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Summary
LWR hulls and caps represent one of the major sources of a bearing solid waste generated
in the nuclear fuel cycle. For this reason, the CEC launched a theoretical study to evaluate
alternative schemes for the overall management of this waste. Both volume reduction
techniques and a decontamination of the hulls were assessed. The study demonstrated that
the transport and disposai of the conditioned waste in deep geological formations play a
dominant pan in the total management costs. Important cost savings can be achieved
through the implementation of efficient volume reduction techniques, i.e. melting or
compaction. As as alternative approach, exhaustive a decontamination of the hulls appears
promising, provided that the conditioned waste can be made to comply with the disposal
criteria of mines. Finally, prolongation of the interim storage period for the waste packages
from 1 to 30 years may prove beneficial on the transport costs.

1. INTRODUCTION

Zircaloy hulls and caps, arising during the reprocessing of light water reactor
(LWR) fuel, are one of the major sources of a bearing solid waste to be disposed of in
geological formations. Considering the high cost related to this disposal mode,
important savings may be obtained by reducing the volume and/or the a activity of the
conditioned cladding waste.

Considerable R&D activities for the advanced treatment and conditioning of this
type of waste have been promoted by the Commission of the European Communities.
On the basis of this experience, a joint study was undertaken in the frame of the Third
R&D Programme on the Management and Storage of Radioactive Waste. In this
theoretical exercise, the CEC co-ordinated the complementary contributions of five
organisations and companies, i.e. CEA-DCC, KRAFTANLAGEN, NUKEM, SCK/CEN and
TASK R&S.

The study was aimed at appraising a number of alternative management schemes
for the treatment aad conditioning of zircaloy hulls and caps; it included defining the
waste inventories at origin, engineering the management routes, evaluating the costs and
determining the radiological consequences. Sensitivity studies on the various
management routes were also performed to determine the impact of some important
parameters, such as radionuclide content of the hulls and caps, release limits and waste
acceptance criteria. The present paper highlights the principal engineering aspects and,
on the basis of a pre-established costing methodology, presents an economic
comparison of the individual routes.
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2. REFERENCE FRAMEWORK
2.1 Basic Scenario

As a working hypothesis, a notional 20 GWe nuclear park consisting of standard
pressurised water reactors (PWRs) was selected. After 3 years cooling time, the
irradiated faci is treated in a reprocessing plant with a capacity of 600 t[HMl-a"1

(I[HM] * tonne Heavy Metal). The reference spent fuel is a 17 by 17 fuel rod assembly
with an initial *"U enrichment of 3.5 % and a standard bum-up of 33 GWd-tliiMJ'1; it
is reprocessed according to the chop and leach process.

Waste Characteristics and Arisings
The cladding waste consists of both hulls and caps. These wo waste categories

have different compositions [1], which are summarised in Table 1.

CHARACTERISTICS HULLS CAPS TOTAL

Components

Material

Miss (kg'UiM)-1)

Apparent Density (Mg-nr1)

empty hulls
structural pans

ziicatoy
inconel

stainless sieel
5 wU% water

285.6

920 - 1100

top and bottom
caps

various inconeis
stainless steels

30.1 315.7

1000

Radioactivity
a 0.1 - 0.1
p,y 266.4 41.1 307.S
Total 266.5 41.1 307.6

Thermal Power (W-triw}-1) 39.6 5.4 45.0

Table 1: Waste characteristics of the hulls and caps at the time of reprocessing [1].

23 Discharge Limits and Waste Acceptance Criteria
Although not strictly connected to any specific site in Europe, the imposed

discharge limits (Table 2) conform to those already implemented in previous CEC
studies [2). Essentially, they are consistent with limits and/or current discharges for
liquid and gaseous effluents of the La Hague plant.

DISCHARGE ANNUAL LIMITS

a activity P,y activity

Sea 555 GBq 999 IBq
Atmosphere 370 MBq 18.3 GBq

* Limit for Cs and Sr » 74 TBq-a"1

Table 2: Discharge limits.
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Some simplified waste acceptance criteria were defined for cemented waste
products (assumed density » 2.5 t-nr1): 1.85 TBq[a]-nr* - 185 TBq[p,YJ-nr3 and
9.25 GBq[a]*nr' - 23.13 TBqlp,Y]-nrs for geological and near surface disposal sites
respectively [2}.

3. PRINCIPAL MANAGEMENT SCHEMES
Compared to other a bearing wastes (excluding vitrified wastes) expected to be

generated in the basic scenario, the cemented hulls and caps represent more than one
third of the waste volume to be disposed of in geological formations [2]. Therefore,
both a volume reduction of the conditioned cladding waste and a sufficient decrease in
the a activity to allow near surface disposal were approaches addressed in the present
study.

Six management schemes were defined, which can be classed in the following
groups:
• Direct cementation or cementation after preliminary decontamination of the hulls

(Routes 1 and 2);.
• Mechanical volume reduction of the hulls followed by either cementation, direct

embedding in graphite or packaging in lead lined containers (Routes 3, 4 and 5);
• Melting of the hulls and caps (Route 6).

In these processes, secondary wastes are generated through activities sucn as drum
decontamination, equipment cleaning and off gas treatment. As these wastes are
produced in small quantities and normally transferred to the reprocessing plant, they
were not taken into account in the present study.

3.1 Direct Conditioning
Considered as the reference scheme

for the management of the zircaloy hulls,
route 1 features the direct cementation of
the waste (Ing. 1). The process was
developed by the CEA and has been
implemented at tie La Hague UP3
reprocessing plant [1].

After rinsing, die hulls and caps are
transferred to the cementation facility in
baskets located witbin metal drums. The
drum (1,75 m3 in volume) is filled with
cement grout, covered with an internal
lid and then externally decontaminated.
The concrete is allowed to set before the
waste package is fitted with an external
lid and transferred to the interim storage.
For an annual reprocessing throughput of
600 I[HM], the conditioned waste volume
corresponds to 404 rm* or 231 drums.

A variant to the reference scheme
includes decontamination of the hulls
before conditioning (route 2) [3]; the
caps axe not treated because of the
negligible a activity. The hulls,
previously loaded m baskets and placed
in a tower, are washed with cold nitric

CAPS HULLS

HNO3

C*mtm
Qnnr» UquM

wnte

PACKAGING

INTERIM STORAGE

TRANSPORT

<

DISPOSAL J
Fig. 1: Flow diagram for routes 1 and 2.
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184 m'-a'1.
Route 4 is fouidcd on experience gained by NUKEM. In this management scheme

[5], both the hulls and caps are dried before further treatment As in the previous route,
the hulls are compacted in a roiling mill, but then transferred to a graphite encasing
ceil. There, they are piaced together with a graphite mixture in a graphite she)!, which
is contained within a pressure protection overpock foreseen with clcciiical heating and
forced air cooling. This assembly forms the die, which is pre-compacted at a pressure
of 3 MPa, Subsequently, the die is heated to 130 °C and pressurised to 20 MPa,
further heated to 130 °C and held under these conditions for 15 minutes. During the
next 20 minutes, thr die is cooled to 80 °C and finally ejected from the pressure
protection overpack. Two dies are then placed in a 200 dm1 drum and a lid is welded
in position. Without passing through the rolling mill, the caps are also embedded in
graphite. This process yields 173 mV of conditioned waste, consisting of 715 and
ISO drums for the hulls and caps respectively.

The last route an this group consists of the press compaction of the hulls followed
by their enclosure in a corrosion resistant containment This technique has been
demonstrated by the SCK/CEN on inactive material in a pilot plant [6].

After a dryiig step, the hulls are portioned in containers ($ =» 375 mm;
H « 400 mm) by means of a vibration chute. The containers are then compacted in a
hydraulic press, operating at a pressure of 250 MPa (volume reduction factor of 5).
The compacted disks are removed from the press and stacked in a common COGEMA
canister for vitrified waste lined internally with 12 mm of lead. Fourteen disks can be
placed in such a canister. Finally, a lead cover and then a stainless steel lid are welded
on die canister, which is transferred to the interim storage. The caps, treated separately,
undergo in-drum cementation as already described for the reference route. Annually,
277 canisters and 22 drums (V = 1.75 m*) are produced, corresponding to a total
conditioned waste volume of 94 m5.

3.3 Melting

An alternative method for
volume reduction of the hulls and
caps is melting. Such a process was
developed by the CEA [1] and is
presently being implemented at the
Marcoule Nuclear Research Centre.

As illustrated in Fig. 3, the two
waste streams are treated separately.
The hulls are first dried and swept
with argon. Preliminary operations
are required before melting can take
place. The crucible is open at the
hearth, which also forms the ingot
drawing point. The mobile hearth
accommodates a metallic drawing
bar, which blanks off the bottom of
the furnace, provides a starting mass
and is subsequently used as the ingot
drawing grip. In the induction-heated
melter, the drawing bar is first
liquefied and then the hulls are
introduced by means of a vibrating

CAPS HULLS

L 1 Ottoas
RECEIPT

CONVENTIONAL
MELTJNO

MEUTINO IN
COLO CRUCIBLE

Canfett» i PACKAGING

INTERIM STORAGE

TRANSPORT

DISPOSAL

diagram for route 6.
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acid (3 M) and rinsed with water [4]. This results in the following decrease in
radioactivity:

activity: 95 %
activity:

- Ce-Pr, Cs, Ei* Pm, Sr-Y: 25 %
- Ru-Rh: 10 %
- Sb: 2 %
- Co and other activation products: 3 %

After decontamination, the hulls are mixed with the caps and cemented as in the
reference scheme (Kg, 1), also producing 404 m3 or 231 drums per year. The spent
nitric acid and rinsing solutions produced during the hulls' decontamination are
evaporated (OF « 1(0 and recycled, yielding only 3 m^a"1 of low active liquid waste.

The a activity of the conditioned waste corresponds to 7.7 GBq-rn"1, slightly
below the established limit for a near surface site. However, this disposal mode is
impossible due to the high *H, "Sr and l9TCs contents. Disposal in the Konrad Mine
was therefore considered, even though the applied decontamination process, i.e. washing
with HNO,, is not «efficient enough to allow acceptance of the conditioned hulls and
caps, mainly because of the excessive amounts of "Ni, MIAm, "Sr-Y and 13TCs-Ba.
Nevertheless, it is thought that by implementing a more exhaustive decontamination
process (e.g. leachiig by electrogenerated Ag2* in acidic medium) compliance with the
Konrad Mine disposal criteria might be met.

3.2 Mechanical VoUune Reduction
Three management options

were developed, wiich incorporate
the hulls' compaction. The hulls
and caps are therefore treated as
distinct waste streams (Fig. 2).

The first option (route 3) is
based on past developments at the
Kernforschungszentmm Karlsruhe
[5]. In this case, the hulls are
compacted under an inert
atmosphere in a rolling mill
(volume reduction factor of 2.5)
and placed in a 330 dm1 insert
drum. While being vibrated, this
drum is filled with cement grout. It
is then positioned into a 400 dm1

overpack, the void space also being
filled with cement grout Following
a setting period, the drum is closed
with a double lid and transferred
to the interim storage. With the
exclusion of the compaction step,
the caps are treaed in the same
manner as the hills. The annual
waste production corresponds to
325 drums containing hulls and
135 drums with caps. The total
conditioned waste volume equals

CAPS HULLS

I L
| RECEIPT j ottgi*

Fig. 2: Flow diagram for routes 3» 4 and 5.
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unit. A flux of mineal sails is added 10 facilitate ingot drawing, while ensuring partial
waste decontamination by descaling. Melting is performed at a temperature of 1400 -
1500 °C under an inert atmosphere; the crucible wails are water cooled. Two melting
lines are operated alternately, each at a nominal throughput of 30.4 kg*h''.

The ingoî i« progressively drawn by a telescopic system. The flux remains at the
buiface of the iîîûucîî métal and can easily be tCiTiCvcd. The ingot ($ = ISO KISS;
H « 1270 nun) is withdrawn by a telemanipulator and placed in a modified COGEMA
canister foreseen with an enlarged opening. This type of canister can house either 3
ingots or 250 kg of flux.

The caps and structural pans are melted separately in a conventional refractory
crucible, from whidh 280 kg ingots are cast into moulds. Two moulds can be
accommodated in a modified COCEMA canister.

Suitable off gas treatment is provided to trap volatile radionuclides and tritium;
the same system is used for both hulls and caps. The process liquid wastes are
concentrated by evaporation before vitrification.

The total annual conditioned waste volume is equal to 73 m*. consisting of 302,
49 and 16 waste packages for the hulls, caps and flux respectively.

To summarise, the main attributes of the management schemes for the hulls and
caps are as indicated, in Table 3.

ROUTE
N»

1

2

3

4

MAIN FEATURE

Direct cementation

Hulls decontamination
Hulls &. cips cementation

Roil compaction of hulls
Hulls & caps cementation

Roll compaction of hulls
Hulls & caps embedding in
graphite

WASTE
ARÎSINGS

i,m-a ;)

404

404

184

173

NORMALISED
WASTE
RATIO*

1.00

1.00

0.46

0.43

DRUM
VOLUME

(m*)

1.75

1.75

0.40

0.20

DRUMS
PER

YEAR

231

231

460

865

Press compaction of hulls & 94
packaging in lead lined
containers
Caps cementation

Melting ii cold crucible of hulls 73
Conventional melting of caps

0.23

0.18

0.20

1.75

0.2O
020

$ Ratio with respect to Route 1

Table 3: Main features of the six management schemes.

277

22

318
49

3.4 Waste Transport

The regulations for waste transport and, consequently, the associated costs vary
from country to country. This aspect of the management schemes was therefore
standardised. Retrievable COCEMA, type B casks (4> « 2 J m; L * 7 m; loaded weight
• 110 t) were selected to transport the waste packages of the hulls and caps.

The casks ate conveyed by road to the nearest station and from there by rail to
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the disposal sue. It W«s assumed that a total round trip coven 1000 km and takes
approximately 3 weeks.

3.5 Waste Disposal
Since a geological disposal site for a bearing waste is presently not existing, it

was decided to utilise a concept developed for cemented and bituminised waste during
the previous CEC R&U programme [7). Hie Auriat granite formation in France, whose
characteristics are detailed in the PAGIS report [8], was selected as the reference site.
As a working hypothesis, a fictional repository (overall depth = 700 m) based on the
gallery concept was adopted

The envisaged sequence of the disposal operations, all performed by remote
handling, can be summarised as follows. The COGEMA transport casks are opened,
unloaded, controlled and possibly decontaminated before returning to the
treatment/conditioning plant. The waste drums are stored in large metallic containers for
up to one month; these are then filled with cement to form a monolithic block and
sealed with a lid. Toe solid containers are transferred underground by means of a lift
and stacked in the galleries. Subsequently, the galleries are sealed with backfilling
material.

Since the drum characteristics of the conditioned hulls and caps have previously
been shown to vary (Table 3), different sizes of the containers and internal drum
arrangements were established (Table 4).

ROUTE DRUMS CONTAINER DRUMS CONTAINERS TOTAL DISPOSED
N» PER VOLUME PER PER WASTE VOLUME

YEAH

1 231

2 231

3 460

4 865

s r 277
s l 22

(m1)

9.5

9.5

10.0

10.6

5.0
9.5

CONTAINER *

4 ',42

4 !- ', ...

12 3%

32 "'56'

20 "'20
4 -; -i.

YEAR

58 I - - ' •<•-/

58

39 '-"^^

28 J'^

14 :-ult?5 *'*
6 i , :

(roV1)

S51

551

390

297

70
57

6 367 5.0 20 /îi/t) 19 " - . 95

Table 4: Disposal container characteristics and arisings for the various
management schemes for hulls and caps.

Because the hypothetical repository is not solely envisaged to contain conditioned
hulls and caps, but also other a bearing reprocessing wastes, a standard inventory was
established (Jable S). The waste volume of the hulls and caps is based on the waste
output from the référence scheme (route 1), whereas that of the remaining a wastes is
derived from a contemporary study [9]. To evaluate the size of the repository for the
remaining management routes, the container type and number were changed
accordingly, while simultaneously maintaining the volumetric contributions of the
bituminised reprocessing sludges and cemented technological waste constant.

The above mentioned approach was not adopted for route 2, as this scheme
envisages the eventual disposal of the waste in a mine.
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WASTE WASTE; DRUMS CONTAINER DRUMS CONTAINERS TOTAL DISPOSED
TYPE VOLUME PER VOLUME PER PER WASTE VOLUME

YEAR (of) CONTAINER YEAR

Cemented hulls
«.caps

Bitomtnised
reprocessing
sludges

Cemented
reprocessing
technological
WMI6

404 231

411 1788

213 178

9.5

11.5

14.4

4

32

8

SB

56

23

551

644

331

Table 5: Waste volumes for the disposal of the a wastes.

4. COST ASSESSMENT PROCEDURE

A realistic plant design must present a process, both technically feasible and
economically viable. To quantify the latter aspect of the alternative management routes,
procedures were developed for assessing plant, transport [10] and disposal costs [7].

4.1 Plant Cost
To evaluate the plant cost, a number of capital and operating cost elements were

considered (Fug. 4), taking into account the following assumptions:
• The treatment/conditioning plant for the hulls and caps is a self contained

building adjacent, to the reprocessing facility. Moreover, it contains an interim
storage for the conditioned waste production of 1 year.

• As the plant is built on an existing site, expenditures for land purchase,
licensing, insurance, etc. woe not considered.

• The capital cost for steam, process water and electricity were discounted, as
these general services are already pre-existing in the reprocessing plant.
Therefore, only their consumption was considered.

• The cost estimates are based on present-day technology.
Using this framework, the capital cost in 1988 was derived from the delivered

material cost of the Major Equipment or "Base Value" and the expenditure required for
the Civil Works. Toe former was calculated or based on existing cost data, while the
latter was obtained by applying a unit volume cost to the external building volume.
The remaining elements of the capital cost were then estimated as percentages of these
two values.

To obtain the annual operating cost in 1988, the consumption of Process
Materials* Utilities and Maintenance Materials and the costs associated with the Direct
Labour and Overheads were taken into account.

42 Transport Cost
The capital cost reflects the acquisition of the transport casks at the start of plant

operation, whereas the annual operating cost consists of freight costs, custom duties and
insurance. Both types of cost are based on French estimates.

43 Disposal Cost
In this case, the main components of the capital cost consist of civil works for
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Fig. 4: Elements considered for the plant costs.

surface buildings and other outbuildings, mining of disposal shafts and galleries, and
equipment for buildings, shafts and galleries. The operating cost comprises the annual
expenditures for containers, backfilling, maintenance materials, utilities, insurance and
operating labour.

The costs relaied to the complete disposal facility and to the fraction presented by
the hulls and caps were calculated for route 1 on the basis of the costs for the
reference disposal lite [7]. As the latter were obtained from a conceptual study, a
larger error margim may be associated with these cost figures. Subsequently, the
disposal costs were adapted to the hulls' waste arisings occurring in the remaining
management schemes (Table 4) using the methodology established in the previous CEC
R&D programme [7J. This consists of determining new capital and operating costs of
each element with {he equation:

y M

Co • (— )
V0

(1)

where CK is the cost of the component for the new waste volume, VN, Q, the cost of
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the component estimated fur the reference waste volume, Vy, and M is a scaling factor
varying between 0 and 1.

Concerning roue 2, where disposal in the Konrad Mine is foreseen, an actualisée
disposai cost of 2600 ECUw-m~3 was utilised. However, the cost for the packaging of
the drums in special Konrad Mine containers was not token into account.

4.4 Actualisation of Ihe Costs
From an economic point of view, the envisaged management schemes consist of

an initial investment for construction followed by one for operation; the cons for the
latter are distributed! over the operational life time of the plant. Therefore, other
parameters, such as plant life, interest and inflation rates, must be considered in
addition to the capital and operating costs,

The choice of any actualisation method largely depends on available information
and type of project to be evaluated. Preference was given to the Present Worth Method,
because it is the most generally used procedure for cost-benefit analysis. Moreover, it
is suitable for projects, which do not have returns, a situation in which the application
of other procedures is uncertain.

To perform the cost actualisation of the management schemes, a number of
assumptions were established, the most important being:
• Annual interest and inflation rates on the ECU were fixed to 8.3 and 2.2 %

respectively.
• Plant construct^» requires 3 years, starting from 1988, and is followed by an

operational life time of 30 years.
• Construction of the disposal facility takes 4 years.
• The date of actualisation corresponds to the start-up date of the plant (1991).
• Funds to cover tfce capital cost are borrowed at various stages and paid back at

the end of the construction period. To actualise these costs, use is made of a
construction schedule spanning 3 years.

• Since no returns are foreseen, an investment is made for the operating cost at
the stan of plant operation.

Once the capital and annual operating costs were actualised, the latter was
converted into a total operating cost for 30 years operation by applying the Annual
Cost Method. This, in turn, enabled the determination of the actualized overall cost for
the various management schemes.

5. COST EVALUATION OF THE MANAGEMENT SCHEMES

5.1 Fiant Cost
As the various! management schemes were developed by different organisations on

the basis of diverse criteria, the engineering and building volume data for the plants
were harmonised [U], resulting in the standardisation of Base Values and building
volumes of the process plant and interim storage. The plant costs (Table 6) were
derived from these two key elements as previously described.

Even though different types of processes are applied in the six management
schemes, their capital plant investments are similar. In contrast, the different
conditioning methods applied lead to a wide spread in the operating costs. The low
operating expenditures of routes 3 and 5 are related to the compaction of the waste.
This, in turn, reduces the number of drums required for the conditioning of the
compacted waste. Routes 1 and 2 employ direct conditioning, thus increasing the costs
for process materials. Finally, in routes 4 and 6 novel techniques are applied for either
the conditioning or treatment of the waste. In the first case, the higher operating cost is
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mainly due to aie asc of graphite shells; in the latter case* the melting facilities
demand noticeable requirements for process materials and utilities. Thus, the
implementation of these new technologies is presently the most expensive.

ROUIS
N*

1

2

3

4

5

6

EASE
VALUE

(MEOW

4.3

4.6

5,7

6.3

4.8

5.3

GIVE,
Process
Plant
(no

4930

8690

6120

6970

10150

9060

WORKS
Interim

Storage $
<m«)

5720

5720

5270

4870

3950

3490

CAPITAL
COST

(MECUW)

19.9

22.6

24.8

27.0

23.2

24.0

OPERATING
COST*
(M£CUt,)

202

23.0

17.6

425

18.7

33.1

TOTAL
COST

(MECU»)

40.1

4S.6

42,4

69.S

41.9

57.1

$ Storage capacity « 1 year's waste production
* Tola! operating cost for 30 years operation

Table 6: Actuaiised plant costs for the various management schemes.

5.2 Transport Cost
Both the capital and operating costs of the transport axe directly related to the

amount of conditioned waste produced in each route (Table 7), These data also indicate
that the capital investment required for the transport is negligible.

ff

ROUTE
If

1

2

3

4

5

6

CAPITAL
COST

(MECU,,)

36

3J5

1.8

1.8

0.9

0.9

OPERATING
COST*
(MECU,,)

102.3

1023

51.8

58.4

23.9

18.6

TOTAL
COST

(MECU,,)

105.8

105.8

53.6

60.2

24.8

19.5

* Tola) operating cost for 30 years operation

Table 7: Actvalised transport costs for the various management schemes.
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Disposal Cost

According to the methodology previously described, the total cost of the
geological repository containing the three types of a waste (Table 5) and the pan
linked to the disposal of the cemented hulls and caps waste packages of route i were
calculated. From these values, '.he disposal costs for the remaining schemes, with the
exception of route 2, were derived using equation (1). For route 2, Ure disposai cost
figure of the Konrad Mine was applied. The costs thus obtained are summarised in
Table 8.

ROUTE
N»

1

2

3

4

5

6

TOTAL COST
OF THE

GEOLOGICAL
REPOSITORY

(MECUni

279

-

265

258

240

236

HULLS & CAPS IN
GEOLOGICAL REPOSITORY

CAPITAL OPERATING
COST COST*

(MECU,,) (MECU,,)

71,8 50.7

-

48.4 33.1

42.8 28.9

22.4 14.4

17.9 11.4

HULLS &. CAPS IN
KONRAD MINE

TOTAL COST %
(MECU,,)

-

14.5

-

-

-

—

TOTAL
DISPOSAL
COST OF

HULLS & CAPS
(MECU,,)

122-5

14.5

81.5

71.7

36.8

29.3

* Total openftîng cost Tor 30 years operation
t Includes both capital and operating costs with the exclusion of the packaging

according to the Kocirad Mine specifications

Table 8: Total cost for the geological disposal of a bearing wastes and
disposal costs associated with the hulls and caps arisings generated in
the six management routes.

As is the case for the transport costs, the geological disposal costs are directly
related to the volume reduction of the conditioned waste obtained in the various
management schemes. Typically, extensive volume reductions lower the total disposal
cost by a factor of 4. Nevertheless, a greater cost decrease would be obtainable, if the
cemented waste products complied with the criteria of other repositories, such as the
Konrad Mine. This lis illustrated by routes 1 and 2, where the volumetric waste arisings
are identical.

5.4 Total Cost or the Management Schemes
Figure 5 shows the contributions of the plant, transport and disposal costs to the

overall cost of each management route. The most expensive one is the reference route.
Progressive cost reductions are achieved by the implementation of more efficient
volume reduction techniques, the most optimised being press compaction (route 5) and
melting (route 6). Through these processes, cost savings of more than 60 % are
achieved with respect to the costs of the reference scheme.

In all the schemes, the transport and disposal costs play a dominant pan in the
overall management cost, i.e. they range from 46 % (route 6) to 85 % (route 1).
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Therefore, optimisation of these two cost elements could make the treatment of hulls
and caps economically more attractive.

TOTAL COST (MECU91)
300

250

200

150-

100-

50-

Legend

Plant Cost

Transport Cost

Disposal Cost

3 4
ROUTE NUMBER

6

Fig. 5: Comparison of the total costs associated with the six management
schemes for ituls and caps.

Reduction of the transport costs could be achieved by prolonging the interim
storage period for the conditioned waste from 1 to 30 years. This would diminish the
shielding thickness of the transport casks nearly by half and consequently the overall
weight of the cask. This, in turn, would reduce both the capital and operating costs for
the transport. Nevertheless, the additional costs for the prolonged interim storage should
be weighted against the benefits gained in the transport cost.

Another way of reducing costs is by exhaustive a decontamination of the hulls,
provided that the resulting waste products can comply with the disposal criteria of
other disposal modes, e.g. the Konrad Mine. The effect of the disposal cost reduction
on the overall cost: is clearly illustrated by route 2 (Figure 5). In this case, the overall
cost is reduced by 37 % as compared to route 1.
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6. CONCLUSIONS
The theoretical, study on the overall management of the cladding watte

demonstrates that the transport and disposal of the conditioned waste in deep geological
formations 'aie of extreme importance in the total management cut. Implementation of
efficient volume reduction techniques, such as press compaction or melting, more than
halves the cos» associated with the reference scheme (direct cementation).

Important cost savings may also be achieved by means of exhaustive a
decontamination of the hulls, thus allowing the disposal of the resulting waste products
in less expensive repositories, such as the Konrad Mine.

Finally, the study indicates that extension of the interim storage period for the
conditioned waste ftwn 1 to 30 years may prove beneficial due to the reduction in the
transport costs. However, this aspect should be analysed in more detail to quantify the
corresponding costs and benefits.
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