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Management of nuclear wastes arising in the course of
nuclear fuel cycles has now become an extremely important issue
in respect of fully implementing nuclear energy programs. In
this work, three modes of reactor strategies are chosen and
discussed; (1) Once-through type light water reactor, {2Z) U-Pu
cycle light water reactor, and {3) U-Pu cycle fast breeder
reactor. The arising of wastes in each mode of nuclear fuel
cycle is first estimated for unit nuclear power generation of
1 GWe-year and the amount of wastes to be managed in each year
is then calculated as the point starting for sélving the
problems in waste management. Assuming the 2nd and the 3rd
reprocessing plants are not operative, the decrease of waste
arising is also estimated, which, nevertheless, claims the need
for spent fuel storage pools. In addition, the arisings of
decommissioning wastes are evaluated to identify their effect
on waste management.

Based on above fact, a generic logic of waste management
is brought about, placing major emphasis on volume reduction,
barrier- and decay-effects. According to the characteristics,
the wastes arisen at each stage of nuclear fuel cycle can be
categorized into (1) extremely low-level waste, (2Z) low- and
intermediate-level waste, (3} alpha-waste and (4) high-level
waste, and the suitable isolation periods for the specified
categories can be set by the aid of hazard index, suggesting
that the disposal options may possibly be selected. The waste
disposal gives environmental impacts through dispersion and
migration of contained nuclides intoc biosphere; the dispersion
‘and migration paths are investigated and a mathematical
expression to evaluate the impacts as dose commitment is

presented. A multi-barrier concept is proposed since combined
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artificial and natural barriers have possibility of lengthening
the migration path to enable safe disposal. Finally, items of
research/development‘in waste management are represented from
the viewpoints of (1) establishment of management system, (2)
safety assessment covering verfication of technology and system,
and (3) regulation, giving recommendations for national policy

making as well as for international co-operation.
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CONDUCT OF THE STUDY

Policy making of or accommodation with management of
nuclear wastes has always high priority being as the most
serious task in connection with the promotion of practices

for implementing nuclear energy programmes.

Over fifteen vears, in fact, JAERI has conducted the

- studies of radiation and environmental protection associated

with safety engineering RD&D work of nuclear fuel cycle

facilities as well as joint studies and experiments in close

- co-operation between institutions on most aspects of nuclear

waste management.

As a draw up to the contribution on the policy making
and accomodation in Japan, JAERI has set forth an Expert
Group directed by the president of the Institute at the
end of early spring in 1979 to discuss the nuclear waste
management issues and to assess techanical measures for
presenting recommendations on the general practices and
strategies to be adopted, particularly with regard to the

management on treatment and disposal of high-level and

alpha-bearing wastes.

During the work of its task on the Group, 1t was able
to take into account the latest study of the International

Nuclear Fuel Cycle Evaluation.

"The composition and expertise of the Group was as

follows:

Dr. H. Murata (Chairman) President

Dr. H. Amanc (Secretary) Division of Environmental
Safety Research

Dr. K. Araki Division of Environmental
Safety Research

Dr. M. Hirata (Secretary)} Office of Planning

Mr. T. Iijima Division of Reactor

Safety Evaluation

(9)
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Mr. K. Imail Division of Environmental
Safety Research

Mr. T. Ito Division of Environmental
Safety Research

Mr. A. Kasai Division of Environmental
' Safety Research

Dr. M. Koike Office of Planning

Mr. A. Matsumoto Division of Health Physics

Mr. N. Morilyama Division of Environmental
Safety Research

Dr. H. Okashita Division of Chemistry

Dr. M. Senoo Division of Environmental

Safety Research
Dr. Y. Wadachi Division Of Environmental
Safety Research

The Expert Group wishes to express deeply its appreci-
ation for their assistance to Mr. M. Mizuno, Div. of Tech-
nical Information, and Messrs. S. Dojiri and H. Matsuzuru,
Div. of Environmental Safety Research in compiling and

evaluating the technical material necessary.

The Group also wishes to express its appreciation for
their assistance on the consultative basis to Mr. N. Amano,
Director,Dr. S. Suguri, Deputy Director of Tokai Research
Establishment, and Dr. S. Nomura, Head, Office of Planning,

JAERT.
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1. INTRCDUCTION

1. Energy crisis in the coming 1980s gives far greater
encouragement upon many nations of the world to even more
promote the development of alternative energy technologies.
It has been in the widely held recognition that, in the 1light
of indigenous environmental characteristics of Japan, an
urgent necessity focuses on the furtherance of electric
generating capacity by nuclear power with LWRs and the
establishment of whole nuclear fuel cycle facilities as well.
2. Despite considerable efforts, the projected €xpansion
of nuclear capacity seems in reality not to be achieved as
expected because of some constraints including site acquire-
‘ment. To improve the situation, it is imperative that the
nation-wide consensus should be obtained in promoting the
~development and utilization of nuclear energy by making
perpetual efforts for higher assurance of the safety and
integrity of nuclear reactors and fuel cycle facilities.

3. The incident happened at the end of March 1979 at

the Three Mile Island Power Station in Pennsylvania of the
United States, was the largest unforeseen occurrence experi-
enced in commercial nuclear facilities. The risk of which
has fortunately been abating without giving any serious
impact upon environment such as significant radiation ex-
posure to ambient inhabitants, however, it still gives a
warning to every and all concerned in the world of the
importance of assuring the safety of nuclear facilities.

4. Learning lessons from the TMI incident, the necessary
counterplans for safety assurance have been intensively
conducted not only in the involved organizations of Japan
but also in the other major industrialized countries includ-
ing the United States. In addition, international nuclear-
related organizations, for instance, IAEA and OECD-NEA,

are now going ahead with a number of cooperative programmes

for various counterplans viewing from the international

standpoint.
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5. In respect of the peaceful utilization of nuclear
energy such as nuclear electric generation, what should
contribute to maintain sound development of it in future
depends not only upon safety and reliability assurance of
nuclear facilities but also prompt set-up of adequate coun-
terplans from long-term political and technological view-
points to meet the requirements in managing radioactive
wastes produced in the course of nuclear energy utilization.
6. From its early stages, noting the implications of
waste management, the importance of this issue has long

been voiced from among scientists, engineers and others
~concerned all over the world. In fact, RD&D programmes

for treatment and disposal technologies of radiocactive
wastes have been advanced; some have already been implemented,
while some other programmes are now very close to practi-
calization. Nevertheless, as observed in the Republic

of Federal Germany, the issue may grow to become a gréve
societal and political concern resulting in deferring all
new construction programmes of nuclear power plant until

it 1s resolved at last. Eventually, it constitutes a
serious obstacle to carry out the energy policy directed

to be free from too heavy dependence on o0il Tesource.

7. Nuclear wastes can be classificd according to their
radiation levels and physical states. The more the nuclear
fuel cycle consolidated, the more radiocactive wastes :arose,
in particular it would be even so in long-lived alpha nu-
‘clides. In order to fully protect our living environment
from such qualitative and quantitative increase of various
nuclear wastes apparently anticipated hereafter, not merely
the strengthening of countermeasures for treatment and
disposal of specific wastes should be promoted, but also a pru-
dent strategy for waste management be establised viewing from
a comprehensive and long-term standpoint. With advancing
necessary and appropriate RDED based on the established
strategy, a policy capable of obtaining the most difficult

national consensus should then be set forth.
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| | 8. Crucial points of the strategy are summarized as
follows:

1) Readjust the necessary tasks of research and develop-

E ment upon time evolution such as short-, medium- and
long-term.

ii) FEvaluate the artificial- and natural-barriers includ-
ing time-duration barrier by means of accurate and
rational techniques.

iii) Upgrade and standardize the art of environmental
monitoring.

iv) Design a system engineering apprcach to establish
safety standards.

Although not a small number of RD§D exercises has been
done so far, a comprehensive strategy in the respect of
nation-wide consensus has not always appeared to be suffi-

clent.
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2. OVERVIEW AND SUMMARY

2.1 Nuclear Fuel Cycles and Radioactive Wastes

a. Comparison of three fuel cycles

9. As a fundamental factor for the study on the problems
of waste management, the arising of wastes at each step in
various modes of nuclear fuel cycles should first be esti-
mated.

10. From among several methods on this type of'study,

the equilibrium nuclear fuel cycle method is adopted for

present work in which; the assumed steady state over an
indefinite period of time is maintained, the mass flow
quantities are kept in the constant values, and the amounts
of wastes can be derived from those values. It must also
be pointed out that this method is effective to identify
the sensitive points due to changes in technologies and/or
working conditions.

11. Three modes of reactor strategies are selected for

references: {i) Light water reactor with once through mode,

(ii) Light water reactor with U-Pu.cycle mode, and (iii)

Fast breeder reactor with U-Pu cycle mode. The amounts

of waste from each step of cycles are given as the number

of packages assuming the suitable treatment methods Tes-

pectively. For light water reactors, the ratio of BWR
and PWR is assumed to be 1 to 1. The details of these
assumptions are shown in Table 1, and the results of esti-
mations for the three fuel cycles are summarized and illus-

trated in Figs. 1, 2 and 3.

17, As seen from the figures,

(i) the amount of milling waste in the 1ight water reactor
with once through mode is largest among three fuel
cycles,

(ii) the total number of packages in the fast breeder
reactor with U-Pu cycle mode is smallest, and those

of the other two cycles do not differ significantly,
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Table 1 ASSUMPTION IN ESTIMATING THE QUANTITIES OF WASTE PRODUCED

1. It is assumed that each fuel cycle is in the steay state over an indefinite
period of time. Total fuel mass flow through the fuel cycle per Giga-
watt year (GWe-Year) is first obtained and on the basis of.this mass
flow quantities of waste arised in each step of the fuel cycle are
galculated

2. Quantities of waste arised are shown as the number of packages assuming

some treating methods. Specification of the container is as follows.

IDENTIFICATION |[INNER HEIGHT MATERTALS WALL VOLUME(MSJ
DIAMETER(CM) (CM) THICKNESS{CM)

UNSHIELDED DRUM VALTABLE CARBON STEEL 0.16 0.20
SHIELDED DRUM VARTABLE ggﬁggngTEEL 3616 0.20
CANTSTER{/, ¥y} | 32-41 490 STEEL 1.3 0.4-0.6
CANTISTER (HULL) 86 115 STEEL 2.5 0.6
CANISTER(HLW) 20 300 STAINLESS STEEL 1.0 0.077
GAS FLASK STEEL 0.05
3. In the light water reactor, the ratios of BWR and PWR is assumed to be

1 to 1.

4, In U-Pu cycle,

(1) Enrichment tailings from U-enrichment process are to be used in

blanket of FBR.
(2) 0.45% depleted uranium from reprocessing process is recycled to

enrichment process.

—5~(6)—
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Fig. 1

LIGHT WATER REACTOR ONCE-THROUGH
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* TAND STORAGE AND SHALLOW LAND DISPOSAL INCLUDED

*% [J, DRUMS: UNSHIELDED DRUMS,

S. DRUMS:

SHIELDED DRUMS

(APTER INFCE WG.7 DOCUMENT)

RE TREATMENT 205.4Mg 5§§;252GANEON— 370Mg FUEL ELEMENT 36.8Mg LWR
MILL U-0.7% |ENRICHMENT U-3.024] FABRICATION U—302%| (308 GWth)
as Ul
10.8 MgU—0.71% 082 MgU-071% 0.22 MgU-3.02% 357 MgU-0.83%
167.6 MgU~0.20% 0,324 MgPu
MILLING I REFINING, FUEL ELEMENT REACTOR
CONVERSION AND FABRICATION SPENT FUEL
WASTES | ENRICHMENT WASTES WASTES WASTES
U MILL TAILINGS REFINING AND U0, FUEL WASTE WASTE FROM OPERATION |CONDITIONED FUEL
: LI
CONVERSION WASTES MAINTENANCE WASTE ASSEMBLIES
ENRICHMENT PLANT SPENT FUEL
MAINTENANCE WASTE CONTROL RODS CONDITIONING WASTE
CANISTERS _
Uu. DRUMS** (@) U. DRUMS {ct) U. DRUMS (f.7) 2160 {COND. FUEL ASSEMBLIEP)
To4 200 s. DRUMS** (B.7) 570 PWR . 40
BWR 33
CANISTER #.r) 4
s. prums @) 45
2734
(CANISTER) {DRUMS )
ENg%gggggD TNTERIM LAND
STORAGE
i
- y
MILL TATLINGS 18 ] * ;
G SEA DISPOSAL GROUND DISPOSAL cEA DISPOSAL p—— -
AND LAND GROUND DISPOSAL
REPOSITORY AND GIOLOGICAL
GROUND DISPOSAL™ DEEP GEOLOGICAL GROUND DISPOSAL* DISPOSAL AND
DISPOSAL ‘IDEEP GEOLOGICAL
DISPOSAL




Fig. 2 LIGHT WATER REACTOR WITH U-Pu-CYCLE
HEAVY ELEMENT FLOW SHEET PER GIGAWATTYEAR ELECTICITY

AND WASTE MANAGEMENT LOGISTICS
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Fig. 3 FAST BREEDER REACTOR WITH U-Pu-CYCLE
HEAVY ELEMENT FLOW SHEET PER GIGAWATTYEAR ELECTRICITY

AND WASTE MANAGEMENT LOGISTICS
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and (iii) the guantity of transuranium elements in the
hiehlv radioactive waste_in'the lieht water reactor
with once through mode is largest, and the difference
of hazard indices between once through and U-Pu cycle
modes reaches in an order of magnitude after the
standing of long duration(See Fig. 4).

b. Estimation of waste arisings in a probable nuclear elec-

tricity generating capacity plan

13. In the preceding sub-section, waste arisings are
estimated with the selected reference fuel cycles normalized

to 1 GWe-Year, and whole features inevitably become some-

what imaginary. It is therefore attempted to apply this
methodology to a probable nuclear electricity generating
plan and to identify the impacts from various options.

14. As the reference case,; Japan's recent plan in line
with LWR(U-Pu cycle)-FBR option 1is chosen(Fig. 35). The
annual numbers of various wastes are shown in Table 2 to-

gether with the accumulated numbers, in which the decom-

missioning wastes are not counted. The yearly accumulation
of waste packages is illustrated in Fig. ¢. It is clear
from the table and figure that the contribution of low-

and intermediate level wastes is significant in affecting
major impacts.

15. The necessary storage capacity for spent fuels
depends largely upon the operation of reprocessing plants

as shown in Fig. 7. If the reprocessing capacity is lower
than. the amount of spent fuels produced annually, excess

spent fuels are to be stored in the facility. Therefore

~the amount of wastes produced in a reprocessing plant is

decreased, but concurrently the amount of spent fuels
stored is increased vis-a-vis depending on the reprocessing
capacity as seen in Fig. 7.

16. The amount of spent fuels stored in both cases of
reprocessing capacities corresponds to the package numbers

given in Table 3 if they can be reprocessed by an imaginary
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plant. The reprocessing capacity has not significant

impact on the package numbers as shown in Fig. &, because

of relatively small numbers of packages from reprocessing.
17. By assuming the mission life of a reactor as 30
~years, the decommissioning waste will not arise until 2005

in Japan. But in order to examine the impact from decommis-
sioning on waste management, the arisings of decommissioning
wastes are estimated as shown in Table 4 and Fig. 9. It

can be seen from the table and figure that decommissiong

of reactors does not affect so much on the whole figure.

2.2Logic of Waste Management

a. Categories of wastes

18. The wastes arisen at each step of nuclear fuel cycle
can be categorized into four types according to their char-
acteristics: (i) extremely low-level waste(beta, gamma),
(ii) low- and intermediate-level waste(beta, gamma), (1i1)
alpha-waste(alpha or alpha, gamma) and (iv) high-level
waste(beta, gamma, alpha). The suitable isolation period
for the respective categories can also be set suggesting
the possible disposal method as shown in Fig. 10.

19. The decreasing effects of cooling time on the hazard
indices for three types of wastes are given in a three-
dimensional expression(Fig. 11). It should be noted that
setting of deminimus level brings a large volume reduction

of wastes and that decay of radionuclide leads to a desirable

effect on waste management.

b. Logic of waste management

20. Even there exist the differences among the categories
of wastes according to their characteristics, a generic
logic or a flow diagram can be framed by distingulshing

the principal points as shown in Fig.l?

21. In this logic, the discharge of waste, the control

of waste arising(pre-treatment), the storage(tank, silo),

and the engineered storage are given their seats differing

—21~(22)—
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Explanation for Fig.1il
1. Vertical axis of the figure represents the preduct of

(Hazard Index ) and amount of high level waste per GWey, mB/GWey.

2. Horrizontal axis of the figure represents time after removal of the

fuel from a reactor.

3. Comparing the hazard of high level waste from LWR ( U--Pu cycle )
and that from LWR ( Once~through )}, the figure shows that they
have almost equal hazard in early age of several hundred years,
in which fission products are main hazardcus compeonent, but the
hazard of waste from LWR (Once-thrcugh ) becomés higher after

thousand years because of relatively high o content.
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from the conventional logics.

22. The section boxed by dotted line in the figure is
also an unique attempt in this logic. By following
this procedure, one can assess the effect of combination

of artificial and natural barriers.

2.3Items to be solved and Directions of Approach

23. In order to adjust the items of R§D on waste manage-
ment, the scenarios for the respective waste categories are
established as shown in the tops of Figs. 13, 14 and 15.
24. The principal logic is common through whole three
scenarios, but there are some modifications corresponding
to the differences of their characteristics.

25. As seen in the figures, the items concerned to the
respective categories can be divided into three:(i) items
for establishment of management system, (ii) items for
safety assessment covering also verification of technology

and system, and (iii) items for regulation.

.26, And one can easily draw the roles of the respective

institutions as the operator, the verificator and the regu-

-lator.

a. Low- and intermediate-level wastes

27. The storage of low- and intermediate-level wastes
produced in a large amount contributes to reduce the effici-
ency of a repository, resulting in unfavorably affecting

the public acceptance of nuclear energy. It is urgently
required that an adequate waste management system covering
from the control of waste arising up to the final waste

disposal should be set up earlier( as seen in Fig. 13 }.

(1) Sea disposal
28. Various preparations including survey and evaluation

for sea disposal have been in progress. - In an attempt to
bring about earlier realization of the routine operation
of sea disposal, it is essential that the methodology to

highten the reliability in the environmental safety analysis

—35~(36)—
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should be intensively studied in parallel with making re-
quired arrangements for the facility and ship for disposal
operation. Furthermore, 1t is ﬁecessary to initiate the
developmental experiments to diversify the waste composite

to be disposed into the sea.

(2) Land disposal

29. For expecting its realization in a decade or so,a land
disposal, which allows considerable diversity with respect

to the type of package and radioactivity contained therein,
requires intensive survey and selection of a site and the
construction of related facilities as well as strengthened
study on the migration behavior of radionuclides

analytical

in the geosphere in parallel with or prior to the forestated
actions.

30. The feasibility study on the disposal of wastes into

"a middle geological formation and on alternative disposal

methods should also be carried out to make the waste disposal

" more reliable and to expand the disposal alternatives to be

selected as required.

(3) Improvement of treatment method

31. As the disposal operation materialized, the current
conditioning technology has to be improved applicable to
various types of wastes. In this regards, in addition to

the safety study on a waste composite, technologies for

volume reduction and solidification of the intermediate-

level wastes especially spent ion-exchange resins and
degraded solvents should be developed and introduced in

a timely mode.

(4) Review of waste management system

32. . The comprehensive review of low- and intermediate-
level waste management system consisting of the control
of waste arisings, treatment and disposal can afford the
optimization of management system as well as the minimiza-
tion of the environmental impact involved. The essential
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issues to be solved in a middle-term stage are; the reduc-
tion of waste arisen in nuclear facilities, improvement of

the technology for minimization of released rare gases,
establishment of the deminimus level for solid waste, demon-
stration and environmental impact analysis of the waste manage-
ment system for solid wastes near the deminimus level, and

comprehensive management system analysis.

(5) Institution and regulation

33. In addition to technical development mentioned above,
it is indispensable for the realization of the total manage-
ment system to establish the institutional mechanism and
regulatory system, both of which specify the course of
nuclear industry in Japan. In these aspects, governmental
authorities concerned have been making perpetual efforts,

but it is urgently required that the regulatory roles and
resposibilities of the disposal undertakers should be defined
and that a keen attention be paid upon the institutional

methods for long-term control and surveillance as well.

b. High level waste

34. High level waste must be isolated from biosphere
iﬁfinitely and managed safely. Method of management 1is
based on what described in the first column of Fig. 14,
(1) Engincered storage and geological disposal

35. Technological guideline should first be set forth

for engineered storage. Repository should be then designed
and constructed in accordance with the established guide-
line. Durability evaluation and risk analysis have to be
done before construction( see Fig. 14}. Inspection tech;
nology for waste acceptability should also be developed.

36. As for geological disposal, geological, hydrological
and terrestrial heat survey are needed for site selection.
In advance to the design and construction of repository,
evaluation of barrier effect of geological formation and

risk analysis should be made as shown in Fig. 14.
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(2) Ccnceptiqnuof disposal
37. It is important to introduce the conception of multi-
barrier effect to ensure the safety of final disposal under

the conditions of geography, geology and climate in the

nation. Greater barrier effect may be expected by const-
ructing many powerful layers of artificial barrier where
natural barrier effect is small. Consequently, selection

scope of the site probably becomes wider even in the nation
where the land is small and conditions are not favorable |
as in Japan. _

(3) Advancement of R§D programmes

38. Research and development programmes for high level
waste management should be progressed by giving priorities
on the items shown by the symbol(c) in the following table.

New and alternative technologies should also be developed.

Effect arising

Process Reduction Liquid Treatment| Engineered | Geological
of waste storage storage disposal

Barrier

Volume (i:) (::)
reduction

_ O | ®
- | (@] ®

(4) Progress in resolving research problems

(i)} Research problems to be solved promptly (~ 3 years}
39. The receipt of the returned waste solid from overseas

based on the reprocessing contract is expected to start in
1990, while examination of the specifications of the solid
is required to complete by 198Z. Examination and selection
of the returned waste solid plus containment and inspection

technologies are also needed. Safety evaluatlion on waste
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solid properties and risk analysis thereof have to be con-
ducted and tentative guideiines for solidified waste have
to be set forth.
40. Returned waste are to be transferred to engineered
storage. In relation to the transportation, reviews on
the design and construction of cask, optimalization of
transport system are required, while in safety assessment,
risk analysis of the transport system, and the current
transport regulations become necessary to be examined,
Concerning engineered storage, inspection technology for
waste acceptability should be developed and design of
interim storage facility be promptly pushed forward.
Safety assessment on durability of storage is also required
to be domne. '
(ii} Research problems to be solved in short term( ~ 5 years)
or middle term( 5 to 15 years)
41. It is neceséary for the completion of the solidifi-

cation technology to determine the specifications of waste
solid as soon as possible. In reducing waste arisings,
improvement of management and pretreatment method are of
great importance. Safety evaluation of dispersed radio-
activity effects on environment and setting-up of the
guide. for management technology are necessary. Relating
to liquid state storing, improvement for storing technology
of waste solution and safety assessment on cofrosion, heat
removal, and radiation exposure are required. As far as
treatment is concerned, among'numerous requirements are;
demonstration test of solidification, improvement of off
gas treatment technology, development of containment tech-
nology and quality control technology, safety assessment

of solidification system, stability evaluation of waste
splid, and establishment of standards for solidified
composites.

42. Concerning engineered storage, development of better
storage technology, design and construction of long-term

storage facility, risk analysis thereof, setting of tech-
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nical guide for storage and establishment of criteria for
acceptability of waste solid are requested. In respect

of geological disposal, choice of candidate site, geological
survey, hydrological survey, terrestrial heat survey, develop-
ment of disposal repository, construction technology of
multi-barrier and integrity assessment of packages containing
solidified waste are essential. '

(iii) Research problems to be solved in a long term period

(more than 15~20 years)
43. Development of transmutation technology and risk

analysis thereby of waste solid with and without transmuta-
tion should be carried out. As for transportation between
engineered storage and geological formation, design of cask,
optimalization of transport system, risk analysis of the
system and review on the current transport regulations are
necessary to be done. With regard to geological disposal,
design and construction of disposal facility, test disposal,
evaluation of barrier effect necessary for disposal forma-
‘tion and risk analysis should be made. Along with these
requirements, legal provisions associated with site selec-
tion, opening of abandoned mine, operation of repository,
and criteria for acceptability of waste solid become neces-
sary to determine. Investigation on other disposal options
such as seabed, space and glaciated area disposals should

be moved towards full-fledged research and development,

In accordance with these activities, risk analysis and
feasibility evaluation are needed. In addition, develop-
ment of long-term monitoring system and counter provisions
against abnormalities are required,

44, It will be necessary to make comprehensive system

analysis throughout the tasks stated above.

¢ Alpha-waste _
45. The managemental methods and research items suggested

for alpha-waste are given in Fig. 15, which might be solved.
46. = The waste contaminated with alpha-nuclides having
extremely long half-lives does not afford decay effect,



JAERI-M 8592

but gives possibility of realization of disposal easier

than that of high-level waste because of its smaller volume.
The management system basically consists of the control

of waste arising, interim storage, treatment, transportation
and geological disposal. The research and development
jtems are required to be undertaken in a middle-term, besides
the geological disposal of the waste is subjected to as

such an item in a long-term. The most parts of items
concerning alpha-waste can be derived from items for high-
level wastes. i

47, The characteristic RD&D items for alpha-waste are

of the improvement of technology for decontamination,

classification, recovery and packaging, furthermore, of
analysis on migration behavior of TRU in a geological for-.

mation and related safety assessment.

d. Partitioning
18. Effectiveness of partitioning and its technical pro-

blems are shown in Figs, 16 and 17.

(1) Effectiveness

49. High-level waste contains Sr-90, Cs-137 being as
main part of the activity and TRU having ultimate long

half-lives. The waste characterizes relatively fast

5 leaching rate when solidification is applied to it with
glass. In separation of Sr-90, Cs-137 and TRU using
partitioning technique, it can be expected to increase
safety in high-level waste disposal. '

50. Leachability of radionuclides from vitrified solid
can be extremely lowered by removal of Sr-90 and Cs-137.
Therefore, stringent management including heat removal

may not be required for the waste.

51, Sr-90 and (Cs-137 separated may be frozen into minerals
such as titanate and aluminosilicate, respectively, which |

exist stable for a long time in nature.

52. Isolation period of vitrified waste under geological
disposal may be reduced to about 1000 years by removal of
TRU.
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53. Separated TRU can be converted into another nuclides
having shorter half-lives by means of transmutation.

54, Alpha-wastes contain TRU such as Pu. It may be
possible to handle these as low- oT intermediate-level
wastes, provided that TRU is separated from these wastes

by partitioning.

(2) Technical problems to be solved

55. When waste solid containing partitioned TRU is kept

in engineered storage, it is needed to develop the following
techniques.

56. Shielding and heat removal must be taken into consider-
ation when separated TRU includes 10% of fission products.
Therefore, separation technique must be improved so as to

get as higher decontamination factor as possible.

57. Stringent management may be required against degra-
dation of waste solid due to the formation of He gas produced
from TRU contained and leaching of alpha-nuclide in the
| concentrated form. In order to prevent it, technology of
" stabilization for the waste solid must be developed.
(3) Time target
58. When partitioning is to be built in the waste mana-

gement system, then time target is regarded as follows:
Provided that the operation is to start in 1995 of the
solidification plant of high-level waste from 2nd reproce-
ssing plant scheduled to operate In 1990, detailed design
of solidification plant is probably initiated in 1990.
Comprehensive evaluation of partitioning should be completed
within 1989 at the latest if partitioning is adopted in

" the waste management system.

e. Decommissioning
59. The decommissioning mode as shown in Table 5 for

nuclear facilities retired may be determined taking into
account the intention of owner and social needs for a site,
i.e., the balance between benefit of site reuse and de-

commissioning cost. The basic policy for decommissioning

—53~(54)—



—986~6¢6—

‘{ (8L6T) T ‘st ‘ubtseqg *bug TTOON) SIN JO

o9MD/0TEE
OMD/OVLT
MO/ 0% P9

Ax_&u HALSINYD

ﬁa.Qv WNId GATIATHS

(4 '¢)) WO¥a QEaTEIHSNA

CTIATT SOWINIWIG JHL MOTHE SHLSYM NIVINOD ION Od SHNTYA ISHHL NV

IHOJTd JHL NO gIsS¥d JALVHILSH H9V GIIVEANED SHLSYM ONINOQISSIWWODHA JI0 SLNOOWY (P

.nkg&v HALSINYD NV ~n.~.Qv SHANQ QIOTATIHSHN aN¥ QITTHIHS OINI ddOWOVd 39 OL CARNSSY Y SHLSYM DNINOISSIWWODHA 4C TIV (o

.OMON,OB.QD QIONVHONA 39 OL dFWNSSY ST ¥A 0007 - $66T ONINNU ALIDVIYD DNIIVIENID IAVETOAN 40 ALY ASYAMONI HHL (9

-010Z NI QTILNYWSIA dd OL QIWNSSY ¥V 0861 ¥043d JALOOELSNOD SHOLOVEA AVYATOON

*¥A 0f 40 GOI¥Ad NOILYMEE0 ¥OLOVAN dALJdV¥ ¥VHA ¥ 40 EWIL DONITO0D ¥V HLlid JdLLNVASIA ATAIVIATWWI 39 OL JHWASSY SI ¥OLOVEY dvaIonN (®

(9€2¢CTR) (968162) (928002) (96¥%G2T1) [(98678) (9E861) (98221) (el¥'L) (9L8¢) (299'7) (QTIVIDILNI)
. K [
00E66 06228 06829 06162 0,296 SaLaui n ¢
DNINOTISSINWWODHEJ
080971 082¥1 08921 08901 0888 080°'L 082% 009¢ 8022 v821 y8e SHLSYM NOTILVIEA] H3LSINYD
(122612%) | (12978€E) 1(1L2%%92) [(18L%00%)|(L6T0LYT) {(188€66) |(62L619) |(60T€9€E) | (60e881) | (LEOTS]) (QHIVMOTINT)
: : : " , SATSVM (14
08¢eeq 069ty 0L1te AV c8962 ONINOTSSIWHODId _
* . . . : : WOua
02218L 0LLE60 0Z£909 0L881§ 9189LY 7269¢Le 025962 006FL1 ZL2L01 18€£29 96987 SAISYM NOILVEIAQ
. (JHJTIIHS
(69808T9T) (678TV6CT)|(6L6GL00T) (669629L)|(69L8¥5C) |(692LG6Le)|(66191VC)|(6L04IYI)| (6L17EL) | (LVESIE) (AEIVIDIINT)
: . (4 ‘4)
. . ‘ . . SHLSYM
002¢61 ooowmﬁ 09e¢el 096LS 08¥601 ONINOISSIKWODI] WoEd
02867 0¢ 0L8%0LT 026€98' 0.6220% 0202891 0201781 0210001 006789 2eZ8I¥ 112€V2 9¢L21L SHISYM NOILWNEAGQ  qmqTaTHSNA
Hd AL mmNE
. 3 HLSVM Ciowinva
08¢ 062 022 061 091 0g1 00T 0L ¥ 9% L1 (M) 55 _
ON LLYAANH
0¢o0¢e Gz0¢ 0202 $10¢ 0102 6002 0002 §661 0661 G861 0861 GV TONN
{q) , UVHIA
JHLYIINES mMBm@ﬁmeHonmmszoumm ANY NOILVHIIJO 40 SINNCHWY mmamdDZDUu4 NV TTYNNNY A0 NOSTIAVJAWOD S 2I4elL

(p




JAERI-M 8592

should be established in advance to promote the nuclear
power generation in the long-term version.

60. The first item in estaplishing the policy is
determining decommissioning modes. The modes involve
potentially lLay away, Mothballing, Entombment, Immediate
dismantlement and Deferred dismantlement, and also their

combinations({ see Fig. 18).

61, The methodology for selecting the time and mode of
"decommissioning should be developed in advance by consider-
?ing such factors as the radiocactivity inventory, current
state of the decommissioning technology, manual limit of
~surveillance, needs for the reuse of a site, environmental

impact and cost.

i62. Upon establishment of the policy, the activity involves
‘the preparation of regulatory guide of decommissioning and

promotion of technical development required. R§D programme
contains development of decommissioning technology especially
in a high radiation area, storage technology, decontamination

“method, radiation protection technology, measurement of

extremely low radiocactivity and transportation technology.
63. A vast amount of radiocactive wastes produced in the
decommissioning activity belongs essentially to low- aﬂd
intermediate-level waste categories, and these consist mainly
of reactor components and biological shield concrete.

64. The wastes which do not give high volume reduction

with treatment might be subjected to establish for reasonable

waste management system. To reduce the decommissioning

waste to be handled being as radiocactive waste, the deminimus
level for solid wastes should be defined as in case of

the liquid and gaseous waste.

2.4Impact on Environment from Disposed Radioactive Wastes

a. Effects of artificial and natural barriers

65. The waste disposal gives the environmental impact

through dispersion and migration of nuclides contained in
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wastes into atmosphere., geosvhere and hydrosphere. The
wastes packaged into a container which provides the arti-
ficial barrier are disposed into land; deep geological
formation, deep sea and sea bed, whole of which have a
role as the natural barriers, shown in Fig. 19.

66. The combination of artificial and natural barriers
potentially lengthen the migration path by which the
concentration of nuclides in the environmental media is

lowered significantly.

b. Estimation of dose commitment
67. The nuclides dispersed and migrated into the environ-

ment are uptaken by men through food chains, shown in Table
6. To evaluate the dose commitment accompanied by waste
disposal, it is necessary to estimate various parameters
given in the table, however most of parameters

required are not obtained to date.

68. In Fig. 20, the methodology for calculating the
cumulative numbers of radionuclides, which is necessary to

obtain collective dose commitment by deposited waste, is

developed.

2.5International Cooperation

a. International standards

69. Because of its almost infinite continuance, the

problem from radiocactive wastes becomes a gloval concern,

whether one likes or not. Therefore, the relevant standards,

specifically to be applied to the disposal practice, should
be best met by an international consensus. The agreeable
standards may be established internationally in a manner
which is based on a mutual understanding in respect to

the specific conditions of individual nations.

b. Technology exchange

70. Except for geographic specificity, there are many

common technologies appropriate to international use. In
order to effectively promote the technological development

of waste management, the efforts may be shared in a techno-

logy exchange base with individual development of allotted
tasks.

—59~(60)—
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EXPLANATTON COF TABLE "CONCENTRATION OF RADIONUCLIDES IN THE ENVIRONMENTAL
MEDIA WEICH GIVE DOSE COMMITMENTS OF 1 mrem TO INDIVIDUALS OF GENERAL PUBLIC"

1. Definition of figures in the Table

(1) "Annual intake via inhalation" and "Annual intake via ingestion”

Each figure in these columns is defined as the annual intake of a
radionuclide which gives 50-year dose comitment toman on an assumptin
that he liwes 50 years. Since the most nuclides have short biological
- half-lives if some of them are radiologically long lived, it is likely that
' he is asswmed to receive annual dose of 1 mrem; it would be
- overestimated by a smaller factor than 2. These figures are defined

for children as the most important exposure group. The word "annual

dose" is used instead of "dose commitment" in the following.

(2) "Concentrations in air above grownd"

This coluwn shows concentration.in air above the ground of a nuclide
which, transferring to a child throwh inhalation, ingestion of leafy
vegetables and of cow’s milk, gives the annula dose of 1 mrem to his
eritical organ. Tranfer models used here are provided in the Japan
Atomic Energy Commissicn’s guide for evaluating environmental dose
from routine releases of LWRs effluents to meet the Criterion "As low
as is practicable(ALAP)". TIf the milk pathway is ignored, the
figures would be about 10 times larger than these.

(3) "Concentration in surface sea

When fish, invertebrates and seaweeds produced in the sea with
these concentrations are taken by a child for a year, he receives the
annwal dose of 1 mrem. The calculational models are given also in the

guide mentioned above.

(4) T"Concentration in potable water"

The figures correspond to a child’s annual dose of 1 mrem when he
always drinks this water. The evaluation is based on the model oy the

cammittee 2 of the ICRP..

(5) "Concentration in irrigation water"

A pathway of ground water-soil-rice is accomted for. The figures

correspond to a child’annual dose of 1 mrem taking this rice for & year.
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(6) . "Concentration in deep sea'

' These concentrations are applied to 'dispbsal of radioactive solid

: wastes both into deep ocean and into deep rock. For the fomer case, the
figures are concentrations in packages defined as follows: Annual dwping
rates of radicactivity resulting to the concentrations shown in column
(3) can be estimated usingrdiffsuion models discussed in "Assessment on
Enviromentsl Safety of Test Ocean Dumping of Wastes" by Nuclear Safety
Bureau, Science and Technology Agency.

: Co-60 2 x 106 Cify

Sr-90 6 x 10" Ci/y

Cs-137 1x lO6 Cify

U-231 1x 10'2Ci/y.

i Pu-2 3Ix 10201/y , .

: Assuming dumping of 1 X th packages of 200-1 volune per year, the average

concentrations in a package are calculated to be those in this column,
"Dilution Factors" are defined to be the ratios of concentrations in
the surface Sea to those in.the deep sea. Though the wastes are not
comtinuously disposed of in case of deep geological fomation, the
; leaching rate of radicactivity from the package is wuwly defined,
which givés a transfer rate (Ci/y/mg) at the bottom of the deep.sea.
Consequently, this case can be evaluated by the same way  as the case of
ccean-dmping. The concentraticn in the surface sea can not be said

theoretically to reach the stationary state, but an appraximately stationary

concentrations can be considered as all the nuclides are long-lived and,

furthemore, they leach wery slowly throwh the rock.
(7) "Critical organ"

The organ in this colun are those defined as the critical organ

by the ICRP.

2. Symbols
(1) Disposal region

(@) shows the region where the radioactive wastes are disposed of.

(2) Transfer pathway of radioactivwe materials from the wastes

(—=) shows transfer paths of radioactive materials leached from
the disposed wastes which correspond to those drawn in the Figwe, (---}

means that the radioactive materials do not transfer thwowgh this medium.
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(a)
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Discussion of the figures in the Table

(1) Certainty of values

The values shown in the left colwun in the table are in general

more ucertain than those in the right colwumns,

"Annual intakes"

These wvalues are obtained franm the ICRP models and biclogicszl
parameters which are based on a lot of knowledges and scientific
information.

"Concentration in air"

Envirommental transfer models and included parameters on which
these values are based are very confident because the JAEC discussed
then for the provision of the ALAP guide.

"Concentration in swrface sea"

The transfer model applied here dose not contain many

uncertain parameters which influence the values in this colwmn.
The most important parameter is the biocaccumulatin factor of
marine food, and there are, at present, lots of inwvestigation
and stulies on this parameter.

"Concentrations in irrigation water"

There are neither availabie models nor good transfer parameters
for the pathway adapted here. The transfer factors fram scil to
rice are obtained only for Cs-137 and Sr-90 fram the fallout
investigations. BSome data are found for Co-60 in laboratory

experiments, but there is wvery little for the TRU isotopes.

M"About colwmns without figures"

The ccluns each of which a cirele is attached to are the part
where it is impossible to prepare any wvalues at present. GSite-~
specific conditions may be able to give values to sane of them
when a repository site is chosen, but dt mshoouid be noticed that

most of them can not be filled without more researches.

EFffects of themuttinuclide condition of the wastes

It is emphasized that the resultant effects of all the nuclides

invloved in the wastes should be considered, in practice, on the basis

of these wvalues in the table which are introdured on the asswmption that

the wastes involve only a nuclide of interest.
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(A)

Ni 1 AMOUNT OF NUCLIDE i IN THE
BIOSPHERE (LAND)

Ni = AMOUNT OF NUCLIDE i IN A
’ ARTIFITIAL BARRIER

ARTIFITIAL BARRIER (T MEANS ITS
DURATION)

. AMOUNT OF NUCLIDE i IN THE
1,8 STRATUM

" AMOUNT OF NUCLIDE i IN THE OCEAN

LEACHING RATE OF NUCLIDE g :@ ANNUAL RELEASE FACTOR OF NUCLIDE i

i FROM THE ARTIFITIAL
BARRIER TO THE STRATUM FROM STRATUM TO BIOSPHERE

. AVERAGE TURNOVER TIME OF LAND WATER

-~

RATIO OF AMOUNT OF NUCLIDE
RELEASED FROM THE STRATUM
TO THE LAND VS, ONE TC THE
-OCEAN

(B)

W, : WEIGHTING FACTOR FOR
ESTIMATING COLLECTED DOSE

Z\V' Ni-totai N
i COMMITMENT BY NUCLIDE i

ZWI Ni.c
3 .
{IN ARTIFITIAL BARRIER)

Z WiNi,, (IN THE STRATUM) E Px Ik fxsi
i Wi = M| ———— I F;

v

iz“Wi Ny, (IN THE BIOSPHER(LAND))

< WiNon (1N THE OCEAN)

L YT

by AQZZGQVZZZQQZ/
“Tt=0 TIME AFTER DEPOSTION
Fig. ‘20 COLLECTIVE DOSE COMMITMENT BY DEPOSITED RADIOACTIVE WASTE

IN THE STRATUM
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Explanation for Fig. 20

1 According to the definitions given in the upper figure, number
of nuclide i which is contained in each region is calculated by
following equations.,

in the artificilal barrier

dN. ;
— 3¢ N LA, =N, L f 4N LA
dt i,c” "1 i,e L i-l,¢” "i-=1, .
decay leaSE%ng decay of tﬁSCE%ﬁ%“*"
in the stratum
dNi 5 '
—— - -
3t R T e T BT T R IR
| —
decay %%%Ep 8? pg 8 X 8 cf?ge %ng ¥t£§ tial
in the biosphere(land)
dN.
— i1 - 1 '
=Ny g Ay o Ny e Ny oAy P Ny 8k
dt . g T/ - o by R —
92aY  1pe8¥8akO pIRERY Rlctige e3¢ Trep
in the ocean
Ni,m § Ni,total - | Ni,c M Ni,s * Ni,l )
2. Collective dose commitment can be estimated using Ni 1 and
¥
Ni o by following equation considering several food path waYs.l)
H
C o iy N, A
S; = % fo { 1,% i Z Pka b it 1§m 1§ Pk Ik fk,i) Fidt
1 m
where
Vl ig the volume of receiving waters in the land
Vm iz the volume of the diluting water in the ocean.
P, is the number of individuals exposed by pathway K.
Ik is the individual consumption rate of pathway K.
fk 5 is the concentration factor for the consumed item in pathway
H

k for nuclide i.

Fi is the collective effective dose equivalent per unit activity

ingested collectively by the exposed group.
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To express the total collective dose commitment for every nuclide
in one figure,'" weighting factor for estimating collective dose

commnitment® , Wi was used which is defined as following expression

)

woo=n 'k Fr T T
1 1
V1

1F,
i

The change of the value is shown by the lower figure, the wvalue being
obtained by suming the product of W3 and number of niwelide contained in each

ion, In thi ,ﬁot ® sy . t epresents the potential
region. In this case al erea( fo % i N;,totald } rep : potentia

nazard of total rnuclide originated from 1 GWey electric generation.
dt and S I N,
sC . 1
. o i
means reduced hazard by the decay of nuclides in the artificial

The area I and II ( fw § W. N, dt, respectively)
0 i 71 8

'
barrier and in the stratum, respectively.

The effect of nuclides in the ocean was assumed one thousandth
of that of nuclide of equal nunber in the land.

The hatched aréa corresbonds to the collective dose commitment

per GWey waste after deep geological isclaticn.
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3. RECOMMENDATIONS

71. Considering the safety and environmental objectives
of nuclear wastée management such as: (i) to comply with
radiological protection principles for present and future
generations derived from the ICRP recommendations;(ii) to
preserve the quality of the natural environment; and (iii)
to minimize any impact on future generations to the extent
practicable, and notably the present status of waste mana-
gement techniques and the likely development of nuclear
energy programmes, the Group presents the following conclu-
sions and recommendations:

72. In order to achieve these objectives, it should be
noted that waste management has to be undertaken within
satisfactory systems of control, with due attention to the
minimization of waste arisings through the selection of
appropriate processes, and to the strategic siting and
planning of nuclear operations. _

73. To realize the satisfactory systems of control, the
respective, responsible and central organization should be
clearly established in the nation for investigating,
designing and administrating the management and operation
of the systems. This athourized organization may provide
the best guarantee for adopting the most appropriate solu-
tions and maintaining administrative control and possible

surveillance as required over the steps of waste treatment

and disposal.

74. The following functions should be brovided for exe-
cuting investigation and design undertaken by the organi-
zation: |

1. to consolidate relevant technical informations on waste
treatment and disposal in national and international
regimes. and examine them svstematicallv:

2. to build up stratecies takineg into account the evaluated
technical informations. then to design working nlan of

each task derived from stratecies:
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3. to classify the working nlan into three strata by such
tasks concerning for establishment of manasement system,
safety and environment assessment, and regulation, with
clarified targets in time;

4, to clarify tasks in short-, intermediate- and long-term
items taking into account technical evolution with time,
and to assess necessary funds, manpowers and legal arran-
gements corresponding to each evolution for the govern-

ment, industry and the third party, respectively.

75. It is important that the periodic check and review
of the systems are undertaken, and some corrections on
either strategies or working plans, if necessary, might be
required to avoid misleading the way in finding better
systems.

76. The most important plan but being difficult to set
up related to establish the systems is how can we find the
approach to acquire public acceptance against waste treat-
ment and disposal. Some analyses made by the Group on
socio-ecological problems are illustrated in Fig. 21.

It seems to the Group that a train of trustworthy operations
of tasks in the manner of accumulating results obtained
step by step will be one of the key issues for public
people. Simultaneously, the survey of public-opinion
should be taken periodically on the waste management in
order to develop the better approach and procedure to
ensure in obtaining public acceptance.

77. From the detailed technical analysis made by the
Group of Experts, it can be concluded that:

1. Reduction of waste arisings and discharge of radioactive

effluents into the environment

Necessary research , development and demonstration
work should be pursued on control and accounting tech-
niques for improvement of material balance at any nuclear
facility and on improvement of waste treatment techniques

to reduce waste arisings. Some measures will have to
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be taken in due course on the basis of additional R&D

to 1imit the release of some gaseous and volatile radio-
nuclides particularly from reprocessing facility.

Nuclear facilities have been designed essentially for
operational safety and performance, without much regard
to their subsequent decommissioning. It avpears desirable
to minimize the complications which can arise. by taking
the decommissioning at a nuclzar facilitvy into account

at its design stage.

RDED on waste treatment and disvosal

a. Safe waste disvnosal practices. such as shallow
burial on land. disposal into geological formations on
land and sea dumping, are already in use for less radio-
active types of waste which do not require long-term
containment. Land barrier possibilities depend on local
geographical and hydrological conditions. For sea dump-
ing the international legal framework such as London
Convention adopted assures that radiocactive containment
of the marine environment will be kept within the limits
required for radiological protection purposes. If sea
dumping is preferred as a solution for low-level waste
disposal, then it has to be implemented in conformity
with international protocols and agreements. For large
volume wastes free from significant alpha contamination,
disposal solution might be sought preferably in a national
framework by such a way of a land burial.

b. For high-leﬁel waste, solidification techniques
have been developing and demonstration facilities on an
industrial scale is planned. For cladding hulls and
alpha-bearing waste, the period of storage on site will
depend, as for high-level waste, on the availability of
longer-term storage and disposal facilities. The objec-
tive of nuclear waste management for long-lived wastes

is to ensure the required degree of isolation from people
over a time scale which precludes completely any form

of reliance on long-term surveillance. It is essential
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to be assured that the safety and reliability of disposal
method are sufficient for the type of waste and amounts
involved before it is implemented. Meanwhile, the
current practice of storing long-lived wastes in engineered
facilities provides an adequate degree of safety.
Therefore, the following management scheme is recom-
ménded as a result:
(1) Cascade system: _
The sysfem proposed here is as follows: a 30 years
period in time for engineered storage is regarded as
one unit, and, for the time being, the intensive RD&D
work should be pursued on the most promising long-lived
wastes disposal techniques with a view to confirming the
validity of the proposed solutions. If above activities

are not énough to confirm the solutions, then the work
will be continued to nursue still next 30 vears. . Thus,
the RD&D work for establishihg management system on long-
lived wastes can be performed with sufficient practical
experience to obtain public acceptance.
(2) Multi-barrier system _ ,
It seems that the dependence on natural barrier
only will not be sufficiently reliable for practice of
storing long-lived wastes. Therefore, strengthening
artificial barrier using multiple layers can be effective.
The effectiveness of the barrier system such as a com-
bination measure of natural and artificial barriers
should be assessed and developed to reach a high degree
of safety without unnecessary costs for establishment of
the management. '
(3) Geologic disposal on land ;
Geologic disposal on land is a primary candidate for
above works, and disposal into geological formations
under ocean floor should be also investigated and evalu-
ated.
78. Taking into account the nature and long-term character

of nuclear waste management, and the relative uncertainties
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about final cost of dispoSal, the possible delays between
waste arising and implementation of management scheme, it
is highly desirable to set forth specific provisions for
resources such as funds and manpower.
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