combustible nuclear
wesles has already been applied on g plant
eng piiot scale at numeruys sites, botn
U.5. and foreign. (61} Currently, the DOF
supports deve lopmental stunier on 8 fluig
beu ncanerator et Spcky Flats, (54) g
tontrolled air ingcinerator at LASL, (55)
and en HMO3-Mp'0g Jagestor for oridation
of organic materials at MEDL.(5F)

frcellent decontaminatinn  of  metal
surfaces by electropolishing was accom-
plished an PNL studies.(57) Otner studies
on ammop i 1i2ation of incinkrdtor ashes and
other  TRU  wastes in glass, concrete,
ceramic, and cerr t forms are in pregress
The U.5. program s aesiyned to demon-
strate tne required systems for processs
ing, packaging, shipping, and 1solating
alptia-buaring wastes by the mig 1930s.(57)

GASEOUS WASTES

Certain fission products and neutron acti-
valion products genergled during irradig-
tion of nuclear fuels are nert gases or
become g3sEs Quring reprocessing  opera-

tions, Those of most concern in waste
management are Bigr  129] VA ang 3y
(tritium), Data on these four sy .Cpes

are shown in Table 6-1.

S0 far, these nuclides, with the escop-
tion of 1291, have been distharged to tre
atmosprere, Discnarge limits effective in
1983 nave been established by the U.S5. iPA
for B5kr (35 x 10%C1/Gwe/y) and for 129]
(Y mCi/Gue/y).(58) These correspond  to
decontamination factors of about 8 and 740

TABLE 6-1. Goseous Isotopes of Concern in Wasts Management(d)

Half Life, Quantity per where Chemical Form
Years Source Gae-y (LWR) Released Dischirged
B85y 10. 76 Fission 3.3 2 10° Fuel Kr
dgissolytion
129; 1.6 x 107 Fission L2 G Fuel 17 or organic
dissolution icgroes
14¢ 5730 nactivation 9-49 (fuel Reprocessing €07 or cardbo-
of C, N, . 0 only) Ci plant, some nates
0 #t reactor at reactor
In 12.3 Ternary fis- 2-4 2 109 Ci Reactor and W10 or W1
sion, some reprocessing
ectivation plant
of impurities
a) Materia) taren . Heference 5B.

.
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for B ans 129], respectively, as com-
pared 1o cosplete release, Discharge lime
s for 34 and 130 nave mct yel been
set in tne U.S.

waste management WAD on these sotopes
tan be divided oo w0 phases: 1) recov-
¢ry of tne sotope, and 2) cenwersion Lo @
form suitable for storage anc dinpousal
Tre status of wéste management 4D for
these 15CL0pEs 15 sutmar iZed below,

B .

A piart for recuvering E9%r from dise
sulwer off yas dy cryogenic orstaillation
%N Gperation et INEL.(59)  Dteer such
plants ore being Ouveloped 1n France, mest
Germany, Jagan, ano Belgium, A plang
Sased € higuid absurplion s in ¢old
upiration at Dan Rigge.(60) Long-turm hot
oemonsiration of the process 18 feeded,

Sturage  forms  dnvestigated for Kr o ane
Cluge: 1) containment i pressurized cyl-
Inders, ant 7) InCorporation an  wnorganic
materials, suth 35 glass, ceramics, 2eu-
hites, ond metals.(6l) Concern Gver long-
term containmenl o prosserilec oy lifiders
promuts taas second qroup ¢f studren. To
Gate, tnese tectnologies are stall an tin
latioratury stage,
l39l

Techology exists for the removal of ol
e Feom gas streem (510 Ly aguruus scrube
brng (Nale, HgihOy)s«riliny ~20 M Hilgl, end
Ly chromatograpric  sorplion  on  solids
(uharcoal, silver-impregrates soligs, and
ontel zeclites).  Present RAD offorts are
directed towadrd converting the 1odine Lo
forms edequate for long-term (ontainment
in geologic isolation (the halt-life of
1290 v 1.6 5 107 y).  Tne total quantity
of 1071ne present in spent Lak fuely s
relatively large (0,25 &g/tY, oang tne
cost of expensive metals, suth as WG anc
Ag, required for recovery of the 10dine 1§
signif cant.  Thus, there 15 an incentive
Lo reciser these metals for regse,  Ree
search and deve lopmunt on storegze/isulatirn
forms of 1odine are In tme  laboretory
stage.

3y

For stainless-steel-clad fuels, mos. of
the tritium will have escapec tarough the
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cladding during reactor operation, Of
that remainsng, most (69%) wil) e re-
leased to the gissolver solution as HY0 n
the reprocessing operation, For Zirciloy-
clad fuels, much of tne tritiem i con.
tainea o tne cladding and 1s not released
c¢uring dissolution, Tnat which does enter
o the dissolver solution may be relessec
a5 Aukous wtflyents or as wdter vapnr,

There are three main options for iritium
manageneni

o Tritium can be evllved and recovvred
with @n agueous solvent betore the sol.
vert  contacts fuel, The woloaidgation
process developed at Oak Raidoe has given
tratium releases >90% during vesting of
chopped fuel (4507 to SO0°C for four to
sia nours) . (62)

Tnrount  #Quetus recycle an tne plant,
tratium can be removed and solidf o
n oa wmall side strean, Mowever, there
miy De  sagnificent  an-plant  cxposure
probiems with this approach,

o [sotopes cAan he enrictird and trne WD can
be collected frem the 113018 stream,

Tritiu= as K10 can be *ncorporsled an
woncrete byt migrates out rapidly f moise
Lure 15 present, A combination (uncretes
polymer material recently dumonstrated an
the U.S. shoss promise for providing the
necnssary  centainment (630 Collectien of
W10 on drytng spente (e.q., silica gel,
tivated alumira, or molecular sieyes)
followee Ly emcapsulation to prevent HWIO
release may produce an Adequately stable
form, Formation of metal hydraides, such
&% Zirconium .ydride, may be applicall:,
Inese processes are all in tne laboratory
or gemonsirglion staje.

ey R
—

1t 15 not clear at this time that col-
lection and storage of 19 will ever be
necrssary. v 1L should Decome necessary
to contro! 4L emissron, existing tecn-
nology for removal of (02 from gases
coule probadly te applied. because of the
long half Nife of 150, geologic 1s0la-
tion 1§ needed.  Seeh 1solstion may be
effectea os a part of krypton solation
processes. One of several relatively n-
soluble carbonates woule probadly be an
sdequate disposal form,
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Section 7

TRANSPURTATION CONCIDERATIONS

Any discussion of nuc lear waste manir.o .
ment must consider the problens of trics.-
porting nutlear meteraals.  Transporta! ion
15 & netessary link an all aspecty of the
nut lear fue! Cycle and will become InCreas
ingly <ritical an an  expanding  nuc ieer
econumy, It s especrally critical with
highly radioactive materials,

Ak

At present, TRU wasles are shipped only
i DN Lwned railcary which are neither
lcensed nor avatlable to  industry.(2)
There arc only about ten rallcars and it
wou 10 take decCades wiIng Lhese cary to
trarsport Lthe defense TRY wastes expected
by 1985 to the WIPF facility,

Spent fuels are transported, either by
truch or by ratlcer, n specially-gesigned
cesks. Tne ability of such casks to with-
stand credible transportation accigents
witnout breaching and loss of contents has
been & point of concern. Recently the San-
dia Laboratories have conducted fullescale
crash tests on shipping casks.(54,65)
Truck- and railcar-mounted casks have been
crashed 1nto virtyally tmmovable concrete
targets at speeds uwp to 136 km/h (B4 mi/h)
with only superficial damage to the cask
and m rupture of contained fuel ele-
ments. These t€sts are reassuring.

Conisters of high-leve! wastes would be
transported in casks similar L0 those used
for spent fuels. One conceptual design,
shown n Figure 7.1, proposes o rallcar-
mounted cask for waste canisters.(66)

The cask will hold nine waste canisters
20 ce (n) ft) in diameter with @ total
waste wolume of 1.58 m’), Based on d¢ita
fron Pratt et al..(5) this volume of HLW
wou ¢ correspond to “about 0.36 Cwe-y from
an LWR fuel cycle. WMo shipping cesk spe-
ciftcally designed for MW canisters has
yet been built., |f spent fuels pre never
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reprocessed, shipping casks for commmr(ial
wastes will not be needed.  Casey for
shipping defense MW could differ consiee
erabily in design because of tne low $pec -
fic decay hedt contert of the wastic,

Tne DOF Task Force for Review of Wuclear
Weste  Management’?)  eapresses  concern
about the avatladility of equipment fur
(ransporting rid and TRU wastes. The ¢ur-
rent commeccial cask inventory can Lrans.
port only adbout one-third of the spert
fuel outpul from currently operating ro-
Lors,.  Recently industry an the U, 5, and
sbroad (67) nas cosmitted to build more
casks, Curreatly, there are no special
requirements  for  transporting  low-lvve
wasles,

BLGULATIONS

In the past, nuclear materials nave been
moved around the courtry with relative
ease and with only & few Incrdents, o't of
whith heve been minor, The prospects for
greatly  increased  movements  of  these
gaterials requires good communications to
essure public acceptance. Transportation
of wuclesr materials in the U.5. 1
subject to  regulationt  Issued by tne
Department of Transportation (€5) and tue
Nuc lear Regulatory Commission.(€9) Similer
regulations developed by the TifA are in
vse throughout the world.(70)

SECURITY

The present WNRC, DOT, and DO positinn
s that guards are not needed Our = trans-
pert of spent fuels and TRU was - Witn
sdequate administrative conteols. | vds
should be needed even less durt.y . Jng.
port of HMIM. Risk analyses of trans.
porting nuclear materials generally con-
clude that the risk 15 transportation
peraonnel as well as to the public, 15 very
swall (71.73)
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POSITIONR
O EALH CANISTER

7\

LEAF SPRING
(3 EACH CANISTTR)
OUTER COVIR PLuC

IMPACT FINS

FIGURE 7-1, Conceptual Solidified High-Level Maste
Shipping Cask and Railcar

However informative and reassuring these
studies may be to the authors @and their
technical peers, the results must be avail.
able publicly in lay terminology 1f wide-

spread transportation of nuclear materials
i~ to be accepted by the public. A con-
certed public education effort is needed.
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Section €

WASTE REFOSiTORY

Altnough various waste disposa) alterna-
tives ore being studicd in the U.S5., cur-
rent empnasys 15 on land (geologic) dis-
posal. Several criteria nave contributed
to agopting geologic disposa’ in the re-
ference U.5. nutlear waste wanagement sys-
tem:

e must available technology
o less transportation
o tewer emplacement probloms

e most certainty as to long-tlerm stabi-

|\ly
e fewer problems  with  interngtiona)
djreements,

GEOLOGIC TSOLATION

Current activities in geologic site sea
lection an tne U,S. erphasize trhe use of
S0t Leds; nowever, Otner geep, potentislly
gry formations, such as granite, shale,
and basalt, are also being considered, &
waste-150lation pilot plant (WiPP), in-
tended as a final disposal site for de-
fense TRU wastes and as o place fur con-
gucting RAD witn other waste materials in
salt, s scneauled for operation in 1985,
A proposed site near Carlsbad, KM, hes
been Lhosen, Bnd data are being colle ted
for the nccessary prelicensing documents-
tion. A conceptua) drawing of tne W[PP
facility 1% shown in Figure B-1.'724) Tne
faciiity will nave two storage levéls.(75)
The wpper level, 42100 ft oelow the
surface, will be for contact-handled TRU
waste. Tne lower level, 2600 ft below
the surface will be wuses for remotely
hand led waste and HLW experiments, & DOE
nuclear  waste  management  task  force
recommends that capability for doing R4D
on dispesal of defense HIW and on a limit-
ed smount of unreprocessed commerci.l fue)
be included in the design.(2)
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EarTier empnasrs in the U.S. on dispusa
of nuclear wasivrs wds Als0 00 tue use f
salt Dens because: s

e Ly natury, 53t beus are ory.

o They are considered geolocically sta-
Yle.

o [because salt  creeps readily unle
pressure, Cracks in the <alt shools
tera to be self-twaling., fatengive
testing on 3 nonradicactive MasIS als
gone  in 3 salt dome eear Lyors,

f 24"
v e, PR

Any permanent drsposal of nucledr aistes
must w=asure LLat Ao event or comdination
of events, man.made or naturally; occers
ring, <an return the wastes o tre Dio-
sphere in amounts greal enaush 10 Cluse 2
significant risk to the bicspnere, Fure
thermore, the procedures of putiicy ing
#dstes n appropriate forms f0r gisposal,
transportaing them to the disposal site,
and empiacing tném n disposa! mast enta]
on acceptable risa 10 the biosphere,

Recponsidility for the DOI program for
1solaticn of comercial wastes w35 deen
recently smittes o Eattelle  Ye-urial
Institute,  Tre O0fice of Nucledr wasts
Isolation (O%m!' a3t Battelle wil) most
Tiely recomend o salt lozation for tap
first commercial repository.  Tne DI Tase
Force concluded tnat the earliest possidle
date for this candirdate site selestron s
1979 an¢ for repository operation, 1934,72)

‘The 0Nkl program will also evaludte poten-

ti1al sites n basalt, shale, ang granite,

Tne DOE s1te at Manford rests on decp
beds of basalt that are tnouwsnt to be
relatively dry and geologically stable,
Cnaracterization of the geology of the
site anc the basalt beds is in progress in
4 study conducted by Rochwe!l HNanforg
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. FIGUNE 8-1, Waste Isolatfon Pilot Plant in New Mexico
- Operations.(77) Research and development determine 1f disposal of nuclear wastes at
Futtcen on the disposal of MW and unreprocessed the site would be compatible with pre-
DS spent fuel in a basalt Near-Surface Test dicted efforts of continued weapons test-
b Fact)ity (NSTF) is also underway.(77) ing.
iy Excavation of the NSTF began in July
g - 1978.{78) The three tunnels shown in A detatled study of the disposal of nu-
e ™ ngre_a 2 will be mined simyltanecusly in clear wastes in granite formations 1is in
- Gable Mountain at Manforo., Electric heat- progress in Sweden. Tests using electric
) er tests arg ochedylad to begin there in heaters to simulate waste are underway in
.4 August 1979, the Stripa mine in Sweden, The U.S. s
participating in these tests through joint
» ' . Hork 15 in progress to evaluate the po- funding with Swedern,
: tential for muclear waste disposal at the
. DOE Mevada Test Site (NTS). The principal Tests of *he behaviom of domed salt
! contractor for the NS studies §s Sandia formations under heat loading will be con-
-~ t Laboratories. A major objective s to ducted in the Avery lIsland salt mine in
- i
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NUCLEAR WASTE

EXCLUSION DOORS

INSTRUMENTATION
WOLES

FIGURE 8-2. The Near Surface Test Facility at Manford

Louistana by RE/SPEC, Inc., and Union Car-
bide Nuclear Divisior,

Ther .ochemical and mineralogical changes
in toated ergillaceous rocks are being
observed in a test underway in Conasuaga
Shale at Oak Ridge. The principa)l con-
tractor is Sandia Laboratories,

The physical operations of emplacing nu-
clear wastes in a deep geologic formation
present ro problems new to the mining and
nuc lear industries. Tne basic concept in-
volves constructing vertical shafts tu the
emplacement depth, excavating lateral tun-
nels to rooms where th canisters are to
be emplaced, and boring the actual em-
placement holes.(79) Special equipment is
reeded to transfc’ waste canisters from

the 1transportation wehicle to mine-han.
dling equipment at the surtace, lowsr the
canisters to the emplacement leve)l, trans.
port them to the emplacement site, and
emplace them, Adequate shielding, decorn-
tamination equipment, and air control myst
be provided so that operators and the en-
vironment are protected from contaminae
tion. Al of these safeauards are famil-
far to the mining and nuclear ingustry,

However, the fact that the wastes to be
fsolated contain radipactive materials
that emit decay heat and represent risk to
the biosphere for many thousands of jyears
presents some new factors to be considered
in the select:on, design, and operition of
2 geologic disposal site, GSome of these
considerations are listed below:

v



The site my ¢ remain intact and un-
disturbed for many years, No mining
aClivities can be permitled in tne
ViCI’»il’-

Geolog'c 1solation in the y.S. has
been previously based on the premise
that the disposal site will be es-
sentially free of water. Given a ary
formation initially, water must be
excluded during mining, emplacement ,
sealing  operations and subsequunt
storage.

Ducay heat cmitted by the wastes (see
Figure 5-9) will neat tne surround ing
hest material, causing expans on and
possible  chemical reactions, espe-
cially f nigh-temperature water is
present, Excessive  expansion can
Cause the host material to fracture,
potentially allowing water to enter
the repository from the surface or
from underyround aquifers.

Intense radiation may produce signi-
ficant physical and chemical Changes
n Lhe wastes and surrounding media,

If water enters the repository, cor-
rodes the waste containers, and comes
'Nocontact with the wasie, the rate
3l which the waste 15 leach d will
Increase wit's increasing tempe, ature
of the warte-water interface. This
becomes m.ch less of a problem as the
fission product neat decays.,

Geologic isolation is based on tne
premise chal no prenomenon, man-caused
T fatural, will occur that will ex-
pose the wastes to fluids (ground
watar) that will carry them to the
bivsphere., Bul, since repository
Integrity and the exclusion of water
for nundreds of thousands of years
€annot be gquaranteed, multiple bar-
Fiers to the dispersion of the waste
iy be burlt into the system if
necessary,  For example, the WLW is
converted to a relatively insuludle
form, and the waste may be encesed in
one or more metal containers which
corrode very slowly in the environ-
ment. Jon exchange materisls, such
8s bentonite clays, may be packed
dround the waste to absord waste ele-
ments from agqueous solutinn and re.
tain them. The repository may be
lccated where entering waler must
pass through a long path of absorbding
materials before it can reach the
biosphere,

' - 3 o
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e When waste emplacement in a termina)
repositery 15 completed, it must be
Dackfilled and the shafts and tunnels
leading to it must be plugged. How
the backfilling 15 done will affect
the thermal regime, as well as the
expansion  and  sudsidence in  the
repository, How the shaits are
plugged mey influence the long-term
1solation of the repository.

The reader is referrea back .lo Section §
end Figures 5.9 through 5-13 wnere some of
these repository desians issued are ad-
dressed.  All of the above concerns affect
the design of a repository for long-term
1solation of thr radicactive waste, To a
large extent, the above concerns can be
minmized 1f a conservative design concept
s chosen. Many of tne egriier design
efforts for commercial waste repositories
In the U.5. have been directed toward re-
latively high thermai loadings in waste
repositories.(36,80) This high tempera-
ture has caused some concerns.(Bl) wWith
lomer temperatures, there would be less
concer about predicting the long-term
benavior of the geology. |In addition, if
the temperature in the repository at tie
rock-canister interface was ot oOr below
100°C, the rate of attack on the woste
package would be minimal, [f the reposi-
tory design allows temperatures of 300°C,
then even though entering water wouly re-
Ouce tne temperature, it may still be hot
enough Lo rapidly attaus bnth the waste
ond the host rock near the conister.

The DOE Task Fforce(2) states that the
plan for geologic wasté isolation and its
implementation should emphasize technical
conservatism. The overall system proposed
n the Seedish KBS safety study 15 an
exawple of conservative design and muiti-
barrier protection directed toward mini-
mizing the ri.k of system failure.(39)
Key features 7 the system are listod in
Tedie B-1. The 3wedish repUSItory scheme
9es not have nearly o many concerns as
were agddressed above.  This concept s
snown in Figure B.3,

It s likely that repositories can be
cdesigned, constructed, and safely operated
without nearly as much conservatism as
emloyed in the Swedish system, However,
without some degree of conservatism, such
85 either the use of multiple barriars or
lower temperatures, i1 is Questionadle that
one could prove that a repository system
is adsolutely safe. In actua) practice
there will be an ipso facto temperature
limit since tme first wastes to be placed
in geologic repositories will be low-heat
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TABLE 8-1. Proposed Swedish Waste Isolation Scheme

Step

feature

Reprocess the spent fuel 2 to 10 y after removal
from the reactor,

Yitrify the HLW n borosilicate glass in stainless
steel canisters with a 9% fission product loading
in the glass. Store until 10 y out of reactor,

Store the canister of i glass for 30 y in near-
surface repositories.

Place 10 ¢m of lead around the stainless stee) MLW
can and cover the lead with &€ mm of titaniyum,

Place the canister in a bentonite-quartz barrier
within the grauite repository at a depth of
500 m.

The 10 y period decreases fission
product heating and radioactivily,

Borosilicate glass is stable and
relatively insoluble. The 9%
loading further decreases the
thermal loading in tie canister,
The stainless canister is part of
the vitrification process eand
provides adequate containmen' for
interim storeage,

This provides further decay of the
fission product heat and decreases
the radioactivity,

The titanium provides a 1000-y bar-
rier in the repository conditions,
The lead shielding minimizes hy“roly.
sis of water which could accelerate
corrosfon of the titenium,

The bentonite s an fon exchange
material that swells when wet to pro-
vide low water permeability,

The granite repository will have
water precent, but the ther=al load-
ing 1S such that temperatures will
not exceed 7000, which should

cause little, if any, change in the
geology.

defense wastes ond long-cooled commercial
wastes,(25) Ea y operative experience
would then provide a basis for future
design,

In addition to stusies noted above,
several studies are in pr-gress to provide
the data needed for repository design.(B2)
The Office ot Nuclear Waste Isolation is
directing studies at many of the national
Taboratories and at several universities:

e heat transfer and thermal analysis
programs to predict time-temperature
distributions encountered in geologi-
cal disposal of thermal radioactive
wastes

rock-mechanics studies to predict
structural behavior of & repository
during construction and operation and
long-term  emplacement of nuclear
wastes

bore-hole plugging studies, including
develaping special cements, devising
techniques to accurately measure pro-
perties of the cements, and verifying
the techniques by field testirg

waste fsolation safety assessment, to
develop the methodology required for
the assessment of long-term safety of
geological disposal,

The other repository programs at Sandia,

o wiste-rock interaction studies to Rockwoll, and Nevada Operations Office

characterize the chemical, physical-

chemical, geochemical, and radio-

chemical reactions between emplaced

;:g:ooctive waste and  surrounding
[

caw

have similar studies underway. A discus-
sion of the OKLO natural reactor and its
relevance to geoloaic fisolation of radio-
active waste is presented in Appendix C,
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OTHER DISPOSAL ALTERNATIVES

Several alternatives to land (geology)
have been considered for the ultimate dis-
posal (isolation) eof nuclear wastes.
These include the following:

e Seabed--stable deep seafloor (abysmal
plaing), swaouction zones, Oeep
trenches, and rapid sedimentation
areas (e.q., deltas)

e lce sheets--the Antarctic fce sheet

8-6

o Extraterrestrial space--space orbits
designed to ensure that the wastes
can never reenter the earth's atmo-
sphere,

A special case of nuclear waste manage-
ment . involves separating (partitioning)
the ‘long-lived alpna-emitting elements
(ThU elements) and returning them to nu-
tlesr reactors where they are converted
(transmutec) to shorter-lived or inert
fsotopes. The residual, shorter-lived
waste might then be disposed of under less
rigorous conditions.
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A Oetailed study was made in the U.S. of
these various @ispose) alternatives.(8d,
Site locetions, appropriste waste forms,
modes of transportation and emplacement,

o ——— o ——————— . -
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risk to the biotphere, ang preliminary
cost estimates were considered in  the
study, The TAD also addresses many of
these alternatives.(79)
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Section 4

WASTE DISPOSAL REGULATIONS AND CRITERIA

Establishing and implementing a nuc lear
waste management system involves: define
ing alternative approaches, risks, and
Custs; establishing criteria and regula-
Ltions; and obtain.ng public acceptance.
This section will discuss progress in
these areas.

CRITERIA, AND

LRATION

REGULATICYS,  LICCINSING

In the efforts to meet all the require-
ments for safe and reliatle disposal, one
key element 15 the performance criteria
which are wsed to evaluate the systems.
Tnesv Criterie are required so that “safe”
15 safe enough. Although these criteria
eore notl yet established, 1t appears they
will be finalized n the nesr future.
Botn the EPA and the NRC have important
roles in providing or regulating criteria,

The EPA nas responsibility for setting
radiation protection standards for radio-
active wastes with: 1) broad responsi-
tility to provide Federal radiation guid-
ence for all vradration directly or
indirectly affecting health, and 2) speci-
fic responsibility for setting generally
anplicable environmenta)l standards outside
the boundaries of sites which possess
redioactive materials suwject to regula-
tion under the Atomic Energy Act. The EPA
standerds are neither method nor site
specific, The MRC will regulate waste man-
agement  operations, assuring that EPA
standards are met, The DOE 15 responsible
for developing the waste management tech-
nology and for operating WLW sites in cone
formance with MRC regulations. Thus, the
three agencies cen be differentiated by
the ir responsibilities:(84)

e The EPA sets rediation
standards.

e The WMRC regulates waste management

operations to meet EPA established
limite,

protection

o The DOL operates sites in conformance
with NRC regulations.

The EPA plans to publish general envi-
ronmental criteria in 1978, These will %e
quite broad and applicable to all forms of
rédioactive waste., MWorkshops were helo
in 1977 in Reston, VA, and Albuquerque,
NM, to achieve broad public participation
in preparing these criteria, The time-
tabie for EPA's WLW prog-am 13 designed to
coordinate with the needs of the DO[ to
design disposal “acilities and of the KRC
to create & regulatory structure, The EPA
has formed an Interagency Working Group
made up of representatives of DOE, NRC,
and USGS to exchange buth technica)l ang
program intarmation.(84) Six criteria for
radioactive waste were provided by EPA for
comment in  Novemper 1978: 1) definition
of radioactive wastes, 2) length of is0la.
tion period, 3) assessment of risk, 4) yn-
scceptable risks, $) lozations for radio-
active waste disposal, and 6) procedures
that provide additional protection,(E5)

Currently, the regulation most appli-
cable to high-leve)! waste s 10 CFR 50,
Appendia F.(18) This  regulation  states
that MLW must be solidified within § y
after reprocessing and be shipped to a
federal repository within 10 y after re-
processing. The regulation also requires
thet the solidified waste be chemically,
thermally, and radiolytically stable to
the extent that the nternal pressure not
exceed the safe operating pressure of the
canister for the pervod wp to 90 days
#fter receipt sl the repository.

The MRC 45 currently preparing a new
regulation, 10 CFR 60, which will dea!
with disposal of high-level radiocactive
wastes in geologic repositories. A draft
of this regulation may be available for
public comment {n early 1979, The
proposed regulation will be in two parts.
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One part sets forth the general rules gov-
erning the licensing of DOL to receive,
store, and dispose ¢f high«level waste 1n
8 geologic repository, The second part
sets fo~tn performance objectives and
technical criteria for site suitability,
gesign, end operation of a geologic reposi-
tory. Tne regulation is directed to geo-
loyic repositories because: 1) it 15 the
DOL's currently Iintended oirection, and
2) with the possible exception of perma-.
nent surface storege, geologic drsposal s
believed to be the only present metiod
which reasonadbly assures that the waste
can be disposed of with no undue risk to
public tealtn and safety., An ML E1S will
provige technical arguments that swupport
this belief,

Currently there are two major perform-
ance objectives proposed in 10 CFR 60.
Tnese are:

e Facility Design and Operation: The
faciTity and ts systems snall be de-
signed and operated 7 as Lo assure the
control of radiation releases and expo-
sure, as required by 10 CFR 20 imcluding
ALAKA,

e Long-Turm  Performance: The  seasled
repository shall Be Shown by state-of.
the-art procedures and analysis to have
sufficient multiple natura! and engi.
neered barriers Lo wdsle migration to
conservattvely prevent the transport of
radionuc lides to the biosphere n
amuunts exceeding stceptable releases.

RISK STUDIES

Severa! investigators have wsed the
*toxicily® or *hazerd index® approach in
#n altempt to put the potentiz! risk of
nuc lear wastes In perspective wit . the
risk (radioactive or chemical) of naty-
rally-occurring ores:

e Hamstra (B6) showed that, after 300 to
500 y of "decay, the toxicity of tne
high-level waste from LWR reactors 15
less than the ore from i h the
uranium came,

e Conen (B7) comuered the projected
release Of redionuciides from 3 geo-
logic ryepository to the natura)l re-
lerse of radioactivily from the
earth's crust, He concluded that
nuc lear power 15 3 method of “cleans-
fng® the earth over the long cerm,

9-2

because the toxfcity of the wastes was
less than that of the radium from the
natural uranium ore deposits,

o Tonnessen and Cohen!BB) cnowed tnat
the toa'city of LR and LMFER westes
15 less after 200 to 300 y than some
chemically toxic ores. Tneir results
are shown in Faigure 9-1,

Khile tnese analyses are nelpfyl,
have several himitaticns:

they

o Tnese analyses oo not adiress tne
transport of radionuclides in geclos
gic and biologic ewdia,

o They distribute the risk over all of
sociely nstead of to individuals
living nedr the repository,

e Finally, they assume thal the repost-
tory will be equivalent .0 the naty-
ral geolngy in preventing nuclear
wastes from reaching aymans.

More detalled studies are in progress 1o
provide ¢n @dequate Dbasis for setting
criteria,

A study ras been .ompleted by Burkholner
which considers the waste form/repasitory/
geologic and biplogic site &y & Sys-
tem.(89) (Several uther studies are alug
underway.) Tris  study determined  the
wmportance of the verigus barriers to
radionuc 11de movement, assuming that sume
event had occurred which permitted flowing
waler L0 coriett tne waste. 1Ine nuclige
retention and leach resistance barriers
were found more important than the con-
tainment Darrter, but the containment
should prevenl water from reaching the
woste wntil the waste temperature 1% low
enough to prevent rapid leaching, Thig
condition céan be made wmore certain b,
proper selection of the geologic formetion
and by proper oesign of the repository.

A timiler study (90) performed the same
analyses for spent “Tuel, cladding waste,
and various other solid wastes (TRU, LLM,
ore tailings). Some conclusions were:

o Spent fuel requires greater nuclide
isulation than MW because more U ancd
Pu are present,

.o Good fisolation conditions, compared
to storage in the Dbiosphere, can
greatly reduce the projected maximum
dose consequences to  Individuals.
Poor conditions can increase fit.
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o lsolation at myltiple sites can re-
duce the requirements for  leach
resistance of some waste forms,

Work s continuing on barrier and system
studies ot Law-ence Livermore and Sandia
Laboratorfes (MRC-sponsored), the Univers
sity of New Mexico and Arthur 0, Little
(EPA), and the Pacific horthmest Laboratory
(D0E). Relatively little has been reporte
ed but the repcrts available suggest that
significant progress is being wade.(91-95)

A discussion of the OKLO natura) reactor
and (ts relevance to geologic 1solation of
radioactive wasle (s presenled in Appens
dgix C.

SUPPORTING DOCUMENTATION

Important links in the do:igion-making
thain include defining the va<ious options
that may exist for nuclear «2ste manage-
ment and detlermining the relative cost of
these options, both in allars and in
envirormental f{spact., Documentation com-
leted or 1in progress in this area s
ighlighted belom:

Technical Alternatives Document Completes

A study bhas becs completed which
characterizes an¢ ' ‘Ties  various
tachnoivgres for managing the nuclear
‘Wstes  produced in  reproredsing  LaR
fuels, This  report, 1tne Technical
Alternatives Document (TAD), will serve
s @ reference cocument fom the preparas
tion of environmental impact statame. sy
ang other documents required for licens-
ing the construction and operstion of
waste management facilities,(24)

Comercial wWasie Panagement Staterent .
Frepares

A generic envirormental ‘mpact state-
went (GEIS) on the menagerent of cowner-
cially gererated nuclear wastes has been
prepared,  Recently, PNL completeo @
modification  of this document | a
Commercial Waste Miaragement Statement
(Cav5) (96), besed on quicelines from the
report Dy the DOE Tosk Force for review
of Huclear Waste Management(2).  The
study was completed 1n September 1978
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Coglete
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PUBLIC ACLIPTANLL

P lic coancern owor enyirormerty) guals
fly has increased Lroeendoysly 0 the Va4t
fow decades, The recentl referengum o Foue
clear facrlitres in (alifornia, the cure
rent threat of & referendu= o hewm Yory,
g the many protests over nuclear con.
struction gre a~ple cvidence of th's coie
Cern, AL the same Lime, aben Lhe 1sse of
decrding on a nuclear meratorium eas put
before the voters n five states, Dy 4 twse
to-one margin, those who woled favured
eontings g develuprent of nuclesr power,
However, the public concerny are eviient
ad they conclusively show that put i
Keeptance must be won A1 nyllear erery,
15 Lo continue 1o grow. The [ntergaerncy
Review Group study has instityted open
reetings of the propesed U5,  racleer
waste management plens, The EPA hys cone
outted cimilar open meetings on criteria,
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(46%5) b barnwell, SC. To date, 2 plant-
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products much as are present in the nu-
clear wastes whose disposal 1s of concern
now., And they were contained in a geolo-
gic formaticn in a manner somewhat similer
to current plans for isolating nuclear
wastes, Here, then, is an excellent
opportunity to study the fate of redio-
active materials, comprising the same
chemical elements of concern L0 us now,
when placed (formed) in geologic isolation,

If nuclear wastes are placed in a dry,
or nearly dry geologi: formation, a major
concern 15: What happens if water somehow
gets into the repository where it may re-
act with the wastes and possibly carry
them back to the biosphere? Mathematical
models, based on what we know aboui the
behavior of waste constituents in aqui-
fers, ave constructed to predict what will
happen, how long it will take for specific
constituents to Lravel and how far end in
what amounts. But the times of concern
are long compared to present experimental
capability and it would be helpful if
there were a real system with which to
compare calculated results.

The OKLO reactor sites are very helpful
in this regard. It is postulated that
water had Lo be present in the gyranium
deposits to carry and concentrate the
uranium there and Lo moderate Lhe neutrons
Lo maintain the necessary chain reaction,
Also, it is probable that the uranium de-
poOsSits during their gctive reactor period
were buried deeply beneath the surface,
and the event occurred long ago, giving an
ddequate time frame,

What has been
helpful?(3)

learned so far that is

e Most of the rare gases (Kr, Xe) are
gone from the reactor sites.

e Most of the viTent metals (R,
Cs) and the bivg¥ent mctals {Ba, Cd,
Sr) nave -134 od away.

s Most of the molybdenum is missing,
e Most

%Imd
r.

e Most of the higher valence metals

have remained in place during the
nearly two billion years since the

of the 9gr
in place until

apparently re-
it decayed to

c-2

deposits  were  reactors.
Cluges the  long-lived
elenents which we wish to
many thousands of years.

Thisg in.
Ltransuranium
1solate for

How can this information be applied to
the concept of geologic fisolation of nu-
clear wastes? [n general, the results

agree witn current technology on the beha-
vior of varicus elements in an aquifer n
contact with soils--high valence metals
tend to be retained; low valence elements
tend to move. Retention of the long-lived
transuranium elements even in the presence
of water is encouraging bhecause even if
water enters an initially dry repository,
these long-lived nuclides will not become
dispersed over verv long time periggs.
The observation that most of the Sr
decayed 1o Ir b:fore strontium migra-
ted indicates tha: migration of the bival-
ent metals wes slow even with water pre-
sent (VS has a 30-y half life). 1If an
initially dry repository remains dry, or
the wastes a*e protected by engineered
barriers, for several hwndreds of years,
the short-lived nuclides will ogecay in
place to levels that represent little bio-
sphere risk,

Care must be exercised in extrapolating
these results to any given geoloyic re-
pository. The exact geologic history of
the OKLO site is not 1likely to be dupli-
cated by a modern waste repository. Mi-
gration rate dats used for the various
isotopes mus' be site-specific for a pro-
posed repository., But the OKLO data do
lend credence to Lhe concept of geologic
disposa) and encouragement that conditiuns
can be found or engineered to assure long-
term retention of critical radionuc lides,
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