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Abstract

The centralized waste treatment and disposal facility "Puspokszilagy" is a sallow land, near
surface engineered type disposal unit. The site, together with its geographic, geological and
hvdro2colo2ical characteristics. is described. Data are given on the radioactive inventory.
The operational safety assessment and the post-closure safety assessment is outlined.

1. Introduction

The facility had been commisioned in 1976. At that time its mission was formulated such that
it is the responsibilty of the facility to collect, transport, treat as necessary and dispose all
radioactive aste originated from institutional use of radioactivity. The facility is Goverment-
owned and was operated by the Budapest branch of the State Public Health and Medical
Officer Services till July, 1998 and presently by PURAM.

The facility is a tpical shallow land, near surface engineered type disposal unit. There are
concrete trenches and shallow wells for waste disposal purposes. The disposal volumes are
categorized into 4 classes, shortly abbreviated by letters:

the "A" type disposal system consists of the original 48 vaults, 70 rn 3each and the
3extension built during the end of eighties: 6 vaults, 140 rn each plus 12 vaults with 70

m volume:

the "B" type disposal system consists of 16 wells with diameter of 40 mm and 16 wells
,v th dameter of 100 mm. The wells are stainless steel lined and 6 rn long, located

'de a concrete monolith structure;
3the "C" type disposal system consists of vaults, 1,5 M each proposed and used for

organic solvent disposal-,

the "D" type disposal system consists of 4 wells with diameter of 200 mm. The wells are
made of carbon steel and 6 n long.

Up to now about 4900 rn 3 of solid and solidified waste has been emplaced, but 2300 rn 3 of

that olume has been originated from Paks NPP. The licence of the facility is valid for Low
and Inter-mediate Level Wastes. From the NPP solid, compacted trash wastes were transported
to the facility only. According to the record keeping system of the facility, the disposed
activitv is about 400 TBq.
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Neither the original licence not- the lcensing of the extension deal with waste acceptance
criteria. It was the obligation ofthe facility to take over every radioactive waste genet-ated by
isotope applications.

2. Geology
The disposal site is located on the ridge of a hll near Puspoksz'lagy vllage approximatelly 40

1 1 1 1 -
km Northeast of Budapest. The dsposal units are located in Quaternary layers of silt and clay
sequences.

On the shallow slope of the ridge, which falls to the SzIIJigyl strearn, the Oligocene clays are
covered by 20-30 m of Quaternary eposits, comprising predominantly silts and clays. O the
steeper slope, which falls to the Nemedl strearn, the Quaternary cover is only a few metres
thick. A 02-1 rn layer of Holocene brown forest so]] covers te ridge and slopes. The
Quaternary deposits are nterpreted as a sequence of river deposited terraces covered by loess.
One consequence of this model of the origin of the Quaternary deposits is that they should be
heterogeneous, both laterally and vertically. he main process driving the evolution the
site is erosion, as a result of regional uplift.

3. Hydrogeology

The pump test data from the 1990 and 1993 site investigation programmes have been
summarised by rock type by Wly6pterv. The pumping test results reported by Golder 2000)
have been interpreted in terms of the latest geological model, while the earlier results were
interpreted in terms of the geotechnical classifications. It is owever, still possible to make a
rough comparison between the two ets of results. This comparison is given in Table below:

Comparison between the 1990-1993 and 2000 interpretations
of the hydraulic conductivity of the different lavers

Mdy6pterv, 1990-1993. Golder Ass. Hungar.,) 2000.
Geological unit Horizontal hydraulic Geological unit Horizontal hydraulic

conductivity, m s1 conductivity', S_
Stream alluvium I -4

Quaternary silt, I I -" Quaternary I
clayey silt unstructured loess
Quaternary silty clay I I ' Quaternary 5 10-7 _ 5 10-6

and clay structured loess
Oligocene clay 2 -M 01' ocene schlier I I(,- _ 10-7

Oligocene marl I lo-"' I

The groundwater level is measured monthly. Beneath the vaults, the groundwater flow
direction at shallow depth (as monitored by groundwater table elevation) is towards the
Szlldgy] stream. The groundwater dvide for shallow groundwater flow is located to the
south-west of the vaults. To te south-west of te divide, flow is towards the Mmedi stream.

On the crest of the ridge near the facility, the groundwater level is approximately 20-24 m
below ground surface. At lower elevations, close to the streams, the groundwater table is only
a few metres belo,�v the ground surface (approximately 5m below ground level near the

Mmedi stream; approximately 3 m below ground level near the S2,11dgyl stream). The long-
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terrn monitoring records show that the thickness of the zone of groundwater table fluctuation
across the site ranges from 031 to 438 m. Beneath the crest of the rdge, and to the NE 

Zn J. e.
towards the Szlldgyl stream) the groundwater table lies within the Quaternary strata. Beneath
the steeper slope. towards the N6medl stream, the groundwater table lies within Oligocene
clavs on the basis of interpretation of the annual averages.

4. Radioactive inventor,%

There are more than 80 isotopes usually accepted by the facility for storage and disposal.
Waste types include spent sealed radioactive sources (SSRS), conditioned SSRS, solid wastes
tagged into 200 1tre drums or I rn 3 steel containers conditioned liquid waste in 200 litre
drums and organic solvents in dichotomeous earth. Earlier solid waste packaging practice
included double or triple plastic bags as well.

The accepted sotops have been screened for safety assesment purposes and the remaining
inventory is summarised in the table below:

Isotope Half-life Inventorv

(2000.01.01)
a Bg

H-3 123 2,9E 4

C-14 5730 3,6E+12

Co-60 5.27 3,6E 14

K-r-85 07 2.3E I I

Sr-90 29 I 4,OE 3

Tc-99 4,2E-6 2.OE-t II
Cs-137 30 7�9E+12

Pb-210 223 7AE-8

Ra-226 1600 3.2F+1 1

Th-232 IAE-10 4,5E-10

U-234 2.44E+5 7,8E-9

U-235 7.04E+8 2,6E+8

U-238 4.47E+9 2,3 E I 

Pu-238 87.7 2,OE IO
Pu-239 24100 1,3E IO

Am-241 432 6,8E 12

This inventory has been created conservatively on the basis of existing records and is
therefore overestimating the amount of radioactive isotopes on the site.

5. Operational phase safety assessment

Occupation exposure of workers has been analyzed using yearly takeover data and detailed
handling and disposal procedures with respect to time and arrangements. Detailed analysis
has been performed for 200 liter drums and spent radioactive sources. Maximum 15-18
drums are transported to the facility every time by a vehicle of PURAM.

Conditions associated with disposal of SSRS depends on the existence of disposal overpack.
If the SSRS is in the torpedo than transport and disposal would be done by Isotope Institute
Ltd. NN"orkers of PURAM are supervising disposal operation in this case. Otherwise
transportation and disposal will be done by workers of PURAM. Maximum 5-10 pieces of
SSRS are transported to the facility in a single consignment.
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Ann ual collective doses
Type of disposal DaNr Dmax

system lperson*mSvl [person* nSvl
A 5,13e-02 8,47c-01
B and D 2,54e-02 5,23e-Ol

The disposal operations are done uually by 10 workers. We assumed for the calculation that
the operations are to be done by 2 or 10 workers. Take over and transportation frequency
was used to derive the annual data. I case of the average conditions annual individual doses
are:

8 person 10 person
niSN,/a/person mSv/a/person

Drum Paks 3,86e-0 I 3,09e- 1
Concreted 1,71 e05 1,37c-05
Untreated, building 1,02e-03 8,2 e04
waste
Untreated, other 3,53e-02 2,83e-02

SSRS Concreted i drums 6,41e-03 5,13e-03
I Disposal in well 3,1 7c-03 2154e-03

Total I I 4,32e-01 3,45e-01

Accidents and operational occurances were anallsed for the operational phase with respect to
frequency and consequences. Package drop accidents and fire involving drums (singular
transport unit) were anallsed. Due to the conservative assumptions set for Sr-90 volatility
dose to the public (hypotetical critical group) was at the level of te dose constralt poposed
for the present legislation (0jrnSv/a).

6. Post-closure safety assessment

The OECD/NEA developed FEP st has been used in the assessment for further sreening
purposes. There were 7 reasons used for exclusion of one or more individual FEPs from the
list including low probability, negligable consequences, no relevants for the actual host rock,
no relevants for the site, no relevants for te disposal technology and waste type, multiple
entry and responsibility of future generations (only inadvertent actions were left during, the
sreening). The sreening resulted in exclusion of 48 FEPs and 78 FF"Ps were considered in the
study.

Based on the FEP analysis and regulatory requirements the following scenarios have een
developed:

- Non-nal evolution: degradation of engineered barriers will ake place after 800-2000
years.

- Alternative evolution: early filure of engineered barriers, increased infiltration.
- Erosion and slope instability.
- Inadvertent human ntrusion after te active Institutional control.

Engineered barriers were characterized ndividually with respect to their life-time and failure
mechanisms (for example: corrosion caused failure of SSRS can result low flux release of
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actiN tv after 400-700 years depending on the wall thickness and chemical form of the isotope

ins'de).

Hydrogeological transport model was developed for the site by ATOMKI using MODFLOW

and MODPATH codes. The model used the geological and hydrogeological structure

described earlier and was calibrated against the observed water table data. Results of the

modeling were between 270-390 years for the saturated zone and 40-80 years for the

unsaturated upper part.

The Faure below indicates preferential pathways towards the Szllagyl stream. Isotope
transport along the pathfines was modelled using a ID transport code and a time dependent

input. Local sorption data and bosphere characteristics were used:

Results of the post-closure safety assessment show no problems while the facility is under

control and the present blosphere characteristics remain stable. For the normal evolution

scenarios dose to the adult members of the public will reach maximum after 1000 years and

the dose will not exceed 0001 mSv/a.

I I T I I I I I I I I I 19

�F
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Infants could receive dose 0,01 mSv/a at that time. For the alternative evolution scenarious the
relevant doses are approximately 20 times higher in case of dggings of a new well just next to
the present boundary of the ste. Inadvertent human intrusion with the onsite habitation or
farming scenarious will result in 35 rnSv/a dose after 2000 years. The main components

'buting to such a igh dose are Ra-226, Th-232, Tc-299 and U238. The result is in the
range of optimized intervention, therefore we are studying now hw the critical components
can be removed and transfered for interim storage.
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