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THE REGULATION OF TECHNETIUM-99 DISCHARGES AT SELLAFIELD

A. Mayall

Environment Agency, Nuclear egulation Group (North),
Ghyll Mount, Gillan Way, Penrith, umbria CA] I 913P, United Kngdom

Abstract.

The reprocessing of spent Magnox fuel at BNFL Sellafield produces a liquid waste
concentrate containing technetium-99 and other, more radlotoxic, radionuclides suc as
plutonium and americium. The concentrate is known as medium active concentrate (MAC).
Prior to 1981, MAC was discharged to sea untreated after several yars' storage, during which
short-lived radionuclides underwent radioactive decay. In the early 1980s, discharges of MAC
were suspended and it was retained in storage tanks, pending the construction of a plant to
remove the radionuclides of greatest radiological concern (these did not include technetium-
99). The Enhanced Actinide Removal Plant started operation in 194 and began to clear the
backlog of stored waste MAC, as ell as current arlsings from Magnox reprocessing. As a

consequence technetium-99 was once more discharged to sea. Subsequently, concentrations
of this radionuclide in the marine evironment increased. In particular, there was a significant

increase in the concentration of technetium-99 in lobster in the Irish Sea. An increase in
technetium-99 has also been detected at locations far distant from Sellafield, e.g. in
Scandinavian coastal waters, albeit at very low concentrations. ThIS dispersal of technetium-
99 throughout the Irish Sea and fther afield has therefore caused concern, although the
radiological impact is low. This paper examines the nature and source of the technetium-99 in
sea discharges at Sellafield and the levels of past and current dscharges as well s their

impact. It goes on to describe te Environment Agency's recent proposals on the future
regulation of technetium-99 dischar 'ges and how these should lead to substantial reductions in
not only technetium-99 discharges, but also of other radionuclides such as caesium-137 and
strontium-90.

1. Introduction and background to the technetium-99 issue

Technetium-99 is found in the environment almost entirely as a esult of human activities,
mainly as a result of discharges from the reprocessing of spent nuclear el but also from the

past testing of nuclear weapons. 'echnetium-99 has a long half-life of 213,000 years and
decays by beta particle emission (maximum beta energy - 03 MeA/). It has a relatively low
radiotoxicity when compared to ther fission products such as caeslurn-137 and actinides such

as plutomum-239.

The reprocessing of spent Magnox fuel at Sellafield produces a liquid concentrate waste
containing technetium-99 and other. more radlotoxic, radionuclides such as those of plutonium

and americium. The concentrate is known as medium active concentrate (MAC). rior to
1981, MAC was discharged drectly to sea after several years' storage, during which short-
lived radionuclides underwent radioactive decay down to levels that enabled them t be
discharged to sea. In the early 1980s, discharges of MAC were suspended and it was retained

in storage tanks, pending the construction of a treatment plant to rcmove the most radlotoxic

radionuclides.



In 1984, the UK Government, following advice from the UK's Radioactive Waste
Management Advisory Committee (RWMAC), gave the go-ahead for a new plant to remove

'des from dscharges to sea and the Enhanced Actinide Removal Plant (EARP) was
implemented. It was recognised at that time that EARP would not be capable of removing
technetium-99. The radiological risk from technetium-99 was (and is) considered to be small.

EAR-P started operation in 1994 and began to clear the backlog of stored MAC, as well as
fresh arisings from Magnox fuel reprocessing. As a consequence the authorized discharge
limit for technetium-99 was increased from I terabecquerels (TBq) y I to 200 TBq y I,
technetium-99 discharges to sea resumed and concentrations of this radionuclide in the marine
environment increased. In particular, there was a significant increase in the concentration of
technetium-99 in lobster in the Irish Sea. An increase in technetium-99 was also detected at
locations further afield, e.g. in Scandinavian coastal waters, albeit at very low concentrations.
This dispersal of technetium-99 throughout the Irish Sea and beyond has caused nternational
concern partIcularly from the Governments of the Scandinavian countries. For example,
Nonvay is particularly concerned about the potential tainting of seafood taken from its coastal
waters. seafood being one of its largest export industries. Figures I and 2 show the level of
discharge since 1978 when specific technetium-99 measurements began and the levels of
technetium-99 in brown seaweed and lobster from west Cumbria. Since reprocessing began at
Sellafield in the 1950s it is estimated that about 1,500 TBq of technetium-99 has been
discharged into the Irish Sea [1].

In 1997 British Nuclear Fuels pIc (BNFL) began to reduce its discharges of technetium-99 by
treatim a reduced volume of MAC in EARP in anticipation that the Environment Agency (the
Agency) ould reduce the authorized discharge limit for technetium-99. The Agency was at
that time considering an application by BNFL for a reduction in the limit from 200 TBq y to
I 50 TBq y-

In October 1998, the Agency made proposals to UK Ministers for a variation to the liquid
discharge authorization, ncluding a reduction in the technetium-99 limit from 200 TBq to 90
TBq y 2 In November 1999 Ministers decided not to intervene in the Agency's decisions
and the Agency issued a variation to the authorization that became effective from I January
2000.

For comparison, the annual arisings of technetium-99 currently destined for sea discharge
from Magnox fuel reprocessing and from oxide fuel reprocessing at the Then-nal Oxide
Reprocessing Plant THORP) are around 30-40 TBq and less than I TBq respectively .
Most of the technetium-99 from oxide fuel reprocessing is contained in the waste liquor
destined for vitrification.

2. The radiological impact of technetium-99 discharges

The Agency has carried out an assessment of the radiation dose to the group most exposed to
Sellafield liquid discharges. This group of people is composed of those who are high-rate
consumers of fish and shellfish taken from Cumbrian coastal waters and who spend relatively
lar-e amounts of time on local beaches and other local inter-tidal areas. The annual dose from
technetium-99 dscharged at the current limit of 90 TBq y-1 to the most exposed group to
liquid dscharges as assessed as 32 pSv [I].

2
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The Food Standards Agency (FSA) also carries out assessments of the radiation doses
delivered via radionuclides transferred into foods using measurements obtained from its
environmental monitoring programme around Sellafield. The FSA calculated that the
radiation dose to those most exposed from technetium-99 in seafoods in 2000 was 9 PSv, out

of a total of 150 pSv from all radionuclides discharged by Sellafield. This was a retrospective
assessment based upon measurements of technetium-99 concentrations in seafoods rather than
predictions of concentrations that may occur in the future. The FSA's annual report for 2000
also states that the most exposed group for Sellafield liquid discharges receives an additional
dose from the presence in local seafood of enhanced levels of natural radionuclides resulting
from past discharges from Rhodia Consumer Specialities Ltd at Whitehaven. Rhodia's
discharge contains natural radionuclides, for example uranium isotopes and their decay
products. which were present in the phosphoric acid used in the process. FSA estimates that
the dose from this source in 2000 was 380 pSv y giving a total dose of 530 �tSv y 3.

The statutory dose limit for members of the public in the UK is 1,000 �tSv y1 from all man-
made sources of radioactivity other than from medical exposure. Total doses to the public
from all authorized discharges of radionuclides to the environment (past. current and future)
should be compared with this dose limit. The assessed doses, both from retrospective and
prospective assessments. are below this limit.

UK a also states that a maximum constraint value of 300 pSv y- I should be applied when
determining applications for discharge authorizations from a single new source. A source is
defined as 'a facility, or group of facilities, which can be optimized as an integral whole in terms
of radioactive waste disposals'. In general, it is expected that existing facilities should also
operate within the 'source constraint'. The source constraint includes the radiological impact
of current discharges and direct radiation from the source, but excludes the impact of historical
discharges. The doses to be compared with the source constraint are therefore only those that
can be altered by changes in the operating regime of a controlled source. In addition UK law
also places a 'site constraint' of 500 �tSv y- I on discharges from an entire site. The site
constraint includes the radiological impact of current discharges from the entire site, but
excludes the impact of direct radiation and historical discharges. The predicted dose
(prospective assessment) to the most exposed group of 260 �tSv y1 from discharges made at
the current limits (including technetium-99) is lower than the source constraint and the site
constraint [I]-

During its review of technetium-99 regulation the Agency also carried out an assessment of
the collective dose resulting from marine discharges [1 4. Table I presents the results of the
collective dose assessment. The collective radiation doses may be compared with the
collective dose from natural sources of 15 million man Sv received every year by the world
population and 17 million man Sv by the population of Europe. The total impact of
technetium-99 in terms of collective dose is therefore small.

Table 1. Collective dose resulting from a single year's discharge at the current limit of
90 TBq of technetium-99 (man sieverts (man Sv))

Population Truncation period
500 years Infinity

Europe 0.48 1.5
World 2.0 - 21 63 - 99
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3. The Environment Agency's recent review of the regulation of technetium-99
discharges

3.1 General

As outlined above, Ministers decided in November 1999 not to ntervene in the decision made
by the Agency in October 1 998 with respect to the regulation �Df liquid discharges from
Sellafield. However the Ministers issued a statement that they would invite the Agency, in its
forthcoming full re-examination of the Sellafield authorizations for radioactive aste
discharges and disposals, to give prompt and detailed consideration to the issues related
spec ically to discharges of technetium-99 and have ts proposals ready within 6 months.
This followed the OSPAR Sintra Statement of 1998, which included the following reference to
technetium-99 discharges from Sellafield:

"WE NOTE the concerns expressed b v a number Conti-acting Parties about the recent
increase i technetium dischargesfi-om Sellqfield and their view that these discharges, should
cease. WE FURTHER NOTE that the UK Ministers have indicated that such concerns il be
addressed in their orthcoming ecisions concerning the discharge athorizations 'for

Sellafield. "

The Agency commenced the review requested by Ministers in April 2000 and began a three

month public consultation on a set of draft proposals in November 2DOO. Following further n-

depth assessment and the analysis of consultation responses the Agency submitted a poposed

decision to Ministers in September 2001.

The Agency set an objective for the review of ensuring tat the Best Practicable

Environmental Option (BPEO) was chosen for the future management of technetium-99

arlsings in MAC, and that the Best Practicable Means (BPM) continued to be used.

The BPEO is a concept developed by the Royal Commission on Environmental Pollution,

which suggested the following definition [5]:

".....the otcome f a sstematic consultative and decision-viaking procedure which

emphasizes the protection of the environment across land, air and water. The BPEO

procedure establishes,.Ibi a given st Qfo�jectives, the option that provides the ost benqli or

least damage to the environment a a whole, at acceptable cost, i the long a we// as the

short term."

The BPM is a term used by the nvironment Agency and the Scottish Environment Protection

Agency in authorizations issued under the Radioactive Substances Act. Essentially, it requires

operators to take all reasonably practicable measures in the design and operational

management of their facilities to minimise discharges and dsposals of radioactive waste, so as

to achieve a high standard of protection for the public and the environment. BPM is applied to

such aspects as minimising waste reation, abating discharges, as well as monitoring plant,

discharges and the environment. It takes account of such factors as he availability and cost of

relevant measures, operator safety and the benefits of reduced discharges and disposals.

BNFL's liquid discharge authorization says that in determining whether particular means are

the "best practicable", the operator shall not be required to incur expenditure whether in

money, time or trouble which is, or is likely to be, grossly disproportionate to the benefits to

be derived.
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A wide range of criteria were taken into account in the Agency's review including not only
those relating to environmental and radiological impact but also those relating to Government
commitments, costs, technical feasibility and socioeconomic factors. The Agency is required
to operate within a legal and policy framework (which the Agency considers includes the
UK's commitments under OSPAR). Compliance with the requirements of this framework
constrains decisions on the BPEO and BPM.

The Agency has a statutory duty to take account of costs and benefits under the Environment
Act 1995, and also through the requirement to take economic and social factors into account in
applying the radiological protection pnciple of optimization. Cost-benefit and cost-
effectiveness considerations are also part of the sustainable development and statutory
objectives guidance to the Agency. 'Costs and benefits' include, but are not limited to, direct
financial costs on a regulated industry.

The Agency recognises that the reduction in radiation dose is not the only potential benefit
from measures taken to reduce radioactive discharges. There are other potential benefits such
as the reduction in concentration of technetium-99 in seafoods, particularly lobster, and in
other or-anisms in the marine environment. Furthermore the Agency recognises that there are
.costs other than the direct financial costs which need to be taken into account in any
decision. For example. the implementation of an abatement technique could itself lead to
negative environmental impacts. There is also the question of 'opportunity cost' since other
safetv and/or environmental improvements could be foregone as a result of the expenditure on
a particular measure.

The Agency views cost-benefit analysis, including that based on monetary valuation, and other
techniques such as Multi-criteria Analysis (MCA), as tools to inform the decision - none of
these by themselves can provide the decision. In practice a blend of quantitative methods and
qualitative reasoning will influence the decision. Qualitative analysis of factors, particularly
those that stem from national policies and nternational agreements, can be very difficult to
incorporate within frameworks that try to apply a quantitative approach but are nevertheless
very important in deten-nining the decision. The responses to the Agency's consultation from
the statutory consultees (Health and Safety Executive (HSE) and FSA), other organisations
and members of the public were also taken into account.

3.2 The options

The main potential abatement techniques being developed by BNFL that would be necessary
to achieve reductions in technetium-99 discharge in advance of the pr 'ected shutdown of
Magnox reprocessing in 2012 were 4]:

.The construction and implementation of a new 'end of pipe' abatement plant for the
removal of technetium-99 from EARP liquid effluent (permeate). The resulting
technetium-bearing liquor would be routed to vitrification. The total undiscounted cost
for this technique was estimated by BNFL to be I - 1 50 million.

2. Process modification to divert the low-salt/high technetium components of MAC to
ification (MAC Dversion). MAC dversion could be 2003. The best

estimate cost (undiscounted) for this technique was around 18 million with a large
fraction of the cost associated with the disposal of the vtrified high-level waste.

3. Process modification in EARP using an organic chemical, tetraphenylphosphonium
bromide JPP) to precipitate technetium. The total undiscounted cost for this technique
was estimated by BNFL to be around E2 - 3 million. However, this technique is currently
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associated wth a number of problems, in particular the sgnificant concerns expressed by
Nirex and the regulators the Agency and HSE's Nuclear Installations Inspectorate N11))
over tho future disposability f the resulting intermediate level solid waste and the
discharge of potentially toxic TPP to the sea. No Nrex 'Letter of Comfort' exists or the
waste from this technique even for the relatively small number of waste drums that would
be produced from a trial (-1,20 drums). A 'Letter of Comfort' does not have any legal
status but is an indication tha a waste forin is suitable for future storage and eep
disposal. Current UK policy states that waste management problems should not be
created if they cnnot be resolved using current techniques or techniques which could be
derived from current lines of'development 6]. If the technique were to go ahead without
a 'Letter of Comfort' then it would produce thousands of drums with no potential disposal
route. It is likely that a new plant would be required in the fture to 're-work' the waste to
make it suitable for disposal; tis would add considerable costs and create a substantial
future waste management challenge.

The Agency examined, inter alki, four representative regulatory otions, taking into ccount
the potential abatement techniques, ranging from reducing the discharge limit for technetium-
99 to 10 TBq y-1 in 2001 to retaining the current authorized limit of'90 TBq y1 [1 4.

The Agency decided that the construction of a new plant at a cost of at least fI00 million,
specifically for the removal of technetium-99 from MAC, would impose costs and other
detriments that would be grossly disproportionate to the likely benefits. In addition, in view of
the concerns expressed by HSE about the hazards associated with the storage of MAC in B211
and the need for more development work to be done on abatement techniques, the Agency
decided that an immediate cut in the discharge limit would be premature.

The Agency viewed the possibility of modifying the existing process by diverting ansings of
low-salt MAC waste streams to vitrification as the most practicable technique. If such a
modification were implemented by 2003, all the high-salt MAC remaining in B211 coul be
treated in EARP by around 2006 wich would mean that the authorized discharge limit could
then be cut to 10 TBq y-', equivalent to the level when MAC was in storage 1981-1993).
This became the basis of what the Agency termed 'Option C'.

The continuation of the current practice of treating MAC in EARP until the end of Magnox
reprocessing (currently pr 'ected to be 2012) was terined 'Option D'. Under this scenario the
current limit of 90 TBq y-' would be maintained until after the buffer volume of MAC was
reached and thereafter a limit of 40-50 TBq y1 could be mplemented to cover discharges
equivalent to the rate of current arisings.

Multi-criteria analyses carried out by both the Agency and BNFL suggested that options D
and C were the top two ranked options, with little to choose between them. Whilst MCA
should only be used as a guide to a final decision, in considering the overall balance of
benefits, costs and other criteria associated with each of the options, the Agency considered
that the choice was essentially between options D and C (or variations thereof).

The best estimate of the total dscounted cost of MAC diversion was around E4 million 4.
The Agency estimated that the collective dose saved as a result of diverting MAC frorn 2003
was about man Sv to the world population over 500 years. Using the monetary value ofthe
unit collective dose suggested by te NRPB in 1993 71 and allowing for inflation, this is
equivalent to a Value of around f125,000. This was adopted as the principal valuation
although the Agency was aware that higher valuations for unit collective dose could be found
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in the literature. WhIlst it would appear that the financial costs of implementing MAC
diversion are greater than a monetary valuation of the collective dose saved, the Agency

idered that it is not grossl
cons y dsproportionate, particularly f other nori-quantifiable
benefits are taken into account such as the reduction of technetium-99 levels in seafood on an
early timescale. Furthermore, the diversion of MAC and the emptying of the B211 facility of
MAC by around 2006 (Option has the potential to save money, if BNFL were to be
required by HSE to build a new facility to replace B21 1, because there would be no further
need to provide storage tanks for MAC.

The Agency considered that Option C has a clear advantage over Option D in achieving UK
compliance with both the spirit and the letter of the OSPAR Sintra statement, and in meeting
existing and prospective government policy on radioactive discharges in terrns of progressive
and substantial reduction in discharges and discharge limits. Option C is more consistent with
the Government's draft statutory guidance to the Agency on regulation of radioactive
discharges hich indicates that, where possible, "concentrate and contain" should be the
preferred option. MAC diversion would also lead to significant reductions in annual
discharges of other important radionuclides such as strontium-90 70-90%) and aesium-137
(10-400,O). The total discharge of technetium-99 from the treatment of MAC over the
remaining period of Magnox reprocessing would be cut by around 40%.

Althou2h the dose to the critical group is already within required constraints, implementation
of Option C ould lead to a reduction in dose (assessed prospectively) of about 30 PSv y-I
from around 2006 (see Table 2.

Table 2 Potential annual radiation dose savings to the most exposed group to liquid
discharges

Radionuclide Typical Annual Discharge Radiation Dose Saved
from MAC (TBq)' (PSv Y_,

Tc-99' 70 25
Sr-90' 33 2.2
Cs-] 37c 2.7 1.7
Total 29

Tc-99 based on at% ica I 700 m3 of MAC treated with a mean activitv concentration of O. TBq/ M3 Sr-90 andCs-1 37 based on
a% erase dischar2e, o% er the last 6 vears.

b This %% ould be reaiised under an� option �k here the limit i reduced to I TBq y
c These reductions ould onIv occur ith MAC dersion.

Medium active waste streams at other reprocessing plants such as THORP and Cap de la
HaQue are sent to vitn'fication. Therefore the vitrification of MAC would bring the Magnox
reprocessing plant into line with these newer plants.

The HSE has recently issued tight targets for the reduction of Highly Active Liquor (HAL) in
store at Sellafield. The addition of a new feedstock into the HAL storage and vitrification
svstern. resultin- from MAC diversion, could adversely affect the achievement of these
targets. with the potential to have a negative knock-on effect on Magnox and THORP
reprocessing. However, the potential for a negative impact is low if the high salt component
of MAC. hich is low in technetium, is excluded from the diversion. The final view on the
potential impact on HAL reduction will be taken by HSE, in consultation with the Agency,
when BNFL submits the relevant safety cases for the necessary process modifications.
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3.3 Recent developments

Following the publication of the Agency's proposed decision in September 2001 there has
been two significant developments.

In March 2002 there was a mnisterial declaration following the fifth international conference
on the protection of the North Sea held in Bergen. Concerns related to technetium discharges
from Sellafield were noted in the declaration.

In July 2002 the UK Government published the UK Strategy for Radioactive Dscharges
2001-2020 [8]. This shows hw the UK Government ad devolved administrations will
implement the OSPAR Strategy with regard to radioactive substances. The strategy includes
a discharge reduction target for technetium-99. Technetium-99 dscharges from reprocessing
are expected (if the Agency adopts its proposed decision following ministerial consideration)
to be reduced from close to 90 TBq y- I to below 10 TBq y- I as scon as possible and b no
later than the end of 2006, and to less than I TBq y-' by 2020.

4. The proposed decision

Having taken into account all ofthe relevant criteria and the 100 cnsultation responses, the
Agency's decision on what represents the BPEO and BPM for the main technetium-bearing
waste stream (MAC) was:

- Future A C arisings (excluding an high-salt fraction) should be diverted to vitrification
(all plant modifications have potential implications for on-site safety and therefore this is
subject to HSE permission fom 2003; and

- The A14C alretidv in storage, which contains too much salt to be successfully vitrified,
should continue to be treated and processed in EARP, recognizing that this will entail its
technetium-99 content being discharged to sea. This should remain the case unless a
means of removing the technetium-99 in EARP can be found. The current front runner
is the addition of an organic hemical, tetraphenylphosphonilim bromide (TPP), to the
EARP process to precipitate te technetium. If the problems associated with the use of
TPP (see above) can be overcome within a short tmescale i:hen some of the existing
MAC may be treated using TPP before its discharge to sea.

The Agency considered that the first phase of an R&D programme on TPP developed by
BNFL should be begun in order to attempt to resolve the outstanding key issues. TPP could,
if the problems are resolved on a rapid timescale, provide a contingency should sgnificant
problems be encountered with MC diversion or a potential rneans of an earlier limit
reduction.

With respect to the discharge limit te Agency decided that it should remain at the existing 90
TBq y1 for the time being and be reduced to 10 TBq y1 by around 2006. The limit will be
kept under review by the Agency and, as the uncertainties associated with the abatement
techniques are reduced, interim reductions in the limit may be possible.

The Agency submitted its proposed decision to Ministers in September 2001 and at the time
of writing the Ministers were still considering the Agency's proposed decision.

Figure 3 shows the current process for the management of MAC and the two alternative
processes which may be mplemented as a result of the Agency's proposed decision.
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Figure 3 Management of medium active concentrate (MAC) from Magnox
reprocessing (the main source of technetium-99 discharges to sea)
(Environment Agency, 2000)
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5. Conclusions

The Agency has carried out a rigorous review of the future regulation of technetium-99
discharges from Sellafield taking into account a wide range of factors. It has sought to fi-ame
its decision in terms of the BPEO and BPM recognising that the policy and legal framework in
which the Agency operates must inevitably set the objectives for te decision. The ecision
involved the fine balancing of many factors.

The Agency is satisfied that the environmental and health impacts are well below the relevant
limits but recognises the concerns rlated to the perception of tainted seafood both in the UK
and abroad. Discharges of technetium-99 are set to decrease over the next 0 years as the
backlog of stored MAC is treated and Magnox reprocessing at S.-Ilafield ceases in around
2012. However, the Agency's proposed decision will accelerate substantial reductions in
discharges of key radionuclides such as technetium-99, strontium-90 ad caesitim-137,
recognising that 'progressive an sbstantial' reductions in radioactive discharges is a central
tenet of UK discharge strategy i ]Hie with its OSPAR commitments. The cornerstone of the
potential reductions in dscharges on an early tmescale remains the technical feasibility of
sending MAC to vitrification and this is dependent on a satisfactory safety case being made to
the NIl.
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Abstract.

The legal infrastructure in Turkey for the disposal of low-level radioactive wastes covers the
liquid. solid and gaseous wastes. Waste tank systems are used to collect and store the low
level radioactive astes and as a part of low-level radioactive effluent discharge policy, these
svstems are effectively used in Turkey especially for the disposal of biomedical radioactive
wastes. The decaved aste is then discharged into sewage system regarding to the discharge
limit. Dose assessment was also completed and the annual effective dose that would be
received bv the workers of the Waste Treatment Facility was calculated and the results are
presented.

1. Introduction

Radioactive substances are used in beneficial ways such as the generation of electricity,
medical diagnosis and therapy. scientific research and specialized industrial applications.
However. many of these activities generate radioactive waste, which occur either in gas,
liquid or solid state, should be under an appropriate control program 1] Arborne and liquid
waste may be permitted for discharge into the environment, after treatment, which may
include converting gaseous discharge to liquid or reverse, if necessary. Unplanned and/or
uncontrolled exposure to radiation can be detrimental to health that is why the regulatory
svstem in any country should be sufficiently robust 2 An essential requirement of any
sound regulatory' structure is to present a clear definition of its scope: certain sources or
practices may be excluded from regulatory requirements or exempted from regulatory
super-vision. One reason for such exemption or clearance is when the radiological risk or
detriment associated with the practice is so small as not to warrant the imposition of the
system of reporting or prior authorization 3 For the exemption of any source or practice
from regulatory control. the general and widely accepted radiation safety requirements for a
member of the public are as follows:

• the effective dose expected to be incurred by any member of the public due to the
exempted practice or source is of the order of 10 gSv or less in a year,

• either the collective effective dose committed by one year of performance of the practice
is no more than about I man Sv, or an assessment for the optimization of protection
shows that exemption is the optimum option 4].

For routine discharges of radioactive materials to the environment, the main types of control
options are to prov'de either storage facilities for gaseous and liquid effluents, so that short
lived radionuclides can decay before release, or treatment facilities that remove radionuclides
from the effluent stream for disposal by other means. Within these two broad categories there
mav be a number of different options available. The various options should be identified and
their features examined as far as possible, including capital, operating and maintenance costs,
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the implications for waste management, and the effect on individual and collective doses for
both the public and workers. There may be a number of complet, trade-offs between these
various features [5].

The current global approach shaped with the nternational conventions is toward the limitation
of radioactive discharges to the environment. In the OSPAR Convention 6 it is stated that
Contracting Parties shall require dopting programmes and measures for the purpose of
prevention and elimination of pollution from land-based sources, either ndividuall or
jointly, the use of: best available techniques for point sources, best environmental practice for
point and diffuse sources, including, where appropriate, clean technology.

The "Joint Convention o the Sqfetll, of Spent Fuel Managenient and on the Sa0v of'
Radioactive Waste Management 7] imposes a system of regular per reviews of the policies
and practices of radioactive waste anagement including dscharges to the environment in
each Contracting Party.

The limitation of the discharges of radioactive substances should be based upon the
optimisation of radiation protection, using best available technique.

2. Legislative infrastructure in TURKEY

The Turkish Atomic Energy Act gives all the responsibility and rights to the Turkish Atomic
Energy Authority for the management of radioactive waste management through this

ilege Turkish Atomic Energy uthority issued regulations and legislation on radiation
protection including waste management, on the other hand one legislation was issued for the
discharges of radioactive effluents from the licensed establishments. This legislation gives all
the details for the disposal of short-fived (up to 100 days of half lives) low-level radioactive
waste.

2. 1. Solid radioactive waste

Part of the legislation for the mnagement of short-lived solid radioactive wastes with half -
lives less than 100 days implies the disposal of these wastes as hazardous medical waste that
is incinerated in the municipality authorized incineration facilities, after the decay of
radionuclides with the activities that are statistically ndistinguishable from the background
radiation. This approach enhances a practical approach for the w level solid radioactive
wastes. Sealed radioactive sources can not be disposed as the same way with the short lived
low level solid radioactive waste, regarding to this legislation.

2.2. Liquid radioactive waste

The liquid radioactive wastes can be discharged to the sewage system according to the
concentration limits set by the eslation, and there is an ongoing study to amend the
discharge limit as 10 ALl,,,j,,/rn(_)nth for each establishment. Short-lived solid radionuclides
with half - lives less than 100 days can be discharged to the sewage system regarding to the
current legislation and also for te amended version.

2.3. aeous radioactive efluents

The current studies for the amendment of the legislation covers also the release of gaseous

effluents to the environment wt te constraint of not exceeding the effective dose of 0 �tSv
that could be incurred by any ember of the public due to the gseous release during one
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year. Short-lived gaseous radionuclides with half - lives less than I 0 days can be released to
the atmosphere regarding to the current legislation and also for the amended version.

3. Decav and delav svstems

The estimated Qobal annual usa-e of 600 TBq "'I [8] in therapeutic treatments and the dose
coefficient of 003 man Sv TBq_' [8] for 3 1 discharged into the liquid effluents makes a

1bution of 18 man Sv to the global collective dose. An auxiliary system,
contr s best available
technique. should be integrated to the medical establishments to decline the radioactivity of
effluents. As the best available technique, waste tanks are used to collect and decay
radioactive waste before the discharge of effluents into the sewage system. The single waste
tank svstern makes use of the "decaying while Filling" principle. Therefore, by the time that
the tank is filled, the total activity in the waste tank is many times lower than the total input
activity. The multiple tank system takes the advantage of physical decay without input so that
the oerall capacity requirement can be greatly reduced. The use of multiple waste tanks
resolves most of the problem of single waste tank system. However, it is important to design
waste tank system with optimum tank number and capacity. Typical design of waste tank
system is shown in Figure .

Ct

.... .....................

Figure 1. Typical design of waste tank system.

4. Dose assessment

Regarding to the risk associated with radioactive discharges, an exposure of 003 mSv for a
year would equate to a risk of one in a million 9 Dose assessments due to the low level
discharges to the sewage for the worker of the domestic waste facility was reckoned
according to the results gven in the TECDOC 1000 [10], the individual dose assessment for
the Domestic Waste Facility worker was done for the cities with populations of 0, 20, 50,
100, 250. 500 and 1000 thousands and the results are tabulated in Table I and shown also in
Figure 11. Population of the city becomes important since it determines the concentration of
radionuclides in the domestic waste.
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Table]. A nual Individual Dose to the Domestic Waste Facilitil Worker

Number of Establishment ising 131 1

1 5 10 20

Yearly Activity Discharge -
GBq 0.10 0.48 0.96 1.92

(120 ALI .. . / establishment)

10 000 36.1 180.6 361.2 722.3

20 000 18.1 90.3 180.6 361.2
4- 50 000 7.2 36.1 72.2 144.5

100 000 3.6 18.1 36.1 72.2

250 000 1.4 7.2 14.4 28.9

500 000 0.7 3.6 7.2 14.4

I 000
000 0.4 1.8 3.6 7.2

Annual effective dse to the Domestic Waste Facifitv Worker

800

600
1 0 000 inh.

20 000 inh.
400

-- Ar- 50 000 inh.

200 -*--I 0 000 inh.

-ik--250 000 inh.

0

0 5 1 0 1 5 20

Number of Establishment

Figure R. Annual Dose that wouhl be received' by the Waste Facility Worker depentling on

the population qfthe city

It is worth to state that the use oflarge waste tanks reduces the radiation exposures around the
system, and hence is also advantageous in the radiation protection point of view.

It is obvious from Figure 11 that the dose to the waste facility worker decreases as the
population of the cty increases. Moreover, number of establishment using 3 11 period does not

affect the annual effective dose too much for the workers working in the waste facilities of

highly populated cities.
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5. Conclusions

The Turkish Atomic Energy Authority as the regulatory body of Turkey has completed its
legislative infrastructure on the disposal of short-lived low-level radioactive waste. All the
trends in the disposal of low level wastes and discharge of low-level radioactive effluents are
closely pursued. On the other hand the following general conclusions could be made
according to the results obtained,

- the annual dose that is received by the domestic waste processing facility is very low,

- decay and delay systems are easy to apply processes and they are very efficient to
decrease the discharge activity of any establishment,

- periodic monitoring of discharges should be properly made for the confirmation of
theoretical dose calculations.
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Abstract.

The sub�ject of this paper is radlo-ecological assessment of permissible low-level releases of
radionuclides in sea waters ensuring te radiological protection of the human population, as well as
marine biota.

1. Introduction

The methodology of radio-ecological assessment is developed for ermissible low-level releases of
radionuclides in sea waters of ussia. The base permissible releases are calculated on a secure
assumption that doses to the critical group do not exceed 10 % of te permissible annual dose limit
for individuals of the population. Additional 1irrilts are placed on te bottom sediment activity and
exposure to marine biota. Hygienic criteria are more rigid than radio-ecological ones for most
radionuclides. The assessments are performed in such a way that the resulting concentrations of
radionuclides in the sea water ad bottom sediments do not xceed the established control
concentrations. The proposed (control concentrations of radionuclides in sea water, ensuring the
radiation safety of the population, ensure the radiation safety of marine flora and fauna as well. Real

137CS, 239pU, 240 103_ 104concentrations of radionuclides (90Sr, Pu and some others) in sea water are
times lower than control concentrations. The dynamic two-compartment model is used for
assessment of permissible low-level releases of radionuclides. The compartment "aquatic
environment" describes the contents of a radionuclide in the sea water, with consideration for the
following processes: the radionuclide intake wth process waters, its removal to the sea as a result of
water exchange, the radionuclide ettling to bottom sediments, and its radioactive decay. The
compartment "bottom sediments" describes the radionuclide accumulation in bottom sediments.

2. Control concentrations o'radionuclides

The basic standards establish the following permissible limits of radiation doses to persons from the
population 12]: an effective dose of I Sv/year; an effective Jose up to mSv/year for an
individual year, which is permitted in particular circumstances, but the average (lose for five
successive years should not exceed I mSv/year. Economic practices or radiation sources may be
excluded from consideration, if the following criteria are met 2,3]: an effective ndividual dose to
persons from the population determined by a gen practice or source does not exceed 10 pSv/year;

a collective effective dose does not exceed I man-Sv/year.

The control concentrations of radionuclides in sea water (by hygienic criteria) were calculated under
the following conditions 45]: radiation dose to the population from consumption of marine
foodstuffs should not exceed 10 ')/o of the permissible dose limit (I rnSv/year), i.e. should be lower
than 0.1 mSv/year; dose is assessed for a critical population group characterized by a considerable
consumption of marine foodstuffs, as several radionuclides are present in sea water, it is necessary
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to calculate control levels of the radionuclide mixture. Doses to human population were estimated in
accordance with 1-3] by using site-specific information 4-8]. The calculated control concentrations
of radionuclides satisfy both Riissian and nternational criteria and standards for ensuring te
radiation safety of the population.

Assessments of doses to aquatic organisms were made by the methods described by 68,9].
Radiation doses to marine bota of lower than I of the lethal dose or significant dose of chron�c
exposure are assumed not to lead to a significant impact on populations or communities, though may
have some probabilistic physiological effects on individual organisms. Additional limits are placed
on the bottom sediment activity.

The followino can be concluded for the control concentration (CC) assessments 4,5]: hygienic criter a
id than radioecological ones for most radionuclides; the radionuclides 24 'Am, 239 P11,

240 6-Pu. 6Co. and �Zn. which are characterized by high values of accumulation in individual marine
foodstuffs, have the lowest CC; for tritium CC in sea water are higher than the specific activities
established for fresh water (this is associated with the fact that tritium does not accumulate in marine
foodstuffs and sea water is not used for drinking); real concentrations of radionuclides 90 Sr, 3Cs,

239pU. 4Pu and some others) in sea water are 103_104 times lower than CC. Thus, the proposed
control concentrations of radionuclides in sea water, ensuring the radiation safety of the population,
ensure the radiation safety of marine flora and fauna as well.

3. Low-level releases of radionuclides

The base pen-nissible releases PRO is calculated on an assumption that doses to the population do
not exceed IO of the annual dose limit [5]. The assessments are performed in such a way that the
resulting concentrations of radionuclides in the water and bottom sediments of the local zone do not
exceed the established control concentrations oer 100 years of chronic annual releases.

The dynamic two-compartment model is used for calculations. The compartment "aquatic
environment" describes the content of a radionuclide in the water of the local zone, wilh

]iteration for the following processes
cons : the radionuclide intake with process waters its removal o
the sea as a result of water exchange, the radionuclide settling to bottom sediments, and its
radioactive decay. The radionuclide distribution throughout the volume of the corn ken
to be uniform.

The compartment "bottom sediments" describes the radionuclide accumulation in bottom sediments.
Calculations are perfon-ned using a standard model for the radionuclide sorption on suspended
matter present in the water column and the radionuclide settling with suspended matter to the bottorn
of the local zone. The radionuclide back flow from the bottom is not taken into account.

The activity dynamics of the ih radionuclide in the water of the local zone is gven by the following
equation:

dC Q1 Ai 1 A,, C M d Kill Ci
dt V H I Kdi 'Cr

where
Qj is the annual release of the ith radionuclide, Bq/year; C is the activity of the i'll radionuclide in
water. Bq/m 3 Vis the volume of the local zone (bay or gulf), m 3; H is the average depth of the water
body. in; A, is the ater exchange parameter, year-'; ",,d is the mass of suspended matter settling lo

bottom sediments. t/m2 per year; is the radioactive decay constant, year-' Kl is the dstribution

(sorption) coefficient "water - suspended matter", m 3/t; a is the concentration of suspended matter
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3. M 3 -1 iin water, t/m A conditional bay with a volume of I k and a water exchange of I year is
cons]dered as the control local zone.

The solution of the equation takes te form

Qi I Usecl Kdj *t
Ci (t) M Kji -(Ai +A,, H (I Kdja)

V A A + scd *
H (I + Kdicr)

With the constant releases after a lapse of tm te activity of the itb radionuclide attains te
equiifibriurn value

Ci1eq

M ed K,11
V Ai ,4,, +

H (I K,11

The accumulation of radionuclides in bottom sediments is given by he following equation:

dC i.sed M _�ed * C I Kdi CACd

dt (I K'ji a)

where Ci..,,,d is the activity of the i adionuclide in sediments, Bq/m

Table I.The estimated activity vels of sea water and sediments n,:he standard local zone on

a routine release of I TBq/year of individual radionuclides

Radionuclide Sea water (Bq/1) Bottom sediments (Bq/kg)

�'Cr 0.097 0.24

90 Sr 0.97 89

1 06 Ru 0.59 0.64

1 37 Cs 0.95 270

144 Cc 0.51 13

239 Pu 0.62 9400

240 PU 0.62 9400
241 Am 0.75 5800

Table 2 The estimated values ot 'the base permissible releases of radionuclides into the

marine environment

Radionuclide Base permissible level. TBq/year

2 iCr 2500

90 Sr 1 5

106 Ru 6
137CS 2

144 Cc 3

-13 9Pu 0.05

240 PU 0.05

24 Am 0.02

Note. local zone with a standard volume of the local zone of I km-' and a water exchange of I year'.
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The estimated contamination levels of sea water and bottom sediments in the standard local zone n
routine release of I TBq/'year for some radionuclides are given in Table 1. The estimated levels of
contamination from release of I TBq/'year were compared with the control concentrations f
radionuclides. From this comparison for each radionuclide we estimated the base permissible
releases of radionuclides into the marine environment (Table 2.

4. Conclusion

Radloccological assessment is developed for permissible levels and low-level releases of
radionuclides into the marine environment. The proposed base standards for the control
concentrations of radionuclides in sea water satisfies both Russian and nternational criteria of
radiological protection of the population. The developed standards ensure the radiation safety of
marine bota as ell. hypenic criteria are more rigid than radloccological ones for most
radionuclides. Real concentrations of radionuclides in sea water are 1 03_ 04 times lower than
proposed control concentrations. Permissible releases of radionuclides in sea waters based on te
current requirements for ensuring the radiation safety of the population and the environment ae
presented. These estimates can be refined for practical use, taking into account the existing values
of radioactive contamination of specific regions, coefficients of hydrological dilution, as well as
catches and consumption of marine foodstuffs in specific regions.
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Abstract.

The sources of wastes and levels radioactive contamination are onsidered in te areas of
uranium ore mining and milling. Assessments of doses to the 0pUlation are made using the
methodology of multiple sources and pathways of exposure, including calculations of
inhalation dose and doses from consumption of contaminated agricultural and natural
products, as well as external exposure from the radioactive cloud and soil. On the local (0- I 0
km) spatiaI scale, the dose from uranium mining and processing is, on average, about 07 man
Sv (GWa) . The most significant pathway of the population exposure is inhalation ofradon.
The impact of uranium ore mining and processing on natural flora and fauna is determined by

'fie characteristics of the production at uranium mning enterprises and has both radiati
speci I I I I I I i ion
and non-radiation components. he estimates of external and nternal exposures to the natural
blota in the vicinity of hydro-metallurgical works and tailing dumps are presented.

1. Introduction

The wastes originating from uranium ore mining and milling operations provide the source of
radioactive contamination of th evironment. At a uranium content of 2 in the ore, for
each ton of the extracted uraniu tere are about 500 t of wastes. Note that during last decade
the world production of uranium was 30-50 thousand tons per year, and it was accompanied
by the formation of about 20 mllion tons per year of wastes. These wastes are retained in the
so-called tailing dumps and provide a long-term source of ionizing rdiation.

Releases of radioactive materials. in uranium mining operations, unlike the other stages ofthe
nuclear fuel cycle, occur from spatially distributed sources rather than at local points of
radionuclide releases. This makes monitoring and quantitative stimation of releases of
radionuclides to the environmen mre difficult. Among the other features of uranium ming
are prolonged releases of radon. Te subject of this paper is the asessments of exposure to
human population and natural bota in the areas of uranium mining and milling

2. Sources of wastes and environmental contamination

Solid wastes from uranium mining nd milling operations are formed in depleted ore durnps
and in tailings from radiation grading and separation of uranium ore. Solid radioactive wastes

'de a long-term source of radioactive contamination of the environment due to dusting,
water leaching and releases of radon. Table I presents some parameters of the radiation
impact of solid wastes [1]. In the aeas of waste ore dumps, the dose rate from exposure to

gamma radiation can be as great as 120-250 pR/h, which is an order of magnitude higher than
the natural background. To reduce te impact of solid radioactive wstes on the environment,
the reclamation of disturbed lands is performed.
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Table 1. Some parameters of the radiation impact of solid wastes from uranium mining
enterprises

Parameter Depleted ore Radiometnc separation Low-grade ore dump
dump tailing dump

Uranium content, % (1-6)xlO--' 0.01-0.02 0.01-0.03
Activity of alpha- (I 4)x 103 (3- 1 O)x 103 (3-13)x 103

emitters, B/ g
Gamma-radiation dose 20-120 40-250 50-200
rate. R�h
Content of 222 Rn. 37-220 300-550 300-1700

Bq k-

Tailing dumps. where about 70 of te initial activity of uranium ore is retained, are
ible for the major por-tion of solid radioactive wastes from hydrometallurgical works.

The specific alpha activity of the tailings is about 10 kBq/kg. The dose rate along the
perimeter of the dike of a hydraulic fill tailing dump is 100-150 tR/h, whereas in the central

part of the tailing dump it amounts to 1000-1500 pR/h 2]. The solid phase of the contents of
slime pits after evaporation and infiltration of their liquid phase can be considered as wastes.
Silica and aluminum oxides account for 80-90 of the solid non-radioactive substances
entering the tailing dumps, whereas calcium carbonates and sulfates, ferric oxides and salts of
K, Mg., Na, V and Mo account for a few percent, and Ni, Be, Se and F are present in smaller
quantities. Increased concentrations of beryllium, selenium, fluorine, vanadium and
molybdenum are toxic to plants and animals.

Liquid wastes from uranium mining and milling operations are formed by mine and waste
waters., as well as by infiltration waters of underground leaching. The specific activity of
226 Ra in mine waters can be as great as 10-50 kBq /M3 [I .

Aqueous media of milling, reduction, leaching and other operations provide a source of liquid
wastes. The chemical composition of the liquid phase of ore pulp sent to tailing dumps
depends on the raw ore processing technology and varies over wide limits. The concentrations
of radionuclides in surface waters at different distances from the tailing dump are presented in
Table 2 2].

Table 2 Concentrations of radionuclides in the surface waters at different distances from the
tal 1ng dump 2]

Sampling site 238U 226 Ra 2 'Po

Sediments of the tailing storage pond 4 3.2 0.7
Discharges from the settling pond 3.5 2.3 0.8
T e roo at 4 km rom the dike 6 1.3 0.4
The lake at 7 km from the dike 3 0.4 < 03
Natural background 0.03 0.002

22



Sol] contamination in the vicinity of tailing dumps is caused primarily by wind transport of
fine particles from the surface of taling dumps. Long-term dusting. around tailing dumps has
resulted in the formation of soil contamination circles 300-800 m in length. adioactive
contamination of soils is caused primarily by the isotopes of radlurn, thorlum, polonium, lead

,2 
and uranium. The presence of gamma-emitting radionuclides in soils (predominantly, Ra)
determines an increased level ofgamma radiation of soils in the vicinity of tailing dumps up
to a few hundred ltR_/h, which is two orders of magnitude hgher thin the natural background.
The observed levels of external exposure are not serious radiological hazards to most plants
because of their relatively high radloresistance, nor are they to oving animals, birds and
insects owing to a small area of localized contamination.

3. Assessment of doses

Assessments of doses to the population from uranium ore mining and milling were ade
using the methodology of multiple sources and pathways of exposure, Including calculations
of inhalation dose and doses from consumption of contaminated agricultural and natural
products, as well as external exposure from the radioactive cloud ad soil, with consideration
for 34]. As initial information, we used the assessments of radioactive releases and
discharges from typical mines, hydro-metallurgical works and tailing-dumps, as well as the
observed and calculated concentrations of radionuclides in environmental objects 25-7].
Table 3 presents generalized assessments of the expected collective dose from uranium ore
mining and milling. The dose assessments were made on the local (0-100 I
On the whole, the dose from uranium mining and milling is, on average, about 07 mai Sv
(GWa)-'. The most significant pathway of the population exposure is inhalation of' radon.
Individual doses to the population living within 2 km of the industrial site are estimated to be
0.6 mSv/year. On te whole, the contribution of the uranium isotopes to the collective dose is
relatively modest.

Table 3 The estimated collective dse from uranium ore mining an�_ milling, man Sv (GWa)_1

Scale Inhalation Ingestion External exposure Total

Local 0.7 WO -4 2xI 0-2 0.7
(0 I 00 km)

Table 4 The estimated exposures to atural bota in the areas around uranium ore mining and
milling enterprises, mGy/year

Objects of biota External exposure Internal exposure

Terrestrial organisms
Plants 2-10 0.1-0.4
Amma s (mice) 2-20 5-40
Aquatic organisms
Fish 0.1-1 0.6-1.5
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The impact of uranium ore mining and milling on natural flora and fauna is determined by
I 1 i ion

speci ic characteristics of the production at uranium mining enterprises and has both radiat'
and non-radiation components. The radiation mpact in the vicinity of mines, open pits,
hydro-metallurgical works and tailing dumps is due to the increased content of natural
radionuclides in the soil, water and surface air. The chemical impact is associated with the
toxic properties of natural uranium which is a heavy chemical element, the toxicity of
impurities contained in uranium ores and their processing products, as well as the toxicity of
chemical agents used in the uranium ore processing and dressing.

The estimates of external and nternal exposures to the organisms in the vicinity of hydro-
metallurgical orks and tailing dumps are presented in Table 4 7 The estimated external
exposures are 210 mGy/year to the terrestrial organisms, and 0.1-1 mGy/year to fish. The
estimated nternal exposures to terrestrial animals are distinctly higher and can be as high as
5-40 mGy/year to mice. A major contribution to the nternal exposure of the organisms is due
to alpha-emitters.

4. Conclusion

Sources of radioactive wastes as well as dose estimates to human population and natural biota
'dered in the areas around uranium mining and mlling enterprises. On the whole, the

levels of exposure to human and bota are relatively low, and do not represent any significant
radiation risk.
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Abstract

In the frame of the PHARE Pr 'ect 1`11-14 12/95, te AEA Technology as contractor, the PURAM
as beneficiary and the Institute of 'Nuclear Research of the Hungarian Academy of Sciences
(ATOMKI) as subcontractor were involved and promoted the st.- investigation and sfety
assessment of the near surface disposal facility at Psp6ksz1l�gy Hngary. The results ofthis
evaluation served as a basis for defining the necessary upgrading activities. In this paper we
describe the main points in the development of an overall model for the release of radionuclides
from the engineered system, transport through groundwater and radiological exposure. The
calculations tha t are reported have been performed using the programme MASCOT. Te
parameters required by the models were derived from literature, from other submodels of the site
or were determined in experimental work.

1. Background and objectives

The Ptispbkszildgy Radioactive Waste Treatment and Disposal Facility located in Hungary, about
30 lcm NE of Budapest is a typical near-surface engineered facility cnsisting of concrete vults
and steel-lined wells for the disposal of spent sources. Some waste in the vaults hs een
backfilled with cementitious material; other wastes are not yet backfilled. The vaults and wells
are located above te water table in the unsaturated zone within a series of heterogeneous
Quaternary rocks. The facility has been used to dispose of low- and ntermediate-level wastes
from the Solymdr repository, operational wastes from the Paks NPP and various institutional
wastes from research facilities and ospitals in Hungary. A particular feature of the site is the
disposal of a number of spent-sealed sources in steel lined wells, some of which may be classified
as HLW` according to Hungarian and UK classifications. Overall, approximately 400 M3 Of Solid

3and solidified waste has been emplaced to date - 1580 M of this came from the Paks NPP.

The following general questions were considered of significance in the assessment of the facility
perfon-nance: the initial inventory f each radionuclide, behaviour of waste packaging, the
volume of water available to dssolve radionuclides, sorption of radionuclides onto repository
materials (modified by organic effects), element-dependent solubility I mits, groundwater flow (in
connection with pathways for the release of radionuclides), chemical conditioning of the elements
of the engineered barrier.

For a realistic assessment of the safety of radioactive waste disposal facilities a combination of
deterministic and probabilistic analysis is required. In order to be able to assess risks from waste
disposal arising via the groundwater pathway, a computer program (.called MASCOT hs been
used 1]. This program eables a system model to be constructed by interconnecting submodels
selected from a library of possibilities, and for the model to be run either deterministically, or
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probabillstically in Monte Carlo fashion. A variety of outputs are possible, but the normal
situation is that the model calculates dose rate as a function of time, composed as a total of
radionuclide contributions to dose.

In this paper a short description of the submodels used to describe the time evolution of the
expected performance of the disposal system and its environment considering normal processes
for radionuclide release has been made with special emphasis special on the engineered system
and aeosphere submodel.

2. Engineered system

At closure an effective cap is present over the facility, which prevents substantial ingress of water
for a hundred years or so. With time this cap degrades and allows increasing quantities of water to
pass through the vaults and disposal wells. It is most likely that the vaults and wells are partially
saturated. although a saturated zone may well exist near the base of the vaults and wells. Initially,
the aste is often contained in olythene bags and steel drums and is hence well isolated from
anv water flowincy through the vaults. Over a hundred years or so, it is likely that these containers
will de-rade to allow increasing contact between water and waste. However, equilibration
between ater and aste is likely to be very poor because of the incomplete degradation of
containers and the partial saturation of the vault. In the vaults the solubility of radionuclides will
be substantially reduced in those vaults with cement backfill (owing to the igh pH conditions)
and extensive sorption may also occur to this cement backfill.

In this work the representation of different parts of the engincered system was considered. The
approach adopted in this assessment has been to create a series of different models that represent
the engineered system under a range of possible conditions. The results of the different models

41� 47

have then been used to develop an understanding of how the system might perform and to place
bounds on this performance.

The SLST (Solubility-Limited Source Terrn) model represents the release of radionuclides from a
repository in which sorption and solubility limitation may both be present. It treats the repository
as a porous material saturated with groundwater, in which the contents are fully mixed at all
times. Radionuclides are considered being either in solution (in the porewater), sorbed onto
repository materials (linear equilibrium sorption) or precipitated because of solubility limitation.
The dissolved components are advected out of the repository. For the cement backfilled vaults, it
was assumed that high pH conditions apply and that sorption and solubility limitation occur.
Many of the data used to parameterise the models of the engineered system were taken from the
general literature and backfilled and not backfilled distinction was made. The site-specific data
used were the following: volume, cross sectional area and porosity of the vaults.

For the engineered system a partially saturated model, an overflow model, a fully saturated model
and a bad chemistry model were considered. The preferred model is the partially saturated water.
In this model it is assumed that only a small proportion of the waste is in contact with water and a

ficant proportion of the inventory is therefore not released from the facility. However, the
overflow and fully saturated model are both important because the mostpessimistical assumption
could be made. In these cases, the release is controlled by diffusion.
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3. Geosphere

The PUsp6ksziIdgy fcility is located on the crest of a NW/SE trending ridge close to the villages
of Piisp6kszl]Agy and Kisn6niedi Te ridge is bounded to the SW b the Mmedi stream) and to
the NE by the Szildgy] stream. Transport of radionuclides occurs to the SAIdgy stream largely
through the partly saturated layer. It takes approximately I 0 years fr groundwater to reach the
Szildgy stream from te facility. ft is most likely that transport occurs through a set of relatively
permeable sandy or gravel layers, which ay be partially connected.

Certain radioactive contaminants Care a sumed being substantially retarded relative to the
groundwater during transport to te stream. Discharge of radionuclide s occurs either to the stream
directly or to soils in the close vicinity of the stream.

The MASCOT porous geosphere submodel, which provides the framework for the representation
of the geosphere in PQsp6ksz1IAgy RWTF assessment is a one-dimensional model solute
transport by groundwater flow in a porous medium with advection, diffusion/dispersion,

ilibrium sorption and radioactive decay and ingrowth.
equ I I I I I he prameters required by the
geosphere model were derived either from the hydrogeological model of the site or from generic
sources 2 3 The following parameters were taken from the hydrogeological modelling
performed by NAMMU 4]: groundwater travel time, path length, groundwater recharge, flux of
groundwater at the locations of the wells, porosity value (derived from the core measurements),
longitudinal dispersion length. Te site specific values for the sorption distribution coefficients
were deten-nined in batch experiments [5].

4. Biosphere

In carrying out a performance assessment of a radioactive waste disposal facility, the ob�jective is
to calculate doses and risks to those members of the public who are considered most likely to
receive radiation doses from the igration of the disposed wastes. To do this, it is necessary to
calculate the concentrations of radionuclides in blosphere materials (solls, water bodies, plants,
animals) for a gven flux of radionuclides into the blosphere, consider the exposure pathways for
the members of the public who are exposed, and hence calculate the doses accruing via these
exposure pathways. The result of these computations is a set of 'biosphere factors' that convert a
given flux of radionuclides into te bosphere into an effective dose.

In the bosphere model three submodels were considered: fully discharge to the stream, fully
discharge to the soils surrounding the stream, 90% discharge to streamn and I % discharge to the
Sol'I.

5. Inventory

On the basis of radionuclide nventory 6] information were obtained on the key radionuclides
ibuting to dose or rsk. Each radionuclide was ndividually considered, particularly f any

contri I I I I I I I I I I
properties were close to the selection riteria values. An isotope was selected to be important only
if its contribution to the total risk at ast ones in the history of the future is greater than 10%.

Fluxes or concentrations of radionuclides calculated with MASCOT were converted into
radiological doses using flux-to--dose or flux-to-concentration factors. The results of both
calculations (deten-ninistic and probabilistic) using a SLST model assuming both sorption effects
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and solubility limitation were expressed in terms of risk of significant radionuclides and plotted
versus time.

6. Conclusions

Analvsing the results of the safety assessment of the Piisp6ksz1ldgy RWTDF the following
conclusions may be drawn:

1. Doses from the range of deterministic calculations for natural discharge to soil in the vcinity
of the Sz'ld-v stream or to the stream itself are less than 100 �tSv yr-'. The results from the
probabilistic calculations range up to 200 gSv yr-' due to the uncertainties that arise from a
relatively small number of reallsations with very high doses. This compares with an expected
dose constraint in Hungary of I 0 �i.Sv yr- I are quit high. It needs to be considered whether such
high doses can be excluded. To avoid uncertainties related to the assumption of equilibrium
between the astes and the water further studies are needed.

I I 14C,
In dfferent calculations, the most mportant radionuclides contributing to dose are 99Tc,

'26C1 and -_ Ra. In the case of 14C, we note there is considerable carbon in the engineered system
and there mav be scope for dilution with stable carbon.

3. The results demonstrate the influence of travel time and groundwater flow through the
repository on calculated consequence. Additional containment would prevent doses arising via
the roundwater pathway for short lived radionuclides.

4. The results suggest that more analyses should be perfon-ned before additional wastes are
disposed in the facility and that an understanding of the additional inventory to be disposed
should be obtained.
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Abstract

The topic of this paper is the development of the bosphere model in the frame of the

preliminary performance assessment of the Romanian National L&ILW repository, Baita-

Bihor. The work presents the actual understanding of the radionuclide pathways through the

repository adjacent area and their conceptualization, collection of required data,
implementation of model and peliminary calculation results. The model takes into

'derat'on a leaching scenar o fom the near field and the transport of radionuclide by

river water. The critical group is a small community of nhabitants relying on the local

resources, which constitutes an agriculture community "small farm system". On the basis of

the defined specifications (blosphere equations and data), application of model and dose rate

estimates were performed by the ABRICOT code.

1. Introduction

The Romanian national L&ILW repository Balta Bihor is placed into former Uranium ine at

840 m above sea level. Even though, since 1985 the repository is under operation, up to ow

a safety analysis was not achieved. During the last 16 years, the evironmental radioactivity

of the repository impact area was monitored by dose rate measurements and sampling. Low

values of the artificial radioactivity were measured in soil, vegetation and river water samples.

No evidence of transfer of radionuclides from repository emplacement wastes was found.

2. Biosphere model

2.1. Descriptionoftransportpatliivqvs

fn the absence of a Romanian standard for environmental transport of the radioactive material
through the environment and human exposure pathways, the German radiation protection

ordinance 2 and the Canadian standard 3 with proper modifications and site specific
']able data, were considered. According to the geographical and hydrographical features of

the site, the hypothetical critical group consists of a small resident cmmunity of two villages

(Balta Plai, 94 inhabitants and Balta Sat 940 inhabitants) living mmediately downstream the

repository. This small group of inhabitants relying on the local resources constitutes an
agriculture community, "small farm system" 6]. After discharge ofthe radioactivity nto the

river, the contaminated water is assumed to provide part of the water drunk by men and

animals or used to irrigate gardens. Possibility of soil contamination after river flooding is
Exposure consists of the combination of exposure by ingestion of contaminated

water and contaminated food products and external exposure due to oil contamination.
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Blosphere eceptors River
Soil
Crops (pasture, root and green vegetable)
Animals (cows and fish)
Water (irrigation. drinking)

Blosphere transport media River, irrigation and drinking water
Soil
Pasture

Biosphere transport mechanisms Water abstraction for irrigation and drinking water
Foliar nterception

Root uptake
Adsorption
Ingestion of water, pasture and soil by cows and ships
Leaching
Erosion
River flow

Human exposure mechanism Inhalation
Inaestion of water, crops, beef, milk and fish
External exposure

leachate

River wat

DrinkmL il 3
2 Ve-etated so

orage Animal h 6
Crops. 4 produce.5

InQestion. P48 Infestion. P58
sediment, 7

ExtemaL P38 Ingestion,
lo t:

Inpestion. P28 DOSE.

External- P78

Figure 1. The simplified representation of the transport paths.
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The local habits and diet are sin-illar to te rest of country. The smplified model of transport
of radioactive material through the environment and human exposure pathways, via iver
water, is shown in Figure 1. Steady-state condition for the transfer of radioactive material
from one compartment to another Nvas supposed. In the frame of the base case scenario of the
Balta-131hor repository performance assessment, the most suitable blosphere scenario [I], was
defined by te following bosphere eceptors, transport media and mechanisms:

Each block or compartment in the diagram is numbered, and the concentration in
compartment I is denoted by C . Transfer from compartment I to compartment J is
characterized by a pathway transfer parameter Pj, such the amoun[ in compartment j arising
from compartment under steady-state conditions is Pij C 6.

2.2. Te annual ejfestive dose

The annual dose is a sum of external ad nternal exposure. External exposure is caused b the
gamma radiation of radioactive material present on the soil. Internal exposure is due to
ingestion of contaminated drinking water and foodstuff (vegetal ad animal produces). The
contamination of drinking water, vegetal and animal products are due to contaminatio of
river water.

2.2. . External exposure
From all the external pathways, only the ground shine is considered, due to contaminated soil.
The exposure from radioactive cloud could be considered only on a severe accident cause by
an strong explosion inside of the repository. The equation for annual external dose for tissue
T, due to contaminated soil with radionuclide r, O is 2]:

1711, rCsojl T. r tsoil

where:
C_.,oil radionuclide r concentration n soil, n Bq/kg;
9T., dose conversion factor, Sv h-' Bq_ kg
tojj time, h/year

2.2.2. Internal exposure
Generally, inhalation and ingestion of water and food give the nternal annual dose. In
DNDR-Baita normal status, the inhalation pathway can be neglected. Therefore, the annual
dose on tissue T due to ingestion of radionuclide r via foodstuff, in Sv, is:

HTg.r = (U Pr Cr PF�UBI Cr 131,UMi Cr Mi + UH Cr F1 ) ggrT

where: Upf annual intake of vegetables, in kg
131annual intake of leafy vegetables, in kg

• Ml annual milk and diary intake, in kg
• F1 meat and animal produces, in kg

Pr BI
Cr 'Cr CrN'I', Cr", concenti on of radionuclide r n vegetable, leafy vegetable, milk
and diary and meat, in Bq,/kg
9-,;,rT dose conversion factor for tissue T by ingestion of radionuclide r in Sv/Bq.

The concentration of radionuclide r in each foodstuff could be evaluated using default
parameters or s te speci ic parameters.
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2.2.3-4quatic pathit-a -v
The annual dose due to contaminated river water is given by the following pathways:

• drinking ater;

• water to fish transfer,

• water intake for animals to milk and meat;

• irrigation pasture - animal - meat;

• irrigation - crop.
t7

Under the hpothesis that all drinking water is contaminated, the biological dose (per organ) is

obtain from:

Ho,I.X�90,g.x f c,,.,(0U,,(odt

where:

90.2.\ � dose conversion factor for ingestion, for radionuclide x, per organ o [Sv/Bq]
C,\.x = the activity of the radioisotope x in the drinking water [Bq/L]

U,, the drinking water consumption [L/day].

For the time being, there is no fish in Crisul Balta River because of its chemical pollution

caused bv mninQ activities. Because the mining activity is diminishing, the return of fish in

the river. in the near future. is very probable. The amount of precipitation in the area is about

I 10 m/year. Because of this high amount of precipitation, the irrigation of land is used in
small extend. mainly in ry years. During the springtime, the area could experience floods,

especially during the snow melting. The floods could be considered in some extent as

irritation of pastures, although the dilution of radionuclides in water body during flood period
can be haher than the rest of the vear.

c,',771

S'90

V

IE-D3 1E�N

T-p,

Figure 2 Time variation of the annual dose
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Figure 3 Time variation of the activity by pathway
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3. Implementation of model. Preliminary results.

The Mst Conservative established base case scenario (1) Draine(I sYstem" assumes that the
release of water, and radionuclides is through the repository access gallery. The contaminated
water is supposed to flow directly into the nearest creek Crisul Baita.

Dilution in the river is taken into ccount. Te contaminated river water is assumed to be
used for drinking water, irrigation, etc., which finally results in a dose rate man. For assessing
this scenario two computer computer codes were used: REPOS6 4] for the source-term and
ABRICOT [5] for the bosphere odeling. Doses and associated concentrations for the
relevant pathways defined in Fgure I were calculated by the bosphere expressions given
above, based on available specific and selected generic data. Te derived dose rates and
activities by pathways are shown in Figures 2 and 3 Even though these results are
preliminary (the purpose of the calculations was te model validation), it can be concluded
that the assessed doses complied with a constraint of 03 mSv/y ICRP 8 and that a pcture
of the time behavior of the activity distribution in repository environment was obtained.

4. Conclusions

The bosphere model for Baita Bihor repository performance assessment was achieved in this
work. Calculations performed with ABRICOT code have tested the consistency
(completeness and existence of ,my errors) of the model developed in the paper. Confidence
exists that the model is appropriate and adequate for the intended purpose. The preliminary
obtained results are used to define the necessary follow-up works to complete site
characterisation, produce site-specific data, validate or modify parameter values.
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Abstract
A lar2e 'lake' in Northern TaJikistan. formerly used to receive liquid wastes from uranium
minin- and other ndustrial production, is drying out. Wind erosion of the 'lake' poses a
hazard to the adjacent population. This concise note proposes the cultivation of thorny plants
with deep roots to protect the surface of the tailings from erosion.

1. Background
It is ell known that mining of radioactive ores for extraction of uranium was carried out on
the territory of Northern Tajikistan. Such work resulted in the formation of six million tons of
radioactive wastes. Many of these wastes are covered with inert soil, others need
rehabilitation. Some radioactive tailing repositories are considered as functioning. One of the
functioning liquid repositories, whose appearance is like a large 'lake', is located on the
Delchmoy plateau, at a distance of IO km from the regional centre of Kh 'and. The size of the
lake is 90 ha. A part of it is adjacent to the settlement of Goziyon (inhabited by 15000 people).
Since the dissolution of the USSR, the processing plants do not operate and industrial liquid
wastes did not enter the repository for many years. Therefore the 'lake' has completely dried
out, causmQ certain discomfort, nervousness and tension of people living around it.

2. The problem and its settlement
When cast and south-west winds blow at 30 - 40 m/s or higher, radioactive dusts and sand
from the 'lake' are carried far away from the sanitary protected zone and reach vegetable
gardens of the population, motorways, grape plantations, cotton- and agricultural fields. The
citizens, unaware of related problems, neglect sanitary norrns: they graze there their cattle,
pick up fodder herbs., collect metallic objects and receive an additional radiation exposure

We, ctizens working in different services Mnistry of
with neoative consequences. 11 I I I
Extraordinary Situations, Sanitary-Epidermological Service, NGO, University), conducted an
experiment on diminishing the amount of dust and sand being carried away, by means of
sowing and planting wild plants having long roots, being sustainable to heat and thorny, e.g.
capparis spinosa L. Alhagi. As the problem of moisture around the 'lake' is very acute and the
roots of the above-mentioned plants reach deep into the soil for about 14-18 m, they grow
without irrigation. This is very valuable in the climate of Central Asia as they may protect
slopes and the dry 'lake' from causing environmental pollution. ID order to plant ordinary trees
and shrubbery for keeping dust and sand near the 'lake' without letting it further spread, one
would have to maintain regular imigation being very expensive and not available to us. On
the other hand. people residing in the vicinity of the 'lake' would cut the planted greenery and
take awav ood. but capparis spinosa L and Alhagi are thorny and they would not be taken.
From this point of view, our method is cheap, progressive ad available. If supported, this
method could be applied as a large seal., not only on other tailing repositories of Northern
Tajikistan but all oer Central Asia and also in other continents.
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Abstract.

Fulvic acids have been extracted from terrestrial environments in the Eastern and Central
regions of Ghana to facilitate a comparison with fulvic acid smples isolated from the
Northern Hemisphere and also to provide the basis for continued research into the role of
these organic substances in far field scenarios ofthe uclear waste management exercise.

1. Introduction

Humic substances, by their virtue of their composition, i.e. functional groups ncluding 
COOH, phenolic and enolic -OH, C=O, quinones and semi-hydroquinones, amino, plav an
important role in the dstribution, speciation and mobility of trace metals in the environment
[1,21. This characteristic of the humic substances (affinity for trace metals) makes studies
involving the isolation, characterisation and chemical affinity of fulvic acids relevant for far-
field scenarios of nuclear waste anagement 3].

2. Isolation

The isolation has been effected as er the procedure outlined below 4 The soil sample is
pre-treated after removing grass debris and other materials by soaking with 0.10 M HCI
ovemight. The mixture was then filtered and the resultant solid equilibrated with 030 M
NaOH for 24 hours after which the soluble fraction (humic and fulvic acids) was separated
from the insoluble fraction (hurnin) by centrifugation. The insoluble fraction was discarded,
but 0 IO M HCI was added to te soluble fraction to yield the nsoluble humic acid raction
and the soluble fulvic acid fraction which was passed through the ydrogen form of a cation
exchange resin to remove trace etals from the solution.

3. Acid-base titrations

Acid-base potentiometric titrations of the fulvic acid extracts [5] yielded the following esults:

4. UV-visible spectra

Ultraviolet-visible spectrophotometric measurements were perforrricd for the two fulvic cid
extracts. Figure I shows the typical spectra for varying concentrations of the fulvic acid
extracted from Cape Coast. he featureless monotonic decrease of absorbance with an
increase in wavelength obtained is ery typical of hurnic substances 16].
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Table 1. Summary of potentiometric t1trations results for the fulvic acid samples.

Sample Acid Capacity, pKa of the solution Sensitivity to bulk
Identification Meg/ml solution electrolyte effects
FA firorn Central 2.4 0.1 2.35 None
Region
FA from Easter 3.7 0.1 2.25 None

1 Region I

1.2

0.8
Abs-stock

0.6 -x-Abs-10%
0

Abs-20%
0.4 -

0.2

0

279 379 479 579 679 779

Wavelength, nm

Fig. . Ultraviolet- Visible spectra offulvic acid sample at varying cncentrations.

E4/E6 ratios were deten-nined for the fulvic acid samples from the Central and Eastern regions
respectively to be 19 and 13. 1. These high values for the E4/E6 ratios suggest that the fullvic

id samples are predominantly aliphatic n nature 7]. These measurements were done both
for gamma irradiated and non-irradiated samples. A general decrease in the absorbances in
the wavelength range of 200 - 700 nm of the irradiated fulvic acid samples as compared to the
non-irradiated samples is indicative of a decrease in the concentrations of chromophoric
moieties after irradiation. This observation has significant consequences for global warming
since the irradiation of the fulvic acid mimics the irradiation of natural organic acids in the
oceans by ultraviolet rays from the sun. The anticipated result of the irradiation process is a
decomposition of the natural organic acids into carbon dioxide which may subsequently be
released into the atmosphere.

5. Binding of copper by fulvic acid.

The bnding of copper, as an example of a divalent cation, by the two fulvic acid extracts was
studied usinc a copper selective electrode as a function of pH and ionic strength [8]. The
interaction function has been calculated using the following equation:
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Mb I

Mf 1A

where Mb is te concentration of bound metal, M,- is the free metal ion concentration and Ai
is the concentration of ionised fulvic acid lgand.

The log of stability constants (13) determined for the interaction between the ftilvic acid
samples indicated that the Nkawkaw fulvic acid had an apparent stronger affinity for copper
than the Cape Coast fulvic acid [g 2 The range of values for the stability constants
corroborates the stipulation that botli falvic acids are predominantly aliphatic in nature 8,9].

3

2
Cape Coast'i

U)
MNkawkaw

CD 0 Ir0 0 1W I
5

pH

Fig. 2 Stability constants (13) for te binding of copper by the fulvic acids as a functio of
pH.

6. Implications.

The acid-base ttrations yielded values of acid capacities for the two fulvic acid samples
which are quite comparable with acid strengths which Indicate the presence of strong
carboxylic moieties. The uv-visible spectra for the falvic acids extracted in Ghana bear close
resemblance to the spectra obtained for fulvic acids extracted from the North, i.e. Sweden,
Canada, USA and Germany 6,7]. he magnitude of the stability constants calculated for the
interaction between copper and the two fulvic acid samples are comparab e to that otained
for the interaction between fulvic cids isolated in the Northern Hemisphere and copper.
These comparable values suggest the probable involvement of smilar functional groups in the
interaction. From the results obtained in the acid-base titrations, ultraviolet spectroscopy and
affinity studies, it can be concluded that falvic acids extracted in Ghana have characteristics

'ar to those solated from the Northern Hemisphere. This mplies that data obtained fi-om
extensive experimentation in the North can safely be employed to the situation in the South
without sacrificing accuracy in the problem of determining the role of fulvic acids in the
mobility, distribution and speciation of radioactive waste materials in far-field scenarios.
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Abstract

Microbial processes could potentially affect the performance of a adioactive waste disposal
system and related factors that could have an influence on the mobility of radionuclides are
outlined. Analytical methods, including sampling of water, rock nd surface swabs from a
potential disposal site, are described and the quantitative as well as qualitative experimental
results obtained are given. Althoug h the results contribute to an uderstanding of the impact
of microbial processes on deep geological disposal of nuclear waste, tere is not yet sufficient
information for a model which will predict the consequences of thes-- processes.

1. Introduction

Bacteria are much more dverse in comparison with plants and animals. Among the huge
diversity of bacteria there are micro-organisms capable to grow at or adapt to extreme
conditions. Some bacteria grow at temperature above 100 "C, other thrive in high salinity
such as 20-30 NaCl, still others can live at pH lower than 2 or pf] higher than IO or exhibit
high radio-resistance. Due to accelerated disarmament and nuclear energy activities, lrge
quantities of radioactive waste and uclear fuel are being places in storage areas. The
awareness that the microbial activity could potentially affect the po-rforrnance of te system
for geological disposal of radioactive waste gained acceptance in the early to middle 1980s,
and, consequently, many countries consider to develop programmes to study and quantify
microbial effects in terms of their own particular disposal concept.

Our programme concerns several in; 'or factors that may have an influence on the mobility of
radionuclides in direct and indirect ways thereby being important for the safety analysis.
They are uptake and transport of'radionuclides by micro-organisms, diversity and distribution
of subterranean bacteria in typical repository environments, environmental limitation and
bacterial activity, effect of bacterial activity on the mobility of radionuclides, microbial gas
production and consumption, bacterial recombination of hydrogen and oxygen fom
radiolysis, and microbial induced corrosion of waste canister.

The Permian Boda Claystone Formation in the Mecsek Hill area is 13eing considered for high
level waste disposal. Groundwater, technical water, rock and surface samples were collected
and gas, organic acid, siderophore production, blosorption of radionuclides and
radlosensitivity of isolates were studied.

2. Materials and methods

In October 1997 ad 1998, samples were taken via this access tunnel from the air,
groundwater, aleurolite stones and surfaces. The bore-hole-samplers were built by using
carbon steel casing and stainless steel screens. Groundwater sampling for chemical aalysis
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was carried out in parallel with sampling for microbiological analysis. All bore-holes were
sampled on numerous other occasions as well.

Sample analysis:

Sterile. I liter bottles were filled with water for bacteria counts. From all water samples, 500
ml was placed in an anaerobic container for anaerobic cultivation. All samples were
transported to the laboratory for analysis within 4 hours.

Air sainples: Fifteen open Petri dishes with Nutrient agar (Oxoid CM 82) were positioned at a
sampling depth of 5 1 0 m for 20 min. Eight plates were incubated under aerobic conditions at
35'C for 4 days. Seven plates were incubated anaeroblically (Gas Pak, H2+CO-,) at 35 C
(imitating the temperature of the air in the tunnel) for 414 days. After incubation, all well-
separated colony types. based on morphological appearance, were isolated.

TEciter sainples: The numbers of viable mesophilic anaerobic and of mesophilic and
thermophilic anaerobic bacteria were nvestigated by the Most Probable Number technique,
usinc, Nutrient Broth (Oxo1d CM 79). One ml7samples were added to IO ml of Nutrient Broth,
with 3 replicates in 4 dilutions. After incubation, 0 I ml of noculum from positive samples
was spread on utrient agar plates and the individual colonies were isolated. Incubation was
performed at 35'C for days (mesophiles). or at 55 'C for days (thermophiles). The
mesophilic aerobic counts of bacteria were determined by a plate count technique on Nutrient
agar (Oxo1d CM 67). The samples were serially diluted and 0.1 ml was spread on the agar
plates. The plates were incubated at 35 'C for days. After incubation, every
morphologically distinct colony was isolated.

Aleurolite rock) samples: Ten g samples particle size 100 �t) were shaken 125 rpm) with 90
ml of sterile physiological saline solution 09 %) for 30 min. After dilution, 01 ml was
spread on Nutrient agar plates. Separate colonies of different types were isolated. Incubation
was carried out at 35 'C for 57 days, either aerobically or anaerobically.

Sitiface saniples: From the walls of the access tunnel, 19 samples were taken with sterile wet
swabs. The swabs were suspended in ml of sterile physiological saline solution and 0 I ml
was spread on Nutrient agar. Incubation was performed at 35 'C, for 57 days, either
aerobically or anaerobically.

The radlosensitivity of the isolated spore formers was deten-nined. Spores were produced as a

surface growth 9 days at 37 'C) on Potato Dextrose agar (Oxo1d CM 139). They were
harvested in distilled water, washed three times by centrifugation. The suspension was then
heated at 80 'C for 15 minutes to inactivate any remaining vegetative cells, cooled, washed
three more times and finally re-suspended in distilled water to give 107 spores ml-' (Tallentire
and Khan, 1975). These suspensions were irradiated in air at room temperature, with
exposure to 1 2 3 and 4 kGy. The irradiation facility was an RE-Y-3 0 60 Co apparatus with

a dose rate of 2.0167-2.0475 kGyh-'.

After irradiation the survivors were detected on Nutrient Agar Medium Oxold CM 67).

Incubation was performed at 35 'C for 72 h. D0 value is defined as the dose that reduces a
griven population by a factor of 10. The linear plot can be expressed mathematically as In
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S/So= In n - kD were is the number of cells surviving treatment with dose D, S,) is the
initial number of viable cells, and k is a constant equal to the slope of the curve.
3. Results and conclusion

The quantitative and qualitative aalysis of aerobic and anaerobic isolates were established.
Sixty-seven air, groundwater, technical water, rock and surface samples were collected
aseptically from the potential rpository site. The number of aerobic and anaerobic isolates
was 300 Te proportion of spore-fort-ning isolates was 50.6% among the aerobic bacteria and
59.4% among the anaerobic bacteria. There were more mesophilic aerobic and anaerobic
bacteria in the technical water than in the other samples. The thermophilic anaerobic counts in
the water and in the technical water 7.3 x 00-4.6 x 104 and 043-4.6 x 04 were higher than
the aerobic counts 0-2.4 x 102 and 9 x 101_1.1 X 13) (Table 1).

Table 1. Mesophilic aerobic and anaerobic CFU counts of samples

Sample origin Aerobic bacteria ml- Anaerobic bacteria mY

Air* 1,07-5.84x K7 0.22-1.04x102
03Water 0.39-1.2xIlY 0.36-3.9x I

Technical water 0.27-5.03xlO') >4x 1 05

Aleurolite'* 2.32x] 02 -2.47x I O' 0,45-9,5x 102

count per Petri dish
count per gram

The gases produced by the gas-forming isolates were C02 and H2 (anaerobic isolates). We
tested the aerobic bacteria for the ability to produce low molecular welght Fe (111) scavenging

11gands (siderophore). Almost 20 of the bacteria showed siderophore activity and of these,

almost 7 showed a high level of activity. The highest proportions of organic acid producers

in the aerobic and anaerobic isolates from the air samples were 6% and 54%, respectively

jable2).

Table 2 Organic acid production

Sample Aerobic isolates Anaerobic isolates

No. Acid No. Acid
producers producers

Air 2 63 1 1 54

Water 43 37 14 54
Technical 16 33 8 25
water

Aleurolite 20 13 3 14

Surface 20 38 7 57

The bosorption of Cd and Cr by the isolates was studied. We found that the bomass

concentration has a significant effect on adsorption. The uptake capacity decreases with

increasing cell density. The radlo-sensitivities of 93 Isolates were etermined. The effect of

radiation is conventionally expressed in terms of the survival curve f the isolates. The values

of D0 determined for the isolates are listed in Table 3 divided irto four differently radio-

resistant groups.

The DI( values of the aerobic isolates lay in the range 0.8-2.44 kGy, and those of the

anaerobic isolates in the range 1864.93 kGy. The D values of tile vegetative aerobic and

41



anaerobic isolates were much lower: 0. 10.57 kGy and 022-0.40 kGy, espectively. These
results are in the same range as the D10 values cited in the literature (Urbaln, 1986-1 Jay, 1992;
Stroes-Gascoyne and West, 1996) for many species of micro-organisms. Among the
vegetative bacteria., there were no significant differences in radio-resistance between the
aerobic and the anaerobic isolates, and the minimum and maximum values of D did not
dex late much from the aerage. It is also consistent with the results of other microbiological
studies that the anaerobic spores are more resistant than the aerobic ones, and that the
differences between the D values in both of the spore-forming groups are higher than those
for the vegetative cells.

Table 3 D values of the isolates

Isolates D,( values (kGy)
Aerobic ve2etati,,1e 0. 1 1. 0.13, 0.15. 0.15, 0.16, 0.16, 019, 021, 0.26 027, 032.

0.38. 0.39 042 057 average: 026
Aerobic spore-former 0.80. 0.90 091., 093� 1.00, 1.00, 1.00., 1.10. 1.12 120, 120,

1.20, 1.20. 124, 1.27� 1.30, 1.32, 40, 1.40� 1.40� 140 140,
1.40, 1.42 146, 147. 1.49, 1.49, 1.50, 153, 1.60 160, 1.60,
1.61. 1.62� 1.66, 1.67, 1.67, 1.69, 1.69, 1.72., 1.73, 1.76, 1.80.
1.81, 1.85, 1.85� 1.92, 2.06, 2.07, 2.08, 2.12, 2.44
average: 149

Anaerobic ,caetative 0.22 022. 0.26 026 039 040 average: 029
Anaerobic spore-former 1.86, 2.03 2067 218, 218 225, 232, 233 255 279 279,

2.95, 2.99. 310, 3.17 333 337. 383 493
average: 279

Although our results contribute towards an understanding of the impact of microbial activity
on the deep geological disposal of nuclear waste. we do not as yet have sufficient information
to develop a model which will predict the consequences of these processes. Future

'II focus on specific questions such as the effect of bofilms on radionuclide
investigation w I

migration and the uptake and accumulation of cations by the isolated bacteria. These
processes should be ealuated for the long term safe disposal.
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Abstract.

This paper deals with the soil to plant transfer factor (TF) of radlocesium (Cs 137) considered to
be an important parameter while clculating radiological doses due to the potential release of
radionuclides into the environment. In the present work, TF values were measured for the
main foodstuffs in Bangladesh such as leafy vegetables (Lalshak, Palangshak), Ladyfinger,
Radish, Potato, Potato Plant, Paddy, Paddy plant, Grass, Ginger, Ginger plant, Turmeric. and
Turmeric plant by pot experiments grown in the AERE soil. Soll characteristics hve also
been investigated to assist the measured values of the correspondirg radionuclide. TF vlues
of the leafy parts and products of the corresponding plants were und in the range of 202 x
I 0' to 18 x 02, which are reasonably comparable with the value found in the lterature It
has been observed that the TF vlues in the leafy part of the lants are higher than the
products.

1. Introduction

In the recent years, there has been growing concern about the potential impact of eleased
radioactive contaminants into the environment from nuclear activities after the Chernobyl
nuclear accident in the former SSR in 1986. During detonation of a nuclear device, fission

13 7 products are released into the environment. Among them, Cs is highly radlotoxic, long-
lived and may inter into the human body through various metabolic pathways [1]. It Is
therefore, necessary to assess the radiological impact to the environment due to potential
release Of CS137 by means of' global fallout as well as nuclear accident for regulatory
requirement. Site-specific parameters need to be measured experimentally in order to assess
the radiological impact into the environment. Soil to plant transfer factor (TF) is an iportant
affecting parameter that might cause significant dose to the population through ingestion 2,
3]. There are many studies regarding the TF values for CS137 performed for a specific site [4-
8]. However, no data is currently avallable in Bangladesh especially in the vicinity of AERE
campus where major nuclear fcilities in the country have been established. In the present
work, TF values of Cs 3 7for the main and daily intake of vegetable/product such as -alshak,
Palangshak, Ladyfinger, Radish, otato, Potato Plant, Paddy, Paddy plant, Grass, Gger,
Ginger plant, Turmeric, and Turmeric plant in Bangladesh have been investigated by pot
experiment in te AERE sofl. It is well nown that TF value for a particular radionuclide
mainly depends on the climate, plant species, and soil properties. To assess the TF values. soil
properties have also been investigated in the present work.

*Work performed for Bangladesh Government's Programme on Storage of Radioactive Waste.
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The aim of the present work is to investigate soil to plant TF for leafy part and product of the
plant by pot experiments. The results obtained can be used as a reference data while
predicting the radiological assessment around 3 MW TRIGA Mark 11 research reactor, a
radioactive aste disposal facility likely to be established and a central radioactive waste
processing and storage facility (near completion) in the AERE campus, Savar, Dhaka.

2. Materials and methods

2. L Transferfactor (TF)

The terrn soil to plant TF measures the transfer of radionuclides from soil to plant when
uptake by plant roots is the only process affecting the transfer. From the observed activity
concentrations of the radionuclide in the plant and in the corresponding soil, the TF can be
calculated according to

Actlivity in plant (Bq/kg fresh mass weight)
T = (1)

Activity in soil (Bq/kg dry mass weight)

The TF is expressed in this experiment in fresh mass basis because fresh mass is required in
the radiolo,21cal assessment. Soil samples were collected from the alluvium of AERE
campus. transported to the laboratory and air-dried. Each pot was filled with 10 kg of air dry

11 in which appropriate amounts Of CS131 I ing manner:
so was added 'n the follow' n a graduated
plastic bottle 10' Bq Of CS137 was diluted to 300 ml with tap water. From this standard
solution. a known activity was mixed with the so]] uniformly. The soils in pots were stored
for three weeks. The pots were then appropriately sown and irrigated.

Nine different plants (Lalshak, Palanshak, Ladyfinger, Radish, Potato, Rice, Grass, Ginger
and Turmenc) were grown on the soil of the pots. Irrigation, thinning of plants and insect
control measures were taken as an additional care according to the needs of each species for
three month. The plants were harvested at maturity, separated, when appropriate, into edible
and other parts, sliced into small pieces and counted for Cs' 37 employing HPGe detector with
associated accessories.

3. Soil characteristics

A wide range of physical and chemical characteristics of so]] can affect the transfer of
radiocesium to crops. both directly and indirectly. Since the activity concentration of
radionuclides in crops is based on soil properties, a comprehensive set of soil parameters (so]]
type., physical and chemical properties of the soil) were measured using standard procedure as
shown in Table .

Table 1: Soil type, physical and chemical properties of the soil.

Components Measured values

pH 5.80

Organic Matter 0.78
1 O/Cla% /O) 46.50

Silt 0/,O) 43.30
Sand (%) 11.20
Porositv (%) 39-43

, 3)Bulk density (gni/CM 1.53
Cation Exchange Capacity (CEC) (meq I OOgm) 13.20
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Table 2 TF values for Cs' 37 by pot experiment in the AERE soil

Narne of the Plant FF of Cs' 3 

Lalshak 4.40x 1 0-2

Palangshak 2.72xlO-'
Ladyfinger 3.69x 10-2

Radish 4.92x 02
Potato 3.38xlO-2

Potato Plant 2.02xio-I
Paddy 3.36x 02

Paddy plant 4.85x 0_'
Grass 2.05x 10-2

Ginger 3.37xlO -2
-------------- =7

Ginger plant 6.61xlO-2
Turmeric 1.8xlO-'

Turmeric plant 3.96x I -'

4. Results and discussion

The soil characteristics and physical and chemical properties of the soil are shown in 'Table .
The pH of the soil was found acidic. The selected soil lies in silty lay soil based on arshal
textural classification. The TF values for Cs 3 7for the selected leafy parts and products of the
plants are sown in Table 2 It can be seen in this Table that the F values were 4.4OX 02,

2.72xIO-2, 3.69xl 0-2 , 4.92xl 0-2 , 3.38x 02 , 2.02x]O-', 3.36xl (-2 , 4.85xl 0-2 , 2.05)<1 0-2,

3.37x 02 , 66 1 X 02, 1.8x 02 and 3.96x] 0-2 for Lalshak, Palangshak, Ladyfinger, Radish,

Potato, Potato Plant, Paddy, Paddy plant, Grass, Ginger, Ginger plant, Turmeric, and
Turmeric plant, respectively. These values are found to be comparable with the values found
in the literature 4-8]. The highest TF value was found to be 2.02xIO-1 for potato plant while
the lowest TF value was found to be I.8XIO-2 for Turmeric. The TF values for Ladyfinger,
Potato, Paddy, Ginger and Tumieric plant were nearly equal while the TF values for Lalshak,
Radish and Paddy plant were narly the same. The TF values for Potato, Paddy, Ginger and
Turmeric plants were observed to be higher than the products of for Potato, Paddy, Ginger
and Tun-neric, respectively. This observation indicates that there is a considerable ariation
between leafy part and product of the plant, which attributes to a variation while calculating
radiological dose to the population considering ingestion. Therefore, TF values for the most
essential consumable vegetable/food could be applied considering both leafy and product
parts of the plant in order to predict more reliable dose assessment for ingestion.

5. Conclusion

Soil to plant TF values for the main foodstuffs in Bangladesh such as leafy vegetables
(Laishak, Palangshak), Ladyfinger, Radish, Potato, Potato Plant, Paddy, Paddy plant, Grass,
Ginger, Ginger plant, Turmeric, and Tunneric plant have been investigated by pot
experiments grown in the AERE soil. Based on Marshal textural classification, it is found that
the selected soil is silty clay. TF values of the leafy parts and products of the corresponding
plants were found in the range of 202 x IO-' to 1.8 x 02, which are reasonably comparable
with the value found in the literature. It has been observed that the TF value in the leafy part
is higher than the products of the plant. This may attribute to a variation of dose considering a
single TF value of a plant while calculating radiological dose to te population for igestion
pathways. Therefore, TF values for the most essential consumable vegetable/food could be
applied considering both leafy and product parts of the plant in order to predict ore reliable
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dose assessment for ingestion. The results obtained in the present study could provide a
reference data for soil to plant TF Of CS137 while calculating the probabilistic dose to human
and the environment for the regulatory requirements.
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Abstract.

As part of the work scope set in the French law on high level long lived waste R&D passed in
1991, CEA is conducting research work to establish the scientific basis and assess the
feasibility of long term storage as an option for the safe managernent of nuclear waste for
periods as long as a few centuries. his goal is a significant departure from current industrial
practice where storage facilities are usually built to last only a few decades. From a technical
viewpoint such an extension in time seems feasible provided care and maintenance is
exercised. Considering such long periods of time risk for Society of loosing oversight and
control of such a facility is real which triggers the question of whether and how long term
storage safety can be actually aieved. Therefore CEA commissioned a study in which
MUTADIS Consultants and CE13N were both involved. The case study looks into several past
and actual human enterprises conducted over significant periods oftime - one dating bac to
the end of the 18' h century - and identified off the nuclear field. Then-prevailing societal
behaviour and organizational structures are screened out to show how they were and are still
able to cope with similar overs�ght and control goals. As a result the study group obtained a
set of performance criteria relatim to issues like responsibility, securing funds, legal and
legislative implications, economic sustainable development, all being areas which are not
traditionally considered when technical studies are conducted. These criteria can be ost
useful from the design stage onward, first in an attempt to define the facility construction and
operating guiding principles, and thereafter to substantiate the afety case for long term
storage and get geared to the public dialogue on that undertaking should it become a reality.

1. Introduction

The 1991 law created the opportunity to explore the long-term ,,,torage concept as a new
option for the management of the aste until decision is made regarding its final disposition.
CEA has defined long term storage as a storage system that has ffie potential to last a few
centuries and to achieve a high level of protection for the waste, the people and the
environment throughout the period considered. Provisions for rehandling the waste at any
given time while transferring only a reasonable burden to future generations are included.
Time related phenomena like metal orrosion, material degradation, effect of temperature load
on engineered structures, etc, hve been studied through R&D wrk in an attempt to better

The study report is not available for te time being.
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understand the time limiting factors for structural components and to identify technical
responses to achieve passive safety for the duration envisaged. If technical people are likely
able to design installations which could last longer from the start, this however does not
preclude monitoring and maintenance operations and therefore provisions for human
intervention must be considered. The ability to envisage a steady and efficient human
response to storage problems or emergencies as they may arise in the future is essential. How
Society may be able to remain structured, organized and emergency-readied in the coming
decades or centuries ahead to effectively keep up with the necessary safety control and
perfon-nance of such a facility must be addressed. For instance, a lack of maintenance of the

nation system, be t passive and only relying on natura
vent I I I ventilation, could turn into a
severe safety event.

CEA therefore decided to explore societal conditions underlying a set of past and still on-
going human activities. Four of them were selected as case studies on the basis of their
respective regulatory and institutional regimes and stakeholders' involvement at national or
international evels. The cross analysis of all cases together leads to the fon-nulation of criteria
which could either promote and sustain people's oversight and control or, if not met,

'bute to dsruption and failure. Each case depicts a stuation where people's oversight
and control either failed or was successful to some extent:

- old underground cavities left behind by past quarrying operation: risk created by the

presence of underground cavities left empty and unmapped underneath Chanteloup-les-

Vi(2nes a small town nearby Paris. and the city of Paris

- underground quarrying activities under a new regulatory regime: similar risk, however

managed under a more recent regulation 

- the legacy of the iron ore mining activities in the Lorraine region of France risk of

surface disturbance, disruption in real estate properties, damage to groundwater

- UNESCO mechanisms designed and implemented for the preservation of World

Heritage sites the particular case of the Angkor site in Cambodia.

2. Study highlights

2.1. 01dundergroundcavifies

A large part of the city of Paris is built above large underground cavities from which

dimension stones were produced. This resulted in sudden collapse of buildings in the 18th

century, which precipitated the creation of a special corps, the Inspection G6n6rale des

Carrl&res (IGC). This corps has been operating ever since to prevent and mitigate that risk in a

very efficient way with no nterruption in that service including during wartime and social

unrest. A similar rganisation Nvas put in place more recently to manage similar risk

elsewhere (Chanteloup-les-Vignes) with limited success. Key points underlying the success

obtained within the boundaries of the city of Paris are among others:

- hiah accumulation of real estate property value per square metre constructed,

- real estate market regulation which implies that any transaction must undergo the lGC

risk check and ground reinforcement recommendation and implementation process if

necessary.,

- Paris is the country capital city and is where Government bodies are located,

- each individual living in Paris is a stakeholder,
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although IGC is not a regulatory body, failing to meet its rcommendation for ground
reinforcement would have te real estate owner face legal action should an ccident
occur.

Property value seems to be the driving force that makes the IGC oeration successful. IGC is
well known and perceived as a very useful body by stakeholders. At Chanteloup-les-Vignes,
the magnitude of property value at risk is quite different (individual houses versus historic
apartment buildings). A national regulation put in place recently to prevent human acidents
in the event of a ground failure had a large part of the town centre declared a dangerous zone
which made the property value plummet and the real estate market freeze in that area.

2.2. Underground quarrying activities under a new regulatory rgime

This case focuses on ground dturbance prevention mechanisms that are available through
the regulatory regime mplemented more recently. Cavities must e back-filled shortly after
mining is over and money for future mitigation is being accumulated in a special und.
Mapping of the mined zones is mandatory, records are maintained and made aailable.
Pen-nits are issued for limited periods of time and must be renewed at the operator's request.
Specific dispositions regarding the decommissioning of the mined lands are enforced like the
obligation to produce an environmental impact assessment ahead of time. The mining
operator would be held responsible should a poblem occur even after the land was sold to a
different user. Key points are:

- prevention mechanisms bcked up by technical responses such as back-filling, mapping,
special fund,

- maintenance of knowledge: rcord keeping,

- clear identification of responsibility,

- licensing mechanisms that trigger a regulatory review of the risk managernent
performance on a regular basis.

However there is always potential for conflicts between various users and stakeholders
regarding the future land use of mined areas often regarded as unique development
opportunities. Real estate pressure or new land may exist creating a threat for the future.

2.3. The legacy ofpast iron oe mining activities in the Lorraine region

The State was, quite often in the past, the only institution in control of legislative power,
ownership of the ore-bodies, regulatory decisions and mining operation through state owned
companies. Local people living on the mine, the only employment opportunity in their
vicinity, were used to a long-established relationship with operating companies management
based on confidence. Upon closure of the mines the risk situation was assessed to be under
control and care and maintenance was not deemed necessary. A few years after ground
movements occurred creating significant loss in real estate property, damage to groundwater
and distrust, a long lasting detrimental effect. At the same time, neither was it possible to
gather relevant data to identify areas at risk nor to quickly mobilize expertise to overcome the
situation. Actions taken by local authorities were successful and esulted in the creation by
central Government of new yulti-stakeholders entities with the mandate to rebuild lost
knowledge and expertise and conduct remedial actions. This also entailed the development of
spin-off businesses rom newly acquired expertise. Key points are:
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an activity controlled in many aspects by only one stakeholder, the State,
failing technical assessment of the potential evolution of the mined areas,
a one-way relationship creating a state of dependence between State entities and the
population, therefore putting social tust at risk,
failing record keeping and expertise,
a strong local movement to take over the failing State responsibility,
economic development,
implementation of a new decision making process involving many stakeholders.

2.4. UVESCO: mechanisms designed and implemented for the preservation of World
Heritage sites

The UNESCO study shows cases with involvement of various levels of stakeholders to
achieve the common goal of preserving special places in the world of particular significance
to human beings and declared World Heritage sites. The sharing of that goal established as a
philosophy, arriong participating nations seems to be the easiest part of the task. Difficulties
arise hen dealing with national and local interests combined. Specific mechanisms are
des]-ned to recognise and promote each level of responsibility making sure that local
sustainable development can be achieved as a result of implementing the preservation
process. NESCO has only one role: that of facilitating that process. Drawbacks, often in
the form of tourism pressure, must be overcome. New 'obs and spin-off businesses can be
created from new local needs: maintenance and reconstruction of monuments, tourism,
craftsmanship. artists, etc. Countries participating in the UNESCO World Heritage
programme are all able to get involved in some way to help a failing partner at any level. In
return, this may also foster the development of new expertise in the helping country resulting
in a network of combined interests world-wide. Key points are:

- networking between interested partners at various levels, institutions, local, national
and nternational, which creates redundancy in the sustainability of the caring
approach,

- sustainable development as an objective to foster local interest and involvement,

- however not a fail-safe system the BUDHA statues in Afghanistan went destroyed.

3. Key performance criteria to promote sustainability in people's oversight and
control

Eight performance criteria, which could influence and sustain people's oversight and control
have been identified through a cross evaluation of all case studies and are listed below:

sharing of roles and esponsibilities between multiple partners who are all interested
parties: partners can be identified at various levels, local, national or nternational. The
implementation of the World Heritage Convention shows that the sharing of

ibilities at various levels provides some assurance that some level of control and
oversight can be maintained even if one level were to fall. This requires however a clear
identification of each partner's role.

expertise must be available at all times and stakeholders mst be able to mobilize i:
expertise cannot be reduced to record keeping alone. It must be alive and passed from
generation to generation. IGC for instance has more than 200 years of experience.
Worth entioning is the enduring ability of carpenters' or stone-cutters' guilds to
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effectively maintain and ass their craft-man skill to the next generation. Satisfactory
economic environments can foster expertise sustainability.

multiple sources qfsustainable cxpertise: this can work in multiple ways to ether help
prevent risk or recognize a situation as potentially holding severe risk in order to take
relevant action. Expertise was a matter for concern for local people in Lorraine when
the mines shut down since the nly information available was state-owned. Ivolvement
of local people in the expertise building process can help n constructing action lines
that best address stakeholders" concems.

the recognition f a common goal established between a network Qflocal ntional
and international interested parties and there/bre a patrimon ial link between them and
what is at stake: this can take many aspects, for instance the shared interest in the
preservation of the real estate property value in Paris, of the World Heritage sites or the
management of collapsing ground areas. The sqfeo;, of long term storage coul b the
goal to share in the case ofnuclear waste.

local susiainahle economic- development: economic development is the natural link
between people which creates sared interests and fosters oversight and control. It also
gives the economic means to ct. World Heritage towns like Luang Prabang in Laos and
Chinon in France develop local skills in architecture, town development planning or
heritage conservation to link the protection of their historical onuments with economic
sustainable endeavours.

financial, legal and institutional structures: very many organizational systems exist
within the society matrix. Underlying financial, legal and nstitutional structures can be
custom designed to address specific long term aspects and are of paramount importance
in the prevention of risks. Availability of sufficient funds to implement remedial ation
can stop or limit the risk. Cear roles and responsibilities set in law or regulation can

'd hesitation, confusion oi- lack of action. For nuclear wste the primary issue is
whose ownership for the aste to day and in the future?

stepwise decision rocess: this mechanism provides the oportunity to set tmes at
which certain issues are to be re-examined. If various stakeholders are given the
opportunity to intervene in the aking of the agenda to be discussed it is then nlikely
that a serious concem be forgotten.

redundant record keeping tis can be achieved by keeping records in various paces,
local, national or nternational or/and by different institutions, and also by keeping
expertise alive so that nformation recorded can be understood and used efficiently to
address a particular situation.

However, none of these criteria can work separately. Combined together as a mix, they could
become additional and essential design criteria for future storage systems. Long term storage
can therefore be a safe and useful too] to human beings provided that they are aware of and
willing to cope with the associated potential risks, understand and manage them and indeed
implement necessary care and maintenance in a sustainable way.
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Abstract.

CEA has been conducting a comprehensive R&D program to identify and study key HLW
storage design criteria to possibly meet the lifetime goal of a century and beyond. A novel
approach is being used since such installations must be understood as a global system
comprised of arious materials and hardware components, canisters, concrete and steel
structures and specific procedures covering engineering steps from construction to operation
including monitoring, care and maintenance as well as licensing. The challenge set by such a
lifetime desi2n Poal made the R&D people focus on issues at stake and relevant to long term
HLkV storage in particular heat management, the effect of time on materials and the
sustainability of care and maintenance. This opened up the R&D field from fundamental
research areas to more conventional and technical aspects. Two major guiding principles have
been devised as key design goals for the storage concepts under consideration. One is the
paramount function of retrievabilitv, which must allow the safe retrieval of any HW package
from the facility at any given time. Next is the passive containment philosophy requiring that
a tit"o-barrier sivem be considered. In the case of spent fuel, CEA's early assessment of the
long-term behaviour of cladding shows that it cannot qualify as a reliable barrier over a long
period of time. Therefore, the overriding strategy of preventing corrosion and material
degradation to achieve canister protection, and therefore containment of radioactive material
throughout the time of period envisaged, is at the heart of the R&D program and several
design alternatives are being studied to meet that objective. For instance available thermal
power from SF is used to establish dry corrosion conditions within the storage facility. The

&D and engineer'
paper reviews all of these different R I ing aspects.

1 . Introduction

The 1991 French law has organised the research work related to high level long lived waste
management along three main themes: << ways to mimmise long lived radionuclides
inventory << disposal of waste in deep geological formations )), o wait storage solutions to
achieve the best possible safety level )). This paper illustrates how CEA is addressing the
"walt storage solutions" component of that research program through its < long term storage
research ntiative. The paper focuses on a particular area as an example, the spent fuel
approach. although the research being carried out encompasses a much broader scope.

1. . Long erm challenge

Nuclear industry has developed a safe methodology to manage nuclear waste from the early
davs onward. There is no ultimate disposal solution decided as of yet in any country.
Therefore. temporary storage facilities have been operating for several decades around the
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world. In France, for instance, about 10000 vitrified waste packages have been stored either at
Marcoule or at La Hague. The Marcoule and La Hague facilities have been operating for more
than thirty years and twenty years respectively. As a result, one way to cope with long term
storage could be to rely on life extension or renewal of existing facilities while considering
refurbishment and license extension. This approach does not require any additional research
work. Since decision to construct final repository may be sgnificantly delayed, as has been
the case so far, the long term storage option may prove quite ueful provided its safety is
understood and well under control. CEA has therefore decided to explore this alternative route
which looks into the design of facilities which could stand long term operation from the start
throughout centuries-long periods. Such time periods, far exceeding a few human generations,
push researchers and engineers trough challenging issues and also raise unique societal
questions that Society would have to address.

1.2. Focusing on spentfuel as a example

Spent fuel (SF) is not considered as a waste in France in the present regulation. It contains
potentially valuable energy resources that it may be worth securing for future generations. SF
is currently reprocessed at La Hague facility. However in the framework of the 1991 law the
research also looks into how SF could be held secure in a long-term storage facility should
this need arise in the future. It appears to be a matter of paramount importance to store A in a
way that can guarantee its retrievability and in a manner acceptable with regard to risk level
and cost. n addition SF contains all the radionuclides produced during irradiation. As such, it
is the most challenging nuclear mterial to deal with when addressing its long-term storage
management. These two reasons have led the authors to focus this paper on SE

2. Guiding principles and objectives

Key aspects that are at stake ad relevant with regard to essential storage functions must be
identified for such a facility. The paper focuses on two principal ones.

2.1. Passive containmentphilosopky

The general design ule for waste package containment system is t consider two independent
barriers. The waste form itself may be considered as a barrier (i.e. glass matrix). Decision to

ibly consider the cladding as a long-terin barrier has been discussed. To this effect,
CEA has launched an ambitious comprehensive program dedicated to the SF long-terin
behaviour. One of the main outputs of the program is, for the me scale considered, the
cladding might not qualify as a rliable barrier subject to final review of the research findings.
Therefore the SF long terin storage canister design must provide two barriers.

2.2. Retrievability goal

Moreover, retrievability of S packages at any time during he storage period is the
paramount objective and becomes; therefore a primary function of the long-term storage
facility since packages cannot be safely stored indefinitely. Therefore, SF storage conditions
must be controlled and monitored to maintain and achieve containment and therefore protect
canister integrity and tightness over centuries. This is being addressed by choosing adequate
materials, fabrication procedures ad closing technology. In addition the demonstration of the
effectiveness of te retrievability procedure for the entire storage lifetime must be povided.
In that respect, a key characteristic of the storage facility elates to te atmosphere
surrounding the SF canisters within the facility. More specifically, humidity-controlled
atmosphere to prevent general corrosion best allows predictability of the long-terin corrosion
rate. This engineering approach must be implemented together with careful selection of
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materials for the containment system. Thus canister and storage facility designs must be
looked at to,,,ether as complementary features to meet pre-set engineering goals.

The undertaking to address these issues will combine engineering work together with research
programs since some questions have not yet received appropriate answers as is the case for the
delicate question of the long term behaviour of structural components affected by thermal
stress. The paper introduces the main ideas at work in the design and associated research
programs.

3. Design features and approaches

3.1. The storagefacilitj,

Main functions may be listed as protection of the SF canisters from external aggressions; )
management of thermal output, iii) provision for a humidity controlled atmosphere as
mentioned above. Though a storage facility must be monitored during its entire lifetime
passive systems are preferred. The first design step is to select the cooling mode. SF storage in
pool has been operating for decades in many countries. Dry facilities are also used. An
example is the CASCAD facility in France (CADARACHE) cooled by natural air convection.
It as aranted a license for forty years in 1990. The natural convection system option has
been chosen for the long-term storage facility since it seems obvious that it qualifies as the
most passive one. Thermal power output of SF canisters is tentatively used to engineer a
naturally convective and humidity-controlled airflow.

Dealing with potential external events, subsurface facilities seem to provide more protection
than concrete vaults built above ground. These two options are being explored and evaluated
against criteria like safety, cost, and other technical aspects. First results will be available
early in 2003.

Of paramount mportance is to provide dry corrosion conditions in a passive way. In current
air-cooled. dry facilities. SF packages are cooled by an axial cooling arflow. However
transverse coolin2 airflow seems to be a promising technique to lower temperature gradients
and therefore to prevent both condensation on cold areas and excess of heat on others.
Nevertheless. the modelling of such a cooling mode is not yet sufficiently proven to insure
that design goals can be met throughout the facility lifetime particularly after 100 years when
canister temperature has dropped significantly. In that case temperatures range would have to
be kept within a rather narrow gap limited on one hand by the long term behaviour of
structural materials at high temperature (maximum of 80'C for concrete structure), and on the
other hand by the obligation to meet the dry corrosion conditions (minimum of 40'C on the
canister outer all). Current thermo-aeraulic models together with existing data are not able to
fit such conditions during more than 100 years. Therefore the controlled axial airflow along
SF canister is the design option currently under consideration.

3.2. SF canisters

SF canister design must meet containment and retrievability goals. A two-barrier system
design is considered. First, each SF assembly is put inside an airtight steel case (first barrier).
Several cases fill one canister (second barrier). That second barrier must provide the best
poss'ble protection against corrosion. Materials chosen are cast iron or carbon steel since they
are resistant to local corrosion and corrode in a generally predictive way. Wall thickness has
to be adjusted according the expected lifetime and the mechanical specifications (for instance
for free drop). Calculations show that the prevailing parameter is mechanical which leads to a
50 mm thick wall. This can be decreased if "buffers" are introduced but they can be
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interpreted as a weACOMPOMIlt SiTice its afety unction not easy to ascertain ver the long
term, The steel case is ade o. eel, rotected against and exter I

ner _as (fie) hich fill, p as and cloister voids The ch ice of different
metals to fabricate the se and the canister was also ade to pvent potential ommon
modes of failure, The ase dign mains compatible with the possible future SF
reprocessing. It allows te SAe aDCl oulahunation-fite andline of each SF assembly.
Nevertheless a ultiple-assembl-v, case uld also be used� The number of cases put nside a
canister is primarily linifted by thermal considerations. In the ease Of UOX SF assemblies. it
mav be limited to seven soNed to bum-up eels. Cases and cai-iistermust be closed tight
using welding tchniques. Arriong those currently being investigated are electron beam, TIG
or laser.

.. .... ....... .... .. ..................... ....... ............ - .... -......

- ---------- -------------------------------------- ..... ......

4. Research programmes

4.1. Dentonvtratioiioftheloi�gtcrinbehaiiourof(,-Iosurt!s

Sixty ock-ups of welded components (case ad canister and 1600 samples are ageing uder
controlled tenlpffaftlrC conditions. These expenments, combined Nvith m6delli-ng� will help
define te best technical choices or aterial- ad welding ecliniques. It is generally
considered tat sch experiment rekilt,% ob be. ktralJObted bV 10 times s ongy as thne is
concerned, In othef46fds, fesults ftffi ten-year eperiment program can Provide data to
predict material behaviour under real Conditions over a century,

. . ......... . .. . . .. . ...... .. .. ... ... ....
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4.2. Therino-aeraulics

Controlling arflo,,A's and temperatures profiles is necessary both to prevent the corrosion
mechanisms and to manage the SF thermal power. Modelling alone cannot address these
aspects. Therefore, the SIGAL (Simulation Gallery) mock-up has been designed to study
alrflo�N balance within a subsurface gallery network. How air flows within the subsurface
gallery d is of interest in particular when the facility is only partly loaded with canisters.

4.3. Long erin behaviour of concrete structures

The behaviour of concrete structures under thermal stress must be understood. In this respect
ific large-scale mock-ups are operated at Saclay. These experiments combined wth

speci I I I
modelling will be used to produce data to eventually support the lcensing process. On the
other hand. the 80'C current maximum temperature criterion set for the concrete structure
offers an engineering challenge for the cooling arflow system. The choice of a less severe
criterion could be a valuable output of these studies with valuable consequences on the
Lyeneral design.

5. Conclusion

The long-term storage study is considered as a global undertaking mixing engineering steps
and research work. As such, it should help secure future choices concerning nuclear waste
management and may become a management option for decision-makers to consider. Beyond
technical issues that must be resolved there are societal aspects as well that need proper
answers. Key milestones are:

2002 - end of the preliminary feasibility studies,
2005 - detailed studies will be achieved and functional demonstrations will be

ilable, particularly focusing on canisters,
2006 - research studies deadline set by law. A comprehensive technical report will

be produced.
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Abstract
The Philippines, through the Philippine Nuclear Research Institute (PNRI), decided to
conduct a study on siting a low level radioactive waste disposal facility. The infrastructure set
up for this purpose, the radioactive waste disposal concept, the overall siting process, the
methodology applied and preliminary results obtained are described in this paper.

1. Background

Radioactive wastes in the Philippines are generated from various ctivities using radioactive
materials in the medical, ndustrial and research applications fields. These radioactive wastes
are currently managed by the hilippine Nuclear Research Institute through its centralized
treatment and storage facilities on site. Radioactive wastes that are received at the nstitute are
of different types ranging from contaminated solid and liquid materials to spent sealed
sources, including radium. Treated nd conditioned wastes are temporarily stored in a above
ground trench which allows limited quantities/volume of conditioned wastes to be stored ntil
a final disposal site is established by government authorities. Additionally, it is recognized
that there is a need to provide a more permanent site to finally dispose these low level wastes
to address the long term objective of safe management. The Philippines, through the
Philippine Nuclear Research Institute (PNRI) decided to conduct a study on siting a low level
radioactive waste disposal facility.

Executive Order No. 243 in 1995 was signed by then President Fidel V. Ramos creating' the
Nuclear Power Steering Committee which included a Subcommittee on Radioactive Waste
Management. The SubCommittee was mandated to conduct studies,; on siting of a permanent
repository and to perform R&D on the disposal of radioactive wastes. The subcommittee led
by the PNRI is composed of the Dpartment of Energy, the Department of Environment and
Natural Resources, the Department of Science and Technology, the National Power
Corporation and the Office of the Pesident. An engineered structured facility built on shallow
ground is the disposal concept that has been adopted for purposes of relevant safety
assessment to be undertaken.

2. Introduction

The overall siting process for the Pilippine repository consists of 2 major stages. Stage I - the
Site Screening process consist mainly of desk compilation of existing infori-nation and data
sourced from different government and private agencies. Field investigations using
geological, hydrological and surface environment methods will be employed to verify, update

This project being carried OLI( xmh the assistance ot local consulting firni. Geospherc Tchnologies, Inc.
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and confirm existing data. These reconnaissance field investigations will be carried out by
performing selected arborne surveys of candidate regions and areas supplemented by ground
in,, estigations. as appropriate. Stage 11 - the Site Evaluation will proceed as soon as candidate
areas'dent'fied in the first stage warrants detailed surface and subsurface investigations. This

'II locating and constructing boreholes and exploratory shafts to allow
characterisation of underground surfaces.

To carry the work activities in this stage, the committee developed a site screening procedure
based on consideration of factors such as surface and ground water hydrology, geologic
properties. demographic issues, land use patterns and socioeconomic concerns A complete
description of these factors are described in [1]. The primary screening procedure was
designed to identify a small number of candidate sites by utilizing existing data and
information and limited reconnaissance investigation. The selected number of sites will be
subjected to a more detailed analysis of its suitability for hosting a repository.

3. The regional site screening methodology

The Philippines is divided into 12 regions excluding the National Capital Region where Metro
Manila belongs. Initially, the site assessment process made use of about appropriate maps of
differing scales. These maps describe the lthological conditions, major faults, shorelines,
freshwater bodies. groundwater potential, slopes, and protected areas. A Geographical
Information System (GIS) was employed wherein the various criteria for site suitability were
applied. A sequential process was followed in eliminating areas that are unsuitable, starting
with the Peological parameters followed by hydrology, land use, slope and accessibility.
Ideally. the disposal facility should be sited and constructed to minimize the chance that the
waste could contaminate surface water or groundwater. The stability of the ground on which
the facility structures are to be erected and the movement of water at the site were basically
the conditions that must be met. Geologic features such as rock formation as well as the type
of soil present in the studied regions are factors that will affect the way water flows on the
surface and through the groundwater which, similarly affects the movement of contaminants.
The stability of the ground depends largely on the type of rocks and soil present therein.
Similarly the likelihood of earthquakes, landslides, subsidence and liquefaction were also
taken into account. On the other hand, the movement of water at the site depends on slope,
so]'I and rock type, grain sze and whether fractures, faults or karst features are present.

4. Application of siting criteria

The hydrogeological component of the site screening criteria was analyzed to determine the
hydrogeological framework for assessment. This framework basically translates to the
identification of sites with the lowest potential for groundwater and surface water transport of
contaminants. Equivalent mapping units reflecting the different characteristics that are
deemed favorable or unfavorable for the proposed facility were applied. The units were
identified based on the presumptive hydrologic characteristics of particular landforms, soil
units and rock formations as well as the regional climatological characteristics as published by
the local weather administration, the PAGASA.

The mapping units were then used as GIS decision elements with the intention of eliminating
particular zones of areas in the Philippines, which are not favorable for the siting of the
proposed facility. It must be noted that not all mapping units, particularly those reflecting
terrain characteristics. could be used for this process since the primary working map used is
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the 1964 edition of the Geologic Map of te Philippines. Topogra �hic maps f he Philivoinesp
of comparable scale could ot be used as eectively at this level of the selection process.

FIgurel. Possible Candidate Sites for a Near Surface Repository Facilit-y for Radioactive
Waste i the Philippines
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hydraulic conductivity greater than 10-4 cm/s.
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On the other hand, a geological map showing sites that are underlain by Quaternary alluvium
w-ere eliminated. These sites are underlain by loose sediments which cannot provide a good
foundation for disposal sites. These are very porous, have high acceleration during
earthquakes and ulnerable to erosion, subsidence and flooding. Since sites with low degree
of fracturing and fissility are required, areas that are near known faults were eliminated. A
buffer zone of I km. on each side of the faults were used to ensure that only sites with low
degree of fracturing are included in the candidate sites. Considering the hazards from volcanic
eruptions and other volcanic hazards such as lahars, earthquakes and slope processes, areas
underlain by Quaternary volcanic deposits, Quaternary active volcanoes and Quaternary apron
deposits were excluded. Areas with steep slopes, exhibiting greater than 15% gradient, were
excluded from candidate sites. Areas near seashores were excluded. This is to ensure that
candidate sites ulnerable to surface geological processes such as erosion, wave action are not
vulnerable to tsunami and stonn surge. Likewise, lake areas and their shores were also
eliminated to ensure that candidate sites are not likely to introduce contaminants to fresh
water bodies. oreover, the location of parks and integrated protected areas was then used to
eliminate those sites from the candidate areas.

5. Preliminarv results

The resulting map showed the geologic, hydrogeologic and environmental considerations that
were utilized in the site assessment process. The maps correspond essentially with the hilly to
mountainous sections of the country..If each of these resulting maps were overlayed, about
90% of the country will be eliminated from being suitable for radioactive wastes disposal. The
final map shown in Figure I shows about 40 candidate sites to date. This map will be used as
a primary map and will serve as an input to subsequent analysis. The political boundaries of
the various regions were delineated and used to divide the whole area into segment with the
aim of identifying an area, considering that a buffer zone of limited land use will be imposed
for the disposal site. Final candidate sites will be identified after the application of the criteria
on land use, access and population.
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Abstract

Although having been operated safely for more than 20 years, the near surface repository at
Pasp6kszllagy is considered to e nsuitable for some of the waste formerly emplaced n the
facility. The results of the safety ;assessments clearly indicate that the spent sealed sources
could result in high doses to individuals who intrude into the facility and they could also lead
to high doses following any future druption of the facility by natural processes. Based on
the findings of the safety assessments, consideration will be given to possible developments at
the site, which could include the etrieval of certain waste types fro m the site and putting
them into interim store, pending final disposal in geological repository, remedial measures to
improve safety of the wastes tat are currently disposed and disposal of further wastes by

'ding free capacity wthin te existing facility. The bas's for optimization is the real dose
prove I I I I I I 11
associated with intervention activities vs. reduction of the potential dose in the future. Such
an optimization has never been performed before in Hungary. The future decisions oil the
Piisp6kszl1Agy repository will be based on feasibility/optimization studies. The paper

'des a detailed review of the potential options and strategies ;and hghlights the possible
prove I I I I I I
future alternative scenarios to improve the overall safety of the ste and to extend the existing
limited storage capacity.

1. Introduction

The radioactive aste disposal facility at Pilsp6kszlldgy is currently the only site for dsposal
of radioactive waste in Hungar . The near surface facility was cmmissioned in 1976, and
wastes from all research, medical and industrial applications have been sent there for
treatment and disposal.

The repository was sited in 1971, designed and commissioned in 1976, according to the
international recommendations and guidelines and the domestic standards in effect at that
time. From 1983 to 1997 solid low-level radioactive waste from Paks NPP was also disposed
of at Piisp6kszllAgy. The facility is composed of concrete trenches (vaults) and shallow ells
(6 in deep) for spent radioactive sources (SRS).

A particular feature of the site is that - because neither the original license nor the lcensing of
the extension dealt with waste acceptance criteria - high activity sources and SRS consisting
of long-half life and alpha emending materials have also been disposed of, and not only in the
wells but also in the vaults.

The currently remaining unused capacity at the site has been reduced to I 0 M3 which is
sufficient for the coming 56 years to accommodate the annual olume of waste stemming
from non-power generation activities.
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Due to the reduction in usable disposal volume, future development of the facility was
unclear. A firm basis was required to support decisions concerning its future management.
The legal and regulatory changes also necessitated a safety re-evaluation of the repository.
The safety of the facility previously has not yet been the subject of any comprehensive
assessment. That is why safety assessments were carried out to work out the long-term effect
of the disposed waste and to develop an understanding of the overall "disposal capacity" of
the ste as a basis for decision making. These assessments conform to nternational best
practice as set out by the International Atomic Energy Agency (IAEA) and the Nuclear
Energy Agency of the OECD (OECD�NEA).

2. Issue

The safety assessment studies of the Pilsp&szil�gy repository were performed through
funding by Phare and Hungarian resources [1 2 From the results of the safety analyses
accomplished it could be stated that present operation and environmental safety up to the end
of passive institutional surveillance of the facility is properly guaranteed. The repository as a
whole is suitable for safe disposal of low and intermediate level short-lived wastes. Beyond
the passive institutional surveillance, mostly because of the significant amount of long lived
components yet disposed of 14C, 26 Ra, 232 Th, 234, 23-5. 238U, 23 'Pu and 24 'Am) inadvertent

human intrusion - or any other scenario resulting in surfacing of waste after deterioration of
concrete ba'ers - could cause exeedance both dose constraint and dose limit. A Phare
preliminary assessment indicated long-term doses of around 100 mSv/a in case of inadvertent
human ntrusion and a credible hazard of larger-scale aerial contamination at 50 - 800 years
after closure owing to presence of large 37CS sources. National assessment estimates human
intrusion doses around 35 mSv/a and recognises an additional hazard associated with 226 Ra,
]-- Cs and 232 Th-sources.

Therefore, intervention actions should be undertaken to lower these doses to acceptable
values before closure of the facility. The estimates of dose suggest that for certain
components of the repository, remedial action is required and that, for other components, the
requirement for remedial action should be further considered. In some cases, removal would
be straightforward. However. for spent sources mixed with other wastes in backfilled vaults,
this may be ore difficult. A systematic review of all the spent sources in the facility is
planned, to determine, which sources should be retrieved and placed in interim storage, and
which could be reasonably left in the repository. Such a review should be based in part on
considerations relating to post-closure safety. It is feasible to take appropriate remedial
actions, in order to obtain an acceptable performance.

There are existing International recommendations (ICRP, IAEA) covering such situations, i.e.
criteria to be applied and action to be taken in the case of exposure resulting from past
practices 3]. These recommendations call for obligatory intervention above 100 mSv/a and a
more optimized (efforts and compliance) intervention where doses of between 10 and 100
mSv1/a are forecast. The basis for optimization is the real dose associated with intervention
activities vs. reduction of the potential dose in the future. Such an optimization has never
before been performed in Hungary.

The Public Agency for Radioactive Waste Management (PURAM) in Hungary has been set
out a programme of remedial activities. This programme should be funded by the Central
Nuclear Financial Fund. Due to the rather large number of parameters involved, an optimized
intervention programme should be established on the basis of a feasibility study 4].
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It is important to note that two actions - freeing space for disposal of additional institutional
radioactive waste in vaults, and retrieval of specific radioactive waste packages that are giving
radiological cncer - are interconnected. Both types of operations would require the opening
of the vaults that are already temporarily sealed and covered with protective layers of
bitumen, clay and grass. For obvious safety reasons, it would not be appropriate to open
several times the vults either to rduce the volumes of waste packages or to retrieve some
specifie items.

3. Technical approaches

Based on the assessments, it would be sensible to remove as many of the long-lived spent
sources from the facility as possible! before closure of the site.

An assessment will be made that retrieval of some wastes is advisable. This 'udgernent should
be based on an assessment of long-term impacts of existing dsposals but ID addition risk
estimates should be produced or workers and members of the public from exposures
associated with the retrieval operations. The benefits, in terms of risk or dose averted, should
be balanced against cost, both dosimetric and monetary, for any proposed intervention. To do
this, the assessment must have an estimate of the pr 'ected impacts from current disposals, an
estimate of the remaining nventory following the intervention, from the two previous items a
differential long-term impact between the two situations should be identified, onsite
exposures to workers, and potential off site exposures to members of the public as a esult of
the intervention should be estimated. In addition to the work on sfety assessment, it will be
necessary to develop short-term ad long-term plans for providing disposal capacity for all
the waste types intended for the site. The firs task is to develop and implement technical
approaches to conduct analyses in these areas. Possible approaches to upgrading include:

- Recovery of wastes and disposal elsewhere.

- Reconditioning and repackaging.

- Additional engineered barriers.

- Repository cap.

- BackfillingIn'

- Marking and recording.

- Long-term management arrangements.

Recovery of wastes and disposal elsewhere may reduce possibility of high radiation doses
from certain components of dsposed inventories e.g. SRS. Recovery operations necessitate
treatment and storage of the recovered waste as well as long-term waste management solution
for wastes not planned for near surface disposal. Certain components of the inventory still
need to be identified. To avoid accidents or exposures during recovery requires very careful
planning and preparation.

Reconditioning and repackaging may improve local physical containment, may provide a
chemical barrier and may also give possibility of volume reduction. There is a need for waste
conditioning and packaging facility. Difficulties may arise from lack of understanding of what
has been disposed. It may be difficult to quantity benefit.

i'udgernent can be made that long-term safety of the epository may be assured with some
technical or administrative modifications to the facility. These modifications might include,
for instance, the introduction of grout into the vaults to provide n additional chemical and
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physical barrier to migration and potential intrusion. The repository cap should be carefully
designed this is a key element of the system from the safety perspective.

Alternatively, steps can be made to minimize the chances of future human disturbance by
recordina information about the facility and by an extensive period of administrative control
over the site.

These will rely on a long-term assessment of the current inventory in the
repository based on past shipping records, decayed to reflect the current real inventory.

4. Forward programme

Based on the conclusions and the recommendations of the safety assessments, proposal for
forward programme has been drafted and submitted to the decision makers. The main
elements of the programme are as follows:

- Designing and licensing of the safety enhancing measures.

In the framework of a 'demonstration pr 'ect' recovery of the wastes of various
packages (mostly bagged) from the selected 4 - 6 vaults. Segregation of the waste,
volume reduction, repacking, re- disposal, recovery of the critical spent radiation
sources. The long lived and/or high activity radiation sources, and waste with
composition not suitable for near - surface disposal shall be stored in an interim storage.
Revision of the technical state of the opened and emptied vaults, repair as needed.
Concrete or clay backfilling of the opened and emptied vaults that are refilled with
conditioned aste.

- Procurement of the tools and equipment needed for implementing the safety enhancing
measures (waste recovery devices, waste sorting device, waste assay system, waste
volume reduction device, "hot cell" for conditioning SRS, etc). A mobile building
(handling structure) is envisaged to be installed that could be erected above open
vaults. It should be durable, weather-resisting, ensuring good entilation and air
filtration, easy to decontaminate, suitable for sorting the waste packages.

- The upgrade of and turn into a central retrievable store the current treatment building is
a prerequisite for any intervention operations.

Further wastes could be disposed of at the site, once the existing capacity is filled, for
example, after use of volume reduction technologies. The results of the safety assessment do
not exclude such a possibility. However, it is clear that before such additional wastes are
disposed, a careful evaluation of the inventory has to be performed, and it should be
determined, whether such an additional inventory is acceptable in the light of future safety
assessments. Specific aste acceptance criteria would need to be developed.

Removal of SRS from the 6 m deep storage wells before closure of the facility is a separate
task for ntervention activities which would require application of unique technologies.

5. Conclusion

Based on the two independent safety assessments, some key recommendations relating to the
improvement of the site can be fon-nulated. Doses from future human disturbance vary
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according to the part of the facility that is assessed. It should be noted, however, that certain
spent sealed sources are present, which would give rise to very serious radiological
consequences they were ever handled. For any proposed ntervention the benefits, in tenons
of risk or dose averted, should be blanced against cost.

It is emphasized that there are many issues that still need to be adressed subsequent to the
safety assessment. The previous safety assessments should ot be regarded as final
assessments of the performance of the facility. Rather, it sould be taken as initial
assessments that are the first of a sries. Having identified the key issues and ucertainties in
these assessments, further work can be undertaken to resolve these issues and uncertainties
that will provide a good basis for the development of a more crtain view in subsequent
assessments.

In addition to the work on safety assessments, it is necessary to develop short-term and long-
terin plans for providing disposal ad storage capacity for all the waste types currently
disposed at the site.
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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.

66



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

70



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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Abstract.

The Novi Han Repository is the only existing repository in Bulgaria or the disposal of
radioactive waste from nuclear applications in industry, medicine and research. The
repository was constructed in the early sixties according to the existing requirements. It was
operated by the Institute for Nuclear Research and Nuclear Energy for more than thirty years
without any accident or release of radioactivity to the environment, but without any
investment for upgrading. As a consequence, the Bulgarian Nuclear Safety Authority

ily stopped the operation of the repository n 1994. The measures for upgrading the
Novi Han Repository, supported by the IAEA under TC Pr 'ect BUL/4/005 "Increasing
Safetv of Novi Han Repository", are presented in this paper. They comprise: assessment of
radionuclide inventory and future waste arlsings, characterisation of disposal vaults,
characte'sation of the site, safety assessment, upgrading of the monitoring system, option
studv for the selection of treatment and conditioning processes and the development of a
conceptual design for low and intermediate level waste processing and storage facility,
immediate measures for improvement of the existing disposal vaults and infrastructure,
construction of above-ground temporary storage structures, and resuming the operation of the
Novi Han Repository. The necessary activities for re-licensing of the Novi Ran Repository,
construction of a waste processing and storage facility and a disposal facility for spent sealed
sources are discussed.

1. Introduction

The ovi Han Radioactive Waste Repository is the only national radioactive waste disposal
site in Bulgaria. The repository accepts radioactive waste generated from nuclear applications
in industry, medicine, research and education. The facility was constructed according to a
modified Russian design (type TP-4891) and commissioned in 1964. It was specially built for
the needs of the Institute of Physics with their research reactor IRT-2000 and other
institutions in the country that use sources of ionizing radiation and generate radioactive
waste. The site was selected after site selection procedure according to site selection criteria
that reflected the legal basis "Temporary sanitary roles of protection of the soil, water and air
from radioactive substances" 1]. In 1959, the government appointed (by its decree No. 1287)
the Physical Institute of the Bulgarian Academy of Sciences, whose legal successor is now the
Institute for Nuclear Research and Nuclear Energy, as the central authority for the collection
and disposal of radioactive waste from nuclear applications.

The ovi Han Repository was operated more than thirty years without any accident or release
of radioactivity to the environment, but also without any investment for upgrading. As a
consequence the Committee on the Use of Atomic Energy for Peaceful Purposes temporarily
stopped the operation of Novi Han Repository in October 1994 until measures for
improvement of the facility are undertaken.
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In 1995 INRNE initiated a prograrrime for upgrading the Novi Han Repository and developed
an implementation plan. The activities are supported by the Bulga-rian Academy of Sciences,
the Committee on Use of Atomic Energy for Peaceful Purposes., the International Atomic
Energy Agency with Model Technical Pr 'ect BUL/4/005 "increasing Safety of Novi Han
Repository" for the period 1997-2000, and the Bulgarian Government with financing from
the state budget in 1998, and subsequently from the State fund "Safety and storage of
radioactive waste".

2. Novi Han repository

2.1. Organizationoftheactivities

The Institute for Nuclear Research and Nuclear Energy is the operator of the Novi Han
Repository. The Novi Han Repository department consists of four divisions: Research and
Development, Nuclear Safety and Radiation Protection, Operational Division, and
Construction and Maintenance.

The collection, transportation, treatment and storage of radioactive waste, as well as the
upgrading of the Novi Han Repository is financed by the State fund "Safety and storage of
radioactive waste" through anual contracts. These annual contracts are based on long-term
programme, which is included in the National Strategy on the safety of spent fuel and
radioactive waste management. approved by the Government with Decision No.693 of the
Council of Ministers from 9 November 1999. The State fund "Safety and storage of
radioactive waste" is managed by a steering committee. An expert group of representatives
from the Ministry for Energy and nergy Resources and the operators of waste management
facilities (Novi Han Repository and Waste Processing and Storage unit at NPP Kozioduy) has
been created to assist the steering committee until the establishment of state enterprise for
radioactive waste management.

Control over the safety of radioactive waste management, radiation protection, physical
protection and security is performed by the Inspectorate for the Safe Use Atomic Energy
(ISUAE) at the Committee on the Use of Atomic Energy for Peaceful Purposes, National
Center for Radlobiology and Radiation Protection, Ministry of Environment and Water,
Ministry of Internal Affaires, and Cvil Defense.

2.2. Description of the waste

Radioactive wastes generated in industry, medicine, research and education are accepted in
the Novi Han Repository. They belong to Category 1, 11 and III according to the existing
regulation 2 Liquid radioactive wastes of three groups are accepted for temporary storage
awaiting treatment and conditioning

General waste acceptance criteria are established, based on the existing legislation. etailed
criteria are under development., which cover each step of waste management at Novi Han
Repository - acceptance of waste, transportation, treatment and conditioning, temporary
storage and disposal, as well as exempt levels.

2.3. Description of the Novi Han Repository

The Novi Han Repository is located at Losen Mountain at an altitude of 920 in above sea
level on a 13-16% north-northeast slope. The distance to the capital Sofia is 35 km, and to the

illage Novi Han 65 km. The site covers an .500 M2.
nearest v area of 42 It consist of two
areas separated with an additional fence. The administrative building, security control,
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monitoring facilities and workshops are situated in the first area. The second area hosts the
disposal and storage facilities. radlochemical facilities and decontamination facility.

The restricted areas and supervised areas are established according to the legal regulatory
requirement 2.3]. They extend radially I km and km from the site respectively:

• Concrete vault for disposal of low and intermediate level solid wastes, which consist
3of three separate cells with a total volume of 237M

• Concrete vault for disposal of biological wastes - three separate cells with a total
3volume of 80 m

• Special concrete vault for disposal of spent sealed radiation sources - I m3

• Concrete trench for disposal of solid radioactive waste, which consists of eight
separate units with a total volume of 200 rn';

• Temporary storage structure for low level spent sealed sources, smoke detectors and
static electricity eliminators, which consist of 7 full size metal transport containers

3
with a total volume of 238 m

• Temporary storage structure for spent sealed sources, which consists of four
3reinforced concrete structures with a total volume of 60 m ,

• Temporary storage structures for powerful spent sealed sources from irradiators, each
reinforced concrete structure stores the sources from one irradiation device with

1013activltv in the order of 7 Bq;

• Temporary storage structure for radioactive waste that could be released from
institutional control, which covers an area of 80 M3, covered with a temporary roof.

Liquid wastes are temporarily stored in four stainless steel tanks, 12 m 3 each, in a hydro-
insulated underground concrete structure.

All disposal units are near-surface engineered multibarrier disposal facilities. The following
barriers retard the migration of radionuclides from the disposal vaults to the environment:
reinforced concrete. stainless steel lining, hydroinsulation and the geological barrier (clayey
phyllite-schists). The waste form itself is not considered as a barrier.

3. Upgrading of the Novi Han Repository

INRTE's programme and implementation plan for upgrading of the Novi Han Repository
were supported by the IAEA under the Model Technical Pr 'ect BUL/4/005 "Increasing
Safety of Novi Han Repository". The main tasks and achievements of the programme for
upgrading the Novi Han Repository are discussed below.

3.1. Identificationofradionuclideinventorj,

The radionuclide nentory of the Novi Han Repository, as well as the inventory of each
separate disposal ault, is identified based on existing documentation for the period of
operation of the repository. Spent sealed radiation sources represent the majority of the
disposed matter 4 Currently the vault has 67.9 TBq. The radionuclide inventory is
governed mainly by 137CS (84.11%) and "Co 14.49%). 1 92 Ir, which contributes to the
majoritv of the activity originally disposed in the spent sources disposal vault, has decayed to

levels of activity. Small amounts of long-lived radionuclides 597-101, Bq

226 Ra, 1.82-10" Bq 231) Pu and 240-1010 Bq 241 ) are disposed. The activity disposed in the
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vaults for solid waste, biological wste and the trench is low compared to the sealed sources
disposal vault. The figures ae 70 2Bq, 172-10 11 Bq and 1.1 I., 012 Bq respectively.
Currently the activity of the vault for solid waste is governed mainly by 117CS (63.3 1 0/O'), (�OCo
(15.01 %), 'Sr (I 1.42%), "C (5.28')/o) and 3H 3.77%); 144 Cc , 65Zn, 134CS, 106 Ru , 204'ri , 55 Fe

'bute to 121% of the nventory. The figures for the vault for bological waste and the
trench are similar.

3.2. Characterization of the disposal vaults

According to the original design, the lifetime of the repository was to be ten years. Each of
the disposal vaults has free capacity. Part of the task was assigned to the engineering
organization, which recovered the drawings of the disposal facilities on the basis of the
original documentation. Figure I gives the design of the disposal vault for biological wste.
The vault for solid waste and the engineered trench are of smilar construction. Only the
trench has a drainage system.

2-2
W0400 95OW850

ground ac tlrti It
level I T Tl

Ile

2000 1704W

bitumen reinforced concrete
cove 300 mm

brick all
120 r m bitumen

stainless
4000 s eel, 4 mm

Figure 1: Disposal facility for biological waste

The underground parts of the disposal facilities are in good shape ad no water is found inside
the disposal structures. Leakage of adionuclide outside the vaults has not been observed.

The disposal vault for spent sealed sources is a typical RADON type bore-hole disposal
facility of shallow depth. It consists of an underground reservoir with a capacity of I m 3
connected with a surface loading socket through a curved (serpentine like) loading channel
(Fig. 2 The underground reservoir is under te ground level at a depth 5.5 in. It is
constructed from a reinforced oncrete 300 mm thick with stainless steel type I18149T
lining with a thickness 3 mm. Five led layers each mm thick are pJaced between the
underground reservoir and the surface to prevent the operators rom the exposure. Sealed
sources enter the underground reservoir through the serpentine like loading channel. There is
also a pipe for temperature control ending at the upper part of the repository.
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Figure 2 Bore-hole disposal facility for spent sealed sources

Any leakage of radionuclides from this repository was not observed during the ongoing
monitoring programme.

C7 417

Observation of the bore-hole disposal facility was made by an IAEA Expert mission [5]. The
in-situ control covers: generation of radiolytic hydrogen, radon gas generation, temperature
. Ide the repository, preseric
ins e of water 'ns'de the repository, dose rate measurement at the
surface, loading channel and inside the repository, contamination control at the surface,

loading channel and inside the repository, design parameters control and in-situ television
control with radiation tolerant television system.

The in-situ observation shows that the disposal vault is in a normal condition. No water or
radiolysis gas generation is detected. The presence of 222 Rn, together with the absence of

water show the repository is leak proof. The analysis of sample from the repository, together
with the visual examination indicate on beginning of corrosion damage of some sources.

3.3. Characterization of the site

A geological study of the Novi Han Repository site was made by the Geological Institute of
the Bulgarian Academy of Sciences 6 The study includes characterization of the
meteorology fithostratigraphy of Losen mountain (based on existing records of deep
drillings), lthology of the site (based on three shallow investigation bore-holes from 1 to
25m deep, as well as on existing data from six bore-holes 250-790 m deep, drilled in the area

from 80 to 1500 m from the site), tectonics and hydrogeological settings. The site survey
shows:

• phyllite-schist formation with a variable thickness from 300-500m to more than 800 m
builds the repository site;

• there is no evidence for hazardous atmospheric phenomena;

• the site is not endangered by flooding and gully erosion,

76



• there are no landslides and rock falls in the repository region, which could b an
eventual hazard and ther ae no conditions for evolution of uch processes;

• the geological strata has safe bearing capacity, thus Froviding a safe suitable
foundation base for the dsposal vaults;

• the repository area is not endangered by subsidence or sgnificant settlement of' the
soil base;

• the rocks in the region represent a low water bearing and low permeable fori-nation.

Additional investigations are performed in 2002 to clarify the complex tectonic structure and
'de data for the safety assessment and for construcdon of new facilities on the s'

to provi I I I I i te.

3.4. Safety assessment

Radiological consequences from the disposal of radioactive waste in the Novi Han Repository
are determined for relevant scenarios, selected from a comprehensive list of features events
and processes, developed for the Novi Han Repository 7,8]. The rnain scenarios are leaching
scenario, Pu capsules scenario and intrusion scenario construction and residence). Results are
obtained for the whole repository and for individual disposal vaults. The peak doses are
lower than I mSv/y. Based on the results for the intrusion scenario, an institutional control
period of 300 years is proposed.

3.5. Upgrading of the monitoring and controls system

The environmental monitoring programme covers the Novi Han Repository site, the restricted
area and the supervised area. Based on the experience of monitoring during 30 years of
operation of the Novi Han Repository and the site characterization, the monitoring
programme is upgraded 9 The sampling programme is extended and additional methods
and measurements are now included. Monitoring is performed of -water sources monitoring
bore-holes, permanent and seasonal springs, surface running waters, drinking, household and
irrigation water), soil, sediment,,,,, vegetation, food and air. The fol'owing analytical ethods
are used: gross beta, gross alpha, gamma spectrometry, liquid scintillation measurement of
4C and 'H, 'Sr and 239Pu determination, direct measurement of the dose rate with

thermoluminescent dosimeters, direct measurement of te dose rate with portable surveillance
monitors, permanent measurement of gamma background with automatic system SBN-90,
automatic measurement of gamma background with six gas fillod counters, permanently
situated at the Novi Han Repository site, in situ gamma spectrometry. The sampling pints
and the points where in situ measurements are performed are fixed and marked wth signs.
Their positions are deten-nined with GPS and the results are incorporated in a geographical
information system.

The radiation protection prograrnme covers the personnel dosimetilc control and the control
of the technological processes in order to assure the safety of the operators.

3.6. Option study and conceptual design of a new waste processing and storagefacility.

The option study is aimed to select treatment and conditioning processes for the radioactive
waste from nuclear applications [10]. It is made on the basis of te existing information of
the different waste streams, regulatory requirements and best practices. Conceptual design for
a new waste processing and storage facility is developed [I I]. The sudy is taken into ccount
in the feasibility study for reconstruction and modernization of the ovi Han Repository.
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Table 1. RAW stored in temporary storage facilities at Novi Han Repository site in 2000.

Radionuclide Sealed sources Total activity, B Description
Number

Am"' 6043 7.85.10" Smoke detectors. Sealed sources

P 9 2 641 3.91.10'' Smoke detectors

cs�,_ 1888 1,96. 0'2 Sealed sources, evidence material

cot�O 25 9 1,0.101" Sealed sources

KIIN 79 11 3.6 1. 10'' Smoke detectors, Scaled sources

sr YO 446 8,9. 1 0 Sealed sources

Ra_'� 163 3, 7 1 O' Sealed sources

C!-; 53 2,97. 1 O' Sealed sources

Ba- 7 3,72. 1 O' Sealed sources

4 9.1.10 Sealed sources

TI' 19 10.10") Sealed sources

U 8 9,84. 1 W Sealed sources

PM]4_ 13 4.9 9. 0 Sealed sources

Pu-Be.
Am-Be 40 1,96 n/sec
Ra-Be Neutron sources

P 9 2 7 5 1.95. 1 0'' Neutralizators (plates)

_3�Pu, 712 4,0. 0 Smoke detectors and sealed sources

Cd 1 9 47 2,4.109 Sealed sources

Ce"4 4 8.5. 1 O' Sealed sources

co�_ 12 1,46. 1 0" Sealed sources

6Na 1 6 6.45.10 Sealed sources

20 2.0.101" Sealed sources

Cdl(Q 46 7.0. 1 07 Sealed sources

Eu��' 5 0.1.109 Sealed sources
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The total number of spent sealed sources is 22 0 7 the total activity being ,59. 1012 Bq-
These figures do not include powerful spent sources from a irradiation facility with a total
act v ty of 627. 1 0 Bq, for which a special waste storage contai iner was constructed. Small
amounts 3.6 m ) of solid and lquid (bellow 0 I m 3 ) were collected as well. Details are given
in Table 2.

Table 2 Spent sources and RAW collected and stored at Novi Hart Repository during 2001.

Radionuclide Type Number Activity, Bq

24 'Am Smoke detectors spent sources 8087 9.5 7. 0

2 26 Ra Spent sources 22 1. 02. 1 O)

"9 P LI Smoke detectors, spent Surces, noutralizators, 12080 1.40. 0"'
neutron Surces

238PU Smoke detectors 2 5.46.1 O"

85t�X Smoke detectors spent sources 1 532 4.3 5. 1 0 "'

60 C o Spent sources 61 1.56. 1 0"

137cS Spent sources 150 1. 44. 1 0-'

147pM Spent sources I 9.9(-) I W

55 Fe Spent sources 1 0.007

109Cd Spent sources 1 0.2

13' Th Spent sources 14 1.78.10 8

Unknown Spent sources 47 -

(,O Co 36 spent sealed sources from irradiator 1 6.27. 1013 Bq

134cS,137cS, 90 Sr, Solid waste 3.6 m-11 < 71.104 B/kg
(,f)CO, 4C, 54 Mn,

241 Am 2IU

134cS, 137CS, 9(Sr, Liquid waste 0 I M3 < 3.7.10'- Bq/L
60CO 4C

3.7. Directmeasuresforiniprovementofthesafety

The measures for improvement of the safety are financed by the budget in 1998 and
subsequently by the State fund Safety and Storage of Radioactive Waste. They cover
recommendations of the regulators as well technological needs. The measures include
improvement of te Novi Han Repository and organizational measures. The last includes new
organizational structure of the Novi Han Repository Department and quality assurance. Some
of the important activities are given below:

0 Repair and improvement of the existing disposal vaults. This includes repair of' the
concrete of the above ground parts of the disposal facilities, new hydro-inusulation and
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new lids. ew heavy protective cover is installed over the disposal vault for spent
sealed sources Figi 2;

• Repair and improvement of the building, complete refurbishment of the electrical supply
and reserve electrical supply, water supply, specialized sump water collection and
vent econtamilation svstems, d 'nation facility;

• Improvement of the fire-fighting system and the physical protection;
Improvement of the security and personnel access controL,

• Improvement of the infrastructure;
• Reliable communications and new transport vehicles for the personnel and for transport

of RAW,
• Construction of above ground structures for temporary storage of spent sealed sources,

low level aste, and very low active waste, which could be released from nstitutional
control.

4. Operation of the Novi Han Repository

The routine activities for collection, transportation and storage of radioactive waste at the
Novi Han Repository are resumed from 2000 as a consequence of the upgrading measures.
Radioactive astes with radionuclide inventory given in Table 1, that has been stored in the
Central Storaae Facility of INRNE since 1994, are transported to the Novi Han Repository
and stored in the temporary storage structures specially constructed for this purpose. The
activities are performed under the license issued by the ISUAE in order to fulfill the Council
of Ministers' Decision No.332/1999. The temporary storage of new incoming waste is also
licensed. During 2001 more than 170 contracts with consignors of radioactive waste are
signed and the radioactive wastes are transported and stored in the facilities of the Novi Han
Repository.

5. Future plans

The Novi Han Repository will be re-licensing during 2002 according to the programme
developed by INRNE and CUAEPP. An IAEA Workshop on upgrading measures for re-
licensing is planned for 2002. Based on the INRNE's programme for reconstruction and
modernization. the technical control system for incoming radioactive waste/sealed sources

'II be commissioned in 2003. A facility for conditioning and storage of low and
intermediate level waste and a facility for conditioning and storage of high level spent sealed
sources are planned to be operational in 2006. The option for utilization of a deep shaft for
construction of a bore-hole disposal facility for spent sealed sources is under investigation.
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RADIOACTIN'E WASTE MANAGEMENT AT THE IGNALINA NUCLEAR POWER
PLANT: current status and outlook.

N'. Penkov,

1-nalina Nuclear Power Plant, Lithuania

Abstract.

The management of radioactive waste at the Ignalina Nuclear Power Plant (NPP is
described. An overview is provided on current practices in the processing of different types
and catecor'es of radioactive waste. Data are given on amounts of waste generated annually.Z� 'The strategy, together with efforts and pr 'ects for improving the management of radioactivet� Oi

aste at YNPP in the future are outlined. The co-operation between Lithuania and Sweden on
radioactive aste mana ement is highlighted.

1. Introduction.

The Ignalina Nuclear Power Plant NPP) is located in north-east Lithuania near the borders
of Latvia and Belarus. on the shore of the largest Lithuanian water-body, the Drukshial lake.
Nearest cities to the plant are Vilnius at 130 km from the plant with over 600 000 inhabitants
and Daugavplls in Latvia at 30 km from the plant with 126 000 inhabitants. The residence of
INPP personal is Visaginas, located 6 km from the plant. The INPP consists of two similar
units of RBMK-1500 reactors. "RBMK" is a Russian acronym for "Channel-type Large
PoNver Reactor". The first unit of INPP went into service at te end of 1983, the second unit
in August 1987. Their design lifetime is pr 'ected to 2010 - 2015. According to the latest
decision of the Lithuanian Government, operation of the first unit has to be finished by the
year 2005 and of the second unit probably by the year 20 1 0.

Based on its respective norms and rules, the waste management strategy of the former Soviet
Union was initially implemented at the INPP. This means that the spent nuclear fuel (SNF)
was to be reprocessed in the Soviet Union and the management of radioactive waste had to be
performed in connection with the eventual decommissioning of the reactors. The major
facilities for management of radioactive waste were for evaporation of liquid waste and
subsequent bitumenisation of the sludge, treatment of liquid with ]on-exchange techniques
and subsequent storage of the resins in tanks. Solid waste was sorted according to its
radioactivity content, and stored on site.

Following the independence gained by Lithuania in 1990, the country is successively
replacing the former norms and rules by Lithuanian laws and regulations. Lithuania has
signed both, the 'Convention on Nuclear Safety' and the 'Joint Convention on the Safety of
Spent Fuel Management and on the Safety of Radioactive Waste Management'. The law on
radioactive waste management and a range of regulations were issued over the last years that
govern all activities in the field of radioactive waste management in Lithuania.

1_NPP is the most significant producer of radioactive waste in Lithuania. Many of the
problems are associated with the fact that the waste management strategy has to be
successively changed as the generation of SNF and radioactive waste continues. The law on
decommissioning of the lNPP has been passed in 2001. The European Union took a decision
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on financial support of Lthuania for INPP decommissioning. In the frame of preparatory
work for decommissioning of nit 1, some pr 'ects will be realized, as a result of which the
radioactive waste management system at INPP will be transformed and will meet all modem
requirements. A lot has already been achieved, especially with respect to the SNF. However,
the main work is still to be done util the INPP can declare that its waste is properly anaged
in full compliance with a national waste management strategy which eventually will lead to
disposal in licensed repositories.

2. Existing radioactive waste management system.

2.1. Spentnuclearfuelmana-gement.

The spent fuel assemblies are kpt n the storage pools accessible from the floor of the storage
pools hall. All handling operations; are carried out in the storage pool hall. Being cooled for
at least one year, the assembly my be removed from the pool to the cutting bay which is
located in the reactor building between the storage pools hall aric the reactor hall. The bay
includes a hot cell, a control room and a maintenance area. n the hot cell spent fuel
assemblies are cut into fuel bndles and placed into transport baskets which are moved to
spent fuel pools for storage. Spent fuel is kept in the pools for at least 5 years and then loaded
into CASTOR or CONSTOR casks and disposed at the interim storage site where it is to be
stored for 50 years.

2.2. Solid waste.

In accordance with the rules of the former Soviet Union, the solid aste is separated into three
classes (Table 1), Group I ow activity), Group 2 ntermediate az�tivity) and Group 3 (high
activity). The criterion is the amma dose rate at 10 cm from the surface. Group I waste,
which has a dose rate < 03 mS-%,/h, mostly consists of wastes resulting from normal operation.

Table 1. Existing radiological classification for SRW.

Waste Surface dose Specific activity Surface contamination
Group rate* Bq/kg Particles/cm -min

MSv/h P-activitv a-activity P-activity a-activity
Low Level Waste (LLW)
I .0-4 _0.3 7.4- 104 - 37 1 0" 7.4- 103 _ 5.0- 1 C,2 _ 1.0 1 04 5.0 _ I 0- 3

3.7- 105

Intermediate Level Waste (11W)
2 0.3 - 0 3.7- 106 - 3.7 1 0 3.7- 1 05_ I .0 I 04 _ 1.0 107 1.0 103

3.7 1 O' 1.0 106

High Level Waste (HLW)
3 > 10 > 3.7- W > 37-10' > 1.0 lo, > I 106

* Radiation at a distance of 10 cm ftorn the surface ofthe waste

At collection points the waste is segregated into combustible and non combustible waste.
From 1997 up to now, generation f Group I waste has decreased from a level of about 500
m3 per year to a level of 600 m 3 per year, whereas non combustible radioactive waste of

3Group I is 350 m . Since 1995, combustible waste is compressed i a compactor Q=70m As
a result, the initial volume of aste has been reduced by a factor of 2 to 3 Group waste,
which has a dose rate between 03 and 10 mSv/h, consists of dsased machine components
and materials from maintenance operations on radioactive equipment. At the collection points
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this aste is also segregated 3into combustible and non-combustible waste. The waste
generation rate is about 130 m per year. The volume of non-combustible waste is about 5
m per year. Group 3 waste, which has a dose rate higher than 10 mSv/h, is mostly generated
in 'hot cell' and cutting unit' operations on irradiated fuel assemblies and reactor channel
elements. This type of waste consists of bearing pipes, additional absorbers, control rods, fuel
channels and similar components.

Solid radioactive aste (SRW) generated during operation is segregated into the three
different groups referred to above depending on dose rate and is further subdivided into
combustible and incombustible waste. The segregated waste is collected in assigned places at
the plant where it is also sorted. The wastes are loaded into appropriate containers and sent to
a building complex (Buildings Nos. 155, 15511� 157, 157/1) originally intended for dsposal
but noA used as interim stores for SRW at JNPP. Volumes of waste accumulated in the stores
bv JuIv 2002 are surnmarlsed in Table 2.

The process of waste management includes several operations of waste collection, packing
and transporting to the nterim store. Wastes of Group land 2 are packed in plastic bags. The
waste is further put into special containers for transport to the storage buildings. The
transport containers for Group 2 waste are provided with proper radiation shielding. Waste of
Group 3 is loaded directly into transport containers at the places where it is generated. Large-
size equipment is delivered into a transport corridor and is loaded onto either a special car or
tra ier platform for transport to the appropriate store.

Table 2 Summary of the Waste Stored in the Four Stores at INPP.

Building Waste Design capacity, Already fifled volume, Unoccupied
3No Group volume

Combustible Non- combustible Non- -'ornbustible Nbh-
combustible combustible combustible.

5 1 2400 0 2400 0 0 0
2194

15511I 1 2400 0 including 0 0 0
286 balls

1 2340 940 2340 940 0 0
157 2 1170 960 1170 960 0 0

3 0 1380 0 663 0 717

15711 1 6160 6960 3530 5808 2630 1152
including
303 balls

2 1 1900 1 2320 1 670 1 1120 1 1230 1 1200

2.3. Liquid Waste.

Drainage water from reactor buildings, liquid waste treatment facility (LWTF) and laundry
are collected in storage tanks in the Buildings No. 151 and 154. The tank farm consists of
twelve tanks made of concrete and lined with stainless steel. Six tanks, each with a volume of
1500 m receive drainage water from the reactor buildings, water from a special laundry,
condensate from the evaporator units, spent ion-exchange resins and perlite pulp. Of the other

3six tanks each with a volume of 5000 m four are used for treated water that is recycled to the
reactor and two are kept empty for emergency situations.
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The water in the receiving tanks in Building No. 151 is fed to one of two interconnected
batch-evaporation units located in Building 150. This building also contains a twin
bitumenisation unit. In the evaporator, the drainage water is driven off until the salt

3concentration reaches 360-390 (,/I. The concentrate is stored in two of the 1500 M tanks.
From these tanks evaporator concentrate is fed to one of two biturnemsation units, each with a

3capacity of 04 m /h.

The bitumenised waste, having a slt concentration of about 40%, Is transferred to a itumen
storage building, Building No 158, using a steam-heated pipeline and the product is stored in

3 1 -he period of operation, 10
one of I I compartments, each with a capacity of 2000 m . During I 1
700 rn 3 of bitumenized waste has been dumped in this storage, corresponding to about 50"/ of

3the total storage capacity. The generation rate is 700-800 M /year.

2.4. Storage of spent ion exchange resins, perlite and sediments.

Spent ion exchange resins and 'norganic filtering powder perlite are used at INPP in water
pur icat Annual inflow of spent exchange resins and perlite to storage tanks at

3 3LWTF is about 200 M /year. For the whole period of INPP operation about 1800 m of on-
exchange resins and perlite have ben accumulated. Now the storage tank of 1500 m has
been filled up, and filling of the rserve tank has been started. Sediment generated in the
storage tanks of evaporator concentrate and sewage is stored in LWTF tanks. Until now 1900
m 3 of sediment have been accumulated. The tank for 1500 M 3 is filled up. Sediment
generated after cleaning of sewage water storage tanks is stored in a reserve for 1500 m 3

together with spent ion-exchange resins and perlite.

3. Strategic approach.

The INPP has the intention to demonstrate its capability to operate the largest reactors in the
world in a way which meets all national requirements and nternationally accepte sfety
levels and also to get nternational recognition as an operator who anages to meet its highly
set objectives. The operation of the reactors in this case also ncludes the management of the
spent nuclear fuel and the radioactive waste both what is generated oday and what exist at the
site as a result of earlier operation. For upgrading of spent nuclear fuel and radioactive aste
management INPP has, in addition to the continued co-operation with Lithuanian and Russian
experts, recognized the need to seek co-operation with western experts as the western
approach is different from the approach previously applied at the NPP. Also the financial
situation in Lithuania has made it ncessary to look abroad for financial support in upgrading.
A major contribution to solve the problem of radioactive waste anagement at INPP was
made by Sweden. To facilitate efficient utilization of Swedish - Lithuanian co-operation, a
Steering Committee on Swedish-Litbuanian Waste Management Projects was set up in 1997.
Members of the Committee are representatives from Lithuania (INPP, VATESI, Ministry of
Economy, Mnistry of Environmental Protection, Radiation Protection Center of the Ministry
of Health) and from Sweden (SIP and SSI, the Swedish radiation rotection authority). The
majority of pr 'ects related to conditioning and storage of radioactive waste at INPP were
implemented under the aegis of the Steering Committee. In June 1998, an ad hoc group was
established, chaired by INPP, with the objective to prepare a proposal for new pr 'ects In
May 2001 a Radioactive Waste Management Agency was established. The Agency will have
a response I I ibility for all activities 'n long term planning and radioactive waste disposal.

In the frame of preparation for Unit I decommissioning some pro'ects will be realized as a
result of which the radioactive waste management system at INPP will be transformed and
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'II meet all odern requirements. A Pr 'ect Management Unit was established at INPP toNvi Oi
oversee all r 'ects relating to the decommissioning of INPP. Among others there is a pr

p Oj oject
pursuing modernization of the management and storage of short and long-lived low and
intermediate vel aste.

4. Planned improvements.

4. 1. Solid waste management system.

Future modernization of the existing solid waste management system will be fulfilled in the
frame of preparatory work for INPP Unit I decommissioning. It is planned to change the
whole svstem of solid waste management based on a new waste classification (Table 3 issued
by the regulatory authority and to build a new processing facility and stores. The project is
called Solid Waste Management and Storage Facilities (SWMSF) in the decommissioning
programme.

Table 3 '_\ew radiological classification for SRW to be used as a criteria for waste
searep-ation in SWMSF.

Waste Definition Surface Conditioning Disposal method
Group dose rate
0 Exempt aste (EW) Not required Management and

disposal as per
requirements set in
[11.17]

Short-lived low and intermediate level waste

A Verv low level waste <0.5 mSv/h Not required Very low level waste
(VLLW) repository

B Low level waste (LLW-SL) 0.5-2 mSv/h Required Near surface repository
C Intermediate level waste >2 mSv/h Required Near surface repository

(ILW-SL)

Long-lived low and ntermediate level waste
D Low level waste (LLW-LL) <10 mSv/h Required Near surface repository

(cavities at ntermediate
depth)

E Intermediate level waste >lOmSv/h Required Deep geological
(ILW-LL) repository

Spent sealed sources

F (SSS) Required Near surface or deep
geological repository

Containin2 beta and';or Lamma emitting radionuclides ith half-lives less than 30 years, including CS137 , and/or
long ed alpha emittin!z radionuclides with measured and/or calculated, by using approved methods, activity
concentration less than 4000 Bq//g in individual waste packages on condition that an oerall aerage activity
concentration of ong lived alpha emitting radionuclides is less than 400 Bq/g per waste package

3 7Containin2 beta and or aamma emitting radionuclides ith half-lives more than 30 years, not including Cs'
and or 101`12 lived alpha emittinL radionuclides ith measured and/or calculated, by using approved methods,
actix it% concentration more than 4000 Bq/'g in individual waste packages on condition that an overall average
acti,, ity concentration of long lived alpha emitting radionuclides exceeds 400 Bq/g per waste package.

Depending on acceptance criteria applied to sealed sources.
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The Solid Waste Management ad Storage Facility (SWMSF) will allow the retrieval,
transfer, sorting, assay, treatment, epackaging and storage of the short and long lived Solid
Radioactive Waste (SRW). The SWMSF includes all facilities in one building with the
exception of the Solid Waste Retrieval Facilities (SWRF). The SWRF will be built in
connection with te existing storage buildings. Figure I shows the structure of the SWMSF
project.

SOLID ASTE MANAGEMENT
AND TORAGE FACILITIES

(SW M SF)

SOLID WASTE 30LID WASTE REATMENT
RETRIEVAL FACILITIES AND STORAGE FACILITY

(SW RF) (SWTSF)

Sold Me bdi�ldings A Te6bt �ent
&

SWT

Figure I Structure of SWMSF project

The SWMSF pr comprises the design, licensing, fabrication, Ibmishing, commissioning
and hand-over based OD the flowing technical and functional requirements. A general
functional diagram of the SWMSF is shown in Figure 2.

For all wastes, the following functions must be provided by the new facilities: retrieval of the
existing waste from Buildings 155, 15511, 157, 157/1 and possibly assay and characterization
at the retrieval facility; transfer of the solid waste through dedicated waste or shielded
transport cask to the new SWMSF1 receiving, treatment and conditioning of the operational
waste in the new SWMSF; assay and characterization.

Treatment and conditioning of different type of waste will include:

Categmy A, B, C & D Waste., aste preparation where necessary including drying, size
reduction, control and sorting; treatment and packaging; waste packages full characterization,
labeling and recording of characterization data; clearing the area of grouted containers;
storage at the licensed landfill of Very Low Level Waste; buffer storage for waste pckages
not fit to be disposed of into the licensed landfill.

Category E Waste.- packaging, of the waste in long lasting ontainers (without final
conditio Ding); characterization of the waste container, labeling and recording of
characterization data; interim storage (for 50 years) of the waste containers.
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Figure 2 Functional diagram for Solid Waste Management and Treatment Facilities (TC:
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Internal Transport Container, container for nternal transport inside the solid waste treatment
facilitv. IP: incinerator packages, special waste packages for incinerator feeding, G 3 Group 3
Waste)
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In addition to the above, treatment and packaging will include:

Categoii, A and B Waste.- packing f non-combustible and non-cornpressible waste n drums
and boxes; compaction in bales for oncombustible waste; incineration of the part ot the
combustible waste that is acceptable for the incinerator and/or which incineration will not
produce too high quantity of secondary waste, recovery of ashes and dust in 200-1 dums.

Category C and D Waste and 20-4 druins 'filled with ashes and dusi.- super-compaction of
solid waste in 200-1 drums, emplacement of te pizzas in concrete containers; grouting of
these containers.

Graphite Waste.- packaging in long lasting boxes.
Spent sealed radioactive sourees.- Packaging in pre-sbielded drums r boxes wthout grouting

All solid radioactive waste already tored at NPP and generated until 20 0 will be seg' reg ated
according to the new classification (Table 3 treated, conditioned ;and stored in intenriediate
storage. Waste of Classes A, an C will be conditioned for final disposal. Class A aste
will be disposed in a landfill type repository. Class and C waste will be stored in a buffer
storage for about 30 years when a nar surface repository will be available in Lithuania. Class
F and D waste will be placed in appropriate containers without final conditioning (e.g.
grouting with cement) and stored in a intermediate storage for about 50 years. The ecision
on final conditioning will be taken when the 'Waste Acceptance Criteria' for disposal of these
classes of waste will be available.

4.2. Liquid waste

Initial discussions have questioned the acceptability of the nterim storage for burnenised
waste as well as te procedure, which does not result in individual waste packages. As a first
step, an assessment of the long-term safety of the existing storage or bturnerused waste was
done. The study showed that the structure can not be expected to remain intact over several
hundred years. Two aternative concepts were discussed, retrieval of the bitumen compound
and a conversion of the store to a repository by provision of additional engineering barriers to
the existing structure.

The retrieval of the waste in Building No. 58 is a major technical undertaking for which little
experience is available. Nevertheless it has been qualitatively discussed. The second
alternative includes the construction of a multi-layer earth-cover ea]. The barrier is to be
placed over the building wth the primary purpose of isolating the waste from the
environment.

The study concluded that Building No. 58, supplemented with a multy-layer earth cover, will
'de a safe solution to the dsposal of the biturnenised waste already stored n the building.

The implementation of a multy-layer cover is a activity that wll take place many years from
now when the adjacent waste processing building will have been decommissioned. An
important result of this study is that it has been shown that this is - feasible disposal option,
but it has also shown the need to clarify the lcensing scheme for this storage facility.

4.3. Conditioning of ion exchange resins.

It has been realised that ion exchange resins presently stored n large tanks need to be
conditioned without undue delay. A study made by SKB hs shown that a cement
solidification process is the optimum solution for INPP for processing the spent resins, perlite
and other residue in the tanks. Based on a tendering process, a supplier has been selected.
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The contract with the respective supplier has already been signed and the cement
solidification facility will be put into operation in 2004.

5. Conclusions.

Thanks to a systematic approach and constructive co- operation, especially with Sweden, the
INPP is on the way to establish an acceptable waste management system based on
internationally accepted principles. An important factor for success is the systematic
approach based on an integrated strategy. Another important factor is that there has been one
major co-operating partner which was able to ensure an integrated approach on all different
components of waste management. We are confident that the problem of NPP radioactive
waste can be solved under the proceeding co-operation of Sweden and Lithuania and as a part
of the Unit I decommissioning pr 'ect to be financed by the European Union.
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Appendix I

Comparison between Old and New Classification System at INPP

OLD CLASSIFICATION
1,3 MSV/jr) 0.3 mSv/tt) 10 MSV/lt)

*) 10 cm from waste surface

Industrial Group'l Group 2 Group 3

waste

01 0.01 0.1 1 0 Surface ose rate
mSvlh

VLLW LLW-SL ILW-SL Short-lived

radwaste
Cleared Class A Class Class C

waste 0.5 MV/h 2 mvffi

Class 1) LLW-LL ILW-LL Long-lived

Clearance Class E radwaste
levels NEW CLASSIFICATION 10 mSvlh
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Appendix 2

g 157/ - Group and 2 Waste Storage
Vim of Buildin
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Appendix 3

View of Buildinos 57 and 17/ - Group 1. 3 NN,';-..iste Storages
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..........

... .... .. .....
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Appendix 4

View of Building 155 and 1551 - Group I and 2 Waste Storage
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STANDARDS AND REGULATIONS FOR RADIOACTIVE WASTE
MANAGEMENT: THE REGULATORY FRAMEWORK FOR THE POTENTIAL
GEOLOGIC REPOSITORY AT UCCA MOUNTAIN NEVADA, U.S.A.

A. VanCamp Gil, D. R. Williams

United States Department of Energy
Yucca Mountain Site Characterization Office
1551 1-1111shire Drive, Suite A, Las Vegas, Nevada 89134, USA

Abstract

After years of geologic nvestigations, Yucca Mountain, Nevada as been recommended by
the President of the United States to the U.S. Congress for development as the geologic
repository for disposal of high-level radioactive waste and spent nuclear fuel. This significant
step forward in implementing national policy for te safe and environmentally sound solation
of radioactive waste was made possible by the finalization of the regulatory framework for the
U.S. repository program. The Nuclear Waste Policy Act, passed in 1982 and amended in
1987, established the roles of three federal agencies responsible for interrelated regulatory
aspects of radioactive waste dsposal: 1) the U.S. Environmental Protection Agency ("EPA";

ible for setting standards. for public health and environmental protection) 2 the U.S.
Nuclear Regulatory Commission NRC"; responsible for developing licensing criteria and
regulations implementing the EPA's standard); and, 3 the U.S. Department of Energy
("DOE"; responsible for site selection, characterization, recommendation and repository
development and operation). These agencies first published their regulations in the 1980's In
the 1992 Energy Policy Act, Congress directed the EPA to develop new public health and
safety standards that were specific for Yucca Mountain and directed the NRC to revise its
technical requirements and criteria o be consistent with the EPA's new standard. In keeping
with this approach, DOE revised its siting guidelines to apply to Yucca Mountain. Therefore,
with the 2001 finalization of the EPA standard and the NRC and DOE regulations, the
regulatory framework for a Yucca Mountain repository is in place.

1. Introduction

Although the United States has evaluated methods for the safe storage and disposal of hgh-
level radioactive waste and spent uclear fuel for more than orty years, Yucca Mountain,
Nevada has been investigated as a potential site for development as a geological repository for
this waste for almost thirty years, and the law establishing national policy for waste disposal
is twenty years old, the complete rgulatory framework for geologic disposal decisions (e.g.
site suitability and repository lcensing) has only recently been finalized. The regulatory
framework established by the Nuclear Waste Policy Act of 1982 j� roles for three
independent agencies: the U.S. Evironmental Protection Agency (EPA), the U.S. Nuclear
Regulatory Commission (NRC)and the U.S. Department of Energy.

U.S. Environmental Protection Agency EPA's standard, revised in accordance with tile 992
Energy Policy Act 2 mandates protection requirements for the preclosure or operations
period that will ensure that no member of the public receives more than an annual committed
effective dose equivalent of 15 millirern from the management and storage of radioactive

95



material at the surface and within Yucca Mountain repository. Using performance
assessment, DOE must demonstrate that there is a reasonable expectation that for 0,000
vears followin- disposal from all pathways, the reasonably maximally exposed individual
would receive no more than an annual committed effective dose equivalent of 15 millirem
from the undisturbed Yucca Mountain disposal system. The standard also requires DOE to
analyze a stylized human intrusion scenario wherein the waste packages would be sufficiently
deQraded such that they would not be recognized by the intruders (drillers). In addition, a
groundwater protection standard is included that requires DOE to provide a reasonable
expectation that for 10,000 years of undisturbed repository performance, releases of
radionuclides to the accessible environment will not exceed specified limits. The EPA's
revised site specific standards became effective July 3 2001. ,3

U.S. Nuclear Regulatmy Commission NRC's regulation (10 CFR Part 63, Disposal of
High-Level Radioactive Wastes in a Proposed Geologic Repository a Yucca Mountain,
-Vevada) became effective December 3 2001. This rule established a body of risk-Informed,
performance-based licensing criteria for disposal of spent nuclear fuel and high-level
radioactive %vaste, applicable only to a repository located at Yucca Mountain. The NRC's
licensing criteria implement the EPA rule. In finalizing its regulation, tile NRC noted that
risk-informed, performance-based regulation is an approach in which risk insights,
engineering analysis and udgment, and performance history are used to: focus attention on
those activities most important to performance; establish objective criteria based upon risk
insights for evaluating performance; develop measurable or calculable parameters for
monitoring system and licensee perfort-riance, and focus on the results as the primary basis for
regulatory decision making.)41 In addition to the rule, NRC has provided additional guidance
to DOE for development of a license application: 1 a series of agreements between DOE and
NRC detail specific areas in which additional nformation I's needed to address NRC's Key
Technical Issues I; and 2 in March, 2002, the NRC published the Yucca Mountain Review
Plan (YMRP) for review and comment. The plan provides risk-informed guidance to the
NRC staff for its review of the DOE's license application. The YMRP would be considered
by DOE during license application development to ensure that any application submitted
adequately addresses NRC's acceptance criteria.

LS. Department of Energy, as the implementing agency, has the responsibility to
investigate, site, construct, operate, and close the geologic repository. The Nuclear Waste
Policy Act (NNNIPA) required the Department to develop guidelines for selecting and
comparing sites for recommendation for site characterization and for recommendation by the
Secretary of Energy to the President for development as a repository. DOE issued 0 CFR
960 (Energy: General Guidelines for the Recommendation of Sites for Nuclear Waste
Repositories) in 1984. Using these guidelines, DOE recommended three sites to the President
for site characterization. However, the 1987 amendment to the NWPA f,5, directed the DOE
to focus site characterization activities solely on Yucca Mountain, Nevada. Following and
consistent with the proposed rules by EPA and NRC described above, in 999 the DOE issued
a proposal to amend the original siting guidelines in a new rule, IO CFR 963 6 the rule
became final in December, 2001. The new rule specifies methodologies for evaluating the

'der'ng ific criteria related to the natural and engineered systems, particularly
s te consi I speci

The NRC's nine Kev Technical Issues focus on those areas most important to postclosure repository
perforrnance: 1) Container Life and Source Term; 2 Total System Performance Assessment Integration- 3)
Repository Design and Thermal-Mechanical Effects; 4 Near Field Environment; 5) Unsaturated and Saturated
Zone Flok� Under Isothermal Conditions-, 6 Igneous Activity 7 Radionuclide Transport; 8) Structural
Deformation and Seismicity. Posiclosure safety is also considered a Key Technical Issue b the NRC, bringing
the total to 9 DOE has agreed to address these issues prior to submittal of a license application to the NRC.
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those important to the performance of the geologic repository. he rule also specifies the
scope of technical information required to spport a suitability determination and define
methods to evaluate preclosure r operational ad postclosure safety.

In January, 2001, using the guidelines at 10 CFR 963 to determine site suitability, and as
required by the NWPA, the Secretary of Energy notified the Govenior of Nevada of his intent
to recommend the Yucca Mountain site to the President for dvelopment as a geologic
repository. In February, the Pesident recommended the site to Congress. As mandated by
the Nuclear Waste Policy Act, both houses of Congress must vote to override the Governor of
Nevada's veto of the Presidential site recommendation; this Cong-essional action mst take
place within 90 days of the Governor's veto.

The DOE is developing plans to prepare for submittal of an LA and to facilitate the U S.
Nuclear Regulatory Commission NRC) review of this LA, if ft- Yucca Mountain se is
recommended and approved for repository development. As of December 2001, the
regulatory framework for a potential Yucca Mountain repository licensing process is in place.

2. Conclusions

As of December 2001, the finalization of the regulatory framework for a potential geologic
repository has allowed significant progress to be made in implementing national policy for
high-level radioactive waste disposal. DOE is currently planning for submittal of a license
application to NRC in December, :1004, if the Yucca Mountain, Nevada site is approve by
the U.S. Congress for repository development.
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Abstract.

Deep geological disposal of high level and medium level long-lived waste in France is one of
the three research paths defined by the law of 30"' December 1991 on radioactive waste

management. Research should be undertaken on: separation and transmutation of long-lived
radionuclides in these waste; reversible or non reversible disposal in deep geological layers
supported by investigations in underground laboratories; processes for conditioning and long
term surface storape of these waste. In 2006 a global evaluation report on this research
should be established by the Government and sent to the French Parliament. On this basis the
Parliament should promulgate a law providing new objectives for the research and possibly
presentin a framework for a deep disposal process.

The French uclear Safety Authority has the responsibility to license the underground
laboratories foreseen in the second research path and the nuclear facilities involved in the first
and third research paths and make sure that existing high level and medium level long-lived
waste currently produced are properly managed. It will give its advice on the safety aspects
associated to the envisaged future management options. Its main concern is that results
obtained in 2006 will be conclusive enougb to take decisions for future orientations.

Conceming the deep disposal option, under the responsibility of ANDRA (Agence Nationale
pour la gestion des D6chets RAdioactifs), the construction of an underground laboratory has
been authorized on the Bure site, in eastern France, and the shafts are under construction. The
main issue is the level of investigations that may be performed in the host rock in order to
support the feasibility study of a disposal concept on this site. Other issues are the elaboration
of new safety standards to set a framework for a safety assessment of a disposal concept, the

ifications for acceptance of waste packages a future deep dsposal, and relation of
safety matters with expectations from the public.

1. Introduction

High level and medium level long-lived waste produced in France come mainly from the
nuclear industry associated to nuclear electricity production. Some of this waste come also
from nuclear research centers and defence activities. Most of the medium level waste or "type
B waste". originate from various reprocessing lines (hulls and end-pieces) and associated

maintenance operations (I 600 m3/year). They contain long-lived alpha emitters in significant
quantities. The high level aste, known as "type C waste", generally originate from fission
and activation products deriving from spent fuel processing 240 m3/year). These high

activity waste also include CEA fuel, irradiated in research reactors, together with EDF spent
fuel hich is not intended for reprocessing. Type and type C waste are currently stored on

the production sites.
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Long term management options for high level and medium level long-lived waste are being
sought along te lines specified b the article L572 from te code of environment (law 9-
1381 concerning research in radioactive waste management, passed on December 30, 1991).
This law implements a fifteen years research programme along three different research paths

• research of solutions to separate and transmute long-lived radionuclides in the waste;
• studies of reversible and non rversible disposal in deep geological layers supporte by

investigations in underground laboratories;
• studies of processes for conditioning and long term surface storage of these waste.

Concerning the second research pth, after a 7 years long process including mediation in
different regions of France by a member of Parliament, three ses have been selected as

ible locations for underground laboratories. Following preliminary inve 'gat'
poss sti ion on
these three sites, public nquiries ad technical assessments, the government signed on
August 3'.d 1999 the decree authorizing ANDRA to implement and operate at the Bure site, in
eastern France, an underground laboratory in order to study deep geological formations where
radioactive waste could be disposed of

On August 7 2000, ANDRA was authorized to begin construction of the shafts of the
underground laboratory. The snking of the shafts is underway slnc�- September 2000 and the
drifts of the laboratory should be built in the course of the year 2003.

Experiments and site investigations are being performed during shafts sinking.
Characterization of the host rck from the drifts of the underground laboratory will be
performed between 2003 and 2005. These experiments will be the basis for the global report
that ANDRA should produce at the end of 2005 on the feasibility of creating a high level
waste repository on this site.

Since the law provides for at least 2 underground laboratories, the selection of possible sites
for a second laboratory has been carried out in parallel. The mediation, in 1993, led to the
selection of a cay site in the Gard department at Marcoule nd a granite site under
sedimentary cover in the Vienne department western part of France). These sites were not
found suitable from local opposition or adverse geological features. In 1998, after a decision
of the government to search fora new granitic site, a series of 15 potentially suitable sites was
preselected. The subsequent mediation led at the local level by three high civil servants met
however a strong opposition and hd to be interrupted. A new siting process and associated
mediation action is envisaged after the 2002 national elections in Fance. Meanwhile ANDRA
is performing generic studies on disposal in granitic formations from experience gained in
other countries.

Current safety issues concern the
1) confirmation of the good containment properties of the Bure ste and the demonstration of

the feasibility of a safe disposal design on this site 
2) elaboration of advanced safety standards by the Nuclear Safety Authority which should

serve as a reference for udging the safety case presented by the operator 
3) elaboration of a safety guid dfining te framework for waste package acceptance in a

disposal center 
4) implication on waste management and safety of means to gain public acceptance of the

geological disposal option which implies introduction of a retrievability period of' the
waste after disposal, selection of a site for investigations in a second underground
laboratory and research in other areas than deep disposal.
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2. Confirmation of the good containment quality of the Bure site and feasibility of a
deep disposal on this site

Field investigations by drilling have been performed at the Bure site since 1993. The
existence of an homogeneous horizontal 130 m thick argillite layer at a depth of 500 meters
was confirmed. Very little water was detected in the upper sedimentary layers. Based on the
re,% ekv of ANDRA's experimental program during shafts sinking and proposed excavation
techniques. the French Government granted, on August 7 th 2000, the authorization to ANDRA
to sink the shafts of the underground laboratory. The sinking of the shafts is underway since
September 2000 and will last for two years and a half. During shafts sinking the main
emphasis is given on minimization of rock mechanical disturbances and evaluation of the
impact, at some distance from the site, of the drainage by the shafts of groundwaters from
conducting lavers in the sedimentary cover. Further ministerial authorizations wl be required
for excavating the drifts of the underground laboratory.

Prior to the 7 August 2000 authorization, ANDRA sent to the French Nuclear Safety
Authorltv a series of documents concerning the geology of the Bure site, the initial design
option for a repository, the safety approach and the experimental program during shaft
sinking.

ANDRA sent as well a global development plan concerning the research relative to the deep
disposal pr 'ect. On the request of the French Nuclear Safety Authority these documents were
analyzed by the --Nuclear Protection and Safety Institute (IPSN) and the Advisory Committee
on aste management in 2000. This resulted in a series of recommendations that the French
-Nuclear Safety Authority sent to ANDRA for the following steps it conducts for studying the
feasibility of deep geological disposal on the Bure site. nvestigations and experiments in the
underground laboratory should allow to gather the necessary data for the design, the
optimization (with respect to retrievability) and the demonstration of the safety of a potential
repository on the site.

In December 2001, ANDRA sent to the Nuclear Safety Authority a safety file comprising the
following elements:

- detailed information on the geology of the Bure site, the waste package inventory, the
materials to be used for artificial barriers and the biosphere;

- a phenomenological analysis of the different states of the repository system depending
on time frames;

- a functional analysis of the repository system and a conceptual design;
- a qualitative analysis assessing the robustness of the repository system;
- a quantitative analysis based on the normal evolution scenario and a sealing defect

scenario.

The different elements of this safety file will be reviewed in 2002 and 2003 by the Nuclear
Safety Authority and its technical supports, including the Advisory Committee on waste
management, in order to provide feedback to ANDRA before the publication of its feasibility
study report due at the end of the year 2005.

3. Evolution of safetv standards set out in 1991

The review of the documents produced by ANDRA is presently perfori-ned along the lines of
the Basic Safety Rule RFS 111.2.f published by the Nuclear Safety Authority in June 1991 It
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sets out the radiation protection objectives to be met for the disposal, basic principles for
repository design linked to safety, site selection criteria and guidance for elaborating, the
safety case. The revision of this Basic Safety Rule is under progress taking into account the
new ICRP 81, experience feedbacl� at the national and nternational level and the possible
incorporation of a retrievability period. Bilateral cooperation on guidance rules for deep
disposal has been established with erman counterparts of French organizations from 1997 to
1999 and with Belgian counterparts since 2000.

The main lines of' this revision will concern te radiation rtection objectives and
compliance criteria depending o time frames and type of scenarios and respective

of the implementor and the re ulator. It will also concern the safety
idelines for the design of the repository, taking into consideration the role of the different

safety functions in the definition of the multi-barrier system and including safety requirements
for the operational period and retrievability period. Guidelines for te elaboration of the safety
case including multiple lines of easoning and confidence statements will be provided.

4. Safety guide for waste package acceptance in a deep disposal center

Waste packages for deep disposal are currently being produced by main high level and long-
lived waste producers EDF, COGEMA and CEA. Following requests from the French
Nuclear Safety Authority, ANDRA has established first level specifications and an acceptance
process for these waste packages in order to include them in the leep disposal pr 'ect. his

based mainly on the radiological and physico-chemical characterization ofthe
acceptance is I I I
waste packages which are being produced and the quality management for their fabrication.
ANDRA is performing controls on sites to assess the quality of this fabrication.

The Nuclear Safety Authority is establishing a safety guide in order to precise the role of the
waste producers, the implementor and the regulator for waste package specification and aste
acceptance.

The main concern is that waste packages being produced now have a large chance to eet the
requirements of a future deep disposal without major reconditioning. The next concern is that
conditioned spent fuel meet similar confinement properties as vitrified waste and that future
fuel mana ement options in reactors will not degrade their containment properties. Ephasis

'II be gven of consistency between specifications for deep dsposal under the responsibility
of ANDRA and interim storage specifications under the responsibility of CEA.

5. Implication of public expectations on waste management and safety

Public expectations ave a large mpact on waste management ssues and disposal conditions.
Following the December 30" 191 act, a large panel of options hve been envisaged long
term interim storage, separation and transmutation of long-lived radionuclides, investigations
in at least two underground laboratories and possible retrievability of waste packages ftom
deep disposal. The implication on sfety of these different options h ave to be examined.

An interim storage period is necessary for radioactive decay of sort-lived radionuclides in
heat producing waste. However, if this period is extended too far in the future it may increase
the probability of poor maintenance and leave undue burdens to uture generations. As for
separation and transmutation, the overall potential advantages of increased protection in the
long term should be weighted against possible increased doses o workers. An industrial
process for separation and transmutation will not be mplemented during the present
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generation and risks and costs may be transferred to fture generations. Moreover,
development of separation and transmutation implies a fully operational nuclear industry
including nuclear power plants and reprocessing plants. It will also lead to high costs.

The construction of two underground laboratories will allow to compare the quality of two
different sites and possibly two rock fon-nations. It will decrease the pressure on the local
population of a specific site. If the conditions are favorable it may have beneficial
consequences on safety since some categories of waste may be more adapted to specific rock
forrnations. The costs however will be higher.

Implementation of means to allow a retrievability period for the waste packages placed in a
deep disposal allows to accommodate for future needs of society and gain confidence in the
safevy of the disposal system. Again it implies additional costs and may present some safety
problems as the long term stability of open drifts, adverse chemical conditions around the
waste packages and likelihood that the repository will never be sealed properly should be
envisaged.

The aim of the Nuclear Safety Authority is that the maximum information will be aailable in
2006 in order that the Parliament make decisions on sound basis.

6. Conclusions

The law voted by the French Parliament on December 3 th 1991 on the research related to
radioactive aste has allowed to provide a framework in France for finding solutions
concerning the management of high level and long-lived waste. Since 199 1, real progress has
been accomplished in three paths of research and will allow to define future orientations in
2006. At this evel the three areas of research seem more complementary than excluding each
other. The main achievement has been the beginning of the construction of an underground
laboratory at Bure where first results will be available at the end of 2005 in order to assess the
feasibility of a deep disposal concept on this site. The comparison of the feasability, costs,
safety and availability in the near future as well as public acceptance of the different options

'II hopefully allow the French Parliament to decide on new orientations 'n 2006 which may
lead to industrial pr 'ects or continuation of research. The oentations and the schedule may
depend on the categories of waste to be disposed of and may be different for medium level
loncy-lived waste, vitrified waste and spent fuel. The French Nuclear Safety Authority makes
sure that the studies will be conclusive and provide guidance by implementing the adequate
regulation.
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Abstract

This paper presents the background and the latest progress on Chiria's high level radioactive
waste disposal. Cina started Research and Development (R&D) for HLW disposal as of
1985, and with a plan to build a national repository in 2040. The Belshan area, located in NW
China's Gansu province, is the most potential area. During the period 1999-2001
preliminary site characterisation (surface geological mapping, drilling for two bore oles
BSOI and BS02) has been conducted and favounte results have een obtained. The IAEA
joined China's programme through a Technical Co-operation (TC) pr 'ect (Project
Number:CPR/9/026).

1. Background

In order to safely dispose of high level radioactive waste generated from the current/future
nuclear power plants and other nuclear facilities, China has proposed a long-term
programme and has been conducting research for the final disposal of high level radioactive
waste. In China, the work related to radioactive waste disposal s managed by the China
National Nuclear Corporation (CNNC). It is estimated from the Cinese nuclear power plan
that the accumulated spent fuel will be 1,000 tons by the year 20 0, and 2000 tons by 20 5.
Later than 2020, about 1,000 tons of spent fuel will be produced each year. The low and
intermediate level waste will be isolated by near surface disposal method or underground
disposal method, while the spent fuel in China will be reprocessed first, followed by

'fication and final geological disposal. The repository wll bZ a shaft--tunnel model,
located in saturated zones in granite.

In 985, CNNC proposed an R&D programme called DGD pogramme for the Deep
Geological Disposal of HLW. 'The objective of the programme is to build a granite-hosted
national geological repository between 2030 and 2040, which is able to dispose of vitrified
waste, transuranic waste and sall amount of CANDU spent fuel. There are 3 major steps
in the develo ment of a high level waste repository: site selection nd site characterisation,
construction of an underground research laboratory and construction of the repository.

At present, the Beishan area, Gansu Province, in northwest China, has been selected as the
most potential area, while preliminary site evaluation has been carryied out, and 2 deep bore
holes have been successfully completed. Once it is recognised that the Beishan site is
suitable, an underground research laboratory (URL) will be built there, and more detailed
site evaluation, in situ tests, and uderground experiments will be conducted. The URL,%vill
both serve as methodological laboratory and site confirmation wol, and furthermore it
might be developed into an actual l-4LW repository.
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2. Strategy for high evel waste disposal and long term plan

In the earlier vears, due to the shortage of experience, the proposed technical strategy for the
development of HLW repository was: fundamental research --- generic URL --- site selection
and site characterisation --- site-specific URL --- construction of HLW repository. The
important feature of the strategy is that a generic URL is necessary, which was used only for
methodological studies. Those URLs include the Asse Salt Mine in Germany, the Tono Mine
and the Kamaishi Mine in Japan, the Stripa Mine and the Aspo URL in Sweden, the Grimsel
Test Site and Mt. Terri URL in Switzerland, the URL in Canada.

Based on experience obtained in other countries, and considering the situation in China, we
cons]'der the development strategy for the HLW disposal to be a 3-step (Site-URL-Repository)
strategy:

• Step .- site selection and site characterisation;
• Step 2 construction of URL at the potential site for HLW repository;
• Step 3.- construction of HLW repository;

while fundamental and supporting research, such as performance assessment,
backfill material, radionuclide migration and natural analogues, is conducted at
the same time.

During Step 1. nation-wide site screening, regional screening, block selection, deep geological
environment studv. site characterisation ,III be conducted, and the objective of this stage is to
find a final site and to confirm the site. At present, the Beishan area, located in northwest
China's Gansu province, has been selected as the most potential area for China's HLW
repository. Within the Beishan area, 3 granite blocks (Jiu"ng block, Xangyangshan block
and Yemaquan block) are considered as the most favourable blocks. In the period of 1999-
2001. surface ideological, hydrogeological, geophysical survey and bore hole drilling have
been conducted in the JjIng granite block, while in the next years 2001-2005) similar
work will be conducted for the other 2 blocks.

During Step 2 an URL will be built at the site which has been selected during Step 1. This
URL will serve both as a methodological laboratory and for site evaluation.

During Step 3 a final repository will be built at the site. It also might be built based on the
previous URL.

This three-step strategy will be a time-saving and money-saving strategy, because the large
amount of methodological results in foreign URLs is available now, and a generic URL is not
truly necessary for China's programme.

The long term plan for the implementation of China's high level radioactive waste repository
is shown in Table 1. It is envisaged that a site-specific URL at Beishan will be constructed
between 2015--2020. while a national repository will be constructed between 2030--2040.
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Table 1. The long term plan for the implementation of China's igh level radioactive
waste repository

ACTIVITIES PHASE I PHASE2 PnA S E 3 PHASE4
2001--2010 2010--2020 2020--21)30 2030--2040

More bore holes Supplementar
Site selection Complete block to confirm the y work for site

and site Selection/surface Site/complete character'zatio
characterization Mapping and site n

0-20 bore holes characterization
Underground Recommend an Complete In situ test

Research URL site, feasibility study/ &
Laboratory Complete pre- begin to dernonstrati

(URL) Feasibility study, Construct and on disposal
test

High Level Complete
Radioactive Conceptual Detailed construction

Waste design design ad between
Repository construc,-,on 2030--2040

Research and Conducted Conducted Conducted Conducted
Development simultaneously simultaneously simultaneous simultaneousIy y

3. Progress in R&D of geological disposal

Since 1985, progress has been made in the following areas:

- Site screening and site characterisation for HLW repository: following national
screening, Belshan, located in NW China's Gansu province has been selected as a
potential site for the repository, and preliminary site characterisation is under wav;

- technical strategy for the development of underground research laboratory (URL):
I 'fie URL will b blt at the potential repository site, most pro

te-speci bably at
Beishan;

- laboratory experiments on radionuclide migration: some sorption and diffisliOD

parameters of Pu, Tc and other radionuclides on bentonite and granite samples have
been obtained;

- buffer/backfill material study: following nation-wide investigation and screening of
bentonite deposits in China, te Gaomiaozi bentonite deposits in Xinhe county, Inner
Mongolia Autonomous Rgion is considered as the best deposit which can provide
enough high-quality bentonite for the potential repository. The Gaormaozi deposit has
a bentonite reserve of 127 million tons, and the montmorillonite content can reach as
much as 63.77% - 80.92%. A systematic test on the bentonite is under way;

- natural analogue study: bronze ware dated back to 3 000 yars and a hydrothenyial
granite-type uranium deposit in south China's Hunan province were used for natural
analogue studies;

- methodological study of performance assessment.
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4. Progress in site characterisation in the Beishan area, the pre-selected area for
China's high level waste repository

4.1 Geologj, of the Beishan area

The Belshan area, Gansu Province, is the pre-selected area for China's high level radioactive
waste repository. The crust in the area is block structure, with the crust thickness of 47
through 50 km. The seismic intensity of the area is less than 6 and no earthquakes with

Ms>4 3 have happened. The topography of the area is characterised by flatter Gobi and
4

small hills with elevations above sea level ranging between 1000m and 2000m. The height
deviation is usually several ten meters. Since Tertiary it is a slowly uplifting area without
obvious differential movement. The geological characteristics of the Beishan area show that
the crust in the area is stable, and has a great potential for the construction of a high level
radioactive aste repository.

In the area, eght 2ranite blocks have been selected as potential sites for the future URL and
HI-W7 repository. Among them, 3 blocks (the Jj'lng block, the Xiangyangshan block and
the Yernaquan block) have been chosen as the most potential sites, and detailed work is
concentrated on them.

4.2 Hydrogeology of the Beishan area

The Beishan area is poor in groundwater resources. The pumping tests carried out by local
geologic teams in the 1980s in the area have shown that, for most of the wells, the outflow

rates are less than 50 m//d. However, for the wells penetrating fracture zones, the outflow

rate can reach about 00m3/d. showing that the water-bearing conditions vary greatly in
the area. Based on the topography, lthology, and geological structure, the Beishan
groundwater can be divided into three categories: (1) the upland rocky fissure unit, 2) the
valley and depression pore-fissure unit, and 3 the basin pore-fissure unit. The upland
rocky fissure groundwater is the most prevalent in this area.

4.3 Site characterisation at Jiujing block, Beishan area

The Jlujing Sector is one of the potential blocks to host a site-specific URL and a HLW
repository in the Beishan Area. Based on the previous results, 2 bore holes were planned in
the period of 1999-2001, in order to obtain rock, water and gas samples from deep bore
holes, to understand the in situ geo-stress at depth, to have preliminary understanding of the
deep geological environment, and to evaluate the suitability of the site. The first one
(Beishan 01 or BSO I) is a vertical hole with depth of 703.08 meters. Another one (Beishan
02 or BS 02) is an inclined one with depth of 500 meter. Before drilling, surface geological
survey, hydrogeological survey and geophysical survey have been conducted.

(1) Geological Mapping.- In Jj'lng Sector, a 1:50,000 scale surface Igeological mapping
was conducted during Apil and uly 2001, covering an area of 462 km-. Based on detailed
field investigation and laboratory work, a geological map has been worked out for the block.
In Jujing Sector, four granite unites are recognised: Jujing Unit, Bantan Unit, Jazijing Unit
and Shimenkan Unit, while the potential sites will be selected from JiuJing Unit and Bantan

2Unit. The Jujing Unit is composed of middle-Proterozoic tonalite with an area of 220 km
The rocks in the unit have undergone intensive ductile deformation, giving rise to the
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degradation of te rock integrity.. The Bantan Unit is composed of late Proterozoic
2-porphyritic monzonitic granite wth an area of 53 kM . The granite in this Unit is of good

integrity, with less deformatio ad fractures. So, it is chosen s te candidate ut for
drilling and bore ole BSOI is located at the northern part of this unit.

(2) Bore-hole dilling.- The BSOI and BS02 are the first 2 bore-holes in the Beishan
candidate site. BSOI is a vertical hole with a depth of 703.08 meters, drilled to evaluate the
potential Bantan Granite nit, while BS 02 is an inclined one wh a depth of 500 neter,
focused to evaluate the characteristics of the key NE-striking fault: ShiYuejing Fault.
Diamond drilling is used, the drilling fluid is pure water, and full core sampling is carried
out for the two bore-holes. The drilling for BSOI started on July 2000 and was completed
on 20 October 2000, reaching the xpected depth of 703.28 meters. The drilling for BS02
was completed on 17 May 2002. Bore-hole television measurement, bore-hole geophysical
survey (gamma, resistivity, temperature, pressure, U, Th and K content, full waveform
sonic), pumping tests, injection tests and sample-taking and geo-stress measurement hve
been conducted from those bore-holes.

(3) Major resulls.-
• The dominant 1thology in 1SOI is monzonitic granite, wth coarse-grain pegarnatite

veins distributed locally and tonalite enclaves or veins.
I I a 0

Most of te fractures in BS 01 are vertical or wth large lipping angles 65 80
The statistics of the survev show the average fracture density is about 812 per 0
meters, while most of te fractures are NE striking and NW striking. The fracture
fillings include sericite, calcite, pyrite, chlorite etc.

• Bore-hole hydrogeological tests have been conducted at BSOL The measurement
shows the water table depth at BS I is 46.6m. For bore-hole BSO I, 6 intervals were
chosen to carry out njection tests by using double packer system after drilling as
completed. The injection tests show that the penneability of the closed fractures is
less than <8.0xI0_9 rn/s.

• Acoustic bore-hole televiewer system (Fac-40 system) was sed in BS01, in order to
investigate the fractures and lthology of the bore-hole. The statistic of fractures,
resulting from the Fac-40 televiewer survey, reveals that the fractures can be divided
into 2 groups: NE-striking and NW-striking. Most of the NE-striking fractures
occur below the depth of 230 meter, but with 2 opposite, azimuth: NW and SE.
Above 230 meters, most of the fractures are NW-striking. The average fracture
density is about 812 per 10 meters.

• Hydrofracturing method was used to measure the in situ stress at bore-hole BSOL
The major results show that the maximum lateral principal stress has a direction
between N250E--N450E. white the maximum lateral stress and vertical stress at the
depth of 413.3 meters are 12.65 Mpa and IL 15 Mpa respectively.

(4) Future plan.- In the coming 5-year period 2001-2005), other 2 blocks, the Xangyangshan
Block and the Yernaquan Block, will also be investigated, including surface geological
mapping, geophysical survey and at least 3 bore holes. n about 20105 a candidate site foi- our

ific underground research laboratory wll be proposed, and further work will be
conducted continuously. Based on the findings and the water/rock samples taken from
investigation, much indoor work will be conducted, including radionuclide mgration
experiments (sorption and diffusion of radionuclides on the granite samples), water-rock
interaction, water-bentonite nteraction, modelling of site and preliminary performance
assessment.
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5. Conclusions

High level radioactive waste disposal is a challenge to the sustainable development of nuclear
industrv in China. Necessary resources have been arranged for the final geological disposal of
h1Qh level aste. A Deep Geological Disposal Programme has been proposed by China
National Nuclear Corporation, while the Bijing Research Institute of Uranium Geology is the
current leadinc, institute for the programme. Since 1985, progress as been made in site
selection and site characterisation, backfill material study, radionuclide migration and natural
analogue study. Beishan, located in NW China's Gansu province, has been selected as the
most potential site for China's high level radioactive waste repository. The first two bore-
holes were drilled at the Jujing Block in the Belshan area during the period of 2000-2001, the
findings have shown the advantages of the site. Continuous efforts will be concentrated on
the Beishan area. and other associated indoor research will also be conducted in the coming
years. for the purpose to built China's high level radioactive waste depository.

108



IAEA-CN-90/21XA0300150

KEY ACHIEVEMENTS AND RMAINING UNCERTAINTIES OF THE LAST
DECADE OF RESEARCH AND DEVELOPMENT IN THE BELGIAN HIGH-LEVEL
AND LONG-LIVED RADIOACTIVE WASTE DISPOSAL PROGRAMME:
The Safir 2 outcomes

P. De Preter', P. Lalieux', J.P. Bovazis', W. Cool', J. Marivoetb

aONDRAF/NIRAS, 14 avenue des Arts, BE-1210 Brussels, Belgium,
"SCK-CEN, 200 Boeretang, BE-2400 Mol, Belgium.

Abstract.

In publishing the SAFIR2 report (December 2001), ONDRAF/NIRAs has provided its
supervising minister and the various parties involved with a document that enable thein to

assess the progress ade during the period 1990-2000 with regard to the feasibility and safety

of a possible solution for the long-tenn management of high-level and long-lived waste, that

is, its deep disposal into a poorly-Indurated argillaceous layer in Belgium. The research and

development (R&D) work done during this period mainly concerned the Boom Clay beneath

the Mol-Dessel nuclear zone as the host formation and reference stc, and, to a much lesser

extent, the Ypreslan Clays beneath the Doel nuclear zone as an alternative host formation and

site. This methodological work in no way implies that a decision has been taken on a location

for the implementation of the studied solution. At present, none of the research findings

indicates any prohibitive flaw srrounding the disposal into the Boom Clay of the high-level

and long-lived waste. Major achievements from the R&D programme are the confin-nation of

the qualities of the clay host formation and the vitrified waste matrices as robust barriers, the

feasibility of excavating underground galleries without dsturbing significantly the barrier

properties of the host formation and the favourable results of the long-term safety

assessments. The next phase of the ONDRANNIRAS programme of methodological research and

development should consider th porities identified in the SAFIR 2 report and presented in

this paper.

ONDRAF/NIRAS - the Belgian radioactive waste management agency - is currently aiming at

establishing if it is feasible, both technically and financially, to design and build on Belgian

territory a deep disposal solution for high-level and/or long-lived radioactive waste that is

safe, while not prejudging the site where such a solution would actually be implemented.

Practically, the ONDR-AF/MRAS methodological R&D programme is intended to develop all of

the methods and to gather all of the nowledge needed to undertake an in-depth assessment of

the safety and feasibility of a repository in poorly-indurated clays. It mainly concerns the

Boom Clay, a silty-clay formation of Rupellan age, which is present between 290 and 190 m

beneath the Mol-Dessel nuclearzone (NE Belgium).

The programme has been mostly focussed on the properties and performances of the natural

barrier and, as such, has greatly enefited from the results obtained from the construction and

operation of the HADES underground research facility at Mol where numerous in situ

experiments have been carried ot at different temporal and spatial scales since the early 80's.

In publishing the SAFIR 2 report -- aft4, Assessment and Feasihilia,- Interim Report 2

ONDPAF/NIRAS has provided its upervising minister and the various parties involved with a
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document that will enable them to asse ss the progress made during the period 1990-2000 with
regard to the feasibility and safety of such a disposal solution. The SAHR 2 report is not a
safety report in the strict sense, as it does not support any licence application. It is rather a
report devoted to the state of the art on deep disposal in Belgium drafted according to the
structure of a safety case.

At present, none of the research findings indicates any prohibitive flaw surrounding the
disposal into the Boom Clay of the high-level and long-lived waste. This reinforces
confidence in the studied solution and confirms that for the waste considered in the SAFIR 2
report. disposal within a poorly-indurated clay remains a viable option.

One of the main achievements of the methodological research and development work has
been to establish a significant level of confidence in:

(a) The properties of the Boom Clay as a natural barrier (low permeability at various scales,
diffusion-controlled mration of solutes, high retention properties, ultrafiltration of the
organic matters and colloids, lmited variability of the mgration parameters over the
thickness of the fon-nation, the lateral ltho-stratigraphic continuity of the formation
etc.).,

(b) The durability of the glass as a waste matrix,

(c) The possibility of excavating the necessary underground facilities without disturbing
gn icantly the barrier properties of the host formation,

(d) The methodology used to assess long-terrn radiological safety.

The work also confirms the favourable results of assessments, especially regarding the key
contribution to long-term safety made by the host formation, and hence the importance of
knowing and controlling the disturbances that are induced in the clay. It also confirms the
primary role in the radiological impact of the poorly-retarded or non-retarded radionuclides

1 29 1. 36ci. 9 Se. 26 Sn, 14C, 9"Tc). The knowledge of the migration of these radionuclides in
the clay can be regarded as generally adequate, even though the chemistry of tin and selenium
needs to be refined.

Without challenging the basic choice of the Boom Clay, enough issues remain unresolved at
the present time. however, for it to be possible to produce a final statement on the technical
feasibility of a repository in this host formation, on the long-term and operational safety of
such a repository, or on its compliance with environmental standards. The third phase of the
ONDRAF/NIRAS programme of methodological research and development should consider the
following priorities with respect to the Boom Clay:

- Demonstrating the feasibility of implementing the disposal facilities,

- Improving the understanding of the processes of radionuclide retention at work in the
Boom Clay and of the evolution of the retention properties in this formation,

- Analysing the heterogeneities and discontinuities in the Boom Clay and their effects on
groundwater flows and on radionuclide migration,

Analysincy the effect on groundwater flows in the Boom Clay of changes in the regional

hydrogeological conditions within the surrounding aquifers,

- Studying more in detail the aspects of chemical, biological, and physical compatibility

of all of the repository materials with the host fon-nation, and of the different

disturbances induced bv the various waste classes,
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Reviewing the choice of mterial for the packagings/oveipacks and developin an
integrated approach to defining the engineered barrier system based on preventing
corrosion of the packaging/overpack,

Creating a systematic and system-oriented design methodology for the disposal facilities
for all waste classes, especially for the most demanding ones,

Analysing the effects on the repository, on the host formation, and on safety gas
generation by the waste ainly the category waste), and evaluating ways in hich
the repository design might adress these,

Studying and demonstrating methods that can be used to characterize the waste and to
verify and confirm their composition and heat emission. The nature and extent of these
operations must be proportionate to the need to apprehend te waste with a view to its
deep disposal,

Improving the methodology used to assess long-term safety, in particular as regards
identifying and addressing uncertainties and alternative safety and performance
indicators, and defining robustness indicators,

Defining and developing, a long-term management and transfer system for the
knowledge acquired with the chief alms of ensuring the traceability of decisions and
technical choices and the transmission, integration, and synthesis of multi-disciplinary
information.

The conclusions of this future work, together with information about the feasibilit o the
repository design generated by the PPLACLAY in situ demonstration experiment, will make it

ible to prepare, around 2010 a first teration of a Sqfe4 ad Feasibility Report. On
completion of the PRACLAY experiment, a second iteration of the Safety and Feasibilitv
Report will be needed to fully exploit the results obtained, especially those aspects connected
to increasing confidence in the odels and in their predictions. This second report should be
produced in around 2017 and would provide a basis for the decision to conclude the
methodological research and development phase, and to move n to a pre-pr 'ect phase,
which is specific to a host formation and a site yet to be designated, and which will nclude
optimization of the proposed solution from technical and industrial, radiation protection and
economic stand points.

Because the issues raised by te long-term management of radioactive waste have to be
addressed within a broad context, wider than the strictly technical and scientific aspects,
societal and economic dimensions will have to be included in the future programme of
ONDRAFNIRAS in order to support a decision-making process in tis matter. Such a process
involves a consideration of aternative long-term management options and an analysis of all
of the environmental effects f the proposed solution. To address this, ONDRAFNIRAS

proposes to establish documents of the types Sategic Environmewal Impact Assessment and
Assessment the Environmental Effiects of a Given Facility or Pr(�ect. Continuing the work
on the Ypresian Clays as an alternative host formation is considered to be advisable, but the
level of knowledge about this formation needs not, at this time, atch that which has een
acquired for the Boom Clay. Te degree of knowledge must, however, make it possible to
determine whether the Ypresian Clays are a realistic option, elier on their own or as a
complement to the reference option.

By establishing an inter-disciplinary programme of research and Cevelopment incorporating
aspects that are fundamental, applied, and related to human sciences, and which is in
accordance with the priorities listed above, it will be possible to further enhance the

III



confidence acquired in the studied solution. In particular, confidence will be increased by
cons ent alternatives, developing concrete repository designs, reducing
uncertainties, allowing for non-radiological effects, and considering societal aspects.
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Abstract

The paper shows the Cuban experience on implementing geological disposal of radioactive
waste and the necessity for identifying new safety perfon-nance indicators for the sfety
assessment (SA) of radioactive aste disposal facilities. The selected indicator as the
concentration of natural radioactive elements (U, Ra, Th, K) in the Cuban geologic
environment. We have can-led out a group of investigations, which have allowed
charactensing the concentration for the whole Country, creating a wide database where this
indicator is associated with the lithology. The main lithologles in Cuba are: the sedimentary
rocks 70 percent of national occurrence), which are present in the three regions (limestone
and lutite), and finally the gneous and metamorphic rocks. The results show the
concentrations ranges of the natural radionuclides associated fundamentally to the variation in
the lithology and geographical area of the Country. In Cuba, the higher concentration (ppm)
of Uranium and Radium are referenced to the Central region associated to Skam, while for
Thorlurn (ppm) and Potassium in the East region the concentration peaks in Tuffs ave
been found. The concentrations ranges obtained are preliminary, they characterlse the
behaviour of this parameter for the Cuban geology, but they do not represent limits for sfety
assessment purposes yet. Also other factors should be taken into account as the assessment
context, time scales and others assumptions before establishing the final concentration limits
for the natural radionuclides as a radiological and nuclear safety performance indicator
complementary to dose and risk for safety assessment for radiological and nuclear facilities.

1. Introduction

Cuba has been committed to the eaceful applications of lonising radiation in agriculture,
medicine, industry and research in order to achieve social-economic development in diverse
sectors. Consequently, the use of radioactive materials and radiation sources, the production
of radioisotopes, may generate radioactive wastes which require saf.- and proper management.
The Center for Radiation Protection and Hygiene (CPHR) is responsible for developing and
implementing a national strategy about the management and safety assessment of radioactive
wastes. The current approach is to disposal those wastes in two near surface concepts, a ault
repository for low and ntermediate radioactive waste and a borehole concept for the spent
sources.

In the safety assessment, the use of safety ndicators is the endpoint a measure of the capacity
of the isolation system for an and the environment from the risks associated to a
radiological and nuclear practice. Safety indicators allow to compare the results obtained
regarding national and nternational standards and regulations and to estimate the possible
impact in the human and natural[ environment for a practice. In the radiation protection field,
the common safety indicators ae te dose and the risk, which are ot suitable for all nuclear
practices. They can be affected for different assumptions about the critical group, time
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schedule, uncertainties in the risk associated methodology fundamentally for long term safety
assessment for radioactive waste disposal. Our experience in these subjects 12,3,4] shows
the necessity to use and normalise new safety indicators, complementary to dose and risk, in
order to reduce the uncertainties in the analysis. The new safety indicators would be less
influenced for factors such as: critical groups, consumption habits, pathways, etc., whose
behaviour is difficult to predict for long-time scales, and facilitate the defence of the results in
a safetv assessment. In relation with the safety assessment activities ad the radiological
protection principles [5], Cuba has been participating in two Co-ordinated Research Projects
(CRP) with the IAEA on the topics of safety assessment and safety indicators ("Improvement
of Safety Assessment Methodologies for near surface disposal facilities for radioactive waste"
(ISAM) and "Use of safety indicators, complementary to dose and risk, in the assessment of
radioactive aste disposal") 6].

Natural concentrations of radionuclides can provide an indication of the potential effect on
humans and their environment, are quite stable in time and easy to implement as a safety
indicator in the SA methodology. For this study, we have adopted as new safety indicator, the
natural radionuclides concentration in the geologic environment, creating a wide database
where this indicator is associated with the different fithologies in the Country.

2. General geologic characteristics of Cuba

The Cuban geology is ery complex, due to their physical form and geographical position, an
island is considered 7]. The country is geological constituted, in a general approach, for
sedimentary formations of carbonated rocks (more 70%), which are represented for different
lithologic transitions, the most representative rocks in this formation are the limestone, clay
and sandstone. The 30 remaining, is mainly fori-ned, for metamorphic and igneous
geologic formations. conformed for skam, schist, granite and serpentine. For this reason, we
have divided the Country in 3 regions (see Figure 1).

Giud.d F.b...
P- d.1 Ri. EAST REGION

Tu..,

1�1. d� 1. J.--d

WEST REGION CENTER REGION

FIG. . Studied egions. Map Cuba

West region.- this region has been created by the provinces of. Pinar de] Rio, Havana City and
Matanzas. The area is eologically formed of Limestone. Sandstone, Schist and Lutites.

Central region.- this region includes the provinces of. Villa Clara, Sancti Spiritus, Cego de
AvIla and Camaguey. This area is geologically formed of Limestone, Serpentine, Skarn,
Granite, Tuff, and Schist.

East region.- this region includes the provinces of Holguin, Gramma, Guantdnamo, and
Santiago de Cuba. This area is geologically formed of Limestone, Schist, Tuff, Granite and
Serpentine.
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3. Investigations carried out for data collection

The investigations were based fundamentally on airborne gamma spectrometry for the
Republic of Cuba ad subsequent confirmation of anomalies In the terrestrial surface. Other
data sources were the site selection studies for adioactive waste repository. For determining
radionuclides concentration, gamma spectrometric and laboratory techniques were used. We
have the information of the gamma spectrometric anomalies contained in each geological
survey carried out in the country and some data of the radioactive anomalies detected in
surface and wells. Data of flights do not exist in the province Havana City: we are yet
working on this data.

4. Results obtained

Table I shows the data collected oerall Cuba, wide U, Ra, Th, K (ppm and %) distributions
and ly (pR/h), giving the mirilmum/maximum values and the background of the total
anomalies measured in the different regions (West, Central and East) of the Republic of Cuba,
see Figure [1]. The maximum and minimum values have been referred to terrestrial, logging
well, samples and anomalies gamma spectrometric airborne, carried out in different regions of
the Republic of Cuba. The minimurn values Of 17 correspond with the normal background for
each region, taken directly of measurements carried out in different field itineraries.

Table 1. Distribution of anomalies of 17, U, Ra, Th and K in the surface of the earth, logging
wells, hole and the flights arborne amma spectrometry.

REGIONS
Radioactive elements WEST CENTER EAST

Aerial Terrest. Aerial Terresit. Aerial Terrest.
17 (gR/h) -Minimum 0.66 5 0.54 4.6 0.60 5.75

Maximum 5.25 643.3 3.31 268.00 5.59 11.25
Minimum 0.73 0 1.40 1.00 0.93 1.25

U (ppm) Maximum 9.6 1182 9.70 428.2 15.89 72.5
Background 4.30 80.88 3.51 92.1 0.91 595
Minimum - 22 - 2.00 - 2.00

Ra (ppm -Maximum 1067 917.00 87.5
Background - 71.53 - 191.53 - 13.89
Minimum 0.96 0 0.78 0 0.37 1.91

Th (ppm -Maximum 19.1 29.50 7.70 47.5 61.98 41.00
Background 6.86 8.37 2.27 8.95 9.65 13.83
Minimum 0.26 0 0.28 0.05 0.31 0.1

K (%) -Maximum 2.03 3.75 2.51 3.42 5.17 5.3
Background 0.50 0.99 0.54 1.48 1.13 2.23

Limestone, Serpentine,Limestone, andstone, Limestone, Schist, uff,
Studied lithologies Schist and Lutites Skarn, Granite, Tuff" Granite and Serpentine

and Schist

According to Table 1, in the west region, the biggest contribution is associated to the
sedimentary rocks. Also, the different regions of the country differ in their results, for
example, for the Uranium and the Ra, of the West and Central region had the highest vlues in
the country, quite differentiated from the values of the East region, associates fundamentally
to the limestone and skarn respectively. For the Th and the K there are not important
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,variations among the data of the 3 regions, those results are an image of the different geology
present in the areas.

As a result of the studies, in the whole country, the concentration distribution for the natural
radioactive elements was obtained, associated to the main present 1thologies. The variation
of the concentrations is associated to the changes in the different 1thologles, genesis, etc.

Table 11 shows the results according the different types of 11thologles present in the country
and the ranges of variation for the concentration for each element. The concentrations
obtained characterise the regions of the country, the main rocks associated with this indicator,
" hich are the main existent types in the Cuban geology.

Table 1. Natural radionuclides concentration for rocks type.

Main lithologies
Radioactive Regions

elements West Central East
Limestone Lutite Schist Skam Limestone Schist Gran'te Limestone Tuff

U Min. 1 33 5 2 8 0.50 5 2 5
(pp n o Ma-Y. 673 488 229 3450 160 6 3 2 9 4 184

R a Mi 7 5 3 2 5 7 6 2 6 2
(ppm) -relay. 5 77 490 134 2500 5 0 628 -2/ 129

Th Vin. 0 1 0.14 0.30 0 2.5 5 0.13 2
(Ppm) Max. 2 0 2 0 2 8 150 150 6 4 8 202 202.7
K %) -klin. 0 0.10 0.10 0 0 0.50 0.30 0 0.2

AIM. 4 2 3.50 5 5 4 8.40 1.5 13.86

not aailable concentrations in this rock.
Min.= Minimum, Max.= Maximum

Accordincy to the Cuban geology where the sedimentary rocks are the majority (the limestone
is included in the three regions), the West region possesses the maximum concentration
values for U and Ra; for Th and K the relative peaks are located in the East and Central
region. All these variations respond to the different geologic histories of the evaluated
regions. For the igneous rocks, the granites possess relatively low values of natural
radloelements concentration; the tufts have interesting maximal values for Th and K. The
metamorphic rocks included the Skam. The Skarn rock has the higher concentration of U and
Ra of natural occurrence in Cuba, which are associated to an anomalous area of the Centre of
the country. The schist, in the West and Central regions, possess important values of
concentration in Ra and U.

The results obtained showed the importance of the data collecting stage, because we obtained
a general idea about the country distribution of the environment concentration. Besides,
thanks to characterise the results by the main 1thologies type for regions, we took into
account our complex geology; and this way to avoid possible errors of generalisation of data
that could induce to excessively preservative approaches. In others stages, this distribution by
fithologles will allow the implementation as safety performance indicator.

5. Next stages

After this preliminary stage of data collecting, we have been analysing the results obtained in
order to establish the concentration of natural radioelements as a safety indicator, inside the
SA 8.9,10], for nuclear practice. It will be evaluated if the obtained values of concentrations
(fundamentally the upper limits) can be defined as limits of concentration environment for a
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region or area, taking into account in a qualitative and quantitative way the occurrence of a
negative impact o the environment and man. The obtained data collection will be
incorporated in SA methodology for radioactive waste disposal facility in the Cuban
environment, which include dfferent stages such as, assessment, context, characteriscition
system, scenarios generation, modelling and finally the results evaluation. These sfety
indicators will be the assessment endpoints supporting dose and risk considerations in. SA
methodology. The assessment hould take account the specific characteristics of the geologic
conditions, design of the nuclear facilities, etc. The basement of its calculations is the base of
experiences of nternational investigations coordinated with the IAEA and the best practices
of countries with high development in the nuclear topic. Finally, as a result of the SA, the
ranges of variation of the concentration of the natural radioactive elements by lthologic tpes
in the Cuban environment will be established.

The obtained indicators will allow their incorporation inside the ethodology of the SA in
the stage of evaluation of the results as comparison measure to evaluate the possible impact of
a nuclear practice. These indicators will establish the limits concentration) of te natural
occurrence of radioelements for different rock types- hich should be fulfilled, in certain
ranges to guarantee that the nuclear practice as no negative impact on environment and rnan.

6. Conclusions

- A wide database was obtained for three Cuban regions, characterising the natural
elemental radioactive concentration and the range of variation for the lithologic types
studied as a preliminary stage in order to use it in the safety assessment.

- In the Country, the main 1thologies associated to the safety indicators dopted
(Concentrations) are limestone, lutites, skarn, schist, granite and tuff.

- The concentrations of U vary in a wide range from 0.5 to 3450 ppm, the Radium from 2 to
2500 ppm, the Thorium from to 203 ppm and the K from to 14%. For all regions, the
Central region hs the rock (skarn) with the higher values in concentration of U and Ra.

- The studies carried out aowed to evaluate., for the first time n Cuba, the concentrations
as a safety indicator for safety ssessment ofradloactive waste dsposal facilities.

7. Recommendations

- Introduce SA, in order to establish the validity of the results obtained in the data collecting
stage and so to establish the variation limits of the concentratior of the natural radioactive
elements in the environment as afety indicators.

- At these stages, consideration will need to be given to the presentation of natural safety
indicators in a manner which is scientifically credible but also understandable by rion-
technical audiences.

- Do not replace dose and risk with natural safety indicators. Instead, natural safety
indicators are considered to be complementary to dose and risk.

- Complete the database with information of the Havana area, in order to cover th wole
country.
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Abstract

To date only 14 from 16 RADON fcilities are in operation. Most of them have not more then
about 10% of their repositories ree and available for new upcoming radioactive waste. Con-
struction of new repositories and selection of new perspective sites is very actual problem for
RAW management in Russia now. Near surface repositories are considered to be acceptable
for storage of wastes with low and ntermediate activity levels (LILW), which decay to safe
levels in some hundreds of years. However, the experience with LILW isolation in the near
surface facilities in Russia has shown that a lot of operational and natural factors impact on
the engineered barriers and may cause failure of the isolation. In adition, the exploitation of
the old repositories and construction of new ones require more area. Significant increase in
LILW isolation reliability and area. saving may be achieved by wastes disposal/storage in
Large Diameter Wells (LDW), drilled in homogeneous sediments with low permeable proper-
ties. It could be considered as an intermediate between near-surface and geological reposito-
ries, and its specific features should be taken into account when choosing new sites for RAW
disposal or long-term storage.

1. Introduction

The State Unitary Eterprise of Moscow - MosNPO RADON has been carrying out removal,
treatment, conditioning and disposal of low and intermediate level radioactive wastes (11-11-W)
produced by research, medical and industry enterprises in the Central Region of Russia since
196 . One of the main guidance in RADON's activity is the Russian Ecological Program de-
veloped in the nineties and having the following major tasks:

stabilisation and improvement of ecological ituation in Russia;

saving native landscapes and geological surroundings;
changeover to armonious exploitation.

Within the Program specialists of MosNPO RADON fulfilled the complex set of advanced
disposal technology researches and studying engineering and geological conditions of the
Central Region of Russia. Besides upgrading predispose) waste treatment technologies, up-
grading safety of historical repositories and others there were two specific directions: develop-
ing new type of repository and ste selection.

At the current time, typical near surface repositories are widely used for long-term storage of
conditioned low and inten-nediate level radioactive wastes (LILW) at RADON facility sites.
But their essential disadvantage has been revealed in result of long operating experience and
field monitoring at the sites. This disadvantage is a decrease in LL'N isolation reliability due

ificial and natural factor mpact on the engineered protective barriers of the
to negative artl I I I I I
shallow ground repositories. In sorne cases there has been radionuclide migration into the
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near field, which leads to radioactive contamination of the ground around the storage facility.
Decontamination of such ground results in generation of secondary wastes, use of additional
volume in existing repositories for its storage and finally growth of storage costs.

Construction of new shallow ground repositories at the operating sites within the boundaries
of lease area is problematic because of the shortage of free area after 30-40 years of exploita-
tion or because of ecological safety reasons. That is why the experimental work on construe-
tion of the test pilot site for long-term monitored LILW storage in Large Diameter Wells has
been performing at MosNPO RADON Site since 1997 [I].

The experience obtained at the LDW construction at MosNPO RADON seems to be applied
in other regions of the Russian Federation at RADON facility sites. Head managers of
RostoN. Saratov and Volgograd RADON facilities together with MosNPO RADON represen-
tatives have already considered a possibility and sustainability of LDW repository construe-
tion and showed a significant interest in this matter. The issue is getting more of current in-
terest because there is a problem of LILW disposal, appeared at years of nuclear power plant
(NPP) operation. Nowadays the NPP wastes are stored at NPP sites, which do not fit re-
quirements for waste storage in such big amounts and here is a potential danger for an envi-
ronment 3].

2. LDNN--type repository

LDW-type repository for LILW are 15-6.0 m diameter wells, designed for long term storage
of conditioned LILW. It is supposed that wastes in packages are being stored in the wells un-
der control during 30 years, after that decision should be made about transportation of the
wastes in realonal disposal site or their disposal in the well they have been stored.

The LDW-type repository is presented in Fig.l.
0 Wastes in cement matrix are packed in 200 

steel drums. The well construction provides the
V1 Miim cannel-, drums to be draw out at the end of a given
Lo%�,erin(, column period or in a case of a need, or to be disposed

in a case of final disposal in the well
(if the decision is accepted).

.. ... .......

\Vaste matrix The construction of a LDW repository employs
I lostina soils multibarrier protection of the environment from

Frec spa�x radioactive wastes. There are six barriers on a
Casing column way of likely radionuclide release as follows:

I the cement matrix;
2. the steel drum;

stone 3 space between drums and casing filled
with bentonite-cement mortar in a case

'i� Bottom proteLAive of disposal;
screen 4. steel casing;

A A 5. bentonite-cement stone around the

casing column;
6. surrounding clayey soils.

E2. . Lar-e diameter well
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Noted engineered barriers are ade during the well construction. They have optimal shape
and operate in stable conditions, but a natural barrier (hosting soil) is important too because it
is going to be the key containment factor in post-closure period or in case of a possible ra-
dionuclide release as a result of engineer barrier failure.

Bentonite-concrete stone around te metal casing has high sorption properties and revents
from vertical and latitude mgration. Removable protective cover at the top of the well pre-
vents from atmospheric water penetration inside the store. If there is no contact between
waste packages and water there won't be corrosion and waste leaching.

In case of using large diameter wells (LDW) for LILW storage, the wastes are removed from
the scope of human activity into a stable geological medium. Wistes are placed below the
frost zone where engineered barrier damage because of climatic factors is practically impossi-
ble. Construction of the repository by means of drilling prevents large disturbances of the
hosting rocks and the landscape, as happens during excavation wrk. When LDW are sed,
the usage factor (ratio of repository surface area, protected with natural barrier, to total reposl_
tory surface area) of the geological barrier (hosting rocks) is abow 1, whereas almost all the
surface of the repository is protected with hosting rocks 2].

The construction of a LDW repository employs multibarrier protection of the environment
from radioactive wastes and vice ersa (i.e. protection of the waste against intrusion). The
barriers blocking "natural" radionuclide release were mentioned above.

Thus, the key differences and advantages of the LDW repository against near surface one are:

- there are a metal casing and bentonite-cement stone in the drill nnulus, as additional ro-
tective barriers,

- the zone of hosting soils, broken during the drilling, becomes stronger after bentonite-
cement mortar grouting;

- LDW depth may be up to 100 rn, when depth of near surface repository bottoms is gener-
ally 34 m, not more than IO rn. Thus, the hosting soils play a mDre effective role in pro-

iding safety than the case of typical near surface repos .tor'
vi 1 1 1 les.

- due to the depth, impact of climatic factors on LDW construction and waste leaching is
minimal.

These factors help lead to the cnclusion that, even in the case of total destruction of all engi-
neered barriers, which is very ulikely, radionuclides will be constrained in a small volume of
the hosting rocks and their release to the human activity sphere is virtually impossible. Thus,
LILW storage in large diameter wls may be used to satisfy current requirements or long
term radioactive waste storage. Ts type of repository appears to be promising for applica-
tion at existing operational RADON sites.

The economic study results provided the basis for following conclusions 2]:
1 .Total specific costs including collection, transportation, conditioning, grouting and moni-

3toring for I m LILW storage are:
- for LDW repository - 13.0 - 18.1 th.rb./m 3

3- for near surface one - 0.8 - 14.0 th.rb./m
2. The useful capacity of both repositories and hence specific costs depend on waste package

(metal 200 drum or non-returnable shielding container with volume of 12-1.5 in 3
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3. The comparison of the total specific costs for LDW and near surface repositories gives an
'dence that for the former wth dameters of 20 and 35 m the costs increase a little, but

in the case of loading metal drums into the 35 m diameter well, the costs are 7 less than
for near surface one.

4. On account of a facility site expansion in depth not in width, the factor of efficient using
site area is 25-5.5 times higher for LDW, than for the latter. Considering cost of area
lighting and the lack of the areas, this factor should reckon as foreground.

5. The efficiency of the LDW repository construction may be estimated in total after the as-
sessment of prevented economic damage involving radionuclide migration out of reposi-
tory.

Disturbing effect

Ecological danger source (radioactive
waste)

IF

Stabilizing factor

Multiply barrier protection of Environment

U 0
>1 V C0

E COC

U Barrier 
LAN. C: H t

CZ CZ C3 CZ
rD� M

IF Object of pro- IF

Environment

Surface and subsurface Surrounding rock
rock

Fig. 2 Ecological system of large diameter well storage (LDW-1)



LDW-type facilities seem to be perspective for temporary solving the problem of new reposi-
tories need for isolating upcoming RAW, because they can be constructed at operating sites of
courseif their safety is assessed and approved.

Construction of new facilities is very long and expensive process. It needs to perforrn high
costs engineering surveys and construction works, obtain regulators authorization and license,
and overcome strong negative public opinion about new facility construction. But it oes not
mean that this task should not b done.

Within the Russian Ecological Program specialists of MosNPO RADON have studied engi-
neering and geological conditions of the Central Region of Russia on purpose to select per-
spective areas for LILW disposal or long-terin controlled storage. The following principles
were taken into account during the studying and selecting geological structures for dsposal:

Implementation of waste isolation from environment on long time period with
preservation of system integrity.
Maintenance of long-term radiation safety for humanity and environment accord-
ing to the acting nternational principles of radiation safety.

Possibility to use surrounding rocks of the strata as a natural barrier. For place-
ment of the RAW facilities, deep-seated beds of clay and halite-bearing rocks may
be used if they occur in regions with low seismicity. Th,2 layer thickness should
be in clay not less than 5 meters with total sand seams ot more than 15-20
and in halite, gypsum, anhydrite not less than 40 meters.
Low permeability of the chosen beds- their hydraulic conductivity should not be
more than 10 3 m3/dav. The geological strata should b located in the zone of re-
tarded ater rotation or ID te dead zone with depth in clays - up to 150 in, in hal-
ite, gypsum, anhydrite - up to I 00 in.
The disposal sites should be situated far from mining, health resort and recreation
zones in flood-free and non-waterlogged area with saturated surface depth not less
than 14 meters.

Besides of the rules mentioned above there were a lot of other aspects such as thermophysical,
geochermcal and common conditions having significance, that were considered while making
choice of certain location of the disposal site.

In a final total the choice of a specific site should be stipulated by aalysis of the positive and
negative factors. Now in Russia there is the number of the normative documents at creation
of structures for isolation of radioactive wastes of any types, structure and specific activity.
The practical activity in this area cornes true, as a rule, on the basis of the private pr 'ects, tak-
ing into account requests of the xisting laws, norms and rules.

As a result of studying the geological and hydro-geological data, complex assessment of te
engineer-geological conditions of Central Region of Russia with the purpose of choice of per-
spective sites for accommodation of LILW storage facilities was conducted and two promis-
ing areas were chosen. There are the following eological features in the regions:

1. South-Western Region ear. Kaluga)

- High position of the crystal base (on depth up to I - 12 km);
- Absence of Cambrian, Ordovician, Permian and Triassic depositions;
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Presence of the rock salt bed with thickness up to 60 m in the bottom of the Devonian
formation;
Rather quiet tectonic structure with few faults and few surface anomalies of a helium
field;
Bedding of Palaeozoic depositions is almost flat: it inclines to north-east with an angle
of a few minutes 
The thickness of Devonian, Carboniferous, Jurassic, Cretaceous and Quaternary strati-
fied strata, covering the rock salt bed, is changed from 500 m on the est up to 1000 m
on the east of the region.

In the region the most perspective layer for geological disposal is the Devonian halite bed. It
has ery low permeability and deep occurrence. The East part of the rock salt lens is situated
in the populous region of Tula and Ryazan districts and is the subject of halite recovery Mdus-
in,. The West part of the lens (in the west from Kaluga) is more preferable due its location in
the sparsely neighbored place. The area of the halite lens is about sq.kilometers, thickness -
30-50 meters

11. Nor-th-Eastem Region (Yaroslavl and Kostroma district)

- Deep (up to 34 km) occurrence of the crystal base top;
- Presence of Cambrian, Ordovician, Permian and Triassic depositions (alongside with

Devonian. Carboniferous, Jurassic, Cretaceous and Quaternary ones);
- Presenceof ypsums and anhydrites with thickness up to 80-1 00 m in Pertman (Early

Permian Salcmarian) depositions to the east from Kostroma; and essentially clay con-
tents and large (up to 200 m) thickness of Early Triassic depositions. These layers
(Sakmarian sulfates and Lower Triassic clay) are perspective for a RAW disposal.

- Presence of well expressed trough in the Permian and Triassic depositions with deep
occurrence and increasing thickness.

In the North-Eastern region with allowance for geological structure features three perspective
zones for RAW disposal are chosen: two in Early Triassic clays and one in gypsum-anhydrite
formation of Early Permian series of Sakmarian age.

The allocated zones are characterlsed by the following conditions:

* The Early Triassic clay:
The area - 858 km2, thickness - up to 80 m, depth of roof - up to 140 m. The bearing strata
is covered with regional watertight stratum average contents of sand layers - 15-20
watering - sporadic.

e The Early Triassic clay:
The area - 675 km thickness 160-1 80 m, depth of roof - up to 150 m. The bearing strata is
covered with confining layer. contents of sand seams is up to 20 %, watering of the rocks-
sporadic.

The Sakmarian gypsumes and anhydrites:
The area - 675 km thickness - up to 90 m, depth of roof - 400-500 m, watering - sporadic.

Summarised 1tology description of the North-Eastern region is shown in Figure 3.

Owing to weak study and small volume of geophysical researches in the South-West territory
near Ajazma by the area about 5000 km is recommended for further researches without sepa-
ration of specific sites.
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Fig. 3 Summarised geological arid hydrogeological record of northeastern part of the Central

Region of Russia.

Although some regions in the Central Russia have been chosen as prspective sites for adio-

active waste disposal, detailed gological and hydro-geological exploration of the area, nego-

tiations with regulatory authorities and the disposal site construction will take about 10- I 

years after starting. That's why the pilot site of LDW-type repositories at MosNPO RADON

Site seems to be important for obtaining first experience in constructing such repositories and

their investigation.

3. Results

To solve the problem ofnew volume shortage for isolating upcoming RAW and to fulfill the

Russian Ecological Program specialists of MosNPO RADON developed a new type of LILM

repository and have selected perspective sites in the Central Region of Russia for building

new facilities. The pilot LDW test site has been constructed at the NlosNPO RADON Site

with two wells of 1.5m nternal dameter and 40 m depth. Some specific technological as-

pectsofitserectionwerestudiedwhiledrillingandconstructing. Thesysternofgeological

and radiation monitoring was mounted and is now under testing too. Kaluga, Yaroslavl and

Kostroma regions in Central Russia preliminary assessed as perspective for farther investiga-

tions and construction ofusual near surface or new type repositories for LILW ong-term con-

trolled storage. The final decision culd be made only after obtaining additional detailed data

for safety assessment and discussing te results with stakeholders and public.

125



4. Conclusion

The idea of usin2 bore-holes for RAW isolation is not new. It is widely used e.g. at RADON
sites for spent sealed sources. Now it seems to become attractive for specialists in South Af-
rica and other countries. At the same time the method proposed by MosNPO RADON spe-
cialists and described above has no direct counterparts and is protected by the patent. Its idea
and simplicity look attractive, but need to be proven by practice. This long and diligent work
has ust been started. The same could be said about the siting, because it needs not only much
time but also involvement and co-ordination between many organizations and much more fi-
nancinp then even for a pilot site.
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Abstract.

The Hungarian National Pr 'ect for the final disposal of NPP originated wastes had been
initiated in 1992 by the Hungarian National Atomic Energy Commission (HNAEC). A nw
phase of site investigations and repository development has been formulated by the Public
Agency for R adloactive Waste Management (PURAM) and approved by HNAEC. This
programme alms at reaching the first elements of repository lcensing. The main elements of
the programme, field geological nvestigations, safety assessment, reliminary environmental
impact study and land use questions, are outlined and described.

I Introduction

The Hungarian National Pr 'ecl: for the final disposal of NPP originated wastes was initiated
by the Hungarian National Atomic Energy Commission (HNAEQ in 1992. Careful
geological and system studies supported the decision in 1996 to concentrate efforts on
subsurface mined cavity type disposal in granitic bedrock of the Bdtaap�tj area ID South-
Transdanubia. Investigations in 1997-98 concluded potential suitability of the site.

Meanwhile a Ministerial Order IKIM No. 62/1997 X:26.) "Geological and mining
requirement fr siting and designing nuclear and radioactive waste disposalfacilities - was
enforced. Scientific and political ebates around the site suitability lead to the nvitation of
IAEA's WATRP team for an Avisory Mission. Recommendations of the Mission in general
supported the site suitability (the process applied for site section was appropriate,
preliminary site characterisation has been done with high accuracy, meeting International
standards), and supported further investigation of the site. In addition, several other
recommendations were fon-nulated with respect to the repository development (reevaluation
of the inventory, conceptual evelopment to be coupled with the results of geological
investigations, site characterisation to be directed by the needs of the safety assessment)-
Based on WATRP recommendations, and Hungarian legislative requirements, the new phase
of site investigations and repository development has been formulated by the Public gency
for Radioactive Waste Management (PURAM) and approved by HNAEC. This programme
alms at reaching te first elements of repository licensing. Te main elements of the
Programme are the following:

LL Fieldgeologicalinvestigation

Field geological investigation is to be planned and executed in complete accordance with the
requirements of the Mnisterial Order IKIM No. 62/1997. It provides geological and
technical information for the Sfety Assessment and the Preliminary Environmental Impact
Study.
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1.2. Safety assessment

In the Safety Assessment - in accordance with foreign practice and also with the national
experience - the actual nternational recommendations (I I I G.3.3) and development concepts

'II be used. We also rely upon the methodological document of the EU/OECD-NEA
published in this field (ETNU-CT-93-0103) and the documents of the IAEA and developed
countries "the scientific-technical bases of the waste disposal" (for example, pr ject JNC
H 12) as wel 1.

1.3. PreliminatyEnvironinentalInipactStudj,(EIS)fortliefacilitj,

The Preliminary Environmental Impact Study (EIS) for the facility will be compiled in perfect
harmony with the requirements of the Law 11I of 1995 on general rules of environment
protection ad the requirements of the Governmental Order 20/2001 (11. 14. on
environmenta impact studies. It demonstrates the fulfilment of the requirements laid down in
environment protection rules and gives grounds for the application to be presented to the
environment protection authorities.

1. 4. Land use questions

Land use questions will be arranged in compliance with the requirements of Law LXXV111 of
1997 on built environment. This a stipulates that each settlement has to elaborate and
approve a development concept of its own.

The programme is planned till md-2005 and, hopefully, will end up with a statement of
acceptability by the Hungarian Geological Survey (MGSZ), an approved land use regulation
for the host village BdtaapAti and the acceptance of the preliminary EIS by the environment
protection authorities. Details of the program are described in the following chapters.

2. Site investigations

Site investigations consist of surface, subsurface and additional phases. Each phase has to be
carried out according to an investigation plan approved by the MGSZ and end up with a
summary report accepted by the MGSZ.

2.1. Srface investigation

The surface investigation program will include a large variety of activities both in the field
and in the laboratory, associated with managing and analysing of earlier and new data for
integrated interpretation. The drilling of new boreholes with associated investigations will
forin one of the most important parts of the work. So far, the structural model of the site
consists of three sub-vertical fracture zones, but their existence and orientation have to be
veri ied. The overall target for the surface investigations is prior to any underground

as precisely as possible the main structural fracture zones within the
investigation to
planned repository area.

Drilling. The deep borehole drillings have two separate goals, on one hand, to verify the
current structural model and on the other hand to enlarge the study area with three new
boreholes. Borehole Ch-25 has been planned to intersect the fracture zone which was met
earlier in borehole ft-2. at depth of 150-200m. This steeply dipping zone is expected to
stn'ke 'n the ESE-\N'-NW direction, but the dip direction is unknown. The first estimation is
the north, and thus the first borehole will be inclined towards the south. Borehole Cjh-25 will
be the first inclined borehole drilled at the site. The inclined position generally means that the
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borehole is more snsitive for collapsing cornpared to a vertical one O the ther hnd, all
inclined borehole is peferable because it allows to obtain oriented ore samples. Tis, in urn,
is of importance hen considering the or]entation of fracturing ad fracture zones discovered.

Stabilization of fracture zones will 1-te an important issue dunng te borehole dlling. Illree
vertical boreholes (Oh-26-28) will be drilled down to 400 meters to ave a wider view of the
geological setting at the site

Z" - , The area sudied so far is quite sall. ineeting the neds for
instance, of lav-out desl(n of subsurface facilities, The new borehole;; will very probably
n-leet iew fraCtUre zones or Other features that ust be clarified ore accurately late fo te
surface or froni underground. Anyhow, the enlargement of the nitiation area is required.
The measurements ofthe n situ state of tress of the bedrock will b o of the new
investigation methods applied. Both the overcoring and hydraulic fracturing are planned to be
performed. These measurenientswill be imporLant ad of iterest bcause previous datafrorn
hard ock conditions are almost totally absent in Hun

I gary.

R,

-x

A,

U

v

Trenchin, The locations were te sound) bedrock is exposed are valley bottoms between
loess bills. Two trenches wt a ength, of'600 m 600 in ave been planned to be xcavated
in the nearbv vallev bottonas n Eva Valley in the cast and i the M�szkemence Valley J) tile
west. Te (,coal is to ave rnore inforrilation on the fracture characteristics, e.(,. direction. dip,
frequency, filling etc. of the gran-Ite ock b trench maj*in ad sampling, as well as
geophysical, soundinpas. Some indication,.; of the ESE-WNW-trending fracture zone (rejected
in borehole C[li-2 are also expected to be met in Eva Vallm If there are ear indications that
ueneral ESE-WNW-strike (lips NW, tis fa-vours te planned southern drilling orientation
of borehole Ch-25. Otherwise the orientation must be changed to the north,

Ofher shuiies. Te programme will include several oher tasks e.g. drilling of shallo-w

boreholes (wells) n the rock ad digging of vertical shafts through the loess fr characterising
tile pysical and hydro-geological ature of this surface s tion 0 tile ground. In adition,
groundwater and surface watersampling and erosion rate measureirient wll be carrie ot.
Rock nd water samples will be analyzed in laboratory. Surface geophysics will be
performed as well, aiining to detect traces Of V Ling faults of special interest. nerference
tests bet-ween the borelloles will also be carried out.
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The nvestigation programme is very comprehensive and demanding, from the point of view
of performance and management as well as in view of the analyses and integrated
interpretation of the findings.

2.2. Subsurface investigation

We suppose that the detailed plan for the exploration and subsurface works will have been
prepared by the date of beginning (April, 2004.), and from then investigations could be started
on the basis of the approved Technical Operation Plan. (It is necessary to gather every
information during surface investigation before compiling the final report. These pieces of
infori-nation are necessary for the design of subsurface investigation). Having all the
necessary licenses, creating the infi-astructural conditions.for subsurface works (preparatory
works, construction and starting of the supplying systems) can be finished not later than three
months. Therefore, the real subsurface exploratory works can be started the earliest at the
beginning of the second half of 2004. A subsurface investigation tunnel is planned for this
phase sloping down to the investigation area. Construction method will be periodical axial
drillings with length of approximately 150 m) and blasting. Depth and place to be reached
according to the present concepts could be explored after 21-36 months in case of continuous
axial d'llin- - tunnelling activity. Investigation drilling chambers will be constructed for
investigation drilling and boreholes. After reaching the required length, further detailed
geological, hi-drogeological, geochemical and geotechnical - rock mechanical investigations
have to be made to get to know and qualify the zone of the proposed site. To comply with the
requirements it is necessary to schedule a minimum months for the ativities. Mountin of9 ,
the subsitiface monitoring elements can be made continuously. Sampling and analysing
activity according to laboratory investigation programmes can also be made continuously.

3. Safetv assessment

A preliminary safety assessment has been made on the basis of geological investigations in
1997-1998. Results showed excellent performance of the disposal system. Investigation
needs identified by the assessment are related to the better characterisation of the water
pathways leading to the blosphere and the structural geological features of the site. Structural
characteristics of the site shall define the layout of the facility and the applicable cross
sections of the disposal tunnels or cavities. Site specific safety assessment could be
elaborated on the basis of results of the ongoing investigations. FEP analysis and scenario
generation methodologies shall be developed till the summary report on the surface
investigation phase. Smultaneously and overlapping, on the basis of the new data from
surface investigations the hydro-geological modelling and fault model preparation can take
place. The radiological consequence analysis will be supported by local and regional studies
performed within the framework of EIS investigations. Two type of safety assessment are
under preparation using deterministic and probabilistic approaches. Updated safety
assessment is scheduled on the basis of the subsurface investigations.

4. Compilation of the preliminary environmental impact statement

According to the Hungarian legislation environmental impact has to be assessed in two stages.
At the start of the activities a Preliminary Environmental Impact Statement has to be
elaborated. Experience of earlier licensing activities showed that at least the basic design of
the facility is necessary to address the needs of the environmental authority. Therefore
geodetic survey, planning and connected licensing processes for excavated rock emplacement,
for surface drainage, for levelling and for provisional constructions has been started. In
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parallel with surface investigations basic designing of the urface constructions and
technological systems are carried out.

Characterisation of the radiation background and baseline environmental conditions as w as
collection of bosphere parameters is part of investigations ecessary to compile the
Preliminary Environmental Impact Statement. Surveys requiring ontinuous monitoring will
be continued until the end of the pr 'ect. Real-colour and nfra aerial photography will be
made for the missing seasons with snow-coverage and in autumn). Survey of health status,
mortality and morbidity are part of baseline studies in te region.

5. Land use authorisation

Prior to starting the subsurface nvestigations the land use plan of the settlement Bdtaapdti has
to be prepared and approved. Present land use pattern and characteristics are studied now.
On the basis of the results, needs of the local community and the roposed disposal facility a
development concept has to be formulated and accepted by the village. Areas for the surface
and subsurface facilities will be marked and assigned for, including location and
communication lines for the visitor centre. Then the regulatory documentation and local rules
shall be proposed and approved by all the interested authorities and communities.
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Abstract.

The Novi Han Repository is the only existing repository in Bulgaria for the disposal of
radioactive waste from nuclear applications in industry, medicine and research. The disposal
vault fr spent sealed sources is not designed for disposal of powerful 137 Cs and 60CO sources.
Long-lived aste from nuclear applications is also not allowed for disposal at the Novi Han
Repository. As an operator of the Novi Han Repository, the Institute for Nuclear Research
and Nuclear Energy (INRNE) initiated a programme for assessment of the possible utilization
of deep shaft Gabra for disposal of such waste. Results of the preliminary study are discussed.

1. Introduction

The Novi Han Radioactive Waste Repository is the only national radioactive waste disposal
site in Bulgaria. It as constructed in the early sixties according to a modified Russian design
(type TP-4891) and operated more than thirty years without any accident or release of
radioactivity to the environment, but also without any investment for upgrading. As a
consequence the Committee on the Use of Atomic Energy for Peaceful Purposes temporarily
stopped the operation of the Novi Han Repository until measures for improvement of the
facility are undertaken. Serious measures for upgrading were implemented under IAEA TC
Pr 'ect BUL/4/005 "Increasing Safety of Novi Han Repository", which led to resuming the
routine operation and application for re-licensing of the Novi Han Repository.

As typical 'RADON' type disposal facility the vault for spent sealed sources is not designed
for powerful spent sealed sources. The powerful spent sealed sources from medical and
industrial irradiators together with sealed sources that contain long-lived alpha emitters,
which are also not accepted for disposal in Novi Han Repository, represent the major problem
in the radioactive waste management.

The Institute for Nuclear Research and Nuclear Energy (INRNE) as operator of the Novi Han
Repository initiated a programme for assessment of the possible utilization of shaft Gabra for
disposal of spent sealed sources.

2. Organization of the activities

Based on a decision of the Steering Committee of the State Fund "Safety and Storage of
Radioactive Waste" a working group was created for preliminary assessment of the
applicability of shaft Gabra for disposal of spent sealed sources. Representatives of different
organizations participated in the working group - INRNE, University of Mining and Geology,
Ener2opr 'ekt and the operator of the Gabra facility, who also partly took part in the
construction works. The working group studied the existing geological, hydrogeological and
technical documentation and concluded positively on the potential utilization of the shaft
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Gabra for disposal of spent sealed sources [1]. The report was approved by the Steering
Committee of the State Fund and based on its decision the Minister of Energy and Energy
Resources ceased te liquidation of the shaft. Procedure for transfer of Gabra site, together
with the shaft and the infrastructure, to INRNE is in progress.

3. Description of the Gabra site and shaft

3. . General information

The Gabra mine section is constructed for exploration of the uranium deposit dscovered after
specialized geological mapping in 1983. For a detailed study, started in 1983, 44 drillings
from the surface and 4500 m uderground mine works were xecuted. By Council of
Ministers Decree No.56 of 1992 te uranium mining industry in he country ceased and by
Decree No.74 of 1998 liquidation of the uranium mining facilities and rehabilitation of the
sites started.

3.2. Geographical location

The Gabra mine section is located on the territory of Elm Pelin unicipality, Sofia region,
within the territory of the villages Kroushovitsa and Gabra, about 30 km southwest from
Sofia. The area is a part of te mountain lhtimanska Sredna Gora. It is mainly a mountain
region with an altitude of about 900 m, oak-clad and with glades. The site is connected to
national roads by a normal asphalt road of 14 km through Kroushol/itsa to Novi Han and with
"black" soil road of 2 km to Gabra ad after that to Novi Han. The site might be connected to

Oway, which s 25 km west.

3.3. Meteorological conditions

The region is part of the European ontinental Climate zone and is characterized by relatively
cold winders and mild summers. ccording to the data of the nearest meteorological station
at elevation close to the elevation of the Gabra site, the average annual temperature is 98 'C.

The highest temperatures are in July (average monthly temperature 18 'C), the lowest are in

January and February average monthly temperature 4 'C). Te annual precipitation of
637mm is lower than the values for sites in Balkan and Vitosha mountains even at lower
elevations. The maximum precipitation occurs in June with average monthly values of 8 -
90 mm. The minimum precipitation occurs in February with average monthly values of 30 -
35 mm. The snow coverage in the area is of small thickness and not long lasting.

3.4. Geological characteristics,

The region i's part of the so-called Srednogorska zone, which is represented by magmatic,
metamorphic and sedimentary rocks related to the four tectonic-magmatic cycles - per-
Cambrian, Caledonian, Hertsingski and Apine. The Gabra site region is build up from thick
sediments from the upper Carbon. They are represented at the bottom of the cross section by
yellow, average and rarely of rudaceous conglomerates, gravelits, heterogramform sandstones
and siltstones with red-violate color. The middle part is represented by partly-colored shist
brecclas, sandstones, sltstone, fine-piece conglomerates and gravelites. Again the read-violet
color is prevailing but there are some benches with 15 m strength cf grey-green rocks. In the
upper part of the geological section the share of fine granular rocks - sltstones, argillites,
marls and separate layers of sandstones and limestone is ncreasing. This part the
geological section is described as a Gabra suite. The area around th- Gabra shaft is mainly
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constructed of the described upper Carbonic sediments from the highest part of the geological
section - fine-granular siltstones, argillite and marls (Fig. ).

3.5. Hydrogeological characteristics

According to the existing data the geological strata is characterized by low water content, low
permeability and low water flow. rhe water movement occurs in the tectonic disturbances.
The underground waters are mainly intrusive. The area is drained by a small river named
Gabra and the tectonic fault zone.

3.6. Infrastructure

The industrial site covers an area ofabout 10 000 M2, from which a3ou 6 000 m 2 are overed
includes vertical leveling of the ste and oad

with asphalt. The nfrastructure I I
communications, electrical power supply via 20 kV line with transformer substation, potable
and technical water supply, sewage system, as well as several buildings including
administrative building, cooking ad dining building, and mainteriance shops, facility for
preparation of concrete and storages. The site is guarded but there s no fence.

3 7 Shaft

The existing shaft is a complex mine facility, which consists of the shaft itself wt sall
horizontal workings as preparatory parts for construction of horizontal galleries and the
mining equipment (lifting machine, towel and auxiliary lifting devices). The shaft (,Fig. 1 is
vertical with following dimensions: depth 233.9 m, diameter 45 in and cross section 5.( m.
It is lined with 40 cm thick sulphate resistant concrete grade B20. orizontal workings ae at
elevation of 780, 740 and 700 m.

4. Criteria for assessment

The development of criteria for reliminary assessment of the applicability of the shaft Gabra
for disposal of spent sealed sources is based o the principles for sitting of disposal facility
[2,3] as well as the regulatory requirement for radioactive aste management 4]. The criteria
are summarized bellow:

L Geographical location

1. . Distance to nuclear site;

1.2. Distance to big towns;

1.3. Low populated area;

T 4. Outside area.for.fitture develop of the town/village,

L 5. Distance nationalparks, tourist areas, etc.;

I. 6 Outside area with protected.flora and.fauna species.

11. Criteria related to activities tat could lead to human intrusion in hefuture

11. 1. Absence archeological or other cultural evidences at the site;

H.2. Absence ofnatural resources.

135



III. Other criteria

111. 1. Land se,-

111 2 Ownership of he land;

M. 3 Plic acceptance;

H1.4. Tra"sport outes;

IR. 5. Evisting infrastructure.

IV. Meteorological criteria

X. I. Loit-precipitation rain and'snoii);

11" 2 Low pobability of unexpected extreme eather phenomena.

V. Criteria related to te surface conditions

1.]. -,%,'oei�idence.foi-.floodingqflhesitediii-inglastIO00year,�;

V.2. Sitei7otendongei-edb)�,landslidesoi-ei-osion.

VI. Criteria related to the geologicalformation

Lithostratigraph - h contributes to the long-term isolation qf the radioactive waste and
limits the migration of radionuclides to the accessible environment. Preferably.-

I . 1. Uniform and homogeneous geologicalformation;

T 7.2. Dimensions of the rock sufficientfor hosting the repository:

T,7.3. Mineralogical composition that povides retention of'radionuclides due to sorption
processes,-

VT 4. A dequate thermal properties and absence oj'm inerals that easily elease the
hydration water;

VIL Criteria related to the tectonics and seismicity

1,71.1. Sel'sniicitibelovA-IXaccoi-dingtoMSKscale;

V11. 2. Low neotectonic activit-i-l-

V11. 3. Absence of active faults in the vicinity;

VIT 4. Site not endangered y volcanic activities;

VI]. 5. Absence of subsidence o increased uplift.

VIII. Criteria related to the hydrogeology

VIII.I. "Di-i-"hosti-ockii,�ithloii,,watercontent,-

VJI 2 Loit waterflow low permeability, hdraulic conductivit ad hdraulic head
gradient):

VIII 3 Simple hydrogeologj7 that could be characterized and modeled;

V111 4 A bsence offaults that provide fast pathways to the accessible environment,,

VIII. 5 A sej7ce of direct paths to ater resources;

VIII 6 No evidence.forsharp change of level f the underground ater table
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IX. Criteria related to te engineering conditions

IX . Geotechnical conditions that provide stability Qf the underground workings,-

IX 2. Sqfficient bearing capacitv of the host rock.

5. Assessment of the applicability of the site

The site is located 2 km south-east fom the existing Novi Han Repository, and is inside of the
monitoring area of the repository. It is not far from the main roducers of spent sealed
sources, which are situated mainly in Sofia, but at sufficient distance from big towns and
zones for future development. 'The site is not a reserve area, national park, tourist center or
recreation area. There are no animals and plants protected by the aw. The surrounding area
is very low populated. There are o archeological objects. The natural recourses (uranium
and coal) are not in the area of the vertical shaft. The site is on trritory of the state owned
forest with young threes, without economical importance and not suitable for agriculture. The
inhabitants of the villages Gabra and Novi Han do not express opposition to the construction
of a radioactive aste management facility. There are no records on extreme meteorological
events. The precipitation rates and values are lower compared to sites at the same elevation.

The conclusion I's that from the view of geographic, demographic and meteorological
characteristics there are no reasons to r 'ect the Gabra site as a potential site for dsposa of
radioactive waste.

The area around the vertical shaft consists of fine corn rocks fro te upper carbon - alevrolit,
argi illites, sandstone's and marls. The area is at the boundary btween VII and IX MSK
seismic class. The missing quarterner leers are evidence for the low geotectonic activity.
Near the site active faults as well as volcanic activity are not fund. The crushed zone
surrounding the block of the host rock may be an advantage reducing the hydraulic gradient
across the disposal zone.

The conclusion is that the geological parameters of the massive around the shaft may
correspond to the requirements for geological formation for construction of a repository for
radioactive waste.

The hydrogeological conditions of the site according to the experts are simple enough. The
rock varieties (fine grained aleurolites, argillites and marlstones) garantee low permeability
of the host rock. The underground water flows through the tectonic disturbances. The
lithology and filtration features exclude possibilities for accumulating of underground water.
The rock is practically dry up to a depth of 100 m. The site is drained from north, west and
south (boundary is the valley ofGabra river), and from east (fault zone). The conclusion is
that from the hydrogeological point of view there are no reasons t reject the Gabra site as a
potential site for disposal of radioactive waste.

The existing infrastructure adds advantages to the site. The shaft is constructed into rocks that
assure the stability of the mined openings. The construction of the shaft allows future
construction of horizontal galleries. The existing mining equipment is in good condition and
the big diameter permits installation of specialized lifting equipment. The bearing capacity of
the rock is sufficient to ensure the echanical stability of heavy shielded containers.

The existing vertical shaft is an xpensive facility in very good condition. The facility
permits different options for disposal of radioactive waste.
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6. Conclusions and future plans

The conclusion of the working group is that, according to the available data for the geology,
hydrogeology, tectonics, seismology and meteorology, the site might be used for construction
of a repository for spent sealed sources. The geographic location, demographic aspects,
administrative status and the transport connections are arguments for choosing the site. The
existing deep shaft, infrastructure and buildings are a strong argument. The repository could
host spent sealed sources which cannot be disposed in near surface disposal facility at Novi
Han Repository - mainly powerful 137C s and 60 Sr spent sources from industrial and medical
applications and different long-lived sources. Different options for disposal of spent sealed

'I] be considered - borehole and mned repository, both n the saturated and
unsaturated zone. INRNE has applied for technical assistance to the IAEA for the feasibility
studv.
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Abstract.

The Paper describes activities oncerning the disposal of radioactive waste in the Slovak
Republic. For disposal of the JoNv ad intermediate short-lived radioactive waste, the National
radioactive waste repository Mochovce (near surface type) was pi-it into operation i 199.
History and approaches to repository development, siting and construction are briefly
described. Recent activities regarding the repository are concerning on the safcty re-
assessment and re-derivation of coherent waste acceptance criteria, studies of repository
covering and possible enlargement. In the second part, attention is given to the Slovak eep
geological repository development programme, which has been under way since 996. ost
of the results were obtained from the siting part of the programme, where four localities (six
sites) were identified as prospective for next nvestigation. The paper also gives an oerview
on next two routes of deep repository development programme: studies resulted later in
performance assessment and general activities, i.e. design studies, nalysis of legislative and
infrastructure conditions, planning ad evaluation of works.

1. Introduction

End steps of the Slovak national radioactive waste management system depend on the activity
of safety important radionuclides in particular waste packages. The near surface type
repository in Mochovce was originally constructed and commissioned for disposal of low and
intermediate short-lived wastes esulting from operation of all Slovak nuclear power plants
and from decommissioning of the uclear power plant A-I (150 MWe, HWGCR type, shut
down definitively in 1979). For the waste streams, which cannot be disposed because
characteristics of waste packages do not meet with repository acceptance criteria, the integral
storage facility is under preparation. It is intended to dispose these wastes into deep
geological repository together with spent fuel on the assumption that this spent fuel
management option w'II be preferred. The Slovak deep repository development prograrnme
has been continuing since 1996.

2. Low and intermediate radioactive waste repository Mochovce

2.1 Descriptionandbriefhistory

It was decided to construct two near surface repositories in the former Czechoslovak
Federation in the late seventies: one in the Slovak, second in the Czech part of the Federation.
The Slovak repository was situated at 1.5 km distance from to area intended for construction
of the Mochovce NPP at this time. he Siting process, based on rules valid at those time for
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siting of nuclear power installations, was formally finished in 1981 by issuing the siting
license. Thelicense was issued on the existing archive information regarding the local
Geological environment, without detailed geological and hydrogeological investigation of the
site. As a result of this fact, repeated additional geological investigations were performed on
the site for the next tenty years. Due to the presence of inhomogenity of geological
em ironment under repository site, it has been generally difficult to approximate the transfer
of radionuclides by appropriate model.

The present disposal structures consist of two double-rows of concrete vaults. One double
row consists of 2 x 20 vaults. Vaults are connected into dilatation units b five. 90 x 0 x
3) standard concrete containers and waste packages can be inserted into each particular vault.
So., the total present capacity of the disposal facility is 7200 containers. Each double-row is
embedded in clay bath-tube: Im thick on the bottom, 3 m at the sides. Waste packages are
placed into vaults by the crane moving on the rails above double-row. Construction makes
also easy transfer of crane on the second double-row possible.

Construction of the repository began during the second half of the eighties. The repository
Nvas allowed to be an nternal part of radioactive waste management of constructing
Mochovce NPP; it has been declared as individual nuclear facility, according to regulation on
radioactive aste management, since 1987. During and after construction, the facility
operator applied a few times for the operation license. The third license application was given
to newly the established Nuclear Regulatory Authority of the Slovak Republic (NRA in
1993. amended by the Pre-operational Safety Case. Perfon-nance assessment in this document
reflected, among others, the most important design change of repository: from the concept of
200 drums direct disposal (followed by appropriate backfilling) to application of concrete

3 icontainers (steel fiber reinforced, 31 M inner volume) as an only disposable waste package
form.

In 1993, NRA requested the IAEA for reviewing the preparedness of repository to operation.
Peer review, which was realized under the IAEA WAste Management Technical Review
Programme, reviewed both of safety documentation and organizational/construction provision
of operation. It was finished by a report issued at the end of 1994. The standpoint of NRA,
which was based on the WATRP mission recommendations and on approaches to analogous
repositories, was issued in 1995. As a consequence of tis, important construction changes
were realized during the second half of the nineties:

• construction of fully new drainage system providing long-term drainage of each particular
box inside vaults; the drainage pipes system has been directed through four drainage
galleries shafted directly into the clay layers at sides,

• declining the slope south from double rows and its fitting against erosion,

• construction of the hall above the first double row (hall will move on the second double
row after filling the first one),

• repair of concrete structures.

Intended use of concrete containers as an only disposable package form led to change of
backfill approach.

All facility upgrading works were ealuated in its safety consequences in the last version of
pre-operational safety case, which was a part of operational license application. Also other
important safety aspects were evaluated in this document:
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• results f onlianced geotechnical mvemi(ration Nvere summarized in(] interpreted ito the
Diodel Of C)n(-term behavior of disposal structures aer loading of wast pckages,
backtillim-'., cover, nder start,"(, nd dviian-ile conditions,
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• complex approach Lo selection of afet� important radionuclides Cited long/term behavlor
scenario ws pplied tbr th sfety assessment Indoor derivation of waste acceptance

I 471 -construction s how in

An overall of repository, recovered at te 6ine f tip-rading re I
1711-111re 1. The icture show aso the nearest Under,n-ound Nvater monliorim, wells stuated On
tile slope below t dsposal structures,

The Dccornrjiissiojilm� ofthe NUclear Installations, Radioactive k\.'-:-Iste and Spent fle]
vlanagement Company, which is subsidi I

i iary company iside the Slovak Electric, face,
operates this According to te institutional arrangement ai te Slovak republic, the
repositorN, Operator is tile chISIVe waste Package producer at the sarne tme. The Regulatory
authorltv in October 1999 ssued license for te repository testing oeration After
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radjoactive waste and satetv important parameters (e.g. consolidation of disposal strtiC[Ures

and the crane rall wre evaluated mid followed by I-01-ItHICoperatioi- lcense September
'00 ). Approximately 300 containers"Waste packages hve been disposed here p to 1",mv.

gg

1. Overall view on the Mchovee repository, during te econstruction works.
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2.2 Recent activities

Recent activities oriented to the near surface disposal facility in Mochovce have focussed on
three groups of problems:
• performance/safety re-assessment in order to sensitivity and uncertainty analysis and re-

derivation of waste acceptance criteria,
• studies on repository covering.,
• study of needs and approaches to enlargement of the repository.

Performance assessment of near surface repository as well as derivation of waste acceptance
n' ' ' '1I based on the methodology used during preparation of the 3 d version of pre-

operational safety case in 1993-94 [1]. In the last version of safety case 1999) 2], the same
computation tools were used with following differences in methodological approaches:

• more scenarios ere taken into consideration. Four types of scenario were chosen:

Normal evolution scenario (probability of this is approaching to I by time).

Normal eolution, but with bath-tube effect or leakage of clay bath-tube resulted from
arlous acc'dental events (faulty function or faulty sealing of clay curative barrier after

institutional control period, faulty function of clay barrier in cover - with probability
smaller than I by time but higher than for following scenarios).

Intruder scenarios - they were the same as in previous safety case - the probability of
these is much lower than .

Alterriative scenarios - drinking water well in proximity of disposal vaults (alternative to
all normal evolution cases, but with probability similar to intruder scenarios.

• related changing of basic radiological limits for the long-term safety analysis and
acceptance criteria derivation to 100 ErSv/year for all types on evolution scenarios and
IMSN,//year for ntruder and alternative scenarios.

• it was decided to leave the stochastic approach because existing legislation has not given
an applicable basis for interpretation of results.

14c, 59N-, 63 79
• set of safety mportant radionuclides was spread to: I N1, Se, "Sr, 9Mo, 9Zr,

94 07 126 12 �, 135cS, 137cS, 151 sM, 23 239pU 21Nb, 99Tc, 1 Pd, Sn, 1, 'Pu, 'Am.

• it was also decided to leave "the hot container" approach [I] in ntruder scenarios.

• not institutional control period 300 years) but evidence that mechanical ruggedness of
container lid longer than 500 years was applied as a time parameter for beginning of
intruder scenarios possibility.

Usina the same models and computation tools, no new model was applied to the alternative
scenarios and scenarios of bath-tube effect and leakage form clay bath-tube, but only
corresponding changes of some parameters. The main reason for computations was to derive
the acceptable activity of waste packages for disposal. So, unique activity I Bq /M3 ofeach
nuclide was a priori taken to computations and concentration limits were derived from
comparison of results with the basic radiological criteria.

Particular requirement of the regulatory authority as the results of testing operation,
technological problem of preparing sufficient quality waste packages and new dose factors in
new radiation protection regulation were the motivation for recent safety re-assessment 3]
and analysis of sensitivity and uncertainty of different parameters. After testing operation of
the repository. the new waste acceptance criteria were approved by the regulatory authority.
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Sensitivity analysis of source term model 4] was done applying the code NF [5], providing
ibility of stochastic computation. The Code NF s an adapted version of the Belgian ode

MODEMO applied in the performance assessment ]Initially. Snurnov's test technique was
chosen to ordering the parameters according to their influence on surce term output value. 1h

Table I shows the ost nfluencing parameters for various nuclides (positive correlation, 95
percent'le).

Current safety assessment studies deal with the problem of new (content of waste packages
intended to dispose, which has not been included into approved waste acceptance criteria.
There are two fundamental reasons for this. Firstly, it has been indicated that used
conditioning technologies are not able to prepare complying waste packages or all
radioactive waste streams (i.e. sludge), and secondly the centralized collection of the Slovak
institutional waste has been beginning, including spent/disused sealed sources, with itention
to dispose them here.

Table 1: Smimov's test values f surce term model parameters - iportant on 95 11) percentile
level 4]

cover clay bath-tube distribution distribution porosity of
Nuclide hvdraufi� c1a3 ' coefficient coefficient clay

conductivity by raulic of clay of concrete
cOnductivit
v

14c 0.956

41 Ca 0.622 0.756
5'N i 0.600 0.753
79 S e 0.411 0.889
9OSr 0.511 0.771

93 M o 0.611 0.720
93 Z r 0.200 0.889

129 1 0.889 0.387
135 C s 0.576 0.536 0.429 0.410
239 P U 0.444 0.344 0.651 0.233

Issuing the license, the Nuclear Regulatory Authority required realizing long-term model
experiments to obtain an information on behavior of the cover. The long-terrn study is in the
preparation phase. It is intended to move on few ways: 1 I model dsign study and later
model construction (it is intended to construct the cover model directly on the repository site),
laboratory tests, investigation of clay deposits.

Regarding the governmental decision on untimely shut down of the NPP V I in Jaslovske
Bohunice (both of reactors at 2006 and 2008 respectively), recent disposal capacity will not
be enough to needs of the waste arising from all sources. Logically, enlargement of existing
repository is the most favorable solution, according the feasibility study 6]. It is intended to
begin the EIA process for the best slution alternative at second hall'of present decade.

3. Development of the Slovak deep geological repository 71

According the Governmental decision approving the energy policy -nd strategy of the Slovak
Republic, there are two options of spent fuel management in Slovakia:
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• direct disposal after correspondent storage,

• shipping abroad after storage for fulfillment of the next management steps.

There are also waste streams, which cannot be disposed in near surface repository (small
portion of wastes arising from NPP decommissioning, higher activity cesium disused sealed
sources as well as long lived disused sealed sources).

In spite of the fact, that the Slovak Government has postponed final decision regarding the
spent fuel management strategy (to the year 2007 for the last time), the national programme of
deep geological repository has been in progress since 1996 as a continuation of former (before
separation) Czecho-Slovak one after its respectable revision. The programme is funded from
the State Fund for Nuclear Facilities Decommissioning and Spent Fuel and Radioactive Waste
ManaQement. According to the present national infrastructure, only the producer of nuclear
electricity is still responsible for realisation of programme activities. It has contracted the
DECOM Sovakia, Ltd. company as a "coordination workplace" and next IO subjects to
perform particular activities. The programme has been proceeding along three main routes:

• siting.

• ativities connected with the performance assessment,

0 coordination/general.

3.1 Siting

The site selection process started 'In 1996 by the critical review of relevant archive
information. This review led to identification of 15 sites potentially suitable for deep
geological repository within Slovak territory. As a next step, the set of siting criteria was
formalized issuing from worldwide experience compiled, for instance, in IAEA safety series
document [8]. Three groups of site-selection criteria were proposed:

• geological and tectonic stability of prospective sites (seismic activity, faulting, folding,
uplift of territory, etc.).,

• characteristics of host rock (lithological homogeneity, hydrogeology, low hydraulic
conductivity, absence of groundwater resources, favorable geotechnical conditions, rock
stress, thermophysical and geological characteristics, absence of mineral resources),

• conflict of interests (natural resources, natural and cultural heritage, protected areas of
well or thermal waters).

Complex analysis according the criterion apparatus was applied on the set of potentially
suitable areas and they were divided into three groups (see Figure 2:

• recommended for further investigation (green points in Fig. 2 - four areas (six localities),

• abandoned but not excluded areas - they may be considered as a backup if above sites
prove unsuitable or for any reason unacceptable (orange points),

• excluded from further investigation (red circles).

Four localities recommended for further investigation have a granitold rock and two (marked
as 41 and 42 on the picture) argillaceous and pelitic formations as a basic geological
environment. The first on-sites studies (geophysical measurements, shallow drilling to 250

including hydrogeological and geophysical logging) were perfon-ned in 1999-2001.
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Excluded areas

Abandoned but not
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Fig. 2 Simplified tectonic sketch of Slovakia and status of deep repository siting in 2001

3.2. Performance assessment

Inside this area, the source term was studied focussing on the investigation of radionuclide
release mechanism as well as dentification of critical groups of radionuclides and their
characteristics. The first step in a near field study was a critical review of the current status of
this assessment, engineered barriers modeling, available information on the materials and
disposal containers. The first conceptual proposal of a disposal container was prepared,
which could contain seven WWER-440 spent fuel assemblies. Concerning far field studies,
the Geological Survey of the Slovak Republic reviewed worldwide experience in modeling
geological barriers and groundwater flow. Reflecting the current status of knowledge, three-
dimensional models of geological barriers were prepared for sites proposed for further

investigation.

The starting point of performance assessment methodology was also the critical review of
model approaches in various deep repository programs worldwide. As the first step, the
internationally accepted scenario development technique based on evaluation of FEP
(features, events, processes) list was adopted. Next step extending lo the present has been the
selection of appropriate conceptual and mathematical models for performance assessment of

individual repository subsystems.

3.3. Other activities

All oordinating activities could belong here, namely: short nd long term planning,
evaluation of the works status, transferal of information among contractors, regulatory bodies,
and public, application of quality assurance approaches ncluding archival system of
documentation, etc. Coordinating workplace is interesting to internationalization of the
programme, by foreign subjects direct involvement on the works, or by form of peer reviews
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and arranging of Czech-Slovak ith individual participants from other countries) annual
I I I I

meet n-s. Reoarding the public nvolvement, recent activities have inc uded:

• the complex studies on public involvement in radioactive waste management area,

• informing the public by presentation in media, by issuing progress reports for public and
publishing particular brochures,

• investigation of possible socioeconomic dependencies,

• development of a programme for public involvement on decision-making processes.

As a part of co-ordination works, the preparedness and consistency of legislation and existing
infrastructure to the repository development was studied. Studies issued to proposal to
establish the national agency responsible for the last steps of radioactive aste and spent fuel
management, consistently with the practice worldwide. This proposal has not realized yet
because it could have to change revolutionary the existing waste management infrastructure.

Conceptual design studies concerning hypothetical repository in two alternative geological
host environments were prepared as an important part of general activities. Recent activities
here have been concerned with analysis of the need for an underground laboratory (generic
research or confirmation laboratory) and described in a preliminary feasibility study.

Manaeement of the national electricity company, according the priorities inside the company,
has decided to suppress the deep geological programme activities in the years 2001-2002. So,
establishing the national independent responsible agency seems to be a fundamental condition
for continuation of works planned in the Slovak deep geological repository programme.
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Abstract.

In Norway a Governmental Committee was appointed in 1991 to rake an evaluation ofthe
future steps that need to be taken n Norway to find a final solution for the spent nuclear fuel
and for some other radioactive waste for which a disposal option oes not exist today. The
report from the Committee is now undergoing a formal hearing process. Based on te
Committees recommendation and comments during the hearing the responsible Ministry will
take a decision on future nfrastructure in Norway for the spent nuclear fuel. This will be
decisive for the future management of spent nuclear fuel and radioactive waste in Norway.

1. Introduction

In December 999 a Governmental Committee was appointed to ake an Evaluation ofthe
strategies for high level reactor fuel" the so called "Bergan Commission". In December 2001
the report was published [I ]. InJanuary 2002 the report was sent for hearing to Governmental
orgarnsations, ministries, municipalities in the area of the reactor ses, to NGO's and to other
concerned groups. Based on the recommendations by the committee and the comments
received during the hearing process, the Ministry of Trade and Industry will make their
decision on the future steps.

2. Background

Norway does not have any nuclear ower plants, although there are two research reactors. The
Institute for Energy Technology (IFE) operates these two reactors lcated in Halden I km
south-east of Oslo, and at Kieller, 25 km east of Oslo. IFE is an industrial foundation funded
from the national budget and from commercial research programmes. Main research areas at the
Halden reactor are reactor safety, technological research and development. Fuel testing, the
OECD/Halden pr 'ect, and research on man-machine interactions are two important tasks.
Tested fuel elements are returned to their owners. The JEEP 11 reactor at Kjeller is used to
produce pharmaceutical products and irradiation services for medicine, industry and research.
Neutron beams from the reactor are used to study the fundamental physical characteristics of
solids and liquids.

In 1989 a committee was appointed by the govenu-nent to investigate possible solutions for final
disposal of all the Norwegian LLW and ILW 2]. In 1992, an impact assessment was performed
including three possible disposal sites, with a recommendation for one of them. This was an
engineered rock cavity facility in Hrridalen, 25 km from the Kjeller waste conditioning plant 3].
During the Parliamentary committee deliberations it was proposed that it should be a combined
disposal and storage facility, with storage of the plutonium beann- waste and disposal ofthe
short lived waste. The facility was constructed and is in operation since March 1999.
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3. Radioactive waste and spent nuclear fuel generated in Norway

Laboratory scale fuel reprocessing plant in operation 1961-1968 (liquid aste containing
.fission products and decommissioning waste).
Examinations of irradiated fuel in the metallurgical laboratory 11 (cutting and grinding
waste).
Halden reactor (ion exchange resin, SNF).
Isotope (phan-naccutical) production (all kinds of laboratoi), waste).
Research wastefirom IE and other research institutions).
Waste from medical applications.
Industry (sealed sourcesftom industrial applications).
Scale deposits on production equipment from offshore industry in the North sea owspec�fic
natural activity, VORM,).
Exit signs and onic smoke detectors.
Decommissioning (when the to research reactors are going to be closed down, this work
will result i various tipes f adioactive waste).

Todav the total amount of spent nuclear fuel in Norway is 16 tons. Approximately 25 kg is
Penerated each year and the total amount in the future disposal facility will depend on the
time of closure of the research reactors.

4. Future issues of concern

4.1 Spentnuclearfuelandthe"BerganComniission"

The main recommendation of the "Bergan Commission", appointed by the Norwegian
Government, is that the Norwegian spent nuclear fuel should be stored for a period of 40-60
years. One reason is cooling, the other is to have sufficient time to develop a disposal
strategy and construct a repository [1] and that a new intermediate storage facility should be
built in a rock cavern. The decision should be taken this year, so the facility can start
operation in the year 201 and be in operation for 40 to 60 years.

The Committee has made a brief evaluation of possible storage options; continue as today (1)
,.zero solution"; 2) upgrading of today's storage facilities; 3) storage abroad; 4) construct a
new storage facility. They estimated cost, safety, technical, ethical and acceptability issues,
and ranked the four alternatives. They have used the disposal facility in Himdalen as a
"basis" for arguments, safety aspects and brief economical evaluations.

Ranked as number one (the best) is to construct a new facility and the least favourable is
continued use of today's storage's. It is worth noting, that although they argue that it is rather
unlikely, they rank storage abroad higher than today's existing facilities.

They also discuss possible disposal options, compared with the ongoing activities in other
countries and in the nternational forum and at the IAEA. Their main recommendation is that
a disposal facility should be built in Norway. Research and upgrading of knowledge should
start at once and the decision about disposal and site should be taken in the year 2020 An
international solution (or regional disposal facilities) might be an option and should not totally
be uled out', and they point out that Norway has to be prepared to be the host country.
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The Committee argues that bore-hole technology would be a real option for the small amounts
of the Norwegian spent fuel and long lived waste. An argument is hat based on the off shore
activities a good knowledge in this area already exists in Norway. An additional reason for
this is that it will be to expensive o go down to depths of hundreds of meters the way they
are planning to do in Sweden and Finland. Considering retrievability the Comi-nittee's
recommendation is that because of the small amounts of spent fel in Norway retrievabifity
should not be taken into account when designing the disposal option. The focus of' the
evaluation is the spent nuclear fuel, but the Committee recognises that also other kinds of
waste exist in Norway and a solution has to be found i.e. for waste that cannot be disposed of
in the Hmdalen facility.

4.2 Other sources of radioactive waste

In the Norwegian process of recycling of electrical articles ionic smoke detectors are
included, this will create radioactive waste. The Am-241 source needs to be properly
handled. So far the policy in Norway has been that normal household detectors are

'dered household garbage and can be dsposed of as such. Industrial smoke detectors
(with stronger Am source) or detectors in great amounts must be disposed of as radioactive
waste (to be handled at the IFE waste treatment plant). When the Hmdalen disposal facility
was designed and constructed it was not foreseen that these amounts of Americium would
have to be handled. If the smoke detectors are collected ntact the physical volume will be
large, if they are separated and the Am-source is taken out other problems occurs, such as
radiation protection of workers, transportation and disposal. Since it is a long lived nuclide it
will only be accepted in the Hmdalen facility to certain amounts. One possible solution is to
get the physical volume as small a possible and get a high concentrated waste product that

iII have to be disposed of the future new disposal facili
wi I I y.

For industrial radioactive sources. the main rule is that they shall be returned to the
manufacturer when they are spent or no longer in use. If not possible and for older existing"
sources they have to be treated as radioactive waste at the IFE plant. If, in the future, the
amount of such sources will be reater than expected or when high activity sources appears -
they will not be suitable for disposal at the Hmdalen facility and other solutions will have to
be found.

The problems of Scale/NORM fom the oil industry have not been solved in Norway yet. The
Hlmdalen facility is not accepting tis kind of waste (as of today's licensing). One rason is
the big volumes, the other is that it is "non nuclear" waste. In Norway work is going on to
concentrate this kind of waste. Then the volume argument wuld not be valid for the
Himdalen facility but you would then have a hghly concentrated aste product consisting of
long lived nuclides.

5. Discussion and recommendations

From a public acceptance point it is important to be clear and stick to the original intention of
a facility and not "sneak in" other kinds of waste when the facility is a reality an in
operation. When you have an existing disposal facility in operation, "put everything tere is
a msbehave you hear quit often. 11 can be difficult, for example, i:o argue against that other
kinds of waste, for which the facility has been constructed and lcensed, shall be disposed in
the facility. Other arguments that can be heard are: use a comer r put it on the roof the
facility.
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The Norwepian Radiation Protection Authority (NRPA), the regulatory body in Norway for
both radiation protection and nuclear safety, puts a high priority in having the necessary
infrastructure in place in due time, including the necessary regulations. Further developm ent
of regulations and criteria concerning disposal and storage of SNF and radioactive waste
should be done prior to further steps taken on the future infrastructure.

Present evaluations are not detailed enough to make a decision on were and what kind of
storage facility will be needed. For example, it is premature to say that such a facility for
intermediate storage of spent fuel should be a rock cavern facility. As pointed out by the
"Bercyan Committee", an evaluation of what other kinds of waste that exists or will be
generated in Norway is needed, especially for te decommissioning waste. NRPA believes
that such an evaluation should be done prior to a decision about the future storage facility,
since the best option would be to have this waste included in the same facility. Also, when

'der'nq a rock cavern, NRPA puts emphasis on that this could be used as "extra"
protection but that the safety and the physical protection requirements will have to be fulfilled
by the facility as such.

The time for the shut down of the research reactors will be an mportant factor in the future
infrastructure for SNF and radioactive waste in Norway. Today's lcensing is expiring in the
year 2008. Anyhow, IFE or a similar rganisation will exist at the sites for years to come, a
relevant factor when deciding on what kind of ntermediate storage to use for the spent fuel.

Of the estimated amount of 17 tons of Norwegian SNF, about 10 tons 59 %) is in a metallic
form that cannot be directly disposed of and requires dry storage conditions. NRPA considers
that this needs to be further discussed and evaluated before a decision on storaue and disposal

be taken, snce the majority of the Norwegian SNF s problematic". Reprocessing has
not been considered as an option for political reasons of the "Bergan Committee".

The discussions for nternational solutions is an area where Nor-way should take part. It is too
early to say what kind of societal changes may occur in the future. The discussions and
research for disposal options in Norway should be broad, and take into account national as
well as nternational solutions. NRPA also considers that information and public involvement

iII be very mportant. Well-defined structures and plans for this work w have to be
established and enough resources should be allocated for all involved parties, authorities,
waste enerators and other responsible organisations.

For the responsible Norwegian organisations, it will be mportant to have an appropriate level
of research, continued development of knowledge, participate actively in ongoing
international forums and follow the issues and trends concerning radioactive waste and spent
nuclear fuel management.
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Abstract.

Since the founding of the nuclear industry in China, more than 000 disused sealed sources

accumulated of which more than 1800 are Radium sources. Most of these sources were

produced during the period 1960-1980. The disused radioactive sources are temporarily

stored in a user's interim store. A project to manage these dsused sealed sources is under

way which includes nventory investigation, inspection, collection, transportation and

long-term storage.

1. Introduction

From the 1950s, with the development of nuclear industry in China, sealed sources were used

in geological exploration, mning, nuclear fel and research laboratories, etc. According to

preliminary investigation, more than 8000 sources were used. Among them, more than 800

are Radium sources. Now, they ae disused and temporarily stored in 80 organizations in 23

provinces. It is urgent to deal wth these disused sealed sources under safe management.

As of 1997, China has mplemented a pr Ject to build a centralized storage facility, and to

transport all disused sealed sources from the 80 organizations referred to above to the facility

and manage them by one organization. The pr 'ect will be finalized by 2004.

2. Inventory investigation

As the first step and the basis of the pr 'ect, an inventory investigation was carried ot and a

database was established. According to the investigation, 80 organizations used sealed

sources, more than 40 types of sealed sources and more than 8000 sealed sources Nvere
disused, including more than 1 800 Ra-226 sources as well as othersources (Co-60, Cs-] 37, U,
Fe-55, Sr-90/Y-90, Am-241, etc.). Their activities vary from 103 _ 1013 Bq. Te total

activity is about 10'813q. They are packaged in lead containers, metal boxes, wood boxes,

plastic boxes, etc. Due to long history and poor management, data of some sealed sources

are missing. It became necessary to undertake a detailed nventory investigation which

required a period of almost 3 years.
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3. Inspection and repackaging

As a part of the pr 'ect referred to above. owners of disused sealed sources should self-check03
their on inventory. packapin2 and identification numbering of their disused sealed sources,

makinp sure that they meet the requirements of safe transport and long-term storage set by

China. and should submit relevant data to the implementation organization. The data include

type of radionuclide, activity and the date of assay, exact quantity in each container, dose rate

and surface contamination of each container, etc. The implementation organization provided

technical support. For some owners which do not have the capability to undertake the task,

the implementation organization carried out the task for them. The implementation

organization cross-checked all the data submitted by owners of disused sealed sources.

After cross checking. disused sealed sources of the same kind of each owner, where possible,

were put into one big lead container shown in Figure]. Several small containers were put

into a metal box with a size of 450 X 450 X 280 mm.

Fig. I The lead ontainer with 54 Co-60 sources

4. Collection and transportation

After cross checking, the implementation organization will collect the disused sealed sources

forrn each owner and the ownership of disused sealed sources will transfer to the

implementation organization. For convenience of transportation to the centralized storage

facility by railway, about six owners in different regions are selected as transfer route road to

railway. The implementation organization collects disused sealed sources form each owner

and transports them to the respective selected organization using a specially-built truck and

ilway transportation. The longest way s more than 3000 km. In this endeavor,

the implementation organization takes advantage of its transport system set-up for spent fuel,
including provisions for emergency response.
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5. Construction of centralized sorage facility

Construction of a centralized storage facility is a part of the pr 'ect. The centralized storage

facility is near to a repository for /LLW belonging to the implementation. The building size is
526M2 . The capacity is 2 OM3. The lifetime is 50 years. The disused sealed sources will

be stored in a concrete structure wth concrete covers, wich is divided into dozens of small

compartments. The concrete tructure is of waterproof design. The facility is equipped

with a lifting system, ventilation system, fire protection system, guard system against theft

and monitoring instruments, etc.

6. Conditioning

Radium sources were used in geological exploration and milling. With the development of

science, radium sources are no longer used. The disused sealed sources were produced in
the 1950s and 1960s. It is necessary that these disused sealed sources be conditioned for

long-term safe storage.

In 1998, China attended the demonstration pr 'ect "INT 4/13 1 " sp Drisored by the IAEA In

June 1999, with the instruction of experts from the IAEA, 177 radium sources were

successfully conditioned using latest conditioning techniques. The activity of the radium
103 to 107 9sources varies from Bq. The total activity is 4 X IO Bq. 177 radium sources

were sealed in 84 small stainless cvl1nder containers which are placed in one lead container.

The containers of radium resources before and after conditioning ae shown in Fgure2. For

conditioning the rest of the sources, the same method will used. For liquid dsused sealed

sources, a mobile solidification dvice was developed. Cemeni.ation with additives was

applied. Liquid disused sealed sources were cemented in situ.

. ...........

0MI, g

MR

L

P'ig 2 Conditioned Ra resources

7. Long-term storage

The disused sealed sources will be stored in the centralized facility. They will be divided

into several groups according to type of radionuclide and activity. Groups of dsused sealed
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sources of the same kind will be stored in the same area of the concrete structure.

Manaperl'al and technical measures will be taken to assure the safety. Trained and qualified

staff will operate the facility. Routine monitoring will be carried out. The disused sealed

III be kept in good condition during storage, w iting for disposal.

8. Conclusion

After the complete implementation of the pr 'ect, the disused sealed radioactive sources

scattered in about 80 organizations will have been safely managed. It is recognized that the

project is conducive to public and the environment. The development of regulations for

disposal in near-surface repository is under planning. Some of the disused sealed sources

will be disposed of in near-surface repository. However, because of unavailability of a deep

lyeologic disposal facility, these disused sealed sources will be stored for a long time.
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Abstract

Owing to the considerable development In managing disused sealed radioactive sources
(DSRS), the limited availability of disposal practices for them, and the new recommendations
for the use of borehole disposal concept, it was felt that a paper reviewing the existing
recommendations could be a starting point of discussion on the retrievability of the sources.
Even when no nternational consensus exists as to an acceptable solution for the challenge of
disposal of disused sealed sources, the "Best Available Technology" for managing most of
them, recommended for developing countries, included the cementation of the sources. The
waste packages prepared in suc a way do not allow any flexibility to accommodate possible
future disposal requirements. Therefore, the "Wait and See" approach could e also
recommended for managing not only the sources with long-liv-. radionuclides and high
activity, but probably for all kind of existing disused sealed sources. The general am ofthe

I identify and review the current recommendations for managing dsused
current paper s to 1 1 1 1
sealed sources and to meditate on the most convenient management schemes for dsused
sealed radioactive sources in Member States without disposal capacities (Latin America,
Africa). The risk that cemented DSRS could be ncompatible with future disposal
requirements was taken into account.

1. Introduction

Sealed radiation sources are widely used in industry, medicine and research. Many
developing Member States have used sealed sources for many decades. Although most
Member States have laid down a regulatory framework to control sealed sources, there are

III a number of uncertainties concern'
st ing management of them once they have ecame
disused. Some Member States have disposal routes for a wide range of sources. For
countries having operational disposal facilities and allowed disposing of conditioned dsused
sealed sources, the problem is completely solved. Some other Member States have low-level
waste disposal routes authorized for receiving small numbers of low activity sources (e.g.
short-lived isotopes). The great ma .ority of developing Member States has no dsposal routes.
It is recognized that in most Ltin American countries there is a lack of adequate storage
facilities, lack of disposal solutions and lack of equipment to mplement widely used disposal
concepts for their DSRS.

For sources containing radionuclides with half-lives of 30 years r more, deep geological
repositories offers the highest level of isolation available within disposal concepts currently
cons]dered [1]. However, such facilities are extremely expensive i:o develop. It is unlikely
that such an option will become available in the foreseeable fure for most countries,
particularly for those that do not have nuclear industries. The safe jong-tenri management of
disused radiation sources thus remains, for our countries, an open question.
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2. Conditioning of disused sealed sources. practical examples of the actual conflict

The IAEA is in an continuing process of exploring ways to improve its waste management
programme The publication of technical documents in the for-mat of a technical manual

'des a more practical approach and better guidance on the actual conduct of such work.

2. L Cementation ofDSRS

Originally the approach of conditioning of DSRS was developed to remove sources from the
human environment and inaccessible to humans for the very long time scales. The
recommended methods for conditioning of disused sealed sources are simple and quite
adequate. A number of 200 liter drums are prepared with concrete filling having a hole in the
center. The concrete filled drum is prepared by inserting a removable spacer into the center of
the drum. Disused sources, with the radiation shielding, are successively placed in the hole

'I 't s full or unti a limit of activity has been reached. The recommendations in 1990 21,
1991 3 and 1994 4] included the pouring of cement mortar over the sources. The disused
Radium sources should also be embedded in concrete in a 200 liter drum, after enclosing the
sources in stainless steel capsules or in ordinary tin cans 2,3].

In the year 2000 to new technical documents related with the management of DSRS were
issued. The TECDOC-1145 provides detailed technical information about handling,
conditioning and storage of spent sealed sources [5]. TECDOC-1183 is related with the
management of radioactive wastes from the use of radionuclides in medicine 6] and provides
recommendations for conditioning of DSRS. On-site immobilization of DSRS by
cementation in 200 liter metal drums is described. Two options for immobilization were

'dered: DSRS their original container or DSRS unloaded from their original
containers. What to do with the drums already conditioned with this "old" recommended
technology?. Do e face the same situation, in the near future, if we immobilize the cur-rent
disused sealed sources?

2.2. Yot cementation of226Ra sources - interim storage

In the middle of the nineties the IAEA recommendations for conditioning of disused sealed
sources have shown small changes, regarding specifically the conditioning of disused Radium
sources. General procedures for the rest of the sources have kept almost similar in the 1995
report TECDOC-806 on reference design for a centralized spent sealed sources facility 7].
Generic designs of facilities for processing and storage of DSRS have been developed in this
document. It provides advice on how to establish such facilities at the national level. A
separate technical document has been issued on conditioning and interim storage of spent
Radium sources [8]. This document, for the first time develops the concept of "retrievability"
of the sources. It is used as important factor in designing the waste package with the Radium
sources. The chapter 73 of this document states that: it must be expected that conditioned
Radium sources will have to be storedfor several decades untilfurther management has been
established. Terefore, the "Hart and see approach is clearly (and logically) recommended.

2.3. Not cementation of disused sources with high activity - interim storage

Another document TECDOC 145 has been issued in 2000. It provides detailed technical
information on handling, conditioning and storage of spent sealed sources 5]. A new group
of sources is them separated from the general scheme of managing of disused sealed sources:
high activity disused sources (e.g. 60 Co and 137CS from irradiators and radiotherapy units).
These high activity gamma sources, usually contained in heavy shielding devices, may not be
suitable for conditioning by traditional methods. Therefore previous suggested procedures are
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not applicable. For such sources the only management option, except returning the source to
the manufacturer, is retain them in their shielding devices and long term interim storage
(several decades) aaiting future anaging options. A new technical document is panned to
describe methods and procedures for managing and storing hgh-activity disused scaled
sources 9].

2.4. Not cementation of disused surces with long-lived radionuclides - interim storage

The IAEA-TECDOC-1 145 states that conditioning of Ra Am, Am-.Be, Ra-Be and other long
lived DSRS for interim storage wll include stages for teir encapsulation in stainless steel
capsules. The recommendation is then, not to immobilize the sources with cement mortar to
facilitate their retrieval for final disposal. For conditioning of other long lived DSRS such as
226Ra/Be, 241 Am/Be, that emit neutron radiation, hydrogenous material should be included in
the shielding design. A new technical document in preparation is planned to escribe
methods and procedures for conditioning and storing of long-��ived disused radioactive
sources [10]. It is now clear that high activity and long lived DSRS require special
conditioning, followed by interim storage.

3. Underling radioactive waste principles

The recommended conditioning pocess for DSRS included the immobilization of these
sources, by cement grouting. Because of reduction of potential hazards during interim
storage, such action provides short-ten-n benefits. For example package strength and
resistance is increased and te mobility of radionuclides is reduced. However the
implications of such actions for the eventual end point should also be addressed. Retrieving
the sources can be extremely difficult and risky. Any reason why the cementation of sources
may not be suitable for future disposal must be carefully considered.

Internationally agreed principles for radioactive waste management have been set out by the
IAEA [I I]. Principle of the safety fundamentals" sets out the need to take into ccount
interdependencies in the main waste management steps. In particular there is a need to be
aware that decisions made at any one step may foreclose alternatives or otherwise afect
subsequent steps, particularly disposal. This should be taken into account when any
conditioning activity is being considered. Cementation of DSRS without a clear established
end point violates this principle. Additionally undue burdens are imposing on future
generations, therefore the fifth principle [I] could also be violated.

4. What to do?

The question is: what to do with the rest of the sources, different from high activity ad long
lived?. DSRS containing radionuclides with half life between 00 days and 30 years are
considered n this group. It ncludes 131CS 30.1 y), 'Sr 29 Y) 31 ( 23 y), '�'K I 8 y),

147 252 1 -"Co (5.3 y), Pm (2.62 y) - -Cf 2.6 y), "'Ru (1 Y), 57CO 271.7 d), 113 Gd 242 d'), 2 0 Po
(138 d), etc. Could the cementation of these sources be a good recommendation?

Management schemes for disused sealed sources need to address the available disposal
practices. Immobilization methods such as direct and indirect cementation are appropriate
where the final disposal route is known. our case, there is no disposal route defined.
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Leaking sealed sources should be managed and conditioned as not compactable solid waste.
They should be embedded in concrete, providing greater confinement and not expecting
retrievability. In this case the best available technology is well recommended.

Having neither disposal facility implemented nor deep geological repository, and additionally
it is k ell recognize that these options are non-feasible from economical point of view, what to
do with DSRS stored in the country?. In these circumstances, simple disposal solutions that
can be operated locally on a small scale appear to offer the best solution. An obvious
candidate for such facilities is borehole disposal 1].

4. 1. Te borehole concept

The Borehole Disposal of DSRS concept would be suitable for implementation in Latin
American countries as the borehole has a large capacity for such sources and it is possible that
all country's disused sources can be placed in a single borehole. The costs should be a lot
lower than for any other disposal option. The BD-DSRS concept seems to be technically and
economically feasible to implement in our countries. With this in mind the Atomic Energy
Corporation of South Africa have initiated the development of the BOSS disposal concept (an
acronvm for "Borehole disposal Of Spent Sources") as part of the AEA AFRA-1-14
Technical Co-operation pr 'ect [ 2.

The management of DSRS involving disposal in boreholes is in an advanced stage of
preparation. The IAEA is preparing a technical document aimed to provide general advice
and 2uldance on safety considerations related to the disposal of DSRS and other limited
quantities of radioactive wastes in borehole facilities 13]. The report will be of particular
interest to countries with limited waste management facilities and resources.

The IAEA-TECDOC 183 6] states that some countries, where the number of DSRS is very
large should adopt another option for conditioning of their sources. The DSRS are unloaded
from their original containers and transferred into shallow boreholes specifically designed for
long terrn storage. Taking into consideration the possibilities of implementing the Borehole
disposal concept, it is recommended not to immobilize the DSRS by cementation. The
retnevability is essential for this option.

4.2. Retrievabilitj,

Generally, where the final disposal route is unknown, retrievability is advised. If there is no
disposal facility in operation and them the waste acceptance criteria for disposal do not exist
at the time of the conditioning, the waste package produced shall be fully characterized and
the conditioning procedure has to take in consideration retrieving of the sources. Due to the
high cost of disposal., sources conditioned for interim storage should have the flexibility to
accommodate future aste acceptance criteria. Furthermore conditioning by complete
embeddin2 in concrete may be counterproductive with regards to efficient utilization of
repos Consequently any conditioning process I im storage itory space. for 'nter' hould be
carried out with the possibility of the need to retrieve the source for further conditioning
without imposing undue cost [5].

5. The waN forward

There are currently some uncertainties on future recommendations for conditioning of DSRS.
The conditioning process should take into consideration the possibility of retrievability of the
sources in the future. Carefully selected conditioning and storage methods should be
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employed in order not to compromise final disposal requirements ad to avoid possible costly
reconditioning. We have discussed the problems caused by current uncertainties in
conditioning of DSRS in countries without disposal facilities, having regarded to ensure that
end-point of DSRS is not by actions taken in the short trm. All the DSRS should
be packaged in passive safe, monitorable and retrievable interim storage. It looks to be that we
must leave options open for future solution.
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Abstract.

This paper is intended to launch a technical debate, which will lead up to simple
recommendations on what to do with compactable solid wastes in countries without disposal
facilities. The paper discusses the problems caused by some practical uncertainties in the
lonLi-term. management of the radioactive solid wastes produced outside the nuclear fuel
CNI'Cle. in countries belonging to Groups A, and C. Compaction is the preferred volume
reduction method. But the compacted solid wastes are very probably not in a suitable form
for future disposal and would need to be processed again in the near future.

1. Introduction

Radioactive materials are extensively used in industrial and research activities mainly related
to medical, agricultural, environmental and other studies and applications. During these
applications snificant amount of radioactive wastes inevitably arises, which must be
managed with particular care.

Since practices in different Member States range across a very large scale, to facilitate an
internal understanding of issues, progress, and problems with more that 120 Member States,
the IAEA has grouped their nuclear programmes into five classes [1]. The grouping is in
accordance with the extent of the use of radioactive materials. Class "A" countries include
Member States in which practices are represented by applications of few sealed radioactive
sources and limited quantities of other radioactive materials in medicine. Class "B" countries
use radioactive materials in a greater variety of applications, including the wide use of sealed
and unsealed sources for medical, industrial, agricultural and research purposes. Class "C'
countries practice all the activities of B-countries, and in addition, have nuclear research
reactors in operation. This paper discusses the situation in countries belonging to these three
groups, and having no disposal facility in operation.

The volume of radioactive wastes produced by individual users of radioactive materials in
Groups A, and C Member States is not likely to be large. It includes solid radioactive
wastes with beta and gamma emitters and an insignificant amount of alpha emitters whose
radiation dose on the surface is not higher than 2 mSv/h. From practical experience the 75%
of solid wastes generated in these countries would require treatment, such as volume
reduction.

2. Compaction

The waste arising in A, B C countries are rather small and almost exclusively consisting of
compactable. combustible waste such as paper, cardboard, plastics, rubber, gloves, fabrics
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(protective clothes), filters, etc. Although incineration would be the most efficient volume
reduction procedure for the combustible wastes, it is not recommended in this particular case.
The amount of combustible wste is in fact too small to warrant the application such a
rather sophisticated and expensive technology 2].

The selection of the most effective waste management strategy for compactable wastes may
differ for different countries. Criteria that might be applied in the selection of treatment
processes for compactable wastes could include the economics of the processes, the
desirability of volume reduction, the complexity of the technology and equipment, the
regulatory requirements 3] and the future options for interim storage or disposal.

Compaction is a volume reduction process in which solid materials are mechanically
compressed to achieve smaller vlumes. It is an economical tchnique due to moderate
capital cost and low operation and maintenance cost. Operations being room temperature
ones are simple and the fire rsk is relatively negligible. There is no multiple handling of the
waste. Generation of air-bome activity is also minimal, hence radiation exposure dring
operation is very ow. Commercially available presses and compacting devices are frequently
used in radioactive waste treatment after appropriate adaptation to te specific task.

Because of these advantages, the IAEA, through several technical documents 47] and
Regional Training Courses [8-10] is recommending the use of volume reduction by
compaction for the treatment of solid radioactive waste.

2.1. Futuretroublevbyeompactionjustforinterimstorage

As previously mentioned, compaction needs low funding and it V a well demonstrated and
proven volume reduction method that ideally fits the needs of the wastes dealt with in our
countries. But the question is what to do with the wastes alreac�,, compacted'. In case a
waste repos tory is aval dable and the external dose rate of the drum allows it, the drums could
be disposed of directly. Therefore, this is not any trouble for countries with oerating
disposal facilities. But it will be a. problem in our countries, because compacted wastes are
probably not in suitable from for future disposal. Future reworking (reconditioning) of
packages containing compacted wastes can be extremely difficult, risky and expensive I II].
Any reason why the compacted aste may be not suitable for long tenn storage ust be
carefully considered now.

2.2. Future troubles bj, current cementation of compacted solid wastes

The primary aim in the waste anagement is to immobilize harmful wastes, this is the
containment concept. Even wen absolute containment may not be possible, dspersion of
radionuclides to the environment may be minimized by the immobilization approach.
Therefore by packaging the compacted solids in a container will retard the ingress of water
and the radionuclide mobility 12].

According to 2] the dums wt cmpacted wastes (as well as compacts) can be packed into
"disposal containers" into which they can be embedded by oncrete. But sposal
containers" do not exist in countries without disposal facility and additionally, the special
requirements (waste acceptance criteria for disposal) that waste pckages should meet ave
unfortunately not been developed yt.

In the absence of a final managerrient policy, wastes are stored until a solution is adopted.
However, storage could also be utilized as a longer-term solution. This would allow future
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generations some flexibility in deciding what to do with the radioactive waste legacy, and
allow them to take advantage of any future scientific or technical advance - although once
wastes have been conditioned they are less amenable to alteration.

The selection process requires a systematic and balanced analysis of whether it is better to
process the astes for interim storage or for "theoretical disposal route". Something is clear,
it is not know what treatment steps are most suitable for the waste disposal. We do not know
whether future disposal will be favored by cement immobilization since now.

Should the compacted solid wastes be immobilized by cementation". Or should they be
stored until better wavs for dealin- with them are available?.

3. Underling principles

The recommended compaction process for solid wastes 'ust for interim storage reduces the
volume of astes to be stored but does not reduce the potential hazards during interim
storage. Such action provides only very short-term benefits. The recommended
immobilization of compacted wastes by cement grouting reduces the potential hazards during
interim storage. But the implications of such actions for the eventual end point should also be
addressed. Reconditioning of such packages can be extremely difficult and risky.
"Permanent" surface storage places a radiological burden on future generations. In
anticipation of early disposal, current stores and waste packages are designed to last for only
several decades. Storage for a considerably longer period (over 50 years) will place demands
on both structures and packaging. Human intervention, involving risks to workers, would be
necessary to relocate the wastes to an alternative site, or to prepare the wastes for repackaging
or reconditioning.

Internationally agreed principles for radioactive waste management have been set out by
IAEA 13]. Principle of the "safety fundamentals" sets out the need to take into account
interdependencies in the main waste management steps. In particular there is a need to be
aware that decisions made at any one step may foreclose alternatives or otherwise affect
subsequent steps, particularly disposal. This should be taken into account when any treatment
and conditioning activity is being considered. There is a great risk that the wastes treated and
immobilized at present in our countries will be incompatible with future disposal
requirements.

The interim storacye of compacted wastes without over-packaging does not protect future
generations (the fourth principle) and at the same time undue burdens are imposing on future
generations (the fifth principle) 13], because of the need of reworking (reconditioning) these
treated astes in the future.

4. The wav forward

Radioactive astes have been accumulating for decades. We have to get on and decide what
to do with them in the long term. We recognize that we should not rush te process, but take
the time required to get it right. Safe and effective management of radioactive waste shall
cons art of an overall system, from generation through dsposal.
Because decisions made in one step may foreclose certain alternatives in another step, it is
important to take into consideration interdependencies among all steps during management of
the current radioactive wastes. Implementing the decision on how to manage radioactive
wastes in the long term will take decades. So now is the time to start planning for the future.
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The aim is to recommend and implement a solid waste conditioning process, which inspires
long-term support ad confidence.

A comparison of long term perfon-nance of the interim storage with and without waste
compaction across dfferent strategies to reduce risk and cost should be investigated. The
investigation should include the potential impacts of compaction versus non-compaction will
have on the Iona term storage ad possible future operating and disposal strategies. his is a
classic case of implementing a sort term fix to a long terrn problem.
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Abstract.

Many human activities generate waste, but people are worried about wastes produced in
nuclear power plants (NPPs). Their concern is an unjustified fear toward the hazards from
radioactive waste, probably because in any country generating electric power by NPPs a lot of

I I to relevant parties nvolved in radloacti
attent on s pal I I ive waste management. Significant
attention is also given to the management of radioactive waste at the Cemavoda NPP. The
general approach required for the ollection, handling, conditioning and storage of radioactive
wastes. while maintaining acceptable levels of safety for workers, members of the public and
the environment is conceptually established. The overall programme provides the necessary
facilities to adequately manage solid radioactive waste from Cemavoda NPP Unit I and will
be capable of expansion when other units are brought into service.

1. Introduction

The Cemavoda Nuclear Power Plant in Romania was designed for Units of 700 MWe to be
powered wth CANDU 6 PHW reactors. The first Unit was commissioned in Cernavoda on 2
December 1996 and since then, it has been successfully operating becoming an important
component of the energy sector. The radioactive waste management has the following major
characteristics: plant operation at all times ensures that radioactive wastes are minimised,
procedures are established to ensure that radiation doses to operating staff and members of the
public are in accordance with ALARA and contamination from collection, transportation and
storage of wastes is eliminated, all staff is trained and qualified to carry out their
responsi i i ies.

2. Radioactive Waste Management

For CANDU pressurized heavy water design, the ogin of the waste can be classified into the
following groups:

(a) Fuel fission products: Cs-134, Cs- 37 113 1. Sr-89, Sr-90, Ce-141, Ba- 40
(b) System material activation products: Zn-651 Co-60, Fe-59, Cr-51, Zr-95, N-95, Mn-54,

H-3 C14
(c) System fluid activation products.

The radionuclides in all these categories remain predominantly at their place of oigin, but
may be transported and ultimately reach one or more parts of the active waste management
svstem. Facilities are provided for collection of all radioactive gaseous, liquid and solid wastes.
The desian of these facilities is such that radiological exposure of operating staff and the public
is well within the limits recommended by the nternational Commission on Radiological
Protection (ICRP).
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2. 1. Solid Radioactive Waste Management System

Based on the radiation dose measured at the outside surface of the packages, solid radioactive
waste are classified as:
- type I - packages having a dose under 2 mSv/h
- type 2 - packages having a dose between 2 mSv/h and 125 mSv/h
- type 3 - packages having a dose exceeding 125 mSv/h.

During plant operation and as a consequence of maintenance and decontamination activities
the following types of solid radioactive waste are obtained and then handled, processed (if'
required) and temporarily stored:
- spend resins,
- used filters and filter cartridges,
- solid low-activity waste and edium activity waste.

2. .I Spent resins are obtained from the various purification systems f the process fluids.
When taking them out of these systems, the direct contact radiation ose is usually higher than
10 mSv/hour. Therefore, special protection and shielding measures hve been provided for their
transportation, handling and storage. Storage of spent resins is in three vaults made of reinforced
concrete lined with epoxy, located in the basement of the Service Bilding, in the proximity of

3the Reactor Building. The capacity f each vault is of 200 m .
2.1.2 Used Et I

.filter cartridges unloaded from the process systems re directly carried to the
Interim Storage Facility. Transportation of filter cartridges is performed by means of suitably
shielded containers.

2.1.3 Solid Low Active Wastes are produced from various operations, which are daily
performed in the plant. They consist mainly of materials from decontamination and
maintenance operation, protection clothes and metallic parts, as well as contaminated
materials and equipment. In the plant, waste collection points in the forrn of labelled
containers are established. Compaction is the only processing method, which is applie by
pressing of compressible waste drectly into standard stainless steel drums of 220 1. rtium
samples are taken before pressing. In case of tritium concentration eing higher than pSv/h,
the waste is dried. It is forbidden to store wet waste. Non-compressible waste is broken into
smaller pieces if possible and packed in standard stainless steel drums of 220 .

2.1.4 Medium Level Activi�y Solid lVastes, type 2 and �vpe 3.- except used filter cartridges and
spent resins, which have a processing system as described before, solid medium active
wastes consist of activated reactor components or other highly contaminated materials.
These wastes, which are produced in small quantities and only under special circumstances,
are placed and packaged in stainless steel drums to be transferred to te Solid Radioactive
Interim Waste Facility as type 2 and type 3 packages.

2.1.5 A Solid Radioactive aste nterim Storage Facility is located within the Cemavoda NPP
exclusion zone and security fence, with easy access of vehicles transporting radioactive
wastes, minimizing the need for aditional security mechanism t assure its integrity. it is
designed for temporary storage of solid radioactive wastes produced from Cernavoda NPP
operation, except spent ion resins, spent fuel and reactivity control mechanism bars. Tere
are three structures as follows:

165



- arehouse, for type I and type 2 wastes. packaged in stainless steel drums;
- concrete structure. for spent filter cartridges (type 2 and type 3 wastes);
- concrete structure, for large and highly contaminated pieces (type 3 wastes).
The structures are desianed to ensure that the radiation level at I m from any surface of fully
loaded structure will not exceed 25 pSv/h, and to assure wastes retrieving. A solid radioactive
waste monitoring programme is part of the plant environmental monitoring programme that
includes also sampling for arborne particulate and tritium through continuous monitoring:
- ground water sampling for gross beta-gamma and tritium activity (monthly),
- atmospheric radiation monitoring facilities equivalent to an environmental monitoring

station,

- contamination surveys of any areas used for loading waste when wastes are transferred

to the facilities.

2.2. L iq uid Waste M/ anagement System

There is a plant system, which provides facilities for collection, storage, sampling, purification

and disposal of aqueous radioactive liquid waste from the NPP process systems operation as well
as from the maintenance, repair and decontamination operations. The waste collected by this
system is finally discharged for dilution into the discharge duct of the circulating water from
condensers, providing all the necessary measures for entering the Danube-Black Sea Channel.
The dscharged radioactive material concentrations should satisfy the requirements of the
De'ved Emission Limits for Cernavoda NPP - U I and monitoring programme.

2.3. Organic Liquid Radioactive Waste Management System

Organic liquid radioactive wastes consisting of spent radioactive oils, spent solvents, liquid
' illation cocktails or solid/liquid mixtures, catin

scint ot be processed through the Liquid
Radioactive Waste System because of their environmental impact. Sources of liquid organic
waste are the decontamination area, lubricating oils from pumps and motors used in Zones I and

organic solvents from the laboratories. Each type of this waste is segregated directly from the
source. then collected in standard stainless steel 220 drums and temporarily stored in the

basement of the Service Building.

2.4. Gaseous Radioactive Waste Management System

Radioactive gaseous wastes in the plant have the following sources: fission products from fuel

elements, neutron activation products of stable elements from process fluids and gases in
neutron fields. Expected radionuclides from plant operation are noble gases, Iodine, particulate
and T'tium. The radionuclides taken over by ventilation are filtered (particulate and Iodine) or
dned (Tritiated ater vapors) and exhausted through the ventilation stack in a controlled manner.
The radioactive cyaseous releases are continuously monitored by the Gaseous Effluent Monitor
(GEM). This system will alarm for total activity discharged and for high rate discharge ensuring

that the release limits are not exceeded.

3. Conclusions

Compared with other NPPs, the volume of radioactive waste produced at the Cernavoda NPP
is relatively low (Table I
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Table 1: Radioactive waste volumes produced at Cernavoda I NPP.

Volume (-0)

1996 1997 1998 11999 2000 2001
Waste type

Compressible Solid 2.86 9.46 14.96 16.5 12.01 14.96

Non-compressible solid 0.44 1.98 1.32 4.84 3.96 9.24

Flammable solid 0.44 1.10 1.98 1.10 1.54 1.54

Organic liquid 1.10 1.76 3.3 5.28 6.16 1.76

Spent resins 4.23 10.07 5.86 5.76 8.42 5.36

Filters 0.01 0.42 0 0.01 0.26 0.02

Through the experience accumulated and the volume of relevant infon-nation gathered. the
practice for minimizing the generation of solid radioactive wastes will be continued, knowing
the sources of generation of the most critical quantities of waste. Te first objective followed

3is to maintain the volume of radioactive waste at less than 30 m per year for solid radioactive
waste, and for the rest the production is to be very strictly controlled. Also, separation of
radioactive wastes containing long lived radionuclides must be pursued. The characterization
of radioactive wastes by spectrometric methods will be performed by specialized firms. The
long-term strategy includes plans for disposal of all wastes arising from plant operation,
correlated with the waste strategy at the national level. The present facilities (interim storage)
could allow their keeping for 15 years from now. But until then, it will be treated by the
Institute for Nuclear Research. R .N` Pitest] started to develop treatment and conditioning
technologies for organic liquid aste.
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Abstract.

In Mav 1995. the Latvian Government decided to shut down the Salaspils Research Reactor
(SRR) and to dispense with nuclear energy in future. The reactor is out of operation since
July 1998. The Latvian Government decided on 26 October 999 to start the direct
dismantling to green field" in the year 2001. The radioactive waste management system for
decommissioning and dismantling of the SRR was established. The first practical results of
radioactive aste management in SRR for the period 1999-2001 are presented and discussed.
The main efforts was devoted to collecting and conditioning of "historical" radioactive wastes
from different storage outside and inside of the reactor hall. All radioactive materials, more
than 20 tons. ere conditioned in concrete containers for disposal in the radioactive wastes
depositors, Radons" in the Baldone site. Personal protective and radiation measurement
equipment was upgraded significantly. Weakly contaminated materials from the reactor hall
were collected and removed for decontamination and free-release measurements. The
technology of conditioning of radioactive wastes is discussed in the paper.

1. Introduction

The research reactor IRT in Salaspils site near the capital of Latvia, Riga, was put into
operation on September 1961. The research reactor was originally built according to former
USSR design as a pool type light water-water reactor with nominal thermal power 2 MW.
Since 1975, after physical reconstruction of the reactor, the nominal thermal power of reactor
was increased up to MW. On 16 May 1995, the Cabinet of Ministers had issued the Order
No. 263 to shut down the Salaspils Research Reactor (SRR) after last 2 years of operation (the
decision prohibited obtaining fresh nuclear fuel) and requested the Nuclear Research Centre
of the Latvian Academy of Sciences to start the preparation of the concept for
decommissioning. The operation license for SRR. was awarded until the end of 1999.

The relevant technical co-operation pr 'ect on decommissioning of the research reactor was
submitted to the IAEA for the years 1997/1998. There were five expert missions from the
IAEA during the period July 1997 to June 1998.

According to the Order of Ministry of Environmental Protection and Regional Development
of 12 JanuaryI998, the steering group was founded for the promotion of Salaspils NRC re-
or-anisation and reactor decommissioning studies. By 19 June of 1998, the reactor was out of
operation and some assemblies were removed from the core. The Salaspils NRC was under
the control of the Ministrv of Education and Science up to I anuaryI999 and, according to a
decision of the Government of Latvia, was re-orgamsed into Reaktors Ltd., units of
University of Latvia and Laboratory of Metrology. From 2001, Reaktors Ltd. was re-
organized in RAPA, Ltd. The firrn PREUSSAG NOELL started the Salaspils NRC
decommissionin- and dsmantling conception studies in July of 1998. The results of the
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studies 12] were presented to te Ministry of Environmental Protection and Regional
Development MEPRD). Prepared concepts were used for the Order No. 57 of the Cabinet of
Ministers 26 October 1999), which accepted the option of direct dismantling of the SRR to
-green field", with the start f ecommissioning and dismantling procedures in 2001.
Decommissioning of the SRR is studied in a report by Cross 3].

2. The experience of radioactive waste management during decommissioning and
dismantling

According to the concept of decommissioning, the preparation measures would be performed
during the period 1999-2002. The year 1999 was the first year of practical activities for
decommissioning of the SRR nd first results can be discussed and plans verified now.
According to the Order of Ministry of Environmental Protection ad Regional Development
of IO January 200 1, the steering group was founded for coordination of the decommissioning
of the SRR.

2. 1. Organisation of decommissioning of the SR

The organization's promotion of' decommissioning activities is reEected in references 46].
According to the policy of MEPRD, the RAPA Ltd. deals with decommissioning and
dismantling of SRR. The steering roup co-ordinates and the Radiation Safety Center (RSC)
controls all these activities. The principal scheme of the decommissioning organization is
shown in Figure 1. It gives a possibility to carry out all decommissioning measures wth
necessary control and optimization of investments.

Government

Ministry

Environmental Stirring
Protecti on arollp

Foundation

Radia
Safetv

RAPA Ld.

Fig. 1. Organization's schema for SRR decommissioning.
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Flo. 2 Organization's schema for radioactive waste management during decommissioning of
SRR

Dismantled materials and
objects

Radioactive wastes for
conditionin- Materials for free release,

Testim-, ofmaterials Measures for free rlease
of objects and materials

Cementation in concrete
containers

I ransportation i disposa I
site

Disposal of cntainers
with radioactive wastes

Fl- 3 Radwastes management schema for operations with dismantled radioactive materials
and objects
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2.2. Radwastemanagement�vystemfordeconimivsioningofSala�pilvResearchReactor.

A suitable radwaste management stem was established for the decommissioning of SRR It
mainly includes Figure 2 the following units of RAPALtd. a radwastes anagement nit
deals with the co-ordination of' all operations with radwastes including collecting, sorting,
conditioning, transportation and recording of all stages; a testing unit deals with radiological
measurements including free-release and contamination measurements a dismantling nit
deals with dismantling of radioactive objects, cutting, decontamination and conditioning of
radwastes into concrete containers; a disposal site "RADONS" deals with disposal and
recording of all conditioned radioactive wastes. All activities are controlled by the regulatory
body RDC. The the radwastes management scheme for operations with dsmantled
radioactive materials and objects is given in Figure 3 The dismantling of the second cooling

'fi equipment in the reactor's building; collecting ad treatment of historical
wastes" was perfornied according to this scheme.

Table 1. Material flux from decommissioning of the
Salaspils Nuclear Research Reactor.

Year 1999 2000 2001 Total
Metallic scraps for reuse I 31 48 90
and recycling, tons
Concrete for disposal o 9 64 230 303
site, tons
Another materials for 3 38 9 50
disposal, tons
Conditioned radioactive 2 7 16 25
wastes, tons

7- 1012Conditioned spend se 6.2xlO" T_6�xO ��1.8x�lo 12.6x
sources and wastes, B I 1

2.3. Radwaste management experience during decommissioning of the Salaspils Research
Reactor.

According to the concept's data 1,2], more than 900 tons of radwastes must be conditioned
during the decommissioning of the SRR. 880 tons of dismantled materials will be released
free. The experience of decommissioning from the years 1999-2001 shows that the proposed
radwastes management scheme operates well and permits to organize measures both for
collection and conditioning of "historical" radwastes and dismantling of unused reactor
systems. An important role has a testing unit, whose data perrmi: to divide the flux of all
materials into two parts: for conditioning and disposal and for free-release activities. All
weakly obtained radioactive materials from the reactor building are controlled using complex
monitoring for free release. hs includes three radwaste monitors: a large scale CCM
radioactive waste monitor, a 200 drum control unit and a 0 1 adioactive waste monitor
(gamma and beta radiation) Figure 4). The cutting of dismantled radioactive materials was
performed in a tent connected to a special ventilation system above the concrete containers
(Figure 5). Studsvik -type concrete containers (Figure 6 with external size 12 m x 2 m x
1.2 m were used for removing and conditioning of radioactive wastes from interim
radioactive wastes storages', reactor hall and scientific laboratories. Radioactive wastes were
fixed in concrete containers using cementation. After the solidification processes after 30
days), all containers were sealed wth lids and transported to the disposal site "RADONS"
(Figure 7 In such a way, a adioactive wastes outside the reactor building will be
conditioned and disposed in 2002. The total dismantled amount of different materials is
presented in Table .
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Fig.5. Tent for dismantling of radioactive materials in the reactor's hall. 
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Fig. 6. Containers with radioactive wastes in the reactor's hall.

Fig. 7 Container with radioactive waste is prepared for transportation to disposal site.
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The main amount of dismantled materials (approx. 95%) were non-radioactive wastes for re-
use. recycling or disposal on site. Dismantling activities were performed using former staff of
the Salaspils Nuclear Reactor and services of different companies, especially, for-free
released facilities and systems. Skilled former staff of the Salaspils Nuclear Reactor was used
for dsmantling of radioactive facilities and collecting and conditioning of "historical
radioactive wastes.

3. Conclusions

- A corresponding structure for the decommissioning of the Salaspils Nuclear Reactor was
established.

- The radwastes management system for decommissioning of Salaspils Research Reactor is
prepared and operates.

- Execution of decommissioning activities in SRR confirm the efficiency of the prepared
radioactive wastes management system.

- The practical operations were carried out to clean the territory and reactor building from
radioactive wastes.
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Abstract.

The waste being generated at PINSTECH is of the ntermediate and low level Category that is
in the forrn of gas, liquid and sids. It is collected, monitored, sgregated, treated, packed
and immobilized for its final disposal. Basic concepts of dlay decay, disposal and
containment of radioactive waste, are followed to prevent its direct contact with human and its
environment. PINSTECH follows shallow ground disposal in the restricted area. The disposal
site has favorable characteristics e. sun shine dry climate and high evaporation rate. The
gaseous waste is directed towards stack, where it passes through charcoal and HEPA filters
and then released to the atmosphere. Post disposal monitoring,, of the disposal area is
performed to check leaching/mIgration of radionuclides from disposal locations to the
surrounding environment. No migration of radioactivity has been detected indicating
satisfactory performance of the waste management system.

1. Introduction

The Pakistan Institute of Nuclear Science and Technology (PINSTECH) is a multidisciplinary
nuclear research centre of the Pakistan Atomic Energy Commission (PAEC). Amongst its
nuclear research facilities the prominent ones are: Pakistan Research Reactors, PARR-I and
PARR-11. The Pakistan Research Reactor-] is a Low Enriched Uranium (LEU fel (U3-S1'2-
Al, 19.99 % 235U) swimming pool ty e reactor with thermal output of approx. 10 MW. ARR-
11 is a miniaturized neutron source, approx. 27 kW tank-in-pool type reactor with hghly

90% 235enriched uranium (HEU) fuel (U-Al alloy, U). range of radio-isotopes is also
produced from PARR I for utilization at medical centers and research facilities in Pakistan.

The bulk of radioactive waste generated at PINSTECH comes from the operation of PARR-1,
PARR-11, and radioisotope production facilities. The volume and nature of the radioactive
waste are dependent on the frequency, duration of operation and specific needs. PfNSTECH
radioactive waste is mostly low in specific activity. Re-generation of the reactor on-
exchange resin and operation of radioisotope production facility also generate small volumes
of medium level liquid and solid radioactive waste.

Safe handling/management of te adioactive waste at PINSTECH in accordance with the
national regulations and nternational practices is the prime responsibility of the Radioactive
Waste Management Group (RWMG) of the Health Physics Dvision (HPD). PINSTECH has
also been made responsible to manage radioactive waste generated by hospitals/medical
centers and spent Sealed Radiation Sources (SRS) coming from users in the provinces of
Punjab and other places in the country. The RWMG follows the Code of practice for the safe
use of radiation at PINSTECH, and the regulations, guidelines on the subject issued by the
Pakistan Nuclear Regulatory Authority.
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Basic concepts of Delay, Decay, Disposal and containment of radioactive waste are followed
to prevent its direct contact with human and its environment. PINSTECH follows shallow
ground disposal in the restricted area. The disposal area for this purpose was selected in
1967. The area has favorable characteristics: sunshine, dry climate, high evaporation rate
(approx. 2 1 -2 -exchange properties of the soil.

m Y M ), adsorption and retention and n
Sepre-ation/classification of the generated radioactive waste is in line with IAEA's
recommendations and nternational standards.

2. Handling of liquid radio active waste

3Approximately 2000 M of low level and I 0 liters of medium level liquid waste (with short-
lived. beta anj arrima activity) is handled and managed annually.4--

The ow level radioactive waste effluents are collected in storage tanks of different capacities

installed at different location. These storage tanks are equipped with level indicators, re-

circulation and mxing/purging system. The contents of the storage tanks are frequently

sampled. monitored for ross beta-gamma activity and analyzed for concentration of different

radionuclides so as to &c1de further storage or disposal. If radioactivity is less than 37

MBq, m'.. the radioactive waste is disposed of into shallow ground pits (two in number, 30 x

15 x 2m) specially allocated for this purpose in the controlled area. A pilot scale chemical

treatment facility based on co-precipitation technique for separation of major radionuclides in

the liquid radioactive aste is in the process of development. The precipitates so obtained
- `II be tr'
, I I I I into a concrete cement ma ix.

The medium level liquid radioactive waste is stored in an underground trench with adequate

shielding where it remains for few years. After this delay for decay, the radioactive waste is

treated and diluted for its disposal into shallow ground seepage pits. A part of the medium-

level radioactive waste is also immobilized into a cement-sand-concrete matrix filled in

concrete lined 200 liters standard Mild Steel (MS) drums. These cemented drums are kept in

the interim storage waiting for their final placement in an engineered near-surface trench

located in controlled area.

3. Handling of solid radioactive waste

The low-level solid radioactive waste mainly comprises cotton over-shoes, polythene/plastic

items, bags, sheets, dusters, sample bottles, gloves, glass metallic and ceramic articles. As

soon as the bins lined with removable olythene bags reserved for solid radioactive waste are

filled, the olythene bags containing radioactive waste are collected by RWMG staff. Dose

rate at surface of package is monitored and if found less than 2 mSv/hr 200 mrem/hr), the

package is transported to disposal/treatment area immediately; otherwise if the dose rate is

higher than 2 mSv/'hr it is transported to disposal area in a shielded container.

The compactible radioactive waste is compacted using a hydraulic press in standard 200 liter

MS drums. The compacted and uncompacted waste is then disposed into a near-surface

enLnneered trench measuring approx. 15 x 3 x 4m. The trench, when filled up to 3 meters, is

capped with clay and concrete. The medium level solid radioactive waste consisting of air

and charcoal filters, liquid and water filters and spent ion exchange resin from demineralizer,

reactor core parts, precipitates and sludge concentrates etc. is embedded in cement-sand-

concrete matrix and placed in concrete lined 200 L MS dums/RCC barrels. A small sized

cementing facility is available for this purpose. The cementized radioactive waste drums are

first stored in interim storage for curing and then monitored until safe surface radiation levels
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are reached before their final disposal. These drums/barrels. are then transferred to engineered
trench for storage/disposal. Approximately 20 in 3of solid radioactive waste is handled yearly.
Management of spent sealed Radiation Sources has also been started on commercial basis.

4. Stack monitoring for release of gaseous radioactive waste

Gases are released into atmosphere through stacks 60 meter high for PARR-1 Isotope
production facility and 14 meter high for PARR-11) after passing through High Efflciency
Particulate Aerosol (HEPA) filters and charcoal filters to retain radionuclides. Air monitoring
instruments have been installed in the exhaust lines which give alarm in the reactor

ilation systems I ir
emergency vent when pre-set release limits are (exceeded. Additional a'
sampling with paper/fiber-glass filters and Tri-Ethylene-DI-Amine (TEDA) impregnated
charcoal is conducted by RWMG., especially durincy reactor and isotope production plant
operation. It keeps an indirect check of the performance of the filters installed in the exhaust
lines. It also generates data to verify that legal release limits are not exceeded. In case of
PARR-11 a purge system has been provided to disperse gases from reactor vessel into
atmosphere via mechanical filters, which remove radioactive aerosols. In case of failure of
fuel pins, the gases are routed through activated charcoal filters to tr3p radioactive odine.

5. Decontamination

A small sized decontamination work-shop equipped with relevant facilities is available for
decontamination of valuable and costly metals. The contaminated protective clothing like
overshoes, laboratory coats, dungarees etc. are decontaminated/washed at 'Active Laundry'
for re-circulation and reuse.

6. Environmental safety and post disposal monitoring

A continuous check on the leaching/mIgration of radioactivity from disposal/storage location
to surrounding environments is kept through dry wells (boreholes) of different depths at
different locations around seepage pits and trenches. These boreholes are periodically
monitored by gamma logging and amma spectrometry of water smples collected fom the
wells. Radiation profiles are made by lowering G. M tube inside these boreholes up to ater
table. No migration of radioactivity has been detected, indicating stisfactory perfon-nance of
our radioactive waste management system and safe disposal practices. Nearby rain ater
stream is also monitored for any sspected contamination due to igration of radioactivity.
No radioactivity has been traced in the strata and sub-surface water of the surrounding
environment.

The ambient radiation levels are regularly monitored in the disposal area by a number of
Thermoluminescent Dosimeters (TLDs) installed at different locations at one meter height
above ground. These dosimeters are replaced and evaluated every month. No abnormal
behavior of gamma dose-rate has so far been indicated in the area. The group has the support
of a Mobile Radiation Monitoring Laboratory and Meteorological Station, which car) be
called in at very short notice, during any emergency.

7. Analytical laboratory

RWMG is also equipped with the analytical laboratory and necessary infrastructure for
radlochemistry, which contains gamma spectrometry equipment using Nal and HPGe
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detectors. Various steps and action taken during the management of radioactive waste are
based on the analytical data.

8. Other developments

A chemical treatment acility for liquid waste based on scavenging/co precipitation techniques
is under consideration. Working plans for the establishment of a National Repository has also
been initiated. The research and development work on radioactive waste management to
produce suitable immobilization matrices like cement, bitumen, polymers, glass and ceramics
etc. is planned. Development of an incinerator with scrubber etc. and of an evaporator are
included in our future programmes. Collaborations with other nternational organizations
interested in radioactive waste management are welcome.
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Abstract.

An overview is provided on the mjor nuclear facilities operating in Argentina and ata are
given on radioactive wastes arising from these operations. The rspective legal framework
and the nuclear activities, including research and development, are outlined. The programme
for the management of the dfferent categories of radioactive wastes is described. N4ain

'Iestones for establishing geological repositories for interinediate level and high level waste
are highlighted.

1. Introduction

Argentina has two nuclear power plants (NPPs) in operation, providing approximately 1201" of
the national electricity production. The first NPP, Atucha-1, started operation in 1974; it is a
350 MWe Pressurized Heavy Water Reactor (PHWR) with pressurc vessel. The second NPP,
Embalse, started operation in 1984; it is a 600 MWe PHWR with pressure tubes (CANDU).
The front end of the nuclear fue c cle includes uranium mines; U02 conversion plant a

y I
factory for fuel elements production for the nuclear power plants and research reactors,
including manufacturing of zircalloy tubes.

Radioisotopes for medicine and industry are produced either in a research/production reactor
(RA-3) or in two production cyclotrons. Argentina is one of the major producers of Cobalt-
60, which is obtained in the Embalse NPP.

The nuclear programme is supported by research and development (R&D) activities that take
place mainly in three Atomic Centres belonging to the National Atomic Energy Commission
(CNEA). Major R&D programmes include: innovative reactors, avanced fuel elements for
nuclear power plants and research reactors, materials, radiochem-Istry, radioisotopes, sent
fuel management, radioactive waste management, health physics, nuclear safety, etc. Four
research reactors and several laboratories including hot cells facilities support these R&D
activities.

2. Radioactive waste generation

The major waste producers are the two operating NPP's which contribute approximatel 50
M 31 year of Low Level Waste (LLW) and 15 M3/y Intermediate Level Waste (ILW). The rest
of the nuclear activities produce approximately 60 M3/y of LLW and 3 M3/y of ILW.

The NPPs generate approximately 140 tones U/y as spent fuel (SF) altogether, the rsearch

and production reactors generate approximately 20 kg U/y as spent fuel.
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Preliminary calculations indicate that the decommissioning of the nuclear installations would
produce approximately 60.000 m 3 of radioactive waste (prior to conditioning), IO% to 15 of
that aste would be ILW, the rest would be LLW, around 90 of that amount would come
from the dismantling of the NPP's.

Tallinas resulting from U-mining and yellow cake production processes, amounting
approximately 6 millions tons, are confined and temporary stored on-nine different sites. A
restoration project is under way to dispose of these tails.

3. Radioactive waste management

3.1. Legalftamework

The nuclear activities in Argentina are carried out according to the Act No 24804 passed by
the Parliament in the year 1997. The radioactive waste management activities are carried out
accordin2 to the Act N' 25018 passed by the Parliament in the year 1998. This Act identifies
CNEA as te overnmental organization responsible for the management of the radioactive
waste generated in Argentina. All the activities related to radiological and nuclear safety are
regulated and controlled by the Argentine Nuclear Regulatory Authority (ARN).

Arclentina is a signatory party to the Joint Convention on the Safety of Spent Fuel
Z7

Management and on the Safety of Radioactive Waste Management, adopted in Vienna in
September 1997.

3.2. Waste management programme

A waste management programme has been set up with the following objectives:
- Establish strategies for the management of spent fuel and the management of radioactive

waste generated in Argentina, in accordance with the national regulatory standards, to
protect the people and the environment and to aoid imposing undue burdens to future
generations.

- Promote R&D activities related to the technologies applied for the management of spent
fuel and the management of radioactive wastes.

3.3. anagement of low level waste

Low level solid waste (LLW) is treated, conditioned and packaged into 200 drums and
disposed of in near-surface engineered trenches located at the Ezeiza Atomic Centre. The
LLW generated in Atucha I and Ernbalse is treated, conditioned and packaged into 200 
drums at te sites of the NPPs. The drums produced in Atucha-1 are sent to the Ezeiza
Atomic Centre for disposal in the trenches; those produced in Embalse are installed for
interim storage in a special building located in the same site.

3.4. Management of intermediate level waste

Inten-nediate level aste (ILW) consists mainly of filters and ionic exchange resins from the
two operating nuclear power plants, research reactors and radioisotope facilities, as well as
activated or contaminated parts arising from maintenance and repairs at the NPPs. Due to the
small olume produced up to date, ILW is under interim storage either at the NPPs (resins
placed in tanks. large parts in the spent fuel elements pool), or in drums placed in concrete
containers stored in a special building at the Ezeiza Atomic Centre.
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The amount of ILW that will be enerated, especially from the dismantling of the nuclear
facilities, ndicates the necessity to have an ILW repository for final disposal. This repository
would be of the type 'near-surface onolithic concrete'.

3.5. Management of spentfuel

The spent fuels (SF) from research reactors are in wet interim storage in a special facility
located in the Ezeiza Atomic Cntre. n Atucha-1 the SFs are in wet interim storage in pools
located at the reactor site. At mbalse the SF's are stored in a pool for 6 to years and are
then transferred to dry interim storage i concrete silos. Both imerim storage facilities are
located at the reactor site. The SFs will be kept in interim storage until a decision is tken
about reprocessing or not. In any ase a deep geological repository will be needed or final
disposal of either the high level waste (HLW) or the SFs.

4. Geological repositories

Considering its design life, the Atucha-I NPP would cease operation ID the year 2015 a three
stages deferred strategy will most probably be adopted for its decommissioning, ending in
2058. The Embalse NPP is expected to cease operation in 2035 and its decommissioning
would end in the year 2075.

The necessity to route radioactive wastes from the decommissioning of the NPPs dictate the
timing for the ILW and HLW repositories, the main milestones are as follows:

Year 2007: Determine the ste for the ILW repository

Year 2015: Start the operation ofthe ILW repository

Year 2025: Define the selection of the site for the deep geological repository

Year 2030: Start the construction of the underground laboratory at the site selected

for the repository

Year 2050: Start the operation ofthe repository

The present activities are broadly focused on the different types of geological formations:
Sedimentary (clay and evaporates), Volcaniclastic and Granites. The principal factors
considered in order to make a first selection into suitable and unsuitable areas are: seismicity,
neotectonism, volcanism, hydrogeology and climatic changes. he nfon-nation is being
organized in a Geographical Information System, a programme is under way for dital
processing and geological interpretation of satellite images (Landsat TM), mainly mapping
fractures and structural lineaments in some areas, at a scale of I : 500,000.
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Abstract.

Radioactive astes arising in Bangladesh comes from the use of radionuclides in medicine,
industrv. research and agriculture. Regulatory arrangement to manage radioactive wastes in
Banqladesh has been established through promulgation of nuclear safety and radiation control
rules-1997, SRO No. 205-1-aw/1997 A national waste management strategy for waste
classification. regulatory control would have been developed and implemented taking due

account of the nature and ma2nitude of the waste in the country. An adequate training
programme for the persons responsible for waste management and the staff of the regulatory
body has been in place. Waste management facility and building construction for storage for
decav and then clearance for disposal is in progress at the Atomic Energy Research
Establishment. Bangladesh Atomic Energy Commission, Savar, Dhaka, Bangladesh, under
the auspices and help of the Inter-national Atomic Energy Agency expertise.

1. Introduction

Radiation sources have been used in Bangladesh for many years in a wide range of
applications in the fields of research. medicine, industry, and agriculture. Safe and permanent
solutions to radioactive waste disposal reflect the political, economic, and environmental
importance to public health and safety. Bangladesh is concerned with the management of
nuclear wastes 2enerated from medical centres, research institutions, industrial facilities,
mining operations, and research reactors. Though at present Bangladesh has a regulatory
infrastructure it gained very little experience in safe handling and management of radioactive
waste. The Government of the People's Republic of Bangladesh has approved a project on

Establishment of a Central Radioactive Waste Processing and Storage Facility (CWPSF)
(April 1999) for implementation under Annual Development Programme (ADP) and is in
progress. The Govemment has signed an agreement on "Convention on Safe Management of
Radioactive Wastes" with the IAEA and the national commitment is to establish a waste
management infrastructure in the country.C�

2. Trends in radioactive waste management in Bangladesh

In Bancladesh. Nuclear Safety and Radiation Control Rules (NSRC)-1997 (SRO No. 205-
Lax\/97) ,-as promulgated to regulate nuclear and radiological practices including waste
management[l]. The law directed that the licensee of the radioactive waste management shall
comply (a) with the requirements of the applicable safety series published under the IAEA
RAD'V\IASS Proararnme, (b) activity and volume of any radioactive waste that results from
the source for hich they are responsible be kept to the minimum practicable. (c) the waste be

collected. transported., stored and disposed of, in accordance with the requirements of the
applicable standards., and (d) segregate, and treat separately if appropriate, different types of
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radioactive waste where warranted y differences in factor, such as radionuclide content, alf-
life, concentration, volume and physical and chemical properties., taking into account the

ilable options for waste disposal; and (e) the licensee shall not dispose of licensed material
without the approval of the Bangladesh Atomic Energy Commission (BAEC).

2. I. Radioactive waste (RW) in different practices

2.1.1 Mtclcar edicine practical
In Bangladesh, presently there are 15 Nuclear Medicine Centres (NMC) and one Nuclear
Medicine Institute (NMI). Out of these 6 facilities 2 are private organization and rest belong
to BAEC A great majority of Nuclear Medicine facilities (NMF's) use 1131 and T-99m and
some of the NMF's are TI-201, P-12, Cr-51 and 1125. Most of the NMF's use Sr-90 for eye
applicator. In the NMFs there are no proper inventory of radioactive materials and proper
radioactive waste management programme[2]. On the basis of NSRC rules and survey
findings, the NSRC authorities made some recommendation o waste management and
instruction for removing the deficiencies of NMF's. The NMF's have been advised to
maintain and develop appropriate rdioactive waste disposal record, and waste management
programme. Most of the NNIF's especially the Government facilities do not yet fulfil tile
required standards. The task is difficult and poses many hurdles, yet have to be overcome.
Nevertheless, with strong will ad the required support and assistance from the Government,
the concerned organization and the facilities believe that we should be able to achieve the goal
of attaining the safety and protection standards compatible with the nternational standards
within four to five years.

2.1.2 Industrial radiograpkv practices
Gamma radiography uses gamnla radiation. IrrIdIum-192 is ideal for radiography bt other
radionuclides such as Co-60, Cs-137, Yb-169, Tullum-170 etc. is also used. In Bangladesh,
there are total ten numbers of industrial radiography facilities. Most of the facilities don't
have adequate records management system, lack of safety culture ard waste disposal ideas[3].

2.1.3 Nucleonic gauge practices
In Bangladesh, there are total thirteen number of Nucleonic Gauge facilities, most of the
facilities have serious lack of radiation protection and waste management tasks[3].

2.1.4 Gamma irradiators
In Bangladesh, there are three number of Gamma Irradiator facilities, they are used for variety
of purposes in research, industry, and other fields. The facilities have lack of safety culture
and waste disposal management[3].

2.1.5 Radiotherapy Practices
In Bangladesh, there are ten Radiotherapy installations, they have tn Co-60 teletherapy units,
I linear accelerator, 3 HDR brachytherapy units, 2 LDR brachytherapy units, 7 deep therapy
X-ray machines and simulators. From overall assessments, only one Installation out of 0
may be considered satisfactory from radiological point of view[4].

2.2. Radioactive waste management (R WM) programme in Bangladesh

The objective of the programme is to provide adequate protection ofman and the environment
against undue exposure to the onising radiations from the radioactive wastes (RWs) ncluding
the spent/used/unused (old) radiation sources that are being generated presently ad also
expected to be generated in the future. The following RWNI works re being conducted by, the
Radiation Monitoring and Waste Management Laboratory (RMWML) of Atomic Energy
Research Establishment (AERE), BAEC, Savar, Dhaka:
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Safe collection and interim-storagc:
Solid and liquid RWs are being collected and segregated at the point of generation in GI (for
solids) and plastic containers (for liquids and also solids), labelled and safely stored in active
interim-storage rooms located at NMCs NMI, etc. Some RWs mostly short-lived, are sfely
stored in interim storage rooms of he waste producers (where available) for delay an dcay,
while some others are stored for further management (as applicable) and final disposal. Some
of the s ent/used/unused (old) sealed radiation sources (SRS1 for hospitals, industrial
organizations, etc. are stored in shielded rooms at the users sites nd some are bean sfely
transported and stored enclosures within AERE campus (Savar). The gaseous wastes from
research reactor are properly monitored and safely discharged through the stack to the
environment following ICRP dscharge limit (for Ar-41).

Processing and disposal esearch and development):
Liquid RWs (containing Cs-137, Co-60, Sr-90, etc.) are studied by chemical precipitation for
their decontamination, immobilization and disposal. Ion-exchange method for treatment of
liquid waste has been initiated. Immobilization (by concentration) of aeslum pptn sludge has
been initiated and will be continued. Geo-scientific nvestigation in connection wh site
selection for a near-surface waste repository of low-and ntermediate-level wastes (LILW)
within AERE campus is in progress. An experiniental-curn-demonstration shallow-land
disposal trench (6m x 4m x 13 in has been dug within AERE campus 1989), and 129 bags
of Cs-137 contaminated mported skimmed milk powder have been buried.

2.3. Development of a waste processing and storagefacility (CWPSF) at AERE, Savar:

pr 'ect proforma (PP) on Establishment of a Central Radioactive Waste Processing and
Storage Facility (CWPSF) has been approved (April 1999) by The Government of the
People's Republic of Bangladesh for implementation under Annual Development Programme
(ADP) at a total cost of US$ 138 million nuding Foreign Exchange euiv. of USS 06-1
million and is in progress. In future, all RWs including SRS, -Za-226 sources woul be
collected, processed and safely stored within the CWPSF.

The Government has signed an agreement on "Convention on Safe Management of
Radioactive Wastes" with the AEA and the national commitment is to establish a waste
management infrastructure in the country. On behalf of the overnment, BAEC is to
implement and follow-up the programmes of Joint Convention on the Spent Fuel
Management and on the Safety of Radioactive Waste Management agreement. A potential TC
pr 'ect "Strengthening Radioactive Waste Management Infra-structure in Bangladesh" (The
proposed T p 'ect BGD/2001/0)OL, 2001-2002 Cycle) which adresses the estaHshment
of the CWPSF at AERE, Savar. A layout with dimension and description of the waste
management facility (CWPSF) building at AERE, Savar, Bangladesh is shown in Fgure-L

2.4. LIL W repository plan:

BAEC has a very long-term programme to develop a pilot-scale near-surface waste re ository
at AERE for short-lived LILW fom non-power sources by the year 2010. The ultimate
selection of the repository type/concept depends on geo-hydrology, climatic conditions,
migration extent, etc. and specific disposal requirements regulatory approach, which is
under study.

3. Conclusion

Bangladesh being a developing ountry with 120 million populations, more and more
radioactive wastes would be enerated due to increasing application of radioisotopes in
medicine, research and industry. The People's Republic of Bangladesh has given a high
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priority to establishing a national regulatory framework for radioactive waste management.
-.\SRC authority has been empowered to authorize and inspect regulated radioactive waste
management activities and enforce the legislation and regulations. Nuclear Safety and
Radiation Control rules of 1997 have been enforced to provide effective empowerment to the
reaulatorv authority to implement BSS, to establish radiation source inventory through
notification and to identify radiation sources subject to regulatory control and their locations.
Functional inspection programme has been undertaken employing adequate number of
appropriately qualified staff. Training programme for staff with adequate resources is being
conducted. A nation-wide inventory of all radiation sources (SR) and radioactive wastes
(RWs) has already been started. Construction ork of Central Radioactive Waste Processing
and Storage Facility (CWPSF) Building at AERE, Savar has been moving fast and will be
completed by 2003. Once the CWPSF is complete, all RWs including SRS, Ra-226 Sources
would be collected, processed and safely stored within the CWPSF. BAEC has a long term
programme to develop a pilot-scale near-surface waste repository at AERE for short lived
LILIX from non-power sources by the year 2010. However, on-going IAEA pr 'ects should
continue to achieve the objectives of developing sustainable technologies for managing
radioactive astes and establishing a waste management system in the country.
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Abstract.

Significant amounts of radioactive solid liquid and mixed wastes are generated in Bangladesh
from peaceful uses of atomic energy including disused sealed sources and spent fuel from the
research reactor and other hot lboratories in the country. At present these wastes are being
collected, segregated, labeled nd stored in an interim safe storage. A Central aste
Processing and Storage Facility (CWPSF) is fast nearing completion in the Atomic Energy
Research Establishment (AERE), Savar campus where the TRIGA Research Reactor, Isotope
Production Laboratory, 14 MeV Neutron Generator, 37 x 102 TBq commercial irradiator and
other hot facilities are situated. A national strategy exists for the mnagement and disposal of

ious types I ive astes. Gaseous and liquid wastes are dscharged the
var f rad'oact'
environment in a controlled manner following delay decay procedure. Short-lived low and
intermediate level wastes (SL-LILW) and disused/spent sealed radioactive sources are being
stored in an interim storage before storage in the CWPSF following short treatment and
conditioning. As regards their dsposal, the currently preferred option is engineered near
surface repository. Site investigation work has progressed far eough toward the goal of
establishing a demonstration repository at AER-E, Savar by the yar 2010. For small amount
of long-lived highly active problem wastes including spent radium needles and dsused
radioactive sources, the safe management option is a long-term storage in the CWPSF fter
conditioning and treatment. But this is not considered as a sustainable solution. he real
emphasis is placed on the development of inexpensive disposal methods and availing
regional/international repositories.

1. Introduction.

Bangladesh is a modest user of nuclear technology. At present it runs a few small nuclear
research centres and is using radioisotopes in the fields of medicine, agriculture, industry and
research. In medicine they are used for research pysiological investigations, diagnostic
procedures, therapeutic techniques and sterilization of medical products, surgical instruments
and supplies, etc. In agriculture they are being employed for pest ontrol, food preservation,
evolution of improved seed varieties for increased yield and disease resistant plant, moisture
gauging, etc. They are of use here for nondestructive testing (NDT), quality control and
assurance, tracer technology and research and development in ndustry. Though Bangladesh is
contemplating the establishment of a nuclear power plant and has an on going exploration
programme for nuclear minerals, it is still uncertain at what time in future it can enter into the
area of nuclear fuel cycle.

*Work performed for Bangladesh Goverriment's Programme on management and disposal of
radioactive waste.
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A significant amount of gaseous, solid, liquid and mixed radioactive wastes is generated in
the MW research reactor facility, radioisotope production laboratory, neutron generator,
1.00.000 C Co-60 commercial irradiator and other hot laboratories in Atomic Energy
Research Establishment (AERE) at Savar, Dhaka and other different applications such as
mentioned above all over Bangladesh. A long-term programme has been taken up for the safe
management and disposal of these wastes. In this paper, the current strategy as regards the
disposal of various waste types and anticipated future trends are highlighted. It is important
to note that the bulk of radioactive wastes produced belong to low and intermediate level short
lived (LILW-SL) category while long lived low and ntermediate level wastes and high level
wastes constitute a very small fraction. But the problem posed by this small fraction of long-
lived hah eels wastes is very significant because of their high radioactivity and toxicity
levels. This situation is typical of many IAEA Member States. Since radioactive wastes may
pose reat health hazard and contaminate the environment it is essential to manage them
central1v at national level in an establishment like central radioactive waste processing and
storape facility (CWPSF). Hence around 1995 the Government of the People's Republic of
Bangladesh planned for the establishment of a CWPSF at the AERE, Savar, Dhaka at an
estimated cost of 200 million US dollar. The civil constructions have already been
completed. Further works are in progress under various technical cooperation assistance
programmes of the IAEA.

2. Present disposal policies and future trends

2.1. Dischargeoflow-levelgaseousandliquidradioactiveeffluents

The present practice in this regard is the controlled release into the environment as per the
idelines provided n the IAEA Basic Safety Standards No BSS 1 15 1996) [I ]. This seems

quite satisfactory. But in some parts of the world such as Europe, there has been recent
demand for more stringent measures in this regard-there are moves to reduce discharges
closer to zero. The OSPAR convention is bringing about changes in the effluent discharge
policies in many European countries. If a compulsive need arises in future, Bangladesh may
also follow this strategy.

2.2. Aanagetnent and disposal of spent research reactorfael and spent radium needles

In the present scenario, only these two categories of high-level radioactive wastes (spent
research reactorfuel and spent radium needles) are encountered in Bangladesh. The current
management strategy for the spent fuel of the 3 MW TRIGA Mark-11 research reactor in the
AERE, Savar is on-site safe interim storage within the reactor building (spent fuel elements
are confined in stainless steel containers which in turn are kept in storage pits on a secluded
part of the reactor hall floor).

As for their disposal, there is a standing agreement (concluded in 1986) with the supplier,
General Atomics Company, USA, that it will start taking back the spent ftiel elements after
2010 A.D. The arrangement has relieved Bangladesh of the burden of geological disposal for
such insignificantly small amounts of high level waste, because geological disposal needs a
justi able amount of hgh-level waste 2].

About I gm spent radium needles (which were in use during 1960 or earlier) have been
collected. conditioned and kept in safe interim storage in a well secured secluded building.
The whole exercise was carried out under the super-vision of an IAEA technical support team
who thoroughly trained a team of local professionals who can repeat the process if further
spent radium needles are located and identified elsewhere in the country 3 The Radium
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needles will eventually be shifted to the CWPSF where they will be kept in a long-term (50
years) storage till a viable final disposal solution is found. Such a long-term storage is ot a
sustainable solution because it as got its own type of risks and ucertainties associated with
it. The ideal disposal option for these small volumes of highly active highly toxic 'problem
waste' will be a regional or an international geological repository particularly for countries
like Bangladesh which has small resource base 4, 5].

2.3. Status of the safe storage oj'disused radioactive sources

Accidents involving disused radioactive sources constitute an emerging issue that is drawing
global attention. Many of thes acidents have resulted in the oerexposure of the public,
sometimes leading to severe nury or death, and radioactive contamination of the
environment. The safe disposal of disused sources is basically a national responsibility.
Presently, the policy of Bangladesh in this regard is transferring these sources to the CWPSF
at AERE, Savar for long-term interim storage following short teatment and conditioning
(cementation, encapsulation etc.). he storage room in the CWPSF is built with shielded RCC
walls using beach sand having he content of heavy minerals like 1lemenite (sp gr 480) and
magnetite (sp gr 514). At CWPSF, AERE, Savar sorting, compaction and conditioning will
be accomplished. Plant and laboratory facilities for liquid waste treatment have also een
planned. Besides, there are laboratories for dry and wet section are�is in the central processing
and storage facility. The whole active areas have the provision for ventilation and a common
exhaust system through a stack. Te CWPSF at AERE, Savar has een planned and designed
based on the present volume wstes and its pr 'ection for increased use of radioisotopes
over the next two decades. The fture wastes from the proposed Rooppur Nuclear Pwer
Plant at Ishawardi, Bangladesh as well as the increasing waste volumes and activity level will
call for researches and future planning for which research oriented works are also planned.
The International Atomic Energy Agency (IAEA) as been supporting a Technical
Cooperation programme (BGD,/4/022) during 2001-2002 and has been helping to validate
design of ventilation and other processes including supply of equipment, giving expert
services and providing overseas tining to local staff. The CWPSF has the overall plan to
handle and manage the radioactive wastes on national basis and esure safety to people and
environment. It will strengthen the overall radiation safety infrastructure in the country in
general and the waste safety in particular. But this is not a sustainable solution. A possible
alternative would be to develop inexpensive methods for safe disposal such as bore-hole
concept. R & D programme is going on in this regard.

2.4. Status of disposal of low and itermediate level short-lived waste

The present preferred disposal option is egineered near surface repository and site
investigation works have progressed far enough towards the goal of establishing a demo-
repository in the complex of AERE, Savar by the year 2010. Innovations and developments
in the coming year, can be advanta eously utilized in the design and construction of the
demo-repository.

3. Conclusions

From the discussions in the paragraphs of the preceding sections it ]:; obvious that the disposal
of radioactive wastes in Bangladesh is facing no pressing problems at present. Current
strategy as regards various waste types is working reasonably well. Long-term nterim
storage for small amounts of long-lived, highly active problem wastes' and dsused
radioactive sources is not considered a sustainable solution. Development of cost-effective
alternative disposal methods such as bore-hole technology should forrn a part of the national
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policy. Options of regional or nternational repository must be availed of because this is an
ideal disposal solution for the countries with limited technological and economic capabilities
like Bangladesh.
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Abstract

Sealed radiation sources have been used in Ghana for more than four decades. They are used
in medicine for diagnosis and therapeutic procedures, measurement and processing techniques
in industry, irradiation techniques or food preservation and sterilization of medical products
and for research and teaching. The spent and disused scaled radiation sources generated are
been managed without an adequate waste management infrastructure and legal framework to
control and manage them. The potential risks of onising radiation to human health and the
environment from improper organized radioactive waste management have been recognized.
The sources can b easily misplaced or lost if not properly managed due to their small
physical size. Accidents involving sealed radioactive sources are drawing nternational
attention as many of the accidents ave resulted in injuries and death. This paper presents the
current status of spent and disused sealed sources management in Ghana and also discusses
the need for a commensurate aste management infrastructure to deal with the problems of
waste safety in Ghana.

1. Introduction

Work with radioisotopes in Ghana tarted in 1952 in the University College of the Gold Coast
(now te University of Ghana) were experiments were carried out with the application of
radlostrontium on monkeys [1]. ollowing te success of these experiments, interest in
radioisotopes application grew ad with it, a general awareness in the country of the
potentialities of radioisotopes techniques and onising radiation as tools for scientific rsearch.
Another noticeable interest is t numerous economic benefits to be derived from the
application of sealed sources in diagnostic and therapeutic procedures in medicine,
measurement and processing techniques in industry, irradiation techniques for food
preservation and sterilization of medical products and for teaching. Management of' sealed
radiation sources presents a major problem owing to their small physical size and high
specific activity. They are easily lost or misplaced if not properly managed. Accidents
involving sealed radioactive sources are drawing nternational ttention as many of the
acc'dents have resulted in injuries and death.

The Government of Ghana through the Ghana Atomic Energy Commission (GAEC)
recognizing the need to establish the basic requirement for the protection of people and
environment against undue radiation exposure established the Radiation Protection Institute
(RPI) as te sole regulatory authority. The RPI was empowered with the Radiation Protection
Instrument LI 1559[2]. Evidence of increasing numbers of spent and disused radioactive
sources necessitated the establishment of the National Radioactive aste Management Centre
(NRWMC) to carry out waste safety operations in Ghana. This aper looks at the current
status of disused and spent sealed sources management and the rieed for a commensurate
waste management nfrastructure to deal with the problems of waste safety in Ghana.
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2. Origin and quantity of waste

Radioactive waste ma.;nly disused and spent sealed sources are generated from application of
radioactive materials in hospitals, industries. research and teaching. Waste generated in the
past as small and mainly from research activities and limited medical waste. The activities
of the aste range from a few Bq to Gl3q, (Tablel). Currently most of the waste comes from
the industries and are mainly sealed sources. Statistics available indicate that over 30
institutions are using sealed radiation sources (Table 2. The spent and disused sealed sources
are collected and stored in the interim storage facility. No special treatment or conditioning is
applied. With the establishment of the NRWMC efforts are being made to acquire the
necessary facilities and logistics for treatment and conditioning of the disused and spent
sources.

Table 1: Inventorv of radioactive waste at the NRWMC storage facility

Isotope Activity per Source (mC]) Number of Source
Sr-90 1. - 20.0 17
Cd-109 3.0 4
1-131 2.0 7
Cs-137 1.0-10.0 16
Fe-59 100-500 2

Co-60 2-5 10
Co-58 0.1 I
Co-57 1.0 2
TI-204 1.0 I
Ra-226 190MQ 19 (conditioned)
Cr-51 5.0 4
Na-22 1.0
S-35 6 5
Ca-45 3.0 2
Cf-252 20.0 6

3. Radioactive waste management infrastructure

Until the establishment of the RPI, the National Nuclear Research Institute (NNRI), one of the
institutes of the GAEC, exercised some form of regulatory control over the use of radiation
sources and their storage. The RPI has initiated a database using the Regulatory Authority
Information System (RAIS) for an inventory of all radiation sources either imported into the
country or already in existence in the country as well as a control programme through a
system of Notification, Authorisation by Registration and Licensing and Inspection to keep
track of radiation sources.

The NRWMC was established in June 1995 as a national centralized waste management
facility for the collection and transportation of all disused and spent radiation sources
requiring more than one year decay period to below clearance levels for treatment,
conditioning and storage awaiting disposal. The NRWMC will have all the requisite resources
to manage radioactive waste in Ghana.
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Table 2 Inventory of radiation sources in Ghana

INSTI-1 TION SOURCE ACA-IVITY APPLIC'A] ION OF SOLJRC�E
PER SOURCE

(CURIE)

Korle-1hu'leachingElospital Co-60 5.OOOOF+3 Radiation Therapy I
Tc-99in 1.350OL-1 Nuclear Medicine I ;2%vks

Okomto Anokvc Teaching Cs-137 4.4860E I Brachytheiapy
Hospital

KASAP Limited C's- 3 7 8.1081 E-3 Density Gativing 2

Ani-241 4.0-54OF-2 1
Pioneer Tobacco Company Sr-1)0 2.0000F-2 Thickness G;[Uging -8

Ltd.
Cd- 1 09 3.0000F-3 X-ray Floor. Analy 4

National Nuclear Research Ir- 1 92 1.0000E+2 Indus. Radiography I
Institute Ain/Be 2.OOOOE+3 Neutron Act. Analy 3

C�o-60 7.5000E+' Food rrachaiion & I

Co-60 5.0000E+4 MedicalSterilization I

Cs-137 2.1 2 97 EO Research&-Feaching 4

Ani-241 2.0000E+1 Moisture GaLliling 3
C:s- 37 2.OOOOL-2 Density Gauging 7

Am-241 4.OOOOL-2 Density Gatiging 1

Guiness Ghana Ltd Am-241 1.0000E-2 Density Gauging I

Water Resources Rsearch Arn-241 3.0000F-2 Moisture Gauging I

Iristititue

Cocoa Res. Inst. P-3- L0000F-2 Fertilizer Utilizat o studies 10 MIN

Dupal Wood Ltd Am-24 I 1.000OL-2 Density auge I

Am-24 1 4.00001-2 Well logg ng I
Ghana Highways Authority Arn,"Be 5.4054 F 2 Moisture detector 3

Cs-137 5.4054E I Levelgauge I 
Ni-63 1.350OF-2 Nuclear gauge I

Goldfields Ghana Arn-24 I 1.0000L 2 Density gauge I

Ltd Cs-137 2.OOOOE+O I

Teberebe Goldfields Ltd Ain-241 4.OOOOE-2 Density Gauge I

Cs-137 5.4054E I I

Darrianiz Gold Cs- 37 5.4054E I Density Gauge I

Gliana Telecom Pu-238 8.1081 F-5 Smoke Detector I

Ghana Bre,,verv Arn-241 1.0000E-2 Density gauging I
6.3243E+2 I

Motherwell Bridge Ghana Ir- 1 92 4.0000[ +1 Industrial Radiography I

Limited 4.9000E I 1

2.9729F12 1

Co-60 2.(7-19E+2 I

Radiation Protection Board Co-60 L0000E-I Calibration o(Rachation I
Cs-137 L0000E-I Instrumei4s I

Sr-90 5.OOOOE-4 I

D & C Industrv Arn-241 1.00001--2 Level Gauging I

Construction Pioneers Arn-241 3 OOOOE I Level gauginp I
Cs-I 37 5.4054F-1 Density Gauging I

Arn/Be 5.4054E-2 Moisture Detector I
Ghana Ports Harbour Arn/Be 2.0000E+0 Well logging I

Authoritv Cs 137 2.OOOOE-2 Density gauging I

P.W. Ghana Ltd Ani/Be 2.1621 F I Well logging 1
Cs- 37 �.4054 E I Density gauging I

Medical Sch. UG C-14 2.7027E-2 Research I
Precious Minerals Marketing Cd- 09 2.1 621 E-I X-ray Fluorescence 3

Corp. Analysis
Tema Oil Refinerv Cs-137 2.00001--2 Level Gauge 2

Abosso oldfields Cs-] 37 5.4054E-1 Density Gauge I

Arriansic Resource Cs- 37 2.0000F-2 Density auge I

S.K. Engineering Ir- 1 92 LooOOF+2 Industrial radicgraphy I

Minproc Ltd Cs-] 37 --1.0000E+f) Nuclear auge I

Ashanti Goldfields Cs-137 2.0020E+2 Density Gauging 1 5

Ghana National Petroleum ALn,,B +C's 5.7296E I Oil weil site verifier I
Corp. CS-I 3T 2.00001:+o Densitv Gaugiru,

ArnBe 2.OOOOE I g 2
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A ational Radioactive Waste Management regulation has been drafted with the assistance of
International Atomic Energy Agency (IAEA) and African Regional Cooperative Agreement
(AFRA) experts and is rerciving government's attention for promulgation. In the regulation
the issues of disused and spent source was emphasized. The recipient of a source is expected
to icyn a contract with the supplier for the return of the spent source. This applies to sources
with activities greater than lOOMBq 10 years after the purchase 3 The Cabinet and
Parliament of Ghana have approved the ratification of the Joint Convention on the Safety of
Spent fuel Management and Radioactive Waste Management. Ten codes of practices have

also been developed as supporting documents to upgrade the regulatory capabilities of the
RPI. The NRWMC has initiated a waste inventory using the Sealed Radiation Sources
Registry (SRS) developed by the International Atomic Energy Agency. The NRWMC is also
participating in the Net-Enabled Waste Management Database (NEWMDB).

A central waste processing and storage facility is been constructed. The cost of construction is
estimated at US S 100,000(one hundred thousand U.S. dollars)[4]. The facility when
completed and made operational in 2003 will have the needed technical equipment to treat
and immobilize the spent and disused sealed sources in a concrete matrix using 200 L dums.
The storage facility will have a maximum capacity for 100 200L drums. A laboratory will be

ided with the necessary equipment for quality control. Research to support technological

process shall be carried out in the laboratory. A quality assurance and control systems will be
developed and established as it is an important requirement in establishing a national system
for radioactive aste.

4. Conclusion

The basic management of sealed radiation sources has been described. Waste acceptance
criteria are also being developed to guide users of radiation sources on procedures for safe
handling of spent sources at their respective institutes. The regulations and the relevant
supporting documents will lay a solid foundation to ensure waste safety and safety of the
population and the environment. The IAEA/AFRA have been very instrumental in the
establishment of basic infrastructure through their regular technical assistance programmes.
Full implementation will need commitment and support from the Government of Ghana.
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Abstract.

This paper describes the effort of the Center for Development of Radioactive Waste
Management (CDRWM) to develop and implement activities in maintaining and improving
the safety of spent scaled radiation sources and the security of radioactive materials oer heir
life cycle. There is a wide variety of uses of radiation sources arid radioactive materials in
Indonesia, while the CDRWM plan to cover all spent radiation sources. 13rimary

ideration is given to sealed radiation sources wi I I I ivity
cons th relatively hgh levels of radioacti 
which might necessitate nterventional measures should control over them be lost. The policy
of the Government of Indonesia for spent radiation sources is, whenever possible, spent sealed
sources should be returned to the supplier. CDRWM has a gerteral principle that sealed
sources should not be removed from their holders, or the holders pysically modified (except
for Ra-226 needles, smoke detector and lighting preventer).

1. Introduction

Radiation sources, utilizing either radioactive materials or radiation generators, are sed
in Indonesia for a wide variety ot peaceful purposes, in industry,, medicine, research and
education. Many uses involve sealed sources with the radioactive aterials firmly contained
or bound within a suitable capsule or housing; some, also, involve adioactive materials in an
unsealed form. The risks posed by these sources and materials vary widely, depending o the
radionuclides, the forms, the activities, etc. Unless breached or leaking, sealed sources
present a risk from external radiation exposure only. However, breached or leaking sealed
sources, as well as unsealed radioactive materials, may lead to contamination of the
environment and the intake of radioactive materials into the human body.

Radionuclides produced artificially in nuclear facilities and accelerators have become widely
available, not only radium-226, but also cobalt-60, strontium-90, caesium-137 and rdlurn-
192. The risks associated wh the use of adioactive materials must be restricted and
protected against by the application of appropriate radiation safety standards. The risks
associated with the planned use of radiation sources and radioactive materials are generally
well known and te relevant radiation safety requirements generally well established.
Nevertheless, accidents can occur dring use[ I].

Sealed sources or their containers cn have a certain attractiveness because of their appearance
or their apparent value as scrap metal. The subsequent handlIng of such sources and
containers by workers and members of the public unaware of the inherent hazards cn give
rise to external irradiation or, if tampered with, the possibility of nternal exposure. This has
led to serious injury and in some cases death. Sources incorporated into scrap metal for
subsequent recycling can lead to te contamination of plant and the environment, possibly
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with serious economic consequences[2]. Fig. is a graph that describe the prediction of the
future spent radiation sources conditioned in Center for Radioactive Waste Management
DeNelopment (CDRWM) Serpong 3 The prediction I's based on the experiences of
CDRWMl report from Nuclear Energy Regulatory Board (NERB), and information from the
MInIstrv of Public Health.

2. Objectives

The primary purpose of this paper is to describe the effort of CDRWM to develop and
implement activities in maintaining and, improving the safety of radiation sources and the
security of radioactive materials over their life cycle. As noted in the introduction, there is a

'de variety of uses of radiation sources and radioactive materials n Indonesia. The activity
plan of CDRWM covers all spent radiation sources. Primary consideration is given to sealed
radiation sources with relatively high levels of radioactivity which might necessitate
inten-entional measures should control over them be lost.

7C)o A... Beta and gam ra spent ......... ........... ... .. ........ ...
radetion soLrces

600 Fb-226 and An+241 igtining
preventer ... A.

500 0 Fb-226frornhospitds A
E 400 A'

300 -
0

200 
EMZ 100 

0 - I T I

2002 2003 24 2005 2006 2007 4-008 2009 2010 2011

Periode (year)

Fig. Redr-tion of arrmlatrve spent radiation soLrces conditiored in CA&D

3. Principles of management of spent radiation sources in Indonesia

(a) Sources of ionizing radiation must have sufficient protection to allow for safe normal
operations.

(b) The possibility of accidental exposures involving radiation sources must be anticipated
and there must be appropriate safety devices and procedures. In this connection Indonesia
and especially CDRWM has actions such as:
(1) weaknesses in the design and construction of radiation sources must be corrected;
(11) a high level of safety culture in the handling of radiation sources must be promoted,

so that human errors are minimized through good training.
(c) The regulatory infrastructures for the control of radiation sources is supported by the

Government of Indonesia and be able to act independently, and the Nuclear Energy
Regulatory Board (NERB) maintain oversight of all radiation sources in Indonesia.
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(d) Radiation sources should not e allowed to drop out of the egulatory control system.
This means that the NERB mst keep up-to-date records of the person responsible for
each source, monitor transfers f sources and track the fate of ech source at the ed of its
useful life.

The Government of Indonesia has established NERB. The Government of Indonesia provides
the NERB with sufficient backing and with sufficient human and financial resources to enable
it to function effectively

4. Management of spent sealed sources

The policy of the Government o Indonesia for spent radiation sources is that whenever
poss]ible spent sealed sources Sould be returned to the supplier. CDRWM has a general
principle that sealed sources should not be removed from their holders, or the holders
physically modified (except for Ra-226 needles, smoke detector and lighting preventer).

CDRWM is developing the management information system (MIS) for the database of all
waste stored in CDRWM. This svstern is used to identify accurately and immediately on the
transportation and storage of the radioactive waste. The other objective of MIS is to control
the record of the waste history transportation, treatment/conditioning, and storage).

Present development of detailed records for all spent sealed sources in storage includes:
Identity code (if known), radionuclides present, original activity/date, physical and chemical
form, source dmensions, geometry, details of shielding (e.g. rss weight - including
shielding containers), results and date of a previous leak test, measured dose rate and details
of measurement equipment used (type, -model, serial number), supplier of the source, oner,
last user of the source (details and persons responsible).

The regulatory body is nformed hen a sealed source is taken out of use, and becomes a
spent source in storage.

Spent sealed sources are segregated and collected separately because of their potentially high
radiological hazard. Spent sealed sources generally are not removed from their associated
shielding or source holders unless adequate precautions are taken to avoid exposure to
radiation and contamination. Peripheral components of large irradiation equipment (i.e. those
not directly associated with the source) are removed, monitored and disposed of appropriately.
Sealed sources are not subjected to compaction, shredding or incineration.Special
conditioning techniques are required for spent radium sources. Spent radium sources are
stored in an appropriate interim Storage area with strict access control and radiation
monitoring.

CDRWM has a strategy to handle the radium by applying simple but effective methods of
increasing the security of spent saled sources. A potentially suitable method of securing
spent sources is to contain the spent sources or source holders in a sitable size concrete metal
drum 200 L). A convenient way to embed the source in concrete would be to place it in the
center of the 200 drum that is filled with concrete. When immobilizing spent sealed sources
the Deed for security and possible long-term retrievability of the dum is always considered.
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4.1 QualitjAssurance

A comprehensi \7 e quality assurance program has been established in CDRWM and
periodically inspected by regulatory body (NERB). This program is in progress, and
integrated in the administration of radioactive waste management. Particularly for
management of spent radiation sources includes the following items: quality of the capsule
material and the-capsule welding process; quality of the operational procedures (Handling,
segregation, characterization, treatment and conditioning, packaging, storage and disposal of
radioactive waste at the centralized radioactive waste management facility, and
transportation); quality of the calibration of all monitors and radioactivity measurement"
quality of the documentation of nformation and their retrieval.

Quality assurance programmes aim to ensure confidence that all operations are optimally
managed. waste disposals and discharges are within authorized limits, and conditioned waste
packages are produced in accordance with the specifications for storage, transportation and for
possiible disposa][4].

A quality assurance programme is developed as part of the license application by CDRWM
and review ed and approved by the regulatory body. The programme defines and describes the
organization. responsibilities relevant quality assurance steps and organizational interfaces
involved in predisposal waste management. A system for document control and records

'de evidence that the required quality has been achieved. One of the references of the
quality assurance programme is IAEA safety series No. 50-C/SG-Q[4].

4.2 Technical requirementfor conditioning of spent sealed sources

The main aspects covered in this section are manpower requirements and their
qualifications, operational requirements including materials/consurriables, equipment and
tools for conditioning of spent radiation sources [5].

4.2.1. Personnel qualification
The team in CDRWM conducting the operation have large experience and proper
qualification to undertake this work. The team leader is the head for solid waste treatment
sub division, and is a first university degree in Engineering, Physics or a related field. He has
enough experience in the field of waste conditioning and a related R&D area. This team
leader has headed similar operations. The health pkysicists have a first university degree in
Nuclear Physics., Engineering or a related area. They all have enough experience in radiation
protection and have participated in some major operations involving work in radiation areas,
major decontamination or conditioning. The welder is qualified for the TIG welding process
by IAEA (for Ra-226 conditioning).

4.2.2. Facilities
The operation requires a storage facility and a laboratory area (operational area) adjacent to
the storage facility or nearby for convenience. CDRWM has a laboratory for Ra-226
conditioning. and also to dismantle lightning rods. This laboratory is ust 100 m from the
interim storave where the conditioned spent radiation sources are placed. All facilities are
almost available. except some tools for Ra conditioning, partly supported by the MEA.
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4.2.3. Workplan
An action plan is initially developed. It identifies all actions to be carried out from the tme of
the approval of the conditioning operation to the end of the conditioning of the sources.
Below is the work plan of the recent action by CDRWM on the cnditioning of spent sealed
sources.

Table 1. Schedule for conditioning spent radiation sources, July-September 2001

July AuRust Sootember
I III W I 11 III IV I II in TV

Confirmaiion ot'SRS lata

Preparatior ior mAn po' vcr and tool

( onditioning or h Antin

rreven r777d fionin' I SRS

0

4.2.4. Preliminar:y work
CDRWM has all information regarding the sources inventory nd specifically the total
activity, the number of individual sources, their geometry and the hermeticity of the sources
(this will be developed and ntegrated in our management nformation system of radwaste
data). The shielding device is designed using, a suitable dose asessment to optimize the
shielding container from weight, radioactivity capacity, volume and external dose rate points
of view. The shielding container is prepared prior to. Stainless steel capsules for the
encapsulation of the radium sources need to be manufactured. The capsule size needs to take

ideration the source size and shielding device geometry.
into cons I In March 2001, CDRWM
has conditioned all Ra-226 (needles and lightning preventers) stored in CDRWM supported

by the IAEA. But CDRWNI s still in progress for the agreement with the Public Health

Department for the conditioning of Ra-226. At the end of this stage, all sources are stored in

interim storage.

Table 2 Total data of Ra-226 in Indonesia 2],[3],[6]

N61 �stpr6d iti CJDRW1\4 stated inll*44w� Total (call)
1. Needle 17 576 Ci

2. Lightning_preventer 320 320 0.4 Ci

Approximately

4.2.5. Conditioningphase

Proper procedures are adopted for source transfer from the temporary storage to te

conditioning area. The ALARA principle is well observed with regard to the exposure rate of

the operating staff. Drum preparation is carried out according to technical procedures and

prior to the conditioning operation in order to have the drums ready for final use. CDRWNl

use the concrete drum 2001 for lightning rod and Ra conditioning, and use the concrete shell

950 to emplace the other spent sealed sources. These are the simplest way to ensure the

integrity and security of the sources. During the entire operation, no work involving

radioactive materials is conducted which has not been forecasted, planned and for wich

tested procedures have been developed. Continuous and systematic monitoring and control of

contamination must be carried ot 7].
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5. Recent �iork

Results of the recent activities on conditioning of spent radiation sources are shown below.

Table 3 Results of SRS conditioning (August 27 - Sepetember 12, 2001)

No. Concrete drum 2001/ ."osuit ds& (4S��Ain)
Concrete shell 9501

contact

I Concrete drum No. 97 3.56 2.4 4 boxes Pb of U depleted
2 Concrete drum No. 98 61.2 15.8 2 units Am-241 6 units Sr-90 I unit r-

1 226, 1 unit Ra-226. 5 units of Pu-239
3 Concrete drum No. 99 37.5 6.7 23 units Co-60
4 Concrete drum No. 102 3.3 2.4 4 units Prn-147. 8 units Kr-85 7 units

ST-90, 1 unitFe-55
Concrete drum No. 104 29.3 8.2 59 capsuls Ra-226 I unit Ra-226

6 Concrete drum No. 125 676 80.8 84 units Ra-226 from lightning

I preventer
7 Concrete drum No. 126 1.07 0.86 1 00 units Arn-241 from smoke detector

57 unit A m-241 from lightning
presenter

8 Concrete shell 950L 347 24.4 8 units Co-60, 47 units Cs-137 I box
Co-60

It is scheduled that by the end of 2002, CDRWM will have treated all radium spent sources
that are still stored at the Ministry of Public Health of Indonesia and in some hospitals.
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Abstract.

Currently, it is necessary to establish, in a few years, a definitive repository for low and
intermediate level radioactive aste in order to satisfy the necessities of Mexico for the next
50 years. Consequently, it is required to estimate the volumes of the radioactive waste
generated annually, the stored volumes to-date and their projection to medium-term. On this
subject, the annual average production of low and inten-nediate evel radioactive waste from
the electricity production by means of nuclear power reactors is 20 rn 3/y which consist of
humid and dry solid waste from the 2 units of the Laguna Verde Nuclear Power plant having a
re-use efficiency of effluents of 95%. On the other hand, the applications in medicine,
industry and research generate 20 m 3/y of solid waste, 280 m3/y of liquid waste and

31Yapproximately IO m from 300 spent sealed radioactive sources. The estimation of the total
3volume of these waste to the year 2035 is 17500 m corresponding to the 46% of the volume

generated by the operation and maintenance of the 2 units of te Laguna Verde Nuclear
Power plant, 34% to the decommissioning of these 2 units at the nd of their useful life and
20% to the waste generated by applications i medicine, industry and research.

1. Introduction

During the last years the subject of the radioactive waste has had groat interest, because of the
increased concern about the protection and recovery of the environment, as well as to the
necessity to have in Mexico, in a fw years, a definitive repository with enough capacity to
receive the produced radioactive aste from the applications in mdicine, industry, research
and in the production of electrical eergy by nuclear means for the next 50 year.

In this paper, the volumes of low and intermediate level radioactive waste stored until the year
2001 and their tendency to the year 2035 are shown considering the useful life of te 2
nuclear reactors in operation at the Laguna Verde Nuclear Power plant and the annual
generation of these waste, in order to have the base volumes needed for the design and
construction of a definitive repository in Mexico.

2. Generators of radioactive waste

2.1. Laguna Verde nuclear power plant

The Laguna Verde Nuclear Power plant (LVNP) consists of 2 units producing 654 qWe
each, which have been in commercial operation since July 1990 Unit 1) and since April 1995
(Unit 2, generating 53% of the electrical energy that is consumed in the country. The power
plant, during its operation, produces low and intermediate level radioactive waste as well as
spent fuel, which will be a high ],ever radioactive waste when it is so classified [I].
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The low and intermediate level radioactive waste in the Laguna Verde nuclear power plant are
dIN ided in two great groups. The humid solid astes that are generated during the treatment
of the liquid radioactive waste and the dry solid wastes that are basically the result of the
maintenance operations.

At the moment. the annual average production of low and intermediate level radioactive waste
3from the two units is 250 M . The stored total volume of these waste, that were generated up

to December 2001, is 2643 m 3 which are collected, processed, prepared in containers and
stored in the same power plant, where the 78% of the containers are dry, 19% are humid and
30,`0 are liquid radioactive waste.

The annual production of solid radioactive waste by unit, fulfils the goal programmed for the
2001. hich is 125 m/unit. In the case of the effluents reuse, for the same year, a 95 of
85% programmed were got 2,3.4].

At the Laguna Verde Nuclear ower plant are implanted programmes of personnel awareness
for the reduction of radioactive waste from their origin, as well as a programme for
continuous improvement for the treatment processes to increasing the percentage of effluents
re-use. It is evaluated for the future, the use of new technologies for the volume reduction,
such as drying and the supercompaction, in order to reach a production goal below 74 m 31y_

reactor of solid waste, which corresponds, to the average of the World Association of Nuclear
Operators 3].

2.2. Applications of radioisotopes in medicine, industry and research

The radioisotopes demand during the year 2001 was constituted by 89% in medicine, 9 in
industry and 2 in research.

I 1 131 67 20 1 TI, 33 Xe;
The main radioisotopes used as open sources are: a) dagnosis 99mTc, 1, Ga,
b) therapy 1251, 31, 32 P, 90 Y, 153SM, "'Re; c) industry 1311, 2 Br , 22 Na 3H; d) research 11C, 3 H,

2 1, and in smaller percentage a great variety of radioisotopes of short half-life where some of
them were produced in the research reactor TRIGA Mark III of the Instituto Nacional de
Investigaciones Nucleares (UNIN), the national nuclear research institute. During the period
1998-2001, increases of 23% and 75% in the radioisotopes demand used for diagnosis and
therapy have been observed respectively. The wastes generated in these applications are sent
to the ININ for their decay, conditioning and storage. There are around 1300 licenses for the
use of radioactive material in the country granted by the regulatory organ, showing during the
last years an annual increase of %. There are approximately 20 licenses for x-ray, 2 for
nuclear medicine, 250 for industrial plants, 400 for radioimmunoassay laboratories and the
rest for research and superior education institutions [5]_

The ININ counts on a treatment plant for radioactive waste where activities of reception,
harvesting-, transport, conditioning, treatment and immobilization of the radioactive waste
only generated in the applications in medicine, industry and research in all the country are
done. Anually. there are produced 20 m 3 of solid radioactive waste, 280 m 3 of liquid low
and intermediate level radioactive waste where m 3 are organic mixed waste and

3approximately 300 spent sealed radioactive sources (10 m ). The short half-life wastes are
stored to decay and those of long half-life are prepared in this treatment plant and later they
are sent to the Storage Center of Radioactive (SCRW) for their storage 6].
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3. Volumes of projected radioactive waste to the 2035

The estimation of the volume of low and ntermediate level radioactive waste pr 'ected to the
3 ationyear 2035 is 17500 m where te 46% corresponds to the waste generated from the oper,

and maintenance of the 2 units f te LVNP, 34% to the decommissioning of the 2 units at the
end of its useful life and 20 cresponds to the waste generated b applications in medicine,
industry and research 4].

4. Repositories for low and intermediate level radioactivewaste

There are three interim repositories for the radioactive waste generated by the operation of the
two nuclear reactors in the LVNP.

The ININ operates the SCRW for the storage of radioactive waste generated in medicine,
industry and research in the countr . Based o te annual volume of waste received by this
facility, it is estimated that the sturation of its capacity will be reached in 7 years 7,8].

At the beginning of the 70's a test facility was operated for uranium production, which was
closed some years later. Approximately 65000 ton of uranium tailings and contaminated soil
with uranium mineral were generated in 1984 which were transferred and stored completely
in a definitive repository located in the mountain range of Pefia Blanca in the state of
Chihuahua.

The La Pedrera repository in the state of Chihuahua, was exclusively designated for the
radioactive waste, such as rod. process material, scoria and soil contaminated with 60CO,
produced by the accident happened in Ju�rez, Chih. on December 1983. Its closure was in
1985. On the other hand, in the San Felipe repository in the state of Baja California Norte, a
small amount of rod contaminated. with 6OCo resulting from the same accident mentioned
above, was stored. It is considered tat within 22 years, the material stored in these sites will
not represent risk for the population and the environment.

5. Necessity of a definitive repository for radioactive waste

The necessities of our country emand the construction of a definitive repository for
radioactive waste, reason why one of the high-priority objectives oJ1 the organism responsible
for the management of the radioactive waste, is the construction of a facility of this type, with
enough capacity to receive the waste produced in the industry, medicine, research and in the
generation of electrical energy by nuclear means. This repository must fulfil the appropriate
standards with a 0 years projection.

The site selected for the definitive repository construction for w and intermediate level
radioactive waste, will have to fulfil the national and nternational normative and to satisfy
social and political necessities of the region where the repository is located. The
characterization of this site, will have to guarantee that this one can conserve the integrity of
the radioactive waste and its geologic stability, at least during 500 y, considering the pinciple
of not inheriting undue loads to the future generations.

6. Responsibility of the Government

The radioactive waste management is the responsibility of the Mex [can Government, through
the Ministry of Energy 9]. Considering the real capacity of the facilities for interim storage
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for radioactive waste in the country, a group of specialists from different national institutions
has constituted and it is coordinated by the Ministry of Energy for the elaboration of a
proposal of National Policy for the Radioactive Waste Management, the main purpose of
which is to settle down the technical bases and the normative for the national planning in this
matter, as well as to elaborate a pr 'ect for the selection and construction of a definitive
repository of ow and intermediate level radioactive waste in order to satisfy the necessities
for next 50 vears. In parallel, there has been progress in the elaboration of the national
normative appropriate to this type of waste.

7. Conclusions

The responsibility of the Mexican Government in this subject is very important to impel the

establishment of a National System for the Radioactive Waste Management in Mexico.

The establishment of a definitive repository for low and inter-mediate level radioactive waste

is a real necessity in the country to medium term, taking into account the stored, the generated

annually and the projected volumes to the year 2035.
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Abstract

The paper begins with the resentation of te actual situation of radioactive aste
management in Romania. The organizations responsible for radioactive waste management
and their capabilities are described, including radioactive waste disposal. The ain
provisions of the "Draft law regarding the management of nuclear spent fuel and radioactive
waste, in view of their final disposal" are also presented, with accent on the responsibilities of
the National Radioactive Waste Agency (ANDRAD) and on the fnd for radioactive aste
and spent fuel management and for decommissioning. The paper ends with the presentation
of the future radioactive waste ad spent fuel management strategy.

1. Organizations responsible for radioactive waste management

Romanian Law No. I I I/ 1996 (as amended) on "Safe Deployment of Nuclear Activities" I
establishes that the operator is responsible for the radioactive waste resulting from its own
activity. The collection, treatment, interim storage, and final dsposal of radioactive wste are
assured by specialised organisations. In this respect the management of radioactive waste
generated at Cemavoda Nuclear Power Plant (I Unit x 700 M\k in operation, other 4 in
various stages of construction, from which the construction is continued only for Unit 2 and
at the Nuclear Fuel Fabrication Facility (FCN) Pitestl are in the responsibilit of
Nuclearelectrica Company. The Institute for Nuclear Research (SCN) Ptesti is responsible
for the management of the radioactive waste produced at its site. The management of the
uranium mining and milling radioactive waste is under the responsibility of the National
Company of Uranium (CNU). Wth the exception of radioactive waste from Cernavoda NPP,
from SCN - Pitesti, from fuel fabrication, and from uranium mining and milling activities. the
National Institute of Research - Development for Physics and Nuclear Engineering - "Horia
Hulubel" (IFIN-HH) at Magurele Is responsible for the management of radioactive waste
from all the territory of Romania nstitutional waste). The nstitutional waste includes waste
from hospitals, agriculture, research, and industrial applications. IFN-HH is also responsible
for the operation of the National Repository LLW/ILW of Radioactive Waste (DNDR at
Balta-Bihor. The pesent strategy for radioactive waste treatment, storage and disposal are
presented in the next three chapters.

2. Treatment and conditioning of institutional radioactive waste

In Romania the institutional radioactive waste of all Romanian territory which meets the
acceptance criteria of the Balta-Bihor repository is treated and conditioned at the treatment
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plant of IFIN - HH (except the waste produced by SCN Ptesti, which is treated and
conditioned at the treatment plant of this institute).

2.1 Facilities at IFIN-HH

The STDR (Radioactive NA'aste Treatment Plant) at IFIN-HH is the only unit that was
designed and is operated for the management of institutional waste within Romania in a
centralized manner. The STDR basically consists of liquid and solid waste treatment and
conditioning facilities, a radioactive decontamination centre, a laundry and an ntermediate
storage area. The processing systems of the plant are located in six principal areas performing
the following activities:

• Liquid effluents treatment;
• Solid burnable burning;

• Solid non-burriable compaction;
Cement conditioning-,

• Radioactive decontamination;
• Laundry.

2.1.1 Liquid waste treatment and conditioning

The radioactive waste discharge from radlochemical production department, the reactor
building and reactor primary circuits collected in 2 tanks of 300 m'. A batch treatment
system is employed. The basic treatment processes are: chemical precipitation treatment,
evaporation and purification through an ion exchange resin column. The sludge collected in
the chemical precipitation process is further dewatered and cemented in drums for final
disposal. After sampling, the supernatant is discharged to the river if the radioactive
concentrations are less than release limits, or, if negative, the supernatant is returned to one
treatment tank. After sampling, the supernatant is discharged to the river if the radioactive
concentrations are less than release limits. The concentrate from the evaporation process can
be removed for mixing with cement and placement into drums. The purification was
designed to treat the final full output from the evaporator should this be necessary. The
overall liquid waste system was designed to give complete flexibility in operation, so that any
stage of treatment may be by-passed or re-cycled for additional processes if required.
Separately, in 4 small tanks 4 x 10 m 3) some liquid waste resulting from research is
collected. having a chemical composition that does not allow directly the treatment presented
above.

2.1.2 Solid it-aste treatment and conditioning

Collection from the waste producers is made in 100 or 200 liter steel drums fitted with
removable lids. Activity introduced in each container should not exceed 3.7 MBq/m 3)60 Co

equivalent for low active aste and the dose rate on the container wall should not exceed
2mSvI/h 200 mrem./h). Burnable radioactive wastes are segregated and directed to the
burnable waste treatment facility to be burned followed by filtration of the exhaust gases
before their discharge to the atmosphere. The incinerator is a complex, automatic facility
fitted with special systems for handling the containers inside the Reception and Sorting-out
Compartment (RSC). The incinerator itself has combustion chambers where a temperature of
850-9000 C is required until the burning process is reached. The resulting ash is collected in
two ash pans located under the burner grid. From here, it is transferred via a raking system to
100 liter drums and to the cementation plant. The incinerator in STDR is not suitable for

. . 14C. 3-
burning wastes containing H, �S and plastics with organic chlorine.
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In case of waste with higher activity, such as filters, pre-filters., gamma ray sources for
therapy, etc., they are treated in the STDR by processes which are adapted to each case
separately. The non-burnable compactable solid radioactive wastes are directed to the
treatment facility in order to reduc teir volume. Reduction of vlume is accomplished in
two ways:

• by shredding of plastics into as small as possible pieces;
by compacting in order to et the smallest possible volume.

The non-burnable, rion-compactable solid radioactive wastes are treated according to the
initial waste form. Final conditioning of all solid waste is performed by cementation in teel
drums of 220 (and 416 for rconditioned packages of 220 1). 1-W and spent sources are
conditioned in shielded drums. The STDR is not licensed for the treatment or conditioning of
alpha waste, including smoke detectors. These wastes are ust stored at STDR.

2.1.3 Storage capacity

At FIN-HH Magurele there is a temporary storage area. The facility is a ground floor
building with a surface area of approximately I 00 M2 , divided into rooms. The storage
building is not fitted with ether a ventilation system or special systems for handling the
containers. The total storage capacity is about 3000 drums. At presents in the storage there
are approximately 800 "historical]" drums; some of them, are more than 20 years old and are
damaged by corrosion. These will require repackaging before being sent to the national
repository. In some cases, the contents of the drums are uncertain and a programme of
characterisation is required to determine the contents.

2.1.4 Spent nuclearfiiel storage

The WWR-S reactor spent fuel is stored in ponds aay from reactor hall.

2.2 Facilities at SCN

STDR (Radioactive Waste Treatment Plant) at SCN was designed and is operated for the
management of the waste resulted fom the activity of SCN and from uranium recovery from
the processes performed in the Fuel Fabrication Facility (FCN). The STDR basically consists
of liquid and solid waste treatment nd conditioning facilities, and of solid and liquid uranium
recovery facilities.

2.2.1 Liquid waste treatment nd conditioning

The liquid low activity waste produced at the TRIGA reactor or in te research laboratories is
transferred to the STDR, which is situated at the SCN site. The quid radioactive waste is
concentrated by evaporation. The final product is stored in a steel container and cemented.
The resulted contaminated water is stored in two reservoirs. This water is released into the
environment only if the radioactive concentration is under the maximum allowed value, given
by national requirements. The liquid radioactive wastes contaminated with natural uranium
(from FCN) are treated by selective precipitation of natural uranium. After uranium recovery,
the contaminated water is released into environment only if the radioactive concentration is
under the maximum allowed value, given by national requirements.

2.2.2 Solid Waste Treatment and Conditioning

At SCN, two kinds of low activity slid waste are treated and conditioned:
solid waste contaminated with ntural uranium coming from the FCN;
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solid waste contaminated with radionuclides coming from the TRIGA reactor and
research laboratories.

The collecting system does not allow mixing of the solid waste contaminated with natural
I I , 11

uran um corn ncy from the FCN with the solid waste contaminated with radionuc 'des coming
from the TRIGA reactor and research laboratories.

At STDR, the waste from the drums is sorted by hand (with protective gloves) in:

• burriable solid aste contaminated with natural uranium;
• non-burriable solid waste contarninatedwith natural uranium;
• compactable solid waste contaminated with radionuclides at SCN;
• non-compactable solid waste contaminated with radionuclides at SCN.

The natural uranium from the burned waste is totally recovered as oxide ashes. The non-
burriable natural uranium waste is chopped and conditioned by cementation. The
compactable solid waste contaminated with radionuclides at SCN is compressed. The non-
compactable solid waste contaminated with radionuclides at SCN is chopped for conditioning
by cementation. together with the compacted waste resulting from compression. The
cemented waste is transferred to the Balta-Bihor repository. The ion exchanger spent resins
that come from the TRIGA reactor purification circuits or from the different installations in
the research laboratories are also treated, these resins are put aside for a while for
radioactivity decay, then they are treated and conditioned for the final disposal at Baita-Bihor
repository. The spent ion exchangers are conditioned by confining them in bitumen. The
conditioning is done in a small capacity installation, in conformation with an approved
technology. Recently approved was the technology for treatment and conditioning by

'on. followed by cementation. of contaminated os. Limited quantities of this low
saponi cati I I I I I I I
activity waste, originated from Cernavoda NPP, are allowed to be disposed in Balta-Bihor
repository.

2.2.3 Post irradiation examination laboratorl-

Limited quantities of radioactive waste have high specific activities, arising from the activity
of this laboratory, that including fragments of fuel. are stored in the hot cells of the laboratory.

2.2.4 Spent nuclearfuel storage

The TRIGA reactor spent fuel was partially transferred to the USA. The rest of the fuel is
stored in the ponds of the reactor.

3. Disposal of institutional waste

The National Repository for Low and Intermediate Level Waste and for Spent Sources -Short
Lived- (DNDR) at Balta-Bihor is operated under the responsibility of the FfN-HH, organized
within the Ministry of Research and Technology. Responsibilities after disposal are not yet
defined. The repository Baita-Bihor was put into operation In 1985. The repository is sited
into a mine for geological research for uranium. The access in the radioactive waste
repository is assured by a coastal gallery. The suitability of the selected mine and the general
requirements regarding radioactive waste disposal activities were deduced, via udgment
arguments., starting from the geological and hydrological data available from the mining
activities carried out in the near vicinity of the site. The repository was originally an
exploration dnft with several galleries at an open pit mine for uranium, which was exhausted
in 1985. Mining was carried out by conventional techniques to ensure access and ventilation
in the disposal alleries.
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The present capacity in the galleries is 2 000 standard containers 220 drums), with 800 m
galleries of a cross-section of IO m. This would ensure a period of 40 years storage capacity
for radioactive waste originating from research, industry and medicine. The facility is now
30% full. For transport over a distance of hundreds of kilometers from Magurele or Pitesti to
the repository, a 36 ton railway cargo carrier, and a I ton truck are used. Electrical]), driven
forklifts for staking in the galleries of the repository are in use. ccording to the operation
licenses, in time, low level radioactive wastes and spent sources were disposed off. The
operation licenses, valid before 1999, allowed the acceptance in the repository of wastes
conditioned in concrete matrix, and packaged in metallic drums, containing beta and gamma

4 3emitters, with activity of maximum 10 Cl/m . In fact, the activity concentration of the aste
disposed off was generally much lower. The values mentioned above were relevant only for
the case of spent sources, where te derived limit was used for the total activity allowed in a
220 dum. Only the wastes arising from non-power applications were dsposed the Baita-
131hor repository.

Starting with Ist January 199(, the regulatory body (National Commission for Nuclear
Activities Control), ecognizing the need of assessing the long-tern) impact on the population
dose and on the environment, established new acceptance criteria for the radioactive wste.
The maximum allowed concentrations of activity were provisionally established for different
isotopes. The limits imposed by the new authorizations 2 ad 3 are generally low,
especially for the long-lived radionuclides. They were deduced based on the limits stated in
US Code of Federal Regulations; Title 10 .- Energy, Chapter I - Nuclear Regulatory
Commission, Part 61 - Lcensing equirements for land disposal f radioactive waste, with
modifications made to assure the conservatism, till detailed characterization of the repository
is performed, according to the nternational existing practice. These limits are presented
below in Tables I and 2:

Table I
Activity concentration

3
Radionuclide (Bq/ M

C-14 I

Ni-59 2. 1 0"

Nb-94 2- 10

Tc-99 I-Io,

1-129 10

CI-36 3. 10'
All alpha emitting nuclides with half-life greater than

5 vears I Io,
All beta and gamma nuclides with half-live greater
than 5 years 5 -IO'

Table 2
H-3 1.5 - 10"'
Co-60 I

Ni-63 I
Sr-90 I 9

Cs- 37 1 -Io"
Nuclides with half-live lower than years

2.5 I 
Note to Tables I and 2:

Total C- 4 activity allowed in the repository Baita-Bihor is I I 0'' B.
Exceeding f these values may be authorised by CNCAN after ealuation on case by

case basis.
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For a mixture of radionuclides the summation criterion is applied (separately for all
radionuclides of each Table).

Supplementary to the activity concentration limits, waste acceptance conditions are
established according to 4], in order to ensure:

safety during transport and handling;
• stability of disposed radioactive waste and low migration rate;
• control of spreading for liquid waste;

'dance of explosive react'
avol ion;

• lack of toxic gases, vapors, or fumes;
• treatment of pyrophoric materials contained in waste to avoid fire dangers during

disposal;
• treatment of hazardous, biological, pathogenic, or infectious materials;
• reduction of void spaces within the waste and between the waste and its package;
• fillinc, of oid spaces between disposed with a material that retains the migration of

radionuclides and which assures stability of the disposal.

It was also requested from the operator to realize a Preliminary Safety Assessment of the
repository. in order to assess the contribution of the existing and future waste to the
population dose, as a precondition for setting, also provisionally, higher limits for the
radioactive content accepted in the repository. The final limits will be established only after a
Final Safety Report, based on a detailed safety assessment, will be accepted by the regulatory
body. In order to fulfill the regulatory requirements, a PHARE pr 'ect started at the end of
2000, under EU: preparatory measures for the long-term safety assessment of the low-level
radioactive waste repository Balta-Bihor. The purpose of the project was:

• general assessment of the current status of the repository;
• development of models and scenanio selection;
• testing adapting and transfer of relevant computer codes-,
• transfer of information and technology - training and instruction;
• recommendations for the timely completion of the long-term revised safety

assessment of the repository.

The pr 'ect was finalized at the end of 2001, and the Preliminary Safety Assessment will be
performed in 2002 by IFIN-HH. The new license will establish probably higher limits for
activity concentration. The final limits will be established latter, when a Final Safety Report

be presented for Baita-Bihor repository.

4. Uranium milling facilities

The waste that resulted from uranium milling is stored in the tailing ponds of Feldioara
ml I facility. After closure they wll become a repository. Low level uranium
contaminated solids are disposed at the same site, near the ponds. Until nowl only the short
term impact of the ponds on the environment was realized. Special attention was given to
monitoring activities of the ground water. The Long Term Safety Assessment for the disposal
of the millinc, radioactive waste has to be performed.
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5. Radioactive waste management at Cernavoda NPP

5.1 Liquid waste management

The liquid radioactive system consists of five concrete tanks (50 m 3 each) which are located
in the basement of the service building. Each tank is equipped wth a recirculation/dIscharge
pump. Two tanks are used primarily for active waste; the other three are used for less active
waste. The pump discharge lines llow the transfer of the contents of anyone tank into any
other tank. The contents of any tnk can be discharged to the Danube or to the Danube -
Black Sea Channel (via Condenser Cooling Water Duct). Before discharge, the content of the
tanks is mixed, monitored, filtered, and then purified by ion exchange (if necessary). Liquid
waste from the reactor is:

- aqueous, finally released to the evironment.
The liquid effluent releases are governed by the upper limits for controlled release of
radionuclides called erived Release Limits. The operating target is that the
summation of released radionuclides will be under % DRL.

- organic.fluids, oil, chemicals, stored on site
The most likely sources of these wastes are from decontamination area, ubricating
o'I from pumps and organic solvents from the laboratories.

5.2 Solid Waste Management

A solid waste management system is provided for the reactor-Unil . This system includes
the facilities to handle the following:

• Spent fuel.
• Spent resins.
• Spent filter cartridges.
• Low activity solid waste.

Non compactable waste (metal, glass, etc.).
Compactable waste paper, rags, etc.).

Each type of waste is handled nd stored according to specific procedures. For operational
purposes, the solid low and ntermediate level waste is categorised in three types, depending
on the contact dose rate and on the equivalent activity of the storing drums. The solid
radioactive waste is segregated, the compactable waste is compacted, and then the waste is
stored on site in the Intermediate Storage for Radioactive Waste, except the spent resins that
are stored in storage tanks in the plant, and the flammable solids tat are stored in the plant,
together with organic and other chemical liquids.

5.3 Disposal of NPP radioactive waste

In order to solve the problem of characterising, treating and disposing the NPP waste., the
utility started a programme. he utility applied for a sitting license, for an "at surface"
repository, including a radioactive waste treatment plant, placed in the vicinity of the NPP.
The answer of the regulatory body stressed the improvements necessary to be performed in
the Initial Safety Analysis, in order to be accepted. The work for performing the Initial Safety
Analysis was delayed, as the tility was more interested to prepare the licensing of the
Intermediate Spent Fuel Dry Storage. The work will restart soon.

5.4 Spent nuclearjuel storage

The spent fuel arising from te operation of NPP is stored in the storage pond. The
construction of the Intermediate Spent Fuel Dy Storage started recently. The facility will
assure at least 50 years of dry storage.

211



6. Radioactive waste future strategic

6.1 Responsible organisations

According to the provisions of Law 111/1996 on safe conduct of nuclear activities (as
amended), a law on radioactive waste management and decommissioning fund has to be
issued. A draft of the law, called "Draft law regarding the management of nuclear spent fuel
and radioactive waste, in view of their final disposal", was prepared and will be submitted for
approval to the Parliament. The draft law proposes the establishing of a national competent
authority for spent fuel and radioactive waste management (National Radioactive Waste
Agency -ANDRAD). ANDRAD shall be constituted and shall function as a legal person
subordinated to the Ministry of Industry and Resources. The Agency shall also be responsible
for the aste originated from decommissioning of nuclear installations. The main attributions
of ANDRAD are:
a. establishes the inventory of all existing and expected radioactive waste and spent

nuclear fuel, regardless their origin;
b. decides upon the schemes to be applied to the collection, transfer, conditioning,

treatment and transportation of radioactive waste and spent nuclear fuel resulting from
nuclear installations and radiation sources throughout their lifetime;

C. co-ordinates technical and economical-financial studies on the management of
radioactive waste and spent nuclear fuel for their disposal;

d. co-ordinates selection of sites. design, construction and putting into operation of final
repositories for spent fuel, high, medium and low level radioactive waste into operation;

e. ensures direct or third-party mediated long-term management of radioactive waste and
spent fuel repositories;

f. ensures safe management of all radioactive waste and spent fuel repositories,
CF. co-ordinates the programmes for collection and analysis of data on national experience

in the utilization of nuclear installations and sources, that are relevant for the radioactive
waste and spent nuclear fuel management;

h. co-ordinates programmes for decommissioning of nuclear installations and radiation
sources;

L manages the documents and information relevant for decommissioning of nuclear
installations and radiation sources;

J. manages the operations associated with decommissioning of nuclear installations and
radiation sources;

k. prepares, together with National Atomic Energy Agency -(ANEA a specialized
General Division within the Ministry of Education and Research) research programmes
for ong-term management of radioactive waste and spent nuclear fuel, including their
transport and disposal;

1. co-ordinates national research and development pr 'ects on radioactive waste and spent
fuel management;

M. co-operates with civil defence for ntervention in case of a nuclear accident or a
radiological emergency;

n. monitors technical and scientific co-operation with national and nternational partners in
radioactive waste and spent nuclear fuel management;

0. draws-up technical specifications on radioactive waste and spent nuclear fuel treatment
and disposal. in accordance with nuclear safety rules and regulations in force;

p. co-ordinates other activities meant to assist ANDRAD in fulfilling its tasks.

The financial resources necessary for spent fuel and radioactive waste management, and for
decommissioning, shall be assured by a special fund, managed by ANDRAD. The fund shall
be formed mainly by: the taxes paid by the nuclear energy producers, the taxes paid by
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radioisotopes producers, by the importers, exporters and traders of radioactive material and by
the annual allocation from the sate budget, amounts from the licensing taxes and tariffs paid
according to the provisions of the Law 1 11996 (as amended). he National Commission
for Nuclear Activities Control CNCAN) is the regulatory body for nuclear activities. In this
capacity CNCAN issues the regulations regarding radioactive waste and spent nuclear fuel
management, evaluates the authorization documents, inspects the facilities, ssues the
authorizations of radioactive wste and spent fuel management facilities. In this moment
CNCAN started the drafting of radioactive waste management and decommissioning
regulations, which will be finalized with the help of EC through a PHARE pr ject. In order
to fulfil its responsibilities regarding te safety of workers, public, and environment, CNCAN
will continue to play a key role in establishing the radioactive waste and spent nuclear fuel
management policy and strategy., even after creation of ANDRAD.

6.2 Future strategy

The future strategy for radioactive waste and spent fuel management is presented bellow:

• assure the treatment of all institutional waste and radioactive sources radioactive waste and
spent nuclear fuel management - this is possible by refurbishing te existing treatment
plants in order to treat all the institutional waste, and the waste arising from future
decommissioning of the research reactors (the WWR-S reactor Magurele is shut down and
w']I be decommissioned at level 2 in the next 4 years);

• upgrade the Short Lived Low and Intermediate Level Waste and Spent Sources Repository
Balta-Bihor and assess the possibility of its extension to accommodate all the
decommissioning waste from research reactors (alternatively it an be foreseen the use of
the future repository for NPP waste also for the waste arising from the final
decommissioning of the 2 research reactors);

• long term storage of long lived radioactive waste and spent sources, waiting the disposal
after the construction of the rpository for spent fuel;

• closure of the uranium milling tailing ponds and their transformation in a repository, based
on a long ten-n safety assessment, according to nternational standards;

• disposal of radioactive waste containing natural radionuclides in the solid waste repository
sited near the tailing pond;

• maximum use of uranium mining low level waste (mineraliscd rocks) for closure of

uranium mines;

• construction of NPP radioactive waste treatment plant and of the repository;

• transfer of TRIGA highly eriched fuel back to USA, and long-term wet storage of the low

enriched fuel of te same reactor;

• transfer of the WWR-S spent fuel back to Russia and assure the conditions for safe storage

'I] the transfer will take place alternatively, f the transfer wll not be possible, assurance

of long term storage of WWR-S spent fuel);

• putting into operation the NPP Intermediate Spent Fuel Dry Storage, considering the
ibility of extension of the storage period towards 80-1 0 yars, and starting activiti

poss] I I I I i i es
related to the geological dsposal of NPP spent fuel. The geological disposal will assure the

solving of the situation also for the limited quantities of long lived radioactive waste,

including high level radioactive waste, and of the spent fuel from research reactors, if they

w'II not be transferred outsid Rmania.
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Abstract.

Since some years the necessary facilities are in operation in Sweden for the safe transport and
storage for a long time of radioactive waste from nuclear power production. Radioactive waste
from paste eras shall also be disposed off in the existing and future epositories. This existing

111ties include a final repository, SFR 1, for operational short-lived ow- and ntermediate
level waste, a central interim storage facility, CLAB, for spent fuel hich also facilitates some
core components, and a sea-based transport system. A new safety prformance assessment for
SFR I was finalised in June :001 which gave improvements acording to earlier safety
analyses. At the different nuclear power plants there has been etablished complementary
shallow land burials for very low level waste. The experiences from the operation of tese
facilities have generally been very god. The next step is the development of disposal systems
for decommissioning waste, this type of waste equire both a new acility for short lived low
and intermediate level waste and a repository for long lived waste. he time schedule to build
these repositories are scheduled lo approximately 2015 and 2045.

1. Introduction

Short-lived waste from operations ad maintenance from nuclear power is after 40 years
approximately 63000 m Long -I'ved waste s estimated to about 20 000 m 3 from the Swedish

programme including decommissioning waste, it also includes some waste from medicine,
research and other industry. Decommissioning of the Swedish reactors including central
interim storage, encapsulation plant and Studsvik research centre is estimated to generate
170000 m 3radioactive waste. Classification of radioactive waste in Sweden coincides closely
with that system developed by IAEA. [1]. The responsibility for the management of the
radioactive waste from nuclear power production, lies with the operators of the nuclear power
plants. The utilities have ointly formed SKB, the Swedish Nuclear uel and Waste
Management Company, to safely manage the radioactive waste from the reactors to final
disposal. The task of SKB is thus to plan, construct, own and operate the systems and facilities
necessary for transportation, central interim storage and final dsposable SKB has developed a
system that ensures the safe handling of all kinds of radioactive waste from the Swedish
nuclear power plants for a long time period ahead. The keystones of this system when
handling the low and ntermediate waste are shown in Figure :

• a transport system which has een in operation since 1983,

• a central interim storage facility for spent nuclear fuel and core components, CLAB in
operation since 1985,

• a final repository for hort-lived, low and nten-nediate level waste, SFR, in operation since
1988.

215



SFR I operational 08v and

inlerniediate evel. �%aste

N-Nuclear power pants,
research, industrv, ideal

care

Future repositories for low and
wediate lev -te, SFR3

intel el was
shortlived decoininissionino

waste, SFU-5 lonolived waste,
Transportation

�g

Shallow land burials adjacent t CTAB - nterim storage of sp .ent fuel ad sme core
nuclear povvcr plants

CoInponents

Figure I.The Swedish wste managernent svstetn for low and itermediate level waste

At the sites ad acent to the nuclear power plants there are established shallow land burials tor

disposals Ott vry low level wste. The remaining components ofthe swein tat re nw be[M�

planned ae:

• a repositorv for shoi-L-lived waAc; fi-oin decornniissioning,

• a repository for ongy-h�,ed lo,,N ad intei-mediate level aste.1.

The costs for the inariaoemerit of all adioactive residues from the nuclear power plants, as -,,veil
as I' r the decon.unissionino of te Plants are bome b the operators ofthe reactors. To cver ll
111MI-C costs ad ensure that means wl be available fee is levied o nclear lectricity atid is
[la](] to te NNuclear Waste Fnd. Costs -for operational waste occurring during operation o te
nuclear power plants is paid directly by the uclear power plants.

2. S FIZ

Sfm R. te Sedish 'Mal, epositor fr adioactive Waste. is a central isposal faclilty tor sl-,,ort--

IP,-ed low aid Hiterniediate eel waste from the operation of te nuclear power plant--,. Te
3 -at waste foin nuclear powerstorage capac ty of SI--'R is at present 63 000 ni I SR opei onal

plants (ion exchange resins, scrap inctal ad rubble) are dsposed oil' i the repositoiA% A.Iso
sinii wast fom the use of: rad'okotopes in medic'ne, researc ad ndustry fisposed o

2 16



2.1 Repository design

SFR is built in bedrock at about 50 meters depth. The repository hat; been designed so that the
waste w'II be solated to prevent any escape of toxic components into the environment in
harmful quantities even after the facility has been sealed and abandoned. No nstitutional
control is foreseen after sealing. Isolation are accomplished by dfferent barriers surrounding
the waste. In SFR the waste is disposed of in different rock cavems. that have been adopted to
the dfferent waste ty pes and their different demands on handling and barriers 2]. The most
active waste is disposed of in a concrete silo built in a cylindrical rock cavern. The silo is
about 50 rn high and has a dameter of 25 m. The thickness of the concrete wall is about 0,8
m. In between the silo wall and the ock bentonite clay is placed. The design of the other four
caverns is different and depends on the type and dose-rate of the waste packages. The caverns
are about 160 m Ionu and 14 18 rn wide. n one cavern, for intermediate-level waste, remote
handling is used as in the silo, hile in the other caverns a forklift truck is used for handling.
The handling depends of the dose rate and the ogin of the waste packages.

2.2 Long term safety

The long term safety of the facility is ensured by the combination of good waste packages,
engineered barriers and the isolation provided by the rock 3 The only conceivable escape
mechanisms for the radio nuclides from the repository are by moving groundwater or b a well
intruding into the repository. Most ofthe radioactivity, up to about 90 %, will be deposited in the
'lo, which has been equipped wth the most extensive barrier system. These are the

immobilized waste, waste package, chemical sorption on the material In te waste and in the
'lo, concrete wall of the slo, benton'te clay and the rock mass. n the rock chambers the

isolation is provided by the waste itself, the rock mass and in some cases by concrete structures
around the waste. Due to the land ulift in Sweden, about 6 mm/a in the area, the sea bottom
above SFR will become dry land in 1000 years time, and the hydraulic regime in the rock will
change. At this time, however, only small amount of long-lived radionuclides like nickel-59, C-
36 and plutonium will remain. The total amount of plutonium in the repository is expected to be
less than 0.5 kg distributed in a large volume. Dose calculations to te blosphere are calculated
up to I 000 year ahead.

2.3 Safety analyses of SR

At least every tenth year a new safety perfon-nance assessment is performed according to
operational permits for the facility. Latest safety performance assessment was finalised in June
2001 4 There have been significant improvements in the analysis as compared wth the
earlier analysis - from 1993. In general, there is better tools to perform detailed model
calculations, not only for various processes, but also for the emission calculations. If tese
more detailed calculations are to be meaningful, they require nput data with a considerably
higher degree of detail than before. Examples of the significant mprovements that have been
made include:

The scenario and system aalysis has been improved. kore experience has been
acquired, and new working odels developed, snce 993. he analysis started wt a
review of what SFR I and its surroundings look like, and of the various factors that
affect its development. This has been done without preconceptions, and has been
checked against nternational experience/databases.
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The waste inventory is now better known. Earlier analyses were based on estimates
that were originally made in the early 1980s. The new safety report now includes ten
years' of operating experience from SFR 1. Most of the radionuclide and material
estimates are based on measured values.

The near field analyses have been improved, primarily in respect of concrete
degradation, gas evolution and gas transport, but also in connection with such aspects
as the creation of complexes and the properties of bitumen.

Hydrogeological modelling has been carried out with a considerably greater degree of
detail, with greater numerical precision and with a realistic description of transient
processes.

The bosphere has been modelled with a new and considerably more comprehensive
description. There have also been significant improvements in the description of
expected bosphere development.

The calculations of radionuclide emissions have been carried out in a more consistent manner.
The earlier approach, for example, involving two periods (the 'Inland' and 'salt water' periods)
has been abandoned, giving way to a process that better allows for the fact that the system
would change gradually. Calculation of radionuclide transport in the repository is also based
on the detailed hydrogeological analysis, which means that the previously used simplified
approaches have been abolished.

2.4 Operation ofSFR

3Active operation in SFR started in April 1988. So far mid 2002 about 29.000 M of waste have
been disposed of The facility is operated by a staff about 12 manyears/year , working day shift
only [5]. Much of the handling in SFR is done by remote control from a central control room.
Only during transport of the containers, handling of low-level waste and some closure operations
wi the operators be exposed to radiation from the waste. The doses to the personnel have thus
been very low, in the order of a few mmanSv/year.

3. Transports

For the transportation of waste SKB has developed a sea transport system. It consists of a
special ship, the M/S Sigyn, transport containers and terminal vehicles. Intermediate level waste
such as control rods and some other core components is transported from the nuclear power
plants to CLAB for storage, and low- and intermediate level waste (short lived) to SFR 6] for
disposal. The low level waste is transported in standard freight containers. For the nten-nediate
level waste that requires shielding a set of large transport containers have been developed. SK13
have a fleet of 27 containers. Each container weighs with load up to 120 tonnes and can take up

3to approximately 25 rn waste. The strongest container used at present can take packages with a
dose rate of about 60 mSv/h, under the regulation of special arrangement it could take packages
with doserates up to 100 mSv/h. Also a new type B-contalner that can take packages with even
higher dose rates (surface doserate 500 mSv/h) has been licensed and should be produced in the
near future. In total I I 0 transport cask movements have been performed to SFR.
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4. CLAB

CLAB comprises two parts, one above ground and one under ground The actual storage section
is located below ground in a rock cavern, the roof of which is 25-30 metres below the surface
[7]. The storage section, underground, consists of 4 storage pools in a 120 meter long ock
cavern. A fifth pool in the cavern is used for transfer of canisters and as a reserve in case of
problems with a storage pool. The storage canisters are transported down to the rock cavern in a
fuel elevator with a water filled clage. An extension of the storage se--tion is under construction
and scheduled for operation during te year 2004.

5. Future repositories and tirne schedule

Some future repositories are needed in Sweden to take care of decommissioning waste from
nuclear power plants and other nuclear facilities [8]. Together lin this area two types of
repositories are needed, one for short-lived low and ntermediate wasle called SFR3 and another
for long-lived waste named SFL3-5. According to existing plans it I expected to situate SFR3
close to the existing facility SFRI. SFL3-5 could be placed adjacent to SFR or situated at
another place. SFR1 will be a sbsurface repository similar to SFRI, SFL3-5 should be a deep
repository at a depth of approximately 300 rn. Probably the design ofthe different rock caverns
in the future repositories should be like the existing rock caverns BLA (rock cavern for low level
waste) and BMA (rock cavern for intermediate level waste) in SFRI. The time schedule when
the repositories should be ready to eposit waste in, is planned to 2015 for SFR3 and 2045 for
SFL3-5.
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Abstract

Radioactive waste, like many other hazardous wastes, is of great concern in Tanzania because
of its undesirable health effects. The stochastic effects due to prolonged exposure to ionizing
radiation produce cancer and hereditary effects. The deterministic effects due to higher doses
cause vomiting. skin reddening, leukemia, and death to exposed victims. The aim of this
paper is to ge an overview of the status of radioactive wastes in Tanzania, how they are
Qenerated and managed to protect humans and the environment. As Tanzania develops, it is
bound to increase the use of ionizing radiation in research and teaching, industry, health and
agriculture. Already there are more than 42 Centers which use one form of radioisotopes or
another for these purposes: Teletherapy (Co-60), Brach-therapy (Cs-137, Sr-89), Nuclear
Medicine (P-32. Tc-99m, 1- 31 1125, Ga-67, In-I I , TI-206), Nuclear gauge (Am-241, Cs-
137. Sr-901 Kr-85), Industrial radiography (Am-241, C137, Co-60, r92), Research and
Teaching 1-125, Am241/'Be. Co-60. Cs-137, H-3 etc). According to 1AEA definition, these
radioactive sources become radioactive waste if they meet the following criteria: if they have
outlived their usefulness, if they have been abandoned, if they have been displaced without
authorization., and if they contaminate other substances. Besides the origin of radioactive
wastes, special emphasis will also be placed on the existing radiation regulations that guide
disposal of radioactive waste, and the radioactive nfrastructure Tanzania needs for ultimate
radioactive waste management. Specific examples of incidences (theft, loss, abandonment
and illegal possession) of radioactive waste that could have led to serious deterministic
radiation effects to humans will also be presented.

1. Introduction

It is ell established that uses of nuclear techniques increase as a nation develops. This will
not be an exception for Tanzania. Already there are 267 centers in Tanzania using nuclear
technology for medical, industry, agriculture, research and teaching purposes. With the
exception of the medical applications, which use x-rays, all the other techniques are based on
radioactive materials. According to the Radioactive Wastes Regulations (NRC 1999),
radioactive materials can be categorized as radioactive wastes if they meet the following
criteria: (1) if they have outlived their usefulness, 2) if they have been abandoned, 3) if they
have been displaced without authorization and 4) if they have contaminated other substances.
In vew of this definition, it is inevitable that all users of radioactive materials will
subsequently produce one form of radioactive waste or another during the course of operation.

Radioactive waste is among the most harmful man made wastes (IAEA 1991, 1994, 1995).
This is largely so because they contain both toxic chemical and radioactivity which are
detrimental to both humans and their environment (IAEA 1991, 1994, 1995, LNSCEAR
1982. 1988, 1999, 2000). There are two types of radiation effects. The deterministic effects
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due to high radiation doses become evident within hours or days and the stochastic effects
may be latent for years. Depending on the dose, the deterministic effects include skin
reddening, cell death, damage of -vital organs and eventual death. The stochastic effects
include the manifestation of ereditary malfunctions and diseases like cancer caused through
genetic damage. This paper has two main objectives. The first is to give an overview on how
radiation wastes are generated, egulated and managed in Tanzania. The second objective is

ific examples of ncidences radioactive wastes that could have led to
serious deterministic radiation effects to humans in Tanzania due to theft, abandonment. and
illegal possession of radioactive sources.

2. Radioactive waste generators

By definition, a radioactive waste gnerator is any person or persons or organizations engaged
in activities, which generate radioactive wastes (NRC 1999). Crrently, about 3 centers
(medical, industry, agriculture., rsearch and teaching) are potential radioactive aste
generators in Tanzania. Table I is summary of radioactive materials and techniques used in
these centers. The question to be adressed is that when do the list-Id radiation sources aove
become radioactive waste? Tey become radioactive waste if 1hey satisfy the following
conditions (1AEA 1991). (1) In most applications, the sources must be replaced when the
activity has fallen by a factor of wo or more. When it is replaced te old source automatically
become radioactive waste (spent). 2) Obsolete equipment or technique leads to abandonment
of radioactive sources, which become radioactive waste. A typical .example in this category is
the replacement of Ra-226 sources in branch-therapy at Ocean Road Cancer Institute by Cs-
137 sources and replacement of Arn-241 by x-ray technique at the Tanzania Breweries Plant.
(3) Wom out radiation sources are taken out of operation and become spent. 4 Damaged
equipment or source, which needs major repair, becomes spent if its radiation safety after
repair cannot be guaranteed. (5) Misplaced or stolen radiation source automatically becomes
radioactive waste even if the source is recovered. It is therefore not advisable to put such a
source back into use until the source and the equipment are thoroughly checked by an expert.
(6) Contaminated materials during se or accident become radioactive wastes.

3. Legislation and control of radioactive waste

According to the Act of Parliament, Protection from Radiation Act No. of 1983, the
National Radiation Commission (NRC) is the sole regulatory body (,empowered to regulate and
control the generation and disposal of radioactive waste in Tanzania (Act 1983). Citing the
radioactive waste regulations (NRC 1999), radioactive waste is defined "material that
contains or is contaminated b v radionuclides at concentrations or activities greater than
clearance levels as established y the regulatory body and for which no use is freseen " In
order to enforce the Act, the radioactive waste regulations mad, have seven parts (NRC
1999). Part I gives interpretations, application and radioactive wste classification. Part 
highlights responsibilities, duties and administrative measures for the regulatory body, waste
generators, licensing and the eneral public. Part III provides the waste management
operations such as segregation of the waste, collection, dscharge of exempted waste or
interim waste storage, transportation, and conditioning and eventual disposal. Part IV
highlights procedures for inventory of existing and missing radioactive waste, reporting
emergencies to NRC. Part V stipulates the financial obligations of the radioactive waste
generators. Part VI reserves the rights of the regulatory authority to inspect activities
involving the generation of radioactive waste and part VII defines. the legal implications of
non-compliance.
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Table 1: A list of registered centers with radioactive sources for use in different applications

APPLICATIONS CENTRE RADIATION SOURCES
Ocean Road Cancer Institute Cs- 3 7 (1) 200OCi (I 994), Cs- 3 7 7Ci (I 994), Co-60 75 Ci

Brach therapy ORCI (I 999), Co-60 700OCi (I 999), Sr-89
Teletherap,,! Co-60 2) 700OCi 1994)

P-32. Tc-99m 1131 1125, n-1 I 1. T-201, Ga-67, Co-57,
Nuclear Medicine Sr-89, Mo-99
Industrial Tanzania Industrial Research Co-60 3) 30 Ci 1993), Ir-192 I I ICi 2000)
Radiography Organization (TIRDO)

CSI Engineering Ir-l 92 Ci (1996)� Ir-192 49 Ci 1999)
Impregilo (T) Branch Cs- 37. Arn-241
National Oil (T) Ltd Ir-I 92 3) 2309 Ci 1998)
M.M Inter2rated Steel Mill Ltd Am-241 30rnCi 1999)
BPB Wire line services (TPDC) Cs-137. Am-241
Malmo ontage Konsult Ir-I 92 Ci 1998), r-192 7Ci 1998), Ir-192 2309 Ci

(1998),
Zakhem Sr-90 2) 25 mCi (I 987), r- 1 92 45 Ci (I 987), 5Ci I 0 Ci

(1987)
Nyanza bottling Co Ltd Arn-241 74GBq, Cf-252 740MBq 2000)
Nyanza Road Project Cs-137 3 Bq
Tanzania Breweries Ltd Ausha Ani-241 I 0 mCi
Tanzania Breweries Ltd Am-241 3) 10mCi 1995), Ir-192 50 Ci (995), Cs-137 3
Mwanza -_ Bq

Nuclear Gauae Kobero Joint Venture Cs- 37 2) 8mCi 1993), Arn-241 2 4rnCi, Cf-251
Tanzania Breweries Ltd DSM Am-241 3 I MCi
Aluminium Africa (ALUCO) Sr-90 2) 5mCi. Sr-90 185MBq 2000)
Impresa Fortunato Co-60 8mCi, Arn-24 I /Be 40 ruCi 2000)
DMT Cs- 37 6 GBq. Neutron probe 185 GBq
STEELCO Arn-241(2) 50OOmCi 2000)
Tanzania Cigarette Company Sr-90 925 MBq (996)
Shell petroleum development Am-24 I/Be 2) 0.5 Ci ( 99 1), Am-24 I /Be 2) 16Ci (I 99 1),
TanzaniaLtd Cs-137 2 Ci 1991),
BPB Wireline Services Cs-137 74 GBq 1996), Am-241 2 555GBq 1996)
TAZAMA pipeline Cs-137 Xi 1986)
Same road project Cs-137 Ki, Am24]/Be??
Kaharna Mining Co. Ltd Cs-137 lOmCi, Cs-137 2mCi 1995), Cs-137 5mCi

(I 995), Cs- 37 OmCi (I 995)
Kibiti road project Arn-241 /Be 4mCi. Cs- 37 8mCi 2000)
North Mara Gold project Cs-] 37 1 00 mCi 2000)
Sokoine Universitv of Am-241/Be 10mCi 1999)
Agriculture
Sclumberger TPDC Cs- 3 7 Arn-241
Mgololo Southern Paper mills Yr-85 2) 1500 ruCi
Kibo Breweries Ltd Am-241 `1

Research and Selian Auriculture Institute Arn-241 /Be 2) 185GBq
Teaching

Sokoine University of 1-125 85 Bq/kg
Aariculture
National Artificial Insemination 1-125 2) 25 mCi
Centre
NIMR 1-125 75 MBq. H-3 3) 37 MBq
Muhimbili College of Health P-32,1-125,lr-192 10OCi
Department of microbiolog & 3 Thymidine 60 uCi 1-125
Immunoloav, MUCH'
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Department of Physics Point sources: Co-57, Co-60, Cd-109, Cs-137, S-35. 14,
University of Dar Es Salaam Pm-147,

TI-204, Sr-90, Zn-65, Co5'7/Rh, Am-241/Be,

Na-22, Hg-203 , Cs-48, Cr-5 1. Sb- 2 Ce- 44,
Cal ibration/Irradiati o Cs-137 20 Ci 1991), Co-60 lOOmCi(1991),
n National Radiation Commission MultinLIClide reference calibration standards Slutions

BPB Wireline Services Ra-226 74 kBq(1996)

�TRI (Sterile Insect Technique) Co-60 2640OCi 2000), Cs-137 590OCi 2000)

4. Legal responsibilities on the generation of radioactive waste

In order to effectively enforce the radioactive waste regulations, the classical triangle model is

practically adopted in Tanzania (NRC 1999). According to this model, three roles of the

regulator (NRC), the waste producer and waste disposer are hghlighted. Each party has

distinct responsibilities for radioactive waste management. Example of the classical rangle

is shown in Fig .

R gulator (N C)

7 ////""N

Z POLIC V

Waste 10 4 Disposer
Producer $ Waste

Figure 1: he classical triangle

With the exception of a few countries, many countries within the IAEA Member States use

this model. As indicated by the dollar sign, the radioactive gnerator pays the cost of

radioactive waste disposal. This approach helps the radioactive waste producers make proper

provision for dealing safely with the waste. To avoid the hgh costs of disposal, it is

recommended that the purchaser of adioactive sources should have contract that ensures that

the vendor becomes responsible r the eventual disposal of spent sources (Act 983).

5. Principle of radioactive waste management

The philosophy of the radioactive waste management is to protect humans and teir

environment both now and future from potential hazards arising rom such wastes (IAEA,

1991, 1994, 1995, NRC 1999). ccording to this philosophy, the focus of the wste

management policy is the application of technology and resources in a regulated manner so

that the public, workers and the environment are protected in accordance with accepted

standards as detailed in the radioactive waste regulations (NRC 1999) and nternational

documents (IAEA 1991, 1994, 995). Radioactive waste is also regulated at nternational

level because movement of the radioactive waste cannot be within national

boundaries. A typical case is he Chernobyl accident 1986) and frequently encountered

illegal trafficking of the radioactive materials. For the sake of nternational safety, there is an

International onvention on Safe Management of Radioactive aste. The convention
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stipulates that any country shall manage the radioactive waste in ways that (1) limit the
radiolo(ylcal risks to human to acceptable level, 2 risks to human health beyond national
borders would be not greater than acceptable in the country of release, 3) provide protection
of the environment, 4) limit the radiological burdens on future generations, (5) ensure that an
appropriate legal framework and organizational infrastructure exists with independent
regulatory functions whenever nuclear energy or radioactive waste substances are used, and
(6) take into account potential implications of the overall national waste management system.

6. Classification of radioactive waste

It is evident from radioactive arising that radioactive waste involves a variety of materials
haN ing different physical and chemical properties and containing different types of
radioactivity. According to the regulation of radioactive waste (NRC 1999), radioactive
wastes in Tanzania can be classified using criteria based on (1) their physical form and
composition 2) their activity concentration and the half-lives of radionuclides contained in
the radioactive waste. Very low-level radioactive waste is safe to dispose with ordinary refuse.
These CLEARANCE levels have activity levels not exceeding 10 times of the minimum
Annual Limits of Intake per year 10 ALI,,i,, (Bq). The ALIni, for each radionuclide is indicated
in the radioactive waste regulation (NRC 1999). Low-level radioactive waste consists of trash
and debris from routine operations. The contamination, which contains mainly low
concentrations of beta/gamma emitters, does not require special handling. Intermediate level
radioactive aste contains concentrations of beta or gamma contamination and sometimes-
alpha emitters. The waste usually requires remote handling due to the high content of
radioactivity. High-level radioactive waste consists primarily of long-lived radionuclides and
with high radioactivity that needs special management (IAEA 1991).

7. National experience

The position of the radioactive waste management section in the National Radiation
Commission organization chart is shown in Fig 2 The facility for eventual disposal is not
easy to create because it involves many parties and huge investments. This draw back is often
overcome by the creation of the interim storage facility. Currently radioactive waste in
Tanzania is put in a temporary interim store located in the premises of the NRC at Ausha.
Plans to construct a larger permanent interim storage at Njiro in Arusha are in the pipeline.
The project is a co-operation between the Government of the Republic of Tanzania and the
International Atomic Energy Agency.

This section is equipped with qualified personnel and laboratory facilities for radioactive
waste management. The following tasks are conducted in this section on routine basis;
registration of centers, generators of radioactive waste; location and identification of radiation
sources in use. their half-lives, activity levels and quantity. Characterization of waste
produced, collection and interim storage of radioactive waste from all over the country.
Occasionally, the section is called upon to conduct special duties. These include location of
the lost and stolen radioactive sources, to give scientific advise to legal services and to ensure
compliance of the protection from radiation Act No. of 1983. To date, the following
radioactive materials from various centers have been identified, characterized and kept in
storaue for eventual disposal (Table 2.
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Table 2 A list of radioactive wastes generated from different centers

Centre Radioactive Activitv Half-life Reference vear of the
Waste (years) origin activity

Ocean Road Cancer Institute Co-60 0.50 5.3 1994
1250 1972

MLihirribili Medical Centre 20 1990
2,000 Ci 1 997

Physics Department UDSM Ra-226 0.005 mi 1996

Sr-90 0.001mci 1982

Arn-24 I /Be 5 Ci 1981

Cd-109 20 mCi
25 mCj

Mbung'o Tanga TTRI Cs-137 3,200 Ci .30 1974
Mombo - Same road ProJect Cs-137 8 Ci .30

8 Ci
Am-241/Be 40 Ci .432 1984

40 Ci
TAZAMA Pipe line Cs-137 �30
Mlingano Soil Research Am-241/Be 10 i 432 1980

10 i

Regional crime officer (RCO) police U-328 4.4e9 Unknown
Dar Es Salaam
Police - Morogoro Ra-226 60 kBq 1600

Sr-90 III kBq 29.1 1985

National Radiation Commission interim Cs-137 30) 2.3 GBq .3 1997
store Ra-226 3 1) 3.5 GBq 1600

Cs-137 .30
Am-241(3) 500 mCi 432
Co-60 2 Ci :5.3 1997
Sr-90 2) 185 MBq :29.1 1958
Ra-226 31 95 GBq I 600 1983
1-125 2 925 Bq/kg 2002
P-32

The facility for eventual disposal is not easy to create because it nvolves many parties and
huge investments. This draw back is often overcome by the creation of the interim storage
facility. Currently radioactive aste in Tanzania is put in a temporary interim store located in
the premises of the NRC at Aisha. Plans to construct a larger permanent interim storage at
Nj'lro in At-usha are in the pipeline. The project is a co-operation between the Government of
the Republic of Tanzania and the International Atomic Energy Agency.

8. Incidences involving Radioactive Wastes in Tanzania

To-date the National Radiation Commission has recorded seven incidences of illegal
I The descriptions of these ncidences

possess on, stolen and abandoned adioactive sources. I I I
are listed in Table 3.
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Table 3 Incidences of unauthorized possession of radioactive wastes in Tanzania.

Year Place Incident Source How handled
1996 TAZANIA Recovered source Cs-137 NRC and IAEA

removed the source
1996 DAR ES SALAAM Illegal possession U-238 Police case
i996 DARESSALAAM Illegal trafficking of Cs-137 Police case

radioactive source by DRC
citizen

1997 MOMBO - LUSHOTO Stolen Sources Cs-137 2) Informed the public and
Am-241 police

1998 DARESSALAAM Illegal trafficking of U-235 Infon-ned the security
radioactive sources U 02 and police

1999 MOROGORO Illegal possession Sr-90 Police case
Ra-226

2000 DARESSALAAM Identified the business of Th NRC advice the safi-
incandescent gas mantles use of the sources

'Xe believe that these incidences can be decreased by creating public awareness of the useful
uses of ionizin- radiation and harmful effects associated with radioactive wastes. This paper
is an initial step towards achieving this noble objective.

9. Technological enhanced radiation

Radioactive waste generated from mining operation and milling residue is also a threat to
humans and their environment. The radioactive wastes from mining are unique in the sense
that they are bulk and contain a variety of radionuclides with very long half-lives. The
combination makes radioactive waste from mines of great concern to countries like Tanzania,
aspirins to increase their economic dependency on mining sector. The shear sizes of
radioactive waste produced could mean that a very large area could be contaminated through
natural radioactive distribution by rain, underground water and, wind erosion. The long half-
life means that the waste produced become a prolonged public health problem for many
generations to come.

Unfortunately. mining in Tanzania was not designed to meet regulations based on tailings
confinement technology and protection measures required for long term protection of humans
and their environment (Brown and Pollock 1991). Uranium tailings, for example, can
adversely affect public health through the four pathways. (1) Diffusion of radon gas directly to
indoor air if the tailings are misused as construction materials. 2 Inhalation of suspended
particulate aerosols in air from tailings due to wind erosion. 3 Direct exposure to gamma
radiation in the ,7'C'n'ty of the tailings 4 And drinking contaminated water that carry
radioactivity of tailing origin. In view of these adverse complications, it is ust about time
Tanzania puts in place firm radiation protection laws for the mining sector.

10. Conclusion

Radioactive aste is increasingly becoming of concern to Tanzania because potential
Generators of waste are on the increase. The large number of incidences of illegal possession
of radioactive sources and abandoned radioactive sources means efforts must be made to
increase public awareness of the dangers of radioactive wastes. As an initial step to towards
this noble objective, the paper has outlined how radioactive waste is produced, legislated and
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managed in Tanzania under the National Radiation Commission. NRC will further strengthen
the radioactive waste management rocess by the creation of a larger and permanent interim
storage facility at Ausha. Snce te mining sector is rapidly growing in Tanzania, is about
time to put in place radiation protection legislation for this sector.
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Abstract.

This paper focuses on issues associated with the waste management aspects of Turkey.
Predisposal management of radioactive wastes covers a broad range of activities. This also

characterization and conditioning. Experience gained over
includes waste 1 1 1 1 1 1 1
vears shows that current predispose] waste management practices are well advanced. The
paper concludes these activities based on experience gained by CWPSF (CNAEM Waste
Processina and Storage Facility) and includes issues and trends in radioactive waste
management. In addition general information is presented on ongoing national pr 'ects and
IAEA research pr 'ects on various issues of waste management.

1. Introduction

Waste management activities have been carried on at CWPSF (CNAEM Waste Processing
and Storage Facility). CWPSF is the unique facility, which has been operated as a waste
management facility in Turkey under the responsibility of the Turkish Atomic Energy
Authority. Activities of CWPSF are separated into three main groups: low-level waste
management, research projects, and training activities.

2. CWPSF and low-level waste management

2.1. Descriptionofwasteandtheirorigins

The wastes arising from these sources have been categorized in two ways (Figurel):

Physical Characteristics

Solid Liquid

Compactable on- op F Aqueous- F Or2anic

Figure . aste charocteristics [1].

Low-level radioactive astes have been managed at (�WPSF in Istanbul. Low-level wastes
are Qenerated at nuclear research centers, universities, industries and research establishments
in Turkey. They are categorized according to physical and chemical properties, i.e.
solid/liquid, aqueous/organic and by suitability for particular waste treatment techniques, i.e.
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compactable/non-compactable. According to the existing waste collection and processing
practices, assessments have been done. Introduction of basic anagement practices and
treatment methods are presented.

2.2. Solid low-level wastes

Solid wastes are checked/analyzed and segregated into compactible and non-compactable
An in-drum compactor operates wth a volume reduction actor of 2 to 25 relative to

the received raw waste. Non-compactable wastes are transferred to the cementation area for
grouting.

ER

A

Figure 2 Compaction ofthe solid ivastes.

2.3. Liquid low-level wastes

Liquid wastes are received in a variety of containers from I L up to 60 L carboys. Carboys
are checked and samples are taken for spectrometric analyze. After classification of wastes
according to their half lives and types, precipitation process is applied on the liquid waste in I
m3 glass tank. When sufficient sludge has accumulated, sludge is transferred to the
cementation area for solidification and encapsulation. Encapsulation of liquid wastes and in
filling of drums of non-compactable wastes has been done by cementation in 200 L drums.

MOM

�06

,d

Figure 3 Precipitation of liquid vaste and in-drum cementation.

2.4. Quality assurance

Quality control tests have been applied on the resulting product. Visual check, radiation
controls and contamination tests are applied on all waste packages. Hardening tests, uniaxial
compressive strength tests and long terrn leach tests are applied on the concrete samples.
Predisposal waste management methods and their procedures have been described. All data
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of the conditioned waste packages have been recorded. By this way, "Quality Assurance" is
ensured in the aste management. In addition. CWPSF is a candidate for being a Regional
Demonstration Center to offer and present courses on "Quality Control of Waste Packages".

2.5. Interim storage

Completed aste drums, either of compacted solid waste or encapsulated waste is moved to
the interim storage building by forklift truck. Current storage building capacity will not be
sufficient for the near future. Therefore, a new interim storage building is planned for
construction.

3. Issues and research projects in waste management

3. 1. General issues in waste management are:

(a) Conditioning practices of radium sources.
(b) Construction of interim storage building.
(c) Inventory and record keeping codes.
(d) Evaluation of disposal options and facility design.

3.2. Research projects

Operational safety conditions of the CWPSF and advanced waste management technologies
according to the requirements of present and future requirements have been improving by
national and IAEA projects.

3 2 1. Aational Projects
National pr 'ects, generally include future requirements of waste management programme of
Turkey. These are: deep geological investigations, disposal facility design studies, advanced
materials for barriers and host rocks, site investigations and application of new waste
management methods. National pr 'ects also provide suitable equipment for new
development which has occurred by changing conditions of the waste management field 2].

3.2.2. IAEA Projects
RERJ4/026 'Upgrading waste processing capacities at centralized facilities for management of
radioactive waste'. In this pr 'ect, developing process is applied according to the main
features of a -enenic reference design for a centralized waste processing and storage facility
prepared principally for Member States. In addition, sharing experience of waste
management practices with other Member States.

RER!9/067 'Application on safety assessment methodologies for near-surface disposal'. In
this project. current design studies are evaluated according to the safety assessment
methodologies.

4. Training

CNAEM Waste Processing and Storage Facility (CWPSF) has been used as a Regional
Demonstration Center to present waste management methods and procedures by IAEA
between 1996-2000. Besides, every year, foreign experts and researchers from different
countries visit CWPSF in Istanbul. According to the JAEA programme, short training courses
or general information about waste management practices have been given. In addition,
Turkish students and academicians from universities in co-operation with the waste
management staff have undertaken arious researches.
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5. Conclusion

Experience gained over the years sows that current predisposal wste management practices
at (�WPSF are well advanced. However, for final disposal, in addition to the technical and

ific efforts, social viewpoints and public acceptance are essentia,
scient I characteristics of the
disposal option. It seems that, transferring experience, social and political confidence,
strategic public perception is the most challenging and the most sensitive area for
development of disposal. However a well-constructed interim torage facility presents a
simple solution for low waste roduction. The general trend of Turkey is: preserving the
interim storage option under the authority control at least for the near future and carry on
research studies on technical confidence in the long-term safety. The interim storage period

'des sufficient tme for developing of dsposal technology. There s still a need for an
international consensus on standards and criteria for the safety of dsposal.
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Abstract

At present, the main radioactive waste generator in Vietnam is the Dalat Nuclear Research
Institute DNRI). For safe management of radioactive waste generated from this nuclear
center. in 1982 Soviet specialists newly constructed one combined technology system for low
level radioactive waste management. The existing system consists of two main parts, a
Liquid Radioactive Waste Treatment Station and a Storage/Disposal Facility. The liquid
treatment station can in principle meet the needs for this nuclear center but disposal
technology and storage/disposal facilities are not good enough both with respect to safety and
economy, especially the storage/disposal facility placed in Dalat, the tourist city. In order to
help DNRI and Vienam to solve the radioactive waste management problem, the IAEA
Technical Co-operation (TC) pr 'ect VIE/9/007 was implemented in Vietnam. The facilities
and 1AEA experts provided under this pr 'ect gradually help to develop radioactive waste
management at DNRI, Voletnam. This paper outlines progress under way in the management
of the radioactive waste at the Nuclear Research Institute (NRI), Dalat, Vietnam, and the role
of the IAEA Technical Co-operation (TC) project in this process.

1. Introduction

The DNRI is equipped with a system for radwaste management based on the former USSR
regulation alid at the beginning of the eighties. The solid waste treatment procedure and
disposal technology of the radwaste were not satisfactory from the point of radiological
safety, particularly since the disposal site is a tourist city. Therefore, the main purpose of the
research and development activities in the field of the radwaste management is to find out the
way, how to apply world radioactive waste management technology to DNRI.

In the first ten years of reactor operation, the solid waste could not be treated and conditioned
in the right way due to lack of main facilities and equipment. After an IAEA WAMAP
Mission had visited Vietnam, recognizing and sharing the radwaste difficulties, a new IAEA
technical co-operation (TC) Pr 'ect VIE/9/007 was implemented in Vietnam from 1994 to
1999. The facilities and IAEA-Experts provided under this pr 'ect helped to solve problems
such as solidifying of the liquid/sludge waste, characterizing, segregating, compacting and
conditioning of the solid radwaste that had not yet been settled before. These activities
enabled to manage the radwaste at DNRI in the proper way. The paper presents the progress
made in the development of the radwaste management at DNRI and the impact of the IAEA
TC Project in this process.
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2. Radioactive waste generated

2.1. Liquid waste

The main quantity of the radwaste from DNRI is in liquid orm. Each month the entire
3 _ ,(M3institute generated about 15m - of aqueous liquid waste, with a total gamma and beta

radioactivity of less than 37 KBq,1I and a surface dose rate less f than 5mR/hr. The liquid
radwastes are characterized by wo cases. The first case, 'simple' cmposition, is the esult Of

the research reactor operation, while the second one 'difficult' is resulting from radioisotope
production and other physical-chernical laboratory activities. The (characteristics of the liquid
waste and the treatment station are described in detail in paper [I].

2.2. Solid radwaste

Recently, all solid radwastes generating from DNRI and some Nuclear Medicine Departments
in the South of Vietnam are collected in the storage/disposal facility. They are then pre-
treated and conditioned. According to the IAEA classification for radwaste 2] most of them
belong to low level, short-lived radwaste. They contain principally the following nuclides: P-
32, Co-60, Eu- 52, Cr-5 1, Cs- 34, Fe-59, Mn-54 1131 with aveiage total gamma and beta
activities of less than 1,000 Bq/-- ad a surface dose of less than 5mR/hr. More than 75% of
them are compactible radwaste.

3. Research and development in the treatment and conditioning technique for
radioactive waste at DNRL

3.1. Research to choosing optimal methodfor treatment of aqueous liquid waste

In the first years (I 984-1990) te liquid waste treatment station was operated according to the
design procedure. The raw liquid radwastes were treated by chemical precipitation,
mechanical filter and two stages oflon-exchanger [1]. This method is safe but not economic
because of high cost in the processing and conditioning. It was investigated, how to treat
liquid waste not only safely but also in an economic way. From the research results, three
methods were successfully carried ut. These procedures are summarized as follows:

1. Raw liquid waste-->Mechanical filter--->first stage iori-exchange-->Control tank CT).

2. Raw liquid waste-->Precipitation---->MechanicaI filter--�first stage on-exchange--4CT.

3. Raw liquid waste--->chemical precipitation->Mechanical filter-->Two stage on-

exchange-4CT.

The procedure (1) is applied to collecting tank, characterizing the simple component.
The procedure 2) is used for liquid waste with low salt content but high of oxygen demand.
The method 3) is applied to lquid waste tank, characterizing the di ffi cult component.
The total gamma and beta activity after treatment is less than 37 Bq/1 (pH =5-9). After
control, the treated solution could be discharged into the sewage waite water system at DNRI.

3.2. Treatment of secondary liquid radioactive wastefor volume reduction

According to the initial design rocedures, the secondary liquid waste was not treated before
cementation. Later, due to the cost of conditioning being rather high (about
4000000VND/M3), it was tried to reduce its volume as much as pssible. The processing of
the treatment is as follows:

(a) Characteristics and Groups ol'Secondary Liquid waste
Based on the characteristics of te secondary liquid radwaste and its generation, it was
divided into three groups A, B C as shown in Table I below:
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Table 1. Characteristics and Groups of econdary Liquid Waste

'y activities Volume

(Elq]) of
conductivitv Total ctivity sludge after

Group Generation pH usicrn) (Bq /1) one week

Co 60 Cs li4 Mn54 setting, 

Cleaning
A 6 8 60- 500 3 70 1270 1 85 450 3 7 370 140 3 70 10- 20

1 Of the filters I

B Precipitation 7 9 400 - 1.000 3 70- 3700 3 70 1 850 74 740 290 590 25 35
Processin2

C ReLenerated 1-11 1.000 - 10.000 450 7000 400 3500 440 2.1 00 1 85 2960 2 
solution

A- Generated from cleaning of the filters. pumps, piles and facility.

13- Generated from chemical precipitation processing

C- Generated from rgeneration of the ion-exchanger filters.

(b) Treatment A ndB Group ivaste by tivo steps.-

The first steps: Separation of the liquid waste into two phases, liquid and sludge. After that,

the sludge aste is pumped to interim storage tank and waiting for cementation; the upper

solution is pumped to precipitation tank for the 2 d step of treatment.

The second steps: The upper liquid waste is decontaminated by the following processing

.......................................................................................................................................................................

Na0H FeSO4.7HO FeC13, NaPO4, KFe(CN)6.3H20, CUS04.HO
.................... .... .............................. ........ ...............................................................................................................................

Liquid waste The second
pH>8.5 Control

group A, mixed Mechanical The first stage stage ion

in 30 minutes filter ion exchange -P. exchange -* tank

Recycle for failed batches
L --------------------- ---------------

Discharge into sewage water waste 

In this way. the volume of the secondary liquid waste is reduced to 60% 70%.

3.3. Conditioning of the liquid1sludge radioactive waste

(a) Old and New Facilities and Procedure

Before 1990. solidification of sludge/liquid radwaste was made by the big-old mixing

assembly cementation plant 3]. The cementation had to be done directly in the concrete pits,

on the laying out solid wastes. After one year, it was shown that, the mixture produced,

covered the solid waste was not strong in the pit, the radionuclide could be release into

environment. It means we have to change technology and methodology of solidifying

liquid/sludge waste at DNRI. It has been done since we have got the new cementation plan,

"Be Ba In Drum Mixer" provided by the IAEA under the TC Pr 'ect VIE/9/007 3 From0j

then, the cementation at DNRI became easier and safer.

(h) Cementation processing

Preparing (Waste, Facility.. Drum and Cement)

- Both sludge from storage tank and regeneration solution (C group) are mixed. 

- At present the facility used for the cementation in DNRI is Be Ba Drum Mixer.

- The types of cement used are: Ha Tien and Bm Son P300 (made in VN).

- Drum for 200 liter, made in Bien Hoa Factory (made in VN).

2 3 4



Experiment and Procedure:
After the prior homogenization f te waste, a sample is taken of the batch to be cemented.
The following parameters are important for test in the laboratory:

- pH value, must be in the alkaline range of 812 (ideal pH 9.
- Total dry residue T (kg/'m 3); the dissolved dry residue Ts (k g/rn).

- Concentration of chloride, sulfate, phosphate.

- Total and 7 activity, and specific concentration ofy-emitters.
- The amount of liquid/sludge waste and cement per 200-11tre drum is determined by

using the curves as below.

Cement (kg) Raw waste (kg)
250 - - 160
240 - Cement
230 - - 150
220 -
2 0- 140
200 -
190 - 130
180 -
170 - Raw waste 120............................................................. .................. ip-
160 -
150 1107-7

0.84 0,86 0,88 0,90 O�92 0,94 0,96 0.98 ioo Ts/T

3Example: from the results obtained in experiment case, dissolved dry residue (Ts) is 46 kg/m 
3the total dry residue (T)is 50 kg/rn the ratio Ts/T is 092. According to the curves shown

above, the quantities of waste and cement are:
Quantity of liquid Waste W)z= II kg/drum; Quantity of Cement (C) = 226 kg/drum.
This corresponds to a W/C ratio f 052.

Mixing Process.- the liquid waste is added to the cement in the specified amount and mixed in
the drum for IO minutes.

Test and Assessment: the production drums are controlled after 24 hours. Important factors
when assessing the cemented products are: setting of the products without excess water,
compressive strength after 28 days. The total activity and surface dose must be controlled
(here surface dose less than 50 mR/h).

3.4. Research and development ofirealment techniquejor solid radwaste

According to the design technology and facility for radwaste management, the solid waste at
the DNRI did not have to be pre-treated for the storage/disposal. Therefore over the ore
than first ten years of reactor operation, solid waste was only cllected and stored in the
storage/disposal facility. At that time, the storage building 4 once or twice a month was
opened for receiving solid waste from various laboratories at DNR1 The wastes were paced
into one of the eight concrete pits. Day after day, wastes are ollected more and more. The
question how to treat and condition solid waste becomes very important because a fire could
have arisen at any time in the storage building. But this problem was not decided at DNRI
before the year 2000 due to lack of the main facilities for these works.

To apply volume reduction treatment technique, the wastes have to be segregated. One
segregating box has been constructed by the Waste Management Division and placed in the
storage building. Beside that, te DNRI was provided with the In-drum Compactor" and
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some equipment by the IAEA TC Pr 'ect VIE/9/007. Since then, technology for solid waste
treatment has been developed. In order to solve solid wastes generated from beginning up to
now. one Country Project has 'ust been implemented successft!lly at DNRI. More than 60 3
compactable astes were compacted in 20011tre drums 3], then conditioned in concrete.

Based on laboratory experiments and experience from other countries, the concrete was
produced from the following components: Cement: 17 %, Water: 8. %, Sand: 27 %, Gravel:
48 %. After 48 hours of setting, the water in the drum was controlled - it is less than 1%.
After 28 davs, conditioned drums were finally controlled, labeled and stored in the

disposal facility. Now, the management of solid radioactive waste at
storage, I DNRI is not
difficult and a problem faced over a long time could be solved.

4. Conclusion

The IAEA Pr 'ect VE/911007 and experience from other countries in the field of radwaste
treatment aradually helped to solve the question not yet settled before. Without, it would
have been difficult to manage the radioactive waste at DNRI in the right way. The people
who are orking in this field have gained much practical experience.
The results of the fellowship/training course and the workshop/seminar materials have

ided the necessary topical nformation and knowledge in the field of radioacti
prov] I ive waste
management.

It is hoped that in future, with the IAEA and Country support (through Model Pr .ect and co-
ordinated research) and with the co-operation and encouragement from the FNCA countries,
not only waste generated at DNRI will be well managed but that work can be also be applied
and developed for other waste producers in Vietnam as well.
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Abstract.

The Australian Nuclear Science and Technology Organisation (ANSTO) has operated a 0
MW Research Reactor for over 40 years. During this period radioactive wastes have een
generated from the operation of nuclear facilities, the production ofradiolsotopes for i-nedical
and industrial use, and from vrious research activities. In the asence of a repository for
radioactive wastes in Australia, the waste inventory has been growing steadily Prior to 1995,
the management of radioactive wste at ANSTO consisted primarily of containment and
storage. In 1995, ANSTO adopted a radioactive waste management policy, which committed
ANSTO to: (a) complying wth all regulatory requirements; (b) disposing of wastes when
appropriate disposal routes became available; and (c) being in accord with nternational best
practice. An audit of the radioactive waste management resulted in 24 recommendations,
which became the basis for an integrated Waste Management Action Plan (WMAP) a s-
year pr 'ect, which was completed in 2001. The WMAP consisted of 17 major tasks, which
addressed ANSTO's legacy radioactive waste issues. In addition, -he new regulatory system
covering ANSTO has resulted in a thorough review of radioactive waste management at
ANSTO. ANSTO is now well positioned to enable preparation of waste packages in readiness
for disposal at the proposed Australian National Waste Repository.

1. Introduction

The Australian Nuclear Science and Technology Organisation (ANSTO) is Australia's centre
for nuclear science and technology. ANSTO operates a 10 MW heavy water research reactor
(HIFAR) a medical cyclotron and associated radiopharmaceuticals production facilities.
Construction of a replacement 20 MW multipurpose research reactor has commenced and will
be completed in 2005. The replacement reactor amongst other uses will provide for
radipharmaceutical production and eutron beam research.

The majority of the radioactive waste that has been generated at ANSTO over the past 40
1 'II at Lucas Heights. The stored inventory represents some 30% of the national

years s sti I
inventory of the low level and sort-lived nten-nediate level waste nd some 40% of the long
lived intermediate level waste. In 1995-96, ANSTO staff carried out a detailed technical
review of radioactive waste at ANSTO within the following frameworks:

• Meet all relevant legislative nd regulatory requirements;
• Identify all nown waste generation sources and types of wastes;
• Determine the waste volumes and radioactivity (both cumulative and annual arisings);
• Review existing practices ad procedures for radioactive waste management;
• Define and propose an ntegrated strategy for dealing wth both legacy and new

wastes.
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The technical review made 24 recommendations, which became the basis of the integrated
Waste Management Action Plan (WMAP), which was completed in 2001. The WMAP was
focussed with legacy waste issues that have been generated over 40 years and with waste
management facilities that required refurbishment or replacement.

C7

2. ANSTO's Waste Management Action Plan

The WMAP was an integrated plan to achieve:

1. Safer treatment and storaae of radioactive wastes;
2. Minimisation of radioactive waste generated and stored;
3. Development of a comprehensive waste inventory from source to disposal;
4. Consistency with best nternational practice and as identified in the RADWASS

Standards and Safety Guides (IAEA)l-
5. A broad understanding and acceptance of ANSTO policy and practices.

The WMAP was organised into 17 major radioactive waste management tasks: The 17 tasks
are covered under broader areas:

• Improved storage of and monitoring of solid and liquid wastes;
• Development of a comprehensive waste inventory and waste tracking system;
• Conversion of wasteforms into more stable forms for further treatment and disposal;
• Technical support for the proposed national radioactive waste repository
• New low level liquid waste treatment facility;
• Waste minimisation systems-,
• Improved waste management systems such as quality systems and education and

training.

Considerable resources (both staff and capital) were used to implement the WMAP as it
aimed to deal. in a relatively short time, with legacy issues resulting from the accumulation of
radioactive wastes over 40 years. Successful implementation of the WMAP required a
coordinated effort from ANSTO Divisions and organisational A WMAP organisational
framework was set up with a designated WMAP manager and nominated task leaders for the
various project tasks.

3. Waste management initiatives

3.1. Waste minimisation

One of the major achievements of the WMAP was in minimising radioactive waste
Peneration. This was achieved by a number of strategies including the segregation of non-
radioactive solid waste from radioactive waste, segregation of short-lived solid waste for
"delay and decay". improved decontamination systems to reduce waste volumes, the
segregation of astewaters to facilitate treatment and re-use and the introduction of cleaner
production technologies.

3.2. Solid waste management

Low-level solid aste (LLSW) generated at ANSTO is stored in a designated LLSW storage
facilltv located at the Lucas Heights Science and Technology Centre, awaiting disposal in the
national radioactive waste repository. This facility currently holds approximately 5500
packages of LLS'�V. mostly as to hundred ltre drums. Waste drums are stored on pallets in a
shelf svstem for efficient use of space. The shelves allow safe storage of drums up to five
levels ertically. The shelf system is designed to withstand seismic conditions and complies
with the Australian Standard AS-I 170 Part 4 to ensure that the facility could also be used to
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store materials associated with yp 3 hazardous facilities. The shelf system has 5652 spaces
designated for standard two hundred litre drums and 800 spaces or oversized drums. Hach
designated drum location has been iven a unique location identifier for traceability prposes.
Loading, unloading and movement of pallets is carried out using an electric driven forklift
vehicle. Figure I shows the shelf systems wth LLSW drums. Th,� shelf system installed to
store drums has enabled the optimum use of storage space in the uilding and mproved the

ibility of drums for inspecti
accessi 1 1 1011.

Gamma spectroscopy is used for LLSW characterisation. For this purpose a aste
characterisation facility was nstalled and commissioned in 1996. The purpose built facility is
equipped with two systems cpable of measuring the gamma ray spectrum emitte by
radionuclides in drummed waste and deriving the total radioactivity and radioactivity
concentration of different radionuclides present. Considerable progress has been made in
scanning drums of historical waste held in the LLSW store. From 1997, approximately 4639
drums were scanned in the waste characterisation facility, which epresent 84% of the total
number of LLSW drums.

77

.r7

FIG. 1. Low Level Solid Waste Storage Facility.

Other solid waste management initiatives focussed directly with legacy solid radioactive
wastes including the stabillsation of finely divided uranium and thorium scrap metal. Tese
metals being pyrophoric in nature, resented a fire-hazard problem, and were stored in drums
under a kerosene cover. To reduce the fire-hazard risk the scrap metals waste converted to a
stable form for long-term torage.

ANSTO selected a controlled calcination process to deal with this waste where batches ofthe
scrap metal were heated in a otary calciner at temperatures up to 9000C in a controlled
atmosphere producing a free flowing stable oxide material. Figure 2 shows the facility sed
for the calcination of the uraniu ad thorium scrap into a more stable product.
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FIG. 2 Facility for Stabilisation of Uranium and Thorlum Scrap.

3.3. Treatment and Packaging of Solid Wastes

ANNSTO has constructed an integrated multi-purpose waste treatment and packaging facility.
The new facility will prepare and condition low level and short-lived intermediate wastes for
disposal in the proposed Australian National Near Surface Waste Repository or for storage in
the future above ground storage facility for long-lived, intermediate level wastes. The facility
will incorporate a number of waste treatment and conditioning processes including cement-
based waste packages. a waste inspection system, a system for drying and evaporation of
waste concentrate from the future membrane plant and an in-cell waste conditioning facility
for long-lived. intermediate level waste.

FIG. 3 Left to Ruht - Solidification vessel, Hot Cell Solidification Process, Solidification
Apparatus.

3.4. SolidificationofILLWftomMo99Prodiiction

Since 1980 ANSTO has been producing and storing an acidic intermediate level liquid waste
resulting from the production of molybdenum-99 A process developed by ANSTO, and

commissioned in 999, has resulted in this le-acy waste being progressively solidified into a

more stable form. The process removes the water and acid and involves three steps 
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concentration, de-ammonlation and solidification producing a solidified uranyl nitrate hydrate
containing the remaining fission products. The process has allowed for improved storage and
sign]ficant volume reductions.

ANSTO is currently working o further converting this solid waste into a titanate ceramic for
long terrn mmobillsation that would be suitable for long term storage in the proposed above
ground national storage facility. Currently the optimisation of the calcination and Hot
Isostatic Press (HIP) process is eing evaluated.

FIG. 4 Pot Mixer Calciner System and HIPed titanate ceramic waste forrn.

3.5. Recovery of intermediate level solid waste

Up until 1990, inter-mediate level astes were placed into large in ground pits which, were not
designed for retrievability. These pits are now full with approximately 200m 3 of legacy
wastes being accumulated. In adition there are over 350 ndividual small storage pits hich

also contain legacy intermediate level wastes which will require rotrieval and processing A
program is being developed for the recovery of all the wastes contained in the pits and storage
tubes for treatment and packaging in the new Waste Treatment Packaging Facility
described earlier. Recovery techniques involving remote controlled equipment, use of a
portable in-situ hot cell to provide a shielded work area and suitable waste scanning system to

'd n the character'sat'on of the waste wll be ut'I'sed.

4. Options for disposal

Over the past 40 years Australia has accumulated approximately 3,5OOm3 of low level and
short-lived ntermediate level waste. Because Australia generates only a small amount of
radioactive wastes then the responsibility for establishing a national waste repository rests
with the Federal Government.

After rigorous scientific assessment and extensive consultation with regional stakeholders, a
preferred site and two backup sites were identified in the arid ad semi-arid, central-north
region of South Australia. All hree sites are highly suitable for the siting of the repository
with the preferred site being wthin 45 km of the Woornera-Roxby Downs road (South
Australia). The near surface national waste repository will accept only low-level and short-
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lived nten-nediate level waste and will be ficenced by the Australian Radiation Protection and
Nuclear Safety Agency (ARPANSA). Most of ANSTO's radioactive wastes are suitable for
disposal in the national waste repository.

5. Conclusion

ANSTO. as a result of its Waste Management Action Plan (WMAP) in 1996, has developed
processes and technologies to manage its radioactive wastes and legacy wastes that have been
accumulated from over 40 years of operations. The WMAP comprised a number of integrated
tasks that have provided ANSTO with modem Waste Management operational facilities,
which enable legacy, wastes issues to be addressed. The proposed establishment of the
National Waste Repository for low level and short-lived ntermediate level wastes will
provide ANSTO with a route for disposing of much of the radioactive wastes stored at
ANSTO. The construction of the ANSTO's multi-purpose Waste Treatment Packaging
Facilltv will allow ANSTO to prepare the waste forms suitable to the repository waste
acceptance cteria.
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Abstract.

With the coming into force of the Canadian Nuclear Safety and Control Act (NSCA) on May
31, 2000 many sites, that were not subject to licensing under the previous Atomic Energy
Control Act (AECA), now required regulatory review and possibly a licence to possess
nuclear substances. To ensure consistency in approach, completeness in coverage, and
compliance with internal procedures, the Contaminated Lands Evaluation and Assessment
Network (CLEAN) program was eveloped. Over 200 contaminated lands sites required
evaluation. Some of the issues ad the interim recommendatioris to the Commission are
discussed.

1. Introduction

The CLEAN program was used to identify the sites potentially requiring regulatory controls
as a result of changes in the Canadian nuclear regulatory regime. Its goal was to network with
other government and private organizations that had an interest in these properties and explore
the legal and practical requirements of the new NSCA for each identified site. Fundamentally,
two changes determined membership on this list:

the NSCA binds the Crown, w-here the AECA did not; and,

11. the licensable quantity for nuclear substances was no longer calculated as a
concentration (one scheduled quantity per kilogram - I SQ/kg), but was now a total
inventory of one exemption quantity (1EQ). This last change had the most impact,
since many of the sites that this would apply to had either udergone previous cleanups
to just below I SQ/kg, or hd not been cleaned because they did not trigger licensing.

2. Issues impacting on the evolution of the CLEAN program

The changes listed above mpacted primarily on two groups of Sites. Historic mine sites
which were mostly in the hands f g overnment departments, and mildly contaminated historic
waste sites which existed because of practices in the 1930's and 1940's.

An initial transition period of eghteen months was granted for these sites to come into
compliance with the NSCA. his time went very quickly. It was apparent to Canadian
Nuclear Safety Commission (CNSC) staff that virtually none of the sites could be dealt NvIth
In time to meet the transition deadline.

It quickly became apparent that many obstacles existed to the evolution of the pogram. The
biggest was a general lack of familiarity between players. Most land holders ad no
knowledge of the CNSC or Its pedecessor the Atomic Energy Control Board (AECB).
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Similariv the CNSC had very little knowledge of the players business. Much of the
implementation of the program required personal contact over time to help all participants
understand the new regulatory regime.

Other obstacles were: an initial unwillingness of government departments to recognize that
these new laws applied to them; a general resentment that the NSCA impacted on previous
priority setting a resistance to a change in the status quo after twenty to fifty years; and a
general lack of money to implement even minor remediation work. CNSC staff took the
approach that aven sufficient time and unrelenting contact, all obstacles can be overcome.
Persistent tapping breaks the stone.

3. The sites identified for consideration under the CLEAN program

3. 1. Geographical and temporal context
There are three ty

pes of historic uranium/radium contaminated land stes n Canada. The first
is land contaminated by mining practices during the 1930's through 960's. Eleven of these
sites exist throughout Ontario, Saskatchewan and the Northwest Territories. The disposition
of these sites is the subject of another paper and will not be discussed here.

The second contaminated land type is lands contaminated by radium dial production during
the 1940's and 1950's. These lands tend to be clustered around the Toronto, Ontario area and
are subject to special controls similar to those which will be discussed in this paper.

The third contaminated land type, and the subject of this paper, are lands that were
contaminated as part of the historic efforts of both public and private interests to develop the
uranium/radium industries in Canada. Most of these sites date back to the 1930's and 1940's.
These sites can be grouped geographically into two ends of the uranium production route.
The Northern Transportation Route was the route by which uranium concentrates were moved
by barge from mines on Great Bear Lake, down various rvers and portages, to Waterways
(Fort McMurray), Alberta where it was transferred to trains. The trains eventually delivered
their cargo to processing facilities at Port Hope, Ontario.

Over 200 small sites and about 3 larger sites exist at the two ends of this route. The majority
exist in Ontano. Most of the sites, as they exist today, have been subject to previous
remediation efforts, some to the standards of the day.

3.2. A brief history ofgovernment activities associated with the sites

The radium and uranium mining industry began in Canada in 1930 with the discovery of the
Port Radium deposit in the Northwest Territories. The demand for radionuclides changed
throuah the next 30 years from radium for medical and industrial uses, to uranium for military
weapons and eventually the generation of electricity. The early years of transporting these
materials resulted in many mildly contaminated sites, primarily along the Northern
Transportation Route from Port Radium to Fort McMurray, Alberta. Lack of modem-style
safetv practices and material controls resulted in many contaminated sites in the area of Port
Hope. Ontario. A similar lack of controls during the early use of radium in radium-

I I I I I
luminescent devices resulted in contaminated stes n the Toronto area.

From 1975 to 1982 the Federal and Provincial governments in Canada established the
Federal-Provincial Task Force on Radioactivity (Task Force) to identify and, where
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appropriate, cleanup sites resulting from the past practices referred to above. The Task Force
identified radioactive contaminated sites ad implemented cleanups at many sites across
Ontario and Manitoba. Other sites were identified, but before eforts to cleanup could be
brought about the political landscape changed. A court challenge to an attempt to establish a
suitable, central repository for low-level wastes on federal military property in central Ontario
in the late 1970's lead to the establishment of the Low Level Radioactive Waste Management
Office (LLRWMO) in 1982. Federal government oversight of these remaining sites pssed to
this new group. The LLRWMO draws its technical expertise from Atomic Energy Canada
Limited (AECL) and gets its policy direction and funding from Natural Resources Canada
(NRCan) a federal government department.

Although the LLRWMO continued to work closely with the communities in Ontario, it was
not until the early 1990's that work at the other end of the uraniurr route was begun. Of the

'dent'fied n Fort MMurray, all but one were cleaned to near background levels.
Materials over the I SQ/kg level were shipped across the county to AECL's Chalk River
Laboratories waste management areas. Contaminated soils whose concentration was less than
the AECB licensable limit were stored in an engineered mound adjacent to the local landfill.

A detailed survey of the Northern Transportation Route from Port Radium down to Fort
McMurray identified numerous mildly contaminated sites and two sites which posed
unacceptable risk. The latter two sites were cleaned up and any material greater than the
licensable limit were shipped to halk River. At Tulita, materials less than I SQ/kg were

placed in a sealed mound on Territorial Government land.

In the mean while, cleanups in Port Hope and Toronto generated wstes which were similarly

divided into licensable (more tat ISQ/kg) and unlicensable material. Licensable material

from Toronto was shipped to Chalk River, while licensable material from Port Hope cleanups

was stored in one of four sites within the town licensed by the AECB. Unlicensable material

from cleanups in Toronto and Port Hope was placed in engineered mounds and hs been

monitored by the LLRWMO fr geotechnical stability. Some ery mildly contaminated

material was allowed to be disposed of to landfills.

All of this has resulted in a number of mildly contaminated sites along the Northern

Transportation Route, including two mounds; one contaminated site at Waterways, Alberta,

and a mound at the local landfill- many contaminated sites in te vicinity of Port Hope,

Ontario, some of which are contained in unlicensed mounds.

On March 29, 2001 the Federal government signed an agreement with the Town of Port, and

two adjoining communities, to consolidate all of the contaminated aterials in the town in an

engineered long-term management facility located locally. This process is ongoing, ut still

in the environmental assessment stage. The process is called the Port Hope Area Initiative.:1

The need to clean-up these sites has been historically driven by two requirements. The first

has been a health and safety requirement. The second has been a regulatory requirement

which, of course, reflects the health and safety requirements of he day. Changing public

awareness has increased pressure on landholders, responsible overnment agencies and

regulators to demonstrate tat the sites are safe. The problems faced by government groups

while communicating risk to the pblic is well known. The perception gap between science

and public acceptance, and the credibility gap between governments and public interest

groups had led to increased public involvement in, ad ncreased accountability for,

government programs.
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3.3. The application of the CLEANprogram

ON er 200 previously unlicensed sites exist across Canada fall under the CLEAN program's
definition of contaminated lands. The sites are considered part of the general category of
historic astes. All had been previously characterized as having less than I SQ/kg, and many
had been the subject of previous remediation activities. The CLEAN program required the
information on these sites to be reviewed and verified.

As a result of ongoing initiatives at the sites, the sites were subdivided into two groups.
Those identified as part of the Port Hope Initiative have been treated separately from the
remainim, sites which exist along the Northern Transport Route from Port Radium to
Waterways. The Port Hope Area Initiative sites have been part of ongoing monitoring
programs by the LLRWMO for more than a decade. These programs, specifically the
Construction Monitoring Program and the Environmental Monitoring Program, combined
with a relatively high public awareness of the sites and the local presence of the LLRWMO,
has and continues to control the wastes in situ.

With the community agreement in place NRCan and the LLRWMO began the process of
planning the Port Hope area cleanups and the establishment of a local long-term waste
management facility. This government initiative will take three to five years to make its way
through the requirements of the Canadian Environmental Assessment Act. Given the controls
already in place, CNSC staff had few concerns for public health and safety. With a letter of
commitment to the Port Hope Initiative from NRCan, staff recommended an exemption from
licensing of these sites while the initiative takes its course. Any interim cleanups necessitated

Ibv immediate needs will require a CNSC licence.

Fortunatelv, the sites along the Northern Transportation Route are relatively isolated and
unoccupied, with a few specific exceptions. These exceptions have been the subject of
cleanups and consultations between the LLRWMO and landowners for many years. Since the
concentration of radionuclides as something less than I SQ/kg the AECB did not place any
requirements on either the LLRWMO or the landowner.

With the changes alluded to above CNSC staff approached all of the sites differently. Staff
recognized that none of the sites as they existed would likely result in the public receiving a
dose in excess of the public dose limit. Only with land uses changed might this be a concern.
CNSC staff also recognized that it would be unreasonable to require the LLRWMO or the
current landowners to enter into expensive cleanups in the absence of immediate risks to the
public. Requiring a member of the general public to hold a licence for possession was not an
option since they could not reasonably be expected to meet the requirements of the NSCA.
Section 24(4)(a) and (b) of the NSCA states that no licence may be issued unless, in the
opinion of the Commission, the applicant is qualified to carry on the licensed activity,
including safeguarding the environment, health and safety of persons and making provision to
meet nternational obligations to hich Canada has agreed. Therefore staff took the approach
that as lone, as land use restrictions could be implemented and monitored for the sites, the
status quo was an acceptable short-term position.

Therefore CNSC staff began consultations with the agencies and others who would be
required to issue pen-nits or other approvals if ownership of contaminated lands was to
change., or construction activities where proposed for the sites. This was relatively easy to do
for publicly owned sites. In the Northwest Territories a permit is required from one of the
Land and Water Boards before construction can take place. These Federal government
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Boards were developed under the Mackenzie Valley Resource Conservation Act, which
supercedes the Canadian Environmental Assessment Act in te Northwest Territories.
Furthermore, many of te sites exist on federally owned lands. Therefore Indian and
Northern Affairs Canada maintains a land inventory which can be used to monitory changes
in ownership. Unfortunately, because of agreements signed with native groups, any
traditional land uses, including uilding cabins for hunting and fishing camps, do not require
permits. This minor setback ws overcome by speaking with the three native I-and
Corporations and band councils and encouraging them to keep their people nformed of the
circumstances. Tey also agreed to contact CNSC staff if there is an unlikely request to build
permanent structures on any of the identified lands.

All of these mechanisms could work to satisfy CNSC staff requirements to demonstrate
controls on the inappropriate use ofpubficly held contaminated lands. However, upon further

'derat'on, CNSC staff concluded that despite best intentions, there was no way of
ensuring that, in the absence of the types of programs in place in Port Hope, private properties
along the Northern Transportation Route could be safely left whout remediation. In the
summer of 2001 the LLRW`MO responded to a CNSC request and performed cleanups at the
two private properties 1 thus removing them from the list.

Only two outstanding issues remained along the Nor-them Transportation Route. The first
was the inventory of radionuclides contained in three consolidation mounds located at Fort
McMurray, Fort Smith and Tulita. CNSC staff reasoned that the intention of the mounds was
to prov'de safe short-term stora e of the consolidated, previously unlicensable material, that
licensing should apply. This would provide a formal mechanism for the LLRWMO to report
on the continued containment of the wastes, and allow the CNSC to control the ltimate
disposition of the waste, as required under the NSCA. At the time of writing, the LLRWMO
has applied for licences to cover the possession of the materials at te three sites.

The last issue is the last identified ontaminated site at Fort McMurray. The Waterways site
is privately owned by an ex-crown corporation. When cleanups took place at all of the other
identified sites in Fort McMurray from 1993 to 1996, issues surrounding cost sharing
precluded the rerriedlation of this site. Inspections by CNSC staff identified two areas of
concern. The most immediate was that the eroding bank of the aacent river was exposing
the waste which was formerly under a shallow soil cover. The second was that in recent years
expansion of residential neighborhoods has begun to encroach on the site, increasing the
presence of the public. CNSC staff requested the LLRWMO to clean up the site during the
summer of 2001 and consolidate the wastes at te existing mound. The LLRWMO undertook
consultations with the Regional Municipality who owns the landfill site which houses the
mound. At their request, a public consultation process and a voluntary environmental
assessment were undertaken over te winter of 2001/2002. It is aticipated that the site will
be remedlated during the summer of'2002.

Although all of this was developed by CNSC staff from May 31, 2000 to December 31, 2001
the Commission had yet to hear and rule on the approach designees by staff. The concept of
institutional controls and not licensing mildly contaminated sites was not previously tried
before the Commission. During the January 2002 Commission Meeting staff presented their
recommendations.
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Staff recommended:

1) Exempt from licensing the possession, management and storage of nuclear substances
at the Passmore Consolidation Mound, Fort McMurray Landfill Mound, Fort Smith
Nuisance Grounds Mound, and the Tulita Consolidation Mound sites until 2002
December 3 . (to allow staff time to complete the licensing process.for these sites)

2) Exempt from licensing the possession, management and storage of nuclear substances
at the Port Hope unlicensed sites until 2006 December 3 . (to allow the Federal
Government time to complete the equired environmental and licensing requirements11-1
under the Port Hope Initiative)

3 Exempt from licensing the possession, management and storage of nuclear substances
at the Fort McMurray Water-ways site for a period of ten months ending 2001 August
3 1. (to allo i v the LLR WMO time to perform the cleanup work)

4) Exempt from licensing the possession, management and storage of nuclear substances
at the Fort Fitzgerald area unlicensed sites for an indefinite period of time, with the
provision that current conditions at the site are maintained by the property owners.

Exempt from licensing the possession, management and storage of nuclear substances
at the Fort Smith area unlicensed sites for an indefinite period of time. with the
provision that current conditions at the site are maintained by the property owners.

Exempt from licensing the possession, management and storage of nuclear substances
at the Sahtu Region area unlicensed sites for an indefinite period of time, with the
provision that current conditions at the site are maintained by the property owners.
(these ae the institutional control sites previously untested bY the Commission)

The Commission accepted staffs position and granted the requested exemptions with one
provision. The indefinite exemptions based on institutional controls were unacceptable to the
Commission members. Instead they granted a five year exemption based on institutional
controls, and require staff to provide a status report annually.

4. Conclusions

The CLEAN Program was used to develop the CNSC regulatory approach to contaminated
lands. As a result of CNSC staff recommendations, some private properties were cleaned,
large amounts of previously unregulated contaminated materials are being brought under
direct regulatory control, and land use controls have been implemented to trigger ftiture
involvement as necessary. Staff received Commission support for their initiatives through the
granting of requested time-limited exemptions for sites being dispositioned through the
program.
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Abstract

Some radioactive waste, produced several decades ago, have been stored until now, awaiting
an appropriate treatment process or further policy decision, in facilities that are now
considered under the present safet standards. When no satisfactory improvements ca be
brought about the sfety of the storage, the retrieval of the old radioactive waste is required.
In France, typical acilities concerned with historical radioactive waste are shallow wells,
pools, silos, effluents tanks and trenches. Several aspects, sometimes combined, make the
retrieval usually more difficult and longer than thought. These aspects are mainly a lack of
concern regarding retrieval of the waste when designing the facilities, an insufficient aste
characterisation or record keeping, a lack of monitoring, this ]ack of monitoring becoming
more detrimental as the facility is ageing, and a lack of maintenance. Problems related to
historical radioactive waste management have been identified and operators are making
efforts to eradicate them. Without considering te financial cost of old radioactive waste
retrieval, operators ave to face problems such as risk of loss of rdionuclides containment,
radiation protection, handling ad transportation. The nuclear safet- authority has decided to
make safety guidelines regarding esigning and operating storage, facilities as a result of
experience feedback from the storage operators.

1. Introduction

Historical radioactive waste has mainly been accumulated in od facilities, which do not
generally fulfil present safety standards, due to a lack of appropriate treatment and/or a lack of
proper storage or disposal facilities. For some of these old facilities, compensatory safety
measures as well as reinforcement of the monitoring and the maintenance can be implemented
in order to bring the facility back to an acceptable safety level regarding the remaining
lifetime. However, for other facilities, the nuclear safety authority onsiders that the level of
safety is not acceptable anymore and as a consequence, requires the removal of the old
radioactive waste. The removed radioactive waste is sorted out and treated before being either
disposed in a surface repository (for low and intermediate level aste of short lifetime) or
stored in another storage installation that fulfils present safety requirements, waiting fr a
final solution.

2. Typical facilities concerned ith the problem of historical adioactive waste

2. . Shallow wells

Shallow wells have been commonly used by nuclear operators from the 50s to 70s for the
storage of high ad medium activity radioactive waste, originally in order to benefit from
their radioactive decay. These shallow wells were usually designed with only two
containment barriers (the container and the lining of the well). Main concerns about their
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i I I I I I Isafetv 'nclude corrosion from rainwater (the facilities having been generally built originally
outdoors and protected with only one atertight seal), corrosion from water seeping in from
the ater table., and safety of the waste handling operations. In these facilities, control of the
physical ntegrity of the container and the lining of the well is usually impossible without
prior removal of the waste packages.

2.2. Pools
Pools are mainly used for storage of spent fuel with high thermal potential, before being
retreated in La Hague or waiting for a final disposal. When the integrity of the fuel cladding is
Guaranteed. the spent fuel is stored without any further containment. Otherwise, the spent fuel
is placed in specially designed containers. The second barrier is the pool water, which is
filtered and cooled. In the 50's and 60's such pools were often built outdoors however they
have all been upgraded and have a third barrier which consists of a containment. Principal
safetv concerns are seismic resistance and spent fuel cladding ageing.

2.3. Silos
For bulk materials. like graphite sleeves arising from the operation of graphite moderated gas
reactors. or aste processing sludge, operators have built large silos. These storage facilities
are simple underground constructions of reinforced concrete, often buried for most of their
heicht. Main safety concerns are the ageing of the concrete and the proof of the watertightness
of the silos. ven that the lower part cannot be inspected. Some problems of exact knowledge
of the tpe of waste that has been stored ]Inside has emerged, and an accident occurred at the
La Hague reprocessing facility in 1981 when a silo containing diverse waste including
graphite caught fire (this accident would have been rated 3 on the INES scale).

2.4. Effluent tanks
Effluents are stored in tanks por to appropriate treatment. The time required for the
development of adequate treatment processes has led in some cases to a longer storage of the
effluents than what was planned initially. Some effluents are 30 or 40 years old, including
high or ntermediate activity level effluents. Main safety concerns are lack of characterisation
of the original effluent, difficulty of prediction of possible chemical reactions or phase
chanues, including radiation induced chemical reactions (radiolysis), slow solvent evaporation
due to active ventilation necessary to maintain a dynamic containment. The lost of
containment due to an unexpected chemical reaction is one accident scenario that is taken into
account in the safety analysis. For example, in a research facility, a tank has contained since
1974 hah activity effluent charged in apy The effluent is made of 2 phases, one organic and
one aqueous, plus a mixture of the two phases that have precipitated. Phenomena such as
radiolysis contribute to increase the risk of loss of containment by explosion of the gases
accumulated in the upper part of the tank. To reduce the risk of explosion, nitrogen has been
used to sweep the atmosphere of the tank. After several years of sweeping of the atmosphere,
detailed nvestigations of the tank have shown that an evaporation of the effluent has occurred
with the risk that the effluent could solidify in mass in the tank, making its retrieval for
treatment technically difficult. Moreover, the high activity of the effluent makes it difficult to
investigate the state of the container.

2.5. Trenches
Trenches in Cadarache are a typical example of historical radioactive waste. Those trenches
have been used between 1969 and 1974 as an experimental near surface disposal of low and
intermediate level waste. including -- waste, without any proper physical barrier. This
disposal site consisted of burying in trenches the waste, after packing it in vinyl bags, metallic
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containers, cardboard boxes or concrete blocks. The disposed waste was covered with a I
'I layer. Recently, questions about the acceptabil .ty of this disposal site have arisen.

As a consequence, the operator as studied the possibility of cleansing completely the
trenches. One trench has been cleansed as a demonstration. With te experience gained from
the experimental operations, the operator has bilt up a file for the safety authority in order to
get the authorisation for removing the radioactive waste. It is eing urrently examined,
mainly from a radiation protection point of view (risk of radionuclides nhalatio by
workers).

3. Experience feedback and problems encountered

3.1. Environmentalpollution

One of the greatest concern with historical waste storage facilities is their potential for
creating severe pollution of the soil and water table, in particular because available barriers
are in small numbers and cannot be inspected. It is feared that or a number of facilities,
limited pollution of the environment has already occurred underneath the facilities. In these
cases, the radiological monitoring of the environment itself is an important line of defence
and has to be strengthened however it will not detect limited contamination beneath
buildings.

3.2. External agressions

The present safety requirements regarding external risks such as earthquake, flooding, plane
crash are usually much stricter than the ones considered when the facilities storing hstorical
radioactive waste were built. Smetimes, modifications can be proposed by the operator in
order to bring the storage up to present safety standards. Depending-, on the remaining ifetime
cons]dered for the storage facility, its associated level of radiological risk and the potential
implementation of modifications by the operator to improve its safety the nuclear safety
authority decides whether the storage should be authorlsed to continue or not when doing
decennial safety reassessments. In addition, the time required to design and build specific
retrieval equipment and new storage facilities for the waste has to e taken into account, as it
very often involves several (up to ten) years. This has led the nuclear safety authority to put a
deadline of 2010 on the final retrieval of waste from a number of fcilities. External risks can
impact the safety of the storage on two levels. The first level is the potential damage on the
containment barriers, with the risk of radionuclides dispersal. The second level would be the
damage caused on the storage structures that would make the retrje�al of the waste technically
difficult. For instance, earthquake could damage the sape of shallow wells and prevent the
use of standard retrieval equipment. When both levels of damage ar,-. combined, which means
that the waste has to be removed as soon as possible in order to limit the dispersal of
radionuclides into te natural environment, the availability of adequate equipment nd the
limitation of the dose intake for the operators are two main issues.

3.3. Corrosion

As historical radioactive waste was often packaged in metal drums, corrosion is often a factor
that needs to be considered. Corrosion impacts on the containment of the radionuclides,
increasing the risk of environmental pollution and complicating the retrieval of the corroded
container. In addition to the quality of the container material, factors that contribute to
increase corrosion phenomena are inning water on the lining of the containers, condensation
and poor ventilation. The most sgnificant problems due to corrosion are found in shallow
wells, since detection of the beginning of the corrosion is hardly feasible, unlike the storage in
shelters where the visual control of the absence of corrosion on the ontainer is usually easy.
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3.4. Radio1jsis

The risks occur mainly in old containers that are not permeable enough to gas evolved during
radiolysis. Risk of radiolysis is especially considered for historical radioactive waste
involving emitters due to a lack of characterisation. This phenomenon has recently been
taken into account as it has become evident that for some waste (including __ emitters mixed
with organic material like vinyl) the combustible gases generation rate was very high concern
and a threat if the waste packages were stored in gastight enclosures, as it would happen in
transport packages.

3.5. Waste characterisation and record keeping

In several cases, it has been put in evidence that the lack of proper waste characterisation
(including track of the waste orlain and radionuclide content measurements) and/or loss of
knowledge through poor record keeping has proven very detrimental in a number of
occasions. In the most evident recent example, an operator put considerable efforts into the
retrieval of an effluent contained in a tank, only to find that the tank was empty (but still
contaminated). An historical study, based on the testimony of former employees, has proven
necessary in a number of cases from a safety point of view, but is not always sufficient.

4. Cleansing and waste removal difficulties

4.1. Fallofcontainersinshallowwells

Experience has shown that in some facilities, containers have been stored for too long a time
without any proper maintenance, which makes the removal of the containers out of the wells
without dropping them difficult. Two cases, contributing to the increase of the probability of
dropping containers, have been observed:
• severe corrosion on the container, enhanced with running waters and condensation, can

lead to the drop of the container when the extraction equipment lifts up the container, and
eventually, the dispersion of radionuclides.

• dust, accumulated on the container, preventing a correct gripping of the suction disc of the
extraction equipment. The drop can sometimes either damage the shape of te container
and makes the next attempt of removal more difficult or leads to the loss of the
containment and dispersion of radionuclides.

When dispersion of radionuclides in the well has occurred, specific equipment has to be set up
to maintain the radionuclides within the well and to enable the removal of the radionuclide
without contamination of the outside part of the well.

4.2. Handling and transportation

Handling and transportation are becoming important issues regarding removal of historical
radioactive waste when there are potential risks of corrosion or radiolysis. In this case,

ific packaging, explosion-proof, have had to be developed.
speci Z' t�

4.3. Radiation protection

Removal of old radioactive waste costs usually a lot in terms of radioactive dose. The main
reason is that the storage units, in some cases, have not been designed for easy removal of the
waste. In such cases, specific equipment have to be designed in order to make the removal of
the container possible without causing too much radiation exposure for the operators.
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5. Lessons regarding safety taken out of the experience of storage facilities operations

5. 1. Problematic waste minimization and stabilization

It has occurred too many times in the past that waste or effluent have been generate by
I ffluent could be

experiments or processes w thout considering first whether this waste or e
treated, stabilized ad disposed of
The nuclear safety authority now requires that te operator shall ustify waste and effluent
production and consider how wastes will be treated and disposed f, This has led to a sharp
decrease in the problem of waste or euent production, apart from waste due to the
decommissioning of past practises, where this aspect cannot really be managed. The safety
authority also requires that effluents or chemically hazardous waste shall be rapidly treated
and stabillsed and that interim storage of untreated waste or effluent shall be kept to the
minimum practical.

5.2. Control of the barriers

The monitoring of the dfferent barriers has to be considered from the very beginning of the
design of the storage, and has to be implemented on a regular basis, with precise criteria
concerning acceptable flaws.
Detection of radionuclides in te environment should be considered only as the last line of
defence, as when a detection occurs, it Is often too late and extensive contamination has
already occurred.

5.3. Record keeping

The safety authority requires that for waste being generated, a surficlent characterisation of
this waste shall be conducted even if it has to be stored, pending the development of an
appropriate disposal facility. This charactensation should be carefully recorded. In this field,
the nuclear safety authority is considering the adequacy of electronic record keeping.

5.4. Limitation of the storage lifetime isibility in creation of newfacilitj,

Experience has shown that the operation of facilities for too long a period is often prejudicial
to safety. Prior to the introduction of waste into storage, the maximal lifetime of the storage
has to be regulated, based on te onception and on the knowledge of relevant degradation
mechanisms of the barriers. Nevertheless, in no case, should the 1-futation of the lifetime of a
facility be considered as a permit for operating without thorough control performed on a
regular basis. It is sometimes difficult to avoid lifetime prolongation of storage facilities due
to the lack of replacement facilities or proper characterisation or retrieval equipment. The
nuclear safety authority hence requires from the nuclear operators a good visibility on heir
new waste management pr 'ects to make sure that these projects are progressing in
accordance with the deadlines fixed for the lifetime of the storage facilities.

6. Conclusion

The French nuclear safety authority has decided to gather the wide experience gained b the
operation of various forms of storage facilities during the last 50 years and to establish, with
involvement of the operators, regulatory guidelines for designing and operating such
facilities. These facilities have in the past been regulated on a case by case basis, but
experience shows that general egulatory requirements can usefully be written down in the
fields of waste mimmisation, stabillsation, characterisation, regular storage facility arriers
control, record keeping, and lfetime limitations of facilities upon the]]- design.
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Abstract.

The paper outlines public opinion problems facing Belarussian authorities and strategic and
technical measures taken in order to continue upgrading the National Radioactive Waste
Disposal facility Ekores" which is a RADON-type facility. As the reasons behind the
problems are tpical of most RADON-type facilities, the subject may be of interest to other

countries having facilities of this or similar type.

1. Introduction.

The major issues with which Belarus was confronted over the last decade in the area of
radioactive aste management are addressed in Article 12 and Article 28 of the Joint
Convention of 1997 1] and linked to upgrading of the National Radioactive Waste Disposal
Facilitv "Ekores" belonging to the class of RADON-type facilities. These facilities are so
named because their designs were based on the same concept as that of the 2 central facilities
near Moscow and St. Petersburg, operated by the Scientific and Industrial Association
"Radon"'. Safety issues which may raise stakeholders anxiety for most of the existing Radon-
type facilities are related to their three key features:

(1) the facilities contain extra fractions of alpha-emitters and long-lived beta- and gamma-
emitters in the near-surface repositories;

(2) the question of safety of their bore-hole repositories for spent sealed sources has not
been settled, and

(3) they are located in the vicinity of closely inhabited localities.

Owing to the above considerations and especially to a long-lived nature of the waste disposed
of at the facilities. any measures taken to upgrade their operational conditions and safety may,
in terms of reaction of the public, result in effects opposite to what is expected. Belarus met

with such situation when implementing the National Pr 'ect for Ekores facility upgrading and
reconstruction. After four years of relatively successful ativities, the works under the proJect
were stopped because of a reat pressure from the public. Following many discussions on
different levels'. an advanced reconstruction strategy for the Ekores has been developed and
further efforts have been made at modernizing the relevant technical solutions.

2. Reasons and objectives of the Ekores facility rehabilitation

2.1. Background situation

The Facility "Ekores" was commissioned in 1964 in the vicinity of Minsk 2 million people)
and was intended for LILW storage/disposal 2 The site comprises 2 older (historic)
concrete-lined trenches 4 meters deep) and to sub-surface, reinforced concrete vaults of
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second generation 3 meters deep) filled wth solid waste. The to trenches and one of the
vaults are closed and the operating vault is 75% full.

There are also four bore-hole repositories (so-called <<wells>)) with :-shaped loading channels
for 'free' disposal of spent sealed radioactive sources (SSRS). Operation of the wells
currently is prohibited by the Regulatory Authority due to insufficient safety level.

2.2. Initial approach

Taking into account that the Ekores site had no

- waste segregation or wste processing procedure,
- equipment for unloading containers with SSRS,
- premises or facilities for te decontamination of vehicles ad equipment,

- monitoring bore-holes,
the necessity of the facility upgrading was recognised immediately after a new regulatory
regime had been established in Belarus. Joint efforts of the several authorities Ministry for
Emergencies, Msk Executive Committee, Ministry of Finance, ete.) were put together to
launch a national pro'ect for the Ekores facility reconstruction late 1997). The project
covered:

(a) upgrading of the existing structures (a garage, a decontamination unit, a fence);

(b) construction of 3 new structures (a building for SSRS disposal, a building for waste pre-
disposal treatment and a vult for solid waste dsposal),-

(c) introduction of more advanced technologies for safe handling f solid and liquid LILW.

The IAEA supported this national ativity within the framework of TC Pr 'ect BYE/004/02 to
'de Ekores staff with the relevant training, expertise and equipment support.

2.3. The reasonsfor advanced approach development

The IAEA support contributed ery much to evaluation of potential hazard of the Ekores site
[3]. In particular, safety assessment showed that:

(a) first-generation trenches contain waste with a concentration oftransurame radionuclides
in excess of 4000 Bq/g;

(b) irradiated fuel from the research reactor containing about 2kg of U (in 0 stainless steel
containers) is buried in the vault now closed;

(c) owing to migration of radioisotopes C14, C136, C060, H 3, PU 239 , Ra 226, Sr9t), U2311 from the
Ekores repositories, contamination of ground water within the supervised area may
exceed the level limits for drinking water;

239 226 24 232(d) radionuclides Pu , Ra , AM , Th represent a danger for future generations as
long-lived radlotoxic isotopes may contaminate the aquifers in the not so distant uture.

These objective indicators of the Ekores facility potential hazard were overstated by certain
politicians and public spokesmen ho demanded to stop reconstruction and take immediate
actions for facilitv relocation from the vicinity of capital city. Numerous discussions of' the
situation on all levels and in mass edia made the Government to slop funding reconstruction
works. It was apparent, however, that stake holders' views on the pr 'ect had hardly been
based on safety assessment results but were rather a reflection of anxiety among the public
with respect to negative health hazards created by the facility both during the operational
period and on the long term. n articular, the source of fears as been the very fact of
disposal of long-lived radionuclides near Minsk. To change the stake-holders perception of
the situation, an advanced strategy for the Ekores facility reconstruction has been developed.
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3. Advanced strategy for the Ekores facility reconstruction

The advanced strategy states that the Ekores facility is regarded as a facility for long-term
storaue of aste. not for disposal. All the wastes at the Ekores vaults should be identified,
conditioned. packaged and labelled to ensure that the conditioned waste packages meet most
stringent safety requirements for waste storage and transportation. There is a requirement to
revise the ational Pr 'ect by amending it with a section concerning development ofOi
procedures for retrieval of waste from the existing repositories. The retrieved waste is to be
sorted and conditioned into acceptable transport packages using the same technologies as
those to be implemented for new coming wastes. It is proclaimed that the main goal of the
Fkores facility reconstruction is to provide a flexible possibility of relocating long-lived waste
to a new dsposatistorage repository. A provisional programme for siting a new repository
has been prepared under umbrella of the Ministry for Emergencies, which is now in the
process of consideration by the Government.

As for fissile material which is present in the vault, it is proposed that in the course of
retrieval operations the intact containers should be removed and transported to an approved
fissile-material storage facility. It is anticipated that services of nternational (IAEA) experts

']I be provided for making safety assessment and for development of a detailed plan for

appropriate management of this kind of waste.

3.1. Strategjformanagingsolidradioactivewaste

Solid radioactive aste (SRW) requiring treatment and storage at the Ekores site will arise

from two sources: new coming wastes and those arisen from waste retrieval operations.
Compactible astes will be placed into mild steel 200 ltre drums, and each drum compacted,
capped ith grout and consigned for storage. Non-compactible wastes will be placed into a

200 ltre drum during sorting, then directly grouted in place and consigned for storage. The
packages of treated SRW will be temporarily placed in approved surface storage until the
vault is empty. The surface of the vault should then be decontaminated, monitored and then
subjected to a structural survey. After some kind of repair it should be used for continued
storage of the drums of cemented waste. Two new buildings are planed to be constructed: a
waste sorting. treatment and packaging building and a new spent source storage building. A
site drainage system. decontamination centre, laboratory and administrative block are also
included in the project.

3.2. Strategj7for management of spent radioactive sources

There are now no plans to remove the spent sources currently stored at the S-shaped wells at
the <Ekores>� facility. n August of 2000 an tAEA expert team mission under the above

mentioned Technical Co-operation pr 'ect (BYE/004/02) was carried out to assess the0J
situation with the existing wells, in particular those containing long lived and radon-emitting
sources. The recommendation of the mission team was to condition sources in the wells into
metal matrices directly in the underground reservoirs, using the technology which was
developed by the Russian Association <<RADON>> [5]. The strategy for new coming sources

is to separate sources into different types, then to store them within a retrievable source

stora2e.

,Wodernised bore hole repositories.for elievable SSRS storage

The ty ical design of RADON bore-hole SSRS repositories has been modermsed in order to
'de the possibility of SSRS retrieval. To achieve the goal, a loading channel of the well

is made discountable ad consists of three sections 6 The bottom and top parts of the

sections are so designed as to ensure their butt-joint connection in operation and
disconnection in case retrieval is required. The weight of each section is about 3 tons, the
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weight of the underground reservoir-, fully filled with SSRS and conditioned, is 22 tons. So,
standard crane mechanism could be used for reservoir retrieval.

The moderrilsed bore-hole repositories are intended for storage of' short lived SSRS, which

have less than 30 years half-lives, including mainly Co-60, Cs- 3 and Sr-90/Y-90. Sources
with very long half-lives, much greater than 30 years, consisting ain y of "smoke detector"
type sources containing Pu-239 or Arn-241, an be andled without beta/gamma shleldirig.

The reconstruction project proposes to construct special store facilities for these sources 6].

Currently, both types of modermsed bore-hole repositories are under construction.

3. Conclusion

The experience of Belarus outlined above has demonstrated that "making all reasonable
improvements in order to upgrade safety of the existing RADON-type facilities" may prove to
be a much more complicated task tan initially expected. There re some issues which are
still to be resolved and may benefit from consultations on nternational level. In particular,
they concern:

- public perception of the presence of extra fractions of aplia-emitters in near-surface

disposal repositories;
- technical procedures for safe etrieval and sorting of waste;

- selection of a solution to achieve safety of the existing RADON-design wells;
- long-ten-n safety considerations; pgrading of the existing facilities should be performed so

as not to create future problems.
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Abstract.

The paper studies the history of the accumulation and research of distribution of radioactive
waste in Kazakhstan. Currently, on the territory of Kazakhstan, a large volume (up to 240

tons) of radioactive waste has accumulated. These wastes have various origins
ranging from nuclear explosions waste up to those formed under uranium mining and milling.
The main wastes are those formed under uranium extraction. In addition, an important part of
wastes is that formed under the mining of non-uranium ores including radioactive
mineralization (coal, base metals and rare earths, etc), as well as under oil extraction. The
ac-recate volume of such wastes is 98% of the total. Currently, the management of
radioactive wastes in Kazakhstan is becoming more active. Use of the in-situ leaching
method instead of uranium mining is very important for the uranium industry of Kazakhstan.
This method allows to decrease radioactive waste formation under uranium extraction and to
reduce the environmental impact of the uranium industry. At the same time, it is necessary
for Kazakhstan to resolve a large variety of questions concerning radioactive waste problems.

1. Introduction

Kazakhstan was an important part of the nuclear complex of the former USSR. A large
volume of radioactive wastes has accumulated on the territory of Kazakhstan. Most of the
radioactive wastes are fon-ned under uranium mining and milling. The situation was
complicated by the fact that a substantial portion of these wastes was without owners due to
the disruption of economic conditions after the collapse of the USSR. Therefore, Kazakhstan
must carry out the very large 'ob of creating a legislative base, regulatory system and

'llance bodies. A licensing system phase-in has played an mportant role to mprove the
situation on radioactive waste management. International organizations were very helpful in
this matter. Currently, more than 240 million tons of various radioactive waste are located
practically on the entire territory of Kazakhstan. Distribution, sources, volumes and
radioactivity of radioactive wastes are shown in Figurel [1]. Radioactive wastes of mining
and milling comprise 98% of the total.

2. Studv of the history of radioactive wastes in Kazakhstan

The first attempt to make an inventory of radioactive wastes in Kazakhstan was carried out
during the process of developing a radioactive waste management concept in 1992.
Afterwards, an inventory was made and the characterization of radioactive wastes were
carried out in the framework of other pr 'ects. The main project was implemented with the
assistance of TACIS programme 2 The main focus of this pr 'ect was to identify and
characterize radioactively contaminated sites. All wastes of the uranium industry were
characterized at 100 sites where these wastes are stored. All radioactive wastes are dumps
and tailings of uranium ore reprocessing. In this case, 22 sites including 3 m] tailings
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(Pricasplan, Tselinny and Ulba Production Centres) contain more than 90% of te total
uranium industry radioactive waste volume.

Field and laboratory investigations were carried out according to appropriate criteria at
several selected storage sites. As a result, a conclusion was made about low-level danger of
uranium industry radioactive wste in the majority of cases where these wastes were located
in dumps of rocks and sub-ecorionilc uranium ores. The main dainger is uncontrolled use of
the dumps by the local population for construction purposes. At the same time, tailings of

ium ore reprocessing are i ificant danger. The main dnger s the fom-iation of
uran a signi
<<dusting beaches>> after uranium production cessation at the Pricasplan and Tselitiny
Production Centres. Tailings ofthe Ulba Centres are a significant anger due to the filtration
of radionuclides into the ground water which is used by the population of Ust-Kamenogorsk.
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Figure 1: Distribution and sources of radioactive wastes in azakhstan.
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Ulba).

3. Main problems

Currently, there is a renewed interest in work on management of radioactive waste in
Kazakhstan. And right away the problems are revealed. What are tese problems?

Kazakhstan does ot have a complete regulatory base. This fact des not allow to select, for
example, among the bulk of dumps such a part which would be used with certain restrictions
for construction and other economic uses. It is necessary to develop more clear-cut
requirements for the rehabilitation of the sites of former uranium production activity. The
same measures would permit the acceleration of te territory rhabilitation process and
decrease costs.
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As has been mentioned, most of the radioactive wastes do not have an owner. Therefore
ficant bud-etary allocations from Kazakhstan are necessary for the close-out of

slpnl Z__
radioactive residues. Currently, Kazakhstan does not have enough funds for this purpose.
However, several organizations began or intend to begin work on radioactive waste
management. In this connection, a special regulatory body for this process is needed in
Kazakhstan. Currently, Kazakhstan does not have such a regulatory body and all the
problems of radioactive waste management are decided by the industry department.

There are snificant difficulties due to the deficiency of a adequate number of licensedZ__
disposal sites. Existing departmental disposals must be inspected. Creation of a technical-

I 'fie Centre on radloact' ould be very useful. In addition it
sc enti ive waste management w I I is
necessary to create several organizations for pr 'ect development for nuclear activities,
including radioactive waste management.

Several complex and important problems have arisen in connection with the BN-350 reactor
decommissioning The main one is the placement of spent fuel for long-term storage and the
treatment of the liquid sodium that was used as the sodium coolant at the BN-350 reactor.

There is a danger of radionuclide migration into the environment from underground nuclear
explosion cavities. Therefore it is necessary to establish a monitoring system in the regions of
nuclear explosions.

Apparently, the absence of the attention to the question on the construction of a geological
disposal facility for high-level radioactive wastes must be a cause for discussion under
elaboration of the atomic energy programme in Kazakhstan.

4. Solutions

The problems mentioned above are not nsurmountable and obvious advances in radioactive
waste management can be seen in Kazakhstan in recent years. Currently, the legislative base
for nuclear activity (including radioactive waste management) has been elaborated. Licensing
is accepted as the main means of nuclear activity control. As discussed earlier, as a result of
investigations for a few years in Kazakhstan the sites and volumes of radioactive waste
storage have been established, and the preliminary characterization of all radioactive wastes
has been carried out.

The programme up to the year 2010 on the rehabilitation of the former territories of the
uranium industry has been elaborated and approved by the government and the state
organization Uranlikvidrudnik has been created for implementation of this programme.
Uranlikvidrudnik is carrving out pr ects that are elaborated by the licensed project
organizatiorl.

Z__

Territories with radioactive wastes formed under oil extraction do not have a special
rehabilitation programme. But because practically all sections contaminated by radioactive
wastes are the property of active oil producers 3], work on the treatment of these territories is
currently being conducted by oil companies. Disposal pr 'ects are being elaborated and
departmental disposal sites for radioactively contaminated soils and metal pipes and other
equipment are being constructed. Special enterprises for cleaning metal pipes and equipment
contaminated under oil extraction are being founded. Two enterprises have already received
licences for such ork.
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The very important problem for Kazakhstan, the collection and disposal of spent scaled
sources, is being resolved as follows. Currently, these sources are being set up for long-term
storage at the special storage site �-:Baykal-I>> located at the Semipalatinsk nuclear test site.
Collection of the spent sealed sources from users and the transportation of them to the storage
site are carried out by special licensed enterprises. Collected sources are identified. graded
and packed into metal containers;. hese containers will be set up at the disposal site after the
completion of its construction.

A serious effort was made to solve the problem that arose in connection with the
decommissioning of' the BN-350 reactor. Currently the question of the transportation and
placement of spent fuel for long-term dry storage into a special storage site at the
Semipalatinsk nuclear test site is in the final decision stage. Radioactive wastes of the BN-
350 are planned to be treated at a special plant that will be built near the town of Aktau. It is
expected that this plant will treat low-middle solid and liquid radioactive wastes (and,

ibly, high radioactive wastes) which arose under the decomr issioning of the 3N--350
poss ni
reactor and its preparation to e othballed. The possibility of' transforming the special
treatment plant into a technical-scientific center on radioactive waste management for
Kazakhstan is also being considered.

The problem of the mill tailings danger mitigation consists in the elimination of the <<dusting
beaches>> influence of the Pricasplan and Tselinny Centres tailings and in the mtigation of
radionuclides filtration from tailings impoundment into the aquifer at the Ulba Centre. The
problem of the dusting beaches�> at the Pricasplan Centre may b solved by the additional
flooding of tailings surface. For this purpose, the effluent of the enterprises of other branches
of industry will be used. The question of the construction of the adioactive waste disposal
site is being considered at the mill tailings site of the Tselinny Ceni-re because the territory of
this mill tailing site will never be sed for economic purposes. uring construction ofthe
disposal site the <<dusting beaches>> problem will be addressed and decided upon.

Currently, the National Nuclear Centre is monitoring the influence f radioactive wastes from
nuclear explosions and possible radionuclide migration into the environment. The monitoring
is carried out by means of a sample selection and measurements of adioactivity at the surface
and in the bore holes at the Lyra, Azgir and Semipalatinsk nuclear est sites. Currently, cases
of radionuclide migration from nderground cavities into the environment are absent but it is
necessary to increase the number of hydrogeological observation wells at the Azgir and
Semipalatinsk site.

Today, the question of nuclear energy development is being actively discussed in Kazakhstan.
In this connection, the question f te establishment of high-level radioactive wastes disposal

sites arose. For this purpose, an evaluation of geological fon-nations on the territory of

Kazakhstan was realized under the elaboration of the radioactive astes disposal concept in

1992. In this case four favorable regions for the construction of adioactive waste disposal

sites in clay, salt and granite were found. The most interesting option was to build a disposal
site in marine clays about 600-700 underground near the town oil Aktau. Drilling to select

clay samples and a preliminary investigation were started but these works are crrently

suspended.

The most important result from the point of view of unfavorable influence mitigation ofthe

mining industry on the environment is the switching-over of the uranium industry of

Kazakhstan engaging in uranium production to the in-situ leaching (ISL) method.

Kazakhstan has large uranium reserves amenable to the ISL method (about 60% of world's

total) and ISL technology has been sed for more than 35 years. Ts fact allows Kazakhstan
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to abandon the mine method and completely switch-over to the ISL method of uranium
extraction. In this case, the radioactive wastes formed are 0.1 kg per I kg extracted uranium
as compared with 3000 kg/kgU using the mne method 4]. Currently, Kazakhstan produces
almost all uranium by the ISL method practically without radioactive waste formation.

5. Conclusions

The identification and characterization of the main categories of radioactive wastes in
Kazakhstan is completed and work on radioactive waste management has begun. But there

'II many problems related to the completion of a regulatory base and the establishment
of the regulatory body for radioactive waste management as well as on disposal sites
construction and the management of mill tailings and radioactive wastes formed under the
decommissioning of the BN-350 reactor and other.

At the same time, a whole range of problems on radioactive waste management have been
identified or are beina solved. Such matters are rehabilitation of the territories radioactively
contaminated under uranium or oil extraction, distribution for the long-time storage of the
spent fuel and spent surces, the switch-over of uranium extraction to the in-situ leaching
method instead of the mine method, etc. These facts demonstrate that Kazakhstan has made
some progress in managing problems of radioactive wastes.
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Abstract

The use of radium and other radiation sources in Albania ID the area of medicine and industry
is outlined. The efforts and current activities udertaken by the Institute of Nuclear Physics to
safely manage disused radiation sources in Albania are described.

1. Introduction

The use of Radium (226 Ra) experienced rapid growth until 1950. Until the end of 1975,
Albania imported some Radlurn sources from Russia and China. he Radium was of major

fic nterest and was used n Albania n a growing number of applications. In medicine,
at the University Hospital Center (UHC), Radium was used in the form of needles and tubes
for brachytherapy. In research, at the Institute of Nuclear Physics (INP), Radium was used
for calibration of dosimetry uipment. In industry, at the Geophysical-Geochernical
Enterprises (GGE), Radium was used for humidity control by neutron sources. Now, the use
of Radium sources has been discontinued in Albania. In accordance with recommendations
of the IAEA for conditioning of sent Radium sources and the IAEA transport regulations,
various activities are realized at fNP with respect to the safe management of radium sources.
The proper management of low and intermediate level radioactive waste and of spent
radiation sources, especially the Rdium needles or tubes, has received great importance in
the radioactive waste management policy in Albania.

The essential objective of the management of radioactive waste and- spent radioactive sources
is the protection of mankind, the blosphere and the environment from the detrimental effects
of nuclear radiation both now and in the future. Radioactive materials are extensively used in
me industrial and research activities mainly related to medical, industrial and other studies
and applications. Table I shows the radiation sources used in medicine and industry.
Adequate management involves a series of steps which lead from te arising of the wastes to
their safe disposal, steps which may include collection, segregation, treatment, volume
reduction, conditioning, transport iterim storage and disposal.

Radium is an alkaline earth mtal. It is the most alkaline of the group. Thus, its chemical
ilar to that of Calcium. In the case of contamination, the skeleton is

the target organ. Radium is very reactive with air nitrogen. The radium element has a density
d of g1l a melting temperature T,, of 960 C a boiling temperature Tb of 1140 C. Radium
as an sotope is produced during the radioactive decay of 231U. It is an a emitter and has a
half-life T I/ 2 of 1600 years.
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Table 1: Radiation sources used in medical and industrial applications

Application Radionuclide Half life T 12 Source Equipment
Activitv

Bone
densitometry I - 125 60 days I - 0 GBq Mobile units-
Manual Cs - 137 30 year 5 - 500 MBq
Branchy Ra - 226 1600 year 30 - 300 MBq Small portable
Therapy Co - 60 5,3 year 5 - 500 MBq sources

Co - 60 5 3 year 5 - I 00 TBq Fixed
Teletherapy Cs - 137 30 year 500 TBq Installation
Industrial Ir - 192 74 day 0, - TBq Often- portable
Ra iograp - 60 5,3 year 0, - TBq unit

Portable units
Moisture Am/Be - 241 433 year 0, - 2 TBq to
detector Ra - 226 1600 year 0,1 - 2 TBq measuremoistur

e
content/density
of soil etc.

Research Ra - 226 1600 year 30- 300 MBq Calibration of
istudies dosimetric units

Most frequently. Radium-226 sources were used in the form of needles or tubes. Although
Radium was expensive, its use in medicine was widespread. A number of Radium sources
(12 needles and tubes are known) were distributed before ay suitable control to register or
license users as established in Albania. Nevertheless, the safe management of spent Radium
sources is being undertaken.

2. Material and Methods

From 1955 until about 1985, the University Hospital Center (UHC) and the Geophysical-
Geochemical Enterprises (GGE) in Albania have used 226 Ra , 60C o and 137CS sources for
medical and ndustrial purposes. During this period the variety of radiation sources used in
medicine and industry has become very large. This also corresponds to the period, when in
Albania, some form of regulatory control or documentation of radiation sources became more
common. Thus. the Institute of Nuclear Physics (INP) has recorded the type and location of
radiation sources in Albania since 1971, when the INP began its activities. Typical activities
for medical/industn'al needles and tubes range, from a few milligram to a few tens of

Radium (equivalent to a few tens to a few hundreds of MBq). Radium sources
have been used in gauges, irradiation facilities, industrial radiography devices or for
instrumental calibration. containing between I - I Mg Of 226 Ra. The sources are generally
less than 40 mm lonQ with a diameter of 33 mm. These small Radium sources irradiate very
stron2lv: i.e. the contact dose rate for a needle of 4 MBq is 001 Sv/h. Over the time and thus
durinLy their storage, helium and radon pressure generates in the needle caving, increases
progressively and the risk of loss of tightness of the source is significant. Thus, there is a
areat risk that the source can become contaminating after a certain time. The collection and
management programme for used Radium sources, proposed by NP specialists to the
National Authority Board (Radiation Protection Commission RPC) was largely inspired by
the recommendation of the IAEA. The sources are principally old radiation therapeutic
sources in the forrn of needles or tubes. The mean activity of these 12 pieces) Radium
sources is 200 MBq and each source is 40 mm long and I - 32 mm in diameter.
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2.1. Identificationofeandidatesourcesforconditioning

Characteristic data of te Radium sources (such as activity, date of calibration, results of
tightness measurements, address te owner) are recorded on a Registration Form No 
which then accompanies the Radium source. This is a very mport3nt step and is often made
difficult by lack of reliable information since those sources are old and without specific
documentation. Before the sources are transported to INP, the conditioning of spent Radium
sources in a type A package is made in compliance with IAEA recommendations.

Registration Form No 

Received Spent Radium Source

Identification No. 012-4 M Surface dose rate. 0,01 Sv / h
Received date. March 1995 Notified Nuclide. Ra - 226
Origin. Oil Company Original Activity. 5 mg. equivalent Ra.
Weight of Cont. 20 Kg Production date. 1968
Responsible Person. Unknown Producer. Republic of China

Verification. D se rate at I m. 2,1 mSv / h
Date of measurements. 0 1. 02.2001 Leakage. No, sweep test by cotton
Nuclide & Activity. 226 Ra; same Responsible Person. Luan Qafffiolla
Note. Surface dose rate has been verified

2.2. Packaging of radium sources

The waste packages should meet te special requirements following the waste management
scheme applied, ad in particular, te transport, storage and disposal conditions. The needles
are placed in a stainless steel capsule, 60 mm high with diameter ofabout 5 mm. The test to

ify that there s no contamination on the walls of the capsules was made. Conditioning in a
verl I 11
type A package was an attractive option for INP, having a small number of spent adium
sources and wshing to provide dditional security and containment.. The procedure se( by
INP is based on the IAEA recommendations fr te conditioning,, of low activity Radium
needles, using activated carbon as te packing media to adsorb radon gas that may leak from
the needles. In order to limit radiation to the fingers, distant tongues are used to perform
manipulations on sources and capsules. As potentially required by the waste disposal
acceptance criteria, the Radium ontaining capsule is re-encapsulated (without having to open
the original capsule), as applicable, and then placed in the appropriate waste container. To
prevent involuntary opening of loaded containers, it was equipped with a locking system. The
average dose rate, at I m from he surface of te outer 200 steel drum container, does not
exceed 21 mSv/h.

A registration form (Registration Form No 2 was introduced at INP for each cemented waste
drum and all available data of conditioned waste drums are registered in the inventory register
of the RAIS programme in a Personal Computer of the Radioactive Waste (RAW)
Laboratory. A file accompanies each container with pertinent information (filling,
identification number and position of container, radioactivity, loading date, results of (lose
rate measurement on contact and I n from the container, position i interim storage fcility).
The new Interim Storage Facility is constructed in an uninhabited part of the territory of INP
and radiation signs alert any person who may approach the building. The dimensions of this
building are 17 x 16 x 4 meter. Three layers of standard 200 dums can be stacked on each
other.
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Registration Form No 2

Cemented Drum with Radium Spent Sources

Drum No. 5 Cement used. 10 kg
Date of Conditioning. 1. 02. 2001 Sand used. 0. 80 m'
Waste type Spent Radium Sources
Amount. 12 pieces Admixture.

Nuclide Activitv Total Activitv
Ra - 226 3 x 03 ma 0,9 mg Ra Mixture time. I hour
Ra - 226 3 x 0,1 mg 0,3 mg Ra Weight. > 55 kg
Ra - 226 5 x 5 mo 25 mg Ra Surface dose rate. I mR/h
Ra - 226 1 x 0 mg 10 mg Ra Dose rate at I m. 60 IuR / h

36,2 mg Ra Surface Contamination. No
Drum Quality. Inside surface painted Responsible person. Luan Qaftnolla

3. Conclusions

In Albania there is an established national strategy for the management of spent radiation
sources. Users of radioactive material are nfon-ned by NP in co-operation with RPC during
the lcensing phase that they must transfer their spent radiation sources and radioactive waste
generated by their units to the National Spent Solid Sources Facility in fNP. As a next step,
all nuclear units operating in Albania will, with financial contributions, maintain all the
activities relating to the management of radioactive waste, establishing the National Institute
(INP) which is the responsible organ for all activities on the management of the dangerous
materials. Methods used by INP to condition spent radiation, especially Radium sources are
performed in compliance with the respective recommendations of the IAEA. Operational and
transport safety is in place (tightness of the Radium sources and application of the ALARA
principle). The necessary surveillance and inspection during interim storage is undertaken to
provide confidence that waste packages remain intact and that their contents are fully
identified at the time of final disposal, which may take place ten or more years after
placement in interim storage.
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Abstract.

A campaign using mobile shielded transporter unit was successfully completed which reduced
waste product volumes and dsposal costs considerably and enhanced the safety. This aper
describes salient features of the campaign like waste characteristics, provisions in waste
immobilization plants WIP) for treatment/conditioning of ILW and pretreatment by ion
exchange on shielded mobile transporter.

1. Introduction

The Indian nuclear power programme envisages reprocessing of spent fuel followed by
recycle of fissile material for fuel fabrication. The aqueous wastes of high and ntermediate
levels generated during reprocessing are conditioned in Waste Immobillsation Plants WIP's).
Some of the reprocessing waste streams generated in India during the late 60's ad 70's
contain ingredients like sulphates for which suitable flowsheets and matrices have been
developed. Regulatory requirements for disposal as well as lquid/gaseous discharges ave
become more stringent over a eriod of time necessitating improvement in various process
and auxiliary systems. The limitations of actinide recovery processes, low volume reduction
coupled with appreciable inactive salt loadings and impurities from used process chemicals
further compound the problem of waste management. Different aternate techniques have
been evaluated to tackle this type of situations. One such ntermediate level waste strea at
Trombay was not directly compatible for the treatment/conditioning in Waste Immobilisation
Plant on techno-economic considerations. For fissile material removal, both technologies,
one by extraction with TBP and other by chemical precipitation of fissile material for
recycling back are available and are operational at Tarapur.111 In addition, ]on exchange
treatment based flowsheet and system were developed for this waste for specific fission
products. A campaign using obile shielded transporter unit ws successfully completed
which reduced waste product volumes and disposal costs considerably and at the same time
enhanced the safety manifolds. Ts paper dscribes salient features of the campaign like
waste characteristics, provisions in WIP for treatment/conditioning of ILW and pretreatment
by ]on exchange on shielded mobile transporter.

2. Process optimisation

Alkaline intermediate level wastes are stored in the waste tank farm in underground carbon
steel tank. One such tank contains 500 M3 of ILW having composition shown in Table 1 It
is seen that CS137 is the major radionuclide of concern. The salt content mainly sodium ntrate,
and alkalinity of the waste are also very high. Uranium and plutoniturn concentration are low
but not insignificant. This waste also contains nitrites making it unsuitable for bituminization
which was one of the earlier process adopted in India for this type of waste. Special cement
fori-nulations were also developed for conditioning of this waste. Though these cement
product drums meet all the product acceptance criteria, this processing route would have
generated 15000 drums of 200 each making disposal prohibitively costly. A sple
pretreatment which removes Cs" 7 employing cesium specific resorcinol formaldehyde
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polycondensate resin FPR) specially synthesized in BARC under controlled conditions
operated in loading-elution-regeneration mode can drastically reduce waste volumes by factor
of more than 1 0.12 1 The process involves metered transfer of waste from nderground storage
tank to shielded ion exchange columns, collection of effluent in the monitoring tanks,
sampling and transfer of effluent to the Delay Tank, regeneration of loaded ion exchange
columns involving alkali ashing and elution with dilute nitric acid after treating more than
100 bed volumes. The disposal of spent ion exchange columns after about 20 regenerations
involved remote disassembly, transportation and placement in reinforced concrete trenches.

Table 1: Chemical and Radiochemical Composition
of Waste Sample

Constituent C�kkitiatiofi

Chemical

TDS 29 % (xA,/v)

NaOH 1.1 M

Na2CO3 0.1 

Al 2.35 g/I

Radiochernical

PU 4 x 10-4 PCI/ml

U < mg/I

13/cs 27.83 �tCl/ml

9OSr 4.5 x 10-2' �tcl/ml

106 Ru 1.5 x 10-4 gCi/ml

3. Mobile shielded transporter

Ion exchange columns, filters and associated piping with requisite shielding are installed on a
40 Te mobile trailer near the Waste Tank Farm. This includes the trolley and drive system for
movement of IX columns. Other major components are fluid transfer system for waste, eluent
and effluent; chemical preparation and feed system; off gas filtration system, effluent
collection and monitoring system etc. Instrumentation and control system includes devices
for measurement/control of flow, pressure and level besides health physics instruments like
area and air activity monitors. Process flow sheet and photograph of transporter are shown in
Figures I and 2.

4. Operation and results
3About 700 M of ILW was treated in this campaign. Operational highlights are presented in

Table 2 As indicated, decontamination factors of more than 10,000 were consistently
obtained leadincy to separation of about 28 KCI Of CS137. Volume reduction factor achieved is

3about 12.5. With operational experience, processing capacity was enhanced from initial M

per day to IO m' per day. The regenerant waste is planned to be concentrated/conditioned by
' I fication n WIP which will generate sngle vtrified waste canister of about 0

13 "liters containing about 45000 C of Cs All the operational activities were completed with
low personnel exposure of 24 manrem 131 without any safety related unusual incident.
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Figure 2 Transportable on Exchange Treatment Facility fr Intermediate Level Liquid

Radioactive Waste
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5. Conclusion

Wastes of past era are sometimes not suitable for direct treatment/conditioning in
immobilization plants. Judicious combination of site specific pretreatment and technologies
available in conditioning plants can considerably reduce the waste disposal volumes/costs and
at te same time enhance overall evironmental safety. The campaign described above is an
example of utilizing on exchange process employing Cs-specific resorcinol fori-naldehyde

37resin for recovery/recycle of Cs' from ILW simultaneously achieving high DF > 0,000
and VRF > 12 ), keeping personnel exposure low.
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Abstract

The nuclear energy is a very important part of electricity production in the Slovak Republic.
Slovakia currently operates 6 nuclear units in two sites and their share on total power
production is about 55%. Original soviet design of NPPs operated in Slovakia was based on
storage strategy of non-treated solid waste and evaporated liquid waste until decommissioning
of the plant. A new approach to the waste management at the end of the 1980s resulted in a
strate2v to install technologies able to transform in principle all radioactive waste into a form
suitable for disposal. The technological part of radioactive waste management was supported
in the late 1990s by respective legislation namely by a new act on peaceful use of nuclear
energy and by regulation on radioactive waste and spent fuel management. Thus the basis for
an integrated radioactive waste management system was created and technical short and long
term solutions for the management of all kinds of radioactive waste were prepared. A
comprehensive combination of individual components such as legal framework, regulation,
overall organization, technology etc. in a single functional system is required for an effective
and safe waste management system. Although the waste management system in the Slovak
Republic is influenced by historical, socio-political, economic and other factors, a strong
regulatory body is one of the key elements of an integrated approach to a generic national
system for management of all types of wastes. UJD SR which was appointed as the central
state authority for nuclear safety supervision took great effort in its legislative, licensing,
assessment and inspection activities with the aim to support this integrated approach.

1. Introduction

There are many factors which can influence the establishment of an integrated system of
radioactive waste management in the Slovak Republic. The most relevant factors are:

- On I January 1993, Czechoslovakia was split into two states and the independent Slovak
Republic was created.

- According to the act of National Council of SR No. 21993 on organization of ministries
and central state authorities, the Nuclear Regulatory Authority of the Slovak Republic
(01) SR) was established as a central body for state supervision of nuclear safety
including super-vision of radioactive waste management and spent fuel management.

- The act on peaceful use of nuclear energy was prepared by OJD SR in accordance with
requirements in governmental decision No. 190/1994. The act is in force since Ist July
1998 as act No. 130/1 998.

- The respective regulation to the act No. 130,11 998 on requirements for radioactive waste
management and spent fuel management was issued and is in force since I" July 2000.

272



The Slovak Republic ratified in October 1998 among the first countries The Joint
Convention on the Safety f Spent Fuel Management and on the Safety of Radioactive
Waste Management.

The independent organization SE - VYZ was set-up wffin the Slovak electricity
company on I't January 1996 to take responsibility for radioactive waste managernent
(conditioning and disposal phases).

OJD SR granted the licence for commissioning of Bohumce conditioning center (with
technologies of cementation, supercompaction and incineration) in December 198 and
the licence for operation in January 200 .

OJD SR granted the licence for commissioning of near surface disposal acility for
disposal of the low level and intermediate level radioactive waste in October 1999 and the
licence for operation in September 2001.

Taking into account the factors presented above the OJD SR took geat effort in its legislative,
licensing, assessment and inspection activities with the aim to support the integral approach to
radioactive waste management. Each of these activities and their rflection on functioning of
radioactive waste management system are presented in the paper.

2. Radioactive waste management system in the Slovak Republic.

Slovak electricity company operates at present three nuclear power plants e.g. six units of
VVER 440 type, two of them older V 230 type in Jaslovsk6 Bohumce, four V 213 type 2
units in Jaslovsk6 Bohunice and two units in Mochovce).

Nuclear power plant Al located also at Jaslovsk6 Bohunice was HWGCR type. This NPP
was operated since 1972 and ws shutdown in 1977 after an integrity accident of the primary
coolant system. Although a decision on NPP A-1 decommissioning was taken in 1979, the
start of A-1 decommissioning was delayed and is progressing slowl, . Sgnificant damage and
corrosion of the fuel cladding dring the operational accident and during spent fuel storage at
NPP A I resulted in the contamination of NPP parts.

The basic strategy for radioactive waste management in the Slovak Republic was established
by the Ministry of Economy ad Nuclear Regulatory Authority (OJD SR) ad was
promulgated by the governmental decision No. 190/1994. The following steps support this
strategy:

- processing of radioactive aste into a form suitable for disposal or long term storage;

- near surface disposal of low level radioactive waste and intermediate level radioactive
waste and long-term storage of radioactive waste unacceptable for near surface disposal;

- development of deep geological repository for disposal of spent nuclear fuel and ong-
lived radioactive waste.

The independent organization SE -- VYZ was set up within Slovak electricity company on
January 1, 1996 to take responsibility for radioactive waste management (pre-disposal and
disposal phases) and nuclear facilities decommissioning. This organization now operates all
waste management facilities excluding facilities owned and operated by Research Institute
VOJE - pilot incinerator and bturninization plant).
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3. Leuislation

The national framework is one of the key elements of an integrated radioactive waste
managemen sstem. The legal basis for RAW management in the Slovak Republic is
included in the act No 130/1 998 Coll. on peaceful use of nuclear energy (atomic act). The act
was prepared by OJD SR and it specifies also the responsibilities associated with radioactive
waste management.

The act Lives definition of radioactive waste as non-useable materials in gaseous, liquid or
solid form, which may not be released into the environment because of the content of
radionuclides in them or because of contamination by radionuclides. The act defines also
radioactive aste management hich shall mean the collection, segregation, storage,

treatment. conditioning transportation and disposal of radioactive waste from nuclear

installations and conditioning, disposal and transport to a disposal site of institutional

radioactive aste.

The definition of radioactive waste management gives clear allocation of regulatory

ibility between the Mnistry of Health, which s responsible for radiation protection,

and D SR., hich is responsible for nuclear safety. UJD SR is thus responsible for

supervision of all steps of radioactive waste management except institutional waste

preconditioning activities.

The atomic act is based on nternationally agreed principles and its main ideas in the part

dealing with radioactive waste management contributing to the process of radioactive waste
management integration are as follows:

• the generator of radioactive waste shall be responsible for the safe management of this

waste from its generation until it is transferred to a radioactive waste repository;

• costs associated with radioactive waste management from generation to disposal,

including monitoring of radioactive waste repositories after their closure and the relevant

research and development work. shall be reimbursed by the generator of the waste;

• in the case where the generator of radioactive waste is not known, or where the generator

is not able to manaLe radioactive waste, the regulatory body shall appoint a person who
'II mana2e these rad'oact'

wi I ive wastes',

• the ultimate coal of all radioactive waste activities is the safe disposal of this waste;

• the generation of radioactive waste shall be managed using technical and organisational

measures in such way that its quantity and activity are kept to the lowest reasonably

achle\ able level;

• safe disposal of radioactive waste shall be the responsibility of a legal person established

for this purpose by the Ministry of Economy of the Slovak Republic;

• a radioactive waste repository may only be sited on land owned by the state.

The respective regulation No. 190/2000 Coll. on radioactive waste management and spent

fuel management specifies the basic safety requirements for all steps of radioactive waste

management from collection to disposal including the classification system and record

keeping. Some ideas from this regulation supporting the integrated approach in addition to

the classification svstem are introduced below:
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• all steps in radioactive waste management from its generation to the disposal shall be
documented in the accompanying record sheet;

• sampling and analyses of amples in crucial points of radioactive waste management
process shall be perfon-ned;

• biological, chemical and other azards that may be associated with radioactive aste
management shall be taken into account.

OJD SR is preparing also safety guides wich are not binding documents.

Although the atomic act is the undamental legislative document, the system of radioactive
waste management Is supported by the following acts:

• Act No 254 on creation of state fitndfior NPP decommissioning spent fuel management
and disposal investment (Fund). According to the act owners of NPP have to py each
year the contribution to this Fnd at the level of 350000 Sk or each MW of installed
electric power plus 68% of market price of electric power produced in NPP. State gant,
penalties setting by OJD SR and interest from the Fund's deposit in a bank is another
source of income. The financial resources can be used for nuclear facility
decommissioning and for management of spent fuel and radioactive waste arising ftom
decommissioning.

• Act No 27211994 o the prolection of pblic health and its amendments. he act
establishes the responsibility of a regulatory body under the Ministry of Health, specifies
conditions for protection against ionizing radiation, sets up lmits of radiation doses for
personal and public and clearance criteria and clearance levels fr radioactive materials.

• Act No 2711994 on environmental impact ssessment. The act sets up the responsibility
of the Ministry of Environment to evaluate the proposals for all new facilities, which can
influence the environment. The scope of the evaluation ncluded; all new nuclear fcilities
and also the changes exceeding 50% of former extend of activity of respective nuclear
facility. Direct and indirect mpacts resulting from new activities and decommissioning to
urban structure, health, living conditions and satisfaction of pople including personnel
are assessed.

In general OJD SR makes every effort to establish the legal framework the characteristics of
which are simplicity, transparency, coherence and completeness including public
involvement.

4. Assessment and licensing activities

The assessment activity is base o the review of safety documentation with emphasis on
nuclear safety enhancement of operated nuclear installations, design and other changes wich
influence nuclear safety, as well as documentation linked with nuclear installation
commissioning.

In the area of radioactive waste management the assessment activities of OJD SR are focused
on the fulfilment and observance of fundamental principles such as protection of human
health ad environment, protection of future generations, interdependencies among all steps
of radioactive waste management and the safety of radioactive waste management facilities.

The licensing process for radioactive waste management nstallations as for the other nuclear
installations has five principal steps. The permits for siting, construction, operation, individual
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steps of decommissioning and site release are issued by the municipal environmental office
on the basis of OJD SR permission. Te respective act (atomic act) requires preparation by
the applicant of safety documentation for a site permit, construction permit and operational
permit as l-ell as for decommissioning and teri-nination of the licence. The safety
documentation is subject to regulatory body approval. The nuclear regulatory body may
make the pen-nissions subject to the fulfilment of conditions relating to nuclear safety. These
conditions may be altered by the regulatory body if the circumstances relating to nuclear
safetv for hich the pen-nission was issued change. Prior siting and start of decommissioning,
Environmental Impact Assessment has to be prepared by the applicant and is evaluated by the
Ministry of Environment in co-operation with the regulatory body.

The OD SR's activities in the frame of the assessment and licensing area focused mainly on:

- minimization of waste generation for the whole radioactive waste management process;

- detailed documentation of radioactive waste arisings (traceability of waste materials
from generator to subsequent radioactive waste management operator);

- segreaation and sorting of the various types of waste at the source according to their
- t�further processing,

- identifying and characterising all the waste streams from known and anticipated
operations,

ibility between waste product and packaging physical and chemical .riteractions
can produce heat and gas generation),

- effective implementation of the requirements formulated in safety documents by the
waste generators and operators through appropriate Quality Assurance and Quality
Control procedures;

- interdependencies among all steps in radioactive waste management and continuity in
the sequence of individual radioactive waste management steps;

- clear allocation of the responsibilities of all parties involved;

- suitable and sufficient waste storage capacity on-site;

- collection and analyses of operational experience to ensure continued safety
improvements;

- development and implementation of disposal waste acceptance criteria;

- preparation of adequate records and their maintenance for an appropriate use.

5. Inspection activities

Inspection activ I tes specified in the atomic act are performed according to nternal guidelines,
a part of which is an annual inspection plan that considers the following types of inspections:

- routine inspections perforrned by site inspectors;

- special inspections focused on narrow professional areas;

- team inspections focused on complex controls of safety of the relevant nuclear
installation, usually in several professional areas (e. g. before commissioning of nuclear
installation);

- extraordinary inspections are unplanned, mostly caused by unexpected operational events
at nuclear installations.
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After the inspection the inspectors prepare the protocol which contains the findings and
measures imposed by OJD SR fr elimination of any shortcomings ound.

Inspections are a very important tool to enforce the implementation of regulatory body
requirements. The ain intention in planning the inspections at radioactive waste facilities is
to inspect each nuclear installation t least once a year.

The inspection activities in the area of radioactive waste management with the a of
integrated approach nforcement are focused mainly on:

- minimum practicable generation of RAW especially during the outages of nuclear
power plants;

- capability to characterise wste streams and meeting the acceptance criteria during the
production of radioactive waste packages-,

- meeting specifications or safe transportation of radioactive waste especially the
transport of conditioned adioactive waste to the near surface disposal facility;

- decreasing fire risk in the process of radioactive waste bturnmisation;

- training of personnel-,

- implementation of measures and corrective actions required ]y regulatory body-,

- continuity when radioactive waste is transferred from a generator to a operator;

- separation of materials which can be released from regulatory control especially for
materials from decommissioning-,

- implementation of appropriate Quality Assurance and Quality Control procedures.

6. Conclusions

The approach to the development ofan integrated radioactive waste management systern calls
for a logical and optimised strategy to be applied to the individual components as well as to
the general structure of a comprehensive national waste management system. The ideal
situation is that the national authority should take the initiative and co-ordinate the efforts to
establish an integrated system in a country.

The basic mission of the Nuclear Regulatory Authority of the Slovak Republic is to guarantee
to the citizens of the Slovak Republic, as well as the nternational community, that nuclear
energy on the territory of the Slovak Republic is used exclusively or peaceful purposes, and
that the Slovak nuclear facilities are designed, built, operated and decommissione in
compliance with the relevant legislation.

The mission of OJD SR is also to assess the safety documentation, to prepare the licences and
to supervise the operation of nuclear installations, utilising results f science and research as
well as nternational co-operation with the aim to achieve nternationally acceptable level of
nuclear safety. An important activity closely related to the ain role of OJD SR is
supervision of radioactive waste mnagement activities. OJD SR lis trying by its legislative,
licensing, assessment and inspection activities to create the frame for an integrated radioactive
waste management approach and to "push" the radioactive waste generators and operators to
establish a single, practical and fficient system which will include all important requirements
for the safe management of radioactive waste.
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Abstract

The nuclear facilities that exist throughout Romania perform a broad range of missions from

research to nuclear materials production to radioactive waste management, and to deactivation

and decommissioning. As a consequence, there is a broad array of external regulations and

internal requirements that potentially applies to a facilit or activity. Therefore, they
management of radioactive waste occurs within a larger context of managing hazards, both

radiological and industrial, at these facilities. At the same time, concern for upgrading

existiriL facilities used for radioactive waste management, as called for in Article 12, fits into

a larger framework of safety management. The primary objective of the Romanian Nuclear

Regulatory Body-CNCAN on legislation and regulatory infrastructure for the safety of

radioactive aste management is to protect human health and the environment now and in the

future. It is unanimously recognized that a well developed regulated system for the

management and disposal of radioactive waste is a prerequisite for both public and market

acceptance of nuclear energy. It is to underline that the continuing nternationalization of the

nuclear ndustry following terrorist attacks of I I September 2001 stresses the need for

national legislation and regulatory infrastructure to be based on nternationally endorsed

principles and safety standards. The paper presents some aspects of the Romanian experience

on the national legislative and regulatory system related to the followings aspects of the safety

aspects of radioactive waste management:

• definition of responsibilities;

• nuclear and radiation safety requirements;

• siting and lcensing procedures;

• regulatory functions;

• international co-operation and coherence on strategies and criteria in the area of safety

of radioactive waste management.

Finally. iptive and goal oriented national as well nternational regimes n the field of the
safety of radioactive waste management are bnefly commented. The paper concludes that on

the basis of experience gained by the Romania Nuclear Regulatory Body within the

programme for safe radioactive waste management provide a framework for making decisions

on ntervention in which all affected parties have an input.

1. Introduction

Safe management and disposal of radioactive wastes is a problem of each Member State on its

own territory. The primary objective of legislation and regulatory infrastructure for the safety

of radioactive waste management is to protect health and the environment, now and in the

future., without imposing undue burdens on future generations.
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The nuclear facilities that exist throughout Romania perform a broad range of missions from
nuclear power plants and research to nuclear materials production, radioactive aste
management, deactivation and decommissioning phases. As a consequence, there is a broad
array of external regulations and nternal requirements that potentially applies to a facility or
activity. Therefore., the management of radioactive waste occurs within a larger context of
managing hazards, both radiological and ndustrial, at these facilities. At the same time,
concern for upgrading existing fcilities used for radioactive waste management, as alled for
in Article 12, fits into a larger famework of safety management.

The Romanian Nuclear Regulatory Body-CNCAN wich is a governmental organization
under the co-ordination of the Minister of Water and Environmental Protection, is responsible
for the development of the regulatory framework, the licensing of nuclear facilities, including
those for radioactive waste management and disposal and control of license compliance in
order to protect human health ad the environment. It is unanimously recognized that a well
developed regulated system for the management and disposal f radioactive waste is a
prerequisite for both public and arket acceptance of nuclear energy.

It is to underline that the continuing, nternationalization of the nuclear industry following
terrorist attacks of I I September 2001, stresses the need for national legislation and
regulatory nfrastructure to be based on such nternationally endorsed principles and safety
standards.

The paper presents some consideration on the Romanian experience and national legislative
and regulatory system covering the safety aspects of radioactive waste management. Finally,
prescriptive and goal oriented ational as well as nternational rgimes in the field of' the
safety of radioactive waste management are befly commented. The paper concludes that on
the basis of experience gained by the Romania Nuclear Regulatory Body wthin the
programme for safe radioactive waste management, a framework is provided for making
decisions on intervention in which all affected parties have an input.

2. A review of the legislative and regulatory framework

Development and implementation of legislation and regulatory nfrastructure for the sfety of
radioactive waste management covers not only the safety itself but also establishes an analysis
of the essential features of the activities to be regulated. The feature; are focused on:

(a) the large and complex spectrum of risks from handling spent file], low, medium and
high level radioactive waste with very hgh radiation levels to the risks associated with
exposure of groups of people and the environment to low doses of ionizing radiation
over long time periods;

(b) system interdependencies between the successive steps of waste management:
production, pre-treatment, treatment, conditioning and final dposal;

(c) legislation and regulation for siting and construction of facilities for nuclear waste
management has transparency, aid public participation in the ecision making process
is welcome.

Radioactive materials ave been used in Romania since 1957, after the commissioning ofthe
VVER research reactor. The nclear safety legislation was developed in a series of several
stages since 1974. The instructions concerning the radioactive was,:e were issued in 1982 by
the Nuclear Regulatory Body based on the IAEA, OECD/NEA and USAEC recommendations
valid at that time and are rferring to collecting, handling, transport, treatment and
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conditioning of radioactive waste managed by the Radioactive Waste Treatment Department.
The aste categorization used is obsolete. The Law no. I 11996, on the sqfe deployment f
miclear activities, amended and republished in 1998, stipulates that the national competent
authority in the nuclear domain in Romania is CNCAN, the National Commission for the
Control of Nuclear Activities. The law provides the legal requirements for radioactive waste
management. and. according to this law, the waste producer bears the responsibility for the
mana2ement of this radioactive waste and also for the financial and material arrangements to
cover collection, transport, treatment. conditioning and disposal of waste arising from the
operation and for the decommissioning of his facilities.

The law provides, also, that the handling of radioactive waste resulting from users of
radioactive materials in medicine, agriculture, industry, research and from nuclear power
plants must be safely managed and disposed of in ways that will ensure a safe protection to
people and to the environments. By law, the licensee will pay a fee as a financial contribution
to the Radioactive Waste Management and Decommissioning Fund.

Based on the IAEA TS-RI-1. on October 2001 CNCAN issued, through the order No. 374,
the "Fundamentals Regulations for the Safety of Radioactive Materials, in Romania". These
norms establish necessary measures to be taken in order to assure the radiation protection and
safety of the transport of radioactive materials, as a part of the Radioactive Waste
ManaLement. Others laws are: Law No 104/1995 on the ratification of the Convention on
Nuclear Safetv (Vienna, June 17, 1994) and Law No. 137/1995 on environmental protection;
governmental order no. 47/1994 regarding the defence against the disaster.

The following Romanian norms, regulations and nstructions (a selection) are also applicable:
(a) national nuclear safety norrns- (b) national general requirements for quality assurance of
nuclear reactors and NPP: (c) national norms on working condition with nuclear radiation
sources; (d) national norms on nuclear safeguard; (e) national norms on physical protection of
nuclear materials; (f) regulatory instructions defined by requirements of CNCAN
authorization and approvals; g) quality assurance specific requirements on the products and
services for nuclear objectives.

The CNCAN lcensing system is administrated with the co-operation of other government
departments and agencies in such areas as human health, environment, transport and abour.
In the event that conflicting provisions should exist, the provisions would prevail in the
following sequence: (a) national laws and regulations; (b) regulating instructions/regulation
policies statement, other provisions stated by CNCAN as prevails; (c) EU directives- (d)
international laws. safety guidelines recommended by the IAEA and OECD/NEA,
international and regional bilateral agreements signed by Romania, recommendations by
certain nternational expert missions, etc., (e) results of the special expert missions conducted
for arious specific nuclear safety related aspects; (f) other applicable provisions.

3. Consideration on the management of radioactive waste in Romania

The main objective of the management of radioactive waste is to protect current and future
generation from unacceptable exposures to radiation from man-made radioactive materials.
The sources of radioactive waste in Romania are users of radioactive materials in industry,
nuclear power plants, medicine, agriculture and scientific research as well as the processing of
the uranium ore., thorium associated ores and phosphate fertilizers. The waste management in
Romania encompasses the actions of one company, SNN Nuclearelectrica (which is
responsible for the waste management of the NPP CANDU, Cernavoda) and two research

280



institutes: ICN Ptest] (Institute for Nuclear Research Pitesti) and IFIN-HH Bucharest (The
Institute of Physics and Nuclear Engineering"Horla Hulubel", Bucharest, Magurele.

All these nuclear facilities from these sites are equipped with adequate systems fo a safe
collection and storage of wastes arising (liquid and solid), before the transport to the aste
treatment facilities.

At NPP Cernavoda, the LLW/11-W management policy is based o the Canadian experience
(AECL) and consists of collection, segregation, packaging (non immobilized) and
transportation to the temporary storage of solid wastes. The aqueous effluents are discharged
according to the regulations and the liquid wastes are collected ad temporary stored. The
other radioactive organic fluids, oil and chemicals are of relatively small quantities and stored
in 2oo I standard drums, before sending them to the treatment facilities at ICN Pitesti. The
solid wastes management system includes the facilities to handle the following: spent fuel,
spent resins, spent filter cartridges, low activity solid wastes, non compactable waste (metal
pieces, glass, etc). The estimated antities of radioactive wastes gnerated annually, ley NPP
Cerriavocla, are: (a) non compactable _ 9M3 /y/unit, (b) compactabl - 32 M3 /y/unit; c) spent

idge filters - 15 /year/unit; (d) spent ]on exchange resins - I m 3 1cartrIl /y/unit; (e) liquid wastes
I 3 /y/unit.

IFIN-HH is responsible for the waste management from the former research reactor VVRS.
The treatment of LLW/ILW radioactive wastes from all over the country is also within the

ibility of IFIN Magurele. ll wastes are conditioned n 00 I standard drums and
placed in temporary storage before the transport to the National Repository, Balta. The new
authorization of LLW/ILW repository Balta, issued in 1999, introduced new acceptance
criteria regarding the activity concentration and waste characteristics, criteria which are
similar to those provided by USNRS regulations.

The lCN Pitesti waste treatment facility is responsible for the waste management arising from
14 MW TRIGA research reactor located on site, from nuclear fuel work at Pitesti and from
NPP CANDU Cernavocla. Liquid wastes from fuel fabrication, cntaining natural uranium
mainly are submitted to a treatment process in order to recover natura uranium for recycling.
With the concentration below he licensed limits, the effluents may be discharged. The
concentration from the evaporator I's mixed with concrete and stored in steel drums. Solid
wastes are separated into combustible and non-combustible categories. Combustible wastes
containing natural uranium are burned in the incinerator. Beta gamma wastes are compacted
and conditioned in concrete. Non-combustible solid wastes arc! conditioned in concrete
poured into standard 2o I drums and temporary stored before transportation to the national
repository.

4. Some aspects on the waste management strategy and policy

The waste management strategy developed is based on the Romanian legal framework and
IAEA recommendation and includes the following: (a) a near surface L/ILW repositor on
Cemavoda site to be operational in 2005; (b) an interim dry storage facility for spent fuel at
Cernavoda NPP, operational in 2007; (c) definition and promotion of a final solution for
disposal of CANDU spent fuel.

The strategy for L/ILW disposal will take into account the following: (a) radioactive wastes
should be managed to secure an acceptable level of protection for human health; (b)
protection of human health beyond national borders should not b less than the acceptable
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level in the country of origin (especially in the case of shipment of wastes); (c) radioactive
waste management shall be conducted in a way that provides protection of the environment;
(d) radioactive waste management shall be conducted in a way that limits the burden on future
Generation and as well known acceptable, the generation that produces wastes should bear the
responsibility to manage it, except the continuation of the institutional control over a
repository, (e) radioactive waste shall be manaped in a way that the predicted impact on the
health of future generations does not exceed levels that are acceptable today; ) country in
which radioactive waste is produced should develop national legislative and strategies for
radioactive aste management g) an integrated approach shall be used that keeps production
of radioactive wastes as low as reasonable possible and takes account of the interdependencies
amone, xvaste eneration and management steps.

The sitino of radioactive waste disposal is of great importance in developing a waste disposal
strategy and has to encounter all relevant safety aspects, both the technical and the
environmental requirements provided in national and nternational guidelines. The objective
of the sitin2 process is to locate a site which, along with a proper design, waste form, type and
quantity of packages, engineering barriers, authorities and institutional control, will provide
radiological protection and meet the compliance of the requirements established by the
national regulatory body and the recommendation included in the IAEA Safety Regulation
Guide, I I I G-3. 1. Such a site has been identified in Dobrogea district, a region around the
NPP Cernavoda NPP. The repository is designed according to the multibarrier concept:
containers. concrete structures and final cap system, site characteristics in case of a failure of
tw o barriers (accidental scenarios) and for the free access period (after 300 years).

5. Conclusions

The nuclear safety documentation related to the management of radioactive waste and
submitted to the Romanian Regulatory Body CNCAN for approval has a content adapted to
the regulatory framework, as described earlier. both to the national legislation as well as to the
international recommendation and regulations. The review presented in this paper shows that
there is an nternationally endorsed basis for national legislation and regulatory infrastructure
for the safetv of radioactive waste management in Romania. The 'Joint Convention' is, of
course, of prime importance in this respect. However, the 'Joint Convention' is not the only
international legal instrument to be used as a basis.
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Abstract.

This paper draws attention to the practices and progress in radioactive waste management in
Australia. A National Repository for the disposal of low-level and short-lived ntermediate-
level radioactive waste and a National Store for the storage of long-lived intermediate-level
radioactive waste are presently being established. This has necessitated considerable activity
in addressing emerging issues in the management of radioactive waste. The Australian
Radiation Protection and Nuclear Safety Agency (ARPANSA) has a major role in developing
an integrated approach to manage radioactive waste in Australia. his approach begins with
the development of a radioactive aste management policy and identification of the issues in
radioactive waste management requiring attention. ARPANSA is developing ational
standards and guidance documents for the safe and responsible management of waste prior to
its acceptance at the National Repository or National Store. This contributes to the Agency's
promotion of uniformity of radiation protection and nuclear safety olicy and practices across
Australia's Commonwealth, State ad Territory urisdictions.

1. Background

The quantity of radioactive waste produced in Australia is quite sniall in comparison to other
countries. A single research reactor and radioisotope production facility, the mining and

ailing of radioactive ores, and radiation usage in medicine, ndustry and research constitute
the major sources of radioactive waste produced in Australia.

The regulation of radioactive material in Australia was, until recently, solely controlled at a
State and Territory level. Consequently, the requirements for the anagement of radioactive
waste have been developed ndependently, resulting in regulations that differ across
Australia's These regulations have proven difficult to update in line with
changing nternationally accepted practice, hence the establishment of ARPANSA's role in
the promotion of uniformity.

2. Emerging issues: the role of advisory bodies

The Australian Radiation Protection and uclear Safety Act 998 Commonwealth)
established the Radiation Health and Safety Advisory Council. The Council consists of the
Chief Executive Officer (CEO) of ARPANSA, two State or Territory radiation control
officers, a person representing the interests of the general public, and eight other members
with experience in radiation protection and/or nuclear safety ssues. The functions of the
Council, in providing advice to the CEO of ARPANSA relating to radiation protection and
nuclear safety, include:

emerging issues;
examining matters of ma' the community; and

jor concer to

- advising on the adoption of recommendations, policies, codes and standards.
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One of the present tasks of the Council is to advise the CEO of ARPANSA of any gaps in
current radioactive waste management policy. The Council is due to report to the CEO in late
2002. detailing the present and potential issues in radioactive waste management from an
Australian perspective. Because the Australian Government has determined that Australia will
not accept radioactive astes generated in other countries, the scope of waste management
issues only encompasses radioactive waste produced in Australia.

Two committees. established under the Act, also advise the CEO of ARPANSA and the
Council on issues relating to the management of radioactive waste. The Radiation Health
Committee advises on matters relating to radiation protection, including formulation of
national policies, codes and standards for consideration by the Commonwealth, States and
Territories. The uclear Safety Committee advises on matters relating to nuclear safety and
the safety of controlled facilities, including consideration of engineering issues associated
with the National Repository and National Store.

The other body with a role in determining the issues for the management of Australia's
radioactive aste is the Commonwealth/State Consultative Committee on the Management of
Radioactive aste. The Committee comprises technical experts and policy advisers from
Commonwealth. State and Territory Governments. Its Terms of Reference include the
identification of consistent standards, criteria and guidelines and the consideration of issues
relatinL to the management of the full spectrum of radioactive wastes. The Committee also
ensures adequate coordination between the Commonwealth, States and Territories in
developing and implementing national waste management policies and programs.

3. Establishing a national repository

Radioactive waste is currently held in approximately 50 interim storage sites around
Australia. These sites include Commonwealth and State storage facilities, and hospital,
industrv and research institution stores. Many of these facilities are not appropriate for the
long-term storage of radioactive waste due to their design and/or location. Some of these
temporary stores are filled to capacity. The establishment of a National Repository for the
disposal of low-level and short-fived intermediate-level waste is the preferred option to these
existing arrangements.

In 1985 the Commonxvealth/State Consultative Committee first recommended the
identification of suitable sites for a near-surface radioactive waste repository. In 2002 an
Environmental Impact Statement for the most suitable sites chosen for the potential location
of the repository will be released. Considerable time and effort have been invested to take this
step in the appropriate management of Australia's radioactive waste.

A low-level waste repository is already in operation in Western Australia solely for the
disposal of waste generated in that State. This Intractable Waste Disposal Facility, located at
Mt Walton East, disposes of radioactive waste by the methods of entombment in concrete-
lined shafts and co-disposal of radioactive waste and other hazardous aste in a trench
separated by an engineered barrier.

The quantity of aste produced annually in Australia is relatively small, so it is anticipated
that the repository will only be in operation for a few short periods of time each year. This is
foreseen as the routine operation of the facility once the initial disposal campaign deals with
the "historical" waste. The estimated area of an adequate repository site for waste disposal

2over a 50 year period is about 1.5 kM containing a 100 M2 disposal area in the centre of the
site [1]. Detailed arrangements for a central facility or facilities to sort, condition (including
package and label) and store the waste prior to its transport to the repository are yet to be
made.
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The Code of Practice for the Near-Su�face Disposal Radioactive Waste in A i1stralia (I 992)
[2] defines the categories of radioactive waste suitable for shallow ground burial. The Code
sets a requirement for the institutional control of the repository at a minimum of 100 years.

The general public has been rovided with information regarding site selection for the
National Repository at several tages in the process through newsletters, public discussion
papers and reports. Comment was sught on:

-the development of the methodology for siting the repository;

-the identification of eight broad regions likely to contain suitable sites; and

-the identification of the Blla Kalina region in South Australia as the preferred -area for
further investigation.

Regional consultation programs were also undertaken to ensure communities in the vicinity of
suitable sites were well informed.

4. Establishing a national store

The expectation in Australia is that a national geological repository for the disposal of long-
lived intennediate-level waste (I.LILW) will be needed. In the nterim a National Store will
be established to ensure the safe management ofthe small quantities,; of LLILW involved. The
Store will be designed for safe storage of waste for a period of at least 50 years, to enable time
for a geological repository to be established. The National Store will be located on
Commonwealth land and is nterided to manage 'waste produced by Commonwealth agencies
and departments, with State and Territory bodies to negotiate use of the facility.

Currently, individual waste producers are responsible for the management of their waste.
These wastes are often stored i filities not suitable for long-term storage. The National
Store will ensure that existing LLILW is managed in a safe manner. The Store will also be
required to hold the small amount of reprocessed spent fuel generated at the research reactor
at Lucas Heights, wich will be returned from overseas from the year 2015 onwards. Other
waste to be stored includes a small quantity of general LLILW produced anually
(approximately 25 m 3/year 3 and decommissioning wastes fro a old research reactor
and the current reactor, which is o be replaced in the near future.

Co-location of the National Store and the National Repository has been ruled out in order to
maintain independent site selection processes. The National Store Advisory Committee
(NSAC) a group of experts appointed to advise on the process of site selection, is currently
identifying potentially suitable sites, with late 2002 being cited as te earliest date in which a
preferred site could be announced. Public response to a discussion paper by NSAC, which
details the criteria for site selection, will be considered by the Committee and may result in
modifications to the issues relevant to site selection.

5. Development of codes

The proposed establishment of national facilities for the management of radioactive waste in
Australia has necessitated the review or development of a number of sets of guidelines.
ARPANSA produces a Radiation Protection Series of publications, to which will be added
titles relevant to the management of radioactive waste.

Already in place as part of the National Health and Medical Research Council's Radiation
Health Series (predecessor to ARPANSA's Radiation Protection Series) is the Cod of
Practice lbr the Near-Surl�ice Disposal o Radioactive Waste in Australia 992). This Code

'des the bas's for te near-surfke dsposal of solid radioactive waste including waste
arising from processing of minerals remote from any mine site and where disposal at the mine
site is inappropriate.
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Under review is the Code of Practice for the isposal qf Radioactive Wastes by the User
(I 98.5) 4]. This Code provid es for small amounts of solid, liquid or gaseous radioacti
below defined limits to be disposed of by the user to urban landfill, or discharged to the
sewerage system or into the air. The revised version will reflect recent nternational guidance
and philosophy on radioactive waste safety. Furthertnore, the criteria for the management of
waste by the user or generator of the waste will be made consistent with those proposed for
management of waste destined for the National Repository.

Two Codes of Practice developed in the 1980s on waste management and radiation protection
in the mining and milling industry are being combined and updated to form the Code f
Practice Radiation Protection and Radioactive Waste Management in Mining and Mineral
Processino, and an associated Safety Guide. Document drafts are expected to be released later
this vear. It is intended that the disposal of naturally occurring radioactive material wastes
wi be covered by this Code.

The Code of Pactice r the Sale Tansport of Radioactive Material 2001) [5] has been
recentIv updated to adopt the recommendations of the International Atomic Energy Agency in
their Regidations.for the Sqfe Tansport qf Radioactive Material 6].

A major area still requiring guidance is in the pre-disposal management of radioactive waste.
Havino recoamsed this gap, Australia's Radiation Health Committee recommended the
development of a Code of Practice in this area. This Code will provide guidance in the safe
management of waste from its generation until its disposal or release from regulatory control.
It will include radioactive waste pre-treatment, treatment, conditioning (including packaging),
decommissioning, storage and transport. Public and industry expectations are that such a
document be in place prior to the operation of the National Repository or the National Store.
The preferred course of action is to develop a generic Code of Practice outlining the safety
requirements, policies, philosophies and fundamentals while providing guidance in a Safety
Guide for the treatment, conditioning. etc. of the various waste types. It is not intended that
the Code of Practice or Safety Guide will apply to the management of waste arising from
mining and milling operations, nor to spent fuel under storage pending reprocessing or
conditioninL 

6. Promoting uniformity,

One of the functions of AR-PANSA is to promote uniformity of radiation protection and
nuclear safety policy and practices across the urisdictions of the Commonwealth of Australia,
its six States and two Territories. ARPANSA is involved in the development of a document to
be entitled the ational Directory.for Radiation Protection. Incorporated in this document

'II be several of the recommendations arising from the National Competition Policy Review
of Radiation Protection Lealslation. The Codes of Practice developed by ARPANSA will be
listed in this Directory and subsequently adopted by each urisdiction within their regulatory
framework.

All urisdictions will participate in the formulation and implementation of the National
Directory. In addition., the Codes of Practice will consider the recommendations of
international orpanisations. This process aims to ensure that the Codes gain wide acceptance
by the urisdictions and reflect current nternational practice.
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THE RADIOACTIVE WASTE MANAGEMENT IN THE UKRAINE.
Review of the current situation, problems and tends.

M. Kovalev

State Department of Nuclear Energy, Ministry of Fuel and Energy of the Ukraine,
Kiev. Ukraine

Abstract

The problem of safe radioactive waste management becomes dominant in the context of long-
term environmental safety and protection. The solution of this problem is the main condition
of acknowledoernent of the nuclear energy as a global industrial source of electrical energy in
the Uraine. The safe radioactive waste management is a very sensitive issue in the Ukraine.
The ell developed uranium-mining, reprocessing and nuclear energy industry coexists with
the middlinQ advanced reprocessing and storing industry. In this report the current situation
with radioactive waste management in the Ukraine. data of accumulated radioactive waste and
some prospect are presented.

1. The radioactive waste management legislation in the Ukraine

All activities concernin- radioactive waste management in the Ukraine are regulated as
follows:

- Protection of Life. Health and Environment against Ionizing Radiation Law,
- -,Nuclear Energy Utilisation and Radiation Safety Law,
- Radioactive Waste Management Law,
- The Joint Convention on the Safety of Spent Fuel management and on the Safety of the

Radioactive Waste Manauement.

In compliance with the above "The State Radioactive Waste Management Programme" was
developed. The structure of the interaction between legislature and executive authority is
shown in Fla. .

The Supreme Soviet e abinet of Ministers The State Nuclear
Regulatory Committee

The Ministrv Of The Ministry of The Ministry of Fuel
Extraordinary Ecology and Natural and Energy

Situations Resources

Figure . The structure qf the interaction between legislature and
executive authoritv in Ukraine.

2. Analvsis of main radioactive waste sources

2.1. Ukrainian nuclearpowerplants (APP)

There are at present four NPP complexes in the Ukraine: Zaporlzhhe NPP 6 VVER I 000
units), Rivne NPP 2 VVER-440 units and I VVER-1000 unit), Khmelnitskaya NPP (I
VVER I 00 unit), South-Ukraine NPP Q VVER I 00 units). Three VVER I 00 units (one

288



on the Rvne NPP, two on the Khmetnitskaya NPP) are at high stage of availability. The
planning date of putting them into operation is 2005. All spent fuel of Ukrainian NPP is
exported to Russia for reprocessing. According to International legislation the high-level
radioactive waste (created from the spent fuel reprocessing) should e returned to the Ukraine
after reprocessing.

2.2. Uraniunt-mining ad reprocessing idustry.

There is a powerful uranium-mining and reprocessing industry in the Ukraine presente by
National Enterprises "East ore mining and processing enterprise" and "In-Dnieper chemicals
plant". A lot of radioactive waste is accumulated at these enterprises.

2.3. TheNationalSpecialisedEnterprise"CliernobyINPP"andinstallation"Shelter'�

In 2000 the sad-famous Chernobyl NPP was shut down. Now it has status of National
Specialised Enterprise (hereinafter NSE). Installation "Shelter" is the fourth unit of Chernobyl
NPP that was destroyed by beyond design-basis accident. The emergency measures for
decreasing of consequences of the accident were executed and nw works for ensuring of
radiation and nuclear safety are continued. Installation "Shelter" is regarded as temporary
near-surface storage of unorganised radioactive wastes.

3. Radioactive waste management in the Ukraine.

3. I. Radioactive waste management on NPP.

Each NPP has own temporary storage of liquid and solid radioactive waste. Quantitative data
of filling of these storages are sows in Table I and Table It. At the moment the question of
creation of a general radioactive waste management system on Ukra(man NPP is developed.

ITable 1. Accumulation of liquid radioactive waste in the storages of Ukrainian NPP

Liquid Rivne Zapori.zlihe Southe Khmelnitskaya NSE Chernobyl
Radioactive NPP NPP Ukraine NPP NPP-
Waste NPP
Filled 6405 3250 2838 482 19118
(M 3)

Filled 78 68 65 60 56

Free 1775 1550 1515 318 14882
(in 3)

Free 22 32 35 40 44
M)
' Data at the beginning of2002

3.2. Radioactivefl'asteManagementoiiinstallation"Shelter".

The lack of sufficient information bout quantity and location of fuel-containing substances
and other radioactive materials resulted in unpredictability of environmental safety of the
installation "Shelter" for long-term outlook. The ultimate aim of all actions on the nstallation
"Shelter" is transformation of tis installation into an environmental, nuclear and radiation
safe system.
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I I I I 1 1Table 11. Accumulation of solid radioactive waste the storages of Ukrainian NPP

Solid Rivne Zaporlzhhe Southe Khmelintskaya NSE Chernobyl
Radloactixe N P P NPP Ukraine NPP NPP11
%Vaste IN P P

Filled 3 75 7431 14336 2480 2493
(M-,)

Filled 3 6 3 8 8 5 3 9 6 3
(0/10)

Free 6559 12090 2489 3888 1482

Free 64 6 2 1 5 6 3 7
(9�10)

3.3. Radioactive Waste Management on uranium-mining and reprocessing industry.

Over a lifetime of National Enterprise "In-Dnieper chemicals plant" since 1948 to 991 nine
stora-es of solid radioactive waste were created. There are over 36 million tons of radioactive
waste with total activity over 75000 curie accumulated in this storages. Only one of these

stora(yes is in use. Two storages are closed; six are in the process of closing. Over the
lifetime of National Enterprise "East ore mning and processing enterprise" since the fifties,

3six storages of solid and liquid radioactive waste were created. There are over 45 million m
of radioactive waste with a total activity of roughly 75400 curie.

4. Problems and tends.

Up to now the main problem of radioactive waste management in the Ukraine remains
funding. In compliance with 'The Radioactive Waste Management Law' the financing of
implementation of 'The State Radioactive Waste Management Programme' was planed from
'Special State Radioactive Management Fund'. Lack of financing was the main reason of
failure to carrv out the 'The State Radioactive Waste Management Programme'. Insufficiency
of theoretical evidence and technical base is also a big problem. The Ukraine is closely co-
operating with nternational Organisations and foreign companies but lack of funding has

blocked necessary improvement of Ukrainian radioactive waste management. Obviously, the
problems of radioactive waste management will not be solved without nternational aid in the
nearest future. The Ukrainian priorities in the field of Radioactive Waste management are:

• improvement of the radioactive waste management legislation,

• transformation of installation "Shelter" into environmental, nuclear and radiation safe

system.

• creation of the technology and hardware for safe radioactive waste management,

• high-level radioactive aste ultimate storage,

• development and industrial production of the uniform containers for the radioactive waste,

• development and ndustrial production of the special transport,

• desianina. building and experimental operation of the central facility for the reprocessing
of radioactive waste,

• sclenti ic and technical. reconnaissance, design and building works for local'sation of
existent and creation of new radioactive waste storages and underground research
laboratory.

• accumulation in protected funds cash resources for ultimate storage of radioactive waste.
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INVESTIGATIONS FOR DECISION MAKING ON AN OD'rAILING POND OF A
FORMER EXPERIMENTAL METALLURGICAL PLANT

Z.A. Razikov, L.M. Pavijuk, N.I. Bezzubov

State Enterprise "Vostokredmet", Tz 'ikistan

Abstract.

Investigations are described on an abandoned tailing pond of a former experimental
metallurgical plant which operated during the period 1945 - 1950. The aim of tese
investigations was to explore adiological hazards arising from the tailing pond for the
population and to obtain data or decision making on redeployment or dumping of the pond..
Methods used, results obtained and (Conclusions drawn are outlined.

1. Introduction

The tailing pond of a former experimental metallurgical plant (HPVIF) was exploited during
2the years of 1945-1950. It was abandoned in 1963, covering a area of 4 thousand m

Today, the tailing pond appears to having been arranged within the city limit. Therefore tere
was an acute need to estimate the rdiation hazard of the tailing pond for the population and,
depending on the outcome of the estimation, to make a decision on decreasing or liquidating
the hazard. Activities with respect to examining the radiation hazard of the tailing pond were
executed under a specially designed programme. These activates included:

- Gamma-screening of the urface of the tailing pond to scale '_ 0 I 00 rn

(Figures I and 2;

- Magnetic observation on ;I grid of x2 m by the magnetorreter M-27 (Figure 3);

- Alpha-screening (two crossed profiles along the axes of a body) at a height of I m by
the radiometer MCS-O 1, with steps of IO m each (Figures 4 and 5);

Gamma-ray logging by the rdiometer SRP-68-02 of eight ells at depths up to 10 m
drilled within steps of 20 m on a profile along a lengthy axis of the tailing pond
(Figures I and 6;

Sampling of tails with a step of 2 m o a cut (sectional view) from wells for definition
of natural radionuclides igure 6;

digging of pit-holes of I t 3 m (11thologic, and gamma documentation);

Research on exhalation of radon from the surface of a storehouse/depot and from pt-
holes over time (Figure 7.

The detailed research is carried ot with the purpose of data retrieval for redeployment of the
storehouse(depot), if such a solution would be found to be acceptable.

2. Outcome of the investigations.

The gamma-screening showed the presence of nomalies ocupying two-thirds of the surface with
an exposure-rate of 30-50 mR/h and maximum ratings of 100-420 ,,nR/h. This is explained by the
poor retention power of the layer igure 2 not ensuring reliable shielding of a gamma-radiation.
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Screenina of the magnetic field (vertical component of magnetic density -Z, Figure 3 indicates
dumping of bulky metallic objects. At background values of alpha-activity, anomalies were

found within the limits of abnormal fields of a gamma-activity (Figure 5) with intensities higher by a
factor of - connected with the presence of a radon in air. Behind the perimeter of the
storehouse/depot these alues (Figure. 1) reach 400-1100 MEV/I (less than 1300 MEV/1, the
perm ssible concentration for category B). Within the limits of the storehouse/depot, specially near
to pit-holes. such alues reach 5400-23500 MEV/1. The gamma-ray logging of wells revealed a
non-um rm dstribution of radium on a cut (Figure 6 the maximum gamma rate ranging from
4000-5500 mR/h to 8000-12000 mR/h occurs for a layer of 02.5 m (spigot products), at 25-7 m it
is 500-600 to 2000 mR/h (oozes), at 710 in it is 3000-3500 mR/h (oozes). Accordingly, the
distribution of radium on a cut was determined as follows: at 25-10 m, up to t in equivalent unils
of equilibrium uranium, and at 25-10 m 0035-0.118 %. These data have allowed to determine the
mean content of radium for all the massif 400 thousand tons) of the storehouse/depot as 0. 16
equivalent uranium or 4 1 0-1 g1g.

The outcome of the laboratory analyses of soils selected in wells has confin-ned the zonal structure
of radioactive tails; the contents of thorium-232, potassium-40, radium 226 and the abnormal
radioactivity of assays. Air sampling from wells. with the subsequent laboratory analysis, showed

10-7 0.10-3a% ailabilltv of radon with a concentration of up to 3500 eman (3.55- Ku/] or I Bq/1 (Figute
1), the concentration of radon in air for a surface of the storehouse/depot being 0. 10.23 ernan
(0.41-0.85 Bql/L), i.e. exceeding the permissible concentration of 0037 Bq/1. Exhalation

2measurements of radon have deten-nined that the flow of a radon varies from 04 to 878 Bq/m sec,
2and in Zakopushka at a depth of 0.5 m, increases up to 116 Bq/m sec. At mean surface value -

13k,"m,-sec - the general release of radon thus compounded to 2- 1 0 I Bk/y or 57 Ku/y.

In our case it is necessary to allow for a high density of exhaust and arrangement of the
storehouse/depot within the city limit for sanitary reasons (protective belt). In this connection, the
reduced flow of a radon was estimated as being extremely high.

With the purpose of finding a level of suspected ascending exhalation at the dissecting
storehouse/depot and the influence of weather factors, exhalation in pit-holes at different depth
within 40 days was closely observed. Data obtained allowed to determine that the storehouse/depot
has poor conservation and definitely represents a danger to the inhabitants of the neighboring
houses.

3. General conclusions on the radiation condition of the tailing pond.

Up to and during the intensive research phase there was a problem with respect to redeployment of
the storehouse/depot in a safe manner. It was determined that under the condition that there was a
storehouse/depot, it introduced a definite danger of radiological contamination of the ambient terrain
and an increase of nternal doses, basically exposure of the population. This danger calls for
implementation of measures to reduce the entry of radon-222 from the surface of the
storehouse/depot. i.e. for conservation. In case of redeployment of the storehouse/depot there can be
the following factors of contamination of terrain:

the propagation and distribution of radon and its decay products increases;

the propagation and distribution of radium and its dsintegration products with dust around
the storehouse/depot and on the route of haul of tails increases.

On reasons of minimum contamination of terrain, the area of the developed storehouse/depot should
be no more than 24 thousand m2 (deten-nined by calculations). Results obtained under the pr oect
endorse the following possibilities of redeployment: cartage, railway transport, or a slurry pipeline.
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At a conference of specialists of the State Eterprise "Vostokredmet", the Sanitary Epidemiological
Service, the Mnistry of Nature Potection, and representatives of the local authorities and public

organizations, the solution of dumping of the tailing pond was accepted. For developing and
substantiating practical proposals, complex research work is being executed on different preserving
types of material, o efficiency of etention and minimization of diffusion of radon. Meral pitch,
concrete and clay is tested. The selection was halted on clay. First, the diffusion coefficient of
radon was deten-nined in laboratory conditions. In a tank model, a arrel of Im diameter was placed

with a layer of tails 30 cm) from a mass lobe of radium 4- 0 0 g/g and filled with loam (80 cm).

Glass tube samplers were placed at depths of 80, 60, 40 and 20 cm, through which emanation was
taken by the vacuum method. Wth an emanometer the concentration was etermined and the
diffusion coefficient D (Sm 2/ sec) was calculated. Results from laboratory experiments were
extended to constructions on the tiling. At three sections of I I m, with up-fill of' clay (I m,
1.5m and 25 m), exhalation of radon was measured in batches. The outcome of this research was as
follows.

For impeding the infiltration of radon to the surface it is necessary to create conditions so that its
diffusion lasts not less than 30 days (when radon is practically completely disintegrated). The power
of a layer of a padding filling is determined as 200 cm for an attenuation factor of 100. Data were
obtained whereby the ratio of exhalation attenuation was 330 for a compressed layer of I m, 1000
for a compressed layer of 1.5 m and 150 for a layer of 25 m. A layer of 200cm is advisable.

Is proposed that dumping of the tailing pond is subsequently pr 'ected and executed in the following
way:

- all the area of the storehouse/depot is filled-in by a layer of grit and rubble to a depth of 30 cm
to avoid access of gnawers to the body of the storehouse/depoi:-,

- all the area of the storehouse/depot is filled-in, at intervals, with clay and loam b hmidifying

and shaking; the bed depth is determined as 200 cm;

- control of the hidden storehouse/depot is maintained.

The investigations carried out have successfully allowed to elaborate the pr 'ect of dmping of theOj
inhibited tailing pond, to receive the co-ordination of the Ministry of Nature Protection and to

'de reference data wth respect to alpha and gamma radiati
provi I J ion exposure.
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Abstract

The Government of Canada has initiated a S260-million 10-year multi-phase project to
cleanup low-level radioactive wastes and contaminated soils in two municipalities and to
establish long-term low-level radioactive aste management facilities. Stakeholder
inx ol% ement in the decision making relating to the pr 'ect has been key to the initiation of the
pr 'ect and ongoing stakeholder involvement will key to achieving successful
implementation. Through the process, the Government empowered the local municipalities to
develop their own solution to the local waste problem and accepted that these proposals
would become the starting point for the environmental assessment of the pr 'ect. During that
process. the environmental impacts of the municipalities' proposals, as well as alternative
proposals, will be examined in an open and consultative review. The Government and the
municipalities have committed themselves in a legal agreement to ongoing consultation and
cooperation in order to successfully see the project through to implementation. The paper
examines the details of the problem, efforts to resolve the problem over the last 25 years, the
approach that led to the development of a successful solution, and the importance of
stakeholder participation to the process.

1. Introduction

The issue of radioactive waste contamination in the Port Hope area of southeastern Ontario is
a Iong-standing environmental problem. Recognition of the problem led to various efforts to
develop a long-term solution. These efforts, however, did not resolve the issue. In 1998, the
Government aureed to participate in a community-driven process. Key to the process was
stakeholder involvement. The process concluded last year with the signing of an agreement
between Canada and the municipalities. The areement establishes the cooperative approach
the par-ties will use to address this issue.

2. Background on the issue

In the early-1930s, pitchblende ore was mined in the Canadian Northwest Territories for its
radium concentration. At the time, radium was a valuable commodity used in cancer
treatments. The ore was transported by barge and rail from the Port Radium mine in the
Northwest Territories to the Town of Port Hope in southern Ontario. At Port Hope the ore
was refined to extract the radium. The waste, which was contaminated with uranium and
arsenic. was disposed at various sites within the municipality. In time, the value of the
uranium in the ore was recognized first for its strategic value and then for its value as fuel for
nuclear power reactors. Consequently, the refining process aimed to extract uranium from the
ore and the resulting wastes were rich in radium and arsenic. The wastes were managed at the
plant site itself, at certain designated residue areas, and in public ravines and vacant lands.
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In 1948, the owner of the refinery - a federal Crown Corporation - built a waste management
facility for the wastes in a neighbouring municipality. By 1955, that waste management
facility reached its capacity and a second facility was built in another neighbouring
municipality. Thus, over time, wastes frorn the Port Hope refinery had been deposited at
various sites within the Town of Port Hope and at two purpose-built waste management
facilities in two neighbouring Mnicipalities. Canada's nuclear regulator, originally the
Atomic Energy Control Board - now the Canadian Nuclear Sfety Commission - was
established in 1946 and only began regulating waste management facilities in 1955.
Consequently, the early waste residues were managed largely in an nregulated environment.

The problem of radioactive contamination in the Town of Port Hope was first discovered in
1974 and the regulator moved uickly to remove the most serious contamination from the
area roughly 120,000 cubic metres of material. However, a rger amount of material
remained within the community. Furthermore, waste management problems were later
discovered at the to waste mnagement facilities and, in 1980, the regulator ordered the
waste owner to decommission bth sites.

3. Early approaches to the problem

In response to the contamination problem in the municipality and th- decommissioning orders
on the two waste management facilities, the waste owner began a sarch for a new site for its
wastes. It identified three technically-suitable sites in the local area. Each of the sites was
opposed locally. The Government referred the waste owner's proposal to an environmental
assessment for an objective review. However, public opposition remained high. The public
view was that the waste should be oved out of the local communities. In light of the level of
public opposition, the Government postponed the environmental assessment and sought an
alternative less confrontational and controversial process to the traditional siting approach of
"Decide, Announce, Defend".

At the Government's initiative, an independent task force developed an aternative to the
traditional siting approach. The new approach was based on art open, consultative, and
voluntary process where communities would volunteer to be considered potential hosts for the
waste management facilities wle always maintaining the potential to "opt out" of the
process. The process was nown as the Cooperative Siting Process. A Siting Task Force was
established that sought a voluntary host community among all 850 municipalities in the
Province of Ontario. In the end, only one municipality volunteered to host the wastes.
Subsequent negotiations between the Government and the municipality to develop an
agreement on the ternis under which the community would host the -wastes were unsuccessful.

4. A local solution

As negotiations between the Government of Canada and the vunteer community were
coming to an end, the source communities where the wastes are located came forward with
local solutions to the problem. The process involved resolutions passed by each of the
municipal councils to begin dscussions with the Government of Canada, the establishment of
local citizen committees to develop a solution to the local waste issue, and the review and
acceptance of the committee-proposed solutions by the relevant municipal council. The
Government of Canada provided funding to te committees for their costs, including the
hiring of appropriate technical consultants, and facilitated the committees' efforts. At the end
of the process, all three municipal committees had put forward their own local solution to
their own waste problem and each slution was endorsed by the respective municipal council.
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The municipal proposals are conceptual in nature. The Government accepted the proposals as
the basis of a potential solution to the longstanding issue, subject to environmental assessment
and regulatory review. Through the evironmental assessment process, the conceptual
proposals will be further defined and the environmental impacts associated with the proposals
w'II be evaluated and compared to alternative means of carrying out the projects. While there
is the prospect that the preferred alternative identified through the environmental assessment
process may differ from the proposal submitted by the municipalities, the process provides
that a preferred approach may only go forward for regulatory review with the municipalities
approval.

The Government and the municipalities have signed an agreement that sets out the terms
under hich te cleanup will proceed and the new long-term waste management facilities will
be developed. The agreement sets out the responsibilities of the Government as well as te
municipalities. It was signed on March 29, 2001.

5. Stakeholder involvement: the key to process success

Stakeholder nvolvement has been the key to the success of the process thus far. There are a
number of facets to this involvement.

(1) The Process is Community Driven - A key lesson for the Government of Canada in this
process has been the advantages of a locally-generated solution. Through the process, the
Government empowered the local municipalities to develop their own solution to the local
waste problem. It encouraged each municipality to establish its own citizens' committee with
a mandate to develop a local solution for the municipal waste problem. It provided funding
for each citizen committee to hire its own consultants to assist in the development of the
committee's proposal. Government staff attended the citizen committee meetings to facilitate
the development of the proposals and respond to questions from the committee. The role of
the staff was neither to direct the decision making of the committee nor define tile
committee's final solution. As a result, the final solutions developed by the committees and
subsequently forwarded to municipal councils for submission to the Government of Canada
were truly community-driven solutions.

(11) The Process Uses Environmental Assessment as a Planning Tool - The environmental
'II ensure stakeholder involvement continues through the planning and

assessment process wi I I
evaluation phases. The environmental assessment has begun early in the pr 'ect planning
process, prior to the finalization of the pr 'ect designs. The basis of the environmental
assessment is the review of the communities' conceptual approaches. However, initiating the
environmental assessment prior to the finalization of the pr 'ect designs will enable
stakeholders to be involved in the development and assessment of not only the community
approaches but also alternative means of carrying out the pr 'ect. The open and consultative
nature of the environmental assessment process will yield a preferred option that hopefully
w ]II have the support of local stakeholders. Nonetheless, the agreement between Canada and
the municipalities requires their approval of the prefer-red option prior to implementation.

(111) The Municipal Agreement Provides for Ongoing Stakeholder Involvement - The
agreement between Canada and the municipalities commits the parties to cooperate toward
the development and implementation of the pr 'ect. Through the agreement Canada, in
particular, has committed to an ongoing consultation program with the municipalities and the
public generally, it provides funding for the municipalities to be involved in the project it
prox I'des for the establishment of local Community Advisory Committees, and it provides
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each municipality with a host comt-nunity fee to deal with impacts related to the presence of
the proposed long-tenn management facilities within their communities.

6. Conclusion

The pr 'ect demonstrates the importance of stakeholder involvement in decision-making from
the beginning of the pr 'ect - poject conceptualization, through pr( 'ect planning, evaluation,

Oj )i
and on to implementation.

Resolution of the issue will be a major milestone in the Government's environmental genda.
The pr 'ect will result in an eiivironmentally-responsible, saf:�, and publicly-accepted
approach to the long-term management of the wastes and remove one of the largest
contaminated sites issues from he Government's agenda. It also avances the Government's
nuclear waste policy and indicates o waste producers that the Government is developing and
implementing solutions for wastes for which it is responsible.
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Abstract.

A complete LILW repository performance assessment requires the involvement between
several experts in many fields of science. Many sources of uncertainties arise due to
complexity of interaction of environmental parameters, lack of data and ignorance, this
makes predictive analysis and interpretation difficult. This difficulty in understanding the
impact of the ambiguities is even higher when it comes to public and decision makers
involvement. Traditional methods of data analysis, while having strong mathematical basis,
many times are not adequate to deal with ambiguous data. These ambiguities can be an
obstacle to make the results easier to understand and defensible. A methodology of decision
making. based on fuzzy logic, can help the interaction between experts, decision makers and
the public. This method is the basis of an expert system which can help the analysis of very
complex and ambiguous processes.

1. Introduction

The objective of a performance assessment is to show that a repository is safe and for this
purpose it is not necessary to have an accurate predictive mathematical model of the
performance of this repository for the period of its useful life time [1]. Instead, what is
needed is a model that can be relied upon to provide defensible estimates of future behavior
without necessarily predicting that behavior. For example, future weather conditions can not
be accurately determined for the next 1000 years. The model must account for the range of
weather conditions that could occur but will not necessarily occur. While this analysis needs
a strong mathematical basis, many times. traditional methodologies have the drawback that
thev are not fit for analysis of ambiguous data as is the case for environmental processes.

In order to gain public confidence in modeling results, a methodology of decision making
should be able to integrate expertise of different fields of science, interaction with the public
and decision makers. Due to the large number of natural processes and diversity of
interactions. ambiguity is expected and communication of major issues between all the stake
holders needs to be part of the decision process.

An expert system can simulate the problem-solving behavior of an expert in his particular
discipline. This paper presents the use of one aspect of an expert system, which is fuzzy
relations, where from nown relations between fuzzy (ambiguous) data, the relation one is
seekina can be deduced.
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2. Expert systems

An expert system is normally composed of a knowledge base (information, heuristics, etc.),
inference engine (analyzes the knowled e base), and the end user interface 2]. These systems
can address imprecise and ncomplete data through the assignment of membership functions
to parameter values. Due to the ability to incorporate expert easoning into a codified
software structure, expert systems can enhance confidence in the results.

The quantification of imprecise data by degree of membership in fuzzy set can be seen as
degrees of certainty to the available nformation. This can make the system a powerful too to
deal with incomplete data and ntegrate knowledge of experts in many fields of science.

The fact that this is done upon agreement between all the takeholders, makes this
methodology very suitable to provide for explanation for how the results were derived and
consequently will gain higher confidence on the results.

3. Fuzzv relations

Expert systems have been applied i a variety of sciences such as edical diagnosis systems,
and image processing, among others 3 This methodology should be well defined and
should facilitate straightforward documentation and traceability. If the information can be
represented in a decision table, then omissions, inconsistencies, and redundancies can be
checked for automatically.

Understanding relationships among various processes is of fundamental importance in all
engineering, science and mathematical based fields. Fuzzy relations map elements of one
universe, X, to those of another niverse Y through the Cartesian product of te two
universes. However, the "strength" of the relation between ordered pairs of the two universes
is not measured with the characteristic function, but rather wth membership fnction
expressing various "degrees" of strength (belief) of the relation on te unit interval [0 I].

Hence, a fuzzy relation R is the mapping from the Cartesian space X x Y to the interval [0 I],
where the strength of the mapping is expressed by the membership function of the relation for

ordered pairs from the two universes, or PR (X, Y)-

The Cartesian product can be defined as being the relation of two r more fuzzy sets. Let A
be a fuzzy set on the universe X and be a fuzzy set on the universe Y; then the Cartesian
product between fuzzy sets A and will result in a fuzzy relation R, which is contained
within the full Cartesian product space, or

AxB=R(::XxY

Where the fuzzy relation R has membership function

PR (X, Y) � A A B (x, y) = min (�tA W, 9B(Y)) (1)

While this is not the same as the rithmetic product, each of the fuzzy sets could be thought of
as a vector of membership values-, each value is associated with a articular element in each
set. For example for a fuzzy set (or vector) A that has three elements, hence column vector
of size 3 x 1, and a fuzzy set hat has four elements, hence a row vector of size I 4 the
resulting relation, R, will be represented by a matrix of size 3 x 4
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For example A - fl, '.92 / and B= Pi IP2 IP3 P4 (2)
a b c I 14' X 11 Z

where a. b, c. x. y, z, and w are values and p i is membership of values to the fuzzy set A.

This is not an arithmetic operation, it is a convention. Therefore, /Al is the representation of
a

membership of a to the fuzzy set A.

The next section presents a case example where the analyst is attempting to determine which
waste types and which release mechanisms are most likely to have the largest impact on the
source term. The waste is not well characterized due to the diversity of waste forms.
Therefore the relationship between waste inventory could be analyzed by using the following
sequence:

I inventory by concentration x waste form;

2-,�vasteform x release mechanism;

3- inventory x release mechanism.

All of the above quantities can be considered as fuzzy sets due to the-lack of nformation or
ignorance regarding the processes. In the next section, these ideas will be developed further.

3. Case StudA,

For this case study data from the Goiania repository will be considered. This repository was
constructed due to an accident that happened some 10 years ao with a CsI37 source 4]. The
waste as classified according to its concentration.

Table 1. Classification of the existing activit es per unit volurne

Concentration [0.9. .O. [0.4, 0.5� [0.08. 01, [2E-2, 3E-1 [1E-4jE-2,IF-1]
(TBq in) 1.2] 0.6] 0.2] 4E-2]

Classification A B F- C D E
'*'Values correspond to dearee of membership of 02, 1.0, and 02 respectively.

It is the intent of this exercise to find a relation between the many different inventory types,
according to Table 1, to their contribution to the source term. This can be done by examining
the relation of waste type to waste forms, then waste forms to type of release mechanism and
finally the relation between waste type and release mechanism can be deduced. With this
information it is possible to determine what would be the most likely contribution of the type
E waste to the source term, for example.

The wastes has been grouped and packaged as in Table 11:

Table II: classification of waste forms in groups 4.

Waste form group Description
Cs-137 source

Paper, plastic, ad fabric
Soil. scrap and metallic debris

IV Animals. fruits and wood
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Due to the diversity of the waste, it is not possible to exactly associate each waste package to
I I is

waste form and consequently to its release mechanism 4]. In a traditional methodology, thi
would be resolved, for example, trough the selection of a representative parametei, taken
conservatively. However, performance assessment is not meant to provide an exact model of
all the physical chemical processes, but rather provide enough information to support
decisions on a reasonable assurance regarding the repository safety .[I]. The fuzzy set
methodology can fulfill this need in many manners:

- dealing with ambiguous dta and information,

iding an estimate of the degree of confidence of the results,

- treating uncertainty in a ore understandable way. Sources ofuncertainty include:
complexity, lack of nformation and ignorance. Other methods treat uncertainty either
through considering the wrst case or by probability.

Some drawbacks to these other ethods are:

- it is difficult to know the degree of conservatism in the results. and

- probabilistic methods are difficult to understand to ontechnical audiences (e.g. public
and decision makers) and relies on data that is ambiguous and uncertain. This makes
interpretation difficult.

As an example of the fuzzy relations approach, according to equations I and 2 the following
t7l

vectors are built:

I - Waste forms, according to Tble 11: WF 0.1 03 09 0.11
I H 'Iff 'IV f

[0.7 0.3 0.3
2- Releasemechanisrri: RM=� . where: R= rinse; R&P= rinse with

R 'R&P'D

partitioning; D= uniform dssolution.
=�O.l 0.5

3- Wastetypetablel: WT O'l 0'6� according to Table .
, B C D

These vectors were built based on expert opinion to select the degree of memberships (u) and
the weights, A full description of this example can be found in [4]. Due to lack of space,
only the final matrix will be built as an example. After making the combinations as WT x
WIF and WIF x RM, the following combination WT x RM was found:

R R&P D

A 01 0.1 0.1

B 03 0.9 0.3

C 01 0.1 0.1

D 06 0.1 0.1

3By inspection of the above matrix one can see that type waste, around 0.5 TBq/m , Would
be the most likely, degree of 0.9, from the coordinate (13, MP), to contribute to the source
term as Rinse with partitioning. This information can be used to focus resources on gaining a
better understanding of the performance characteristics of type wastes.
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4. Conclusions

The above calculations show that it is possible to assign degrees of confidence to the
assumptions and to the results, with areement between stakeholders. This facilitates
communication., not only between experts from different expertise, but also between experts
and decision makers and public. This will enhance confidence and defensibility of the
performance assessment.
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Abstract

It is generally accepted that nformation associated with the creation, conditioning and
packaging of radioactive waste must be maintained for a considerable period of time. During
the retention period not only must the storage media be preserved, but the data must remain

'ble and n a form that can be nterpreted with minimum 'processing'. This will ensure,
as far as practicable, that the nformation accurately represents the i.-iaturc of the waste and its
packaging, that the media employed is suitable for long-term storage and that the storage
conditions provide a stable environment. Careful consideration must be given to the tv e and
form of the retained informatio ad the threats to its continued integrity. United Kingdom
Nirex Limited (Nirex), in association with experts in records media and management, has
undertaken a programme of work to consider the range of media currently available, the
threats to media integrity and the implications of a general move towards 'electronic' records.
The results of this study are eing used to develop an information management system
strategy, capable of retaining data for all future phases of radioactive waste management.

1. Introduction

The creation of records with the express intention of preserving information for the benefit of
future generations has been practised for millenia. Well documented examples include the
Lascaux cave paintings in France (I 7000 years old) and the Dead Sea Scrolls (up to ,000
years old). In these examples it ws not a single factor that enabled these records to urvive,
but rather a particular combination of media, data recording method and environmental
conditions.

Those with a direct interest in establishing systems for the management of radioactive waste
understand the need for preserving certain information for future gnerations that will enable
them to make nformed decisions on the management of radioactive waste. We have at our
disposal today a variety of means for the creation and storage of nformation each ofwhich
have characteristics that may ither help or hinder us in preserving the information for
decades or centuries to come. A callenge currently facing those responsible for radioactive
waste management In the United Kingdom is te identification of a strategy that ensures the
long-term preservation of nft)rniation whilst taking into account rapid technological
development, the improving performance of media, the need for cntinued accessibility and
intelligibility of data and all the associated costs. Before a strategy is defined it is necessary
first to consider wat nformation should be preserved, in what form the nformatio is
presently stored and issues such as security and threats to integrity.

The role of Nrex is to provide the UK with safe, environmentally sound and publicly
acceptable options for the long-term management of radioactive materials. This includes
operational and decommissioning adioactive wastes from nuclear power plants and other
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radioactive wastes from industrial, defence and medical applications. A study of the issues
concerning the preservation of nformation and records relating to radioactive waste was
undertake b Nrex between 2000 and 2002 with a view to providing the basis for discussion
and possible development of a national radioactive waste information management strategy.

2. Information collection and media

The ealth of information relating to the creation of radioactive waste, its processing,
conditioning packaging and interim storage exists in a variety of forms at disparate locations
in the UK. Waste Package information exists essentially as two categories: those data
directly related to the radioactive aste packa-' and; 'supporting and enabling'
infori-nation and data. The first category are to be found in log-books, process log-sheets,
container manufacturing and inspection records and package store records. In simple terms,
these data characterlse the individual waste package. The second category comprises research
and development reports, process drawings, specifications for immobilising materials, results
from nactive packaging trials, and quality system assessment reports. Together, these data
prov'de the sources of infon-nation from which a long-term waste management strategy can be
developed.

Information currently resides on paper, microform, computer diskette, magnetic tape, CD-
ROM and. to a lesser degree DVD-ROM, each of varying standards and specifications. The
majoritv of this information I's stored under controlled and secure conditions, but few records
stora2e facilities are purpose designed or built with the specific intention of preserving
records media. Records management systems are generally in place, but these have been
implemented to meet the immediate nee�s of nuclear facility licence conditions and so little
emphasis has been placed on managing the nformation with a view to ensuring long-term
access] ibility of the data.

3. KeN, issues related to hard-copy and electronic media

Hard-copy records are defined as those on which data can be recorded without the need for
any subsequent processing or conversion, thus making future recovery a simple, single stage,
operation (provided the symbolic nature of the data continues to be understandable). Paper is
the most common hard-copy medium as well as being the least vulnerable to technological
development. It can survive benign neglect for long periods and remain readable without the
need for ancillary equipment.

Experience in the UK suggests that there are few, if any, facility records management systems
where 'permanent' or 'archival' grade paper is regularly used by choice for waste package
records. The use of re-cycled paper is common, but its performance is unpredictable given
that its precise composition is unknown. Clearly, nformation contained on low-quality or re-
cycled paper is likely to be vulnerable oer the long-term. The longevity of any paper record
wI'II be enhanced if the storage conditions are carefully controlled and the 'Ideal' environment
xv IiII vary depending on the need to access the record. Relatively modest temperature and
humIdItv conditions are acceptable if the records are routinely handled. However, lower
temperature and humidity is preferable if access or retrieval is infrequent. Optimum storage
conditions require snificantly lower temperatures. The stability of the environmental
conditions is possibly the most important feature, but additional measures can also be
employed. These may include restricted access, the use of lint-free gloves when handling
records and the elimination of metals and plastics such as staples, paper clips and PVC
covers. all of which have a long-term detrimental effect on the paper.
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Microform (film in all formats) has been a popular medium for many years where large
volumes of data, drawings and diagrams are preserved. Relatively simple technology is
required to produce mcroforms and accessing nformation is straightforward. It is noticeable
that with the increased use of electronic data storage systems its popularity for applications
declined, but continuing improvements to film construction, the ntroduction of laser printing
techniques, combined with its long-term stability and ompetitive cost, suggest that this
medium could have a sgnificant role to play in the future management of waste package
records.

In contrast to hard-copy records, 'electronic' records comprise data that are converted into
either a machine readable analogue or digital form requiring additional processing to make
them intelligible. Electronic ecords range from those that are created and presented
electronically (for example, spreadsheets) to those that undergo some form of secondary
digital processing (for example, electronically scanned hard-copy records).

The past twenty years has seen a significant increase in the use of electronic means for
recording data. The convenience, otential storage capacity and w cost of storage media,
make them an attractive option to paper or microform. Most organisations rely heavil on
computer systems to create records and it is natural that these are used in turn to store the
information quickly and conveniently. It is highly likely that electronic records will continue
to play a key role in the preservation of waste package infori-nation.

Analogue data stored on magnetic disk or tape was the principal storage medium util the
ml 1980's. Much mportant historical nformation, of potential nterest to future waste
custodians, resides o these media. Whilst our nderstanding of the long-term characteristics
of magnetic tape and disk is less well advanced than paper, there is a fairly substantial
knowledge base, and we can ue this to plan an information management strategy. he
development of the first optical disks sa a move away from the elatively error-prone and
delicate magnetic media. At fst sight it appears as though the robustness and seemingly
indestructible nature of optical dsks provides the reliable, long-term storage medium that
would dictate the information system architecture for many years to ome. However, e have
had relatively little experience in their use and possess little understanding of their suitability
for long-term nformation storage.

4. Access to stored information

The relative merits of any of the -aforementioned media types is irrelevant if we do not possess
a reliable means or the recovery of the stored inforl-nation in a form that enables u to
interpret it. We must not lose sight of the principal objective of the nformation Management
System strategy: to provide future gnerations with relevant nformation with which they can
make reasoned decisions concerning anagement of the radioactive waste packages produced
today. Several references ave already been made to the need for 'accessibility' to
information. Accessibility relies on three factors:

• 'Readabilltv' - the ability to recover the data from the medium;
• 'Intelligibility' - the ability to convert te data into something, recognisable to the user;
• 'Usability' - te ability to Interpret the data in such a way that it is meaningful.

These three factors apply equally to any edia, but it may be helpful to Illustrate the
s gificance of each by using an 'electronic record' as an example. Data is stored on a
magnetic disk as a series of binary digits. Firstly we need a 'systern' that reads these digits
and, secondly, converts them into something 'Intelligible', for example a temperature or the
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identity of a radionuclide. To enable these two processes to be successfully carried out it is
necessary to have access to the data context, content and structure - or 'meta-data'. In simple
terrns the meta-data represents the key with which we can 'decode' the raw data and tur it
into a real resource. The meta-data and other supporting information can then be used to
interpret the record. The significance of preserving accurate and appropriate meta-data cannot
be oer emphasised as without it the raw data will be of little value. Preservation of
information is driven by the need to access data in the future. Information storage is merely a
means for enabling future access. It follows, therefore, that an Information Management
System strategy should be driven by data access considerations, rather than a preferred choice
of media.

5. Threats to long-term retention of information

Successful development of a robust information management system will require the
identification of the threats to future accessibility to the infort-nation and the measures
necessary to eliminate or mitigate the risk. These measures could be 'preventative', such as
the installation of a fire detection and suppression system, or 'anticipatory'. An anticipatory
measure pre-empts the effects of an unplanned eent and ensures that a full recovery is

ible. such as the copying of records and transfer to a remote storage facili
possi I Ity.

One of the greatest and most tangible threats to the loss of nfort-nation results from
organisational change. The UK nuclear industry has undergone significant organisational
change in the past and is likely to undergo further changes in the near future as a result of the
current Government consultation of waste management and the formation of a Liabilities
Management Agency. The risk associated with changes to the organisational structure lies in
three areas: firstly. nformation is 'lost' or misplaced during the transfer of responsibilities;
secondly, it is successfully transferred but its significance not recognised; and, thirdly, the
recipient rganisation operates a different management system with which the recorded
information is incompatible.

Another threat, generally associated with electronic media, is loss of data accessibility as a
result of technological advance. 'Low-technology' solutions (for example paper or
microform-based records) are less likely to be affected than 'high-technology' solutions (for
example, digitally-based records). The latter rely heavily on a number of interacting
technologies (both hardware and software) so whilst the 'electronic' solution has many short-
term advantages, it also has great potential for long-term accessibility problems if migration
onto replacement media is not carried out.

The adoption of a particular strategy will raise a unique set of threats and for this reason it is
not possible to define a comprehensive set of generic risks. At an early stage of the strategy
implementation process it will be necessary to create a risk register and to build in both
preventative and anticipatory measures to manage the threats.

6. Development of a long-term information management strategy (IMS)

There are a number of steps in the development of an information management strategy:

• recognition, understanding and widespread agreement of the information to be preserved;
• areement to support a strategy that ensures the continued accessibility of nformation;
• considerafion of the threat of information loss and the creation of a risk register; and
• facllitv-level support for the strategy and adaptation of local systems.
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One of the most challenging aspects when developing a strategy is gaining a common
understanding of what nformation is to be preserved. Agreement should be made at a
national level with a commitment b stakeholder management. including regulators, to
support the agreement and to allocate appropriate resources. It should be recognised that
future information requirements will be somewhat speculative rather than definitive. In view
of this, it is inevitable that a range of 'supporting information' will be required. 'This
information may also form the core of the meta-data required to nterpret the raw data. Data
created during waste packaging ativities is relatively simple to identify and capture, but
defining the supporting information is less straightforward and guidance is necessary to define
the point at which information ceases to become of direct relevance to the packaging ativity.

The INIS implementation strategy must take into account the extensive and diverse rnge of
historical nformation. It may be that significant amounts of information have been created
and stored without serious consideration about how it should be actively managed. The
strategy must therefore consider the need for managing historical nformation and, if
necessary, migrating it onto preferred media ensuring there is no loss of accessibility. Some
historical information may requi .re arly attention and this will result in the need to prioritise
migration.

In the context of the long-term anagement of information, a istinction can be drawn
between two extreme scenarios. The first is represented by orderly and effective preservation
of information, controlled by an effective information management system in which the
technology is tested and the ata migrated as necessary, with accurate and appropriate
metadata being separately maintained. The second scenario is represented by rapid beak
down of the management system (fIndeed it existed), such that there is no migration or data
sampling carried out, and with lited or inaccurate metadata created. The threats that
emerge as a result of these scenarios must be identified and considered early in the process of
developing a strategy.

There is no generic solution or the preservation of waste package information. 'The
Infori-nation Management System ust be based on a sound and accepted strategy that meets
the needs of both present day and future custodians. The full range of stakeholders shoul be
Involved in its development in order for it to be accepted and supported. Media choice is
clearly important, but it Is not citical A well managed system will recognise media lifetime
and prompt mgration as required. Accessibility to the data is the sngle most important factor
and this, ultimately, will drive trategy.

Reference

[1] BS ISO 15489:2001 Series Information and documentation management-records
management"

307



XA0300189 JAEA-CN-90/60

ISSUES AND CONSIDERATIONS ON THE DEVELOPMENT OF AN
INSTITUTIONAL CONTROLS POLICY FOR URANIUM MINES WITHIN
NORTHERN SASKATCHEWAN

bB.E. Sigurdson', R.C. Snider ,M.R. Bilokury'I

Environmental Protection Branch. Saskatchewan Environment
Regina, Saskatchewan, Canada

bShield EcoRegion, Saskatchewan Environment
La Ronge, Saskatchewan, Canada

Abstract.

Institutional control of a mine site is required to ensure long-term public safety and
environmental protection once responsibility for a decommissioned uranium mine site reverts
back to the Crown. During the exploration, development, operation and decommissioning
phases of a uranium mine's life cycle, public safety and environmental protection are ensured
throuah the Federal and Provincial Environmental Assessment Review process, regulatory
permitting and compliance monitoring by the province. However, at present, there is no clear
provincial polic y with respect to a proponent's application for release from a reclaimed and
decommissioned site, and the resulting provincial responsibility for the long-term
management and maintenance of the site once a release has been granted. Another policy
issue has been identified with respect to the long-term institutional control of previously
abandoned uranium mine sites. A number of issues are being considered by the Government
of Saskatchewan in developing a policy which addresses the needs of the people of
Saskatchewan and which is consistent with the intent of the commitments made by Canada
throuLh its ratification of the nternational Atomic Energy Agency's AEA) Joint Convention
on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste
Management.

1. Introduction

Current overnment policy related to the decommissioning and reclamation of northern
uranium mine sites is consistent with the recommendations made by both the Cluff Lake
Board of Inquiry (established in 1977) 1-2] and more recently by the Joint Federal-Provincial
Panel on Uranium Mining Developments in Northern Saskatchewan (established in 1991) [3-
9]. This, however, was not always the case. A number of sites, including the abandoned
Gunnar uranium mine/mill site and Lorado mill site operated prior to existing legislation.
Manv of the concerns raised during the various inquiries resulted from a critical revie of
past practices and have been addressed by the province through an improved environmental
assessment and regulatory system that more effectively protects the environment, the health
and safety of workers and the public.

Federal and provincial legislation requires mining companies operating in the province toZ__
'de a detailed decommissioning plan as ell as a financial assurance, or guarantee of

sufficient value. to ensure the completion of decommissioning and reclamation activities for a
ific mine site. It is important to

spec note that the Province s the sole beneficiary of the
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assurance fund and can access the fund in the event that a mining company is not able or
illing to carry decommissioning and reclamation responsibilities ut i I I I I I in an appropriate

manner or tmeframe. Section 19(l) of provincial legislation (The Mineral Industrj�
Environmental Potection Regulations, 996) 10] provides the conditions for which a default
respecting an assurance fund is deemed to have occurred.

Once decommissioning and reclamation of the mine, mill, tailings management area and all
assoc ated facilities11 have been completed according to the department-approved
decommissioning and reclamation plan, the company is required to monitor the site to ensure
that the activities carried out during the decommissioning and reclamation period meet current
decommissioning standards and regulatory requirements. In many cases, post-
decommissioning and reclamation inoriltoring is carried out for a number of years prior to a
mining company making application to the department for release from further
decommissioning and reclamation requirements for the site.

The period of time for which the company is expected to be responsible for monitoring the
site is based on: the stability of te site, the nature of the contaminants and whether or not the
contaminants and the site are bhaving according to the models ad projections previously
reviewed and accepted by the department. Only after the decommissioning and reclamation
activities have been carried out i a approved manner, with sufficient post-decommissioning
and reclamation monitoring to confirm that the site is both chemically and physically stable,

'II the department consider the request by a company to be released from further
decommissioning and reclamation requirements. The expectation of the Province is that, once
a company has met all of the decommissioning objectives including the post-
decommissioning monitoring ad as demonstrated that the site is both chemically and
physically stable, that a release would be granted from both frther decommissioning and
reclamation requirements and from ongoing financial assurance responsibility.

Although current government policy with respect to the exploration, development, operation,
decommissioning and reclamation of mine sites in northern Saskatchewan is functioning
effectively, there is a need for te province to clarify ts position on institutional control of
decommissioned and abandoned uranium mine sites in northern Saskatchewan. In addition to
government clarifying its positio o institutional controls, standards and guidelines shoul be
updated to reflect the proposed policy direction. These updated standards and guidelines will
be utilized not only by industry in developing their decommissioning and reclamation plans,
but also by provincial regulators in assessing the quality of a company's decommissioning
and reclamation efforts.

The need for clarification and evision of the provincial policy, standards and guidelines
related to institutional control of abandoned or decommissioned northern mines have become
increasingly evident. This has become more evident by: Canada's international commitments
on the disposal of radioactive wastes, the recent enactment of the federal Nuclear Sqff,4, and
Control Act (NSCA) [I I], the anticipated decommissioning and reclamation of the Gunnar
and Lorado properties, the request for release from responsibility f6f satellite properties at the
decommissioned and reclaimed Beaverlodge uranium mine, and y the recent decision of
COGEMA Resources Inc. to decommission its Cluff Lake Pr 'ect uranium mine. Implications
of these issues are discussed in dtail in the following sections.

309



2. Policy development issues

2. 1. Canada's international commitments

On June 18, 2001, the IAEA's "Joint Convention on the Safety of Spent Fuel Management
and on the Safetv of Radioactive Waste Management" 12] came into force. Canada had
originally shown support for this initiative by signing the Convention nl998. Included in the
Joint Convention are a number of articles related to the institutional control of radioactive
waste management facilities, including those found at uranium mines. The Convention not
only applies to currently operating facilities, but also to previously decommissioned or
abandoned sites. Saskatchewan currently has five (5) operating uranium mines, one (1)
uranium test mine. one (1) site in the post-decommissioning monitoring period and three 3)
abandoned uranium sites (estimated) which may be subject to the Convention.

(and prior to the requirements of the Joint Convention) Saskatchewan
Environment initiated a three-year "Abandoned Mines Assessment Program for Northern
Saskatchewan". An earlier program to assess abandoned mines was originally undertaken by
the Province between 1989-1990 and resulted in remedial measures being undertaken to
reduce the eel of public safety risk at approximately 10 sites in the Uranium City area of
northern Saskatchewan.

The objective of the latest Abandoned Mines Assessment Program is to identify and rank the
potential environmental and public health and safety risks associated with all previously
abandoned mines sites (uranium, gold, base metal, etc.) in northern Saskatchewan. The
identification of the potential risks associated with the abandoned sites assessed in the fall of
2000 are described in the Program's first-year report entitled "An Assessment of Abandoned
Mines in Northern Saskatchewan" 13]. The report determined that there are forty-two 42)
abandoned uranium mines.

The field assessments for the second year of the Program have been conducted and the results
wi I I aj'I] be presented a report that should be available n the summer of 2002. The m 'ority of
the abandoned uranium mine sites in northern Saskatchewan have now been assessed, ranked,
and remediation requirements documented.

2.2. Canadian Nuclear Safety Commission (CIVSC)

In March, 1997 the Government of Canada repealed the antiquated Atomic Energy Control
Act and in its place enacted the Nuclear Saft�v and Control Act. ncluded in the new Act were
broad explicit powers with respect to protection of the environment. The new Act and
regulations. specifically Section 4 26 and 46 of the NSCA, Sections 4 24 and 26 of the
General Nuclear Sa tv and Control Regulations 14] and Section of the Uranium Mines
and Vills Regulations (UMMR) 15] could potentially impact not only sites that have been
previously abandoned but also those that will be released in the future.

A formal notification was provided to Saskatchewan Environment of the CNSC's intent to
revie�� all abandoned uranium mines in the province to determine whether licences for these
facilities ould be required. These licences would take the fonn of either a possession or
decommissioning, licence, depending upon the condition of the site and whether
decommissioning activities will be required. The Province continues to discuss this issue with
the C.\SC to determine if sites other than Gunnar and Lorado properties will require licences
for possession or to carry out additional decommissioning and reclamation.
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2.3. Gunnar and Lorado ranium mines

The Gunnar mine site is located on the north shore of Lake Athabasca approximately 25 km
southwest of Uranium City. The deposit was discovered in 1952 and open pit mining was
initiated in 1953. Development of an underground mine was started approximately two years
later. The ore body was mined ut in 1963 and the mine was officially closed in 964. There
is one waste rock pile in two distinct ections a tailings management area, several buildings
including the mill and acid plant an a flooded open pit at the site. he buildings pose a
public safety risk due to their deteriorating condition. In addition, a portion of the tailings
area is blocking off a bay in Lake Athabasca.

The Lorado mill site is located IO km, by road, from Uranium City on the west shore of Nero
Lake (which dscharges into Beaverlodge Lake and subsequently into Lake Athabasca via the
Crackingstone River). The Lorado site was a custom milling operation, milling ore from an
estimated six larger mining operations and an undetermined number of small-scale operations.
The mill began operation in 1957 ad ceased in 1960. Tailings were pumped from the Lorado

0I to the shores of Nero Lake. The tailings have had a significant effect on te water quali
ml I I I Ity
in Nero Lake, which is now acidic and strongly saline.

A draft Memorandum of Agreement MOA) between the federal department of Natural
Resources Canada (NRCan) and the Province of Saskatchewan for tqe clean-up of the
abandoned Gunnar mine and Lorado mill site has been negotiated. he draft MOA agrees to
a 50150 cost sharing agreement tip to a maximum of 12.5 million pr party over a twenty-
year period. Further action on this MOA has been stalled pending te Federal Government's
commitment of resources and the now complete corporate searches of the past
owners/operators.

2.4. CluffLake project decommissioning

The Cluff Lake Pr 'ect will be the first active uranium mine to be ecommissioned under the
current regulatory regime. The Cluff Lake Pro'ect ceased mining in the spring of 2002 and
will cease milling operations at the end of 2002. The proposed conceptual decommissioning
plans for the site are being reviewed under the federal assessment process Canadian
Environmental Assessment Act) for which Saskatchewan Environment and other provincial
agencies are participating. Subject to assessment and regulatory approval, the site is
scheduled to start active decommissioning early in 2003.

Most decommISSIODling activities; are expected to be completed in late 2004. A five-year post
closure monitoring phase and ten-year observational monitoring phase are also proposed.
Saskatchewan Environment will require that the site be monitored until (and it) a release is
granted.

2.5. Beaverlodge (Eldorado Nuclear) propertj - release of satellite properties

The Beaverlodge Property is comprised of several small properties; (referred to as satellites)
and the main underground mine. 'There area four underground mnes and twelve open pits
associated with the satellite properties. In 999, Camcco Corporation submitted a document
in support of their initiative to have a group of six decommissioned satellite mines from the
Eagle and Ace areas released from the CNSC's license and the Provincial Surface Lease In
October 2002 a second document was submitted in response lo federal and provincial
comments. Subject to all outstanding issues being resolved, Carrieco has requested release
from the satellite properties by te end of 2002.
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As part of the release process., both Cameco and the CNSC have requested that the Province
clarifv its Institutional Control Policy for these sites. In order to facilitate the release of the
sites from the CNSC license, Saskatchewan Environment will need to provide commitments
regarding institutional control of the properties by the summer of 2002.

Reaulations ]issued pursuant to the federal NSCA provide no clear process by which to
abandon a property or to release a licensee from all or part of a decommissioning license.
However, for the Beaverlodge property it has been proposed that Cameco be granted a CNSC
release and at the same time the province be exempted from CNSC licensing. In order for an
exemption to be granted, the CNSC may require provincial commitments regarding land use
control and site monitoring (Institutional Control).

3. Other considerations

Concerns of residents of northern communities.

Residents of northern communities living near abandoned or currently operating mines have
]one expressed concerns regarding the potential for harmful effects resulting from mining
activities. ncluded in these concerns is the issue of long-term safety and environmental
stability of abandoned or decommissioned mines.

Many of the concerns expressed by northern residents over the years have been addressed
through improved provincial legislation (assessment and regulatory), standards and
., defines. The cleanup of the abandoned uranium mines
aul and the issue of long-term
institutional control of abandoned or decommissioned mine sites have not yet been fully
addressed.

4. Conclusions

Saskatchewan Government policy on the exploration, development, operation,
decommissioning and reclamation of uranium mines in northern Saskatchewan has improved

ficantly over the past 25 years and are effectively ensuring that uranium mning s carried
out in an environmentally responsible manner. There is, however, a need to clarify provincial
policy in the area of institutional control of those sites abandoned prior to existing legislation
and those sites being decommissioned today and in the future.

In developing its Institutional Controls Policy, the Province is carefully evaluating the issues
and considerations described in this paper. An improved policy on Institutional Controls
should not only meet the requirements of applicable federal and provincial laws, but should
also endeavour to satisfy the needs of industry and the public. Industry could benefit from
improved policy direction through a better understanding of the Government's expectations
with respect to decommissioning, reclamation and post-decommissioning monitoring. This in

'II ad dustry n developing long-term operational and decommission'
turn wi I I I I I I ing strategies
that allow for a release from further responsibility for an environmentally stable site in a
reasonable tmeframe. Increased public confidence would also result from an improved
institutional controls policy, which ensures that uranium mining in northern Saskatchewan

'II continue to be carried out n an environmentally responsible manner, and as such, will
not result in a s2nificant financial or environmental burden on future generations.

312



References

f44 I GOVERNMENT OF SASKATCHEWAN (SERM), "Final epor - Cluff Lake Board
of Inquiry." SER-M, Regina (N/lay 1978).

P24[2] GOVERNMENT OF SASKATCHEWAN (SERM), "The Saskatchewan Government
Response to the Cluff Lake Board of Inquiry Report." SERM, Regina (June 1978).

f-34[3] GOVERNMENT OF SASKATCHEWAN (SERM) & GOVERNMENT OF
CANADA, "Dominique Janine Extension, McClean Lake Pr 'ect, and Midwest Joint
Venture - Report of the Joint federal-Provincial Panel on Uranium Mining
Developments in Northern Saskatchewan." SERM, Regina (October 1993).

t44[4] GOVERNMENT OF SASKATCHEWAN (SERM), "The Government's Position on
Proposed Uranium Mining Developments in Northern Saskatchewan, Midwest Joint
Venture, Dominique-Janine Extension, McClean Lake Pr 'ect." SERM, Regina
(December 1993).

f-5-4[5] GOVERNMENT OF SASKATCHEWAN (SERM), "Final eport - Information fi-orn
the Government of Saskatchewan Requested by the Federal Provincial Panel on
Uranium Mininc, in Northern Saskatchewan for the Cigar Lake and McArthur River
Pr 'ects." SERM, Regina (May 1996).

f4j[6] GOVERNMENT OF SASKATCHEWAN (SERM) GVERNMENT OF
CANADA, "McArthur Uranium Mine Pr 'ect - Report of theJoint Federal-Provincial
Panel on Uranium Mining Developments in Northern Saskatchewan." SERM, Regina
(February 1997).

P[7] GOVERNMENT OF SASKATCHEWAN (SERM), "The Government's Position on
Proposed Uranium Mining Developments in Northern Saskatchewan, McArthur River
Pr 'ect." SERM, Regina ay 1997).

Pq[8] GOVERNMENT OF SASKATCHEWAN (SERM) & GOVERNMENT OF
CANADA, "Midwest Uranium Mine Pr 'ect, Cigar Lake Uranium Mine Project,
Cumulative Observations - Report of the Joint Federal-Provincial Panel on Uranium
Mining Developments in Northern Saskatchewan." SERM, Regina (November 1997).

M191 GOVERNMENT OF SASKATCHEWAN (SERNI), "The Government's Position on
Proposed Uranium Mining Developments in Northern Saskatchewan, Midwest Project,
Cigar Lake Pr 'ect." SERM, Regina (April 1998).

Palo] QUEENS PRINTER (GOVERNMENT OF SASKATCHEWAN), The
Mineral Industry Environmental Protection Regulations, 1996. Being Chapter E- 02
Reg 7 SERM, Regina effective March 6 1996).

4441111 DEPARTMENT OFJUSTICE CANADA, The Nuclear Safety and Control
Act being Chapter 9 Bill C-23, Justice, Ottawa (assented to on March 20, 997).

t4_14[12] INTERNATIONAL ATOMIC ENERGY AGENCY, Joint Convention on the
Safety of Spent Fuel Management and on the Safety of Radioactive Waste Management.
1AEA, Vienna (Decernber1997).

F-�-1[13] (KHS) ENVIRONMENTAL MANAGEMENT GROUP LTD. (Prepared for
SERM), "An Assessment of Abandoned Mines in Northern Saskatchewan." SERM,
Regina (March 2001)

t4-44[14] DEPARTMENT OFJUSTICE CANADA, General Nuclear Safety and
Control Regulations P.C. 2000-782 Justice, Ottawa (May 31, 2000).

4-54[15] DEPARTMENT OFJUSTICE CANADA, Uranium Mines and Mills
Regulations P.C. 2000-786 Justice, Ottawa (May 31, 2000).

313



IAEA-CN-90/61
XA0300190

STANDARDS AND REGULATION FOR RADIOACTIVE WASTE MANAGEMENT
IN MEXICO

R. Fabidn

Nuclear Fuel Cycle Branch, Radiological Safety Division
Nuclear Safety and Safeguards National Commission (CNSNS)
Dr. Barragdn No. 779, C.P. 03020, M6x1co D.F., M6x1co
E-Mall: el arcanoC�hotmail.com

Abstract.

The paper presents an overview of the current status of the Mexican standards and the
national regulation regarding the management of radioactive waste. Discussed are the
necessities that motivated the issuance of such standards, standards needed in the short term,
and aspects of radioactive waste management that in current regulation are still pending, such
as on high level radioactive waste.

1. Introduction

Regulation in nuclear matters in Mexico began when the Nuclear Matters Law of
Constitutional Article 27 [1] was issued in 1985. This law established the fundamentals for
regulation of activities such as mining and milling of uranium ores, the use and applications

of radioactive materials, the development of nuclear technologies and the radioactive waste
management, sett ng responsibilities to the Energy Mnistry (SE) for the radioactive waste
management and to the uclear Safety and Safeguards National Commission (CNSNS) for
the regulatory activities related with the radioactive waste management.

The Radiological Safety General Regulation 2 was issued later in 1988 by the CNSNS in
this regulation are established requirements for the licensing process for temporal storage and
final disposal of radioactive waste, and some generic requirements for radioactive waste
classification, but as a general regulation only basic criteria and requirements are stated.

2. Radioactive waste management standards

Because of lack in detail and technical requirements that the Radiological Safety General
Reaulation suffers in radioactive waste matters, it was necessary to implement national
standards (NOM) in which specific requirements and criteria were established for the
different stages of radioactive waste management, and where to CNSNS, in its role as
Regulatory Body. responsibilities were assigned for the implementation of such standards.

The process of standardization in aspects related to radioactive waste began in 1994. Op to
now CNSNS has issued eleven national standards regarding radioactive waste management
and it is important to mention that these standards have been issued obeying the short term
necessities of the situation prevailing in radioactive waste matters in M6xico.

2.1. Lowlevelwaste

One of the necessities pointed out in the previous paragraph is the construction of a final
disposal facility for low level radioactive waste. As a consequence, the respective regulation
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must be ready, and therefore priority has been given to low level adioactive waste disposal
with the of the follownI g four standards:

2. .I Requirements to /oil, level adioactive waste packages for its near srface disposal

This standard establishes the requirements that a low level radioactive waste package ust
comply with in order to be accepted in a near surface disposal facility. Because of the

iling conditions in a near sur I i is necessary
preva face dsposal facility, 't - for the radioactive
waste package to present characteristics related to confinement o radionuclides, resistance
under pressure, resistance under thermal cycles and stability in presence of radiation.

2.1.2 Requirenients for a lw level adioactive waste nearsurtacefimal disposal.facility.

These requirements are divided into tree standards, each one addressing a specific stage as
follows:

Part 1, Siting,

The requirements for the site selection process are stated in this standard. These requirements
are intended to assure that the site selected will ave caracteristics tat prevent of- delay the
migration of radionuclides in the waste, to pathways that may result in the exposure of
population during the time required for the radionuclides to decay to levels that do not
represent an unacceptable risk to population and environment.

Part 2 Design.

This standard sets the requirements that must be considered for a near surface disposal facility
design, which are necessary for the safe operation, closure and institutional control stages, in
order to avoid that a near surface disposal facility looses its integrity during the time required
for the radionuclides in the waste to decay to activity levels such that they do not represent an
unacceptable risk to the population or environment. Part 3 Operalion and closure.

This standard establishes the requirements that a near surface disposal facility must comply
with in order to carry out the activities related with operation, closure, post-closure, and
institutional control assuring that the exposures to radiation of workers and public will e kept
as low as reasonably achievable, and below limits established in regulation.

2.2. Clearance

To have in the regulation activity concentration levels, below which radioactive waste with
low contaminant concentration cn e considered as conventional waste, implies a decrease in
the radioactive waste generatio ad consequently a decrease in the management costs as
well. With this motivation CNSNS issued a standard for clearance levels.

Limits to considersolid waste as adioactive wste.

This standard establishes limits and conditions that must be accomplished in order to manage
and dispose of solid adioactive waste by conventional means.

2.3. Classification

As a signal of the importance that a radioactive waste classification has in the radioactive
waste management, in Mexico te first standard issued in radioactive waste matters was the
Radioactive Waste Classification National Standard.

Radioactive Waste Classification.

This standard establishes criteria o a proper classification of radioactive waste produced by
nuclear industry in order to carry out safely activities such as handling, treatment,
conditioning, temporal storage and disposal. According to the activity and half life of the
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present radionuclides, radioactive waste is classified in Low level radioactive waste (which is
subdivided in AB and C classes), Intermediate Level Radioactive Waste, High Level
Radioactive Waste, Mxed Waste and Uranium and Thorium Tailings.

2.4. Facilities

Requirements for radioactive waste management facilities are stated in two standards, one for
incineration facilities and another for treatment and conditioning facilities. Although in
Mexico there are no incineration facilities, incineration was considered as a viable option for
volume reduction and the respective standard was issued in 1994. This activity was however
never carried out due to socio-political circumstances.

2.4. equirements to adioactive "-aste incineration./acilities

This standard sets requirements to assure that the volume reduction of radioactive waste via
. ' 'II be carried out n a safe way for workers, population and env'
incineration w I I I ironment.

2.4.2 Requiretnentsfor adioactive vi�aste treating and conditioning./acilities

This standard sets requirements to assure that the activities of treatment and conditioning of
radioactive waste will be carried out in a safe way for workers, population and environment.

2.5. Other standards

2. -5 I �Vethods fior determining the activity concentration and total activit�, in radioactive
waste packages.

As indicated by its name, this standard establishes the methods for determining activity
concentration. total activity and identification of the radionuclides contained in a radioactive
waste package. in order to obtain nformation important to assure that the radioactive waste
w']I be properly treated, conditioned and dsposed off.

2.5.2 Leach tests.for solidified adioactive ivaste specimens.

In this standard the requirements under which a water leaching test must be performed in
radioactive waste species are established, such requirements include the determination of a
leaching index for those radionuclides released from solidified radioactive waste
packages.2.5.3 Radioactive wasle handling in./acilities that use open sources.

In order to assure that the radioactive waste complies with the legal prescriptions of General
Reculation for treatment or release. this standard gathers the guidelines for administrative and
operational activities related with segregation recollection, handling and temporary storage of
radioactive waste in facilities that use open sources.

3. Future projects

In Mexico, there are aspects of the radioactive waste management that still need to be
regulated in the short term. CNSNS has already identified these aspects and the convenience
of assigning resources to the emission of national standards in the following fields is being
analysed:

- clearance levels applied to lands and facilities.

- radioactive aste characterisation.

- radioactive waste temporary storage.

It is also important to mention that at present the Radiological Safety General Regulation is
being revised to make it consistent with the IAEA Safety Series II .
4. High Level Radioactive Waste
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In the short term there is no need for standards related to high level radioactive waste. Spent
fuel of the Laguna Verde Nuclear ower Plant (LVNPP) is being tored in the fuel pools of
the two Units and LVNPP has enough capacity for storing the sent fuel generated in the
useful life of the Plant. Besides, Mexico is paying close attention to the development of
technologies and alternatives f6i the high level radioactive waste mnagement, eventually the
regulation will be eaborated upon te choice of one of these technologies.

5. Conclusions

As can be appreciated, priority as been given to the issuance of lw level radioactive waste
standards. This priority is dictated by the high amount of lom, level radioactive waste
generated by the different applications of radioactive material in medicine, industry, research
and nuclear industrv. Generation of intermediate level radioactive waste is very low and
decisions on the management of spent fuel are yet to be made. Therefore the limited
resources of CNSNS were dected to make standards to satisfy the more immediate
necessities.
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Abstract.

Thermochemical treatment technologies are deployed for pre-treatment (e.g.
decontamination), treatment and conditioning of specific types of radioactive wastes. The
thermochemical treatment of radioactive wastes uses powder metal fuels that are specifically
formulated for the certain waste composition and react exothermically with the waste
components. Thermochemical treatment is an autonomic process that aows ecological safe
treating of wastes without complex and expensive equipment. Application of thermochemical
treatment technologies results in practically complete confinement of contaminants in the
mineral or glass-like end product. The release of hazardous components and radionuclides in
the off -as is minimized.

1. Introduction

Small amounts of specific type radioactive waste were generated during various activities of
both industrial facilities and research institutions. These can be spent on exchange resins,
inorganic absorbents, wastes from research nuclear reactors, irradiated graphite, mixed,
organic or chlorine-containing radioactive waste, contaminated soils, un-burnable heavily
surface-contaminated materials, etc. Conventional treatment methods encounter serious
problems concerning processing efficiency of such waste, e.g. complete destruction of organic
molecules and aoiding of possible emissions of radionuclides, heavy metals and chemically
hazardous species. Some contamination cannot be removed from surface using common
decontamination methods. Moreover due to relative small volume of specific type radioactive
waste the development of target treatment procedures and facilities to conduct technological
processes and their deployment could be economically un-expedient and ecologically no

'fied. The management of specific types of radioactive waste thus can present a problem
even n the case of well-developed managing systems;furthen-nore this s a serious problem in
case of reduced resources.

The best approach on managing specific types of radioactive wastes is application of
autonomic technologies based on usage of mobile processing units. Moscow Scientific and
Industrial Association "Radon" has been developing intensively thermochemical treatment
technologies for specific types of radioactive waste to be deployed at centralized facilities
managing radioactive wastes.

Thermochemical treatment technologies use the energy of exothermic reactions in the mixture
of radioactive or hazardous waste with special powder metal fuel (PMF). When used energy
of exothermic reactions in waste thennochemical treatment processing, the problems
concerned ith heating method choice, appropriate heating equipment operation, and
maintenance of this equipment reliability are excluded. The composition of the PMF is
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designed in such a ay as to minimize the release of hazardous substances and radionuclides
in the off gas and to confine the contaminants in the mineral or glass-like end products.
Generally, the PMF consists ofcombustible powder metal, oxygen-containing component,
and some additives (pore-forming materials, stabilizers, surface-active substances, and other)
with a predominance of metal powder. A thermodynamic simulation is applied widely at the
designing of the PMF. Currently, the thermochernical treatment technologies were developed
and demonstrated to be feasible s follows:

1. Surface decontamination of metals, asphalt, and concrete.

11. Processing of organic wastes (spent ]on exchange resins, plastics, polymers, medical
waste, biological objects, and other).

111. Autonomic vitrification of ash residues, calcinates, spent norganic sorbents,
contaminated soils, and the like.

IV. Processing of carbon wth 4C retention (lubricants, moulds, eactor graphite, etc.).

2. Thermochemical surface decontamination

The decontamination technique based on application of PMF is used in order to
decontaminate a surface of dfferent materials (asphalt, concrete, mtal) [1], which cannot be
usually decontaminated by conventional methods. The process is based on thermal
volatilization of radionuclides de to beat generated when PMF fill layer on material surface
is burned flameless for a few tens on minutes. The layer of slag produced by PMF
combustion has an extensively dveloped surface and traps volatilized radionuclides.

The technology is rather simple and comprises few operations. First operation is covering of
contaminated spot of the surface with a thin (0.8 - I cm) layer of PMF. This layer is then
ignited. Slag obtained after burn ot of PMF is collected for disposal. The decontamination
efficiency depends mainly on temperature and duration of a surface heating. These are
determined by PMF formula as well as PMF consumption per unit of the treated area. he
process optimization for various materials includes selecting the PN4F composition, ensuring
necessary combustion temperature, by using thermodynamic calculation, ad the eating
duration. The composition and mount of slags formed at PNIF combustion and determined
both experimentally and calculated thermodynamically are also the matter of concem. For the
removal of a strongly fixed radioactive contamination from a metal surface, as a rule, the
removal of the material superficial layer is necessary. At PMF burning on the metal surf-Ace,
the filled mixture reacts intensively wth oxygen of air. Decontamination of a metal surface is
achieved as a result of radionuclides evaporation and fixation in a slag layer that forms at
PMF combustion. For metal scrap the decontamination technique is used, which is based on
combination of both thermal volatilization and chemical surface oxidation of metal at certain
depth.

In order to decontaminate asphalt its transformation is required to the softened state that
occurs at temperature 130 - 180'C. The softened asphalt is easily removed mechanically on a
depth necessary for complete cleaning. For the concrete decontamination at the completion of
PNIF combustion pocess, the concrete upper layers crack and spall. These concrete
fragments formed together with slags are removed after its cooling down. The
decontamination efficiency of concrete per one decontamination act reaches 90-95% at depth
of radioactive contamination up to 0, - .8 cm. At a greater depth of contamination, it is
necessary to repeat decontamination. Characteristics of a process of thermal decontamination
of metal, asphalt, and concrete surfaces are given in Table .
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Table 1. The characteristics of thermochernical decontamination process.

Maximal Radionuclides carry
temperature on Duration of Efficiency of over (137cS)

Material the surface process decontamination
0C) (min) (%) (total activity on the

surface)

Metal 1100 20 95 - 99 0. - .5

Asphalt 400 15 99.9 0. - 0.5

Concrete 1300 20 95 - 99 0. - 0.5

3. Processing of organic wastes

The thermochemical processing of radioactive organic wastes, including spent ion exchange
resins (ER). mixed, polymer, and chlorine-containing (for example PVC) wastes, biological
objects. etc.. is based on the use of PMF that are specifically formulated by using of
thermodynamic calculation for the waste composition and react chemically with the waste
components 2]. The thermochemical procedures allow decomposition of organic matter and
capturing hazardous radionuclides and chemical species simultaneously.

The IERs contain usually a large amount of water (more than 50% by weight). The major
radioactive contaminants of spent IERs are 137CS' 9OSr, ('OCo, 'O'Ru, and 51 Mn. In addition,
spent IERs are frequently contaminated with some heavy and toxic metals. The metal powder,
enterino into PMF (Al. Mg, Ca, Si, etc.), reacts wth water of IER and produces enough of
heat to sustain the thermal destruction of IER and interaction between slags of PMF and
contaminant constituents of IER. As a result, a volume of the waste decreases sharply and
contaminant etals combine with PMF slags resulting in chemically stable compounds.

�'P

.... .........

Figure.]. Mobile lacilit -i- fior the processing of spent ion exchange resins (left ad atonomic,
Otrification of ashes in contal .ners (eight).
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Wet IER and PMF previously mixed in the appropriate ratio are fd into furnace where the
reaction initiated ad combustion proceeds with the resulting release of a great quantity of
heat, evaporation and gasification of IER. Air is supplied to the combustion chamber to burn
out the products of IER gasification and hydrogen resulting from the reaction of the metal
with the moisture. he process in the furnace is controlled so that radionuclides contained in
the wet resin are converted into low-volatile compounds of ash esidue. Thennochernical
treatment of organic polymer materials is performed in much the same way. In the case of
chlorine-bearing polymers, chlorine of polymer and metal of PMF combine with the
formation of chemical compounds remained in the slags.

The problem of liquidation of azard biological objects, for example, cadavers of nimals
affected by various virus and acteriological diseases, has a great importance at present.
Conventional disposal of such cdavers may generate source of epidemic in future. Tile best
method of liquidation of hazard blogical objects is their incineration at high temperatures,
which warrants complete destroying of all organics. However, incineration of animal
cadavers using hydrocarbon fuels requires complicated and expensive equipment and a great
consumption of this fuel because of two-step incineration process: first, drying of a cadaver,
and second, incineration proper of .constituents of a biological oHect (proteins, fats, bony,
etc.).

Specialists of SIA "Radon" hve developed the technology of apparatus-free efficiency
incineration of animal cadavers under field conditions using the PMF 3 The performance
of the method developed is governed by the a ctive chemical nteraction of the PMF with
water of the biological tissue. Chemical analysis of aerosols and gases released from the
reaction zone did not show excluding concentrations of nitrogen, crbon, and sulphur oxides.
Analysis of ash and slags showed the absence of hazard metals, chemical compounds, and any
organic substances. It should b pointed that the technology proposed can be also applied to
incineration of biological residues of different origin including vegetation.

4. Autonomic vitrification

Some specific type radioactive waste requires solidification, preferable vitrification for its
safe management. An example is; the ash residue obtained after solid radioactive waste
incineration. Contaminated clay soils have radionuclides strongly fixed to the clay particles,
which makes cleaning a complex task. This waste must be also conditioned to produce a
waste form suitable for safe transportation and storage. Another type of waste that also
requires conditioning before dsposal is produced by water treatment facilities in the orm of
spent inorganic sorbents. The then-nochemical processing of these wastes (ash, cy soil,
inorganic sorbents, etc.) is a pssible route of ensuring safe conditioning. The process is
based on oxidation-reduction reactions in the PMF and radioactive waste mixture resulting
significant eat generation that: melts radioactive waste and forms a glass-like material
without requiring an external power supply. Thermodynamic simulation was applied in order
to design appropriate PMF fmulations. Real ash residues from radioactive waste
incineration as well as real contaminated clay soil were used as the conditioning objects.
Beta-gamma emitting radionuclides of cesium, strontium, and cobalt and alpha-emitting
radionuclides of heavy metals (actinides, radium, and polonlum) were the main carriers of
radioactivity in the ash residue. The radionuclides content in the sil was represented mainly
by 3 7Cs. Table 11 represents te parameters of both thermochemical solidification rocess
and end glass-like product 4]. The resulting materials are glass-like and have dense structure
or structure with sall pores.
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Table 11. Parameters of radioactive waste autonomic vitrification process and end product.

Radioactive Maximum Leach rate
waste content process Carry Carry (g/(CM2))

(wt. 0/'o) temperature over of over of
Ash residue Soil M aerosols 3 7Cs

('A't. % (%) 137cS 231pu

50 1530 1.9 0.9 9.0 I O-1 5.4-10-6

10-560 - 1200 1.0 0.3 7.9. 1 0 7.0.

- 45 1900 2.2 3.1 1.0.1w -

56 1520 1.0 1.3 2. I IO-'

5. Processing of irradiated graphite

Incineration of irradiated carbon is impermissible because of discharge into atmosphere of
biolo,,,Icallv snificant isotope 14C combined in 14CO2 and 14CO . Thus, a thermochemical
treatment technology was developed and proposed based on the self-sustaining exothermic
reaction in the mixture of carbon (graphite), aluminium, and titanium dioxide resulting
chemically stable titanium carbide - corundum matrix acceptable for long-term storage and
disposal [5].

6. Conclusion

HILh efficient thermochernical treatment technologies were developed to process specific
types of radioactive wastes. They are rather simple in implementation and can be realized
without complex production equipment and energy supply.
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Abstract.

Research was undertaken to fix rdioisotopes from simulated nuclear waste streams into
durable and stable borosilicate glass matrices based on the conversion of different type of
zeolites. It was found that the selectivity of Iranian clinoptilolite nd the relevant snthetic
zeolite toward cesium and strontium were quite good whereas the each resistance of the
loaded zeolite was relatively poor. To improve the each resistance of the used zeolites,
conversion of the spent exchangers into borosilicate glass was nvestigated. Results obtained
in the non active berich scale tests phase were promising. It is concluded that spent zeolites
loaded with radioactive materials can be converted into a durable, high leach resistant
borosilicate glass, a proper matrix for final disposal of nuclear waste.

1. Introduction

It is accepted that nuclear wastes hve to be stored and disposed of in ways which safeguard
human health and protect the environment. However, much of radioactive wastes like many
other wastes, could be damaging to health and the environment If not properly managed.
Management must take into account long term safety, since some radioisotopes take a ery

long time to decay. This long term decay, which in some cases cn take millions ofyears,
focused attention on the need for sorne wastes to be managed for a ery long time beyond the
lifetime of those who generated the waste. Final disposal is only the last step in the waste
management process, after collection, treatment, conditioning, storage and transport - steps
which are technically well developed. So far various techniques were developed and used for
treatment of liquid radioactive waste, among all of the investigated techniques, ri-exchange
methods using inorganic exchangers, specially natural type, because of their durability, are
more attractive. Zeolites are mcroporous, high-internal-surface, crystalline, hydrated
aluminosilicate of alkali and alkaline earth cations with an nfinite, open, rigid, and three

dimensional structure. The three-dimensional framework consists of AIO and SiO4 4

tetrahedral units linked through shared oxygens. Natural and synthetic zeolites have been
widely studied for their application as exchangers in the treatment processes of different
liquid radioactive waste streams.

Zeolites can be considered as an alternative material for the removal of most common fission
products such as cesium and strontium as well as heavier multivalent radioisotopes like

'des and lanthanides from liquid radioactive waste. Clinoptilolite, one of the well kown
zeolites with an ideal formula of"(NaK) Si3o A16 072. nH20", is the most abundant natural
zeolites found mainly in sedimentary rocks and widespread in Different parts of the world as
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well as in several regions of Iran. Nowadays, the use of zeolite containing rocks to clean-up
aqueous nuclear aste from different radioisotopes have been well studied and forms the
basis of waste treatment process at BNFL Sallefield UK, Three Mile Island Chernobyl and
'West Valley 1-2). Natural zeolites such as linoptilolite and mordenite, owing to their
relatively large adsorption capacity, high selectivity, resistance to radiation and compatibility
to cementation and glass waste encapsulation, have been extensively investigated as potential
adsorbent for nuclear wastes 3-6].

2. Vitrification

Vitrification. the process of converting materials into a glass or glass-like substance, I'S
increasingly being considered for treating various wastes. Vitrification is conceptually
attractive because of the potential durability of the product and the flexibility of the process in
treat n a w 'de variety of waste streams and contaminants. These characteristics make

' n'fication the focal point of treatment systems for high-level radioactive waste an
vit d an
attractive alternative for low-level radioactive waste. Vitrification of radioactive waste is a
solidification process that combines semi-liquid waste with glass, resulting in a stable glass
form. In this process, highly radioactive liquid and sludge is mixed with glass particles and
heated to very high temperatures to produce a molten glass. The produced stable glass traps
the radioactive elements and prevents them from reaching into the environment. Vitrification
is cons'dered the "Best Demonstrated Available Technology" for immobilizing HLW In
several countries including the United States, radioactive high-level waste is being
incorporated into molten glass, producing highly radioactive glass "logs" to be stored for an
interim period and then disposed. Vitrification has also been identified as a promising
technology for the disposition of surplus weapons usable plutonium, although such a process
has not been demonstrated on an industrial scale.

3. Leach resistance

Leach resistance against releasing the absorbed radionuclide into the environment is an
important factor for evaluating all of the solidified nuclear wastes. However the leach rate of
loaded zeolites is relatively high. In view of improving the leach resistance of the loaded
zeolites, conversion into a borosilicate glass was investigated in this study. According to the
chemical composition of the zeolite samples, glass frits were produced by taking into account
that zeolite can act as a source of Al and Si. In this concern several glass frits based on the
natural and synthetic relevant zeolites were prepared by adding suitable additives for desirable
glass formulation.

Borosilicate glass has been chosen as the waste form for high-level waste in the most
countries around the world (specially western countries), because it combines high radioactive
waste solubility and high tolerance to high level waste variability with excellent leach
resistance and hgh thermal and radiation stability. Borosilicate glass can also be produced at
temperatures 200 C below more conventional glasses, thus minimizing volatility of fission
products (e. g. C s- 3 7) and dose to workers.

4. Investigations

The main goal of this research pr 'ect was to fix radioisotopes from simulated nuclear waste
streams into durable and stable borosilicate glass matrices which were made based on the
conversion of different type of zeolites. According to the previous results obtained from the
research on the sorption behavior of Iranian natural zeolites in respect to different
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radionuclides, it was obtained that the selectivity of Iranian clinoptilolite and the relevant
synthetic zeolite P respectively toward cesium and strontium were quite good whereas the
leach resistance of the loaded zeolite were relatively poor [8]. To improve the leach
resistance of te used zeolites, onversion of te spent exchangers; nto a borosilicate glass
was investigated and several tpes of glass frit and different types of waste-glass
compositions were made in different experimental conditions. The effect of several
parameters such as melting temperature, cooling procedure, type and source of raw materials,
etc were also investigated. Several characterization and qualification tests, such as XRD,
SEM, TA and leach resistance tests, were performed for evaluation (if the final products. he
results obtained in the non active bench scale tests phase were promising.

5. Conclusion

Based on the results of this study, the authors recommend that spent zeolites which are loaded
with radioactive materials can b converted into a durable, high leach resistance borosilicate
glass wich is a proper matrix or final disposal of the nuclear waste streams. Further work is
necessary to optimize conditions. Tis project is still under progress 
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Abstract

In Russia under development are inherently safe fast reactors to be fuelled with mixed U-Pu
1 ides. Reprocessing spent nuc

tr lear fuel of those reactors s assumed to be carried out by
non-aqueous processes. The final products of reprocessing shall be fractions of uranium, plu-
tonium and minor actinides which will be used to manufacture mixed fuel for fresh loads of
the reactor as well as fractions of fission products to be conditioned and long-time stored or
transmuted in reactor. Fractions feature very high activities and intensive heat releases. The
paper presents general flow layouts of radioactive waste management arising at a designed
nuclear power plant comprising a demonstration fast reactor BREST-OD-300 and a semi 
commercial complex for reprocessing spent fuel from this reactor. All the schematics pre-
sented are now under development.

1. Introduction

Further evolution of nuclear power industry is planned in Russia via a large-scale construction
of inherently safe fast reactors operating on mixed uranium-plutonium fuel under conditions
of plutonium self-sufficiency. The complex of NPPs with reactors such as mentioned above is
assumed to involve facilities for reprocessing spent nuclear fuel (SF) and fabricating fresh
fuel for new loads (Fig. 1). To achieve the non-proliferation of fissionable materials the proc-
ess flow sheet of SF reprocessing eliminates fuel feasibility of fissionable materials streams
usable for production of nuclear weapons.

Inherently safe fast reactors are assumed to operate on dense thermal conductivity fuel as UN-
PuN mononitrides 1,2]. Today in Russia extensive studies are under way aimed at develop-
ing processes of spent nitride fuel reprocessing and management of arising radioactive waste
(RW). The main objective of investigations is to provide the construction of the NPP under
desian with the demonstrational fast reactor BREST-OD-300 and semi-commercial complex
for spent mixed U-Pu nitride fuel reprocessing and fabricating of fresh fuel. RW manage-
ment of this NPP is the subject of the present paper.

2. Spent nuclear fuel (SF) reprocessing

For nitride SF reprocessing non-aqueous processes seem to be more preferable since they
have substantial potential advantages over extraction processes, namely, drastically reduced
overall of RAA1 amounts and equipment dimensions, technologically ensured non-proliferation
of plutonium (which is a component of the Initiative put forward by the President of the Rus-
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sia Federation in September 08,2000 at the session of UNO General Assembly), the feasibility
of incorporating (if necessary) accumulated excessive weapon's grade nuclear materials into
the fuel cycle as ell as a lower cost of the SF reprocessing

........................................
SF

Reactor Interim
Storage

................................................

SF

IF
f 7-

Fabrication Manufacture SF
of Fuelrods of Fuel Reprocessing

U-PLI-
minor
actinides
alloy

Fig. 1: Schematic of radiochemical plant for SF reprocessing and mixed U-Pu fuel fab-
rication

Currently under study are several options of non-aqueous processes of SF reprocessing. Tak-
ing into account the acquired results, the electrolysis in molten chlorlds salts was chose as
promising method for further development.

The essence of the method of the molten chloride salt electrolysis resides in dissolving U-Pu
nitride fuel pellets in the anode area and depositing U-Pu metals on the cathode (Fig. 2.
Mixed molten salts of KCI, LCI, UC13 and PUC13 serve as an electrolyte. In the process of the
U and Pu nitride dissolution in the anode area, other components ofSF will behave in differ-
ent ways. Some components shall not dissolve in the anode area bul enter as a sludge into the
electrolyte. These are noble metals, Mo, Zr, Tc. The other components are dissolved in the
anode area and shall enter into te electrolyte (essentially, as chlorides); they are alkaline, al-
kaline-earth, rare earth metals, actinides, iodine. During electrolysis, gaseous products (Kr,
Xe, T2, N and partially 1) shall be also emitted. On the cathode the U-Pu alloy shall deposit

that shall later be remelted and its uranium content shall be adjusted. The U-Pu alloy is used
to obtain nitrides 3,4]. The fission products removed from the electrolyte as metals, oxides

and chlorides shall be conditioned ad sent for a long - time controlled storage.

3. Characteristics of radioactive waste to be processed

The main sources of radioactive waste (RW) arising at the NPP under design are the BPEST-

OD-300 reactor, te complex of the SF reprocessing and mixed fuel manufacture, the com-

plex of RW processing (the source of secondary waste) as well as auxiliary units (special

laundry etc). The RW arising may be subdivided into two groups: 1) liquid and solid RW of

low (LLW) and intermediate activity levels (ILW) arising from the operation of all the above

indicated units and solid RW of hgh activity level arising from SF reprocessing and fresh

mixed U-Pu fuel manufacturing processes.
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4. Main requirements for radioactive waste management technology

• RW processing shall result in minimal volume transportable final products that shall relia-
blv retain contained radionuclides and other components under conditions of transporta-
tion, storage and disposal.

• Technoloov of RW management shall promote the preservation of the natural radiation
equi u between RW arosen and nuclear fuel radioactive components extracted from
the earth during uranium ore output (in other words, the principle of radiation equivalence
has to be put into practice). To meet this requirement in the process of SF reprocessing
fission products are to be partitioned. The fractions of long-lived radionuclides are trans-
ferred to transmutation in a reactor.

U SF Electrolyte:
KCI+LiC]-, UCI-,-PuCI3

Cathode de- Electrolvsis in
posit molten salt

Cathode deposit Electrochemical refine- Rw
meltina and salt ment of electrolyte salts 10

discharge

U-Pu alloy produc-
tion and composi-

tion adjustment

Fig. 2 Process flow layout of electrochemical spent nitride fuel reprocessing in
molten chlorides.

5. Process flow sheets of radioactive waste management

The aeneral schematic of radioactive waste management is illustrated in Fig. 3.

5.1. �Vanagenientoflowandintermediateactivitylevelwaste

The process flow sheet of liquid RW processing is established on the basis of mastered tech-
nologies of eaporation, sorption, cementation and vitrification. The schematic of liquid RW
processing includes two methods of liquid RW concentrate solidification: vitrification - for
solidification of basic quantity of evaporator bottoms and cementation - for pulps of spent fil-
tration materials. sludges and a part of eaporator bottoms. As a result, the total amount of
conditioned RW is substantially reduced and the safety of its long-term storage is increased.

328



The availability of a vitrification facility in the schematic makes it feasible to process sepa-
rately liquid waste of high activity level, if necessary. The final products of liquid RW proc-
essing are a cement compound nd glass logs to be put into containers for a longtime ear
surface storage. Solid RW is to be processed in incineration and ompaction facilities with
the resultant final products being barrels containing compacted waste and a cement compound
as a result of ash immobilization that are also containerized.

5.2. Managementofhighactivinlevelwaste(HLRW)

The electrochemical reprocessing ofspent U-Pu nitride high activity level waste arising in the
BREST-OD-300 and BN-800 reactors shall result in several fractions of HLW to be further
immobilized in various matrices.

RW

LLW and ILW HLW

0 RW
irtitioning, Immobilization

IF IF

F Evaporation, Sorption Incieration, Compaction

Vitrification, Cementation

Conditioned RW

Long-term Storage]

Fig. 3 General schematic of RW management

The provision of the safe management of HLW resulting from SF reprocessing has to take
into account the following their specific features that involve difficulties in its mmobiliza-
tion:

• very high specific activity of RW that may exceed 1000 C/g;
ificant heat releases wich n principle may necessitate dilution of RW wth a re-

spective heat transferring matrix material to provide for RW manipulation,
'lability of several fractions of radionuclides, hence, differences are likely in the

technologies of each fraction immobilization;
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• chlorides in RW which affect both the degree to which matrix materials are filled and
the corrosion resistance of equipment;

• need in remote control of essentially all technologic processes.
The layout of solid RW management Fig 4 is currently established in a general way as a
basis for further experimental and design studies. The schematic comprises the following ma-
jor operations.

(1) Partitioning d immobilization qffraction.-fission products-Inetals (noble metals, Mo,
Zr nd Tc)

In the process of the SF dissolution in the anode area noble metals, Mo, Zr and Tc are distrib-
uted as a metallic phase in the electrolyte (molten salt). The electrolyte runs through a porous
metal filter where the electrolyte is refined from those fission products that are retained on the
filter. After the specified quantity of fission products is collected on the filter the latter is re-
covered via ashing with molten lead. After -10% mass fission products (as interometallics
or metal particles) are collected in molten lead the latter is poured into canisters that after
cooling, sealing and decontaminating are placed into a container to be long-ten-n stored.

Characte'stics of conditioned fraction
• Kind of final product - Pb matrix filled with fission products to 10 mass.
• Specific activity of final product - 36 x 103 Cl/kg

• Specific heat release of final product - 19.1 w/kg.

(2) Partitioning and immobilization (?mission productfi-actions as chlorides
In the process of SF dissolution in anode area rare earth, alkaline and some other fission
products enter into an electrolyte as chlorides. The following schematic is assumed to separate
and immobilize these fission products.

Rare earth and curizin7firaction:
After fission products are accumulated in a molten salt up to the total content of - 10% mass.
the latter is transferred from an electrolyzer intended for SF reprocessing to another electro-
lyzer used for molten salt regeneration. In the latter rare earths and curiurn are removed on
nickel granules under conditions of electrochemical deposition.

Characteristics of conditioned fraction
• Kind of final product - N1 granules filled with fission products to 10% mass.
• Specific activity of final product - 77 C/g

• Specific heat release of final product - 36.4 w/kg.

Alkaline earthfiraction:
The molten salt is transferred from the electrolyzer to a porous copper filter where fission
products, i.e. strontium and barium, are deposited. After fission products are accumulated to
IO% mass in the copper matrix the latter is removed and loaded into canisters.

Characteristics of conditioned fraction
• Kind of final product - copper matrix filled with fission products to 10 % mass.
• Specific activity of final product - 76 x 1 03 Cl/kg

• Specific heat release of final product - 22.4 w/kg.
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Fig. 4 General schematic of management of fission product fraction
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Cesium chloridefiraction.-

Then the molten salt is transferred to a facility of directional zone recristallisation where the
remaining fission products (basically it is cesium) are subject to concentration in the finishing
zone of a facility. The refined electrolyte is recycled. It is assumed that a calcium phosphate
matrix shall incorporate the cesium chloride fraction to 10% mass. As an instrumentation unit
of te process a melter of a "cold crucible" type is feasible.

Characten'stics of conditioned fraction
• Kind of final product - calcium phosphate matrix filled with LCI-KCI+CsC] mixture

up to IO% mass.
• Specific activity of final product - 09 C/g.

• Specific heat release of final product - 1.5 w/kg or 45 w/dm 3

Iodine-technethimfi-action.-

The decision has been taken in pnciple to separate the fraction of these long-lived fission

products for their subsequent transmutation in a reactor. However, efforts in this direction are

so far at the state of initial investigations.

It is to be noted once again that all the above described technological processes of partitioning

and conditioning of HLW fractions as well as their instrumentation are still at the stage of

theoretical and laboratory-scale investigations and therefore have to be considered as prelimi-

nar,�.

6. Conclusion

The process flow layout has been prepared to manage RW that shall arise from operating the

no,,\- under design NPP with the demonstrational fast reactor BR-EST-OD-300 and pilot com-

plex for SF reprocessing and mixed U-Pu nitride fuel fabricating for reactor fresh loads. Liq-Z:�
'd and solid RW of the low and ntermediate activity levels shall be processed by tradition-

ally applied methods to produce a cement compound or glass logs as final products to be

lon-time stored in near-surface storage facilities. Substantial difficulties are encountered

when processing fractions of HLW from SF reprocessing that feature a very high specific ac-

tivitV, intensive heat releases and a high content of long-lived nuclides. Immobilization of

HLW fractions shall be accomplished by their incorporation into metallic or vitreous matrixes

and requires remotely controlled equipment. The technical solutions on HLW management

are preliminary ones and may be corrected taking into account the results of the investigations

now under way in the area of SF reprocessing, HLW partitioning and conditioning.
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Abstract.

To demonstrate fusion's environmental attractiveness over the (.entire life cycle, a aste
analysis is mandatory. The clearance is recommended by IAEA for releasing activated solid
materials from regulatory control and for waste management policy. The paper focuses on the
approach used to support waste analyses for ITER Generic Site SaJFetY Report. The Material
Unconditional Clearance Index f all the materials/zones on the equatorial mid-plane of TER
machine have been evaluated, based on LAEA-TECDOC-855. The Bonarm-Nitawl-
XSDNRPM sequence of the Scale-4.4a code system (using Vitenea-J library) has been firstly
used for radiation tansport analyses. Then the Anita-2000 code package is used for the
activation calculation. The paper pesents also, as an example, an aplication of the clearance
indexes estimation for the ITER vacuum vessel materials. The results of the Anita-2000 have
been compared with those obtained sing the Fispact-99 activation code.

1. Introduction

An important objective of ITER is to demonstrate fusion's environmental attractiveness over
the entire life cycle, including decommissioning. In this context it is important to assess the
issues related to radioactive waste. Radioactive materials arise dring ITER operation and
remain after final shutdown. These materials comprise activated materials (due to the fusion
neutrons) and contaminated materials (due to tritium, activated dust and activated corrosion
products). Almost all the radioactive materials existing at final shutdown would be 'waste' if
they would immediately be disposed in final repositories without applying 'clearance'. In fact,
radioactivity decay and decontamination will reduce the amount of waste vs. time after final
shutdown. Therefore, not all radioactive materials will eventually go into waste repositories,
rather a significant fraction can be 'cleared', i.e. declared to be no longer radioactive: this
fraction usually increases with time.

The European Home Team EU-HT (namely the ENEA) was committed to perforrn one-
dimensional radial neutron and activation calculations for the TER Generic Site Safety
Report GSSR, in the frame of the Safety and Environment tasks of the European Fusion
Development Agreement EFDA Work program. The results were rovided 1] to ITER,ICT
and they were deeply used 2], 3 fr GSSR Volumes III and V. The neutron and gamina flux
distribution were obtained by means of the Bonarni-N1taw1-II-XSDNRPM S coupled nY one
dimensional discrete ordinates transport calculation sequence from Scale-4.4a computer code
system 4]. The EASY-99 activation package [5] (with the Fispact-99) was then used to obtain
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the activation characteristics of all the materials/zones of ITER. The Anita-2000 code package
can be also used for the activation calculation. Both Fispact-99 and Anita-2000 provide in
output the relevant activation characteristics, such as activity, decay heat, biological hazard,
clearance index, and gamma-ray source spectra. This paper describes the overall approach
used and the results obtained for ITER when Anita-2000 is used for activation calculation.
The activation calculation here presented focus on the Unconditional Clearance Index
evaluation of all the materials on the equatorial mid-plane zones of ITER machine. A
comparison with the corresponding results given by Fispact-99 is also presented and
discussed.

2. Theoretical background

Work and results are based on the concept of "clearance", a process recommended by AEA
for releasing solid materials with very low-level radioactivity from regulatory control 6.
Doses of 10 �&,, per year have been used for quantifying the concept of "unconditional
clearance". IAEA have applied scenarios that have been developed for the potential use of
man-made solid radioisotopes and for their conservative evaluation with regard to doses.
From these scenarios. a specific activity (Bq/g) of the isotope considered was derived so that
its foreseeable use would cause 10 pSv per year at maximum. This specific activity of the
isotope is called its "clearance level". This procedure has provided an isotope-by-isotope
listino of clearance levels. Division of the actual specific activity (Bq/g) of the isotope

'dered by ts clearance level gves dimensionless "clearance An ndex below
unity ("clearance limit") means that the material containing 'ust this one isotope can be
cleared. i.e. it can be released from regulatory control. For materials containing a mixture of
radioisotopes the clearance indexes of the constituent radioisotopes are summed up. If this
total clearance index is below unity, the material can be cleared.

The unconditional clearance indexes of each isotope and material, permit to establish if a
radioactive material can be potentially moved out of the originating facility and recycled,
irrespective of the use to which that material is put or of its destination after control has been
relinquished.

2.1. TheAnita-2000activationcodepackage

Anita-2000 is a code package 7] that performs activation calculations of fusion materials to
be used for source terms evaluation and also for waste analysis. It provides activity, atomic
density, decay heat, biological hazard, clearance index and gamma-ray source spectra at shut
down and at different cooling times. The unconditional clearance indexes calculated for each
isotope and for each material.

The main features of the Anita-2000 code system are:
(1) the complex modelling of the rradiation scenario (pulsed and continuous) able to

handle up to 2000 time intervals (bum and dwell) and different neutron wall loading
for each bum time interval,

(11) the photon source calculation in the 18-y group ORNL-Scale energy structure,
(111) the new clearance index inventory output data file containing activity, contact dose

equivalent rate, decay heat, clearance index, both for each nuclide and for each
material.

The code package can be compiled and run on various computer platforms: Unix environment
and PC, both under DOS. Windows and Lmux.

334



The package is provided with a complete database that ncludes neutron activation data
libraries, decay, hazard and clearance data file, and gamma library. Two different 175-group
neutron activation libraries are 'Included: the first one (eaf'99_llb) is based on the EAF-99
neutron activation cross-section data library (from [5]) and the second one (fendl2allb is
based on the Fusion Evaluated Nuclear Data File FENDL/A-2.0. he data contained in the
gamma library are based on the FENDL/D-2.0 evaluated decay data file. Te decay and
hazard data are based on the FENDL/D-2.0 decay data lbrary and the ICRP-72 dose
coefficients for ingestion and inhalation of radionuclides [8]. The unconditional clearance
level data library (UCLDL) includes 1577 nuclides. The numerical values of the clearance
levels are either directly taken fi-orn Table I in 6] or have been supplemented by calculated
values consistent wth the rule provided in 6], page 12.

2.2. Calculation approach for ID radiation transport and activation calculation

According to ITER-JCT specifications "Fispact-99 has to be used for all activation
calculations" whilst "No codes are specified for the n-transport calCUlations. Requirements are
to use a well-recognised code system which has been verified and validated and for which
English documentation exists.". So fr, the overall integrated computational approach 9] used
in the past by ENEA for scooping analyses during ITER EDA and for EU-ITER assessment
has been utilized.

2.2. . Sn transport calculations
The neutron and garnma flux distribution have been obtained by means of the Scale-4.4a
calculation sequence using the Vitenea-J (175n-427 groups) transport library, based on
FENDL/E-2 data [10]. The overall ITER machine has been described in ID geometry 87
radial zones, 828 spatial mesh intervals) and it includes te following regions: Centre Vold,
Tie-Plates and Central Solenoid, hermal Shields, Toroidal Feld Coils, Vacuum Vessel,
First-Wall/Blanket, Plasma, Cryostat, Biological Shield. The radial build and the zone
composition is based on 11], Chapter 6 The material specifications (density and chemical
composition) are from [I I], Chapter 7 The first wall and blanket tructural material is AISI
316L(N)-IG (Mn 1.8%, Co 0.05%). The FW heat sink is Glldcop A.1-25 and Beryllium is the
reference protective layer material. he vacuum vessel (VV) and the toroidal field coil (TFC)
cases are made of AISI 3 6L(N)-lG. Borated steel 30467 and ferromagnetic steel SS 430
(both with Co 0.05%) are considered in between VV front and rear walls to provide adequate
shielding for the superconductor coils. The reference TFC considers Nb3Sn as superconductor
material. A detailed description of te input data and results of the Sn transport calculations
are given in 1 The full set of data (including specifications, assumptions and results) has
been included in a CD-ROM, that is annexed, on request, to [1]. The plasma neutron source
used for the Sn calculation has been calibrated such that it yields in average neutron wall loads

I -JCT, that are 041 and 065
as close as possible to those specified by ITER W/m ,
respectively for the inboard and outboard FW.

2.2.2. Activation clculations
The Anita-2000 code was used 12] to obtain the activation characteristics presented in this
paper, namely the specific activities and the clearance indexes for the TER vacuum vessel
materials. To compare those results with the corresponding one's obtained [1] with the
Fispact- 99 code, the eaf99 data libraries was also used, to avoid data library impact on the
comparison.

The activation calculations have been performed by considering,, the operation senario
defined in [I 1, Chapter 4 that is as follow: n-wall load (MW/M2 ) 5 years 001943, 5 years

335



0.07772, 27 days 0171 and last 3 days 21 times I hour on, 233 hours off-, finish with I hour
on) 057. It corresponds to an averaged integrated fluence on first wall surface of 0.5
W�,'a/m_.

Table I lists the geometry and the material characteristics of the different zones of the inboard
and outboard VV regions considered for neutron transport and activation calculations. The

'fie activity of solid) materials of the ITER Vacuum Vessel obtained with An'ta-2000 are
listed in Tables 11 and 111, respectively for the inboard and outboard zones. Those values are
given for the end of life of ITER plasma operation (i.e. cooling time zero) and for various
times after final plasma shut down. The comparison with the corresponding values [I
obtained usin- Fspact-99 indicates a maximum discrepancy of 12%.

Table 1. Inboard and Outboard ITER Vacuum Vessel Zones: Geometry and Material Composition

Identifier Name Materials Thickness mm-

VVRWI VV rearxall 316L(N)-IG 60
VVSHLD(l) inboard VI shield (Zone 1) 30467(60%), H,0(40%) 109
VVSHLD(2) VV shield (Zone 2 30467(60%) H0(40%) 109
VVFW1 VV front wall 316L(N)-IG 60
VVFWO VV front wall 316L(N)-IG 60
VVSHDO(l) 'VV shield (Zone ) 30467(42%); 316L(N)-IG(I I%); H0(47%) 220
VVSHDO(2) Outboard VV shield Zone 2 30467(42%)--430(24%) H0(34%) 205
VVSHDO(3) VV shield (Zone 3 30467(42%); 430(24%)� H,0(34%) 205
VVRW'O VV rear all 316L(N)-IG 60

3. ITER vacuum vessel material clearance indexes: results and discussion

The Isotope Unconditional Clearance Index (IUCI) is calculated in Anita-2000 as IUCI
CI/CLI where C1 is the specific activity of the radionuclide in the aterial and CLI is the
unconditional clearance level for that radionuclide, contained into the UCLDL. If a material
contains k nuclides. its clearance index (i.e. the Material Unconditional Clearance Index
MUCI) is calculated by summing up the k corresponding IUCI values. A material is

'dered as unconditional clearable when MUCI < 1. Using that criterion, the results
obtained indicate that the in-vessel materials (i.e. first wall and blanket regions) are not
clearable even after 102' years. So far, for waste management strategy, attention focused on
inboard and outboard vacuum vessel materials. The Unconditional Clearance Indexes vs.
cooling time of the Vacuum Vessel materials are shown in Figures I and 2 respectively for
the Inboard and the Outboard zones.

Table 11. Inboard ITER Vacuum Vessel Zones: Materials Specific Activity

Cooling Specific activity [Bq/kgl
time VVRWI VVSHLD(l) VVSHLD(2) VVFWI

[years] 316L(N)-IG 30467 30467 316L(N)-IG
zero' 1.93E-09 6.56E-09 5.59E I 2.05E+1 I

I 1.76E-07 6.85F-07 5.34E-08 1.65E+09
50 5.36E-05 2.49E-06 2.43E-07 8.16E+07
100 3.60E-05 1.41 E-06 1.45E-07 5.54E+07

1000 2.50E-04 4.16E-04 4.31 -05 3.06E-06
100000 3.63E-03 1.24E-04 1.30E-05 5.38E+05

To make possible results comparison with the Fispact-99 corresponding ones, the material specific activity at plasma
shut doNn do not include the Be-8 contribute.
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BLE+8

LE+5

LE+2 B-A-- VVRWl 3 1 0 L(N)-ICi
C --0-VVSHLD(1) - SS 30467

VVSHLD(2) .. SS 30467
LE-1 -iB--VVFWI - 3](L(N)-IG

-Unconditiona', Clearable Level

LE-4 

LE-6 LE-4 LE-2 LE+0 LE+2 LEA LE+6

Time after plant shutdown [y]

Figure 1. Unconditional Clearance Index for ITER inboard vacuum vessel materials vs.
cooling time. Anita-2000 results. using the UCLDL.

The Figure I points out that the nboard vacuum vessel is not clearable even after 100 years
from the end of plasma operations. On the contrary, a significant fraction of the outboard
vacuum vessel (about 64% of its volume) has a potential for clearance from 100 years after
plasma end operation A breakdown into clearable and non-clearable parts would require that
the vacuum vessel can be disassembled at ITER decommissioning.

LE+9 - --- - ------- ---

LE+7old
rd

I.E+5

LE+3
VVFWO - 316L(N)-IG

1.E+1 --O-- VVSHD0(1 - S 30467
VVSHDO(l - 316L(N)-IG

0 VVSIIDO(2 - SS 430 B
LE-1 --E3- VV S FDO(2 - SS 30467

--A- V VSI IDO(3 - SS 430
LE-3 -X-VVSYIDO(3 - SS 30467

-*-VVRWO - 316L(N)-IG
-Unconditional Clearable Level

LE-5

LE-6 LE-4 LE-2 LE+0 LE+2 LE+4 LE+6

Time after plant shutdown I

Figure 2 Unconditional Clearance Index for ITER outboard vacuum vessel materials vs.
cooling time. Anita-2000 results, using the UCLDL.

337



Table III: Outboard ITER Vacuum Vessel Zones: Materials Specific Activity

CoolinL time Specific activity [Bq/kg]
[years] %T\\ 0 VSHDOH) VVSHD0(1) V%!SHDO(2) VVSHDO(2) VVSHDO(3) VVSHDO(3) VVRWO

316L(\)-IG 316L(N)-IG SS 30467 SS 430 SS 30467 SS 430 SS 30467 316L(N)-IG
zero'- 2.71E- I I 4.77E I 4.32E+ 0 5.96E-08 8.44E+08 3.69E+07 5.25E-07 8.55E+06

I 0 2.2 IE-09 4.05E-08 4.20E-08 9.61E-06 9.77E+06 5.78E+05 5.94E+05 7.99E+04
�O 1 I 2E-08 2.03E-07 2.29E-07 2.14E-04 2.63E-t-05 1.26E+03 1.58E+04 2.12E+03
100 7.63E-07 1.38E-07 1.43E+07 7.45E-03 1.33E+05 4.34E+02 7.77E+03 1.43E+03

1000 4.05E-06 6.44E-O� 3.86E-05 1.93E+02 3.95E+03 1 I 6E+ I 2.36E+02 1.08E-02
I 00000 7.27E-05 1.22E-05 1 18E-05 7.69E-0 I 1 I 3E+03 4.70E+00 6.66E+01 1.43F 01

To make possible results comparison with the Fispact-99 corresponding ones, the material specific activity at plasma
shut down do not include the Be-8 contribute.

4. Vacuum vessel material clearance indexes: Anita-2000 and Fispact-99 results
comparison

While the comparison between Anita-2000 and Fspact-99 vacuum vessel material specific
activitv results gives a maximum discrepancy of 12%, the comparison on the clearance index
shows higher discrepancies (see, e.g., the Table IV, rows A values). The reason is that the

I 1 2 11S. 3 3 Ar, 'OK, 4'Ca , 42K, 46SC 47values for the following 23 isotopes: 2A 'Al, 1 'Ar Ca,
��7-\I. -;Srnco. q N1, 64cU, 93mo, 93 mNb, "Mo, 181"Ag, 121 Sri, 121 1-nSn, 1 2 Ta, 192m Ir, 208 Bi, in the

Anita UCLDL are different from those included into the EASY-99 library. When using, for

the above 23 isotopes., the same Fspact-99 clearance levels, those discrepancies decrease and

they reach a maximum values of 2 1 % (Table IV, rows values).

Table IV. Outboard ITER Vacuum Vessel Zones: Anita-2000 (A) and Fspact 99 (F) result

comparison

Coolin- time Unconditional Clearance Index (A-F)/F %

[years] %!%"F\k 0 VVSHDO(l) VA SHDOH) V\SHDO(2) VVSHDO(2) VVSHDO(3) %\/SHDO(3) VVRWO

316L(\)-IG 316L(N)-[G SS 30467 SS 430 SS 30467 SS 430 SS 30467 316L(N)-IG_
zero A 1.8 1.8 3.5 5.4 4.8 5.7 S.0 2.9

B -0.3 -0.2 -0.2 0.2 0.1 0.2 0.2 0.0
I A 0.2 0.1 0.1 0.7 0.2 0.4 0.2 0.2

B 0.3 0.1 0.1 1.5 0.2 1.7 0. 2 0.2
0 A 0.3 0.0 0.0 1.4 0.1 1.3 0.3 0.3

B 0.0 -0 I 0.0 1.4 0.0 1.8 0.4 0.2
100 A 12.4 11.4 1.8 13.1 2.3 13.3 2.4 0.0

B 0.0 0.3 0.3 -0.6 0.0 -0.6 0.0 -0.2
1000 A 13.7 13.0 0.2 21.3 1.6 27.0 2.0 15.0

B 0.0 -0.1 0.0 -2.1 0.0 -1.8 0.0 0.(
100000 A 3.1 3.3 3.3 17.4 3.8 43.8 6.2 13.1

B 0.0 0.1 0.0 -0 I 0.0 0.0 0.2 0.0

A: Anita-2000 usin2 the standard Unconditional Clearance Level Data Library UCLDL)

B: Anita-2000 usina the modified UCLDL

5. Conclusions

The paper describes the approach used and the results obtained for ITER Vacuum Vessel

materials assessment from a waste management point of view, when Anita-2000 is used for

activation calculation. The analysis is based on the concept of "unconditional clearance". The

results point out that the inboard vacuum vessel is not clearable even after 100 years from the
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end of plasma operations. On the contrary, a significant fraction of the outboard acuum
vessel (about 64% of its volume) has a potential for clearance from I 0 years after plasma end
operation. The comparison with the results given by Fispact-99 point out tat the
discrepancies are ower than 2 1//o when the same clearance level dal:a library is used.
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Abstract

The International Atomic Energy Agency (IAEA) Research Coordinated Project on
"Improvement of Safety Assessment Methodologies for Near Surface Disposal Facilities"
(ISAM) as launched in November 1997 and it has been underway for three years. The
ISAM pr 'ect as developed to provide a critical evaluation of the approaches and tools used
in Iona-term safety assessment of near surface repositories. It resulted in the development of a
harmonised approach and illustrated its application by way of three test cases - vault,
borehole and Radon (a particular range of repository designs developed within the former
Soviet Union) type repositories. As a consequence, the ISAM pr 'ect had over 70 active0J
participants and attracted considerable interest involving around 700 experts from 72 Member
States. The methodology developed, the test cases, the main lessons earnt and the
conclusions have been documented and will be published in the form of an AEA TECDOC.

This paper presents the work of the IAEA on improvement of safety assessment
methodologies for near surface waste disposal facilities and the application of these
methodologies for different purposes in te individual stages of the repository development.
The paper introduces the main objectives, activities and outcome of the ISAM pr 'ect and
summarizes the work performed by the six working groups within the ISAM programme, i.e.
Scenario Generation and Justification, Modelling, Confidence Building, Vault, Radon Type
Facility and Borehole test cases.

1. Introduction

A broad ranae of radioactive waste types is generated in different activities (nuclear power
plants operation, medicine, industry. etc.), which need to be managed in a safe manner. For
several decades now. many countries have made use of near surface disposal facilities for the
long-term safe management of low and ntermediate radioactive waste. Radioactive waste
disposal practices were not always appropriate for various reasons. Disposal facilities were
sometimes used for types and quantities of radioactive waste for which they were not
desianed. and there is no evidence of satisfactory safety assessments for many of the existing
sites. Also., local staff often do not have the necessary training and expertise to perform an
evaluation of the safety of these facilities. The need to find a safe final solution for the
disposal of disused radioactive sources in developing countries is forcing the nternational
community to try new idsposal concepts and facility designs, such us the "borehole disposal
facilltv". In line with the nternationally agreed principles of radioactive waste management
[1] the safety of these facilities needs to be ensured during all stages of their lifetime,
including the post-closure period. Various approaches and methodologies have evolved to
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carry out such safety assessment in support of demonstrating the safety of these facilities.
These approaches have not always been consistent.

The IAEA is one of the United Nations family of organizations. The IAEA's main statutory
functions are to establish standards of safety for the protection of human health against the
effects of ionizing radiation, provide for the application of these standards and to foster the
exchange of scientific and technical nforrnation on peaceful uses of atomic energy. In
discharging these functions, the IAEA has established a corpus of nternationally agreed
radiation and waste safety standards and Research Coordinated Pr( 'ects, including gidance
and research pr 'ects on te safety assessment of radioactive waste repositories 2 3 nd 4
in particular, on long-term safety assessment methodologies for low and inter-mediate level
radioactive waste disposal facilities.

An initial attempt at developing improved confidence in safety assessment methods was the
IAEA Co-ordinated Research Pr 'ect (CRP) on the Near Surface Rdioactive Waste Disposal
Safety Assessment Reliability Study (NSARS) 2]. The focus in NSARS was on developing
confidence in process modelling for long-term safety assessment of Near Surface disposal
facilities. Following on from the NSARS project, in 1997, the International Atomic Energy
Agency (IAEA) launched a 3-year Co-ordinated Research Pr 'ect on Improvement of'Safety
Assessment Methodologies for Near Surface Disposal Facilities (ISAM) 3].

The ISAM pr 'ect was developed to provide a critical evaluation ofthe approaches and tools
used in long-term safety assessment of near surface repositories. It resulted in the
development of a harmonized approach and illustrated its application by way of three test
cases - vault, borehole and Radon (a particular range of repository designs developed within
the former Soviet Uion) type rpositories. As a consequence, the SAM pr 'ect had over 70Oi
active participants and attracted considerable interest involving around 700 experts fro 72
Member States.

2. The 1AEA project on iprovement of safety assessment methodologies for near
surface waste disposal facilities (ISAM)

The primary focus of the [SAM pr 'ect was the methodological apects of long-term safety
assessment for near surface radioactive waste disposal, with an emphasis on the practical
application of these methodologies as applied to representative examples of waste disposal
facilities for low and intermediate level waste.

The ISAM programme had the following main objectives:

'de a critical evaluation of the approaches and tools urrently used in the post-
closure safety assessment of proposed and existing near-surface radioactive waste
disposal facilities;

• to enhance the approaches and tools used,

'de participants with practical experience in the mplementation of the
approaches and tools, and

• to build confidence in the approaches and tools used.

In order to achieve these objectives, the associated work programme focused on the review
and enhancement of these approaches and tools and in particular for scenario development
and justification, model formulation and implementation, including input data; and
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confidence building. Three Working Groups within the ISAM project were established to
focus on these methodological aspects of the safety assessment process (see Fig. I

Application of safety assessment
GROUP methodologies in practice is usually

Chairperson - k or A
roup Laders) necessary in order to develop a thorough

understanding of the approach adopted
SCENARIO and for this reason three group test cases
XN ORKING SAFETY CASLS were developed in order to test and

GROUP understand safety assessment approaches

MODELLING and provide practical experience in their
ORKING implementation. These test cases were
GROUP designed to be as realistic as possible.

CONFIDENCE The group test cases addressed current
BUILDING practices (Vault type of facility, Fg.2 ),

NA ORKING GROUP older practices (RADON type facility,

Fig. 3 and a proposed.fitture disposal

Fig. I ISAM Organizational Scheme

option for disused sealed sources (Borehole type repository, Fig 4 The test cases provided
the basis for open discussion of the many practical issues which are encountered when
undertaking an assessment with the aim of reaching consensus, in as many areas as possible.
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FIG. 2 Waste Svstem Diniensions.for the Vault Test Case
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Typical structure of "Radon"-type
200 3 repository
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Figure 3.- RADON Type Facility
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Figure 4.- Borehole disposal concept

The ISAM pr 'ect also provided an nternational forum for operators, regulators, safety0j
assessors and experts from research organizations to exchange experieDee, views and ideas on
safety assessment approaches used and ways for their improvement. The ISAM participants
were specialists from the Member tates, who had experience in technical activities, related to
safety assessments or near surface adioactive waste disposal facilities.
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The ISAM Co-ordinating Group provided overall management and coordination of the project
and 'the activities of each working group. It was also responsible for the preparation and
review of ISAM documentation, and the technical direction of the Research Coordination
Meetings (RCMs) and Working Group Meetings (WGMs). The AEA, represented by the
Scientific Secretary., was responsible for the overall coordination of the ISAM project, see
F12ure 1.

3. The ISAM methodology, for post-closure safety assessment of near surface waste
disposal facilities

Various national and nternational exercises have been and are being undertaken to help
develop frameworks and methodologies for the evaluation of long-term safety of near surface
disposal facilities. Whilst there are some differences in the detail of the approaches used,
many of the more recent approaches such as ISAM, have identified the need to address the
following key components (see Figure :

• the specification of the assessment context;

• the description of the waste disposal system;

• the development and ustification of assessment scenarios;

• the formulation and implementation of models; and

• the analysis of results and building of confidence.

Each of these components is discussed

1. Assessment below.
context

Figure 5.- ISAM Safeh
Assessment Methodoloov 2. Describe 3. 1. A ssessment context.

The assessment context provides

3. DeNelop information concerning the following key
and justif.% aspects that need to be considered and
scenarios taken into account once moving to the

4. Formulate and t stages of the safety assessment
implement process.
models

0 Purpose othe spty assessment. Most
5. Run anah ure safety assessments have the

10. Review and POSt-Clo

modification i i

7. Compare principal, high-level purpose of
against nterp e YES demonstrating adequate protection of
assessment human health and the environment.
criteria el However, depending upon the stage of

In if

assess
compor development, operation, and closure ofEEE) N E q .110

case the disposal facility assessed, there can
NO be a variety of additional purposes (e.g.

der'vat'on of waste acceptance criteria).(EE ) it ls lalso important to identify the
audience as it can cover a large umber of potential "stakeholders" (e.g. regulators, operators,
waste producers).

Reggidatorv Frainework. undertaking safety assessment it is important to consider the
regulatory framework in place that applies to the safety assessment. At one extreme this might
be a well-specified., quantitative framework, and at the other it might be extremely limited
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(non-prescriptive) or even requiring to be developed. In all cases, it is recommended that
'deradon should be gven to guidance and ecommendations on the

regulation of radioactive waste disposal.

Assessment End Points. The assessment end-points are the measurable objectives of the
framework. The safety criteria based on radiation risk and dose limitation are commonly
accepted as the principal basis for judging the acceptability of radioactive waste repositories,
therefore the individual dose ad risk are normally used as end-points. However, the long
time scales of interest mean that risks or doses to future individuals can not be predicted wth
any certainty as they depend on multiple arbitrary assumptions. This has lead the international
community to consider dose and risk end points only as indicators of safety. For these
reasons, it has been proposed tat "dose and risk" end points should be supplemented with
other types. The development new environment protection criteria will make the
identification and use of different ed points necessary.

Assessment Philosopkv. The assessment philosophy provides nformation on the extent to
which the assessment is designed o provide a "realistic" estimated of the potential impacts
from a repository comparison with the assessment end-points, or hether more cautious, or
pessimistic assumptions should e adopted.

Waste Characteristics. Radioactive waste has to be well characterized, in terms of' its
radiological, chemical, physical, thermal and other properties, in order to provide a well
just he evaluation of the safety of the radioactive waste dsposal facility.

Disposal System Characteristics. The disposal system characteristics should be well
understood to a level of detail that is appropriate for the context bIng considered. It is also
important to account for uncertainties associated with the current tmowledge of the disposal
system; and with its future evolution.

Timqframes. The waste disposal sstem adopted should ensure equitable protection of both
current and future generations aid this involves balancing a greater certainty for shorter time
periods with an increasing uncertainty over longer time periods. The tmescales for the
operation, closure, institutional control and of the assessment should. be ustified on a case-by-
case basis, although some tmescales may also be imposed by regulatory requirements.

3.2. System description

The disposal system description requires information and data on:

• the near field - e.g. waste types, waste forrns, waste inventory, disposal practices,
engineered barriers, facility dimensions;

• the geosphere - e.g. lithology, hydrogeology and transport caracteristics; and

• the biosphere - e.g. exposure pathways, uman habits and behavior.

This component of the safety assessment approach is important as it provides the data to be
'dered n the safety assessment.

3.3. Development andjustiflication of assessment scenarios

The safety assessment for a wste disposal fcility, must address the performance of the
disposal system under both present and future conditions, ncluding anticipated ad less
probable events. This means tat many different factors (e.g. long time periods, hurnan
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behavior. climate change, external factors) must be taken into account and evaluated in a

consistent way, often in the absence of quantitative data. A very broad range of combinations
can result from these considerations, which need to be addressed in a manageable way. This is

often achieved through the formulation and analysis of a set of scenarios describing
alternative conditions and future evolution. The selected scenarios need to provide a
comprehensive picture of the system and its possible evolution based on the assessment
context and system description. The choice of appropriate scenarios and associated conceptual
models stronalv influences the subsequent safety assessment of the waste disposal system.

3.4. Formtilationandiniplementationofniodel,v

Once the scenarios have been developed, their consequences in terms of the assessment
context must be analyzed and a conceptual model, comprising of a set of model-level

assumptions (about dimensionality, boundary conditions, the Features, Events and Processes
(FEPs), FEPs relationships, etc.) needs to be identified for each of these scenarios. The

mathematical models are developed from these conceptual models.

3.5. Results analysis and confidence building

The results of safety assessment will have to be compared with criteria defined in terms of the
spec ic assessment context. These will in most cases include regulatory criteria, although
desi2n and economic constraints may also be major considerations. It is very important that

the arious parties who will have to make use of the results have a reasonable degree of
confidence. Confidence in the results is strongly related to the confidence in the consistency,
logic and transparency of the overall safety assessment approach used. Decisions often have
to be made on the adequacy of the safety case based on an interpretation of the results. It is
important to emphasize that the entire safety assessment process is iterative and the first pass
through the process should usually be followed by one or more iterations. This promotes

ideration of improvement
cons s to the dsposal system regardless of how favorable results
initially appear. Subsequent iterations will often contribute to decisions whether the safety
case is acceptable or whether there is a need for further improvements.

4. ISAM technical outcomes

4.1 Scenario development andjustification

The safety assessment community has debated the process of scenario generation, ustification
and application at length and in depth over a number of years. Although several well-
documented methodologies already exist which allow the generation of Features, Events and

Processes (FEPs) lists, the procedures for moving from a consistent FEP list to a set of
Justi'fied scenarios has often been not well developed and documented and there has not been
a formalised. sstematic approach in this area. The ISAM pr 'ect focused on scenarioOi
generation and ustification for near surface disposal facilities [5] and ensured that its work
complemented other national or nternational programs. The techniques relevant to near
surface disposal ere reviewed in the ISAM project and include methodologies such as expert
judo ent, fault tree and event tree analysis.Z=M

Taking into account the several well-documented methodologies already existing forZ__
generation of FEPs lists 6 the ISAM pr 'ect worked on a systematic approach and
procedures for development of ustified scenarios from a consistent FEPs list. The ISAM
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pr 'ect also compared and reviewed existing and currently developing methodologies,
focusing on their application to near surface disposal facilities. Any methods that had been
developed were taken into full account. Since development of a FEF's list has been a common
activity in many scenario generation methodologies, the development of a FEPs list for ear
Surface disposal facilities was one ofthe activities within the ISAM roject.

Scenario generation ethods have been developed in the past were to great extent limited to
geological disposal systems, while very little effort has been expended on near surface
disposal facilities. However t was observed that since the introduction of the ISAM project,
this has changed and a number of ear surface disposal programmes (e.g. Czech Republic,
Cuba) are now conducting fon-nal scenario analyses [5].

4.2 Modelformulation and implementation

The Modeling working group focused on approaches that could e used to formalize the
process of conceptual model development and ustification 7 Aproaches were evaluated
for their robustness in treating alternative conceptual models and on their ability to produce a
defensible and traceable safety assessment. The group also provided a summary of the models
used in different safety cases, noting the associated assumptions nd limitations. A list of
mathematical models and computer codes were collated for the benefit of participants and
other interested parties, which ae icluded in the IAEA working aterial report on "Model
Formulation, Implementation ad Data for Safety Assessment of Near Surface Disposal
Facilities". The working group dealt with issues associated with omputer tools related to
their verification and the overall application of quality assurance i the model development
and the degree to which it has a impact on the defensibility of the safety assessment. As the
safety assessment requires considerable data related to the waste disposal system, the
modeling working group also focused on the main parameters and data auisition
techniques.

4.3. Confidence building

Comparison of safety assessment results with both national regulatoly criteria and
international guidelines and recommendations is an important element in providing
confidence in the safety of a radioactive waste disposal facility. The onfidence Building
working group reviewed the main existing regulatory requirements and internationally agreed
principles and standards applied in 17 countries [8], and compiled a list of relevant safety
Indicators Oe of the tasks of the working group was to catalogue methods and tools that
have been found useful in performing sensitivity and uncertainty analyses, as well as ensuring
the quality of the safety assessment. Different methods used for the presentation of results
were compared as part of this task ad the usefulness of these measures was investigated. The
Confidence Building working group also reviewed the means for ensuring transparency in all
aspects of the safety assessment rocess.

4.4. ISAM test cases

The ISAM post-closure safety assessment methodology was illustrated through its application
to three test cases. However, it must be noted that the level of effort perfort-ned on the IS.AM
test cases does not reflect the level of effort that would be expected when developing a real
safety case for a real site. In particular, work on the test cases were only taken through a first
iteration of the methodology, or through a limited second iteration. he iterative nature ofthe
safety assessment methodology was therefore not well studied in ISAM.
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Each of the test cases have contributed towards the fulfillment of the ISAM objectives. They
have provided a critical evaluation of the approaches and tools currently used in the post-
closure safety assessment of proposed and existing near surface radioactive waste disposal
facilities. enhanced the approaches and tools used, provided participants with practical
experience in the implementation of the approaches and tools, and built confidence in the
approaches and tools used.

Among the ost important observations was the desirability to compare the results of
multiple independent assessments. Any single assessment can be appropriately justified for
the technical approaches used in the analysis; in each of the test cases it was observed that
only when multiple approaches were compared that misunderstandings and deficiencies in the
analvsls could be recognized. In particular, in each safety case it appeared to be desirable to
have independent teams of investigators-, by comparing the approaches from each team,
improved understanding was generated for all.

5. Conclusions

The ISAM project has served as an excellent forum for exchange of information and good
practices on safety assessment approaches and methodologies used worldwide. It also

an opportunity for reaching a broad consensus on the safety assessment
methodolo es to be applied to near surface low and intermediate level aste repositories.
The methodology has found widespread acceptance and the need for its application on real
waste disposal facilities has been clearly identified. It was also identified that development in
a number of areas relating specifically to the application of the ethodology developed
should be investigated further. The general conclusions from the ISAM Pr 'ect could be
summarized as follows:

Development of the ISAMMethodologvIl. The ISAM CRP has resulted in the development of a
consistent and transparent safety assessment methodology that can be applied during all
stages of the disposal facility life cycle (i.e. site selection, design of a disposal concept,
licensing, updating of the post-closure safety case during the operational period, preparation
of a closure safety case, and re-assessment of radioactive waste disposal facilities). The
methodolo y can also be used to provide input to the decision making process concerning
potential remediation and upgrading of existing facilities.

Iterative Character of Safei�� Assessment. The safety assessment process should be applied in
an iterative manner so components of the assessment can be reviewed and modified as
appropriate. Iteration promotes the examination of improvements to the assessment
regardless of how favorable results may initially appear. Subsequent iterations can be used to
evaluate whether further improvements are necessary. These improvements may include
disposal facility changes (waste acceptance, design), scenario changes, and model/data
improvements. Such iteration contributes to the building of confidence in the assessment.

Development and Illustrative Application ofthe SAM FEPs List. Te ISAM FEPs list has
been successfully developed and represents an important source of FEPs for consideration in
the safety assessment of near surface disposal facilities. In particular, the ISAM test cases
have also shown the utility and value of the list during the assessment process. There is scope
to develop the ISAM FEPs list further, taking into consideration the experience of its
application in different national safety cases.

Illustrative Application of the SAM Methodolog-v . The ISAM test cases, as well as the test
cases of ndividual participants, have successfully shown that the ISAM methodology is a
useful tool upon which to base a near surface disposal facility safety assessment. However it
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must be emphasized that the level of effort expended on the ISAM test cases is significantly
less than that required for a complete safety case for an actual site. In particular, work on the
test cases was only taken through a first iteration of the methodology, or through a limited
second iteration. The safety assessment process should be applied in an iterative manner and
there is scope for further iterations wthin the ISAM Test cases. As. part of, or in additio to
this further iteration, more emphasis could be placed on the presentation and analysis of
results and the associated process; of confidence building.

Broad Consensus. About 70 active articipants achieved a broad consensus within the ISAM
pr 'ect and this ensured that all useful inputs to the pr 'ect were addressed. As the SAM

0J Oi
pr 'ect has developed, it has been clear that the pr 'ect output has been of significant interest

Oi 0J
'de range of parties. This includes experts who have conducted assessments and groups

who will be called upon to do so in the future. In all around about 690 persons in many
countries across the World have shown interest n ISAM pr 'ect activities and results. It was
particularly encouraging that some participants have applied the ISAM methodology in the
assessment of their national near surface disposal facilities, lstrating that the SAM
approach has gained broad nternational acceptance. The outcome of the ISAM project has
also found broad application in LNEA and national/regional training courses and seminars.

A nevil, Agency prqject. The outcome of the ISAM project was gnerally recogrused to be
extremely successful and of considerable usefulness. It provides a, sound basis for moving
forward to a new IAEA project wich will focus on the practical application of the safety
assessment methodologies to derent purposes, such as licensing radioactive wste
repositories, development of design concepts, upgrading existing acilities, reassessment of
operating repositories, etc. The new pr 'ect will also provide an opportunity for development
of guidance on the application of the methodology that will b of assistance to safety
assessors, operators and regulators.
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Abstract.

As part of the IAEA's Co-ordinated Research Pr 'ect (CRP) on Improving Long-term of
Safety Assessment Methodologies for Near Surface Waste Disposal Facilities (ISAM), three

Working Groups were set up to improve specific components of the safety assessment
methodology. One of the Working Groups, the Scenario Working roup (SWG), focused on
the generation of a consistent list of features, events and processes (FEPs) and a set of

'fied scenarios for near surface dsposal facilities. This pper describes the work

undertaken by SWG and provides some general conclusions that can be drawn from the

findings of their work.

1. Introduction

The safety assessment community has debated the process of scenario development and
just'fication at length and in dpth over a number of years (see or example [1] and 2.
Although several well-documented methodologies already exist which allow the generation of
FEPs lists, the procedures for moving from a consistent FEP list to a set of ustified scenarios

has often been poorly developed and documented in assessments of near surface disposal
facilities. Therefore, a series of scenario development and ustification approaches were
developed and applied through te three ISAM Test Cases 3,4].

Since the development of a FEPs list is a common activity in mny scenario development

methodologies, the development of the ISAM FEPs list for near surface disposal facilities
described in Section 2 was also undertaken by the SWG 3] and applied in the Test Cases 4].
Section 3 provides a brief summary of the scenario development pproaches applied in the
three Test Cases, whilst general conclusions that can be drawn frorn the findings of te SWG

are presented in Section 4.

2. The ISAM FEPs list

The NEA FEP list [5] for geological disposal systems for solid radioactive waste was adopted
and revised for the purposes of near surface disposal facilities. The resulting ISAM FEPs list
consists of 139 high level FEPs lassified according to the scheme illustrated in Figure .

At its centre, the classification scheme includes processes related to contaminant elease,

migration and exposures (radionuclide/contaminant factors). It is lso necessary to consider
the features of the disposal system (wastes, engineered and natural barriers and human

behaviour) and events and processes, which may cause the system to evolve (environmental
factors). Beyond this, there are processes and events originating otside the disposal system
but which act upon it external factors). These external factors (or Extemal FEPs (EFEPs)) are
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often considered to be scenario generating FEPs. By changing their status, different scenarios
can be generated. Thus there is a three-layer categorisation based on:

• Disposal System Domain: Radionuclide/Contaminant Factors;

• Disposal System Domain: Environmental Factors; and

• External Factors.

Safety assessments are not expected to predict how the environment or radiological impacts
'II actually evolve n the far future. Rather, they are designed to produce estimates of

quantities required by regulatory guidance or for comparison with other end-points.
Therefore, a fourth layer is added:

0 Assessment Context.

0. ASSESSMENT CONTEXT

1. EXTERNAL FACTORS
1.1 Repository 11 Geological 1.3 Climatic 1.4 Futurehuman 1.5 Other

issues processes events processes events actions

2. INTERNAL PROCESS SYSTEM DOMAIN
ENVIRONMENT FACTORS

2.1 Wastes& 2.2 Geological 2.3 Surface 2.4 Human
engineered environment environment behaviour

features

3. RADIONUCLIDE AND CONTAMINANT FACTORS

3.1 Cntaminant 3.2 Release/ migration 3.3 Exposure
characteristics factors factors

MPACT

Figure 1: Illustration of the classification scheme used in deriving the ISAM FEP List
(Revised from [51).

The ISAM FEP list consists of a list of FEPs relevant to the assessment of long-term safety of
near surface disposal facilities, that attempts to be comprehensive at a relatively high level of
detail and within defined bounds. Each FEP has been assigned an identifying number:

Laver category number.

To make the list applicable to a wide range of near surface waste disposal concepts, many of
the FEPs have rather general names. The scope of each FEP is defined within a glossary,
which the user should also examine. Each glossary entry consists of three parts:

• a definition. which defines the scope of te FEP in a general way and may include a

technical definition if necessary;

• comments. which give more specific remarks on FEPs or issues that might be considered

under this particular FEP name. The comment is optional.

0 speciific examples of the FEPs related to the particular FER This list will be updated wth

time as new FEPs related to near surface disposal systems are encountered.
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The glossary entries have been developed to be consistent with the IAEA Radioactive Waste
Management Glossary in 6].

3. ISAM scenario development and justification approaches

Part of the work undertaken by participants was to test the safety assessment methodology
developed during the ISAM CR-P using three Test Cases based o current practices (vault
facility); older practices (RADON type facility); and a proposed uture disposal option for
disused sealed radioactive sources (borehole facility) 4 Three senario development and
just]fication approaches followed out of these applications.

3. 1. ISAM Vault est Case Approach

The approach adopted in the ISAM Vault Test Case (VTC) comprises of the following
elements:

• Screen the ISAM FEP list o the basis of the assessment context and system description,
recordin- the ustification for excluding any FEPs from further consideration.

• Focus initially o one scenario termed the 'Design Scenario', which represents how the
system might be expected to evolve assuming the design functions as planned.

• Decide the status of external FEPs (scenario generating FEPs) for the Design Scenario.
• Identify the safety-relevant features and associated safety functions for the Design

Scenario.
• Develop a description for the Design Scenario. This includes (,estimates of the expected

lifetime/performance of the identified safety-relevant features and their safety functions.
• Identify alternative scenarios at a high level by revisiting the screened SAM FEP list,

especially focusing on the external FEPs, and select which alternative scenarios should be

assessed in detail.

• Decide the status of external FEPs for each Alternative Scenario to be assessed.

• Identify safety-relevant features and associated safety functions for each Alternative

Scenario to be assessed.

• Develop a description for ach Alternative Scenario. This includes estimates of the

expected lifetime/performance f the identified safety-relevant features and their safety

functions.

Through the use of this approach, one design scenario and four aternative scenarios (poor

design/performancel- earthquake-, human intrusion; alternative human activities) were initially

identified. Releases in the liquid, solid and gaseous phases were considered in the scenario. n

light of resource constraints, it was decided to select only one alternative scenario for

development. Given the potentially high consequences of human intrusion, it was decided to

develop the human intrusion scenario.

3.2. ISAM "RADON" Test Case approach

Due to time limitations, a simplified approach was applied in the RADON Test Case (RTC)

based mainly on expert 'udgement and evaluation of the scenarios using the ISAM FEP list

[4]. The basic approach comprises of the following elements:
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• Screen the ISAM FEP list on the basis of the assessment context and system description.
Record the ustification for excluding any FEPs for further consideration. Identify
additional FEP related data to be obtained, clarified or substantiated.

• Develop and acyree a simplified "Design Scenario" as the main reference scenario case of
safetv assessment. In common with the VTC, the Design Scenario is considered to
represent how the system will evolve assuming the design function as planned.

• Review the screened FEPs list and identify scenario-generating FEPs.
• Identify a limited number of representative alternative scenarios rather than

comprehensively identify every possible scenario.
• Identify alternative scenarios at a relatively high level by revisiting the screened SAM

FEP list, especially focusing on the EFEPs.

3.3. ISAMBoreholeTestCaseApproach

In the assessment context for the Borehole Test Case (BTC), it was stated that one of the
purposes of the safety assessment was to evaluate the borehole disposal concept under

if ite and land use conditions 4 The ste conditions for the BTC nvolved the
implementation of the borehole disposal concept in saturated and unsaturated condition in a

id environment. Two land use conditions were con 'dered:
sem -ar si

• continuation of current land use patterns, characterlsed by small farms and agricultural
activities to the extent supported by the local climate; and

• reversion to traditional human behaviour, characterised by hunter-gatherer land uses.

With these conditions as part of the assessment context, it was considered possible to follow a
simplified approach to scenario development and ustification. The following three exposure
scenarios were defined by expert 'udgement on the basis of the assessment context:

• member of public (farmer) with an abstraction well (variants on distance of well from
disposal borehole and whether source is in saturated or unsaturated zone);

• member of public (farmer) with discharge to salt plan (variants on whether source is in
saturated or unsaturated zone); and

• member of public (hunter-gather) eating termites.

In addition to these three land-use based scenarios, a fourth scenario was added for
consideration, namely:

0 inadvertent human intrusion.

The main scenario development and ustification effort was directed towards providing an
audit trail of factors to be considered in the subsequent analysis of these scenarios. This was
achieved through the screening of the ISAM FEP list and use of a source-pathway-receptor
analysis. This analysis allowed the source of radionuclides to be identified for each scenario
(i.e. the disused sealed source in the disposal borehole), the various pathways from the source
to the receptor to be identified, and the target (i.e. the exposed humans) to be identified.

4. Overall conclusions

The ISAM FEPs list, consisting of high level FEPs that could influence the behaviour of a
near surface disposal system, has been successfully developed and represents an important
source of FEN for consideration in the safety assessment of near surface disposal facilities. In
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addition, the ISAM FEPs list is considered to be a useful tool when enerating and comparing
specific safety case FEP lists.

All three Test Cases used the FEPs list in somewhat different ways, illustrating the flexibility
of the list for adaptation to differing approaches. The ISAM FEPs list can be used many times
for auditing or checking during the development of an assessment and it's use is not only
limited to the scenario development and ustification step of the methodology.

There is scope to develop the ISAM FEPs list further, taking into consideration the experience
of its application in different national safety cases.

The following points relating to the evelopment and ustification ofseenarlos were identified
as being important:

• Scenario development is an important component of the safety assessment process since
scenarios are commonly used in post-closure safety assessments to address uncertainties
associated with the future evolution of a disposal system.

• It is important to ensure clear definitions of terms such as scenario and FER The
definition of scenario, feature, event or process (FEP) can be difficult and not
straightforward. These should be consistent with the purpose and scope of the assessment,
as well as the approach followed to generate the scenarios.

• It is important to use a systematic approach for scenario development and ustification that
allows the underlying assumptions to be clearly identified and documented. This helps
make the scenario development rocess transparent and facilitates its review. It also hlps

'de assurance that the assessment has effectively addressed all potentially relevant
FEPs and their interactions to produce qualitatively different scenarios. A range of
systematic approaches has been used to develop and ustify senarios 4 There is no
single approach for scenario generation that should be used in all assessments. It is very
much a case of the assessments team selecting an approach that is consistent with the
overall objective of the assessment as described in the assessment context.

• The use of a FEPs list plays a pivotal role in most scenario development approaches,
although its application may vary depending on te assessment context. The list can be
reduced (or enlarged) to satisfy site-specific needs using expert judgement or
predeten-nined screening criteria, nevertheless the screening processes is necessary to be
documented in a traceable and transparent manner.

• In most assessments, a single reference scenario is developed for initial consideration and
alternative scenarios are then developed to investigate the impact of scenarios that differ
to a lesser or greater extent frorn the reference scenario. The reference scenario is often,
but not always., considered to be the most likely scenario for the given safety assessment;
however, it is usually considered to be a benchmark scenario against which the impact of
alternative scenarios can be compared. In ISAM, for the sake of consistency, the term
Design Scenario was chosen for the reference scenario. The Dosign Scenario represents
how the system might be expected to evolve assuming the design functions as planned.
The consideration of alternative assumptions about external influences and teir
implications for the evolution of the system leads to as the dentification of alternative
scenarios.

• Several tools can be used to visually represent FEPs and their interactions in a logical,
traceable and systematic way. owever, it is emphasised that there is no one technique
that is the best aailable for this function; each technique has ts own particular strengths
and weaknesses. The ISAM CRP showed that the interaction mtrices are one of the most
useful tools for illustrating FEPs interactions.
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Abstract.

This paper describes part of the work that was developed in the 3 year Co-ordinated
Programme entitled Improvement of Long Term Safety Assessment Methodologies for near
surface disposal facilities (ISAM) regarding the modelling and data issues on the safety
assessment of near surface disposal facilities for the disposal of low and ntermediate
radioactive waste.

1. Introduction

ISAM (Improvement on Safety Assernent Methodologies) is one of the Interriational tomic
Energy Agency (IAEA) coordinated research pr Jects (CRP) and involved the participation
of 46 organisations from 33 countries with the following main objectives: to provide a critical
evaluation of the approaches and tools currently in use in the post-closure safety assessment
of proposed and existing near-surface radioactive waste disposal facilities; to enhance the
approaches and tools used; to provide participants with practical experience in the
implementation of the approaches and tools; and to build confidence in the approaches and
tools used.

The first Research Co-ordination eeting (RCM), after a brief consultants meeting (CM),
was held in Vienna from 24 to 2 November 1997, at the IAEA Headquarters, with C. Torres
as Scientific Secretary (IAEA) and A. Pinner (U.K.) as Chairperson. During this meeting,
four working groups were created (each one with a Headperson nominated by the Scientific
Secretary) to deal with the following topics:

• Scenario development and justification (J. Van Blerk, South Africa),
• Model formulation and mplementation, including data (P. Hellbron, Brazil),
• Confidence building (G. Doll-nar, Canada),
• Safety case development (M. Kozak, USA).

The activities carried out under the various topics (scenario generation, confidence bilding
model formulation, safety case) are not addressed here and will De discussed in separate
papers.

As part of the ISAM pr 'ect a questionnaire was sent to the participants to provide
information to contribute to the technical work of ISAM, to gain an indication of the likely
level of participation of them in each of the activities above and to have an indicator of the
participant levels of interest which they wish to see developed by ISAM.
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Various participants highlighted that .the objectives they listed were in addition to the
objectives of the pr 'ect. The comments related to the modeling and data activities are
summarised in the following section.

2. Methodology/approaches (combination of 28 comments)

An overview, intercomparlson and critical evaluation of the safety assessment methodologies
applicable to existing and proposed disposal facilities (including site selection) should be
-ained. This should lead to a clear identification of the studv areas in which improvement and
enhancement of methodologies, approaches and tools used for safety analysis are
recommended. Such a consensus should lead to the development of an nternationally
suitable methodology or group of methodologies for the safety assessment of near-surface
disposal facilities-, including guidance on how to choose an optimum methodology applicable
to specific conditions and a world-wide perspective on methods and approaches to be used for
successful long-term safety assessments.

There should also be the exchange of experience, approaches and results in safety assessment
methodolouies. including the approaches for solving the problems encountered during the
performance assessment This could be extended to provide co-ordination and help in the
development and implementation of safety assessment methodologies.

Traininglexperience (10 comments)

The pnmarv aim here was to gain knowledge and practical experience of safety assessment
methodolocles, tools and their implementation. Additionally, experience in developing tile
methodology. increasing qualification to an international level, becoming good specialists in
safetv assessment, enhancing capabilities for carrying out assessments and seeing useful
results for practical perfon-nance in assessments was sought after.

Codes 7 comments)

Computer codes are an important tool in the assessment process, and various participants
referred to them in the context of improvements and enhancements of (computer) tools used
for safety analysis. There was concern for an up to date knowledge of performance
assessment computer codes, achieved by the exchange of information on the computer codes
used in the assessment process, perhaps through a generic assessment tools database. This
would aid the user's choice and development of calculation systems.

Models 6 comments)

Mathematical models for evaluating the safety of a repository are required, and some
consensus on issues regarding modelling were sought. Perhaps this would entail
recommended models and tools, advise on choice and development of models; guidance on
how to formulate and modify a model (especially a groundwater flow model); and details of
models for calculating the activity migration and public exposure.

Data (5 comments)

Some participants would value nformation on experimental set-ups for parameter
determination. guidance on the appropriate interpretation of the realistic data (perhaps a
generic parameter database) and also a consensus on issues relating to the data.

Using the reponses to the questionnaire and the output of a few general discussion sessions,
some primary objectives were set by the ISAM pr 'ect for the modeling and data working
group and will be seen in the next topic.
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3. Historical aspects of the RCM and CM meetings regarding the modeling and data
activities

As stated in the open literature there is a lot of known principles nvolving modeling ad ata
acquisition related to the safety assessment of near surface repositories, as follows:

I Once the scenarios have been developed, then- consequences in terms of safety assessment ust be
analysed;

2. There are models available at different levels of details and realism to evaluate and quantify the
effects of the key processes determining the performance of radioactive waste disposal systems;

3. Better modelling could clarify or reduce uncertainties associated with assessment results and also
contr'bute to further improvements the disposal system design;

4. Safety assessment models tnds to be of two complementary types:
(a) Detailed Research Models (to evaluate design and engineered options);
(b) Simplified Systems Models (Scenarios, models and parameters values are chosen

conservatively avoiding some discussions about uncertainties during the licensing process and
are models used by many countries to demonstrate regulations compliance and or support
regulatory dcisions);

5. The model must be derived from nderstanding of how disposal systems might function in the
future;

6. This understanding can be translated, after smplification, into a system of mathematical models;
7. The mathematical models can be translated into a computer language, code, to provide numerical

values of possible system performance;
8. The models are based on fundamental physical, chemical and mathematical principals (Law's);
9. The models can also be generic sed in a preliminary stage when here is lack of data) Tese

models are useful for dccision-making when considering dfferent disposal concepts or site
'fie data. For this purpose they are used during site characterisation, design, construction,

operation and post closure needing a continuous up-date of te characteristics of the site;
10. The model can be based on:

(a)Deterministic Approaches (determines sensitivity or predicted outcomes to change in
parameters and important parameters ae clearly defined, is esy to present in a pubtic
audience but is difficult to define the best pararneter (conservative, average, etc.) and the
combinations of parameters is ery difficult to address (extremes of the distribution ay not
be determined);

(b)Probabilistic Approaches (parameters are allowed to range over a distribution of possible
values resulting that te output uncertainty is explicit acknowledge, combinations of
parameters addressed but is difficult to prove regulatory compliance since most of the
regulations are written in terms of determinist standards and since parameter distribution
probability are primarily based on judgement, output is mainly a esult of 'udgement nd not
data);

I 1. A large amount of information is necessary for the design and assessment of a disposal system
(repository layout, waste form, materials used in the construction for the engineered barriers as
well as site characteristics);

12. Data is also used to create mathematical models which identify and describe the processes
affecting the repository;

13. Data acquisition is also one of the most extensive and expensive ativity related to the safety
assessment of a repository;

14. Sometimes data are recorded because they are easily measurable but ot because they are needed
for the prediction of the repository behaviour and must be avoided;

15. Data used for modelling are acquired from a variety of sources (lab x field);
16. The sources and accuracy of data needed at various stages of the modelling process differ a lot: at

early stages it might be sufficient to estimate the order of magnitude or an upper limit to the
parameter - a conservative value;

17. Data quality is also an important topic (Regulatory Bodies must be able to clearly determine where
data were generated and how they were measured and evaluate).
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Some questions related to modeling and data were posed to participants. Most of the
questlons/ans�,vers of the questionnaires were related, to some extent, to the principles cited
before. as we can see in Table After brainstorming, the participants presented 17 ideas
where the ISAM pr 'ect should focus on as follows:

• Development of a conceptual model;
• How to provide audit to trail from a scenario to computer model;
• Performance based site criteria;
• To add definitions and examples in the glossary;
• Empirical x Mechanist models;
• How to define the critical data and how to get it;
• How to use data from the past;
• Quality assurance of data;
• Model uncertainty, simplifying models in order to fit for purpose;
• Strong support for producing a data base of parameters to be linked to FEP's;
• World Wide Web;
• List of codes and their history;
• Simplification of point ;
• Quality Standards (compilation and evaluation);
• Modellin- of concrete,
• Boundary conditions;
• How transfer deep geological models to near surface models.

Table . Comments on the questionnaire

Question Topic ommenLs from questionnaire Principles
Deeiopment ot I - BeEin b%, usin ad understanding existing models. 2 and 4
mathematical models 2 - Orilv for particular cases it is necessary to develop new models

3 - Complexit-, can be of different kinds and is usually introduced to
reduce conservatism

Sources of data I- Site-specific n% estigations and experiments need to be interpreted IO. I , I2, 3 and 7
2- nput parameters based on judgment should not be called data

Suitable data for models It is difficult to find all necessary data for models I 13 and 14
Fxplicit methodology I- It depends on available data or veneric parameter used 15 and 16
Rules for deri%;nu 2- Using probabilistic analysis to soivc uncertainty input
parameters
Vlodelin2 �,% ith data IIn safetv assessment %anability is subsumed by uncertainty. IO, 16 and 14
%ariabilm Alternative scenarios are used to investigate t sensitivity of' the

output to the model formulation. 2 4 9 and 16
3 - A calculation of set of reasonable limiting cases is performed

4 and 16
Confidence le% el for I - Often Pdfs cannot be deri% ed for referenced parameters 4 and 7
data %alues - Quantitame uncertainty is presented as limitations of understanding

3 - A more complex approach is needed to that of ascribing confidence
leeis

An effort were made by the participants to identify related ideas that could at some extent be
treated in common way, resulting in four areas for further discussions, as shown on Table 11.

Table 11. orrelated ideas

Areas Ideas
A - Conceptual Mathernatical Model -1 2 9 13. 1 5, 6 ad 7

- Data 3 6 7 ad IO
C - Parameter Glossar-\ 4
D - Computer Glossar% 12

Idea and idea 14 were recommended to be treated in the confidence building group.
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After this identification, the participants for ISAM programme gave four priorities:

TASK A The elaboration of a manual incorporating some major conceptual models
(analytical solutions) with examples, including discussions about boundary conditions
(applications and 1mitations)(TASK Al) ands also a manual containing approaches to go to
scenarios development to conceptual models to mathematical models and to computer codes
(TASK A2).

TASK B: The elaboration of the data base of parameter and the fllowing initial steps were
identified:

• select the main parameters that will take part of the glossary;
• identify the type of presentation that will be used and the level of nformation that it

w'II contain;
collect the data from literature;
confidence building;

• have a look on the BIOMOVS report and RESRAD report elated to data;
• elaboration of the draft.

TASK C: The elaboration of a parameter glossary. A suggestion was made to divide the work
in two fields (conceptual definitions and parameter definitions). Due to the Tasks A and 
this one will be developed naturally since it would be necessary o Task A and lo have
definitions included in the manuals.

TASK D: The elaboration of a CODE database.

Table III shows the results obtained ID each of the meetings held under the project.

4. The final modeling and data document

The last and final document of the modeling and data is divided in five chapters and five
annexes. The first one is related to the safety assessment framework ad ncludes information
about waste classification, a ref description of the types of disposal systems and a
presentation of the main concepts and features that are utilised or considered when performing
a safety assessment process. Chapter 11 is related with the modelling framework and include
information about conceptual model development, approach to modelling (level of
complexity, determinist vs pobabilistic approaches), Information about mathematical
formulation and development of computer codes. Chapter 111, includes a lot of nfort-nation
regarding conceptual models related to natural evolution scenarios including: () source term
(liquid, gasses and solid releases); (ii) transport media (groudwater, surface water and r), etc
as well as some conceptual models for altered evolution scenarios such as: () human
activities near the facility; (Ii) inadvertent human Intrusion (construction, discovery,
agriculture, drilling and post-drilling scenarios). Chapter IV provides some examples of
mathematical models related to the onceptual models illustrated in Chapter III and Chapter V
contains a list of the main arameters used in the safety assessment process, ncluding
definitions. It is envisaged that this database would be particularly helpful during the site
selection phase or during early interactions of the safety assessment process when little site

'fie nformation may be available.
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Table 111. ISAM Meetings

On 23 to 27 of Februarv 1998 a second ISAM Co-ordinating Group Meeting as held at the
British Fuel headquarter at Risiley -X. The main objectives of this meeting were to decide on a
wa% forward on the FEPs list and database, develop the group safety case contexts and agree the
sco pe and timing of the ISAM programme up to the next RCM in February 1999. The meeting was
attended by Carlos Torres., Annette Pinner, Japic van Blerk, Paulo Heilbron and Matt Kozak. Doug
Graham (UKAEA). Trevor Surnerling (Safetv Assessment Management Ltd, UK) and Eugene Kelly
(BNFL. UK) also attended part of the meeting to assist in specific tasks. It was proposed that a report
should be produced with the objective of providing those involved in the safety assessment process of
near surface disposal facilities for low and nterinediate level radioactive waste with useful
information re-arding the modelling and data activities A first draft of this rport was produced
during the Co-ordinating Committee Meeting. The first draft of the document was initially divided
into six chapters and two annexes.

first Workin- Group mectin ws fiel i Rio de Janeiro Brazil during t priod .25 to 31
to, ?n

JuIN 1998 t tile Brazilian Nuclear Eneru% Comission headquarters, Documentation of the ISAM
programme as briefly discussed. It was envisaged that two documents might be produced: one
focussing on the output from the Working Groups; the other focussing on the Safety Cases. On this
meeting the group revised and discussed the structure proposed n the draft of the Working Group
Document on Modelling and Data. Some other minor changes were also suggested. Besides the
discussion on the structure of the document, improvements were also made in its technical content.
Some key people for the improvement of information on the main chapters were identified:
A third CM �Nas held in RisleN frorn 16-20 timember 1999 to see the pogress inade by all
technica goups during the vear of' 1999, At this meeting a second draft report of the modeling and
data �,vorkin2 2roup was revised resulting in a third and more complete version document (now wth
five chapters and five annexes) 
A third and last RC.N1 as held at the 1AEA headquarters from 25 to 30 September 2000. The
meetin2 as attended by more than sixty experts from the five continents. The modelling and data I
working group. composed of more than twenty experts, revised and dscussed 80% of the content of
the third draft of the document. A lot of corrections, based on the participant ,s comments, were
alreadv made. directly in the electronic fon-nat version of the document. It was also agreed, during
the meeting. that all participants of the ISAM project will have a last chance to send comments on the
document. The deadline for contributions was the end of December 2000.
The last ISAM co-ordinating goup meeting was held in Vicuna fom 29 October to 2
Noernber 2004 at the IAEA eadquarters and had two main objectives - to finallse the ISAM
draft documents and to discuss the scope of the new IAEA coordinated research project on
application of the lon2-term safety assessment methodologies for near surface disposal facilities. The
meeting was opened by Mr. G. Linsley (WSS) and followed by presentations of Mr. D. Graham on
the ISAM programme and of Ms. B. Batandjieva (WSS) on the current IAEA activities in the field of
radioactive waste disposal and safety assessment of radioactive waste repositories. The current status
of te individual working group activities and reports were presented by the working group leaders.
The ISAM coordinating group felt that there is a need of developing an executive summary in
addition to the two volume draft TECDOC. The summary was proposed to cover the overall
description of the programme (its objectives. structure, etc.), the summary of the main lessons leamt,
conclusions and recommendation derived from the ISAM programme. It was agreed that the
TECDOC shall consist of three volurnes and the executive sunu-nary will represent the first one. The
content of the executive summary was agreed and the first draft of the summary was prepared during
the meeting. The coordinating group has concluded that technical editing of the draft TECDOC is
recommended before it is published. The technical editing should be provided by an expert involved
in the ISAM programme who has been extensively involved in its activities.

The document includes also five annexes. Annex I includes nformation about some
conceptual model approaches such as () SACO-, (ii) Interaction Matrix, etc.. Annex 11 is also
finished and contains information related to differential equations, initial and boundary
conditions, analytical solutions, semi-analytical solutions and numerical solutions. Annex III
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is elated w1di Yeilers-11 ovej-�,Ie o ata aquisition. Annex nd V clude respoduvelvI -
infOrmation �Ibow sorne sul odes ad Internet reSOL11-CCS. Participants in the ISAAM
programnle expressed considerable interest In collecting tis ype of information, This car be
er\ importar) c k\ espe�,Jall fr thos -rich re develop1m, their 0"171t.

5. ISA-,N1 CD-ROM

A CD-ROM is in eaboratiori y te NAM protect Ul rder to Include ll the relevantJ
intorniation related to satetv aSeII-sC.nt Ofneal- SUrface disposal facillues dcveloped dUrIng he
project. Figure I how", an flustration ofthe first version chaborated bv te Braziliall Nuclear
L."nerov CommissJoili,

I ioure 1. I rt vrsion Clabol.-ated Iv te Braz I an Nuclear 1. 110-MV CMM11,S1011,

6. ISANI Follow-up

The proposals and recommeridation fr the 1SANl t`6110AX LIP. niade at the 3W RCN in
September 200. Nvcre discussed aud further developed Order to comply \vitli te ob ''ecm�e
of' the nw CRP� Itl addlucr) flC p01)01,�Il SUbmitted b M Kozak was discussed ad

idered Important to tile list Of te p0tel I (test ases)
cons be iflClUdCd I I tial top f the rle�,v

The l-,,I-OpOs, Is that tile Cordinatim-, C11,011P helle�'eS ShOUld b considered
Programme. 11
further fell into two ain areas - () Generic proposals, ,.hil 2 Test Cts,,,s anti coul be
surnmariscd as ollows.

6.1. Generic )rqj)osa1v

Li/C Soleti. As5essmelll.
Intervention - safetv assessment decislon-making.
When to remediate - safiety assessment decislon-maku.1.0,
When to up-rade - safety assessment decision-making.
Howr to close -- safetv assessment decislon-making.
How to periodically revle�,� the safety assessment - safety t decision-mak-ing.
How to coose nek� ste - safety assessment decislon-makiniZ.

Deci.% ion-nuakin,,.-
'Assessing the regulatory revje�-v pla fr a facillLy sfety, case.
Setting safety ssessment prim-itles,

Building confidence ai rsults, presentatioll.
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Technical SuNects.
Reviewing engineering barrier performance Justification.

- Reviewing human intrusion in safety assessments.
- eviewing markers and institutional control in safety assessments.

6.2. Test Cases

Nex Facilities, not covered in ISAM
I \� aste Facilities containing Lone-li� ed radionuclides In historical liabilities or i ne�� acilities

2.2 Mmin2 & Mfllm2 k\aste If manageable. but my be too complex to fie within SAM2
CRP.

Hot spots. contamination. sealed sources Some interest

2.4lDecommissionini, \\astc disposals fit saN a ne" vault, but \N ith nc�N siting?

facilities aready covered b�� ISAW bu� 4*60pe4hi0terU 12�� ��

\e\� % ault faciiit% Further optimisation of the ISAM VSC - interest from UK

Old Radon facjhtie� Further optimisation of the existing ISAM BSC interest trom
IAEA East European countr�ie,

2.6 Ne%\ Borehole facilir\ Further optimisation of the existim! ISAM BSC interest rom
I %EA and developing countries

6.3. Other Ideas

Other ideas discussed during the meeting and that may be taken forward by the IAEA include:

- Further development of the ISAM FEP List.
- Non-radiological isk aspects of the near-surface repository operation.
- Integrating environmental monitoring with the safety assessment process.

The cyroup considered that the IAEA may take these proposals forward under individual
Z7

research contracts or by initiating other coordinated research projects.
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Abstract.

During the early stages of the ISAM project confidence building was a relatively new topic in
the radioactive waste disposal literature, but it was beginning t receive some attention.
Although almost all safety assessment activities are intended to provide a level of confidence
in the results of the assessment, considering the activities from the viewpoint of how they

'buted to the decision making of various audiences" was relatively new. The ISAM
project included the Confidence Building Working Group (CBWG) to examine the topic of
Confidence Building and this paper provides a summary of the working group findings.

1. Introduction

At the outset of the ISAM pr 'ect several ideas were presented for the Confidence Building
Working Group (CBWG) to consider as part of their overall effort to discuss and to some
extent define activities which can be considered as providing confidence' in long-term safety
assessment. Very early in the ISAM project it was understood that confidence building had
not been well defined as a 'distinct' activity of safety analysis and there was a question
whether it should be treated separately or was it something that as integrated within the
process of safety assessment. It was recognized that many of the activities that are commonly
performed in safety assessments are included to provide a level of confidence tat the
intended waste disposal will not aversely affect human health or the environment. Tese
activities included:

• 'Good practice' including 'good science' and 'good engineering practice'

• Comparing results of the assessment with national regulatory criteria and with
international guidelines or other criteria (natural background radiation, other risks etc.)
if applicable.

• Adoption of QA procedures.

• Use of a variety of methods for presentation of results.

• Application of sensitivity and uncertainty analysis.

The concept of confidence building and 'confidence' in assessment results can be captured in
a few straightforward questions:
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• How does the assessor gain a level of confidence in their own assessment results"

• How is a regulator provided with a level of confidence that allows a decision to made

on proceeding with a disposal facility?

• Ho", is the public provided with a level of confidence that the impacts from a facility
'II be wth'n acceptable limits?

In practice confidence building is achieved by a range of activities throughout the safety

assessment process.

2. Conridence building in the safety assessment process

The context for discussing confidence building activities was the safety assessment process
which was also defined early in the ISAM program (Fig. 1) and presents safety assessment as
an terative flow diagram where improvements in assessment and building of confidence

occurs nrementally through each iteration. The concept of achieving incremental
improvements in the confidence of an assessment through successive iterations of the safety

to be an ect of the process.
assessment process as cons] important asp

1 .Assessment
context

2. Describe stem

3. Develop and
justif�, scenarios

4. Formulate
and implement
models

5. Run analyses

7. Compaie against IO. Review and
assessment 6. Interpret results modification
criteria

ES

YES N 0
dequat ct ve

safetv case to modify
assessment
components

Figure 1: ISAM Safety Assessment Process Flow Diagram.
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From the range of possible confidence building topics, SAM focused on the following topics.

• What is confidence building ad how Is it included in safety ssessment.

• Summansing the primary methods used to communicate safety assessment
information.

• Developing some quality assurance procedures which can be readily and practically
included in the safety assessment process.

• Analysis of results particularly surrimarising uncertainty and ensitivity analysis
approaches ad how they can be used to enhance confidence in the safety assessment.

• Providing a summary of egulatory requirements and criteria relevant for safety
assessment, stated in national legal acts and regulations.

Each of these areas are now briefly discussed and the reader is reminded that much more
detail can be found in the ISAM documents.

2.1. What is confidence building

The purpose of confidence building in the context of a safety assessment is to provide readily
understandable qualitative and quantitative evidence that all aspects. of the safety assessment
are based on sound scientific and technical principles and hav- ben carried out in a
systematic manner which is aenable to independent review. The main objectiv in
following a systematic process is one of gaining assurance nd acceptability of the
methodology, parameters and codes used, as well as belief in the results obtained from the
safety assessment. Therefore, in practice confidence building is achieved by a range of
activities throughout the safety assessment process.

There was also recognition that although the primary objective was to gain assurance and
acceptance of the results of the safety assessment there are a variety of "audiences", and what
may be appropriate for communicating the results to one audience may not be ideal for
another. Some of te audiences considered were: Regulatory Bodies; Academic and
Scientific organisations; the Pblic; the Media; Government Bodies; Non-Goverrimental
Organisations. The ISAM documentation looks at a variety of communication tools and the
effectiveness of them.

2.2. Communication

It is clear that a ariety of communication methods are activel, being used by various
organisations involved in radioactive waste disposal. It is difficult to identify a single ost
effective way to provide nfon-nation and gather feedback from various audiences. Therefore,
most organisations have used a rnge of methods that they have observed in use by others.

The ISAM pr 'ect obtained nformation from pticipants on the topic of communications by03
means of a questionnaire. The survey results are presented in 2] but it should be noted that
these survey results may reflect a bias as a result of receiving completed questionnaires
mainly from those organisations which have a well developed communications programme.
Included are summaries of the mn audiences identified, the percentage of respondents
communicating with each audience and the perceived importance f each audience from the
point of view of the espondents.
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2.3. Quali�y assurance

Quality Assurance (QA) is an important factor in building confidence in the safety assessment
for a near surface disposal facility. QA is the means by which accepted systematic processes
are incorporated as appropriate and applicable, into the safety assessment process. Application
of QA standards is a means of helping to ensure that activities are properly planned, data and
methods are properly documented, and an auditable trail is developed as the safety assessment
proceeds. QA procedures provide a too] to ensure tat sources of input data are traceable ad
that analyses are carried out in a reproducible manner. The use of QA does not necessarily
ensure that the analysis is right, but the use of quality procedures does ensure that the decision
process is documented, the staff carrying out tasks and reviews are identified, the method of
arriving at conclusions is reviewed by identified people and there are clear signoff
response I I ]es.

It is important to note some of the previous IAEA documents on Quality Assurance. Te
IAEA ssued a Code on Qualiti� Assurance.for Safety in Nuclear Polver lants ad Other
Naclear Insiallations (IAEA Safety Series No. 50-C/SG-Q, 1996). This Code provides the
basic requirements for establishing and implementing quality assurance programmes for the
stages of siting, design, construction, commissioning, operation and decommissioning nuclear
power plants. The IAEA issued Safety Guides to describe acceptable methods of
implementing the Code. Safety Guide Q8 (IAEA 1996, p 169) is on Quality Assurance in
Research d Development and Safety Guide Q9 (IAEA 1996, p 187) is on Qualitv Assurance
in Siting. Much of the guidance in Safety Guide Q9 would be applicable to a safety
assessment for a near surface disposal facility. Annex 11 of Safety Guide Q9 is The Design,
Testing, Application and Change Controlfor Coinputer Modelling.

As part of the ISAM working group activities a Parameter Input Control Form and a
Document Review Forrn were developed along with the corresponding procedures. This in
part was in response to wi expressed need for "concrete" examples of how QA measures
could be used in safety assessment 1,21.

2.4. Analysis of results

The focus of the CBWG in the area of analysis of results was uncertainty and sensitivity
analysis. Safety assessment for low-level waste facilities rquires the interaction of a large
number of disciplines in order to model environmental phenomena necessary to evaluate
safety of disposal. The physical systems involved can often be very complex. The initial
purpose of the safety analysis is to better understand the system under study. Eventually, as
the system behavior becomes understood more fully, the assessment is used to support
regulatory decisions. Corresponding to the specific goals of the project the objectives for
uncertainty and sensitivity analysis will also vary, depending on the stage of the analysis and
as required b regulations.

Difficulties in decision making arise due to the uncertainties that are inherently related to
environmental phenomena modeling. The ability to identify and correctly quantify the
uncertainties as well as the most important parameters in the LLW Safety Assessment, as well
as reducing the level of uncertainty where possible and as warranted, is of vital importance for
good decision making. It is impossible to guarantee with absolute certainty that one has made
the correct decision., but we can improve the possibility of choosing the right decision by
improvinc, the means of quantification and identification of the uncertainties in the safety
assessment calculations.
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Uncertainty analysis is recognized as a key factor in the decision process for safety
assessment. The identification f sources of uncertainties as well as the types of uncertainties
are necessary in order for the nalyst to find the best way to quantify and consequently
improve the degree of confidence he or she can have in the safety analysis.

Understanding uncertainty will also be a m 'or factor in the :acceptance of the safetyai
assessment case by technical audiences including the regulatory authorities.

Contaminant Migration nd Impact Criteria or Indi:;ators
to Compare Against

Waste Inventory
Regulatory Concentration

Limits

Q)
Flux through incu

barriers
(engineered and Regulatory Criteria for

Releases from acility
geological)
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Flux to Biosphere
Naturally Occurring Fluxes
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Figure 2 Typical assessment outputs and regulatory criteria and safety indicators

(Based on IAEA TECDOC-767)
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2.5. egulatory requirements and safety assessment criteria

Determining how participants have documented safety analysis: what s ncluded in a safety
assessment report and why; what are the regulatory criteria used in different urisdictions and
in addition to regulatory criteria use of other indicators of safety that have been included in
safetv assessments.

Reaulations for radioactive waste disposal do vary from one urisdiction to another. In
general two categories of regulations are found: prescriptive dose-based or concentration
based: and performance or risk based criteria. The following dagram illustrates the various
regulatory and other criteria that have been used for safety assessment.

Confidence can be built by demonstrating an understanding of the existing regulatory
requirements set by the regulatory body be they prescriptive or perfort-nance based. Such
requirements can relate to the: facility design; waste types to be disposed; safety indicators to
be calculated and associated limits/targets to be met; duration of institutional control periods;
and any guidance or requirements relating to the scenarios to be assessed; and hypothetical
group(s) (critical group(s)) to be protected, possibly including the description of the pathways
and human behaviour parameters. The CBWG documented regulatory and other criteria in
use in the jurisdictions represented by the participants.

3. Surnmarv

The purpose of confidence building in the context of a safety assessment is to provide readily
understandable qualitative and quantitative evidence that all aspects of the safety assessment
are based on sound scientific and technical principles and have been carried out in a
systematic manner which is amenable to independent review. The main objective in
following a systematic process is one of gaining assurance and acceptability of the
methodology., parameters and codes used, as well as belief in the results obtained from the
safety assessment. In practice confidence building is achieved by a range of activities
throughout the safety assessment process.
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Abstract

Co-ordinated Research Pr 'ect (CRP) as recently been completed on the Improvement of
Safety Assessment Methodologies for Near-Surface Radioactive Waste Disposal Facilities
(ISAM). A major aspect of the roject was the use of safety cases for the practical application
of safety assessment. An overview of the ISAM safety cases is given in this paper.

1. Introduction

The primary focus of ISAM was n the methodological aspects of safety assessment wth
emphasis on the practical application of the methodology. This is because pactical
application is usually necessary for a thorough understanding of safety assessment
approaches. For this reason one of the main components of the pro'ect was the development
of safety cases by participants working as a group to test and understand safety assessment
approaches, and to provide practical experience in their mlementation. The safety
assessments developed during the pr 'ect have been as realistic as ossible, and were closely
linked to concurrent methodological developments.

The primary focus of ISAM was on the practical application of safety assessment
methodologies. Among the activities that were conducted prior to the first RCM in Vienna
was an nternational survey of sfety assessment approaches and disposal technologies being
used throughout the world. Review of this survey allowed the program to more accurately
focus on the needs of participants. On the basis of the survey., three kinds of practcal
situations were addressed in the program within three Safety Cases: The RADON-Type
Safety Case, the Vault Safety Case, and the Borehole Safety Case.

2. Vault Safety Case

The Vault Safety Case was established to conduct an assessment of the type of facility that is
currently considered state of the art. In this context, the Vault safety case was establishe to
evaluate a typical current design for power plant waste in a typical Western European or
North American context. Many of the participants of this roup were experienced
practitioners of safety assessment, nd as a result this safety case was used to improve the
technical basis for a number of emerging methods for improving transparency and traceability
of assumptions, models, and sceriari(S.
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I I I IThe ph,, scal and bological setting of the safety case was at Vaa1puts S. Africa. Data related
to this site was volunteered by the South African participants to forn-i the basis for the ISAM
safetv cases.

The particular purposes of the Vault Safety Case assessment were:
• to assess the level of safety of the disposal system using currently available

Information:
• to I the most important uncertainties; to suggest further data collection and/or

alternative conceptual models that may be the subject of future safety assessment
iterations; and

• to increase confidence that the site and facility design will be suitable for waste
disposal and that future investment in site characterisation and other activities will be
worthwhile.

It is considered that the Vault Safety Case assessment has fulfilled each of these alms.

3. RADON-Type Safety Case

The RADON-ty. pe Safety Case was established to conduct an assessment of a type of disposal
facilltv for medical and ndustrial waste that is common throughout Eastern Europe and the
former Soviet Union. Safety assessments of these facilities have a number of key features,
including:

• Limited historical records of past disposal
• Uncertaintv in addressing engineered barriers

Uncertainty in regulatory structure and assessment context

Many of the participants conducting this safety case were inexperienced in conducting safety
assessments, since such assessments have not been required of these facilities in the past.
Consequently, this safety case was conducted with a view to introducing both basic and
advanced concepts in safety assessment to these countries. In this, the safety case is

'dered to be an unqualified success, as a number of participants n the pr 'ect became
cons] I I I I Oi
highly qualified experts through their participation in ISAM. The assessments conducted
through the ISAM project were among the first conducted for these kinds of facilities, and
work is ongoing in a number of countries to conduct real safety assessments for real RADON-
t I I I I I I I
ype dsposal facilities. These assessments are anticipated to lead to sgnificantly improved

levels of safety in countries with these facilities.

4. Borehole Safetv Case

The Borehole Safety Case was established to investigate, from a safety assessment
perspective, a novel concept for the disposal of spent radiation sources in developing
countries. The borehole technology is intended to be implemented with minimal indigenous
technology, and to provide an easily implemented solution to a common, significant problem
in developing countries.

The Borehole Safety Case was attended by the fewest members of the three. Nonetheless, the
participants ade excellent progress, and were able to complete a substantial set of safety
assessment analyses. These analyses represent a good first step toward demonstrating the
vlability of the disposal concept for its intended purpose. Consequently, the conclusions of
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this safety case from the ISAM pro' t a sgnificant ster, toward improving waste
safety in developing countries.

5. Summary

The Safety Cases represented test beds to apply approaches developed in Scenario, Modeling
and Data, and Confidence Building Working Groups in parallel with their activity. By
applying these approaches to actual safety cases, additional information was generated about
their feasibility, including details of the FEPs list and the scenario gnerating process.

The use of Safety Cases proved invaluable to understanding ad improving the safety
assessment methodology. This was particularly evident in the �/ault Safety Case, which
brought together experienced safety assessment experts in a oruni that allowed significant
new testing of emerging aspects of' safety assessment. Furthermore, the application to the
RADON-type safety case led to the dissemination of concepts of safety assessment into a
number of countries and situations in which it had previously seer limited use. In addition,
the Borehole Safety Case shed new light on the problem of sent radiation sources in
developing countries.
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Abstract.

As part of the IAEA's Co-ordinated Research Pr 'ect (CRP) on Improving Long-ter of
Safetv, Assessment Methodologies for Near Surface Waste Disposal Facilities (ISAM), three
example cases were developed. The aim was to testing the ISAM safety assessment
methodology using as realistic as possible data. One of the Test Cases., the Vault Test Case
(NITC). related to the disposal of low level radioactive waste (LLW) to a hypothetical facility
comprising a set of above surface vaults. This paper uses the various steps of the ISAM safety
assessment methodology to describe the work undertaken by ISAM participants in developing
the VTC and provides some general conclusions that can be drawn from the findings of their
Nvork.

1. Introduction

In 1997 the ISAM CRP was launched by the IAEA with the aim of focusing on the
methodological aspects of long-term safety assessment for near surface radioactive waste
disposal facilities [1]. Part of the work undertaken by participants was to test the safety
assessment methodology developed during the ISAM CRP using three Test Cases based on:
current practices vault facility); older practices (RADON type facility); and a proposed future
disposal option for dsused sealed sources (borehole facility) 2 Sections 2 to 6 provide a
brief summary of te steps followed in the assessment of the Vault Test Case (VTC), whilst
overall conclusions are presented in Section 7.

2. Specification of the assessment context

The assessment context defines the basis for the assessment by focussing on what is being
assessed and why it is being assessed. It provides information concerning key aspects of the
assessment. namely: the purpose; the stakeholders- the regulatory framework; the end-points;
the philosophy-, disposal system characteristics; and tmeframes. Table I summarises these
components of the assessment context as developed for the VTC.

3. Description of the waste disposal system

The VTC disposal system was hypothetical. The disposal facility was a modified version of
proposed near-surface disposal facility in the United States of America, whilst the geosphere
and blosphere were based upon the Vaalputs site in South Africa.

-Contributed vhilst at NRI Rez p1c, Czech Republic
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Table 1. Assessment context r the Vault Test Case

Purpose 0 Assess the level of safety using currentl� available information
• Identify the most mportant uncertainties
• Suggest further data collection and/or aternative conceptual

models
• Increase confidence tat the site and facility design are suitable

Stakeholders Regulators and staff involved in producing te safety assessment
Regulatory framework Based mi broadly accepted nternational IAEA and ICRP principles
End-points Individual effective dose to a member of the critical group.
Philosophy CautiOus
Disposal system Hypothetical but realistic. Disposal facility based on above gade
characteristics LLW engineered vaults. Geosphere and blosphere based upon South

African site in semi-arid ural setting
Timeframes No cut off time for calculations specified

The facility design was based o pr 'ected LLW ansings from nuclear power plants, medical
and research institutions, industrial applications, and other miscellaneous waste producers
over a 30-year period. The radionuclides considered were 3H, 11C, 5'N], 63 N1, 9Sr, 991-c, 29 1,

137cS, 234 U, 23 U, 138PU, 239PU, 241 Pit and 24 'Am. The disposal facility was assumed to consist

of a set of above grade concrete vaults. Waste was assumed to be grouted in standard 200 litre
drums which in turn were grouted into concrete cubes. The cubcs, each containing eight
drums and concrete backfill, were ten assumed to be stacked in the vaults. Upon closure the
vaults was assumed to be covered with a multiple layer cover consisting a waterproof cover
on the vault roof, a layer of compacted clay, a soil cover and finally a thick erosion-resistant
rock/gravel layer.

The unsaturated zone extended 50 to 70 m below the surface and consisted of the weathered
overburden (sands and clays) and fractured bedrock (granite). The saturated zone was
fractured granite and water flow was predominantly along fractures and controlled by fault
zones.

The facility was assumed to be stuated in a semi-arid region wth an annual rainfall of 0
mm. Agriculture was the ain activity, primarily sheep farming. The sheep diet was natural
vegetation supplemented by imported fodder and borehole water. Water was obtained for
domestic and agricultural purposes rom boreholes sunk into the fractured aquifer.

4. Development and justification of scenarios

One of the principal activities of the VTC participants was the development and application of
an approach to generate scenarios sing information concerning the assessment context and
system description, and the ISAM FEP list 3]. The approach is outlined below.

• Screen the ISAM FEP list on the basis of te assessment context and system description,
recording the ustification or excluding any FEPs from further consideration.

• Focus initially on one scenario termed the 'Design Scenario', which represents how the
system might be expected to evolve assuming the design functions as planned.

• Decide the status of external FEPs (scenario generating FEPs) for the Design Scenario.
• Identify the safety-relevant features and associated safety functions for the Design

Scenario.
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• Develop a description for the Design Scenario. This includes estimates of the expected
lifetime/performance of the identified safety-relevant features and their safety functions.

• Identify alternative scenarios at a high level by revisiting the screened ISAM FEP list,
especially focusing on the external FEPs, and select which alternative scenarios should be
assessed in detail.

• Decide the status of external FEPs for each Alternative Scenario to be assessed.
• Identify safety-relevant features and associated safety functions for each Alternative

Scenario to be assessed.
• Develop a description for each Alternative Scenario. This includes estimates of the

expected lfetime/performance of the identified safety-relevant features and their safety
functions.

Throuah the use of this approach, one design scenario and four alternative scenarios (poor
design'performance- earthquake; human intrusion, alternative human activities) were initially
identified. Releases in the liquid, solid and gaseous phases were considered in the scenario. In
liuht of resource constraints, it was decided to select only one alternative scenario for
development. Given the potentially high consequences of human ntrusion, it was decided to
deN elop the human intrusion scenario.

5. Formulation and implementation of models

UsIn2 Interaction Matrices, conceptual models were developed for the design and human
intrusion scenarios (see for example Figure 1). The matrices allowed the identification of
interactions between the key components of the disposal system, and the mapping of
radionuclides ovement around the system and the resulting human exposures. Three
participants developed and applied mathematical models for the design and human intrusion
scenarios (Table 11). Data for models were taken from site measurements and a range
internationally recognised data compilations.

EXTERNAL IRRADIATION
I.b

WASTEf 1.2 1.3 1.4 1.5 External

CONTAMINANT irradiation

2.6

22 2 3 2 4 Z.b Ext. irradiation
2 ngesti

SOIL + WASTE Resuspensio Root ptak 'anMm Accidental soi

EXTERNAL IRRADIATION, SOIL INGESTION ingestion

NTAMINATE SOIL (DUST) INHALATION

3.1 3.2 3.3 3.4 3.5 3.6
ATMOSPHE Inhalation

4.4 4.6
4.1 4.2 4.3 FLORA ngestion Ingestion

(animals)

I ANIMAL PROD. I

5 1 5.2 5.3 5.4 5.b 5.6
FAUNA Ingestion

�1 �Ji

6 1 6.2 6.3 6.4 6.5 6.6
INDIVIDUAL

Figure 1. Interaction Matrix for the Human Intrusion Scenario
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Table 11. Computer codes used by participants to model the Design and
Human Intrusion Scenarios

Scenario Organisation (Participant) Code
Design - liquid release KHNP (Kim) DUST-MS and

GWSCREEN
QuIntessa (Little) AMBER

Design - gas release Quintcssa (Little) AMBER
Design - solid release Quintessa Little) AMBER

Human Intrusion NRI (Lietava) RESRAD
Quintcssa (Little) AMBER

Table 111. Example results from the Vault Test Case

Design Scenario Human Intrusion
Liquid Gas Solid Scenario

Release Release Release
Organisation KFfNP Quintessa Quintessa Quintessa NRI Quintessa
(Participant) (Kim) (Little) (Little) (L.ittle) (Lictava) (Little)
Peak Dose (Sv Y-1) 2E-5 3E-5 2E-3 2E-2 4E-4 I E-3
Time of Peak (y) 7E+3 8E+3 >IE+5 >]E+5 3E+2 -3 E + 2

6. Analysis of results and building of confidence

Table III summarlses the initial results obtained by the participants for the various sets of
calculations. For the liquid release calculations, the peak dose is about an order of magnitude
below the dose constraint of 31-4 Sv y proposed in 4 For te gas and solid release
calculations, the peaks are about one and two orders of magnitude bove the dose constraint,
respectively. However, tese doses (lo not occur until at least 10' years due to the contribution
of radiologically significant daughters ingrown from 234 U and 2381j. Over such timescales,
dose calculations Must be seen, at best, as only illustrative. Furthermore, the assumptions
underlying the calculations are highly cautious. For the human intrusion scenario, the total
doses calculated are about an order of magnitude blow the reference level below which
intervention is not likely to be ustifiable level 4].

Several philosophical points were identified by VSC participants relating to the gas and solid
release calculations. First the associated conceptual model assumed that a house was built on
exposed waste and it might be argued that this is a form of human intrusion. Second, and
directly related to the first, there is te question of whether it is appropriate to apply the same
dose constraint to the gas and solid elease as used for the liquid release. Third, the exposure
groups were consiidered to be different for each scenario, where as could be argued that a
single exposure group could be cnsidered for the gas and solid releases. Time constraints did
not allow this philosophical debate to be resolved by the members of the VSC Group.

In light of the above results, it as considered that the site was suitable for a LLW disposal
facility but there was scope for the design to be modified with the introduction of a thicker
cover and/or a below grade facility. This would significantly reduced the rate of erosion and
the time at which waste might becorne exposed thus reducing the impact of the gas and solid
releases. However, even with such a facility, long-term isolation of te waste over tme-scales
that would ensure acceptable doses from the 2"U and 218U chains could not be guaranteed.

377



Therefore. in addition to the revision in the design, it was suggested that it might be necessary
to reduce the nventory of these long-lived radionuclides by one or two orders of magnitude.

7. Overall conclusions

From a methodological point of view, it can be said that the ISAM safety assessment
methodology was successfully applied to the VTC. It was shown to be a practical approach
that., through encouraging the use of flow diagrams, lists and tables to summarlse key
information. helped ensure the VTC assessment was logical, well structured, well
documented. transparent, and auditable. Considerable emphasis was on the development and
demonstration of associated procedures (such as the scenario generation approach), and the
documentation of the hypotheses and arguments in an auditable manner. It was recognised
that the final decisions about the acceptability of a disposal facility would depend on such
factors and not solely on the calculated alues of dose. The VTC also allowed participants to
develop an understanding of the ISAM methodology and to gain practical experience in its
implementation. In addition it provided the basis for open discussion of the many practical
issues hich can be encountered when undertaking an assessment.

The illustrative results obtained demonstrated the need to consider release mechanisms other
than liquid release. Human intrusion, gaseous and solid release can all be important.
Participants applied a range of different conceptual models, mathematical models and
computer codes to model the design scenario liquid release and human intrusion scenario
calculations. The resulting differences were often small (an order of magnitude or less),
especialk7for the key radionuclides.

Although the ISAM methodology should be applied in an iterative manner, only one iteration
ible n ts application to the VTC due to tme constraints. Thus a further iteration of

the assessment process could be undertaken to investigate further some of the key issues
identified in the first iteration (for example the modification of the design, the limitation of

I inventory, and the more detailed investigation of further alternati
certa n radionuclides' ive
scenarios).
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Abstract

The ISAM safety assessment methodology was applied to RADON-type facilities. he
assessments conducted through the ISAM project were among the first conducted for these
kinds of facilities. These assessments are anticipated to lead to sgnificantly improved levels
of safety in countries with such fcilities. Experience gained though this RADON-type Safety
Case was already used in Russia while developing national regulatory documents.

1. Introduction

The RADON Safety Case met te objectives defined in the ISAM pr 'ect. The assessment
was conducted according to the SAM safety assessment methodology, and this represents an
initial attempt to apply such a niethodology to a RADON-type disposal facility, which as
established in 1960s for medical and industrial waste and that is common throughout astern
Europe and the former Soviet Union.

The RADON-type Facility Safety Case differs from other safety cases within the ISAM
pr 'ect in three main points:

- while both other cases consider planned fcilities, this case hs been developed for an
existing facility that was under operation for more than 30 years. This feature
incorporates the differing levels of knowledge about the site., repositories and wastes
developed in the past, as well s differing quality assurance applied more than 30 years
ago and modem quality assurance;

- both other cases suppose that all vaults or bore-holes located at considered site ae of a
single type. The RADON Safety Case as several different types of repositories at one
site, such as boreholes, vaults and trenches;

- geographical position and associated geological, hydrogeological, climate and social
conditions are significantly different for the Radon Safety Case and the other two.

These differences as well as differences between the countries where the sites are located
bring additional differences in the Assessment Context for this particular ISAM Safety Case.
In contrast to the other cases, solid and solidified waste in Russian P'ADON facilities and in
particular in this safety case are about 90% by volume and about 9% by total activity C-
137. Long-lived radionuclides are disposed in smaller quantities. his feature of the waste
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influences modeling of migration, human exposure and timeframes, with greater emphasis on
the short-lived activity.

2. SafetA7 Case

The facility design for this safety case is based on the typical structure of Russian regional
RADO.\ facilities.

Location of the test site has been chosen to be in the Volga-river region in Russia (5 of 6
RADON facilities in Russia are located in the Volga region). The facility considered in the
safetv case is situated on the right side of the Volga River region 12 km from the regional
capital town. The nearest village is about 2 km from the site. It is the real site of a ADON
facility. All geological, hydrological and climate data available for the real site are used for
this safety case safety assessment.

This site and a prototype facility have been in operation about 40 years. Safety assessments
of these facilities have a number of key features, including:

• Limited historical records of past disposal
• Uncertainty in addressing engineered barriers
• Uncertainty in regulatory structure and assessment context

Some information on inventory, waste characteristics, etc. has not been available and
therefore the disposal facility was considered illustrative. Specific attention shall be paid in
future on the inventory of Pu-239 that needs to be reconsidered in performance of a real safety
case. as it seems that the assumed inventory exceeds the real one typical for Radon type
facilities.

Within the ISAM pr 'ect a limited number of scenarios were considered and calculated for
the RADON facility. In particular, in this Safety Case, solid releases of radionuclides from
this near surface facility lead to higher doses than did groundwater releases. Solid releases
were modelled as an aftermath of either erosion or human intrusion. Though both cases seem
unlike1v to occur in present conditions, the results show that these scenarios provide the
potential for significant doses if institutional control over the site is lost. It also means that
Iong-time study of erosion process at Radon type facilities should be started or planed to
obtain specific data for each facility being under assessment.

Two iterations caused by additional geological and hydro-geological data obtaining and
clarification were made and calculational result varied. These differences are:

• The Design Scenario calculation for the first and second iterations differ from each other
in hydrogeological conditions. In addition, in the first iteration all disposal units were

'dered as a single source term with the total activity, while in the second iteration the
consi Z=
vaults were considered separately, and the trenches and the borehole were excluded from
calculations. Accordingly the activity taken into account in the second iteration was less,
but the calculated dose appeared to be higher than in the first iteration. This discrepancy
can be explained by the following distinctions between the models: differences in the
hydro-geological model, differences in transport modelling, and more detailed bosphere
modelling in the second iteration.

Z17

• The first iteration of the Design Scenario used a detailed hydrogeological model,
including both the unsaturated and saturated layers. By contrast, the second iteration uses
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simplified conservative models assuming either absolute impermeability of the aquifer top
or uninhibited movement of infiltrating water into the aquifer. ransport modelling in the
first iteration was based on an assumption that some part of ontaminants dissolved in
ground water is entirely hardly retained by surrounding rock and cannot be desorbed in
the future. In the second iteration the sorption-adsorption mechanism was considered
simply as retardation. In this case, activity decrease in the ground water is caused only by
natural decay of adionuclides in time.

This investigation is one of the first times such analyses have been conducted for a RADON-
type disposal facility and was fund to be very useful for RADON stuff to understand the
overall disposal system better.

3. Summarv

The Safety Cases represented test beds to apply approaches developed in Scenario, Mdeling
and Data, and Confidence Building Working Groups in parallel with their activity. By
applying these approaches to actual safety cases, additional infori-nation was generated about
their feasibility, including details of the FEPs list and the scenario generating process.

The use of Safety Cases proved invaluable to understanding aiad improving the safety
assessment methodology. Its pplication to the RADON-type safety case led to the
dissemination of concepts of safety assessment into a number of countries and situations in
which it had previously seen limited use.

Many of the participants conducting this safety case were nexperienced in conducting, safety
assessments, since such assessments have not been required of these facilities in the past.
Consequently, this safety case was conducted with a view to introducing both basic and
advanced concepts in safety assessment to these countries. In this, the safety case is

'dered to be an unqualified success, as a number of participants in the pr 'ect became
consi I Oi
highly qualified experts through their participation in ISAM I was very useful both for the
participants and for the pr 'ect, that assessors, operators ad regulators took an active part in0j
this activity.

The assessments conducted through the ISAM project were among the first conducted for
these kinds of facilities, and work is ongoing in a number of countries to conduct real safety
assessments for real RADON-type disposal facilities. These assessments are anticipate to
lead to significantly improved levels of safety in countries with these facilities. Additionally
in some countries, e.g. in Russia, the experience obtained though his RADON-type Safety
Case was already used while developing national regulatory documents.
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Abstract.

As part of the IAEA's Co-ordinated Research Pr 'ect (CRP) on Improving Long-term of
Safetv Assessment Methodologies for Near Surface Waste Disposal Facilities SAM), three
example cases ere developed. The aim was to test the ISAM safety assessment
methodology using as realistic as possible data. One of the Test Cases, the Borehole Test
Case (BTC). related to a proposed future disposal option for disused sealed radioactive
sources. This paper uses the various steps of the ISAM safety assessment methodology to
describe the work undertaken by ISAM participants in developing the BTC and provides
some general conclusions that can be drawn from the findings of their work.

1. Introduction

In 1997 the ISAM CRP was launched by the IAEA with the aim of focusing on the
methodological aspects of long-term safety assessment for near surface radioactive waste
disposal facilities [1]. Part of the work undertaken by participants was to test the safety
assessment methodology developed during the ISAM CRP using three Test Cases based on:
current practices (vault facility); older practices (RADON type facility); and a proposed future
disposal option for disused sealed radioactive sources (borehole facility) 2 Sections 2 to 6
prov'de a brief summary of the steps followed in the assessment of the Borehole Test Case
(BTC), whilst overall conclusions are presented in Section 7.

The disposal concept considered in the BTC is based in the Borehole disposal Of Spent
Sources (BOSS) concept, which is still under development through the IAEA AFRA 114
pr 'ect 3 and intended to provide African countries with a solution for the long-term
management of their disused sealed radioactive sources.

2. Specification of the assessment context

The assessment context defines the basis for the assessment by focussing on what is being
assessed and hy it is bein- assessed. It provides information concerning key aspects of the
assessment, namely: the purpose; the stakeholders; the regulatory framework; the end-points;
the philosophy; disposal system characteristics-, and timeframes. Table I summarises these
components of the assessment context as developed for the BTC.

3. Description of the waste disposal systern

The BTC disposal system is based on the BOSS concept currently under further development
[3]. whilst the geosphere and bosphere were based upon the Vaalputs site in South Africa.
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The disposal facility is designed for the disposal of sources arising from medical, research,
industry and agricultural applications containing short-lived eg. 92 1r) and long-lived

22 6radionuclides e g. Ra). The inventory that was used for the BTC is presented in Table 1.

Two facility configurations were considered for the BTC: one for disposal in the saturated
zone and one for disposal in the nsaturated zone. The first consists of a borehole 254 mm in
diameter) drilled to a depth of 100 m, while for unsaturated conditions the borehole was
drilled 45 m deep. In both cases te bottom 10 rn was used as a disposal zone, while the
remainder of the borehole was backfilled with concrete, which onstitutes closure of the
disposal facility. High integrity stainless steel containers were used as waste packages. The
waste package was backfilled with cement with the stainless steel capsule containing the
source emplaced in the centre f te package. Ten waste packages, spread over the 10 m
disposal zone, were emplaced in the borehole, with cement backfill between the waste
packages.

Table 1. Assessment context for the Borehole Test Case

Purpose (I To evaluate saturated and unsaturated site conditions and two land use
conditions (a) continued use of small farms in the area and agricultural

activity, and (b) reversion to a traditional hunter-gatherer life style

(2 Frther development of the borehole disposal concept

(3 Icrease confidenc -e that the site and facility design are suitable

Stakeholders Government officials, the site operator, regulators, public, and technical or

scient f c staff and rviewers.

Regulatory framework Based on broadly accepted international AI11A and ICR-P principles ith

an institutional control period of 30 years.

Data availability Using available site-specific data, supplement with generic data.

Application ofconservatism Multiple-lines of reasoning and conservative bas.

End-points Individual effective dose to a member of the critical group.

Assessment philosophy iterative, site-specific prospective ealuations, reasonable assurance

Disposal system characteristics Borehole facility with intermediate depth 40 m to I 0 m) for disposal of

short and long-lived radionuclides. Geosphere and biosphere based upon
South African site in semi-arid rural setting

Timefrarnes �� No cut off time for calculations specified, IO 000 years used.

Table 11 The inventory that was used for the ISAM Borehole Test Cse.

Isotope Half-life (y) No. of Sources Activity per Source (Bq) Total Activity (Bq)

99"Tc 6.86E-04 I 4.99E+09 4.99E+09

7_1--r 0.202 22 3.70E+12 8.14E+ 3

___7 Co' 0.742 4 1.85E+05 7.40E+05

77d 1.27 4 1 I I E-�-08 4.44E+08

" Y o 5.60 2 3.70E+09 7.40E+09

137CS 30.60 - 11 2.78E+09 3.05E I 
5 5.55E I 2.78E+l 1

241 Am 4 2 - 560 1.85E-�05 1.04E+08
9 5.55E+05 5.OOE+06

12"Ra 1600.00 6 3.70E+06 2.22E+07
3 LI I E+05 3.33E+05

2-1 'P LI 2.41 E+04 I 3.7017-79� �i 3.70E+09
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The unsaturated zone extended 50 m to 70 m below the surface and consisted of the
weathered oerburden (sands and clays) and fractured bedrock (granite). The saturated zone
was fractured granite and water flow was predominantly along fractures and controlled by
fault zones.

The facility was assumed to be situated in a semi-arid region with an annual rainfall of 0
mm. Agriculture as the main activity, primarily sheep farming. The sheep diet was natural
vegetation supplemented by imported fodder and borehole water. Water was obtained for
domestic and aricultural purposes from boreholes sunk into the fractured aquifer.

4. Development and justification of scenarios

In the assessment context for the Borehole Test Case (BTC), it was stated that one of the
purposes of the safety assessment was to evaluate the borehole disposal concept under
speciific ste and land use conditions 2 The site conditions for the BTC involved the
implementation of the borehole disposal concept in saturated and unsaturated condition in a

rid environment. Two land use conditions were con 'dered:
serm-a si

• continuation of current land use patterns. characterised by small farms and agricultural
activities to the extent supported by the local climate; and

• reversion to traditional human behaviour, characterised by hunter-gatherer land uses.

With these conditions as part of the assessment context, it was considered possible to follow a
simplified approach to scenario development and ustification. The following three exposure
scenarios ere defined by expert judgement on the basis of the assessment context:

• member of public (farmer) with an abstraction well (variants on distance of well from
disposal borehole and whether source is in saturated or unsaturated zone);

• member of public (farmer) with discharge to salt plan (variants on whether source is in
saturated or unsaturated zone); and

• member of public (hunter-gather) eating termites.

In addition to these three land-use based scenarios, a inadvertent hman intrusion scenario
was also added for consideration.

The main scenario development and ustification effort was directed towards providing an
audit trail of factors to be considered in the subsequent analysis of these scenarios. This was
achieved through the screening of the ISAM FEP list and use of a source-pathway-receptor
analvsis. This analysis allowed the source of radionuclides to be identified for each scenario
(i.e. the disused sealed source in the disposal borehole), the various pathways from the source
to the receptor to be identified, and the target (i.e. the exposed humans) to be identified.

5. Formulation and implementation of models

Usina Interaction Matrices, conceptual models were developed for the fan-ner scenario and the
hunter-gatherer scenario. The matrices allowed the identification of interactions between the
key components of the disposal system and the mapping of radionuclides movement around
the system and the resulting human exposures.
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The GoldSIrn model 4 was used in the mathematical mplementation of the conceptual
model of the groundwater pathway for the farmer scenario. The assessment model for the
fanner scenario was built to smulate:

• the release of radionuclides; from te waste packages in the borehole;

• their transport through the unsaturated zone to the water table;

• through the saturated zone to borehole near the site; and

• the dose to the farmer-receptor who uses borehole water f6i drinking, and consurnes
sheep, poultry, and eggs that are contaminated by the borehole water.

GoldSim's Contaminant Transport Module [5] was used to built the near-field source term)
and the geosphere transport components of the assessment model.

The COMPASS model 6 was used in the mathematical implementation of the conceptual
model of the hunter-gatherer scenario. The assessment model for the hunter-gatherer senario
was built to simulate the release rate of activity from the waste package. This resulted in a
contaminant plume around the aste packages, the soil of which is excavated by the termites
Hodotermes mossan7hicus commonly found in the Vaalputs area. hese termites serve as a
source of protein to te hunter-gatherer, which resulted in an ingestion dose.

6. Analysis of results

From Figure I it is clear that the mximum total effective dose equivalent (TEDE) occurs in
10,000 years after the facility closure. Most of the TEDE is from 3'N p and ... U. The time
history of the scenario TEDE is shown in Figure 1, where 100 realisations are summarised.
The mean, median, 95 percentile, and percentile of the TEDE distribution are shown in the
Figure 1. The TEDE distribution at 10,000 years (in mSv.a-1) has a ean of 9AE-07 a median
of 8.8E-07 a 95 percentile of 2.OE-06, and a percentile of 5.OE-08. The results indicate that
all TEDE realisations are well below the compliance criterion of 0 I mSv.

Farmer Scenario TEDE

1 OE-06 - - ------- --

1.OE-08

1.OE-12

1.OE-14 jr Mea
5%

U) _ Medja�
1 OE-16 - 95%

1.OE 1 8-

I OE-20 -

1.OE-22 ---

1 OE-24 - - i
0 1000 2000 3000 4000 50no 6000 7000 8000 9000 10000

Years

Figure 1. Total effective dose equivalent as calculated for the farmer scenario.
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As shown in Figure 11, the dose for ingestion of insects in the hunter-gatherer scenario using a
bounding set of parameter values ndicated that the dose is rather large, reaching a peak of
about 35 mSv.a- However, the model for this pathway was speculative and it was uncertain
how conservative it as. Considerable uncertainties existed in these values.

Ingestion Dose from Insects

4.OE�00

3.5E,00

3.OE+00

2.5E+00
Effective

Dose 2.OE+00 7%,
(mSv/yr)

1.5E+00 
71�

1 E+00

5 OE-01

O.OE+00
1000 1300 1900 2700 3800 5400 7600

Time (yrs)

Figure 11. Total effective dose equivalent as calculated for the farmer scenario 2].

7. Overall conclusions

The BTC followed the ISAM methodology, and although not applied to its full extent, proved
useful in performing safety assessments for near-surface disposal facilities in a structurad
manneT A first iteration of the methodology was completed and serves as a basis for future
iterations. Both the results and the decision-making process should be 'udged from this
perspective.

It is considered that the BTC has fulfilled each of the objectives set for the assessment. In
particular, it can be stated with reasonable assurance that the concept proved to be suitable
under the specific site and land use conditions. This conclusion suggests that the concept is
su table for the disposal of disused sealed radioactive sources un der ar'd conditions.

Two land use conditions specified in the assessment context limited the need to apply a
formal svsternatic scenario generation approach. The first condition considers continuation of
current land use, characterised by small farms and agricultural activity to the extent supported
by the local climate. The second condition is a reversion to traditional human behaviour,
characterised by hunter-gatherer land uses. The ISAM FEPs list was used in a limited way to
incorporate these land use conditions in the scenario generation processes. The FEPs list was
viewed. and external FEPs were identified that might lead to potential exposures. In this way,

insect excavation scenario 'dent'fied that was not considered prior to the scenario
an was
generation procedure.
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More formal methods for developing scenarios or conceptual models from them were not
used in the BTC, owing to time limitations. However, the FEPs list proved to be very useful
as a audit trail and to facilitate model development. Interaction matrixes complemented this
process, but were used only to a limited extent.

This initial iteration allowed limited time for alternative ways to represent results, the
treatment of uncertainties, qualitv assurance and detailed evaluation of the results to establish
reasonable assurance of compliance with regulatory criteria.
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ASAM - THE INTER-NATIONAL PROGRAMME ON APPLICATION OF SAFETY
ASSESSMENT METHODOLOGIES FOR NEAR SURFACE RADIOACTIVE WASTE
DISPOSAL FACILITIES

B. Batandjieva
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Abstract

The IAEA has launched a new Co-ordinated Research Pr 'ect (CRP) on Application of
Safety Assessment Methodologies for Near Surface Waste Disposal Facilities (ASAM).
The CP NN7111 focus on the practical application of the safety assessment methodology,
developed under the ISAM programme, for different purposes, such as developing design
concepts., licensing. upgrading existing repositories, reassessment of operating disposal
facilities. The overall aim of the programme is to assist safety assessors, regulators and
other specialists involved in the development and review of safety assessment for near
surface disposal facilities in order to achieve transparent, traceable and defendable
evaluation of safety of these facilities.

1. Introduction

Use of sources of lonising radiation and nuclear energy for various purposes has led to
generation of radioactive waste that need to managed and disposed of in a safe manner in
accordance with the fundamental safety principles, providing protection to the human and
environment now and in the future. Safety assessment is an important too] for evaluating the
acceptability of planned, on-going or past radioactive waste disposal practices. Therefore
safety assessments should be structured and performed in a way that provides the necessary
level of confidence in order to make decisions about the facilities. The Agency's coordinated
research programme (CRP) "Improving Long Term Safety Assessment Methodologies for
Near Surface Radioactive Waste Disposal Facilities" (ISAM) has been successfully completed
in 2000 and has developed a consistent safety assessment methodology, which has found
widespread acceptance. At the end of the ISAM programme, it was recognised that the need
for further investigation and development in a number of areas relating specifically to the
application of the methodology developed. Taking these recommendations into consideration
the IAEA has prepared a new CP "Application of Safety Assessment Methodologies for
Near Surface Waste Disposal Facilities - ASAM" to commence in November 2002.

2. Scope and objectives of the programme

The overall objective of the ASAM programme is to investigate the application of the safety
assessment methodologies for near surface radioactive waste disposal facilities, to develop
a-reed nternational approaches to their application and develop guidance, which will assist
safetv assessors, regulators and other specialists involved in the safety assessment for near
surface disposal facilities in the application and review of the post-closure safety assessment
methodologies.
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The programme wl fcus on ptactical pplication of te afety assessment methodology,
developed tinder ISAM programme, for different purposes sch as developing design
concepts, licensing, upgrading existing repositories, or reassessment operating
repositories (Fig. .). It will focus on application of the nieth6dolog�' in a traceable,
transparent ad onsistent mah-ner in order to enable development of a coi-pprehensive safety
assessment ad safety case hat n dmonstrate complianc wh e'uIaloiw requirements ad
criteria wth the necessarv level (if confidence for the stakeholders ir 61ved.I

The ASAM programme will consider proposed and existing near surface aste disposal
facilities, i.e. d1snosal facilities at or lose to the Earth's surface q.& mine and mll tailings
facilities, -uilt acilities' and disposal acilities at depth of up several tens f ffieters (e.g.
boreholes facilities). The emphasis of te ASANI prograranie will be Oil post-closure safety
assessment, although, here appropriate. operational safety might also be assessed, The
inventories to be cnsidered -vil) include a range f low nd interniediate level waste arising

from: the extraction and processing f aturally occurring rdioactive materials; the

generation of uclear power� the Use of radionuclides in research. idustry, riedicine ad

education-, and the decommissioning of nuclear fileness The pniarv focus wl be o te

radioactive ontarninants in the ssociated waste streams. however, wbere considered

appropriate 6n�-tadl6acuve contanli-riAnts will lso be assessed.

The ISAM SAfi�tv Assessffiebt M&h6d6[6gY Wilt be. Applied t6 real, d�soosql fa6fifies with s

arm of prOdubiJig credible safety assessments bf fedhs66 situations Tis a�oti6ach will

ensure that the focus of th6 pidOlrarnme remains on d6dible slutions t safety assessment

issues that can be sed in bfktkaj ssessments,

In order to fulfil these 6W&U�ts� the ass&iiited work &o adime will focus o hegr
application, of the, rSAM �a&ty iissessment m6thbd6.I64V tb,�

• reassessment U ki�sfifi�- facllifi�s..

• disposal of (1isus6d fiidloAttrve ources "d other heterogeneous Waste,

• dposal of nifi-iin ad iniheral processing waste ad other wastes Nxith enhanced
content of naturally ocurring adionuclides, as well as

• review of safely assessmeTlt ad associa e regU atory asp�ects.
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3. Programme activities

The ASAM programme will be organised through several Research Co-ordination Meetings
(RCMs) at which the programme's focus, direction and outcome will be discussed and agreed.
The agreed ork programme will be implemented through five of working groups (Fig. 2.

Coordinating
IAEA Scientific SecretarvGroup

Cross-cuttino
Safet% �N orkino roups

Reassessment

Common
Disused Sealed Application

Sources and Aspects
Heterogeneous

NV as te
Review and
Regulatory

Mining and Aspects
Minerals

Processing
Waste

F_ Participants

Fig. 2 Organizational Structure of the ASAMProgramme

Three working groups (the Application Working Groups) will be associated with practical
application of the ISAM methodology:

Reassessment qf the Safety qf Existing Disposal Facilities
This working roup will demonstrate the application of the ISAM safety assessment
methodology to operating waste disposal facilities, where the safety of the facility has not
been proven yet; no safety assessment has been performed; safety has been questioned
because revisions to the operating conditions have been proposed; or a periodic review and
update of the safety assessment is required by the regulator. Comparison of different options
of corrective actions (see Fig. 3 will be made with the aim of assisting decisions for future
development of these types of facilities. The same approach could be appropriate for waste
storage facilities under consideration for conversion to disposal facilities.
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and also topics identified by the three Application Working Groups will be considered by this
working roup with the aim of providing practical guidance on the treatment of these issues,
based on detailed review of the existing nternational recommendations and good practice in
the Member States.

The programme is open to professionals from Member State wo undertake technical
activitiesrelated to safety assessment of radioactive waste disposa facilities. Participants can
be from re latory bodies, facility operators or developers, technical support organizations or
research organisations. ASAM.

4. Conclusions

The ASAM programme is expected to contribute to development of improved mechanisms
for application of post-closure safety assessment methodologies and for systematic review of
safetv cases for near surface waste disposal facilities, reflecting current international
recommendations and good practice in Member States. The programme will provide
operators, safety assessors, regulators and independent reviewers with recommendations and
au'dance on development of safety assessment and a safety case for near surface waste
disposal facilities, guidance on the review of safety assessment and safety case and on
demonstration of quality and depth of safety assessment and safety case. It will also lead to
improvement in the evel of knowledge of participants in the application of post-closure safety
assessment methodology for different purposes (e.g. licensing) and increased confidence in
the development and review of safety assessment and safety cases for specific site in their
own countries.
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Abstract

The IAEA's Net Enabled Waste Management Database (NEWMDB) contains nformation on
national radioactive waste management programmes and organizations, plans and activities,
relevant laws and regulations, policies and radioactive waste inventories. The NEWMDB,
which was launched on the Internet on 6 July 2001, is the successor to the 1AEA's Waste
Management Database WMDB), which was in use during the 1990's. The NEWMDB's first
data collection cycle took place from July 2001 to March 2002.

This paper provides an overview of te NEWMDB, it describes te results of the first data
collection cycle, and it discusses the way forward for additional dala collection cycles. Tree
companion papers describe (1) the role of the NEWMDB as an nternational source of
information about radioactive waste management, 2 issues related to the variety of waste
classification schemes used by IAEA Member States, and 3) the NEWMDB in the context of
an indicator of sustainable development for radioactive waste management.

1. Introduction

In October 2000, te 1AEA issued a Note Verbale requesting hat each Member States
nominate a single point of contact, known as a Country Co-ordinator, who would interact
directly with the NEWMDB's Programme Officer during data collection cycles. The
NEWMDB requires Country Co-ordinators to identify all radioactive waste classification
schemes used in their countries and to compare these schemes with the IAEA's proposed
waste classification scheme. Country Co-ordinators can customize how nformation about
radioactive waste management in their countries is reported to te NEWMDB. This is an
important feature of the NEWMD13 because it allows Countr; Co-ordinators to tailor
NEWMDB reports according to the waste management infrastructures in their countries. The
NEWMDB also provides a simple, easy-to-use method for Member States to indicate the
status of the development and implementation of their national systems for radioactive waste
management. The responses obtained to the NEWMDB's policy questions can be sed to
create a concise, easy-to-understand, nternational "scorecard" that can be used to track the
implementation of national systems for radioactive waste management in IAEA Member
States.

2. Overview of the NEWMDB

The 1AEA's Net Enabled Waste Management Database (NEWI\4DB) was develope to
succeed the Waste Management Database (WMDB), which was used to collect information
from IAEA Member States during the 1990's. The last WMDB data collection cycle was
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started in 1997/98 and concluded in late 1999. The last WMDB report was issued in md-2000

P].

A comprehensive review of the WMDB was undertaken in md-1999. Based on feedback
from Member State representatives, consultants and IAEA staff members, it was concluded
that:

data collection and dissemination for the WMDB was not timely,

• the WMDB questionnaire lacked clear and concise guidance,

• respondents had dfficulty reporting o their radioactive waste management
programmes and nentories according to the Agency's proposed waste
classification scheme 2],

• the information in the WMDB reports was not easy to evaluate or use, and

the WMDB could not support a key IAEA objective to compile a comprehensive,
international radioactive waste inventory.

In short. the 1A'MDB did not meet the needs of its customers.

In addition to the WMDB review, the following transpired since the WMDB was developed
and implemented:

radical changes have occurred in nformation management, notably the Internet,

• the Joint Convention on the Safety of Spent Fuel Management and on the Safety of
Radioactive Waste Management (the Joint Convention) came into force June 2001 3.
The Joint Convention is the first legally binding, nternational instrument related to
spent fuel and radioactive waste management and it contains specific requirements for
the exchange of information between Contracting Parties.

• A2enda 2 I was issued from the UN Conference on Environment and Development, held
in Rio de Janeiro in June 1992 4]. Chapter 40 of Agenda 21 calls for the development
of indicators for sustainable development (ISD). As a follow up, the Agency was
assigned the responsibility to develop ISD for radioactive waste management (ISD-
RW). in accordance with Chapter 22 of Agenda 21 and the UN-wide indicators
development work programme. The IAEA developed a single ISD-RW in September
2001, which was later refined in February 2002.

The principal objectives for developing the NEWMDB were to:

support the routine reporting of status and trends in radioactive waste management
based, to the greatest extent practicable, on quantitative data rather than anecdotal
information,

assess the development and implementation of national systems for radioactive waste
management,t�
support the ISD-RW and the compilation of a comprehensive, nternational radioactive
waste inventory based on a unified waste classification scheme, and

conform. to the greatest extent practicable, with the reporting requirements of the Joint
Convention.

The use of the NEWMDB to support the objectives listed above is described in three
companion papers [5 - 7].
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The NEWMDB is an Internet-based database to collect nformatiolri about radioactive waste
management activities and waste inventories in IAEA Member States [8 - 11]. The
NEWMDB's on line Help provides extensive detail about the purpose, scope and limitations,
and use of the NEWMDB 12]. Additional details of the current scope and limitations ofthe
NEWMDB are described in Reference [8].

In October 2000, te IAEA ssue a Note Verbale asking each of its Member States to
nominate a single point of contact, known as a Country Co-ordinator (CC), who would
interact directly with the NEWMD13's Programme Officer (PO) during data collection cycles.
A total of 51 Member States appointed a CC for the first data collection cycle, which was eld
July 6 2001 to March 15, 2002.

The NEWMDB Administrator grants database access to CCs, who can, in turn, designate and
register other users, Report Co-ordinators (RCs) and Waste Experts (WEs), to assist with
NEWMDB submissions.

The NEWMDB was mplemented as a series of components that rquires registered sers to
input and approve information in a step-wise process as follows (see Figure 1):

Step 1: CCs input their contact information and they register RCs arid WEs to assist with data
submission (optional). CCs use the waste class matrix too] to identify all waste classification
schemes uses in their country and t compare these schemes with the IAEA's proposed waste
classification scheme 2].

Figure 2 shows one of the two waste class matrices created by the CC for the USA for the
NEWMDB's first data collection cycle. The matrix shows the relationship between the
"USDOE" waste classification scheme and the IAEA's proposed wste class scheme (LII-W-
SL, LILW-LL and HLW waste classes). CCs were requested to provide supporting
documentation (see the Comments and Attachments "links" in Figure 2 to indicate whether
or not a waste classification scheme is required by law or regulation and to describe how the
percentages in the matrix were derived. The matrix tool provides support for the Joint
Convention 3 requirement that For each Contracting Party the report shall also address
its ... ... criteria sed to d,�fine and categorize radioactive waste CC's are unable to proceed to
Step 2 until waste class matrices are approved by them and by the NEWMDB Administrator
(currently this is the NEWMDB's PO). Step I proved to be a major stumbling block for many
CCs. Please refer to a companion pper 6] for a discussion of ssues related to the variety of
waste classification schemes used bv IAEA Member States.

Step Step 2 St p 3
Z �_te I 1 APPROVALS APPROVAI 

users EAd,!�,> s ruc re Adm n 64 was e
mat gen info data"

Figure 1: Steps in the NEWMDB Data Input Process
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Matrix Name USDOE

USDOE Class LILW-SL% LILW-1-1-1/o H LVr/o

H Li 0 0 100

TRU 0 1 00 0

LLW 99.5 0.5 0

1 1 e 2 1 00 0 0

Description Reference for USDOE classes.- Radioactive Waste
Managernent Manual.. DOE M 435.1 79/1999

Cornments(l) /.Attachrneni�Llj

Fi_-ure 2 The Waste Class Matrix for the USA's Department of Energy

Step 2 CCs customize how nformation about radioactive waste management programmes
and nentories will be reported to the NEWMDB. This feature was added because a number
of respondents to the 1997/98 WMDB questionnaire stated that they found it difficult to "fit"
their information into the WMDB's rigid structure. With the NEWMDB, CCs define the

number of Reporting Groups and within each Reporting Group they identify the waste
management sites and waste management facilities (processing, storage, disposal and
dedicated 13] spent/disused sealed radioactive source (SRS) management facilities). For
facilities. CCs indicate attributes such as type, capacity, percent filled, etc.

Step 2 includes the "General Information" component where CCs identify who regulates
radioactive waste, the laws and regulations that are relevant to radioactive waste management,
significant milestones in radioactive waste management in their countries, and radioactive
waste management policies. CCs answer up to 80 policy related questions (some questions are
conditional "If' questions, where "Yes" answers require additional questions to be answered).
Figure 3 illustrates some policy questions.

Step 3: The "Waste Data" component of the NEWMDB is used by CCs (and those they
designate to assist them) to identify waste treatment and conditioning methods (see Figure 4,

ify the nventory of radioactive waste for each waste class at each waste management

site (see Faure 5) and to specify nentories of spent/disused SRS in dedicated SRS

management facilities (see Figure 6.

3. Results of the first data collection ccle

Durinq the first data collection cycle, only about 40% of Member States appointed CCs and

only 18 full submissions and 2 partial submissions were received. However, even with the low

le,,,-el of participation and the small number of submissions, the results 14] of the first data

collection indicated that the NEWMDB successfully achieved the objectives identified

previously in this paper. Elaboration of the NEWMDB's achievements are described in the

three companion papers.
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Figure 3 xample NEWMDB Policy Questions

I reqtm�Snt r-riethc,,1`-,) o ��ite
L.A-dili.dbyEM-20 1�01-1522.2433

Status

Method CUfferd PWIIC-�
R&D I se vvei 1;� lam pas'

Planned r)4091M] elhoc Syeals Pt tice

E v a po ra t i o n No N o sa ne No

Inc neration No No same No

Oxidation No Nu j n c rea s e II o
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Figure 4 Example of Waste Processing (Treatment Conditioning) Data
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Brieflv. the results of the first data collection cycle have shown that the NEWMDB:

• can be used to collect infort-nation from Member States annually - this
addresses a major problem with the WMDB ("data collection and
dissemination not timely"),

'des extensive guidance to users. which addresses another WMDB fault
("lacked clear concise guidance" [ 2,

• demonstrated that the data needed to compile an indicator of sustainable
development for radioactive waste management are available at the national
level [5],

• can support the compilation of a comprehensive, nternational radioactive
waste inventory based on a unified aste classification scheme 6] (see [8] for
current limitations),

• supports the routine reporting of status and trends in radioactive waste
management based on quantitative data rather than anecdotal information 7],

• can support reporting requirements for the Joint Convention 7], and

• can be used to assess the development and implementation of national systems
for radioactive waste management.

4. The wav forward

On February 14, 2002, the IAEA issued a Note Verbale requesting that Member States that do
not currently have a CC for the NEWMDB to appoint one. In addition, it asks Member States
that did not complete submissions during the first data collection cycle to make submissions
durin- the second cycle, scheduled for July 2002 to January 2003. Member States that made
partial submissions during the first cycle can complete their submissions during the second
cycle. The purpose of the second cycle is to allow a "catch up" process, which will effectively
expand the level of participation for the first cycle.
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Figure 5: Example Radioactive Waste Inventory Data
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Figure 6 Example Spent/Disused Sealed Radioactive Source Inventory Data

The Agency also holds meetings to review and assess the NEWMDB. In addition, there are
plans to conduct one or more nternational "lessons learned" workshops that are intended to
identify areas for improving the NEWMDB and the level of participation by Member States.
The vision is to make the NEWMDB a trusted, nternational orce of nformation about
radioactive waste management in IAEA Member States. This issue is discussed in detail in a
companion paper 7].

5. Summary

The NEWMDB is an nterriet-based tool to collect and dsseminate information about
radioactive waste management programmes and organizations, plans and activities, relevant
laws and regulations, policies and radioactive waste inventories in IAEA Member States. The
NEWMDB was launched on the Interriet July 6 2001. During its first data collection cycle
(July 2001 to March 2002), the NEWMDB has demonstrated that it can become a valuable
and trusted source of information about radioactive waste management in Member States.
However, to achieve this objective, the level of participation by Member States in NEWMDB
data collection cycles must be sgnificantly increased.
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Abstract

The IAEA was selected by te UN to be the lead agency fr the development and
implementation of indicators of sustainable development for radioactive waste management
(ISD-RW). Starting in late 1999, the UN initiated a program to consolidate a large number of
indicators into a smaller set and advised the IAEA that a single ISD-RW was needed. In
September 2001 a single indicator was developed by the IAEA and subsequently revised in
February 2002.

In parallel with its work on the ISD-RW, the LAEA developed and implemented the Net
Enabled Waste Management Database (NEWNID13). The NEWTvlDl3 is an nternational
database to collect, compile and disseminate information about nationally-based radioactive
waste management programmes and waste inventories. The first data collection cycle with the
NEWMDB (July 2001 to March 2002) demonstrated that much of the information needed to
calculate the ISD-RW could be collected by the IAEA for its nternational database. However,
the first data collection cycle indicated that capacity building, in the area of identifying waste
classification schemes used in countries, is required.

1. The indicator of sustainable development for radioactive waste management

As a follow up to the United Nation's (UN) Conference on Environment and Development
[1], the UN's Department of Economic and Social Affairs (DESA) nvited the IAEA to
develop one or more indicators sustainable development (ISD) for te management of
radioactive waste (RW). Responsibility for this task was given to the IAEA's Division of
Nuclear Fuel Cycle and Waste Technology (NEFW) within the Department of Nuclear
Energy. Indicators were required to cover radioactive waste from both Nuclear ower and
Nuclear Applications activities. Following guidance from N-DESA on scope and
methodology, a series of workshops and consultancies resulted in the development of a family
of indicators, which, after further advice from UN-DESA, were consolidated into a single
ISD-RW in September 2001 and subsequently revised in February 2002.

In parallel with IAEA activities a document was produced by UN-DESA ('1ndicators f
Sustainable Development: Guidelines and Methodologies', UN, New York, 200 1). WI thin this
document, an indicator was Included for the Generation of Radioactive Waste, which is based
only upon the volume of radioactive waste generated (m 3). This indicator was selected by
experts designated by UN-DESA.
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The ISD-RW developed by NEFW:

• recognizes the shortcomings of a purely volume based approach for an

indicator,

• is a single, dimensionless indicator that includes a consideration of waste

volumes in its derivation, and

'des a measure of both the current status of radioactive waste management

at any point in time and the progress made over time towards the sustainability

of radioactive waste management. This measure can be at the national level for a

country or it can be at sectoral levels, such as nuclear applications (e.g., medical

and industrial applications).

Sustainability is the point at which the amount of radioactive waste awaiting disposal is not

increasing the aste is in the final forrn required for disposal and it is being safely stored.

Note. since currently there is an nternational debate about whether or not disposal is the

endpoint for aste management (some have proposed alternatives such as indefinite storage),

the use of the term disposal in the context of the ISD-RW implies any nternationally
aclcno�N edged alternative to disposal.

The ISD-RW only considers managed waste, it does not consider the intentional release of

radioactivity into the environment (the "dilute and disperse" option). The ISD-RW does not

require countries to base reporting of the indicator on (1) historic waste (except as a

recognized component of a backlog of waste), 2) contaminated sites or 3) NORM(') waste;

however. these waste may be factored in on a voluntary basis.

The ISD-RW is based upon two factors that are applied to each of the waste classes used and

reported by a country. Each factor has 4 states that indicate progress by way of milestones.

The use of these two factors results in the ISD-RW being expressed as a dimensionless

number between and 100 with being the least sustainable condition and 100 being the

most sustainable condition.

FORM FACTOR

indicates the suitability of waste for storage or its endpoint

Factor Value Description
F1 0 waste not established as acceptable or known not to be acceptable for storage
F2 10 capability exists to process waste for storage
F3 25 capability exists to process waste for endpoint condition

I F4 1 50 inventory of waste not in its endpoint condition is not increasing

E-NDPOINT FACTOR

indicates the status of waste relative to its endpoint

Factor N, alue Description
E I 0 no planned endpoint established
E 2 I design and site approved
El-1 25 facility operational

I E4 50 inventory of wastc not paced into its endpoint is not increasing

Note: Factors F4 and E4 indicate a capacity to manage waste as opposed to a capability to manage

Naturallv Occurrim, Radioactive Material

402



As stated previously, the two factors are applied to each of the waste classes that are used and
reported by a country. By way of example only, the ISD-RW limiting conditions that follow
assume that a country uses three waste classes (LILW-SL, LILW-1-L and HLW). Note: it is
not necessary to define LILW-SL., etc. since the ISD-RW allows countries to report according
to their own waste classes, which are too numerous and diverse to define herein 2]. It is nly
necessary to realize that nationally-based waste classes are used.

Limiting Condition - Last Sustainable Condition

Waste Form Endpoint Sum of Note: While the indicator is
Class Factor Factor Factors most useful when it is
LILW-SL 0 0 0 calculated and reported for each
LILW-LL 0 0 0 waste class used within a
HLW I0 0 country, it is possible to derive a

Average of Sum of Factors 0 single, consolidated idicator
based upon the average or each

Limiting Condition - Most Sustainable Condition waste class. In the examples in
this document. consolidation

Waste Form Endpoint Sum of was carried out only to illustrate
Class Factor Factor Factors the ethodology.
LILW-SL 50 50 100
LILW-LL 50 50 100
HLW 50 100

Average of Sum of Factors I 0

The two factors were derived to reflect the management of waste and to cover the major
activities of waste processing coupled with the final endpoint of the waste. The factors are
presented as independent but are lnked. For example, the capability of processing of waste to
a forrn suitable for its endpoint &3) requires a knowledge of the endpoint (E2). The factors
are described next:

Fl: Acceptability for storage can be achieved by regulatory acceptance or conformance with
international guidance (for example. IAEA guidance). Possible reasons for failing to achieve
acceptance include:

• absence of a regulator or filure to satisfy the regulator,
• no mechanism to assess or present the ustification for storage, and
• no assessment carried out;

F2: The capability to prepare waste for storage implies that the waste can be put into a form
that can be demonstrated to satisfy. as a minimum, nternational guidance for the storage of
waste. Examples include:

• tanks that are acceptable for liquid waste,
• the contalnerization of loose waste,
• treatment to stabilize waste, and
• conditioning

This state implies the availability of a suitable facility to store the wste.

F3: The capability to prepare waste for the endpoint implies that (a) an endpoint has been
identified and (b) tat the waste orm meets endpoint acceptancz- criteria. This state also
implies that the waste fon-n ca b stored in an acceptable facility and this facility hs a
sufficient design life to contain te waste until consigned to its endpoint.
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In some cases. the F3 state will be identical to the F2 state; however, the state will be
supported by additional eidence that the waste will meet the endpoint criteria (as a minimum
to nternational guidelines).

F4: This state requires that the inventory of waste that is not suitable for its endpoint is not
increasing, which requires a knowledge of both the rate of waste generation and the rate that it
is put into its endpoint condition. If waste is enerated in a form that is not suitable for its
endpoint condition, processing facilities ust be available and processing it to a form suitable
for its endpoint at a rate equal to or greater than the rate of its arising.

El: This state implies that there are no plans for an endpoint for the waste or that the plans are
insufficiently well fort-nulated to give confidence that an endpoint can be achieved on a
defined time scale. An example might be that disposal is the endpoint but neither a facility
design nor a site has been approved (e.g.. accepted by the regulator).

E2: In this state, a mor hurdle has been overcome. A site and a facility design have been
approved thereby overcoming one of the major impediments to putting waste into its
endpoint.

E3: n this state., the endpoint facility has been licensed and its operability demonstrated. It
does not imply that it is fully operational or receiving waste, only that it is possible to put
waste into its endpoint.

E4: This state requires that the inventory of waste waiting to be put into its endpoint is not
increasing, which requires a knowledge of both the rate of waste generation and the rate tat it
is put into its endpoint. This state indicates that progress is being made to reduce the inventory
of wastes not in its the endpoint. An understanding of the volume changes related to
processing is also required to determine this state.

The following is a theoretical example of calculating the ISD-RW for each waste class
reported by a country. The example assumes the following conditions exist in a country:

• the country uses the waste classes GCC, HLW, LLW, TRU, and SF,

• the amount of LLW and TRU that is unsuitable for disposal is not ncreasing and the
amount of waste waiting for disposal is not increasing,

• the capability exists to put GCC into a safe storage condition, details of a disposal facility
have not been established,

• the capability exists to put HLW into its endpoint condition, details of a disposal facility
have not been established,

• SF is in a safe storage condition, details of disposal facility have not been established.

Waste Class Form Factor Endpoint Factor Sum of Factors
LLNV 50 50 100
TRU 50 50 i0o
GCC 10 0 10
HLW 25 0 25
SF 10 0 10

Average of Sum of Factors 49 (rounded to nearest whole number)

Note. for some waste, like SF, if the waste, as generated, is in a form suitable for
storage a country would use Forin Factor F2 (since processing is not required, a value
equivalent to having the necessary processing is used). A smilar approach is used for
waste that. as generated., is suitable for disposal.
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Table I provides additional guidance for deterrmning the value the Form and Endpoint
Factors for the ISD-RW. Table I was prepared in the context of Fgure 1. It assumes that the
generation of radioactive waste is on-going (i.e., the activities that gnerate the waste continue
to be carried out).

2. The NEWMDB in the context of the ISD-RW

One of the reasons for developing the Net Enabled Waste Management Database (NEWMDB)
[3] to 6 was to provide support for the ISD-RW. The NEW`]VlDB is an nternational
database, however, per UN guidance, all indicators are required to satisfy the following:

• national in scale and scope,
• relevant to assessing progress wards sustainable development,
• understandable, that is to say, clear, simple and unambiguous,
• realizable within the capacities ofnational Governments,

• conceptually well founded,
• open-ended and adaptable to uture development,
• dependent on data that are readily available or available at a reasonable cost benefit

ratio, and
• adequately documented, of known quality and updated at regular intervals.

To ensure that any indicator that was developed would be useful to and could be used by
countries, the UN had activities on capacity building and training 1995-1999) and country
testing 1996-1999). Since the ISD-RW` was only developed in late 2001 and finalized n early
2002, it was not part of any capacity building, taining or country testing activities. This issue
was recognized during the development of the NEWMDB. If it could be demonstrated that
the NEWMDB could be used to ollect and compile the same nationally-based data that
would be required to compute the ISD-RW, then the use of the NEWMDB could be

'dered as the capacity building, training and country testing ctivities applied to other
indicators.

As indicated in a companion paper 3], the NFW`MDB was developed to collect and compile
the following nationally-based nformation from IAEA Member States:

• waste classification schemes used (the lSD-RW` is calculated for each waste class se by
and reported by a country),

• radioactive waste inventories in storage and/or disposal facilities and reported according to
waste class, origin and processing status (needed to determine the value of the forrn and
endpoint factors),

• waste processing facilities and the status of waste treatment and/or conditioning methods at
those facilities (needed to determine the value of the form factor)

• waste storage facilities, including attributes such as type, operating life, status, the percent
filled and the waste classes stored (needed to determine the value of the forrn factor)

• waste disposal facilities, including attributes such as type, capacity, percent filled, the
waste classes disposed, and phase (needed to determine the value of te form and endpoint
factors).

Even though the first data collection cycle for the NEWMDB, conducted July 2001 to March
2002, was unsuccessful from the level of participation by IAEA Member States 3 the data
collection cycle clearly indicated that the much of the same nationally-based data needed to
compute the ISD-RW could be collected by the IAEA for its database. However, the data
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collection cycle indicated that many IAEA Member States had dfficulty identifying their
waste classification schemes and with comparing these schemes to the IAEA's proposed
waste classification scheme 7]. As such, capacity building is warranted to address this issue.

3. Surnmarv

DurML late 2001, the IAEA developed an indicator of sustainable development for radioactive
waste management (ISD-RW) in the context of Agenda 21. This indicator was further refined
in early 2002. This indicator as developed after UN activities on capacity building, training
and country testing in support of indicators. The NEWMDB, which was developed from late
1999 to earIv 2001 and used from July 2001 to March 2002 to collect radioactive waste
management nformation from IAEA Member States, has been used to collect and compile
much of the same nationally-based information that would be needed by countries to compute
the ISD-R'�V. Data collection using the NEWMDB has shown that country testing for the ISD-
RNV mav not be needed, however, capacity building is still required, notably in the context of

ZD

waste classification.

Storage
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S�AP Suitable for Storage after Processing, SDA = Suitable for Disposal After Processing

V�S�_ = volume of X waste in storage, V�D), = volume of XXX waste disposed

Figure 1: Segregation of Waste According to Suitability for Storage and/or Disposal

Note: The volume of waste disposed that is unsuitable for disposal is primarily associated with cases

where a waste management organization has assessed existing facilities and has determined that,

according to present day standards, some of its disposal facilities are no longer adequate for purpose

(it does not imply that countries knowingly put waste into inappropriate facilities). An inventory of

stored vaste that is unsuitable for storage is mainly associated with the short terni storage of waste

while it awaits processing. However. like disposal, it may also include stored waste where an

organlsation has deter-mined that. by present ay standards. previously stored waste is not in a suitable

form.
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Table 1: Guidance on Determining the Values of the ISD-R'W Factors
(factors are calculated or each waste class used and reported b, a country)

Form Factor Condition that Determines the Factor's Value (see Figu e 1)

Fl =0 V(S)USDAG and/or V(D)USDAG < > 0

no capability to process some or all of the waste to a fori Sitable for storage
Country has the fllowing conditions:
• an inventory of stored radioactive aste that is determined to b in a form that is usuitable

for storage (or Sitability is unknown and/or undetermined)
• an inventory of disposed radioactive waste that is determined to be unsuitable for disposal

(,or suitability is unknown and/or undetermined)

• does not have the capability to process this waste to a form that is suitable for storage (as a
minimum)

If the conditions listed above xist i the country, this is taken to be the last sustainable
condition with respect to waste form.

F2 10 V(S)USDAG and/or V(D)USDAG < > 0

capabilit to process he waste to a brm suitable for storage
Country has the fAlowing conditions:
• an inventory of sored radioactive waste that is determined to be in a form that is usuitable

for storage or suitability is unknown and/or undetermined)

• an inventory f disposed radioactive waste that is determined to be unsuitable for disposal
(or suitability is nknown and/or undetermined)

• has the capability to process this waste to a form that is suitable for storage (as a minimum)
If the conditions listed above exist in the country, this indicates initial proyress towards
achieving a sustainable condition with respect to waste fortri.

F3 25 V(S)USDAG and/or V(D)USDAG < > 0

capability to process the waste to a form suitable for its endpoint (e.g., disposal)
Countrv has the llowing conditions:
• an nventory of stored radioactive waste that is determined to be in a form that is unsuitable

for storage (or suitability is unknown and/or undetermined)
• an inventory of disposed radioactive waste that is determined to be unsuitable for disposal

(or suitability is nknown and/or undetermined)
• has the capability to process this waste to a form that is suitable for its ultimate endpoint (for

example. disposal or indefinite storage)
If the conditions listed above exist in the country, this indicates significant progress towards
achieving a sustainable condition with respect to waste form.

F4 50 V(S)USDAG, V1,D)USDAG, V(S)SSAG, and V(S)SSAP "Ire not increasing

Country has the ollowing condition:
0 the inventory of waste that is in a form that is not suitable for its endpoint (e.g. disposal) is

not increasing
If the condition listed above exists in the country, this is taken to be a fully sustainable condition
with respect to waste form.

Endpoint Factor Condition that Determines the Factor's Value
El =0 Country has not eveloped a plan for the waste's endpoint (e.g.. disposal facility not panned)

If the condition I isted above exists in the country, this is taken to be the least sustainable
condition with respect to the endpoint for the waste.

E = 0 Country has an approved (by the regulator) endpoint plan and endpoint (e.g. an approved
disposal facility nd site)
If the conditions listed above exist in the country, this indicates initial progress towards
achieving a sust inable condition with respect to the endpo nt for the waste.

E3 = 25 Country as an operational endpoint facility (e.g., disposal facility operational)
If the conditions listed above exist in the country, this indicates significant progress towards
achievin a sustainable condition with respect to the endpo nt for the waste.

E = 50 V(S)USDAG, V(D)USDAG, V(S)SSAG, V(S)SSAP, V(S)SDAG, and V(S)SDAP are not

increasing
If the condition listed above exists in the Cuntry, this is taken to a fully sustainable condition
with respect to tile endpoint for the waste.
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Abstract

There is an emerging, nternational consensus that a common, comprehensive radioactive
waste classification system is needed, which derives from the fact tat the mplementatio of
radioactive waste classification within countries is highly diverse. Within AEA Member
States, implementation ranges from none to complex systems that vary a great deal from one
another. Both the IAEA and the European Commission have recommended common
classification schemes but only or the purpose of facilitating communication with the public
and national- and nternational-level organizations and to serve as the basis for developing
comprehensive, national waste classification schemes.

In the context described above, te 1AEA's newly developed Net Enabled Waste Management
Database (NEWMDB) contains feature, the Waste Class Matrix, that Member States use to
describe the waste classification shemes they use and to compare them with the IAEA's
proposed waste classification scheme. Member States then report waste inventories to the
NEWMDB according to their own waste classification schemes, allowing traceability back to
nationally based reports. The JAEA uses the nformation provided in the Waste Class Matrix
to convert radioactive waste nventory data reported according to a wide variety of
classifications into an single iventory according to the IAEA's proposed scheme. his
approach allows the nternational community time to develop a comprehensive, common
classification scheme and allows ember States time to develop and implement effective,
operational waste classification schemes while, at the same time, 1he IAEA can collect the
information needed to compile a comprehensive, nternational radioactive waste inventory.

1. Introduction

In 1994, the IAEA published a Safety Guide entitled Classification of Radioactive Waste"
[1]. This guide stated:

"To simplifj, their [radioactive wasles] management a number q/'schemes have evolved lbr
classifying radioactive wastes according to their pkvsical. chemical and adiological
properties of significance to the./acilities managing this waste. These schemes have led to a
varietv of terminologies, dififeringfirom counties to country and ever? between facilities in the
same counti)�. Tis situation akes it cl�f.ficultfior those concerned.�o communicate ith one
another rgarding waste management practices, causing problems in comparing data
published in the scientific literature, and causes conjiision among members f the pblic
ti-ving to understand aste management programmes and practices ?f their countries and f
other Member States...
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... The ojective qf this Sqfeo� Guide is to recommend a methodfor deriving a classification
systent and to sggest a general system for classifting radioactive aste that will facilitate
communication ad information exchange aong Member States, and eliminate some of the
ambiguitli tat now exists in classification schemes for radioactive wastes.

Furthermore, this Safe�v Guide is to specify boundaries in a general sstem.for class�tving
radioactive ivaste, epecially in the assignment of oundaries to radioactive aste classes. It
describes how to deal ith a classification system, p01ntS OUt approaches fior further
qUantification and discusses ethods bV hich oundaries can be derived.

This conference paper focuses on the issues denoted by the bold italicized text (Section 2 it
discusses progress made towards the implementation of a general system for waste
classification (Section 3 and it discusses the waste class matrix feature of the Agency's Net
Enabled Waste Management Database (NEWMDB 2 to [5], which was implemented for
IAEA Member States (a) to identify the waste classification schemes they use and (b to
compare these schemes wth the IAEA's proposed general waste classification scheme
(Section 4.

Table 1: Summary of the Assessment of the 1AEA's Proposed General Waste
Classification Scheme

Exempt Waste E'�V) Typical Characteristics
activity levels at O below clearance levels (see Note )
Possible disposal Options
no radiological restrictions

LoN and Intermediate Typical Characteristics
Level Waste (LILW) activitv levels above clearance evels

thermal power below about 2k W/M3 (see Note 2)

Short Lived (LIL\V-SL) Typical Characteristics
restricted Lone Lived radionuclide concentrations (see Note 3)
Possible Disposal Options
near surface or eological disposal facility

Lon- Lived LIL-W-LL) Typical Characteristics
long lived radionuclide concentrations exceeding limitations for LILW-SL (see Note 3)
Possible Disposal Options
geological disposal facility

Hi2h evel Waste Typical Characteristics
(HLW) lon- lived radionuclide concentrations exceeding limitations for short lived waste

thermal power above about 2kW/m.'
Possible Disposal Options
geological disposal facility

Note 1: There is no nternationally agreed definition for clearance levels

Note 2 There is no international consensus on this thermal power level

Note 3 Safetv Guide I I G- LI only provides guidance for restricting the concentrations of alpha emitting
radionuclides - no explicit guidance is provided for other long lived radionuclides

The proposed scheme defines the LILW class by exclusion - it is neither clearance nor HLW. However, currently
there are no internationally agreed definitions of either clearance or HLW, as such these boundary conditions are
ambivuous. Additionallv. the proposed scheme divides LILW into the LILW-SL and LLW-LL classes but only
prox ides general guidance on the level of alpha emitting nuclides. The Safety Guide states "The boundw�- between
4iort ived and lona lived aste cannot be specified a niversal inanner". indicating that the boundary between
the LIL\V-SL and LILW-LL classes is also ambiguous. Furthermore, recent discussions between the NWMDB's
ProLyrarrime Officer and official contact points in Member States has indicated that the Safety Guide's discussion
of inethods b -i which boundaries can be derived" is inadequate or could not be understood. The Safety Guide
objective to "eliminute some ol the anibigpin that now exists i classi ication scheines lr radioactive wastes."
ma,, have been partially achic\,Cd, however it is clear that a great deal of ambiguity regarding the classification of
iradioactike aste still exists in IAEA Member States.
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2. Assessment of the proposed general scheme for waste classification

A recent assessment of the IAEAs proposed general waste classification scheme indicatedI I I I
that the scheme is not rigorous and not completely defined 3 This assessment was
confirmed at a recent meeting of the Waste Safety Standards Committee (WASSC). The
report for the I h WASSC stated 6]:

WASSC recognises the needfor a review of the current sakty guide, in order to.-

take more account ofpredisposal waste management considerations

address the inclusion qfother waste �vpes

introduce an international dqfinifion f radioactive aste

However, it is felt tat the review hould not start before the ongoinglplanned ollection f
data from Member States. Further consideration should then be given to the matter in the
I�amevvork of the Joint onvention and the need for harmonisation of classification
schemes in that context."

Note: the "ongoinglplanned collection of dataftom Member States" refers to the first data
collection cycle of te NEWNIDB, see Section 4 and Reference 2]. Table I summarises the
recent assessment of the IAEA's proposed general waste classification scheme.

3. Progress towards the implementation of a general waste lassification system

Since the IAEA Safety Guide on the classification of waste was issued in 1994, several
assessments have been made of the ultitude of waste classification schemes used world wide
[7] to [10]. All of these assessments indicated that some form of harmonization of waste
classification is needed. In 999, the European Commission issued a recommendation that
stated

"the [EU/ Member States and their nclear industry adopt a common classification sstem
,for national and international ommunication purposes as well ,-,, to.facilitate itformation
management in thisfield" [I I]. he EC recommendation further states:

that this classification system should be used for providing, information concerning
solid radioactive aste to the public, the ational and international institutions and the non-
governmental organisations. It would not replace technical criteria where required for
specific safety considerations such as licensing of facilities or oher operations; that this
Classification system could be used b Member Slates. Dring he period to I danuan� 2002 it
could be used in parallel with existing national sstems,,...

... The use b all ountries of the international IAEA classification f radioactive aste
packages is a sitable base to dvelop a common classification systern for the Member States
of the Eopean Union. Definition f a rq/erence classification systent may provide, usq/u/
guidance.for specfic countries in developing their own management strategies, whilst at the
same time facilitating general nd ommercial communications Cncerning sqfetj,, however,
while sch a reference classification system may be useful _or generic and basic
considerations, it cannot replace specfic sl��y assessments pe�formed J61- specfic
management purposes, including he, selection ofdisposal routes .......

The EC recommendation is based on the IAEA's 1994 Safety Guide but includes
modifications to the IAEA's the proposed general classification scheme. For example the EC
recommendation states, For instance the AEA recommended limit ofheat generation in
LJLW adioactive aste 2 kIf1'1ni3), was not etained The experts could not find an-v
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foundation fior sch a value and commonly accepted that this value is only related to site-
specific sq/e�v anolysis."

One key point is that the recommended common EC classification system should "be usedjbr
providing in/brination concerning solid radioactive aste to the pblic, the national and
international stitutions and the nongovernmental organisations" but it would not replace
existing aste classification schemes that support waste management operations and
activities. notably disposal assessments. Another key point is that the recommended EC
classification system only serves as a "suitable base to develop a common classification
-Einstein for the illember States of the Eropean Union". However, this EC statement must be
viewed in the context that the 1AEA's proposed general classification scheme is not rigorous
and not complete. The same is true for the EC's recommended common classification system
since its waste classes are also defined by either ambiguous boundary conditions or boundary
conditions for hich there is no nternational consensus.

A major question arises. How could EU Member States "convert" waste management
information based upon nationally-based waste classification schemes into information
reported according to the EC's common classification system if the boundary conditions for
the ECs aste classes are ambiguous and in the context of the EC statement that "In addition
the borderlines etween the [national] categories are not always easily quantifiable and
hence an varv wideli-fi-ont one counter, to another."?

Recent discussions between the NEWMDBs Programme Officer and official contact points
in Member States indicated that some 1AEA Member States have recently adopted or are
planning to adopt the IAEA's proposed waste classification scheme in support of waste
management programmes and activities. The adoption of the 1AEA's proposed general
classification scheme may not only be premature, it may be inappropriate lyitis to serve as the
fundamental basis for radioactive waste management. The EC statement that its recommended
common classification system would not eplace technical criteria where required -
specific sa tv considerations sch as licensing offiacilities or other operations" is a clear
recognition of the limitations of the IAEA's proposed general classification scheme as the
basis for supporting radioactive waste management operations. The EC has clearly indicated
that until an effective common classification system is developed, its recommendations should
be limited to providing information "to the pblic, the national and international institutions
and he non-governmental organisations".

An additional point to consider is that the IAEA's proposed scheme, upon which the EC
recommendation is based, is principally a disposal based waste classification scheme. As
such., it does not adequately address pre-disposal radioactive waste management (handling,
processing, storage) that can require quite complex classifications such as fissile/non-fissile
waste. aste requiringi/not requiring safeguards, package stackability, compressibility,
durability in storage, etc. In other words, the IAEA's proposed waste classification scheme
does not fully address "technical citeria here requiredfor specific sp�v considerations
such as licensing offiacilities o other operations".

Obviouslv there is an nternational dilemma. While organizations like the EC want to see
radioactive waste reported according to a common classification system, how could this be
implemented given the fact that both its recommended common system and the IAEA's
proposed general scheme are not rigorous and not completely defined and, nationally, there is
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a great deal of uncertainty about waste classification in genera-I" A possible solutio is
described next.

4. The waste class matrix too] in the NEWMDB

The recent assessment of the IAEA's proposed general waste classification scheme indicated
that the scheme could serve a a ood ing a rigorous

117, foundation" for develop' and complete
scheme. This fact as also recognized by te EC. However, the evelopment of a rigorous
and complete common waste classification scheme could be well into the future. How, then,
could 1AEA Member States report teir radioactive waste nventories to the NEWNIDB in
such a way that the 1AEA could compile a comprehensive, radioactive waste inventory
according to a common classification scheme?

The NEWMDB's waste class atrix too] was implemented to address this issue. Using the
waste class matrix, an 1AEA Member State's single point of contact, known as a Country Co-
ordinator, is responsible for identifying the arious waste classification schemes sed in
his/her country and for comparing these schemes with the 1AEA's proposed general
classification scheme. Country Co-ordinators were requested to provide supporting
documentation to indicate whether or not a waste classification scheme is required by a or
regulation and to describe how the comparison between their schemes and the Agency's
proposed scheme was performed.

Once the identification and cmparison of waste classification schemes was completed,
Member States reported their rdioactive waste inventories to the NEWMDB according to
their own, nationally-based waste classes. The advantages of this approach are:

The reporting of wastes according to nationally-based aste classes avoids the
requirement for Country Co-ordinators to first "convert" nationally-based information into
a common classification scheme. The intention was to have Member States report
infon-nation that could be traced back to nationally-based reports. Converted information
reported at the nternational level is not readily traceable back to unconverted information
reported at the national level.

This factor is very important to the successful reporting of nationally-based information at
the nternational level. Without traceability, confidence cannot be established for the
international information. In addition, use of the waste class matrix was a mjor stumbling
block for many Country Co-ordinators A number of Country Co-ordinators indicated that
they had difficulty using the matrix because (a) they did not have any formally recognized
waste classification scheme(s) in their country, (b) the schemes they did have were not
quantitatively based or were bsed upon parameters such as the origin of waste and
radiation field strength measurements, which could not be readily compared with the
IAEA's proposed classification scheme, and/or (c) they had difficulty with the inherent
ambiguities of the 1AEA's proposed waste classification scheme.

* The waste class matrix information is used after Member :tates report their wastes
according to their own waste classes to convert the national waste inventories into a first
order approximation of an nternational waste inventory according to a common scheme.

This approach allows the iternational community time to develop a comprehensive,
common classification scheme and allows Member States time o develop and mplement
effective, operational waste classification schemes. Until tese re implemented, Member
States can report traceable waste inventory data to the NEWN/IDB. Over time, the first

413



order approximation of an nternational waste inventory according to a common
classification scheme can progress to a reasonably accurate representation of the inventory
of radioactive aste in IAEA Member States.

Figure I and Figure 2 illustrate waste class matrices prepared by the Country Co-ordmators
for HunL-arv and for the USA during the NEWMDB's first data collection cycle. In both cases,
supporting documentation indicated that the comparison of waste classification schemes was
based upon detailed aste characterization data that had been compiled by the countries. The
provision of supporting documentation by Country Co-ordinators is in conformance with a
requirement of the Joint Convention on the Safety of Spent Fuel Management and on the
Safetv of Radioactive Waste Management 12], which states that "For each Contracting Party
the eport shall also address its ... ... criteria sed to d�fine and categorize adioactive wwste".

Waste Class Matrix PNPP Status: Approved y Admin

Last modified by Admin on 2002-03-05 13:30:30

Matrix Name PN PP
PNPP Class LILW-SL% LILW-LL% HLWI.
L LVV 100 0 0
M W 0 1100 0
H "I 0 8 0 2 0

Description LLW: low level waste (A < 5x] E5 Bq/g) VILW: medium
level waste, (5xl E5 Bq/g < A < xl E8 Bq/g) HW:
high level waste (5x] E8 Bq/g < A)

Figure 1: One of the Waste Class Matrices Defined by the Country Co-ordinator for Hungary

Waste Class atrix USNRC Status, Approved by Admin

LaA modified bv Admir, on 2002-02-1 1 36 8

Matrix Name USNRC
USNRC Class LILW-SL% LILW-LL% HLIAr/
Class A ffiV I 00 0 0
Class L I 00 0 0
Class C ffiV 75 25 0

Greater than 0 1 ( 0
Class C LLW
H W 0 0 100

Description N RC wa ste c lasses def ined in Title 1 0, Code of Feder a I
Regulations, Part 61, Subpart 55. Class C split based
on analysis of actual data

FIPure 2 One of the Waste Class Matrices Defined by the Country Co-ordinator for the USA
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5. The way forward

On 14 February 2002, the IAEA issued a Note Verbale to its Mmber States requesting that
Member States that currently d not have a Country Co-ordinator to appoint one. The Note
Verbale also requested that Member States that did not make a submission to the NEWMDB
during the first data collection cycle (July 2001 to March 2002) do so during the second cycle
(July 2002 to January 2003). The second data collection cycle is expected to result in
additional Country Co-ordinators having poblems with the identification of waste
classification schemes in their countries and for comparing these schemes with the AEA's
proposed schemes. This will elp identify additional countries hat require nternational

'dance on the of waste classificati
gul I ion.

The results of the first data collection cycle indicate that the proposed WASSC review of the
IAEA's proposed general waste classification scheme should be undertaken in a tirriely
manner.

At time of writing, the Waste Technology Section had plans to ntroduce the development of a
new technical document to address "operational waste classification" starting in fiscal ear
2004. The intention is to undertake a comprehensive examination of waste segregation
practices in Member States and to assess why these practices were implemented. From this
assessment, an operational waste classification scheme can be prepared for the life cycle
management of radioactive waste. An operational waste classification scheme would provide
valuable input for the development of a higher level, common waste classification scheme.
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Abstract

The IAEA's Net Enabled Waste Management Database (NEWMDB) is an integral part of the
IAEA's policies and strategy related to the collection and dssemination of nformation, both
internal to the AEA in support of its activities and external to the LkEA (publicly available).
The paper highlights the NEWMDB's role in relation to the routine reporting of status and
trends in radioactive waste management, in assessing the development and implementation of
national systems for radioactive waste management, in support of a ewly developed indicator
of sustainable development for radioactive waste management, in support of reporting
requirements for the Joint Convention on the Safety of Spent Fuel Management and on the
Safety of Radioactive Waste Management, in support of AEA activities related to the
harmonization of waste managements information at the national and nternational levels nd
in relation to the management of spent/disused sealed radioactive sources.

1. The importance of disseminating waste management information

The evolution of radioactive wste managernent is, fundamentally, no different than the
evolution of waste management in oher industrial sectors, such as the chemical ndustry. Like
waste management in other sectors, radioactive waste management was not a high priorit in
the early days of nuclear research and development. Now it is often viewed as a critical factor
that helped decide the fate of the nuclear ndustry in some Member States and it could help
decide the fate of the uclear industry in others.

Over the last couple of decades, the evolution of radioactive waste management has focused
on the development and mplementation of technological solutions to problems. From the

-1990s onward, there has been an ever ncreasing focus on non-technical aspects of
radioactive waste management [I], 2].

hi 1998 the European Commission (EC) conducted a survey to determine the interest,
knowledge and feelings of European citizens about radioactive waste management 3]. How
well informed does the average uropean citizen think he/she is normed about radioactive
waste? The answer, ot very well. How much do European citizens actually know about
radioactive waste? The answer, not a lot 4].

A recent report by te Union of te Electricity industry (Eurelectric) stated "The basic
problem concerning radwaste ... ... originatesfirom the lack public spport ... ... Pithlic
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information should be reinforced to iprove the pblic perception and political
support" ].

The IAEA attaches a high importance to the dissemination of information that can assist its
Member States. The IAEA's commitment to the infort-nation exchange is described in Article
V111 of the Statute of the IAEA and in its Medium Tenn Strategy 6].

The above indicates the keen interest that nuclear power providers, the EC and the AEA have
in the dissemination of information to the public and other stakeholders. In addition, it
indicates the importance of timely and reliable information to support IAEA activities that
serve the needs of its Member States.

Section 2 of this paper describes the role of the IAEA's Net Enabled Waste Management
Database (NEWMDB) in the collection and dissemination of information about waste
management programmes and activities in its Member States 7 [8]. The dissemination of
information is carried both nternal and external to the IAEA.

2. The role of the NEWMDB in the collection and dissemination of waste
management information

Jnternal Dissemination ofJnformatiO17

The IAEA's Country Files System (CFS) is an nternal coordinated nfort-nation too] tat
allows IAEA staff to retrieve information from in-house databases and other information
sources on a country-by-country basis. Use of the CFS is restricted to Agency staff. The
current (5 h) version of the CFS provides access to information such as energy and economic
data. nuclear facilities, uranium deposits and radioactive waste inventories. The CFS data are
deri'ved from a variety of AEA databases, such as the Power Reactor Information System and
the Waste Management Database.

The CFS provides an "Information portal" that IAEA staff rely upon to make the informed
decisions that are necessary for programmes and activities that support Member States.

Eyternal Dissemination of Information

Statits and Trends Report Series: In 2001, to support the IAEA's information strategy, the
first volume in a new series of reports entitled "Radioactive Waste Management Status and
Trends was issued 2]. The objectives of the report are:

1. to identifi sbject aeas deemed to be qf interest to Member States and the Agency,

2. to eport the status of ad trends in adioactive 1vaste management according to
these sbject aeas, and

3. to base this eporting, to the greatest extent practicable, on quantitative data.

One of the main reasons for developing the NEWMDB was to achieve objective 3 Volume 2
of the Status and Trends report, in preparation at time of writing, has already benefited from
infon-nation collected during the NEWMDB's first data collection cycle. However, as
indicated in a companion paper 7 the level of participation by Member States in the first
cycle was quite low. To achieve objective 3 full and effective co-operation of Member States
is required during future NEWMDB data collection cycles.
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Scorecard for National Systems for Radioactive Waste Management: Article 18,
"Implementing Measures", of the Joint Convention on the Safety of Spent Fuel Management

I zn

and on the Safety of Radioactive Waste Management (the Joint CODventlon) 9] states:

"Each ontracting Part 'vshall take, within theftatnework qfits national law, the
legislative, regulatory and administrative measures and other steps necessary.1br
implementing its obligations under this Convention."

Article 19, "Legislative and Regulatory Framework", of the Joint Convention states:

"]. Each Conti-acting Party, shall establish and maintain a legislative and
regulatorvfiramewor- to govern the safety spentfiiel and adioactive waste
management.

2. This legislative n rlators fi-amework shall provide fior (i) the
establishment of applicable national sqfqy requirements and regulations fior
radiation sqf��v."

The IAEA Safety Fundamentals document "The Principles of Radioactive Wste
Management" [IO], which is cited in the Preamble of the Joint Convention, states:

"The tiniely creation ?f an ejfective national legal and associated oganizational
structureprovides the basisfior appropriate management of'radioactive waste".

The implementation of national systems for radioactive waste management has, hstorically,
been different in each Member State. While some mechanisms exist to document national
activities [II] to 13], previously there had been no formal, systematic mechanism to assess
international progress in establishing national systems for radioactive waste management.
This issue has been addressed b the NEWMDB, which provides a mechanism to report his
progress in a concise manner that would be easy to digest by policy and decision makers 7].
The "General Information" component of the NEWMDB is used by Member States to identify
who regulates their radioactive wastes, the laws and regulations that Eire relevant to radioactive

i ificant milestones in radioactive waste management in
waste management, sign �71 heir countries,
and radioactive waste management policies. Member States answer up to 80 policy elated
questions (some questions are conditional "If' questions, where "Yes" answers require
additional questions to be answered). Simple "point-and-click" actions are required to answer
the policy questions. The results can be readily compiled into a scorecard to assess the status
of and the progress towards the implementation of national systems for radioactive waste
management in IAEA Member States 141.

The NEWMDB and the Joint Convention: One of the object-Ives for developing the
NEWMDB was to conforrn, to the geatest extent practicable, with te reporting requirements
of the Joint Convention. Contractincy Parties to the Joint Convention are required to
"establish ... ... guidelines regarding the form and structure ofthe ational reports to be
submittedpursuant to Article 327, where Article 32, Reporting", states:

1. ... each Contracting Partv shall Submi a ntional eport ... ... This repoi tshall address....-

i. spent.fiiel inanagementpolic '1,;
ii. spcn1,ffic1 inanagementpracticcs:
iii. adioactive aste management polic-y.-
iv. radioactive waste management practices.-
v. citeria sed to define and ategorize radioactive waste.
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2. Tis report shall also inchide:

i. a list thespentfiiel managementfacilities...,-

ii. an inventorv of spent...

iii. a list of the adioactive waste management./acilities...:

iv. an inventorv of adioactive waste....-

1'. a t of Wiclearfacilities ... ... being decommissioned and the status....

The use of an nternational database, like the NEWMDB, to collect the full scope of

information required under Joint Convention reporting requirements is currently not feasible.

Member States ould have to expend a great deal of effort to provide the full scope of

information to the NEWMDB and in many cases they may not be able (or may be uwilling)

to report this information within the requirements of NEWMDB data collection cycles. The
objective set out was "to conform, to the greatest extent practicable, with the eporting

requirements ofthe Joint Convention". The extent of this conformance is described in detail

in Tables VI and VII in Reference [8]. Of note, the current implementation of the NEWMDB

does not request information on spent fuel (management policies, practices, facilities or

inventories), uranium mine/milling facilities, contaminated sites, radionuclide inventories
(except for spent/disused sealed radioactive sources) and facility decommissioning.

The first data collection cycle has shown that the NEWMDB can be used to collect part of the

information required for Contracting Party reports under the Joint Convention. As such,
Member States that are Contracting Parties and also participate in NEWMDB data collection

cvc1es could attach NEWMDB reports 141 to their Contracting Party reports to minimize the
costs and efforts for reporting.

A major reason for seeking conformance with the Joint Convention is that the availability of

Contracting Party reports is a decision that will be made by the Contracting Parties

themselves. If the decisions are made that (a) the reports will not be publicly available and (b)

iII only be done under the Joint Convention and not to the NEWMDB, much of the

information that would be publicly available via the NEWMDB would disappear from the

public domain. This would be contrary to all recent activities to improve the availability of
waste management information.

The NEWMDB and the Indicator of Sustainable Development for Radioactive Waste
Management: One of the objectives for developing the NEWMDB was to provide support for

an indicator of sustainable development for radioactive waste management (ISD-RW). The

first data collection cycle with the NEWMDB has shown that it can be used to collect and
ile much of the same nationally I ies to

comp I -based nfori-nation that would be needed by countri

compute the ISD-RW. However, the first data collection cycle indicated that many IAEA

Member States had difficulty identifying their waste classification schemes and with

comparing these schemes with the IAEA's proposed waste classification scheme [15]. Since

the identification of aste classes used by a country is an integral part of the ISD-RW,

capacity building is warranted to address this issue. Details of the NEWMDB in the context of

the ISD-RW are provided in a companion paper 16].

The HarmoniZation of National and International Waste Management Information:

Recently, IAEA Member States that have implemented information systems in support of

nationally-based activities in radioactive waste management have begun to focus efforts on

the harmonization of the various nformation systems that have been implemented. This will

facilitate the collection and management of information by their national bodies. However,

manv IAEA Member States either do not have waste management related information systems

or thev have not beuun to deal with multiple, incompatible information s stems. Additionally,y
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many Member States have paid little attention to the exchange of nformation at the
international level.

A recent paper presented at an AEA sponsored conference [ 7 describes the IAEA's efforts
to improve and harmonize international reporting in the area of radioactive waste

'de technical guidance on developing and mplementing nationally-based
management, to prove I I I I I I
information systems and to develop software tools for use by developing Member States. The
objective of the IAEA's efforts is to ensure that its Member States consider factors such as the
reporting information to nternational organizations, te exchange of information between
organizations within their country, the exchange of nformatior between countries (for
example, in support of nternational repositories) and the passing of information to future
societies after repository closure.

The harmonization of information at the national level will facilitate the collection of data for
the NEWMDB. It will also hell) esure that the NEWMDB infon-nation that is dstributed
internally and externally to the IAEA is traceable and verifiable.

The NEWMDB and Information about SpentlDisused Sealed Radioactive Sources (SRS).-
Two recent events have re-focused attention on the need for he safe managemen of
spent/disused SRS. First, Article 28.1 of the Joint Convention states that each "Conti-acting
Partv shall, n thefi-amework o ts ational law, take the appropriate steps to ensure that the
possession re-manqfacturing or disposal of disused sealed sources takes place in a saft
manner." Second, the IAEA has ecently developed, and is currently implementing the
"Revised Action Plan for the Sfety of Radiation Sources and the Security of Radioactive
Materials" [18]. Security measures prevent unauthorized access to, and loss, theft and
unauthorized transfer of radioactive sources.

The above events are in addition to the IAEA's on-going ativities in support of the
management of spent/disused SRS, which have been ongoing snce the late 1980's. These
activities have focused on two areas - the provision of technical guidance and direct, technical
assistance to Member States.

The NEWMDB is used to collect several types of information aout the management of
spent/disused SRS nmely:

• the location and types of dedicated spent/disused SRS facilities for SRS
declared to be or managed as radioactive waste (Note: the ten-ri "dedicated" is
defined in the NEWMDB's On Line Glossary [ 9),

• Member State policies towards spent/disused SRS management, and

• inventories of spent/disused SRS in dedicated spent/disused SRS facilities (see
Reference 7] for details).

The NEWMDB is the only publicly available, nternational source of information about the
management and nventories of spent/disused SRS when these sources are declared to be or
are managed as radioactive waste and categorized according to the IAEA's newly published
source categorization scheme 20]. Due to the low participation rate in the first NEIAIMDB
data collection cycle, the amount of Infon-nation about these SRS is limited. The full nd
effective co-operation of Member States is required during future NEWMDB data collection
cycles to ensure that more data become available.
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3. Summarv

The NEWMDB is an integral part of the 1AEA's policies and strategy related to the collection
and dissemination of information, both nternal to the IAEA in support of its activities and
external to the IAEA (publicly available). n the context of publicly available information, the
NEWMDB provides support to the routine reporting of status and trends in radioactive waste
management and for a newly developed indicator of sustainable development for radioactive
waste management. The NEWMDB is also the only publicly available source in nfori-nation
about spent/disused SRS categorized according to a newly developed categorization scheme.

The NEWMDB could also be used by Contracting Parties to help prepare reports required
under the Joint Convention. The NEWMDB is a significant component of the 1AEA's strategy
to promote the harmonization of radioactive waste management information at both the
national and nternational levels. The NEWMDB also provides the means to assess the
implementation of national systems for radioactive waste management.

Participation by Member States was low during the first data collection cycle and needs to be
sicyni I To achieve its full potential, the full and effective Co-operation ofZ__
Member States is required during NEWMDB data collection cycles.
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