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A review of the types and activities of the waste emplaced at the Püspökszilágy Radioactive
Waste Treatment and Disposal Facility (RWTDF) was performed on the basis of the existing
operational data. This provided a breakdown of all, important parameters of the wastes as well
as of the disposal conditions for each disposal unit.

Prior to the detailed review, the behaviour of the compacted wastes, simulating those in the
repository was tested with a view to determine the efficiency of a further supercompaction. It
is shown, that owing to the high content of elastic/plastic materials, a meaningful further
compaction cannot be expected, because the supercompacted package regains most of its
former volume after having been pressed down.

Based on the evaluation of market data, the cost of purchasing or renting a supercompactor
unit and the resulting unit costs were calculated. It is not an economical solution to buy or rent
a supercompactor, because of the small amount of wastes, and the high added costs of rental
and operations.

A detailed review of the free release strategies and the available equipment was prepared.
Such a waste monitoring system, in accordance with the new regulations in place in Hungary,
should be purchased by PURAM and the methods of free releasing the wastes with activities
below threshold level should be developed.

To provide an immediate remedy to the shortage of disposal volume, it is suggested to
retrieve the old Institutional wastes and the sealed radioactive sources, emplaced in the “a”
type vaults, and use the existing free space for further waste disposal. As an alternative, the
use of residual free space in the vaults for further disposal, without waste recovery, is also
reviewed, but this would only solve the problem of lack of disposal space and would not
improve the overall safety of the facility.
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On 23rd of November, 2000. Directorate C Nuclear safety and civil protection of Directorate
General Environment of the European Commission and TS Enercon Kft. signed a Study
Contract (B7-032/2000/290518/MAR/C2)� relating to further study at Püspökszilágy
Radioactive Waste Treatment and Disposal Facility (RWTDF).

The objective of the Contract was twofold:

(1) to assess the feasibility of developing or purchasing a waste assay system to
characterise existing and incoming radioactive wastes, and

(2) to assess the feasibility of volume reduction of the recoverable NPP low-level solid
waste packages deposited in RWTDF, through either compaction / supercompaction
or incineration.

In addition to the above tasks, prior to the analyses, the composition of the wastes and the
behaviour of the compacted packages was tested with a view to determine the efficiency of a
successive compaction. It was found, that owing to the high content of elastic/plastic
materials, a meaningful further compaction over a factor of 2 cannot be expected, because of
the “spring-back” action, where the compacted package regains most of its former volume
after having been pressed down.

While the objective of the present Report is to review the available options in extending the
operation of the RWTDF, during the preparation of the document it became clear that the
issue can not be investigated in isolation from the site’s characteristics, the results of its
ongoing Safety Assessment and of some additional concerns, which became known recently.

It was deemed necessary to provide a more detailed background in Section 2, and thus to
illustrate the complexity of the decision to be made.

The status and activity inventory of the disposal units described in Section 3 illustrates that if
a decision is made to open a vault, and to add more wastes is, while solving the volume issue,
leaves the question of disposal safety open, because almost all vaults contain some other
waste types, i.e. sources, which should be removed from there.

Some vaults were backfilled by concrete, to empty these would make the task more
complicated, almost impossible, without using complicated equipment. As can be seen from
Section 3, wastes from NPP Paks are better characterized than the institutional wastes, and
they do not pose a safety risk, if removed from the vaults - according to the PHARE project
PH 4.12/95 [1, 2 the preliminary results of which were made available to TS Enercon Kft.

As shown in the pictures taken during a trial opening of Vaults a5 and a6 (See Section 2.5),
the waste packages, disposed of approximately 15 years ago, do not use the whole free space
in the trench for reasons of self-compaction and not proper filling of space. The simplest
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method could be just adding wastes to the free volume, but this, again, would not solve the
safety issues.

If removal and repackaging of the wastes is decided (in the first phase for those vaults, which
are not backfilled), and if some volume reduction is suggested then the type of compactor
(low/force vs. high-force) should be determined. In this respect, the preliminary results of the
investigation, described in Section 4 show that there is no clear economic benefit in using a
supercompactor on the site. Since it is certain that such a machine could only be rented, the
timing of the campaigns and their frequency would result in the necessity to keep many vaults
open at the same time (to provide enough raw wastes for supercompaction) while the
expected costs of this operation are not justified. Also, the volume of the existing vaults
would be enough for a long time, even in case of volume reduction with low-force
compacting.

Sections 5 and 6 provide a review of existing technologies of volume reduction and
radioactive waste assay. As the review of the site conditions and the site inventory unfolded,
it became more and more clear that the decision as to what method of volume reduction
should be applied is strongly interconnected to the conclusions about the site’s safety
assessment, and should not be made in isolation. Therefore, a complex decision is necessary
to take account of all relevant factors, among others the results of the above referenced
PHARE project PH 4.12/95.

Section 7 describes the on-going and future plans for the facility, while Section 8 evaluates
the possible future scenarios to be followed and provides recommendations.
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This Section will describe the data and general information about the whole site, and in
particular about the Radioactive Waste Treatment and Disposal Facility.

2.1. HISTORICAL BACKGROUND

In Hungary the application of open and sealed sources of radioactivity in larger scale began at
the second half of the 1950s. A research reactor was commissioned in 1959 at the Central
Research Institute for Physics in Budapest. The first nuclear power plant unit went into
operation in 1982.

 Radioactive waste arisings, that were generated in Hungary before 1959, were held at a
temporary storage facility that was established in the area of the Central Research Institute for
Physics. In 1959, the temporary disposal site at Solymár was completed and the historical
wastes were transferred in 1960.

 The Solymár temporary disposal site was located approximately 70km from Püspökszilágy.
The total capacity of Solymár was 900m3 of radioactive waste and between the years 1959
and 1976 the repository was filled. The waste comprised both natural and artificial
radionuclides with a half-life greater than 30 days. The waste originating from the utilisation
of 226Ra among the natural radionuclides was considered to be the most significant. (From the
end of the 1950s, efforts towards radiation protection were increased - with work places that
used radioactive luminous paint containing 226Ra undergoing investigation.) Remedial action
saw the generation of a considerable amount of waste. Of the artificial radionuclides, waste
from isotope production, involving 90Sr was particularly noteworthy.

 Only estimates are available for the total activity of the waste in the Solymár facility. The
total activity of the 900 m3 wastes was approximately 400 TBq (about 10 kCi), at the time of
collection and disposal.

 The majority of the waste was solid, with a few m3 of liquid and biological waste. The solid
waste was packed into polyethylene bags or metal drums. All of the bags and drums were
numbered. The bags were bound closed and the metal drums were welded. In total there were
6,542 bags and 647 drums (varying in volume between 50 and 500 litres). Liquid waste was
placed into 20 litre plastic cans and the biological waste was placed into 25 litre milk cans.

 The solid waste comprised mostly filter papers, textiles, concrete, concrete debris, soil and
laboratory instruments. Sometimes sealed sources were placed into a package. In addition,
approximately 3,000 sealed sources were collected. These were repackaged only if security of
transfer and disposal required.
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One particular aspect of the transfer operations, that should be noted, relates to sealed sources.
At the time of transfer, the sealed sources had an activity that corresponded to approximately
2 TBq (60Ci) 60Co. The 3,000 sealed sources were stored in 12 m long tubes. These tubes
were filled with concrete, lifted out of the ground and positioned within larger (400 mm
diameter) tubes that were then backfilled with concrete in readiness for transport.

The Püspökszilágy repository was commissioned in 1976 and was formerly operated by the
Budapest Branch of the State Public Health and Medical Officer Services. Since July 2,1998,
the newly formed Public Agency for Radioactive Waste Management (PURAM) has taken
over the operation tasks.

Before 1998, the collection, transportation and disposal of the waste was provided free of
charge for the institutions that generate the waste. Since setting up the Central Nuclear
Financial Fund in 1998, the waste producers are supposed to pay, based on a tariff system.

In 1983, the site was licensed to dispose of low-level solid radioactive wastes from the Paks
NPP, until the expected opening of the power plant’s own disposal facility. Unlike other
waste producers, the power plant was charged for this service and was compelled to build as
much new disposal capacity as it would have occupied. However, due to the extremely strong
public opposition, the licence was not granted for the construction of the new site and also the
population of Püspökszilágy and Kisnémedi, the two villages near the Püspökszilágy
repository started to protest against the disposal of wastes of nuclear power plant origin.

The disposal of these wastes was interrupted in 1989. By that time, 1250 m3 of radioactive
waste had been sent to Püspökszilágy from the nuclear power plant. After years of
negotiations and a referendum at the villages in question, the NPP managed to reach an
agreement to dispose of another 1000 m3 of wastes at Püspökszilágy until 1994. The waste
shipments from the power plant restarted in 1992. According to the agreement, not only the
operator of the disposal site, but also the local communities, received a fee for each m3 of
power plant waste disposed of.

The Püspökszilágy RWTDF was responsible to take over institutional radioactive waste from
the producers, treat and dispose them properly. However, neither the original licence nor the
licence of the extension, deal with waste acceptance criteria. On the request of producers the
spent sealed sources have been accepted for disposal. There were two important exemptions
to the overall take-over responsibility. Radium sources (needles, capsules, etc.) of medical
applications had been collected and are being stored at the National Institute of Oncology. In
the early years, Püspökszilágy repository accepted 238Pu and 239Pu sources for disposal and
these cases were discussed and agreed upon with HAEC and the Institute of Isotopes of the
Hungarian Academy of Sciences, in order to comply with the safeguard requirements, but
presently this practice has been terminated and the Pu sources are collected and stored in the
Institute of Isotopes.

To date approximately 4,800 m3 of solid and solidified waste has been emplaced in the
disposal site and about 3,000 m3 of repository volume has been sealed. Of this amount
1580 m3 came from the Paks NPP and this took up some 2,500 m3 repository volume. More
than 80% of the disposed waste is classified as LLW. There are also spent radioisotopes
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stored in the disposal cells with an assessed activity of 10 TBq, consisting of long-half life
and alpha emitting materials.

The site was extended in the late 1980’s. At present, the repository has only a temporary
licence, since the Hungarian Geological Survey, one of the authorities participating in the
licensing procedure, has not consented to the issue of the permanent licence during the
licensing procedure of the new vaults. The new vault extension has been granted a limited
operating licence until the end of year 2002 only.

Currently there are two main groups of institutions, which generate low and intermediate level
radioactive waste (L/ILW); the first group – small-scale or non fuel-cycle producers –
includes hospitals, laboratories and industrial companies. The other main waste producer is
the Paks Nuclear Power Plant with its four WWER-440 reactors.

At the beginning of the 1990s, there were approx. 2000 workplaces licensed for the
application of isotopes, mainly working with sealed sources. This number has been
continuously decreasing – dropped by now to about 500-600 – because of the structural
changes in the Hungarian economy.

Producers of the first group generate yearly about 10-30 m3 L/ILW. This amount includes
10-25 m3 solid, 4-5 m3 liquid, 1-2 m3 biological waste and 500-1000 pieces of spent radiation
sources.

A major source of waste awaiting to be disposed of now and in the future is in the form of
spent radioisotopes and sources. It is estimated that only 0.5% of the sealed sources in
Hungary have been collected and disposed of. In addition, Hungary is a significant exporter of
sealed sources and recent licences have included a commitment to accept repatriation of the
spent sources originating from Hungary.

2.2. DESCRIPTION OF THE FACILITY

The Püspökszilágy repository (Figure 1.) is situated some 40 km north of Budapest on the
ridge of a hill near Püspökszilágy village. The facility is a typical shallow land, near surface
engineered type disposal unit. The host media is a clay-loess formation. The groundwater
depth is 17 to 20 metres from below the bottom of the storage cells and wells. The waste has
been disposed of in a near surface disposal units (vaults, cells, wells) with engineered barriers.

The concrete trench type facility is divided into four areas in order to dispose different types
of wastes separately. The disposal units accordingly are categorised into 4 classes, shortly
abbreviated by letters from “a” to “d”.

Two types of vaults are available designated as “a” and “c”.
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TABLE 1. Concrete vaults

7<3( $02817 &$3$&,7<

³D´ 48 70 m³

6 140 m³

12 70 m³

³F´ 8 1.5 m³

Two types of wells are mainly reserved for the storage of highly active sources.

TABLE 2. Wells

7<3( $02817 6,=(6

³E´ 16 ∅ 40 mm x depth 6000 mm

16 ∅ 100 mm x depth 6000 mm

³G´ 4 ∅ 200 mm x depth 2000 mm

The different disposal units have been filled as follows:

������� ³$´��W\SH�YDXOWV

The “a” type disposal system consists of the original 48 vaults of 70 m3 each and the
extension 6 vaults of 140 m3 each, plus 12 vaults with 70 m3 volume. A vault under
construction can be seen in Figure 2.

Both unconditioned and conditioned wastes packaged in plastic bags or metal drums were
placed in the disposal cells and eventually grouted in-situ using low active contaminated
grout. This practice was later changed to use clean grout. This practice has now ceased to
enable retrieval of the waste drums at some time in the future if decided so. Presently all
wastes are conditioned and packed into drums and backfill material for the extension has been
changed to silty-clay, containing fine sand.

Two vaults have already been sealed and covered (see Fig. 3).
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Fig. 2/3 Vault “a” under construction and covered
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After filling up a single vault, upper isolation is completed by the following way:

• 15 cm thick inactive concrete covers the waste packages
• 19 cm thick prefabricated reinforced concrete panels are placed on the top of the

vault
• gently sloping (appr. 1%) cementitious mortar layer of 5-10 cm is created
• water isolation containing 0.5 cm bitumen layer, bitumen impregnated textile and

1 cm thick sand layer is created
• 6 cm thick concrete protects the water isolation
• temporary clay cap of 1 m thickness covers the isolated vault, with an additional

15 cm thick topsoil for grass.

������� ³%´�W\SH�ZHOOV

The “b” type cells consist of 16 wells with diameter of 40 mm (Fig. 4) and 16 wells with
diameter of 100 mm. The wells are stainless steel lined and 6 m long, located inside a
concrete monolith structure. These wells were designed to receive high activity (in the range
of 100 GBq) 60Co sources, but the capacity of this storage has been overestimated, so the
wells are used for the segregation of the sources. It was the initial practice for the sources to
be placed in the wells and then grouted in position. This has now been reviewed and sources
can now be placed for future retrieval.

The wells of higher diameter accommodate the by-products of the production of 60Co sources.
A well under construction and finished can be seen in Figures 5 – 6..

In the past the storage of special spent sources, such as 239Pu, 226Ra, 99Tc, and 14C from the
isotope producers has been an issue of concern as QA/QC procedures had not been fully
exercised to control the placement in storage. Special sources are now treated separately.
Currently Pu sources are collected and stored by the Institute of Isotopes and radium sources
are collected and stored at the Institute of Oncology.

������� ³&´�W\SH�YDXOWV

The “c” type disposal system consists of 8 vaults, 1,5 m3 each (See Fig. 7). The cells are used
for the disposal of contaminated organic solvents, which are of an activity level above that
specified for incineration. This material is normally placed in cans, which are then placed in
drums for disposal. This waste may also contain some used scintillation liquid.
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Fig. 5/6 Type “b” well under construction and finished
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������� �³'´�W\SH�ZHOOV

The “d” type disposal system consists of 4 wells with diameter of 200 mm. The wells are
stainless steel lined and 6 m long (See Fig. 8). These cells have been utilized for storage of
spent radiation sources with a half-life greater than 5 years.

 ������ 6XPPDU\�RI�:DVWH�,QYHQWRU\

 The material and radioactivity inventory are as follows:

 

 7RWDO�&DSDFLW\� �����P�

 )UHH�&DSDFLW\��DV�RI�-DQXDU\������� ����P�

 7RWDO�GLVSRVHG�$FWLYLW\� ����7%T
 

 The distribution of activities is summarised in Table 3.

 

 7DEOH����$FWLYLW\�RI�:DVWHV�'LVSRVHG�DW�3�VS|NV]LOiJ\

 

 :$67(�7<3(  727$/�$&7,9,7<�*%T

 ,QVWLWXWLRQDO�:DVWH  

 7,833 pieces (200 l drums)  11,000

 24,049 pieces (50 l plastic bags)  1300

 644m3 miscellaneous (e.g. air filters)  80,000

 %LRORJLFDO�ZDVWH��4,675 l  250

 'UDLQDJH��4,478 l  1000

 2UJDQLF�VROYHQW��2,525 l  1546

 6HDOHG�VRXUFHV��25,636 pieces  359,837

 &RQWDPLQDWHG�VRLO  0.5

 6PRNH�GHWHFWRUV��2,627 pieces  30

 



Feasibility study of a waste assay system
and the possibility of volume reduction

at the Püspökszilágy RWTDF

%������������������0$5�&�

17



Feasibility study of a waste assay system
and the possibility of volume reduction

at the Püspökszilágy RWTDF

%������������������0$5�&�

18

To date, over 4,000 consignments of radioactive waste have been delivered to Püspökszilágy
from 430 different consignors. These include:

• waste from Paks NPP. A total of 321 consignments with a volume of 1580 m3 were
delivered to Püspökszilágy between 1983 and 1996 and placed (along with waste from
other waste producers) in compartments a25 to a63. The waste is in bags or metal drums.
A large number of drums (~500) were analysed using assay equipment at Paks. This has
resulted in accurate information and little uncertainty over the properties of this waste
stream;

• long-lived spent sealed radioactive sources (SSRS). These consignments comprised of the
following radionuclides; 10Be, 14C, 36Cl, 40K, 63Ni, 99Tc, 129I, 210Bi, 226Ra, 232Th, 234U, 235U,
239U, 237Np, 238Pu, 239Pu and 241Am, along with neutron sources, 226RaBe, 238PuBe,
239PuBe and 241AmBe;

• waste from the original Solymár repository. The first 990 consignments to Püspökszilágy
are placed into the first “a type” vault (compartments a01 to a24);

• long-lived waste other then SSRS (for example, biological waste, contaminated water,
solvents and other miscellaneous solid waste).

 Waste has been received from 430 organisations. These can be divided into six different
categories to differentiate the operational activity of the consignor, namely, industry
(including Paks NPP), health applications, research, university (education), services and
others.

������� 0DQDJHPHQW�RI�VSHQW�VHDOHG�VRXUFHV

In 1996, an attempt was made to assess the future disposal needs of spent sealed radioactive
sources. By comparing the data stored in the National Register of Isotopes and the records of
the disposal facility, a conclusion was made that approx. a few percent of sealed sources have
been shipped back as waste for storage and disposal. Most of the sources are smoke detectors,
while the activity is represented by a few big Co sources, which – according to the present
methodology – will be reprocessed and reused. There are sealed sources, still in use in the
country, between 10–20 thousands, which ultimately will have to be shipped back for disposal
and the RWTDF is prepared to handle and dispose these.

Until the end of 1999, the amount of spent sealed sources, taken over by the disposal facility
was over 32.000 pieces (see Table 4.). This number includes over 5.000 smoke detectors.
Sealed sources should be stored in every licensed workplace according to the requirements of
Reference 5.
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When no further use is foreseen for a source in a given workplace or the isotope application
activities are to be terminated, the institution or the company has to offer its sealed sources to
the Institute of Isotopes responsible for import and procurement of isotopes for the country
and maintaining national register of isotopes. In case of rejection of the offer, the institution
or company can ask the Püspökszilágy to take over the source(es) either for storage of for
disposal.

Packing of SSRS prior to transportation is the responsibility of the producer. Large activity
gamma-sources are usually put into a special disposal container and sealed afterwards
(according to the shape it is called “disposal torpedo”) by the Isotope Institute plc. Gamma-
sources having no surface contamination are not packaged, for their safe transportation lead
containers are used. Alpha- and beta-sources have to be packaged into polyethylene casings.

Gamma-sources aren’t conditioned prior to disposal into the stainless steel lined boreholes.
Usually twice in a year the boreholes are partially filled by cement grouting up to the level of
sources.

Spent alpha- and beta-sources have to be embedded into cement prior to disposal into the “a”
type vaults. Distribution of sealed sources with respect to disposal units/type and their activity
is shown in Table 4, and the breakdown by type and activity in the “a” type vaults is shown in
Tables 5 and 6.

TABLE 4. Sealed sources disposed of at RWTDF

7\SH�RI�WKH�GLVSRVDO

XQLW

$FWLYLW\��%T�� $FWLYLW\��%T�� 1R��RI�GLVSRVHG

VRXUFHV

“a” vault 6.7x1014 2.5x1014 24,905

“b” small diameter

wells

4.1x1015 3.0x1014 3,197

“d” large diameter wells 7.2x1014 7.5x1012 4,427

7RWDO ���[���� ���[���� ������

Notes:
* Activity values valid for the date of delivery to the repository
** Activity as of 01. 01. 2000
• smoke detectors are included in the Table
• SSRS being temporary stored (in vault ”c”) are excluded
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TABLE 5. Spent alpha-sources disposed in „a”- type vaults

6RXUFH 1R��RI�GLVSRVHG�VRXUFHV $FWLYLW\�*%T�
241Am 1029 1390.81
210Po 78 0.007
238Pu 67 20.21
239Pu 27 10.63
252Cf 41 7.87

Others(228Th, 232Th, 234U, 235U) 49 0.91

TABLE 6. Sealed neutron sources disposed in “a”- type vaults

6RXUFH 1R��RI�GLVSRVHG�VRXUFHV $FWLYLW\�*%T�
210Po-Be 438 0.03

241Am-Be 61 4775.73
226Ra-Be 28 88.62
238Pu-Be 1 414.26

In the following parts, a description of the wastes’ activity is given in the individual storage
units. To assist with identification of their location, a Chart, showing all disposal units at the
Püspökszilágy RWTDF is given in Figure 9 below.

The activity of the sealed sources and their location grouped according to their half-life is
shown on the following diagram (Fig. 10).

As can be seen on Figure 10, the majority of disposed activity of the sources was placed in the
“a” type vaults, and these sources have to be taken into account when planning any waste
retrieval from there.

The type and activity of the spent sealed radioactive sources placed in “a” vaults is shown in
Table 7. A graphic presentation of the distribution of individual activities emplaced in the
individual vaults is shown in Attachment 1.

Some notes to Table 7:

• Status: 2000.01.01.
• There are some vaults without SSRS, their number is excluded from the list.
• SD: smoke detector.
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Fig. 9 Storage unit locations
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Fig. 10 Distribution of activity of SSRS
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TABLE 7. Spent sealed radioactive sources placed in “a” vaults and their activity, Bq

9DXOW :DVWH ���&V ��& ���5D ���7K ���3X ���$P �+ ��7F

SFV %T SFV %T SFV %T SFV %T SFV %T SFV %T SFV %T SFV %T

D�� SSRS 3 2,33E+08 1 1,03E+06 1 7,33E+08 87 6,84E+12 31 5,73E+10

D�� SSRS 4 6,70E+09 2 3,31E+09

D�� SSRS 17 6,36E+11 3 7,16E+08 1 3,41E+07 410 1,73E+11 24 1,85E+09

D�� SSRS 45 2,33E+09 59 5,60E+07 1 3,66E+04 14 5,21E+06 15 6,71E+06

D�� SD 5 1,37E+07

D�� SSRS 30 4,11E+11

D�� SSRS 140 4,73E+11 7 6,28E+05 10 3,90E+09 10 1,92E+08 3 2,18E+05 248 1,08E+13 7 1,85E+05

D�� SSRS 1 7,41E+10

D�� SSRS 1,87E+09 362 5,51E+13

D�� SSRS 10 1,11E+08 12 4,21E+09 33 3,85E+12 47 2,11E+09

D�� SSRS 1 4,53E+09 2 4,17E+08

D�� SSRS 79 3,65E+10 6 1,18E+06 25 1,86E+09

D�� SSRS 34 2,06E+10 1 3,69E+05 6 1,72E+10 3 6,00E+08 16 4,07E+07 150 5,58E+11 25 7,40E+09

D�� SSRS 2 9,43E+11 2 1,85E+09
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9DXOW :DVWH ���&V ��& ���5D ���7K ���3X ���$P �+ ��7F

SFV %T SFV %T SFV %T SFV %T SFV %T SFV %T SFV %T SFV %T

D�� SSRS 11 3,72E+09 1 1,85E+08 44 4,62E+08 1 1,08E+07 68 4,96E+09

D�� SSRS 4 6,95E+10 6 1,11E+09 1 3,65E+05 4 1,48E+08 8 4,93E+10 63 1,63E+10 36 1,35E+09

D�� SSRS 1 3,75E+09 4 1,47E+08

D�� SSRS 40 5,00E+08

D�� SSRS 1 8,32E+08 1 7,36E+05

D�� SSRS 2 5,18E+08 1,43E+06 11 3,62E+11

D�� SSRS 2 3,29E+05 1 3,99E+04 2 6,00E+04 1 3,62E+04 18 1,00E+04

D�� SSRS 11 1,16E+10 1 1,85E+08 22 9,08E+07 5 3,63E+10 150 7,65E+08 60 5,00E+08

D�� SD 13 2,88E+04

D�� SSRS 443 1,05E+12 31 7,18E+09 11 1,99E+08 28 6,20E+10 5 1,09E+10

D�� SSRS 79 1,12E+12 5 2,03E+08 1 3,60E+05 12 3,91E+10

D�� SD 10 5,58E+04 11 6,00E+09

D�� SSRS 25 2,11E+10 2 3,65E+08 7 1,85E+08 19 2,27E+10 1 4,47E+09 101 3,00E+08

D�� SD 18 1,89E+04 7 3,58E+05
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9DXOW :DVWH ���&V ��& ���5D ���7K ���3X ���$P �+ ��7F

SFV %T SFV %T SFV %T SFV %T SFV %T SFV %T SFV %T SFV %T

D�� SSRS 52 5,63E+11 1 1,85E+08 5 2,74E+08 2 9,68E+09 166 5,14E+11 7 2,13E+10 402 1,57E+10

D�� SSRS 1 3,33E+05 1 3,95E+05 38 2,50E+09

D�� SSRS 220 8,88E+10

D�� SD 118 2,40E+07 143 5,71E+07

D�� SSRS 63 4,83E+10 2 5,69E+06 7 2,43E+07 38 1,07E+12 247 3,59E+13 153 1,26E+10

D�� SD 3 1,00E+03

D�� SSRS 3 9,08E+05 3 2,99E+07 2 2,00E+06 4 5,79E+11

D�� SSRS 3 6,25E+11

D�� SSRS 1 3,30E+08 1 1,84E+09
D�� SD 3 2,98E+04

D�� SSRS 24 8,30E+08 2 3,67E+05 1 5,00E+03 7 1,10E+09 2001 8,00E+10

D�� SSRS 67 6,89E+10 14 1,57E+11 2 1,84E+08

D�� SSRS 2 3,65E+04 5 3,70E+04 2 1,50E+04

D�� SD 31 1,54E+08

D�� SSRS 49 3,42E+10 6 1,67E+05 7 3,43E+10 2 1,48E+09

D�� SSRS 27 2,40E+10 8 1,90E+05 1 1,00E+04 28 1,78E+11 40 9,28E+13

Notes: data calculated for 01.01. 2001
SD: smoke detectors
Missing vault number means that no SSRS and SD are present in the vault
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The disposal wells of “b” and “d” types had been designed basically for radiation protection
requirements of the seventies for disposal of gamma emitting sources. These wells have 5 m
long active length because the upper 1 m long part has to be cemented in case of closing the
individual well. It was envisaged to provide the necessary radiation protection at the surface.
The conical guidance part is protected during the operational phase by a lead plug.

2.3. WASTE MANAGEMENT PRACTICES

������ 2Q�VLWH�WUHDWPHQW�DQG�VWRUDJH

The associated building (called “Active building”) contains laboratories and a waste sorting
area with storage tanks for the collection of liquid wastes. The sorting facility is not in use and
the liquid storage tanks are empty and may be dismantled to provide an additional storage
facility, as suggested in Reference [3].

The solid waste is generally packaged into drums, boxes or plastic bags, the liquid and
biological wastes are put into cans or drums, the spent sealed sources are handled with
shielding container. Solid waste put in plastic bag by the producer is repackaged into drums at
the disposal facility. The liquid waste is soaked up with siliceous marl or cemented. In earlier
stage the biological waste was filled with bitumen in drums, at present this is also cemented.
Some pictures showing the loading of a vault provide a typical example of waste
emplacement can be seen on Figure 11.

Steel-lined concrete wells are used for the disposal of high activity waste. These waste come
from isotope users and are regarded as high-level waste based on the Hungarian National
Standard for the Classification of Radioactive Wastes (HLW: dose rate at the surface is higher
than 10 mGy/h).

The main radioisotopes in the waste disposed of are 3H, 14C, 22Na, 54Mn,60Co, 90Sr, 137Cs,
192Ir, 226Ra,238/239Pu, 241Am.

A chart, showing the various waste streams, their treatment and disposal is shown on Fig.12.).

������� :DVWH�WUDQVSRUWDWLRQ

The solid waste is collected by the Püspökszilágy vehicle, which is an open topped truck with
a canopy, normally contained in IP-2 drums or a special LSA-III material container. The
transport conditions were in accordance with the Ministerial Order (KHVM 14/1997/IX.3)
and the dose rates external to the vehicle were based on the relevant IAEA Safety Guide [4],
i.e. 2 mSv/h on the external surface of the package and 0.1 mSv/h at 1 metre from the surface
(See Fig. 13).
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Fig. 11 Vault “a” loading
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Fig. 12 Treatment of different wastes
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Fig. 13 Waste emplacement
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The vehicle was required to collect waste from a number of producers based in Budapest.
Regarding Emergency Preparedness and the Safety Analysis Report for the possible accident
scenarios, including fire, in an area of high population density no safety analysis exists to
cover the accident postulated although contingencies did exist for dealing with a transport
emergency. Some work has been carried out to determine the limiting factors for a suitable
transport Safety Analysis Report as part of the overall review of the Püspökszilágy facility.

The non segregation of flammable and non-flammable solid packaged waste materials could
present a potential fire hazard for the transport Safety Analysis Report. There was no
requirement in the Hungarian Standards for segregation of these materials, although it was
specified that flammable liquid wastes shall be collected separately from non-flammable
wastes. During the collection of organic solvents fire-safety provisions were to be
implemented in addition to the radiation protection requirements.

������� 4$�4$�SURFHGXUHV

It was a condition of the licence for the site that quality assurance procedures will be
established. Since 1960, the transfer of waste from a producer to a disposal site was covered
by a take-over protocol. The current system is based on electronic computer records backed
up with a hard-copy record. The records are kept at separate places and at the Isotope
Institute. Old records have now been transferred onto the established data base and it is
theoretically possible to track a particular waste route through the records to its point of
origin.

The lack of a defined Waste Acceptance Criteria means that an acceptable benchmark is not
established against which the type of waste received can be judged to be conformant or non-
conformant with a required standard other than external dose rate. The operators of the facility
recognised that inconsistencies existed in the recording of waste that has been stored
historically at the site. Proposals have been made by to establish a comprehensive QA/QC
system as part of the review of the operation of Püspökszilágy.

Some sealed sources are disposed of in the older Type “a” disposal vaults. A study is ongoing
at the moment to assess what levels of activity can be justified under a post closure safety
case, to determine whether any of the sources require recovery. It may be that a case can be
made for sources with half lives up to 30 years or so (e.g. 90Sr, 137Cs, 60Co etc.) but not for
long lived sources (e.g. Am/Be, Ra etc.). Originally, the water table was some 18 – 20 m
below the base of the disposal vaults (variable, season dependent), although it is currently
some 2 m or so higher. The vaults are capped and a recent intrusive investigation into two pit
areas (one backfilled with concrete and one un-backfilled) showed that water was not
penetrating into the wastes.

Sources are mainly stored in the Type “b” and “d” storage wells, with some sources stored
temporarily in the Type “c” storage vaults. Type “a” vaults 7 – 13 contain around 3,000
sources, but there are very few sources in the other “a” type vaults. The Type “b” wells
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typically contain high gamma sources including 3 192Ir sources, 20g Ra sources, etc. Some
sources are stored loose, others are collected into stainless steel “torpedoes”. The activity in
the “b” type wells is around 1,000 Ci.

The Type “c” vaults contain some Am/Be sources and Ra smoke detector sources in the kBq
range.

The Type “d” wells contain around 2,0000 sealed sources not of high gamma type unless such
high gamma sources are too large to fit in the “b” type wells. Over 10 years ago, some of
these wells would have a concrete “slug” added at the end of each year to separate sources
from different years.

2.4. LEGAL BACKGROUND

The most important laws, governmental decrees and ministerial orders are the following:

• Atomic Energy Act No. CXVI. of 1996
• Health Minister’s Decree no. EÜM 16/2000 (VI.8,) on the enforcement of Clauses of

the Atomic Energy Act No. CXVI. of 1996
• Governmental Decree No. 124/1997. (VII. 18.) Korm., on radioactive materials as

well as equipment generating ionising radiation, exempted from the scope of the
Atomic Energy Act No. CXVI of 1996

• Order of the Minister of Public Welfare No. 23/1997. (VII. 18.) NM defining the
exemption levels (activity concentrations and activities) of radionuclides

• Order of the Minister of Health and Social Affairs No. 7/1988 (VII. 20) SZEM
regarding the enforcement of the Enacting Clause of the Council of Ministers No.
12/1980 (IV.5)MT to Atomic Energy Act No. I. of 1980 on (the executive order of the
new Act on Atomic Energy is in preparation)

• Order of the Minister of Industry, Trade and Tourism No. 62/1997(XI.26.) IKIM on
the Geological and Mining Requirements for the Siting and Planning of Nuclear
Facilities and Radioactive Waste Disposal Facilities

• Order of the Minister of Industry, Trade and Tourism No. 67/1997(XII.18.) IKIM on
the operation and administration of the Central Nuclear Financial Fund

At present, general regulation does not exist yet in the field of radioactive waste management
(it has already been drafted), but in the field of radiation protection there is a comprehensive
regulation in force.

According the Act on Atomic Energy, the Minister for Public Health (EüM), through State
Public Health and Medical Officer Service (SPHAMOS), and as part of the radiation safety
procedures, carries out:

(a) licensing and monitoring of all activities with radioactive materials, and
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(b) licensing and inspection of non-nuclear facilities which serve activities with
ionising radiation or radioactive material (including radioactive waste
repositories).

According to the Act, the Minister for Public Health [5], through SPHAMOS, is responsible
for licensing and monitoring the siting, construction, commissioning, operation, modification
and closing down of radioactive waste disposal facilities.

Dose limits for the occupational and public radiation exposures, the employee related action
level of radon concentration, the control of monitoring the external and internal radiation
exposure to persons, the intervention levels to be taken into account in accident prevention
plans and action plans, and the rules controlling the radiation exposure to those involved in
the elimination of consequences of nuclear accidents are described in EüM Decree 16/2000.
(VI. 8.) on the enforcement of Sections of the Atomic Energy Act No. CXVI/1996 [6].

The Hungarian Standard MSZ 14344/1 gives guidance on waste classification. According to
the standard the following categories exist:

− //: less than 5*105 kBq/kg with a surface dose rate of less than 300µGy/h.
− ,/: between 5*105 kBq/kg and 5*108 kBq/kg with a surface dose rate up to

10 mGy/h.
− +/: greater than 5*108 kBq/kg with a surface dose rate greater than

10 mGy/h.

In the 1989 edition of the Standard, distinction has been made with respect to the lifetime of
radioactive materials in the following way:

− short lived less than 30 days half-life
− medium lived less than 30 years half-life
− long lived more than 30 years half-life

In the earlier version of the classification standard no distinction was made on the basis of the
half life. Following the acceptance of the 1989 edition, no changes were made in the licence
conditions of the facility neither with respect to activity concentration nor restricting the long
lived components for disposal.

2.5. EXEMPTION AND CLEARANCE:

Health Minister’s Decree no. EüM 16/2000 (VI. 8.) on the enforcement of Clauses of the
Nuclear Law CXVI/1996 is the basic legal document on exemption from authority
supervision. Its Clause 23 reads as follows:

(1) Resolution on providing exemption from authority supervision shall be granted by
Health Authority (OTH) upon the request of the Licensee. The application to be
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submitted by the Licensee shall include an assessment of exposures arising from the
use and recycling of materials, or handling them as non-nuclear waste and an analysis
to demonstrate that the best solution is exemption.

(2) Materials containing radionuclides can be exempted from authority supervision, if

a) the yearly radiation exposure to individuals from the use and recycling of
materials, or handling them as non-nuclear waste is not higher than ��� µ6Y
HIIHFWLYH�GRVH, and

b) the analysis demonstrates that the exemption is the best solution.

(3) In its resolution, OTH may specify conditions for the use and recycling of materials or
handling them as non-nuclear waste.

(4) The provisions of this decree shall no longer be applied to radionuclide containing
materials exempted from authority supervision.

The Order of the Minister of Public Welfare No. 23/1997. (VII. 18.) NM defines the
exemption levels of radionuclides.

Values, established by national competent authorities are expressed in terms of activity
concentrations and/or total activity, at or below which radioactive substances or materials may
be released from the requirements.

In cases of mixtures of more than one nuclide, the requirement for reporting may be waived if
the sum of the ratios for each nuclide of the total amount present divided by the values listed
in table given in the Order is less than or equal to 1.

 The summation rule also applies to activity concentrations where the various nuclides
concerned are contained in the same matrix.

 Clearance levels and procedure are not regulated specifically. On the request of a licence
holder the Authority deals with the issue on case by case basis.

2.6. OPENING OF A VAULT

Following the commissioning of the Püspökszilágy repository in 1976, the first 2 rows of
disposal units which consists of 24 pieces of vaults each of 70 m3 were used to dispose of
wastes, retrieved from the former experimental repository, phased out at Solymár.

After emplacing the waste packages, the voids inside the filled vaults were supposed to be
filled with cementitious mortar.

In practice, however, only vaults ”a6”, ”a15”, ”a19”, ”a20”, ”a22”, ”a23”, “a24” had been
fully backfilled (See Figure 14).
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Except of “a6” vault, where actually cementitious mortar was used, the rest of the vaults were
backfilled by concrete. Vaults ”a3”, “a13” and “a17” had been only partly backfilled with
concrete, which was made using liquid radioactive waste.

In the beginning, for disposal purposes 50 litre plastic bags, 200 litre metal drums and boxes
made of paper or wood, were equally used. Consequently, the packages within the vaults got
positioned fairly loosely.

This observation was confirmed during the vault opening operation, in March 2000, when
vaults “a5” and “a6” were opened in order to study the conditions of the structural materials
of the cells and of the packages disposed. This is illustrated on the photos below (See Figure
14/a).

In light of the current regulations, the packaging method used in the 1970s can be judged to
be insufficient (at present only drums clearly identified and labelled are permitted to be used).

Given the distribution of waste packages within the vaults, significant free capacity is
expected to be gained, by recovering the wastes from vaults ”a3”, ”a5”, ”a7”, ”a11”, ”a12”,
”a13”, “a14” and ”a18”.

A more detailed review of the vault contents and proposals for further work are given in
Sections 2.2. and 8.1. respectively.
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FIG. 14
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Fig. 14/a Vault opening
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Based on the general information, presented in the previous Section, a detailed survey of
waste volumes and characteristics is given to provide a better background for the proposed
further measures.

3.1. WASTE TREAMENT METHODS

The wastes are mostly treated by the producers, according to the scheme on Figure 12. The
following Table 8. summarizes the packaging types and treatment methods both by the
producers and on the site.

3.2. CHARACTERISTICS OF WASTES IN THE INDIVIDUAL DISPOSAL UNITS

In order to make a judgement, which disposal unit to open for waste retrieval, a detailed
analysis of the individual waste disposal units was performed. A summary of the amounts of
the emplaced wastes is shown in the following Table 9, while the data in the later Tables
(Tables 10 and 11) summarize the detailed information about the wastes in the vaults, their
origin (which gives indication of the waste form too), and the amount of void filling
components, if they were added. The location of the individual vaults according to their
numbering can be seen on Figure 9 shown before.

Detailed charts showing the activities by specific isotopes are shown on separate pages, in
Attachment 1.
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TABLE 8. Types of waste, packaging and treatment used

7\SH 3DFNDJLQJ 7UHDWPHQW�
FRQGLWLRQLQJ

6ROLG Metal drum (200 l) untreated
cemented
soaked up by zeolite
compacted

Plastic bag (50 l) untreated
fixed into bitumen
other

other (m3) untreated
cemented

unique untreated
fixed into bitumen
cemented
soaked up by zeolite
other

%LRORJLFDO liquid waste in can mixed with concrete
mixed with formaldehyde
other

&RQWDPLQDWHG�ZDWHU metal can, drum untreated
cemented
soaked up by zeolite
mixed with concrete

2UJDQLF�VROYHQW soaked up by zeolite
mixed with concrete

6SHQW�VHDOHG�VRXUFHV metal can, drum, unique
sealing

untreated

fixed into bitumen
cemented

mixed with concrete

other

6RLO unique cemented

6PRNH�GHWHFWRU unique other

cemented
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 TABLE 9. Summary for type “a” vaults

7RWDO�FDSDFLW\�RI�³D´�W\SH�YDXOWV� �����P�

$PRXQW�RI�FRQFUHWH�LQ�³D´�W\SH�YDXOWV� �����P�

7RWDO�DPRXQW�RI�ZDVWHV�LQ�³D´�W\SH�YDXOWV� �����P�

RXW�RI�WKHVH�� FRPLQJ�IURP�3DNV�133� �����P�

RULJLQDWLQJ�IURP�RWKHU�SURGXFHUV� �����P�

From those vaults, which were not grouted, the location and number of Paks waste drums is
shown in the following Table 10.

TABLE 10. Paks NPP’ waste drums not grouted in

&HOO�1R D�� D�� D�� D�� D�� D�� D�� 7RWDO
'UXPV ��� ��� ��� ��� ��� ��� ��� ����

As the Table above shows, only the last batches of the Paks NPP wastes were not grouted in,
this makes the recovery for the rest not desirable, while the further volume reduction for the
relatively new wastes will not give a serious effect, since these have been already compacted
before, at the NPP.

3.3. CALCULATION OF FREE CAPACITY:

Based on the experience of the opening of Vaults “a5” and ”a6”, an attempt is made to
calculate the free capacity of the vaults after the compaction of the wastes, owing to their own
weight and/or the weight of the grout.

The following assumptions were made:

1. The material composition of wastes and their packaging in vaults No.1 - No.48. are
very much the same.

2. For the vaults, where no or little concrete backfilling was made, they contain basically
non-drummed waste (bags, boxes, etc.)
Based on the experience of opening vault”a5”, there is about 2m3 additional free space
due to volume reduction, owing to “self-compaction” of the waste packages.
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3. For the vaults, which are backfilled, they contain basically non drummed waste (bags,
boxes, etc.)
Based on the experience of opening vault ”a6”, there is 0.5 m3 additional free space
due to the pressure of the grout.

4. Backfilled or non backfilled, basically drummed waste
No free capacity was calculated for this category as the wastes were basically
packaged into drums, and further volume reduction is not foreseen at this stage.

Results of the detailed calculations are shown in Table 11.

TABLE 11. The origin of wastes in the disposal vaults, amount of grouting material and the

free space

9DXOW
QXPEHU

9ROXPH�RI
YDXOW��>P�@

9ROXPH�RI
FRQFUHWH��>P�@

:DVWHV�IURP
3DNV�133��>P�@

,QVWLWXWLRQDO
ZDVWH��>P�@

&DOFXODWHG�DV
IUHH��P�

D�� 70.0 0 0 32.6 37.4
D�� 70.0 0 0 23.4 46.6
D�� 70.0 4.1 0 40.1 25.8
D�� 70.0 0 0 38.3 31.7
D�� 70.0 0 0 47.1 22.9
D�� 70.0 19.7 0 38.9 11.4
D�� 70.0 0 0 26.5 43.5
D�� 70.0 0 0 21.7 48.3
D�� 70.0 0 0 38.1 31.9
D�� 70.0 0 0 40.5 29.5
D�� 70.0 0 0 48.4 21.6
D�� 70.0 0 0 57.4 12.6
D�� 70.0 14.0 0 45.7 10.3
D�� 70.0 0 0 41.0 29.0
D�� 70.0 30.0 0 37.0 3.0
D�� 70.0 0 0 60.1 9.9
D�� 70.0 20.2 0 45.6 4.2
D�� 70.0 0 0 40.0 30.0
D�� 70.0 35.2 0 44.7 0.0
D�� 70.0 31.8 0 58.7 0.0
D�� 70.0 17.0 14.1 34.5 4.4
D�� 70.0 26.0 3.6 33.0 7.4
D�� 70.0 44.0 4.3 32.9 0.0
D�� 70.0 38.0 0 26.8 5.2
D�� 70.0 22.0 50.1 0.3 0.0
D�� 70.0 24.0 34.9 0.1 11.0
D�� 70.0 24.0 44.8 0 1.2
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D�� 70.0 22.0 32.9 0.1 15.0
D�� 70.0 12.0 44.5 0 13.5
D�� 70.0 13.0 26.8 6.7 23.5
D�� 70.0 44.0 33.1 0.1 0.0
D�� 70.0 30.0 19.4 6.9 13.7
D�� 70.0 22.0 9.5 52.6 0.0
D�� 70.0 14.0 4.2 80.1 0.0
D�� 70.0 32.0 0.6 38.2 0.0
D�� 70.0 32.0 28.0 18.3 0.0
D�� 70.0 24.0 33.2 0.1 12.7
D�� 70.0 28.0 56.9 0 0.0
D�� 70,00 22,0 0 39,4 8.6
D�� 70,00 30,0 46,2 0 0.0
D�� 70,00 26,0 30,4 0 13.6
D�� 70,00 30,0 37,4 0,1 2.5
D�� 70,00 24,0 35,9 0,1 10.0
D�� 70.0 32.0 27.8 2.2 8.0
D�� 70.0 20.0 3.5 43.6 2.9
D�� 70.0 16.0 6.0 43.5 4.5
D�� 70.0 18.0 25.6 14.4 12.0
D�� 70.0 22.0 0 30.0 18.0
D�� 140.0 56.0 77.4 0.1 6.5
D�� 140.0 56.0 77.0 6.0 1.0
D�� 140.0 64.0 84.0 0 0.0
D�� 140.0 58.0 84.0 0 0.0
D�� 140.0 56.0 84.0 0.2 0.0
D�� 140.0 21.0 79.6 0 39.4
D�� 70.0 17.0 0 41 12.0
D�� 70.0 12.0 11.4 23.7 22.9
D�� 70.0 0 35.0 0 35.0
D�� 70.0 5.0 28.0 7.2 29.8
D�� 70.0 0 37.2 5.7 27.1
D�� 70.0 0 27.4 13.9 28.7
D�� 70.0 0 32.8 14.9 22.3
D�� 70.0 0 37.4 5.5 27.1
D�� 70.0 0 30.6 7.9 31.5
D�� 70.0 0 0 44.6 25.4
D�� 70.0 0 0 0 70.0
D�� 70.0 0 0 0 70.0

1086



Feasibility study of a waste assay system
and the possibility of volume reduction

at the Püspökszilágy RWTDF

%������������������0$5�&�

42

�� :$67(�&2035(66,21�,19(67,*$7,216

4.1. WASTE COMPOSITION

The solid, compressible wastes in the type “a” concrete vaults are mostly from the Paks
Nuclear Power Plant. These are the wastes, which were originally characterized the best. For
the purposes of the present Feasibility Study, it was presumed that all other solid wastes are of
roughly the same composition, or if different, the error is towards conservatism, because they
should contain less plastic and hard components.

Typical waste composition of the compressible and compressed waste, on the basis of the last
5 years of operation is assumed to be the following:

- Cloths, textile: 20 %
- Plastic: 50 %
- Paper: 3 %
- Rubble, glass, rubber: 3 %
- Wood 7 %
- Metals: 6 %
- Thermal isolation: 10 %

Volume of a plastic bag is 0.05 m3, normally it contains about 30 litre wastes, the average
specific weight is 0.15 t/m3.

4.2. COMPRESSION TESTS

On the basis of the above composition, a preliminary experiment was organized to find out
the limits of economical compression strength.

A ZDAS type, 320 bar press, with a variable press force was used for the investigations.
Pressing was arranged in a sleeve with a diameter of 550 mm and a height of 860 mm, in
which a platen ∅ 530 × 40 mm was located. Thus the compression force varied between 13
and 240 kg/cm2, which calculated for a 200 l drum means a press with a force of 28 - 530 Mg.
This range covers the compression force of the presently existing compactors and approaches
almost the values for the supercompactors. Since the investigations are of a preliminary
nature, this compression force was considered enough to draw some conclusions about the
expected behaviour of the compressed wastes.

For the investigations 20 pc. 200-litre drums with inactive wastes in plastic bags were
prepared. This amount was enough for 3 compression cycles, and the compression force was
adjusted accordingly.
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The wastes were loaded in a sleeve, and the height of the column was measured. After a
compression cycle, new wastes were added to the stack and the process continued. Data,
averaged for the whole experiment are presented in the following Sections.

������� &\FOH���

Pressure in the first cycle was 30 bar, the compression force of the bore section (803,8 cm2)
was 24.1 Mg. Wastes were added in 20 cycles, i.e. on average 2 bags were added after each
stroke.

The volume reduction ratio after this cycle was about 5, which corrected for the exact size of
a drum, can reach a value of 6. The weight of the wastes after all cycles was 125 kg.

Height of the compressed wastes under pressure and afterwards is shown in Figure 15. The
drum height was 860 mm, the higher value in the last cycle shows the waste spring back
effect.
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Figure 15. First compression cycle, 24.1 Mg
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������� &\FOH���

Pressure in the second cycle was 80 bar, the compression force of the bore section was 64.3
Mg. Wastes were added in 24 cycles, on average 2 bags were added after each stroke.

The volume reduction ratio after this cycle was about 7, which corrected for the exact size of
a drum can reach a value of 8. The weight of the wastes after all cycles was 175 kg.

Height of the compressed wastes under pressure and afterwards is shown in Figure 16..
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Figure 16. Second compression cycle, 64.3 Mg

������� &\FOH���

The third cycle was somewhat different from the previous 2. Wastes were compressed in a
200 l drum, and afterwards the whole drum was crashed.

Pressure in the beginning of the cycle was 30 bar, the volume reduction ratio after the
preliminary compression cycle was about 4. The drum was filled to 75% of its volume.

After the preliminary cycles, the whole drum was compressed with a pressure of 240 bar,
where the compression force of the bore section was 192.9 Mg. The waste filled drum was
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compacted by an additional factor of 1.57, which is calculated for the end of cycle state, with
spring back deducted.

Height of the compressed wastes under pressure and afterwards is shown in Figure 17..
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Figure 17. Third compression cycle, 24.1/192.9 Mg
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5.1. REVIEW OF AVAILABLE TECHNOLOGIES

During the last years a review of the available for the NPP Paks volume reduction
technologies was carried out. In this framework, the following methods were reviewed:

• compaction
• supercompaction (stationary and mobile)
• shredding (combined with supercompacting)
• plasma incineration
• in-drum drying
• complex methods (sorting, incineration and supercompaction).

For the purposes of the present study an update of the previous information was prepared,
which, taking into account the specific conditions of the Püspökszilágy RWTDF,
concentrated only on the mechanical volume reduction methods, i.e. the first 2 items on the
above list, excluding shredder too because of the waste composition.

A range of companies is offering compactors / supercompactors, the followings were
reviewed for use in Hungary:

• FONTIJNE (Netherlands),
• AEAT (UK),
• FRAMATOME (France),
• NOELL (Germany),
• WESTINGHOUSE (US),
• KRAFTANLAGEN (Germany),
• HANSA (Germany),
• SEG (US),
• CSEPELTERV (Hungary),
• DECOM (Slovakia),
• NUKEM (Germany),
• SGN (France).

Some of the companies manufactures the equipment, some only offer the technological
system based on equipment of other manufacturers.

Since a low-force compactor can be obtained from the local, Hungarian manufacturer at a
reasonably good price, the foreign offers for supercompactors was evaluated first. The
compaction force of the supercompactors varied between 1.000 and 2.000 Mg, and the
procurement prices for a full system in the range from Euro 951.000 to 1.650.000.
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5.2. SUPERCOMPACTING ALTERNATIVES

Another seriously considered solution is the rental of a mobile supercompactor unit with
similar parameters, for a short period of time, in which case the volume reduction of
recovered wastes could be arranged in a short campaign once in, say, every 5 years. Three
offers were reviewed and the price per a 200-litre drum varied in the range from Euro 92 to
300.

Taking into account the amount of wastes, which can be recovered, this alternative is
considered to be as one alternative technical solution, which needs further analysis for the
conditions of Püspökszilágy RWTDF.

As a serious alternative to the previously mentioned supercompacting alternatives, one
Company put forward three different options with indicative prices for further consideration.

������� 2QH�RII�'UXP�&DPSDLJQ

The mobile supercompaction plant and two operating staff to be supplied to Hungary to
process all drums in one large campaign. This service would include the following:

• Transport of the supercompaction plant from the UK to Hungary;

• Provision of two experienced staff to operate and maintain the plant for the campaign
duration;

• Setting up of the mobile supercompaction plant;

• Operation of the supercompactor of approximately 125 days, including daily
decontamination and maintenance of the plant;

• Decontamination and disassembly of the plant upon completion of operations;

• Return transport of the mobile supercompaction plant from Hungary to the UK.

The indicative price for this programme of work is Euro 900.000.
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������� )RXU�&DPSDLJQV

It may be preferable to undertake the processing of the waste drums in smaller, discreet
campaigns. It has been assumed that 4 such campaigns may be preferred, and based upon a
similar scope of supply as that outlined above, an indicative price for each campaign is Euro
300.000.

������� 3XUFKDVH�RI�D�5HFRQGLWLRQHG�6XSHUFRPSDFWRU

A mobile supercompaction plant is being offered for sale by a German company. The
indicative price for purchase of this reconditioned plant is Euro 500.000.

It should be noted that a decommissioning provision Euro 80.000 is needed for a mobile
supercompaction plant when carrying out cost comparisons between purchase and lease
options.

5.3. SUGGESTED TECHNICAL SOLUTION

The volume of wastes, which could be recovered is so low, that the purchasing of a
supercompactor is economically not justified.

Most of the wastes from the NPP were already compacted, and are stored in metal drums, a
serious further volume reduction, which could offset the cost of recovery and treatment here
can not be expected.

If the vaults containing the older Institutional wastes (generated before 1983) could be
reopened and treated, a much cheaper low-force compactor could provide a volume reduction
factor between 4 and 5 for the bagged wastes. Such a compactor, e.g. the type, which was
developed in Hungary for the Paks NPP, costs approximately 10 – 15% of the price of the
supercompactors reviewed. The extra volume reduction, which can be expected, is about a
factor of 2, and this does not justify the spending.

Looking at the problem from another angle, the possible disposal volume gain, resulting from
the realistic scenarios, described in Section 8.1, is such, that as a result of those, the disposal
capacity of the Püspökszilágy RWTDF could be extended for at least another 10 – 20 years.
This operation would also greatly improve the overall safety of the site.

If Paks NPP decides to rent a supercompactor and some of the retrieved wastes from the
Püspökszilágy RWTDF could also be treated there, by PURAM paying only for the per-drum
services, the situation should be reviewed further. In this case the costs of recovery, transport
to and from Paks and later disposal of the wastes would be offset by the fact that more
disposal volume is generated.
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6.1. INTRODUCTION

With current waste monitoring technology it is reasonable to assume that much of the material
designated as Low Level Waste (LLW), generated within nuclear facilities, is in fact
uncontaminated. This may include operational wastes, soil and rubble, office wastes and
discrete items from repair works or decontamination operations.

The generation of a significant component of uncontaminated waste within the LLW stream
represents a double penalty for the operator. Not only is disposal to the Püspökszilágy
RWTDF considerably more expensive than to a municipal waste facility, but also the
RWTDF is limited in both volume and permissible radioactive inventory.

It is therefore a very important goal either to eliminate much of this uncontaminated material
stored on site, or recycle rather than consign to the low level radioactive waste storage
facility.

To allow clean materials arising from remediation operations to be removed from nuclear
facilities into the civil waste facilities (i.e. clearance), a control and monitoring strategy is
necessary, which will confirm and demonstrate that this material is uncontaminated. This
strategy forms the basis for a multi-stage procedure during which confidence that materials
are uncontaminated is increased until at the final stage confidence is at a sufficiently high
level to allow release of the material from the disposal facility.

Preliminary monitoring involves in-situ measurement of the radionuclide content of material
prior to its removal, or its excavation from the vaults. This involves the deployment of
radiometric instruments that provide information on the location of any radioactive
contamination and an estimation of its radionuclide content and activity. This information
allows cost effective routing of the material following its removal and also minimises operator
dose uptake.

Further monitoring may then be employed at strategic points in the repackaging process and
will be dependant upon the method of repackaging. The purpose at this stage is to identify
gross contamination before it can be spread to uncontaminated material.

Further monitoring will be carried out on material that, not only has been measured as being
free of gross contamination, but also through managerial control has been determined to have
a high probability of being uncontaminated. This monitoring stage therefore has the objective
of being a confirmatory measurement for waste material that has been previously determined
to have a very high probability of being uncontaminated.

The suggested approach for this final monitoring system is that it should be modular in nature,
with each of the modules designed to measure a specific radiation type or combination of
radiation types. This allows the most appropriate measurement techniques to be applied to the
waste categories that are expected to arise. The radiation types examined (and therefore the
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detection modules applied) will depend on historical operating knowledge or archive data
being available of the facility. If no knowledge is available, it may be appropriate to apply a
range of modules. Each of the detection modules is designed to measure the lowest possible
levels of a specific type of radiation.

The objective is to avoid the free release of material with a level of contamination above the
criteria for clearance imposed by the competent authorities, even though the probability of
significant contamination of the material is very low.

6.2. UNRESTRICTED RELEASE REGULATIONS

Unrestricted release regulations vary considerably between different countries and are
authorised by the approved radiation protection agencies, the Ministries of Health, or the
appropriate ministries of federal states. In particular, in Hungary the Hungarian Standard
MSZ 14344/1 gives guidance on waste classification, while free release is regulated in the
Governmental Decree No. 124/1997. (VII. 18.) and in the Order of the Minister of Public
Welfare No. 23/1997. (VII. 18.)

The criteria for “unrestricted release” vary considerably between countries. Release criteria of
industrialized countries include surface contamination limits and specific activity limits. In
France, Germany, Sweden, Great Britain and the USA additional nuclide specific limits have
been applied. In Belgium, Germany and Sweden total activity, mass and volume limits have
been applied to some projects / plants. Additional limits have in some cases been applied
based on toxicity (Belgium, Germany, Great Britain and Sweden) type of material (Canada,
France) and destination of disposal (France) (Reference 7).

In Hungary surface contamination limits were set up in the 1950s and included as a condition
of nuclear site licences up to the end of 1988. These were defined as:

• Alpha 10-5 mCi/cm2 0.4 Bq/cm2

• Beta 10-4 mCi/cm2 4 Bq/cm2

• Low toxicity beta (3H, 14C, 35S) 40 Bq/cm2

In 1988 the Decree 7/1988 Ministry of Health and Social Affairs Directive No. 7/1988.
(VII.20.) SZEM on the implementation of directive No. 12/1980. (IV.5.) MT concerning the
implementation of Atomic Energy Act 1980/I Ionising Radiation Regulations (Reference �.)
was issued. In accordance with the new Atomic Energy Act of 1996, last year Directive No.
7/1988. was modified by Decree 16/2000. (VI. 8.), issued by the Ministry of Health (EüM) on
the enforcement of Sections of the Atomic Energy Act CXVI/1996 (Reference �.). For several
nuclides this was more restrictive, however it is not anticipated that this will be a significant
factor at disposal.
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6.3. FREE RELEASE STRATEGY

������� *HQHUDO�SULQFLSOHV�IRU�H[HPSWLRQ

The exemption of a practice or a source from regulatory control (notification, registration,
licensing) must be seen in relation to the basic radiation protection principles: justification of
a practice, optimisation of protection, individual risk and dose limits.

For a source or practice, which is justified from a radiological protection standpoint, there are
two basic criteria for determining whether or not it can be a candidate for an exemption:

• individual risks must be trivial, i.e. sufficient by low as not to warrant regulatory
concern

• the radiological protection must be optimised, taking the cost of regulatory control
into account.

• In addition, the exemption practice and source must be inherently safe with no
applicable likelihood of scenarios that could lead to a failure to meet the above
criteria.

"A practice or source may be exempted from the requirement to report without further
consideration if the basic criteria pertaining to the exemption are met such as:

• the radiological risks to individuals caused by the exempted practice or source are
sufficiently low as to be of no regulatory concern

• the collective radiological impact of the exempted source or practice is sufficiently
low as to be of no regulatory concern

• the exempted source or practice is inherently without radiological significance, with
no appreciable likelihood of scenarios that could lead to a failure to meet the previous
two criteria

For a monitoring campaign to be effective, a strategy must be adopted which forms the basis
of a quality plan with the following objectives. Identification of the decision points in the
remediation programme, where measurements can most effectively be made. These
measurements will initially have the purpose of segregating contaminated material from waste
material having a high probability of being uncontaminated, and finally to determine if the
material has complied with the unrestricted release criteria as being clean and suitable for
reuse or recycling. To optimise the effectiveness of this strategy, it has been identified that all,
or a representative proportion of the material involved in the free release operation should be
monitored down to the required release criteria. In many remediation programmes radioactive
contamination will manifest itself as discrete spots of activity. To ensure that a sampling
campaign is fully representative of the whole of the waste material under investigation, it
must be ensured that the degree of homogeneity of the bulk material is fully understood and
that the number of discrete samples was sufficient to represent all material within that phase
of the remediation operation.

Three main stages of such an operation have been identified:

1) Initial survey
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2) Waste Segregation
3) Final monitoring

,QLWLDO�6XUYH\

The purpose of this stage is to provide a “map” of activity levels, which will identify the
following:

• Areas of contamination above unrestricted release levels, which could potentially be
removed to eliminate cross contamination of clean areas.

• Areas, which could potentially contain materials suitable for free release.

The first activity to achieve these objectives is the compilation of all relevant information on
the area. This information should include; historical data defining past uses of the area and
operational practices employed; knowledge of process activities; potential radionuclides
present along with their chemical form; mechanical integrity of the facility, structures and
process vessels.

This information will allow an assessment to be carried out to identify the most appropriate
methods and techniques for the initial survey. This survey is likely to employ a combination
of the following techniques.

0DWHULDOV�5HPRYDO�DQG�ZDVWH�VHJUHJDWLRQ

Following the measurement of the location of radioactive contamination and the
determination of its radionuclide composition, a procedure can be established for its effective
removal. The contamination removal may be an iterative process, where a measurement is
carried out to determine the location of the contamination, the contamination is then removed
and a further measurement is carried out to establish if it has been removed. This process may
be repeated a number of times.

Early segregation of contaminated material can eliminate the risk of cross contaminating
clean material later in the process, thus maximising the amount of material, which can be
released.

Typically segregation of materials would be into the following areas:

• Contaminated material, which is highly likely to be sentenced as Low Level or
Intermediate Level Waste.

• Contaminated material, which may be suitable for decontamination.
• Material with a high probability of being suitable for “free release”.
• Borderline material requiring further assessment
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8QUHVWULFWHG�UHOHDVH�PHDVXUHPHQW

This stage provides a confirmatory measurement on material identified, at earlier stages in the
process, as having a high probability of meeting the regulatory requirements for unrestricted
release. These measurements are the last stage, before material is dispatched to a civil waste
facility, or released for re-use.

To measure down to the low activity limits specified for unrestricted release, it is essential to
use high sensitivity measurement systems that have low limits of detection for the
radionuclides to be measured.

Monitoring techniques that could potentially be deployed are as follows:

'LVFUHWH�6DPSOLQJ�&DPSDLJQ� This is appropriate if there is a high level of confidence that the
material is homogeneous and the samples are likely to be truly representative. This method
involves removal of samples for destructive analysis, possibly in a grid array pattern covering
the entire area or volume undergoing remediation. This method may also provide a
radionuclide fingerprint that can subsequently be used as inferential information to support a
more comprehensive survey in which large volumes of material are measured. Discrete
sampling can identify and measure radionuclides that are difficult to measure in-situ suck as.
soft beta emitters.

$XWRPDWHG�%XON�0DWHULDO�0HDVXUHPHQWV: Such systems are high throughput devices designed
to measure all material removed by remediation operations. The systems must be capable of
measuring the key radionuclides potentially present.

������� &KDOOHQJHV

%DFNJURXQG�5DGLRDFWLYLW\

In order to measure down to the low activity limits specified for unrestricted release, it is
essential to use high sensitivity measurement systems, which have very low limits of
detection for the radionuclides to be measured. In some cases background activity levels may
be several times the activity stated in the regulatory release criteria. This activity is mainly
due to radon gas in the air, secondary cosmic ray events and potassium-40, present within
surrounding structures. These levels can be reduced by the use of appropriate quantities of
low background shielding such as steel and lead.

Limits of detection can be improved by reducing the measurement background, increasing the
detection efficiency or sensitivity of the measurement systems and by increasing the
measurement times. Detection efficiency can be improved firstly by selecting detector
technologies with high intrinsic detection efficiencies and secondly by the use of large area or
multiple detectors. Although longer count times may be desirable to reduce the limits of
detection, they are likely to be undesirable for operational reasons as longer count times result
in lower waste throughputs.
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Another major issue concerns the natural background radiation levels of the material being
measured. The unrestricted release limits usually refer to activity levels above natural
background levels of the material and as such techniques must be developed to take this
component into account. Clearly some radionuclides are more easily measured down at
unrestricted release levels than others. For example radionuclides, such as 60Co and 137Cs have
properties, which are advantageous for free release monitoring i.e. they emit relatively
penetrating gamma radiation and have high intensities in terms of gammas emitted per Bq.
Other radionuclides are more problematic and may for example emit soft, easily absorbed
radiations such as alpha particles or soft betas or have low intensities. Thus radionuclides
such as tritium and plutonium are difficult to measure at unrestricted release activity levels.

'HWHFWRU�(IILFLHQF\

Measurement efficiency can be improved by selecting detector technologies with high
intrinsic detection efficiencies and by the use of large area or multiple detector arrays.
Although longer response times may be desirable to reduce the limits of detection, they are
likely to be less desirable for operational reasons due to lower waste throughputs.

5DGLDWLRQ�7\SHV�3UHVHQW

In some cases radionuclides may be present that are difficult to measure, these are generally
soft alpha and beta emitters. It is possible to account for these through discrete sampling and
destructive analysis of well-characterized material. It may also be possible to infer the
presence of these radionuclides from the presence of others, which are directly measurable.

6.4. REVIEW OF WASTE ASSAY TOOLS

Characterisation of the radionuclide inventory of solid waste is a key element of any overall
waste management strategy for nuclear facilities and disposal repositories. In general for
drummed waste originating from nuclear power plants the key concern is to measure the
activity of fission and activation products, e.g. 137Cs and 60Co. Gamma based measurement
techniques are well established for the non-destructive assay of these wastes to meet
appropriate transportation, waste disposal and even - where regulations allow - to support de-
categorisation of waste to the lowest possible level, including “unrestricted release” in order
to minimise disposal costs.

The ability to reliably segregate wastes into separate streams, in particular into Low Level
Wastes and Free Release, relies on the production and implementation of a well defined
“Quality Plan” supported by effective monitoring. This means that it is essential that in the
case of the so called Free Release waste stream (or “Green Route” Waste) that confidence is
built up in a layered approach, to ensure that only material that is known to be free of
radioactive contamination is routed to unrestricted disposal. In particular, monitoring must be
applied to this stream immediately prior to release as a confirmatory or reassurance check of
cleanliness.
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Any such quality plan needs to be formulated with the full involvement of appropriate
regulatory bodies and other appropriate stakeholders. As such, this discussion on
instrumentation can only provide a guide as to the types of equipment and techniques that are
available and to their applicability in relation to the waste retrieval at the Püspökszilágy
RWTDF vaults.

In general, two types of data will ultimately be required to support this project:

1. Proof of cleanliness (freedom from radionuclide contamination).
2. Inventory data to support achievement of Conditions for Acceptance in relation to the

disposal route for the LLW stream.

For a project involved in the retrieval and segregation of mixed clean & contaminated historic
wastes, proof of cleanliness, particularly with the probability of cross-contamination, is likely
to be extremely difficult to achieve.

This is further complicated by the wide range of possible contaminants; consisting of beta /
gamma emitters, pure beta emitters and alpha emitters. As such, it is anticipated that any
‘radiometric’ monitoring regime will require extensive back-up information. This is likely to
be provided from both acceptable historic knowledge and also from sampling and destructive
analysis in order to determine the key radionuclide characteristics (or “fingerprints”) of the
contamination associated with individual items or groups of items that form the historic
waste.

Following the methodology outlined in the previous Section 6.3.1, monitoring is expected to
be required to support:

1. In-situ characterisation
2. Waste segregation
3. Waste sentencing

The following sections provide background information on the type of equipment available to
support these tasks (detailed additional information is available in relation to each of this
products in the form of commercially available product literature).

Used as part of the retrieval project Quality Plan these NDA systems will provide
radionuclide mapping or assay data that will assist the project in meeting its regulatory
requirements for disposal of historic waste. It is vital, however, that the advantages – and
especially the limitations - of each selected system are fully understood before application in
the specific areas of this retrieval project.

Health Physics type instrumentation is specifically excluded from the listing on the basis of
the existing knowledge of PURAM in this area.
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������� ,Q�VLWX�FKDUDFWHULVDWLRQ

• Land characterisation

6XSSOLHU ,QVWUXPHQW )XQFWLRQ
BNFL
Instruments

LARCH Truck mounted, rapid automated gamma-based
mapping of large areas of land

Canberra/HIL GroundHog ‘Back-pack’ based manual mapping system for
large area of land encompassing GPS technology
(Global Positioning System)

Perkin-Elmer M1 Portable gamma spectrometry system for wide
area in-field measurements of soil.

• Sub-surface characterisation

6XSSOLHU ,QVWUXPHQW )XQFWLRQ
INEEL Gamma/Neutron

Mapper (Under
Development)

Dig-Face characterisation system (real-time) –
primarily designed for Ac-227, Th-232 but could
be extended to other radionuclides.

Vista
Engineering
Technologies

Pipe leak
detection system

Acoustic based detection of leaks in buried pipes
for transporting liquids.

• Building surveys

6XSSOLHU ,QVWUXPHQW )XQFWLRQ
Bartlett Final Survey

Monitor
Automated ‘health physics monitoring’ for floors
and walls for free release (Alpha and Beta
contamination)

BNFL
Instruments

RadScan Automated mapping of building/environments to
identify the presence and nature of ‘Hot Spots’ to
support dose reduction to personnel (ALARP).

Canberra ISOCS In-Situ Object Counting System – Portable
gamma-spectrometry system combined with
Monte Carlo modelling user interface to enable
calibration for different detection geometries

Perkin Elmer IsoCart Similar system to ISOCS – some differences in
specifics of operation.

Shonka Research
Associates Inc

Surface
Contamination
Monitor

Automated ‘health physics monitoring’ for floors
and walls for free release (Alpha and Beta
contamination)
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������� :DVWH�VHJUHJDWLRQ

• Conveyor based monitors

6XSSOLHU ,QVWUXPHQW )XQFWLRQ
BNFL
Instruments

IonSens:Conveyor Accurate (alpha, beta and gamma) measurements of
soil and rubble, metals and other wastes, providing
segregation between Free Release and Low Level
Waste.

Canberra Automatic
Conveyor Monitor

Automatic assay of soil, rubble and debris, sorting by
activity.

ThermoRetec Segmented Gate
System

Conveyor based mechanical sorter for soils to
segregate into clean and active waste streams

• Item monitoring

6XSSOLHU ,QVWUXPHQW )XQFWLRQ
BNFL
Instruments

DrumScan: LRGS Gamma spectrometry (NaI) based assay of packets
(and drums in an alternative configuration) to provide
inventory data for disposal as LLW.

IonSens: 208 Accurate and highly sensitive measurements of the
exposed surfaces of complex items such as process
equipment and bent pipe work for alpha
contamination.

IonSens: Pipe Accurate and highly sensitive measurements of the
external and internal surfaces of cut pipes for alpha
contamination.

Rados RTM690 – Drive
through monitor for
small items

Conveyor based clearance monitor for small items
(tools, etc).

RTM64x Series –
Waste monitors

High sensitivity, waste monitors based on 4Pi plastic
scintillation counting to determine total gamma
activity.

NE AWM1B, SAM9 Plastic scintillator based confirmatory measurements
for free-release of gamma-emitting waste – available
in various sizes from small items through to waste
bags.

VJ
Technologies

RTR Real Time Radiography for the non-intrusive
determination of the physical contents of
drums/containers, including the identification of the
presence of free liquids and other items non
acceptable for disposal (e.g. aerosols).
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������� :DVWH�VHQWHQFLQJ

• Drum monitoring

6XSSOLHU ,QVWUXPHQW )XQFWLRQ
BNFL
Instruments

DrumScan:LRGS Gamma spectrometry (NaI) based assay of drums
(and packets in an alternative configuration) to
provide inventory data for disposal as LLW.

DrumScan:HRGS Modular gamma spectrometry (HpGe) based
assay of drums (from small cans through to
>500litre) to provide inventory data for disposal
(wide dynamic range allow coverage from free-
release to ILW).

Canberra Q2 Sensitive gamma based (HpGe) assay of waste
drums and packages for free-release or complying
with disposal regulations.

Canberra/HIL G35 Gamma spectrometry (NaI) based assay of
packages or drums for inventory assessment of
LLW.

Rados RTM64x Series –
Waste monitors

High sensitivity, waste monitors based on 4Pi
plastic scintillation counting to determine total
gamma activity.

• Box and portal monitoring

6XSSOLHU ,QVWUXPHQW )XQFWLRQ
Bicron ASM Vehicle

Monitors
System designed to detect radioactive material at
control boundaries, e.g. in trucks. Aim is to
prevent accidental or deliberate release of
radioactive sources buried in waste materials that
should be free from contamination.

Canberra Modular Box and
Container Counter

Performs full gamma spectrometry and
accurately characterises containers of waste from
small boxes through to ISO freight containers.

Rados RTM661-Release
and waste monitor

Based on 4Pi plastic scintillation detection of
gamma-rays for high sensitivity to allow for
efficient confirmatory measurements of items.

RTM910 – Vehicle
Monitor

System designed to detect radioactive material at
control boundaries, e.g. in trucks. Aim is to
prevent accidental or deliberate release of
radioactive sources buried in waste materials that
should be free from contamination
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6.5. PRESENT PRACTICE AT PAKS NPP

At present Paks NPP has an approved practice to free release waste, which can be classified as
inactive waste. In the procedure, accepted by Hungarian authorities, it has been specified that
those waste packages, where the surface dose rate at the distance of 0.1 m is less than
1 microGy/h, can be exempted and disposed of at the local communal dump /landfill disposal.

Clearance criteria are mainly applied to so-called household waste. This waste includes for
example protective clothing and wastes, like paint cans, etc. This waste is collected into
50 litre plastic bags and is released after measurements.

Before clearance the waste is measured twice. The first measurement is carried out by the
staff of the treatment service, and the second by the radiation protection service.

Both measurements are carried out manually to find maximum radiation dose rate at the
distance of 0.1 m from the surface.

The second clearance criteria are available for those components or instruments, which can be
reused or recycled. On the surface of these materials the fixed contamination cannot exceed
10 beta particle/cm2/s.

In 1996, a separation box has been installed at the plant. By use of this, the least radioactive
fraction of the solid waste can be segregated. The waste packages, which are categorized as
radioactive waste but have surface dose rate between 1 and 50 microGy/h, can be taken for
further segregation in this new separation box. The inactive part of the content of these
packages can be separated, and if measured to be inactive, can be free released to the
conventional dump site. Preparation are being made to purchase a waste assay system, which
would not only measure the wastes and check that they are under free release level, but would
also generate the necessary forms to document the process.
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The future development of the Püspökszilágy facility is unclear. A firm basis is required to
support decisions concerning the future development. The safety of the RWTDF has not yet
been the subject of any comprehensive assessment. In the past, the Hungarian Geological
Survey has opposed issuing a permanent license, on the grounds of geological suitability.

In short- and mid-term there are four main objectives with regard to the activities aiming at
enhancing of safety of the existing site.

7.1. SAFETY RE-EVALUATION

Whatever the decision concerning a new repository for L/ILW may be, a re-evaluation of the
future of the RWTDF is needed. That is why a safety assessment is being carried out under an
EU contract to work out the long term effect of the disposed waste and to develop an
understanding of the overall “disposal capacity” of the site as a basis for decision making [�].

Currently a program of work is underway, which includes the completion of a comprehensive
safety assessment. This would provide a view on the safety of the facility based on work
undertaken by local and Western experts. This assessment would conform to international
best practice as set out by the International Atomic Energy Agency (IAEA) and the Nuclear
Energy Agency of the OECD (OECD/NEA).

Based on findings of a comprehensive safety assessment of the facility, consideration will be
given to possible developments at the site which could include:

• the retrieval of certain waste types from the site and putting into interim store pending
final disposal in geological repository;

• remedial measures to improve safety of the wastes that are currently disposed;
• the disposal of further wastes by providing free capacity within the existing facility.

The performance assessment calculations undertaken for closure of the existing repository,
the implications of such developments to post-closure safety will also be examined.

Based on the preliminary results of the performance assessment it is clear that the spent sealed
sources in the „b” and „d” wells could result in high doses to individuals who intrude into the
facility. The spent sealed sources could also lead to high doses following any future
disruption of the facility by natural processes. Many of the sources will decay to relatively
low levels of activity during a period of administrative control of one hundred years or so.
This would be the case, for example, for 60Co. However, there are a number of sources with
much longer half lives. Some of these could give rise to very serious radiological effects if
they were ever handled without the appropriate radiological protection.
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The presence of large caesium-137 sources in the „a” vaults gives cause for concern. These
are intimately mixed with other wastes. Given the serious radiological consequences that
would arise from handling the sources, it is believed that their disposal in the near-surface
environment is inappropriate. It should be emphasised that the probability of such exposure
over any short time period is very small. However, the serious nature of the radiological
consequences that would arise and the advice from ICRP 81 suggests that action should be
taken. Indeed, spent sealed sources are no longer disposed in this way at the facility.

In order to address this concern, the following steps are considered to be taken:

• The nature of all the spent sources disposed in the „a” vaults should be systematically
reviewed and the potential for incurring large doses from handling, leading to death of
the exposed individual, should be evaluated.

• The technologies available for retrieving the sources and identifying them from within
mixed wastes should be evaluated.

• A multi-attribute analysis should be undertaken to determine the merits of recovery of
the sources and their placement in storage or leaving them where they are or some
other action.

• If some of the sources are left in situ, this would provide a strong argument for
carrying out additional measures such as designing of an effective repository cap,
making arrangements for long term control of the facility and ensuring that
information about the facility is recorded so that future generations are aware of the
nature of the material disposed in the facility.

It is noted that the arguments may be different in the case of the wastes that have not been
backfilled with cement, where retrieval would be relatively easy, compared with the
backfilled wastes, where safe retrieval of spent sealed sources would be considerably more
onerous.

On the basis of the assessment that have been so far undertaken, it is believed that the disposal
of additional wastes might be possible without impacting adversely on performance.
However, given the high consequences calculated for certain scenarios, it appears that it
would be unwise to dispose of significant additional inventories of certain radionuclides
without demonstrating that there are significant pessimism in the current assessment that can
be removed justifiably. However, there may be scope for special waste treatment or packing
measures that might mitigate the effects of additional disposals of certain key radionuclides.

The results of assessment calculations are an important input into decisions on waste
management and the design and remediation of facilities.

It is often the case that a number of safety assessments are undertaken over a period of many
years. In each of these assessments, uncertainties are progressively reduced. The results of
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each assessment may be used to focus the subsequent research programme and to identify
issues that require further consideration.

7.2. CONVERSION OF THE “ACTIVE BUILDING” INTO A CENTRALISED INTERIM
STORAGE

The other main direction of development at the repository site is to make preparations for
conversion of the existing building of the RWTDF into a centralised interim storage for
institutional radioactive waste, which are not liable for near surface disposal. Two main
categories of such wastes include radium sources of medical applications currently stored at
the National Institute of Oncology, and plutonium sources being stored in the Institute of
Isotopes. The so-called “active building” was designed in the seventies to treat and condition
raw low and intermediate level radioactive waste (liquid and solid) from isotope applications
but remained unused. Based on proposals of [�], a detailed plan is being elaborated, which
needs to be reviewed and evaluated with regards to overall costs and benefits to be achieved.

The intention is to refurbish the building (not previously used) as a long term interim store
with appropriate inspection and surveillance facilities to which all sources with half lives
greater than 30 years (or as determined by the post closure safety assessment) can be
transferred. Removal of the sources from the wells has yet to be designed but could be based
on a vacuum suction type lifting mechanism or possibly drilling free and lifting complete well
tubes containing sources into a large transport flask.

A possibility is to make provision for using the pit located in the basement to set up specific
wells (boreholes) for disposal of SSRS.

The centralised interim store can also serve as a “buffer storage” especially in cases when an
urgent need may arise to receive a larger amount of waste at he repository site.

7.3. SEGREGATION AND VOLUME MINIMISATION

The development of new concepts in the waste management procedure should be introduced
and taken into account for designing the future projected temporary storage facility. These
new concepts should include minimisation and segregation technique.

Decay storage combined with disposal as exempt material should progressively be applied to
routinely segregated L/ILW and to spent sealed radioactive sources. It is a very efficient and
economical waste management procedure, which implies extremely accurate administrative
control measures, selected storage capacity and careful activity measurements. A stringent
record has to be maintained for radionuclides placed in decay storage.

Decay storage is normally applied to routinely segregated L/ILW from user hospitals,
universities, research laboratories and other institutions for the common constituents, 99Mo
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(66h); 131I (8d); 125I (60d) and 192Ir (74d). A decay of 10 half-lives will reduce the initial
radioactivity down to less than 0.1% (1/1024).

The use of volume reduction technologies, such as in-drum compaction, drum-compaction
(supercompaction), incineration, or other technologies are to be investigated. A careful
selection from the commercially available equipment has to be made in relation to the waste
category to guarantee both conventional and radiological safety and financial effectiveness.

Dismantling of SSRS. It is to be considered that, where practical, sources be removed from
devices.

The proper implementation of the segregation of radioactive waste would also lead to:

• Simpler waste treatment methods and facilities;
• Smaller volumes of radioactive waste, requiring long-term storage and disposal

(segregation for exemption);
• Reduced incident risks;
• Easier characterisation of the waste generated.

Segregation of waste is also desirable to aid in any unplanned retrieval, revealed by periodic
inspections for degradation of waste containers, and in case there are categories of waste to be
eventually placed in particular disposal repository locations.

7.4. UPGRADING

The fourth basic objective with regard to the development of the Püspökszilágy repository has
been to upgrade the physical state of the facility and to provide better conditions for the
further operation. The main areas of the upgrading activities are as follows:

• Physical protection (new fence system, new access control, new equipment for the
security guard).

• Radiation protection (new access control, replacement of the obsolete measurement
devices, enhance of environmental monitoring).

• Data acquisition (new data recording system, waste characterisation capability, new
meteorological station).

• Transportation (new transport vehicle and containers).

• Testing various cover arrangements for the uncapped vaults in order to find an
optimum solution.
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8.1. FUTURE SCENARIOS

Based on the review, described in the previous Sections, we have tabulated the possible
scenarios of upgrading the facilities of the Püspökszilágy site together with the possible
benefits and drawbacks of the given option.

The following comments should be made to Table 12:

In 2SWLRQ� ���, the scenarios related to upgrading the physical state of the facility and
providing better conditions for the further operation are described, as compared to an
alternative of carrying on operation without any action.

2SWLRQ�� is very important, since this provides a serious improvement of the conceived long-
term safety of the site, but this option does not provide new disposal space

Regarding 2SWLRQ��, although retrieval of those wastes from Paks, which were not grouted in,
and their treatment to achieve a further volume reduction would provide new disposal space,
but to do so would require the use of a supercompactor. According to our results with
supercompacting, described in Section 4.2, the expected volume extra reduction for the waste
types of the Paks NPP is about a factor of 2.

Taking into account the costs of renting a supercompactor, and of the logistic challenges (to
provide enough wastes at the same time, many vaults need to be kept open, difficulties of
waste retrieval and handling, etc.) such operation for the sake of approximately 200 m3

radioactive wastes is not a cost-effective solution. The use of a supercompactor could be a
much more economic solution, if the wastes stored at the Paks NPP site could also be treated
together with those recovered from the disposal vaults. While on the national level this
scenario could lead to some benefits, from the point of view of better utilisation of the
Püspökszilágy RWTDF this has no real benefits, because it would not lead to serious increase
of the free volume at the RWTDF.

Based on our investigations, 2SWLRQ�� seems to provide the most tangible immediate results
regarding the disposal capacity extension of the RWTDF. In the first 14 vaults, which were
filled e.g. before 1983, the estimated free space is about 400 m3. This could be used, without
any waste recovery operation, by simply adding extra wastes on top of the piles (2SWLRQ����.).
As shown on Figure 18 and 19 the wastes whether grouted or simply thrown in the vaults
have free space at the top of the vault. This free volume is evaluated in Table 11.

If a retrieval operation (2SWLRQ������ is planned for the first 18 vaults, those containing only
Institutional wastes, which were not grouted, (leaving out vaults A6, A13, A15 and A17), the
total available volume of the vaults is 980 m3. About 390 m3 of this volume is free already,
because it is occupied by 590 m3 bagged loose waste only.
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TABLE 12. Description of the future scenarios

1R� 2SWLRQ %HQHILW 'UDZEDFN

�� 1RW�GLVWXUELQJ�WKH
YDXOWV

1.1 Do nothing • No gain in disposal volume
• Does not take care of the

conclusions of the SAR
1.2.Some intrusive

actions
• Improves safety • No gain in disposal volume

• Does not take care of some
conclusions of the SAR

�� 5HFRYHU\�RI�VRPH
6656�IURP�WKH�ZHOOV

• Major safety improvement • Not much extra gain in
disposal volume

�� 5HWULHYDO�RI�SDUW�RI�WKH
ZDVWHV�RI�3DNV�133
RULJLQ

3.1.Treating only the
wastes at RWTDF

• Provides new disposal
volume

• Does not take care of some
conclusions of the SAR

• Due to precompaction the
additional volume reduction
(VR) is limited

3.2.Treating the RWTDF
wastes together with the
solid wastes stored at
Paks

• Provides reduction of unit
costs (the possibility to use a
supercompactor

• Provides new disposal
volume at RWTDF and
storage volume at Paks NPP

• Due to precompaction the
additional VR is limited

• Does not take care of some
conclusions of the SAR

�� 2SHQLQJ�RI�VRPH
ROG�³D´�W\SH�YDXOWV

4.1.No handling of the
emplaced wastes

• Low radiological risk • Provides only a limited new
disposal volume

4.2.Treatment of the
emplaced wastes

• Provides significant new
disposal volume

• Improvement of disposal
safety (sorting, conditioning,
repackaging)

• A good opportunity to
evaluate all packages

• The old vault constructions
can be backfitted

• Technically and
radiologically difficult task

• Requires serious expertise,
equipment and
instrumentation
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� &RPELQDWLRQ�RI
RSWLRQV���DQG���

5.1 Combination of
options 2 and 4.1.

• Significant safety
improvement

• Provides only a limited new
disposal volume

• Does not take full care of
the conclusions of the SAR

5.2.Combination of
options 2 and 4.2.

• Provides ample opportunity
for enhancing safety and
disposal volume

• The most challenging and
costly task

• Lengthy and complex
licencing procedure

A graphic presentation of the possible options is shown in Figure 20.

Applying an additional low-force waste compaction, this amount can be further reduced.
Depending on the form of the final waste package, there is a 20 – 40 % volume loss resulting
from the free interstitial space. Assuming for the achievable volume reduction by compression
a factor of only 4, the anticipated free disposal volume at the end of such a campaign could
amount to 690 m3, or 480 m3, depending on the type of packaging used. If a waste assay
system could be also made available during this operation, probably some of the wastes could
be free released, improving further the above mentioned economy.

Comparing these data with Table 7, we can see that by retrieving the old Institutional wastes
from the non-grouted vaults, the majority of the spent sealed radioactive sources could also be
recovered, and this is a very important factor regarding the overall long-term disposal safety
of the RWTDF site.

An operation with opening of the vaults and recovery of the wastes is a very serious
undertaking, which needs a lot of additional preparations and licensing. There exists some
experience in the Western countries, as well as in the Former Soviet Union of such projects.
From the open literature, an AEA Technology typical project description is shown in
Attachment 3. In our evaluation of the possible scenarios we assumed that licensing of the
above actions will be possible and – based on our present experience – the waste management
operations will have no public opposition.
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Figs. 18/19 View inside the vaults a6 and a5
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8.2. EVALUATION OF OPTIONS

Based on the discussion, presented in Section 8.1, we prepared a Table, showing all major
implications of the listed possible options for upgrading the facilities at the Püspökszilágy
site.

The Table clearly shows, that according to our opinion, attention in the future should be paid
to the following possible upgrade scenarios:

• Recovery of some sealed sources from the wells, their repackaging and safe storage
pending disposal ,

• Removal and repackaging (with volume reduction) of the older institutional wastes
from the vaults,

• Removal and volume reduction of non backfilled drummed waste and
• The combination of the above 3 actions.

TABLE 13. Evaluation of the possible options

1R� 6DIHW\
LPSURYHPHQW

)UHH�GLVSRVDO
YROXPH

5DGLRORJLFDO�ULVN 7HFKQLFDO�WRROV
QHHGHG

&RVWV

1.1 None None None None None

1.2. Partly None None Significant Small

2. Major None Medium Medium Medium

3.1. None Yes Minimal Significant Medium+

3.2.None Yes Minimal Significant (rental) Medium+

4.1.None Yes Minimal None Medium

4.2. Significant Significant Significant Significant Medium+

5.1 Significant Significant Medium Significant Medium

5.2.Most significant Significant Significant Significant Medium+
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Fig. 20 Treatement options
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8.3. RECOMMENDATIONS

1. Those spent sealed sources, which provide a long-term safety risk, should be retrieved
from the vaults and the wells, repackaged, and put in safe store pending final disposal.

2. If the wastes could be retrieved from the old vaults and the free volume could be used,
even without further volume reduction of these bags, there could be DW� OHDVW� ���� ±
����P� volume gained if based on activity measurements, the inactive part could be
free released. This alone could provide a lease of life at least 15-25 years for the
Püspökszilágy facility. Moreover, the full recovery of the vaults can provide an
opportunity to a thorough structural investigation of the oldest disposal units and to
reinforce their wall, if the need arises. Should any failure in water tightness or
structural stability be observed, the necessary correction would be made thus
enhancing the overall safety of the repository.

3. By installing a low-force compactor to the recovered institutional wastes (and to the
new arising to be disposed of in the future), a IXUWKHU�����±���� P� volume could be
generated, which would mean an additional 10-20 years of repository operation
without major new construction on the site.

4. A radioactive waste assay system should be installed at the Püspökszilágy site, to
provide the possibility to free release some recovered wastes, and to assist in the
recording and QA/QC activities. The specification for such a system, taking into
account the RWTDF needs and conditions, is provided in Attachment 2.

5. The conversion of the existing “Active building” of the RWTDF into a centralised
interim storage for institutional radioactive waste, which are not liable for near surface
disposal should be continued in line with the proposals of Reference �.

6. Based on results of the on-going Hungarian and EU safety assement (Ref. �, 2), a
general upgrade of the facilities should also be made.

The possible future scenarios, indicated in Figure 20, could be well worked out during the
time period made available through the use of the newly generated free disposal space.
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$77$&+0(17����',675,%87,21�2)�$&7,9,7<�%<�,62723(6

An analysis of the records showed that the distribution of specific isotopes between the
disposal units is far from being uniform.

Since any recovery operation must be planned with proper account given to these levels, the
following pages indicate the activity (in GBq) distributed in each vault.

A decision about the sequence of possible vault openings and waste recovery should be made
taking into account these data together with the characteristics of wastes shown in Table 11.

For each vault a detailed database has been prepared. Examples of these, so called
“Compartment data sheets” are shown for a set of vaults on the following 14 pages.

Additionally a graphic presentation of the sources placed in “a” type vaults showing the
individual isotopic content can be seen on the following 11 pages.



Feasibility study of a waste assay system
and the possibility of volume reduction

at the Püspökszilágy RWTDF

%������������������0$5�&�

72



Feasibility study of a waste assay system
and the possibility of volume reduction

at the Püspökszilágy RWTDF

%������������������0$5�&�

73



Feasibility study of a waste assay system
and the possibility of volume reduction

at the Püspökszilágy RWTDF

%������������������0$5�&�

74



Feasibility study of a waste assay system
and the possibility of volume reduction

at the Püspökszilágy RWTDF

%������������������0$5�&�

75



Feasibility study of a waste assay system
and the possibility of volume reduction

at the Püspökszilágy RWTDF

%������������������0$5�&�

76



Feasibility study of a waste assay system
and the possibility of volume reduction

at the Püspökszilágy RWTDF

%������������������0$5�&�

77



Feasibility study of a waste assay system
and the possibility of volume reduction

at the Püspökszilágy RWTDF

%������������������0$5�&�

78



Feasibility study of a waste assay system
and the possibility of volume reduction

at the Püspökszilágy RWTDF

%������������������0$5�&�

79



Feasibility study of a waste assay system
and the possibility of volume reduction

at the Püspökszilágy RWTDF

%������������������0$5�&�

80



Feasibility study of a waste assay system
and the possibility of volume reduction

at the Püspökszilágy RWTDF

%������������������0$5�&�

81



Feasibility study of a waste assay system
and the possibility of volume reduction

at the Püspökszilágy RWTDF

%������������������0$5�&�

82



83

&RPSDUWPHQW�GDWD�VKHHW D��
9ROXPH�RI�YDXOW� 70.0 m3

1XPEHU�RI�VKLSPHQWV� 7 9ROXPH�RI�FRQFUHWH� 0 m3 :DVWH�IURP�6RO\PiU�   0 m3�� 9ROXPH�RI�ZDVWH� ~32.6 m3

9 m3 untreated solid waste:

0HWDO
:RRG 'HEULV 3ODVWLF

)H $O
>P�@

0.5 0.5 2.0 5.0 1.0

untreated  waste in metal drum (200 l) 103 pcs, 20.6 m3:

0HWDO
*ODVV :RRG 5XEEHU 3DSHU 7H[WLOH 3ODVWLF

)H $O
>P�@

0.6 0.6 0.8 1.0 4.1 9.3 4.1 ---

untreated  waste in plastic bag (50 l) 100 pcs, 3 m3:

0HWDO
*ODVV :RRG 5XEEHU 3DSHU 7H[WLOH 3ODVWLF

)H $O
>P�@

0.1 0.1 0.1 0.2 0.6 1.4 0.6 ---

,VRWRSH�FRQWHQW�RI�WKH�FRPSDUWPHQW�

ACTIVITY [BQ] ���&V ��&R ��6U 7RWDO

untreated solid waste 1,96E+09 1,62E+08 1,93E+09 4,05E+09

untreated in metal drum (200 l) 3,72E+09 3,08E+08 3,66E+09 7,69E+09

untreated in plastic bag (50 l) 2,18E+09 1,80E+08 2,14E+09 4,50E+09
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&RPSDUWPHQW�GDWD�VKHHW D��
9ROXPH�RI�YDXOW� 70.0 m3

1XPEHU�RI�VKLSPHQWV� 59 9ROXPH�RI�FRQFUHWH� 4.1 m3
:DVWH�IURP�6RO\PiU�  0 m3

�� 9ROXPH�RI�ZDVWH� ~40.1 m3

untreated waste in metal drum (200 l) 3 pcs, 0.6 m3:

0HWDO
*ODVV :RRG 5XEEHU 3DSHU 7H[WLOH 3ODVWLF

)H $O
>P

�
@

0.05 0.05 0.05 0.05 0.1 0.2 0.1 ---

125 pcs spent sealed sources (25 l) 0.4 m3:

0L[HG�ZLWK�FRQFUHWH )L[�LQWR�ELWXPHQ 8QWUHDWHG )L[�LQWR�SRO\XUHWKDQH�IRDP

31 pcs 88 pcs 2 pcs 4 pcs

solid/solidified waste 12.1 m3:

0L[HG�ZLWK�FRQFUHWH 8QWUHDWHG�ZDVWH

0.27 l Contaminated water 200 g Uranium acetate 12 m3 Contaminated wood 0.1 m3 Contaminated metal

untreated waste in plastic bag (50 l) 899 pcs, 27 m3:

0HWDO
*ODVV :RRG 5XEEHU 3DSHU

/XPLQRXV
SDLQW

7H[WLOH 3ODVWLF
)H 3E

:DOO�GHEULV
1DWXUDO
WKRULXP

,RQ�H[FKDQJH

>P
�
@

0.8 0.8 1.1 1.4 0.1 5.0 10.5 5.0 0.1 2.0 0.1 0.1

,VRWRSH�FRQWHQW�RI�WKH�FRPSDUWPHQW�

ACTIVITY [BQ] 134CS 137CS 14C 226RA 22NA 232TH 238U 241AM 36CL 3H 55FE 60CO 90SR 99TC TOTAL

cemented waste 3,70E+09 1,52E+06 3,21E+08 4,02E+09

untreated solid waste 8,79E+08 2,96E+08 8,99E+06 1,07E+08 1,29E+09

untreated in metal drum (200 l) 6,53E+08 5,40E+07 6,42E+08 1,35E+09

untreated in plastic bag (50 l) 5,27E+04 7,45E+09 3,73E+09 9,53E+08 1,05E+06 3,33E+08 1,83E+09 1,85E+08 1,21E+09 3,03E+05 9,03E+08 6,19E+09 2,28E+10

bitumenised spent sealed sources 1,03E+06 6,83E+12 3,47E+03 6,83E+12

cemented spent sealed sources 2,33E+08 1,56E+07 5,73E+10 5,76E+10

other spent sealed sources 7,33E+08 3,05E+09 8,68E+08 4,65E+09
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�&RPSDUWPHQW�GDWD�VKHHW D��
9ROXPH�RI�YDXOW� 70.0 m3

1XPEHU�RI�VKLSPHQWV� 93 9ROXPH�RI�FRQFUHWH� 0 m3 :DVWH�IURP�6RO\PiU�  0 m3�� 9ROXPH�RI�ZDVWH� ~47.1 m3

liquid waste 0.5 m3:

0L[HG�ZLWK�FRQFUHWH 0L[HG�ZLWK�IRUPDOLQ
405 l contaminated water 60 l biological waste

785 pcs spent sealed sources (25 l) 1.1 m3:

0L[HG�ZLWK�FRQFUHWH )L[�LQWR�ELWXPHQ %XULHG�ZLWK�SDUDIILQ�FDQ
377 pcs 407 pcs 1 pcs

waste in metal drum (200 l) 58 pcs, 11.6 m3:

*ODVV :RRG 5XEEHU 3DSHU 7H[WLOH 3ODVWLF &HPHQWHG�ZDWHU ,URQ
>P�@

0.3 0.3 0.3 0.4 1.7 3.8 3.2 1.6

untreated solid waste 24.4 m3

*ODVV :RRG 5XEEHU 3DSHU 7H[WLOH 3ODVWLF /DERUDWRU\�HTXLSPHQW &RQWDPLQDWHG�DOXPLQXP�FDQV
>P�@

0.6 2.6 0.8 1.0 3.8 8.5 4.7 2.4

untreated waste in plastic bag (50 l) 315 pcs, 9.5 m3:

0HWDO
*ODVV :RRG 5XEEHU 3DSHU /XPLQRXV

SDLQW 7H[WLOH 3ODVWLF
)H $O

7KRULXP�FRQWDPLQDWHG
ZDVWH

>P�@
0.3 0.3 0.3 0.4 0.1 1.7 3.7 1.5 0.2 1.0
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,VRWRSH�FRQWHQW�RI�WKH�FRPSDUWPHQW�

ACTIVITY [BQ]
���&V ���3P

14C ���7O
226RA ��1D

232TH ���$P ��&O
3H ��)H

60CO ��.U
90SR ��7F

TOTA
L

liquid waste with formalin 6,29E+08 1,85E+09 1,07E+07 5,69E+08 2,53E+06 3,06E+09

cemented liquid waste 1,37E+09 1,37E+09

cemented in metal drum
(200 l)

2,00E+09 2,13E+08 1,97E+09 4,19E+09

untreated in metal drum
(200 l) 1,74E+09 9,92E+06 2,93E+08 1,47E+07 1,50E+09 4,49E+08 8,98E+07 4,09E+09

untreated in plastic bag
(50 l)

2,37E+09 1,44E+05 9,79E+08 3,67E+07 2,76E+06 5,55E+07 4,65E+08 4,81E+08 7,23E+08 2,36E+06 4,68E+08 2,96E+09 8,55E+09

cemented solid waste 7,27E+08 6,89E+04 7,95E+08 1,52E+09

untreated solid waste 1,25E+06 4,46E+08 2,98E+06 8,00E+08 4,22E+05 1,26E+07 1,26E+07 1,28E+09

bitumenised spent
sealed sources 1,73E+11 4,49E+08 1,73E+11

cemented spent sealed
sources

6,36E+11 7,35E+07 7,16E+08 8,60E+07 3,41E+07 1,71E+08 4,33E+09 1,09E+10 9,63E+10 1,85E+09 7,51E+11
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&RPSDUWPHQW�GDWD�VKHHW D��
9ROXPH�RI�YDXOW� 70.0 m3

1XPEHU�RI�VKLSPHQWV� 63 9ROXPH�RI�FRQFUHWH� 0 m3 :DVWH�IURP�6RO\PiU�    14.5 m3�� 9ROXPH�RI�ZDVWH� ~26.5 m3

liquid waste 0.8 m3:

0L[HG�ZLWK�FRQFUHWH 0L[HG�ZLWK�IRUPDOLQ
65 l contaminated water 220 l biological waste

100 pcs spent sealed sources (25 l) 0.4 m3:

0L[HG�ZLWK�FRQFUHWH 6PRNH�GHWHFWRU��PL[HG�ZLWK�FRQFUHWH
95 pcs 5 pcs

untreated solid waste 3.6 m3

*ODVV 7H[WLOH
3$3(5 ),/7(5�9(66(/

/DERUDWRU\�HTXLSPHQW

0.3 0.3 0.4 0.1 2.5 m3

untreated waste in metal drum (200 l) 32 pcs, 6.4 m3:

0HWDO
*ODVV :RRG 5RFN 3DSHU ,QVWUXPHQWV�ZLWK�OXPLQRXV

SDLQW 7H[WLOH 3ODVWLF
)H $O

>P�@
0.1 0.1 1.0 0.4 1.0 0.9 2.0 0.7 0.2

untreated waste in plastic bag (50 l) 510 pcs, 15.3 m3:

*ODVV :RRG 5DUH�HDUWKV 3DSHU 7H[WLOH 3ODVWLF ,URQ ,QVWUXPHQWV�ZLWK
OXPLQRXV�SDLQW

7K�HPEHGGHG�LQ�FRQFUHWH
ZLWK�LWV�KROGHU

>P�@
0.3 0.3 0.4 0.5 2.0 4.5 6.1 0.2 1.0



88

,VRWRSH�FRQWHQW�RI�WKH�FRPSDUWPHQW�

ACTIVITY [BQ] ���&V
14C ���7O

226RA 232TH 3H ��)H
60CO 85Kr

90SR TOTAL

liquid waste with formalin 7,38E+07 7,38E+07

cemented liquid waste 4,68E+06 4,68E+06

untreated solid waste 6,27E+08 2,05E+08 1,87E+07 8,51E+08

untreated in metal drum (200
l) 2,55E+08 4,72E+07 8,24E+07 3,85E+08

untreated in plastic bag   (50
l) 5,81E+09 3,98E+09 3,01E+06 4,12E+09 6,84E+08 1,84E+09 4,35E+06 4,93E+08 1,08E+10 2,77E+10

cemented smoke detector 1,37E+07 1,37E+07

cemented spent sealed
sources 4,11E+11 9,28E+07 9,52E+06 4,43E+08 4,12E+11
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�&RPSDUWPHQW�GDWD�VKHHW D��
9ROXPH�RI�YDXOW� 70.0 m3

1XPEHU�RI�VKLSPHQWV� 110 9ROXPH�RI�FRQFUHWH� 0 m3 :DVWH�IURP�6RO\PiU�    48.4 m3�� 9ROXPH�RI�ZDVWH� ~48.4 m3

428 pcs spent sealed sources (25 l) 0.2 m3:

8QWUHDWHG�VSHQW�VHDOHG�VRXUFHV
428 pcs

untreated solid waste 0.3 m3

/XPLQRXV�SDLQW 3ODVWLF ,URQ

>P�@
0.1 0.1 0.1

untreated waste in plastic bag (50 l) 1596 pcs, 47.9 m3:

0HWDO
*ODVV :RRG 5XEEHU 3DSHU ,QVWUXPHQWV�ZLWK

OXPLQRXV�SDLQW 7H[WLOH 3ODVWLF
)H 3E

>P�@
1.4 1.4 1.8 2.3 2.0 9.2 20.7 8.4 0.7

,VRWRSH�FRQWHQW�RI�WKH�FRPSDUWPHQW�

ACTIVITY [BQ] 133BA ���&V ���&V ���3P
14C ���7O

226RA ��1D
232TH «

untreated solid waste 4,38E+08 …
untreated in plastic bag (50 l) 2,76E+07 1,08E+04 3,24E+10 4,14E+06 9,37E+09 9,87E+07 7,27E+09 5,06E+06 5,22E+09 …
untreated spent sealed sources 1,87E+09 …

ACTIVITY [BQ] «
���8 ���8

3H ��)H
60CO ��1L ��.U

90SR TOTAL

untreated solid waste … 8,17E+08 1,26E+09

untreated in plastic bag (50 l) … 2,66E+09 1,14E+07 1,95E+10 2,44E+06 2,95E+09 9,20E+08 4,72E+10 1,28E+11
untreated spent sealed sources … 5,51E+13 3,50E+08 4,50E+08 5,51E+13
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&RPSDUWPHQW�GDWD�VKHHW D��
9ROXPH�RI�YDXOW� 70.0 m3

1XPEHU�RI�VKLSPHQWV� 182 9ROXPH�RI�FRQFUHWH� 0 m3 :DVWH�IURP�6RO\PiU�    57.4 m3�� 9ROXPH�RI�ZDVWH� ~57.4 m3

1 pcs spent sealed sources (25 l) 0.02 m3:
8QWUHDWHG�VSHQW�VHDOHG�VRXUFHV

1 pcs, CoNO3

solid waste 0.5 m3

/DERUDWRU\�HTXLSPHQW 82��,1�&$1
>P�@

0.5 0.01

liquid waste 0.7 m3:
8QWUHDWHG 0L[HG�ZLWK�IRUPDOLQ

0.18 l contaminated water in plastic ampoules 415 l biological waste

untreated waste in plastic bag (50 l) 1874 pcs, 56.2 m3:
0HWDO

*ODVV :RRG 5XEEHU 3DSHU 6OXGJH��VRLO 0DWHULDO
FRQWDLQLQJ�8 7H[WLOH 3ODVWLF

)H &X
>P�@

1.6 1.6 2.2 2.7 2.0 0.1 10.8 24.4 10.0 0.8

,VRWRSH�FRQWHQW�RI�WKH�FRPSDUWPHQW�

ACTIVITY [BQ] ���&V ���&V ���3P 14C ���(X ���(X ���7O ���3E 226RA ��1D …

liquid waste in can 1,11E+10 …

untreated in plastic bag (50 l) 1,88E+04 3,70E+10 1,57E+05 2,90E+10 1,13E+09 7,63E+06 1,86E+07 7,92E+07 1,53E+09 4,95E+05 …
solid waste 4,98E+06 …
untreated spent sealed sources …

ACTIVITY [BQ] « 232TH ���8 ���3X ��&O 3H ��)H 60CO ��.U 90SR TOTAL

liquid waste in can … 9,29E+07 3,51E+03 1,11E+10

untreated in plastic bag (50 l) … 3,33E+09 7,40E+07 6,28E+08 1,15E+09 1,87E+09 3,31E+06 1,87E+09 3,59E+08 4,55E+10 1,24E+11
solid waste … 1,85E+08 1,85E+08
untreated spent sealed sources … 2,15E+05 2,15E+05
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&RPSDUWPHQW�GDWD�VKHHW D��
9ROXPH�RI�YDXOW� 70.0 m3

1XPEHU�RI�VKLSPHQWV� 141 9ROXPH�RI�FRQFUHWH� 14.0 m3     :DVWH�IURP�6RO\PiU�    26.4 m3�� ���9ROXPH�RI�ZDVWH���~45.7 m3

liquid waste 0.8 m3:

0L[HG�ZLWK�FRQFUHWH 0L[HG�ZLWK�IRUPDOLQ
25.1 l contaminated water 325 l biological waste

285 pcs spent sealed sources (25 l) 0.7 m3:

0L[HG�ZLWK�FRQFUHWH )L[�LQWR�ELWXPHQ (PEHGGHG�LQ�SDUDIILQ
239 pcs 14 pcs 32 pcs

untreated solid waste 6 m3

/DERUDWRU\�HTXLSPHQW /XPLQRXV�SDLQW *ODVV��7H[WLOH 39&�FDUSHW 6WHHO�ER[
>P�@

1.0 0.1 2.9 1.0 1.0

cemented solid waste 3.5 m3

/DERUDWRU\�HTXLSPHQW 7H[WLOH��3DSHU *ODVV ,RQ�H[FKDQJH�UHVLQ ,URQ
>P�@

1.0 0.5 0.5 0.5 1.0

untreated waste in plastic bag (50 l) 1090 pcs, 32.7 m3:

*ODVV :RRG 5XEEHU 3DSHU ,QVWUXPHQWV�ZLWK�OXPLQRXV
SDLQW�����5D�����7K� 7H[WLOH 3ODVWLF ,URQ 1DWXUDO

WKRULXP 3DUDIILQ�LQ�FDQ

>P�@
0.9 0.9 1.2 1.5 2.0 5.9 13.4 5.9 0.5 0.5

cemented waste in metal drum (200 l) 3 pcs, 0.6 m3:      untreated waste in metal drum (200 l) 7 pcs, 1.4 m3:

*ODVV 3ODVWLF ,URQ *ODVV :RRG 5XEEHU 3DSHU 7H[WLOH 3ODVWLF ,URQ
>P�@ >P�@

0.1 0.2 0.3 0.1 0.1 0.1 0.1 0.3 0.6 0.3
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,VRWRSH�FRQWHQW�RI�WKH�FRPSDUWPHQW�

ACTIVITY [BQ]
8QNQRZQ

���
6E

���
&V

���
&V

���
3P

14C ���
(X

���
7O

226RA ���
5D%H

��
1D «

liquid waste 1,17E+08 …

cemented  in metal drum (200 l) 4,77E+09 …

untreated in metal drum (200 l) …

untreated in plastic bag (50 l) 2,9E+04 3,83E+04 2,05E+10 1,92E+03 8,57E+09 1,56E+07 1,17E+09 5,10E+05 …

cemented solid waste 3,70E+08 4,89E+04 3,69E+07 1,38E+07 …

untreated solid waste 1,25E+05 1,46E+09 …

bitumenised spent sealed sources 7,76E+07 4,21E+09 …

cemented spent sealed sources 3,34E+07 3,37E+04 …

other spent sealed sources …

ACTIVITY [BQ]
«

���
7K

���
8

���
3X

���
$P

3H ��
)H

60CO ��
1L

90SR ��
7F

TOTAL

liquid waste … 4,99E+07 4,60E+07 2,12E+08

cemented  in metal drum (200 l) … 6,09E+08 5,38E+09

untreated in metal drum (200 l) … 1,20E+10 3,04E+08 2,35E+09 1,47E+10

untreated in plastic bag (50 l) … 1,42E+10 2,50E+04 1,11E+08 2,91E+07 5,58E+09 8,84E+05 1,89E+09 6,45E+06 1,16E+10 6,37E+10

cemented solid waste … 1,11E+08 1,27E+07 1,43E+07 7,06E+07 6,29E+08

untreated solid waste … 1,46E+09

bitumenised spent sealed sources … 5,10E+07 3,26E+08 4,66E+09

cemented spent sealed sources … 5,00E+03 6,47E+08 1,62E+10 2,11E+09 1,90E+10

other spent sealed sources … 3,85E+12 3,85E+12
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&RPSDUWPHQW�GDWD�VKHHW D��
9ROXPH�RI�YDXOW� 70.0 m3

1XPEHU�RI�VKLSPHQWV� 135 9ROXPH�RI�FRQFUHWH� 0 m3     :DVWH�IURP�6RO\PiU�    19.5 m3�� ���9ROXPH�RI�ZDVWH���~41.0 m3

16 pcs spent sealed sources (25 l) 0.1 m3:

0L[HG�ZLWK�FRQFUHWH 8QWUHDWHG
15 pcs 1 pcs

liquid waste 3 m3:

0L[HG�ZLWK�FRQFUHWH 6RDNHG�XS�E\�]HROLW 0L[HG�ZLWK�IRUPDOLQ
690 l contaminated water 65 l contaminated water 500 l biological waste

cemented waste in metal drum (200 l) 19 pcs, 3.8 m3:

*ODVV :RRG 5XEEHU 3DSHU 7H[WLOH 3ODVWLF ,URQ
>P�@

0.1 0.1 0.2 0.2 0.8 1.7 0.7

untreated solid waste 5.1 m3 cemented solid waste 0.1 m3

*ODVV 3DSHU ,URQ /HDG /DERUDWRU\�HTXLSPHQW 0HWDO
>P�@ >P�@

2.4 2.4 0.2 0.1 0.05 0.05

untreated waste in plastic bag (50 l) 961 pcs, 28.8 m3:

*ODVV :RRG 5XEEHU 3DSHU /XPLQRXV
SDLQW 82� 7H[WLOH 3ODVWLF ,URQ 1DWXUDO

WKRULXP
7R[LF

�6H2���.&1��+�32��
>P�@

0.8 0.8 1.1 1.3 1.0 0.1 5.3 12.0 5.3 1.0 0.1

waste fix into bitumen in plastic bag (50 l) 2 pcs, 0.1 m3:

*ODVV��3DSHU ,URQ��7H[WLOH
>P�@

0.05 0.05
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,VRWRSH�FRQWHQW�RI�WKH�FRPSDUWPHQW�

ACTIVITY
[BQ]

���&V ���&V
14C ���7O

226RA ��1D ���7K ���8 ���$P ��&O
3H ��)H

60CO 90SR
TOTA

L

bitumenised liquid
waste

5,52E+07 5,52E+07

cemented liquid
waste 9,98E+06 1,14E+08 4,13E+09 1,60E+05 2,04E+09 1,10E+06 1,07E+09 7,36E+09

soaked up by zeolit
liquid waste

2,21E+08 1,82E+08 4,03E+08

cemented metal
drum (200 l) 1,48E+09 1,40E+08 1,62E+09

untreated metal
drum (200 l)

9,93E+07 3,88E+06 1,27E+07 1,16E+08

bitumenised plastic
bag (50 l)

1,47E+08 1,43E+08 2,90E+08

untreated plastic bag
(50 l)

8,33E+09 2,96E+08 1,50E+07 4,55E+09 1,59E+09 4,48E+09 2,15E+07 3,70E+07 7,70E+08 2,03E+07 3,36E+08 1,28E+10 3,32E+10

cemented solid
waste

2,30E+09 2,30E+09

untreated solid
waste 1,27E+12 3,76E+06 1,27E+12

untreated spent
sealed sources

4,53E+09 4,17E+08 4,95E+09

cemented spent
sealed sources 1,44E+07 1,44E+07
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�&RPSDUWPHQW�GDWD�VKHHW D��
9ROXPH�RI�YDXOW� 70.0 m3

1XPEHU�RI�VKLSPHQWV� 60 9ROXPH�RI�FRQFUHWH� 0 m3     :DVWH�IURP�6RO\PiU�    0 m3�� ��� 9ROXPH�RI�ZDVWH���~40.0 m3

68 pcs spent sealed sources (25 l) 0.2 m3:

0L[HG�ZLWK�FRQFUHWH
68 pcs

liquid waste 1 m3:

0L[HG�ZLWK�FRQFUHWH 0L[HG�ZLWK�IRUPDOLQ
205 l contaminated water 175 l biological waste

cemented solid waste 5.9 m3:

*ODVV :RRG /DERUDWRU\
HTXLSPHQW 3DSHU 7H[WLOH 3ODVWLF ,URQ

>P�@
0.2 0.2 1.2 0.3 1.0 2.0 1.0

untreated waste in plastic bag (50 l) 702 pcs, 21 m3:

*ODVV :RRG 5XEEHU 3DSHU 7H[WLOH 3ODVWLF ,URQ 3X�PDWHULDO *O\FHURO

>P�@
0.6 0.6 0.8 1.1 4.2 9.4 4.2 0.05 0.05

untreated waste in metal drum (200 l) 31 pcs, 6.2 m3:

*ODVV :RRG 5XEEHU 3DSHU ,QVWUXPHQWV�ZLWK�OXPLQRXV�SDLQW
����5D� 7H[WLOH 3ODVWLF ,URQ

>P�@
0.2 0.2 0.2 0.3 1.0 1.0 2.3 1.0

untreated solid waste 5.7 m3

/DERUDWRU\�HTXLSPHQW 39&�FDUSHW 7KRULXP�FRQWDPLQDWHG
ZDVWH 'HEULV 0HWDO�FDQ 6WHHO�SLSHV &RQWDPLQDWHG

SDOODGLXP
>P�@

1.5 0.6 0.4 1.5 0.8 0.8 0.1
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,VRWRSH�FRQWHQW�RI�WKH�FRPSDUWPHQW�

ACTIVITY [BQ] ���&V ���3P 14C ���(X ���7O 226RA ��1D ���7K «

biological waste (liquid waste) 3,69E+09 …

cemented liquid waste 1,44E+10 …

cemented solid waste …

untreated solid waste 1,33E+08 1,48E+10 3,67E+08 1,00E+07 …

untreated in metal drum (200 l) 1,51E+11 1,83E+08 8,21E+06 …

untreated in plastic bag (50 l) 7,54E+09 2,35E+10 4,32E+07 6,26E+07 1,00E+08 …

cemented spent sealed sources 9,43E+11 1,27E+05 3,41E+07 …

ACTIVITY [BQ] « ���$P
3H ��)H

60CO ��.U
90SR ��7F TOTAL

biological waste (liquid waste) … 1,35E+09 5,04E+09

cemented liquid waste … 6,22E+09 2,06E+10

cemented solid waste … 6,74E+10 6,74E+10

untreated solid waste … 1,96E+11 2,12E+11

untreated in metal drum (200 l) … 5,84E+10 2,10E+11

untreated in plastic bag (50 l) … 7,77E+06 9,22E+09 1,06E+06 1,21E+09 1,04E+10 3,70E+08 5,25E+10

cemented spent sealed sources … 4,70E+11 6,93E+08 6,96E+10 1,85E+09 1,48E+12
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$77$&+0(17���

68**(67('�63(&,),&$7,21�)25�$�:$67(�$66$<�6<67(0

The system should provide a fast and accurate assay of waste packages, bags or drums
containing gamma-emitting nuclides, allowing selection of appropriate waste handling
options. The system should measure low-level radioactive wastes down to free release level.

The system should be effective over a wide range of matrices and isotopic compositions.

The waste packages can be 30 litre, 50 litre plastic bags and 200 litre waste drums from 10kg
to 250 kg mass. Mean density of wastes is between 0.5 and 0.7 g/cm3.

Detection limit: at least 10 Bq/g,

Detection limit for specific isotopes: 60Co <10 Bq/g, 137Cs < 10 Bq/g.

Accuracy: Better than 30%.

The system should provide hard copies of drum inventories to a printer, save the inventory
file to disc or transfer the file over a link to a central computer database.

Handling: Drum loading options should include manual loading of drums, and the use of a
conveyor.
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$77$&+0(17����$($�7(&+12/2*<�'2815($<�352-(&7�

-2%�352),/(

3URMHFW�6XPPDU\

Operations in the Low Level Waste Disposal Facility at Dounreay, on the north coast of
Scotland, over the past 5 to 10 years have resulted in the above ground storage of about 8,000
drums of LLW. The drums were stored in three stacks on top of pits 3 and 4, which had been
previously filled with waste and capped with about 1 m of consolidated filling material.

Over time the drums ceased to be suitable for a proposed supercompaction treatment scheme
due to corrosion. A scheme was required which would allow the waste to be re-packaged and
further treated for disposal in a cost effective manner.

7KH�6ROXWLRQ

The first part of the scheme was the erection of the Recovery Building over the stack of drums
on top of pit 3. This was a prefabricated, modular building that was brought to site in ‘flat
pack’ form and erected on a reinforced concrete foundation. ring that had been cast around the
perimeter of the stack. The erection of the building was completed in two weeks during a
relatively calm weather window. This was followed by the erection of the Packaging Building
and provision of all the drum handling and packaging plant. The building was erected
adjacent to the recovery building and occupied the remaining space in this part of the pits
complex. The plant comprised a recovery vehicle, a 3 ram baler, drum loading equipment, an
active ventilation system, a breathing air system, a control system and radiological protection
alarms.

The sequence for the drum recovery and packaging operation was as follows:

1. Drum lifted off the stack using a JCB load all fitted with suitable tools.

2. JCB transports the drum to the packaging building.

3. The drum is placed in the waste box of the baler, which then compresses it in three
directions before ejecting it through a posting port into a new 200 litre drum.

4. Clean drum containing the bale of waste is then tipped upright and its lid fitted.
The waste is now suitably contained in a form that is compatible with the normal
waste handling system.

5. The drums are then despatched to another building for temporary storage and will
subsequently be supercompacted and disposed of in the LLW pits.

When all the drums were removed from the pit 3 stack, the recovery building was dismantled
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and re-erected over the stacks of drums on top of pit 4. Operations were then continued until
all the drums were cleared.

7KH�5HVXOW

The project was subject to detailed planning and risk analysis and was completed
successfully. It was a reasonably complex task, mainly due to the uncertain nature of the
drums and the short timescale for completion
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