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Abstract. Optimization of radioactive waste management on the national scale is analyzed on the basis of: a) optimization of Salaspils Research Reactor dismantling and decommissioning (D&D) waste management, b) development of unified predisposal radioactive waste management approach, and c) optimization of radioactive waste (RW) transportation, disposal features, as well as RW management societal aspects. Analyzing the basic radioactive waste management stages, with the emphasis on – classification, characterization and conditioning, a set of optimal solutions for accomplishment of these stages have been revealed.
There is concluded: the necessity to manage the D&D waste has crucially influenced development of the entire national RW management policy - in particular: development of a common national approach of predisposal RW management, RW transportation and arrangement of new disposal spaces. Such approach corresponds to the Joint Convention recommendation to develop and implement an integrated decommissioning and RW management plan. Aimed to harmonize the national approach with international standards, the elaboration of the D&D concepts and the national radioactive waste management RWM concept (including the D&D waste management) has been based on close and permanent cooperation with International bodies and recognized expert groups.
1. Introduction

In fulfilling the obligations of the Joint Convention on the safety of spent fuel management and on the safety of radioactive waste management (RWM) [1] as well as other international documents Latvia has developed and implemented national RWM policy, in particular to observe the Fundamental safety principles and RW safe management principle on Burdens on future generation requiring „not to impose undue burdens on future generations” [2, 3]. The actuality of this task has arisen from the two key features of RWM in Latvia:

(a) stopped final disposal of RW in the sole national RW near-surface repository in Baldone (currently there is accomplished only storage of conditioned RW), and 

(b) significantly increased the yearly production of RW, caused by the started process of the shut-down Salaspils Research Reactor (SRR) dismantling.
As the dismantling and decommissioning (D&D) waste currently constitutes the main part of the current RW stream in Latvia, the optimization of the whole RWM has been accomplished together with development of SRR D&D concept and plan in line with the IAEA recommendations [4], develop integrated approach to decommissioning and RWM, and in the present case such an recommendation is realized on a national level.
Bearing in mind the IAEA recommendations [5] that one of the keystone of decommissioning strategy is waste management (WM) optimization, the seeking of optimal solutions of SRR D&D WM has been decomposed into the set of optimization analysis for particular steps and for the latter ones have been found essential optimal solutions. According to internationally acknowledged elevated requirements to final disposal of various RW types and necessity to implement an integrated approach to RW management [4], during the last decade Latvia has elaborated an upgraded RW predisposal management system and updated the Waste Acceptance Criteria (WAC) Requirements, in particular, conditioning processes, taking into account that in the chosen D&D strategy there is foreseen that increasing amounts of conditioned waste immediately after dismantling of SRR should be transported for safe storage and final disposal at the existing national RW repository.

2. Radioactive waste management policy and infrastructure in Latvia

2.1. The existing radioactive waste repository

Latvia has a sole national RW near-surface repository of RADON-type, located near Baldone (27 km south-east of the capital Riga), built in accordance with the former USSR standard requirements. The repository is foreseen for low- and intermediate level activity short-lived (LILW-SL) waste. Total capacity of the repository – 2060 m3, currently the total amount of deposited and stored RW reaches ~1400 m3. Since 2000 the majority of RW is coming and will last up to ~2010 - from dismantling of the shutdown SRR (the total volume of D&D RW for disposal - approximately 1100 m3).
Its six vaults, used in the period 1962-92, have been closed, being a permanent disposal site, but the last vault (No. 7) is operating as a long-term storage site, before the next decision for disposal of the waste portion suitable for its near surface disposal - a license for disposal will be issued after additional safety assessments and implementation of relevant deduced recommendations. The rest of that waste will be stored until deep disposal option will be available.
2.2. The main features of RW management policy

The governmental policy for RW management is conducted by the Ministry of Environment (ME). The Radiation Safety Centre (RDC) – the State Regulatory Body under the supervision of ME – is responsible for:

· supervision and control of practices with the sources of ionising radiation that forms RW,
· preparation of draft policies for the state policy of supervision and control of RW management,
· issuance of the licenses for the practices involving ionising radiation sources.

In fulfilling its international obligations, in particular, the Joint Convention on the Safety of Spent Fuel Management and on the Safety of RWM as well as other relevant documents, Latvia elaborated and in 2003 accepted the RW Management Concept, in order to stimulate the development of environmentally sound and population friendly RWM system. The Concept foresees the solutions for the safe RWM for the time period 2003 – 2010.
3. Dismantling and decommissioning of Salaspils Research Reactor

3.1. General characterization of Salaspils Research Reactor

The IRT-type research reactor in Salaspils site near the capital of Latvia – Riga – was put into operation in September 1961. The SRR was originally built according to the former USSR design as a pool type light water reactor with nominal thermal power 2 MW. From 1966 till 1990 the Critical Assembly RKS (Zero Power Reactor) was in operation with the nominal thermal power 25 W. In the 70ies, when the reactor tank was changed, the core and cooling system upgraded (with guaranty of operation 20 years), the nominal power reached 5 MW.

Since 1993, surveys of potential need for the SRR had been carried out. Based on available information, the Cabinet of Ministers in 1995 issued the order to shut down the SRR after within two years of operation (the decision prohibited receiving fresh nuclear fuel). The operation license for SRR was awarded until the end of 1999. Finally, in June 1998 the reactor was shut down. The Cabinet of Ministers also ordered: a) to provide under-critical state of nuclear reactor, b) to provide supervision of nuclear reactor and c) to start its conservation.

Currently SRR is in a preparatory stage for D&D with following licensed practices:

· maintenance of reactor systems for ensuring radiation and nuclear safety without power,

· switching off the systems and experimental equipment being non-applicable for further  activities of SRR, their dismantling as well as management of the generated waste,

· interim storage of the spent nuclear fuel.

3.2. The original SRR decommissioning concept

For SRR the German company “Preussag Noell–KRC” during 1998-1999 has elaborated the initial D&D concept [6]. In compliance with the IAEA and European Commission recommendations three possible decommissioning versions for SRR have been developed:

version I   -  “safe enclosure of reactor building”, providing 30-year long storage period,

version II - “safe enclosure of reactor” – with dismantling of all auxiliary systems, which are located outside of the biological shielding, RW emplacement in the reactor pool and its consecutive hermetization and safe enclosure,

version III - decommissioning to the “green field” status.

While looking for the optimal version of SRR D&D all alternative D&D versions have been compared and following factors were analysed: (a) costs of version, (b) radiation safety for personnel, (c) the technical status of the reactor, (d) the expected RW amount, (e) availability of WM infrastructure, (f) availability of qualified personnel and decommissioning technologies, (g) possible international assistance, and (h) other factors.

An integral analysis of the whole set of factors has shown that for Latvia’s conditions the most appropriate is the version III – decommissioning of reactor to the “green field” status. (Afterwards there has been accepted a modified D&D concept of SRR – up to “Brown” field [7, 8]).
4. Characterization of waste arising from decommissioning
Let us analyze main factors characterizing the existing and expected waste arising from decommissioning (ADW), which is relevant to optimize the D&D factors and procedures.

4.1. Waste amounts
Total RW volume to be disposed in the repository (according the “brown” field concept) would be ~ 1100 m³, subject to the waste meeting the prescribed waste acceptance criteria (WAC). On the whole, following materials are estimated to be present in the decommissioning waste (see Table 1):

Table 1. The foreseen amount of the SRR D&D waste – by the material type [9]
	Material
	Radioactive amount (t)
	Total amount (t)
	Total (%)

	Stainless steel
	10
	40
	2.6

	Aluminium
	10
	10
	0.65

	Reinforced concrete
	1225
	1350
	87

	Paraffin
	50
	50
	3.2

	Lead
	0
	20
	1.3

	Mixed materials
	5
	80
	5.2

	Total
	1300
	1550
	100


Besides, there is foreseen a minor amount (some hundreds kg) of beryllium components. According the activity level the following proportions of RW are foreseen to be arisen in the D&D process:
· 10 t of high-level RW (activated RW from the reactor pool),
· 150 t of intermediate-level RW (1010 Bq/m3 < A < 1014 Bq/m3),
· 270 t – of low-level RW (A < 1010 Bq/m3),
· above a half of the total ADW will be contaminated materials (A< 4 Bq/m2) which may be partially decontaminated to the free release level.
In choosing the optimal decommissioning version of SRR it was proposed, substantiated and decided (see Chapt. 6.1) that the conditioned waste immediately after dismantling of SRR should be transported for disposal at the existing Baldone repository. Waste shall be sent for final disposal to the Baldone facility only in case if it can’t be decontaminated and reused, recycled or disposed of conventionally. ADW of medium and low activity, solid and liquid are proposed to be disposed of.

4.2. Contamination status and  decontamination

4.2.1. Intermediate - level RW
Contamination in the reactor building is limited to small areas and some systems. Highly contaminated material (~20 t – stainless steel and aluminium) mainly will result from the dismantling of the primary cooling circuit, the reactor pool tank components and heat exchange system as well as from the special ventilation and canalization system. Decontamination of these materials is not purposeful, taking into account the relatively small amount and comparatively high efforts in order to attain the free release level (< 0,04 Bq/m2 for α-contamination, and < 0, 4 Bq/m2  for β-contamination).
4.2.2. Low-level RW
Low contaminated materials (constituting the low-level RW) - mainly: steel, stainless steel and concrete with its reinforcing constituents - will result from dismantling activities of the reactor pool and biological shielding. Most important nuclides from contamination in SRR are Co-60 and Cs-137. In estimation of maximally possible amount of the low-level RW one should take into account also ~870 t of the low-contaminated material which could result during dismantling of biological shielding, however, the real contamination level depends on the chosen dismantling technologies and practices. So, the use of cooling methods without liquid, will markedly reduce the amount of the low-level RW.
4.2.3. Basic consideration on decontamination and disposal actions
Based on the aforementioned analysis, one could conclude that
(a) the largest amount of the total ADW may be immediately released for reuse, recycling or disposal at a municipal/conventional repository,

(b) approximately a half of the resulting RW is contaminated only to a low degree. Waste may be partially decontaminated to the free release level,

(c) the mass of activated and highly contaminated material ~ 160 t. This part must be conditioned for the final disposal at the repository, a minor part to be stored for deep disposal.

Basic consideration on decontamination actions would be as follows:
· highly contaminated materials will be – taking into account the cost factor - conditioned for directly final disposal,

· low contaminated material will preferably be decontaminated, but such materials with unfavourable geometry will be conditioned as RW,

· mixed materials will be separated before contamination if economically feasible. Otherwise they will be conditioned as RW for final disposal.

4.3 Waste activation

Calculations and measurements have been made to determine the activation level of the main construction materials. The highest specific activity was found for reactor pool grid and radiation circuit - ~1 GBq/g, but the highest specific activity in the biological shielding - ~10 MBq/g, thus, two orders of magnitude lower than in the inner core, however, the corresponding masses are larger by the same factor, therefore, the total activities are nearly equal. In addition, due to attenuation of the neutron flow in the depth of the reinforced concrete array of biological shielding, the activation level of shielding decreases towards the outside, and an exact amount of the activated concrete will be possible to determine only in the course of dismantling.
Additionally, calculations have been made for the reactor pool, the biological shielding and the experimental canals for a date 5 years after the final shutdown of SRR. The results of calculations correspond to measurement data with a normal fluctuation of only 1 order of magnitude. Additional measurements and calculations are scheduled before starting of the main SRR D&D procedures.
Finally, the total activity of inventory of SRR mainly results from activation and amounts to approximately 1015 Bq. The main nuclides in the activation components are following [6]:

(a) the most  significant nuclides in the activated components of SRR: H-3, Fe-55, C-14, Ni-63 in the aluminium components; H-3, C-14 and Co-60 in the graphite and beryllium components and Fe-55, Co-60, Ni-63 and Nb-94 in the stainless steel components,
(b) the most significant nuclides in the activated bio-shield materials of the SRR: H-3, C-14, Fe-55, Co-60 in the iron components; H-3, Fe-55, Co-60, Eu-152,  Eu-155 in the concrete components.

4.3. Liquid Waste

Estimation of the amount of liquid radioactive waste that will be produced during decommissioning has given following results:

· cooling water from the first cooling circuit and  reactor pool - ~70 t,

· de-ionised water in special canalization tank - ~80 t,

· liquid radioactive waste in a 2 m3 tank in technological area.

The highest specific activity results from Cs-137 and reaches to ~170 Bq/l corresponding to total activity of Cs-137 within the tank of approximately 107 Bq.

4.4. Categorisation of the Waste Arising from Decommissioning of Salaspils Research Reactor

Considering the expected inventory of ADW in the contaminated and activated components of SRR, this waste can be categorized as low and intermediate level activity waste (LILW). In addition, all ADW from contaminated materials and majority of activated components are categorized as short-lived waste, furthermore, due to relatively low contribution of certain long-lived nuclides (in the activated components) in the total inventory, approximately one can assume that for the disposal purposes all the ADW of Salaspils Research Reactor can be considered  as LILW-SL waste.

5. The main features of RW predisposal management organization

5.1. Basic guides for elaboration of RW predisposal management.

The main guide in elaboration and implementation of the complete cycle of predisposal treatment of the whole RW were current international obligations and recommendations, namely:

(a) the Joint Convention on the Safety of Spent Fuel Management and on the Safety of RWM  obliging the Contracting Party shall take the appropriate steps to take into account interdependencies among the different RWM steps;

(b) the D&D concept [6] of the reactor elaborated by the German company “Preussag Noell – KRC” during 1998-1999. In compliance with the IAEA recommendations currently in the RW storage site there is accomplished only storage of treated RW;

(c) a set of various IAEA documents specifying identification of waste characteristics, capacities and limitations of particular techniques and quality requirements for waste product;

(d) detail provisions for RWM have been developed on the basis of recommendations given by the Safety analysis by international consortium CASSIOPEE [10], inter alia, on predisposal WM:

· to specify waste acceptance criteria (WAC),
· to establish procedures to test WAC performance,
· to establish a common system: RAPA and Waste Producer,
· for acceptance of concrete containers one can use standard containers,
· special attention be paid to concrete-waste interaction in specific cases,
· to ensure – by the producer in 1 container to place only the waste of the same type.
Followed the CASSIOPEE recommendations as well as relevant IAEA documents [11], there have been developed and implemented solutions of:
(a) managerial nature – establishment of a centralized waste management facility,

(b) procedural nature – elaboration and implementation of relevant normative deeds (Regulations, waste acceptance criteria),
(c) strategic technical solutions for particular management procedures,
(d) processing of liquid RW.
5.2. Managerial solutions
5.2.1. Establishment of the centralized waste management facility
Taking into account that the predominant waste stream is expected from the dismantling and decommissioning of SRR and corresponding IAEA recommendations [11], as an optimal version how to organize the RW predisposal management was establishment - in 2000 - just in the SRR territory – on the basis of SRR and Baldone radioactive waste (RW) repository – a common RW management enterprise, namely, the State agency BAPA, ensuring, thereby, an unified administration and maintenance of the shutdown SRR as well as the whole cycle of RW management. BAPA being the sole organization in Latvia dealing with RW management and, in parallel, actively participating in dismantling of SRR has full responsibility for all stages of decommissioning waste management.
According to the State subprogram “Radiation safety and Hazardous Waste Management”, BAPA performs following particular activities:

· collection and sorting of RW,
· transportation of RW and radioactive materials;

· packing, processing and cementation of RW;

· RW testing and  documentation and their release from the state supervision;

· decontamination of special dresses and protective measures;

· storage of radioactive materials and spent sealed sources.

5.2.2. Elaboration of normatives for particular management procedures

With the purpose to elaborate detailed measures to develop safety status and WAC updating, there have been formulated specific recommendations for the main elements of RW management. The WAC and Requirements having been implemented in National Regulations are classified in following four groups:

· activity-related Criteria,

· requirements to RW handling in their origin places  (including transportation requirements),

· RW Processing-related Criteria,

· Waste Acceptance Methodology – requirements, in particular, to waste packages.
5.2.3. Development of waste immobilization and packaging policy

A complete cycle of mechanical treatment and processing, sorting, conditioning and packing of the whole RW is accomplished in the area of SRR. Such organization, in particularly, has allowed most efficient implementation of CASSIOPEE recommendations [10], especially – on waste characterization, packing and conditioning, by emphasizing that:

· the waste characterization is focusing on the mechanical strength of the final pack and in the confinement properties,

· for the RW arising from D&D of SRR there is paid special attention to RW block-container chemical interfaces as well as on back-filling.

For a unified realization of these features there was chosen to use only one type RW package container 1,2m*1,2m*1,2m (the A-172 type) produced in Estonia (“Betonelement”) according to the Swedish (Studsvik) technology certificate. In the frame of Quality Management System and followed international recommendations [12], there were developed regulatory Requirements to waste packages require that the packages containing LL- and ILRW are acceptable if the compliance with the these WAC is demonstrated.
The ADW to be transported are in a solid state and immobilized by the injection of the binding agent (mainly – cement) inside the concrete containers as recommended in theWAC. These immobilized waste can be considered as Low Specific Radioactive Material III (LSA-III) or, if conditioned in containers without immobilization before transport, as Surface Contaminated Objects II (SCO-II). In both cases waste packages should meet the IAEA Safety Series Nr. 6 requirements for Industrial Packages Type II. The standard concrete container proposed (A-172) has been tested to an upgraded IAEA requirement as Industrial package Type III or Type A.

5.2.4. Real testing of package physical characteristics

If only one waste package container type is used, the characterization of the container is focused in the mechanical strength of the final package. For individual packages this characterization is based on the industrial control of container fabrication. The performed safety analysis shows that the radiological consequences of the rupture of a package (e.g. due to a free drop) are in acceptable levels, and a detailed design of the handling equipment can minimize the risk of a handling accident.

In the WAC there has been included a maximum release fraction of activity for key nuclides, to be confirmed through leaching or diffusion tests. Due to the fact that only the use of containers is now accepted, this verification may be achieved through diffusion tests. If afterwards there will be accepted also other package types, such as non-durable containers with a homogeneous matrix, these diffusion tests will be changed for a leaching test.

Safety of reinforced concrete containers shall be assessed by determining the H-3 and Cs-137 diffusion speed through a sample of concrete utilized in manufacturing of the RW containers. A standard diffusion test should be carried out using a diffusion cell. The disc is cut from a concrete specimen and has 7-cm diameter and 1 cm (for H-3) or 0.5 cm (for Cs-137) thickness. The equilibrium solution prepared with demineralized water saturated with lime is doped with H-3 or Cs-137.

5.3. The applied practices of waste predisposal management
Guided by IAEA documents [5, 13] and international site-specific studies for Latvia, [6, 10] there has been found a rational solution of predisposal treatment of the whole RW including the ADW via establishing a common approach to immobilization of solid and liquid RW, based on cementation of liquid RW [9, 14]. Below is given a detail picture of conditioning of solid RW and liquid RW.

5.3.1. Processing of solid waste

Depending of the material type, there have been developed and implemented following types of solid RW conditioning and packaging technology:

(a) high activity α-, β- and γ-gamma sources (spent sealed sources (SSS));
(b) intermediate activity β- and γ-sources (devices containing SSS from industrial radiography);
(c) intermediate activity β- and γ-gamma and beta radiation sources with a short life-time;
(d) low activity α-, β- and γ-radiation sources;
(e) α-radiation sources with plutonium (smoke detectors, static electricity eliminators, etc.);
(f) neutron radiation sources;
(g) sources containing radium, americium and other long-lived isotopes;
(h) contaminated equipment or materials;
(i) low-contaminated equipment and materials of large size/volume (construction materials, means of individual protection, ground, etc.) are placed in standard concrete containers (Fig. 1).

[image: image1]  FIG. 1.   Radioactive materials in containers [9]
5.3.1. Packaging of particular materials

For a series of specific materials, in particular those arising from the reactor D&D process, there have been developed specific packaging procedures [15]. Metallic Be (~180 kg) as it undergoes to the flow of fast neutrons as well is unstable in the alkaline cement mass, before the cementation is emplaced into stainless steel containers and tightly sealed by welding.
The irradiated graphite (~ 4142 kg) before cementation is emplaced in metallic boxes without preliminary chopping, to avoid emission of volatile gases with C-14. Low- and intermediate activity solid RW are cut or chopped up to dimensions 50*50 cm and the free volume is filled with mortar. The Regulations foresee to spread inside the container a concrete pillow (20 cm thick) and distribute the waste freely. The remaining volume is filled with concrete and weekly radioactive deactivation materials (≤ 20 % of the volume) and sealed the container with an air-tight cover.

5.4. Management of liquid waste
The importance to develop an advanced approach to liquid RW (LRW) management arose from the specifics and amount of the RW content connected with SRR D&D (see also Chapt. 4.4): so, the highest specific activity results from Cs-137 and reaches to ~170 Bq/l corresponding to total activity of Cs-137 within the tank of ~107 Bq. In total, in the SRR there is foreseen to accomplish cementation of ~ 110 m3 of  tritium-containing LRW with average activity 1.1 MBq/l or totally 120 GBq [9].
As the result of analysis of possible options, it was found that among two basic possible activities for LRW management – i) its purification, dilution and disposal in environment, and ii) its conditioning - the optimal way of LRW management in the SRR is LRW conditioning together with solid RW. This solution has been realized in the frame of the IAEA support by providing the automatic LRW cementation facility BETON-25, preparing its containment and installing in the SRR hall (Fig. 2).
Implementation of such technology provided an opportunity to introduce of LRW into concrete into the cement mass and, thereby, in parallel with conditioning of LRW to use this waste type also for immobilization of solid RW in the packages and, thus, to realize and efficient – from radiation safety, managerial and economical viewpoints – element of common conditioning of solid RW and liquid RW. LRW from the SRR as well as the LRW received from other operators is collected in the LRW accumulation tank, afterwards they are used for cementation and immobilization of solid RW (Fig. 3).
The free volume of container – 0.8 m3, the filling extent with mortar - ≤ 50 %. The additionally introduced water is localized in the coats of the oxide grains is locked in micropores and microcapillaries, or evaporates in the process of the cement solidifying. In order to increase the mortar flowability, currently for filling of one container there is used mortar with the water/cement ratio 0.532. Such approach is justified in cases when LRW contain nuclides in the form of volatile ions.
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FIG.  2. LRW cementation facility BETON-25 in           FIG. 3. Cemented RW in the concrete   container [9].                                                                     the SRR hall [9].
Taking into account the great majority of foreseen SRR D&D liquid waste is tritium-containing water specific consideration is needed for management of LRW containing H-3 [16]. In particular, in SRR a considerable part of total activity is in the form of volatile HTO – in the beginning of 2004 the percentage of HTO was ~ 70 %. Though the filling of container proceeds in two stages, a part of HTO will evaporate.

In the cementation process the nuclides being in the ion form (Cs-137, Co-60) are localized in the cement mass. As on the basis of the experimentally determined diffusion coefficient values of HTO and HT through the container walls the emissions into environment from HTO diffusion through the surface of all containers (in total – 9.1 GBq) would exceed the prescribed Regulatory limits, the container walls are covered by 1-2 mm thick PENETRON layer, in order to restrict HTO diffusion through container wall.

According to current BAPA technology, by using tritium-containing LRW for cementation of solid RW, ~ 10% of HTO being added to cement, is moving to emissions, therefore, has been elaborated an advanced version – solidifying, in duration of three days, leading to ten-fold decrease of the amount of emissions. BAPA has developed a method of processing LRW containing C-14 used for medical diagnostics aims.
6. Optimization features in management and safety of ADW transportation

6.1. Organizational Aspects

Taking into account socio-economic, radiation safety and other factors, as the optimal version of ADW disposal is ADW transportation to the Baldone RW disposal site located ~ 25 km from the SRR has been chosen, because: 1) the Salaspils and Baldone sites are branches of the same joint national waste management institution – the State agency BAPA, 2) all RW is disposed at a central facility, thus reducing the nation’s liability for RW by ensuring complete disposal at a central facility, 3) the Baldone site is capable to accommodate a new disposal space, 4) RW transportation to Baldone is beneficial due to already implemented environmental control and mitigation measures.
In order to observe international directives on compliance assurance for RW transportation package and taking into account currently existing absence of packages having EU certificates, as well as other safety factors, as a currently optimal solution for RW transportation there has been developed and implemented an exceptional authorization procedure for RW transport: according to Regulations on Safe Transportation of Radioactive Materials, RDC issues relevant compliance assurance - the Special Arrangement Approval Certificate - according to the application submitted by the operator.
6.2. Radiation and Environmental Safety
Radiation safety of the transportation operations is promoted by implementation of the following unification measures:
(a)  the sole transportation operator  and consignor of the ADW is BAPA,
(b) the use of only one type of concrete containers (A-172),
(c) establishment of a system of compulsory training in radiation safety for all relevant operators and drivers of vehicles of dangerous load transportation,
(d) transportation by lorries, according to ADR Class 7, only in the day-time.

Basic technical measures taken for enhancing radiation and environmental safety: 1) RW transportation in a solid and predominantly in an immobilized state, ensuring minimization of possible dispersion of radioactivity (see Chapt. 5.2.3), 2) implementation in BAPA of emergency response plans and of a special response unit, with regular training in courses, 3) implementation of regular on-site and off-site environmental monitoring. The State control programme of radiation objects of national significance ensures regular α-, β- and γ-monitoring of Salaspils and Baldone sites.

In order to ensure regular off-site monitoring, since 2002 RDC has been performing quarterly environmental gamma-surveys of the RW transportation route (Salaspils-Baldone) using the car-borne mobile unit, in the result confirming – according to γ-mapping data - proper environmental safety.
7. Optimization in RW disposal space provision

The main features having been solved in provision of new disposal space are: (a) the land take and use, (b) the vault size and the overall expansion of Baldone repository for the more distant perspective.

7.1. Arrangement of new disposal space

The preliminary Environmental Impact Assessment (EIA) in the frame of CASSIOPEE study assessed two opposing criteria for choice of the vault size let the size would be optimized to be able to accommodate the waste arising from Salaspils without being oversized [10]. Taking into account that the whole expected ADW volume, the existing total volume of the vault 7 (1200 m3) and available remaining free space in, there has been reached consensus on the size of vault Nr. 8 to be 1200 m3.
Although for disposal of decommissioning waste from SRR is necessary to build one new vault (i.e., vault Nr. 8), this is only one option among three ones being considered regarding to enlargement of the Baldone repository. Another two options propose construction of two additional vaults, each of volume 1200 m3; in particularly:

· option 2 - to build both vaults simultaneously, and
· option 3 - to build the 2-nd vault in three years after commissioning of the first vault.
Complex analyses of these options being currently carried out by Latvian authorities in order specify the forthcoming waste management in Latvia, has derived that the optimal would be option 2, taking into account that:
· option 1, although having the least expenses, has not foreseen significant spare space for RW disposal arisen from possible emergency case,
· in the Baldone repository there is sufficient area for construction of two new vaults,
· option 3 will be more expensive due to necessity to repeat EIA and update of the technical project.

7.2. The land take and the soil/ground use

The question of land-take, for optimal organization of soil-works and rational use of soil/ground in connection with the new vault building works has been raised in CASSIOPEE study and as the best possible solution of management of soil/ground seems to link the construction of the new vault with the capping of the six closed vaults with a long-term cover (4.5 m of its thickness – soil, 0.5 m – reinforced concrete) recommended by CASSIOPEE for safety upgrading of the repository. As the foreseen place for the new vault is on the hill in the control zone of the repository, (i) the digging off this hill will essentially improve the visibility in the repository and, thus, the physical protection, and (ii) the acquired soil/ground being sunk from the foundation pit, is rationally usable for construction of long-term cover.
Accordingly, in 2004-2005 there has been accomplished EIA for the construction of two new RW vaults and a facility for the long-term storage of spent sealed sources at the RW disposal site “Radons” [9], including a SA (performed by cooperation with the Netherlands enterprise Nuclear Research and Consultancy Group (NRG)) being an updated (reference inventories: December 31, 1999 vs. January 2005) and extended (increased timeframe) version of the previous one.
8. Societal optimization of radioactive waste disposal policy

With the aim to gain public confidence in the safety of RW disposal and acceptance of the planned disposal projects have been accomplished studies of societal optimization of RW disposal [17], via developing a possible model of societal optimization of RW management to be realized in an extended environment being a multitude of physical, ecological, economic, socio-cultural, psychological factors.

Actual issues of societal optimization of RW management in Latvia are analyzed by highlighting the problems revealed in the national RW Management Concept and indicating the ways of their possible socially optimal solutions: 

(a) risk perception and public acceptance of RW disposal policy – related to Baldone near-surface RW repository and Baldone local community,
(b) seeking for optimal version of compensation mechanism for the local municipality,

(c) purpose-oriented informing and education of society about nuclear safety issues as well as about current radiological status of local environment, and

(d) efficient stakeholder involvement.
For the best possible solution for the compensation issue there were analysed following three options:
(a) all receipts from the Nature resource tax are counted in the Baldone municipality budget,

(b) annual payments from the State budget to the municipality budget, and

(c) no payments, but instead to perform total risk analysis and other incentives.

As the result of analysis of these versions, the Cabinet accepted payments from the State budget.

In the frame of EIA for enlargement of existing repository has been a study - via a questionnaire of local residents - of public attitude to current and planned RW management activities. The main factors contributing to predominantly negative attitude to repository and its enlargement were: missing information on the repository, the radiation level and on the impact on human health.
The development of stakeholder involvement and improvement of public information and education is realized now by two basic approaches:
(a) The national Regulatory Authority - RDC – has started regular educating of teachers of physics and pupils in radiation safety issues, by lectures and published documents. To improve the public attitude of Baldone RW repository safety, the RDC has included in the website the early warning monitoring data including also those of the Baldone site, thereby promoting the stakeholder confidence and trust as the basic factors of efficient solution of social issues of RW disposal safety.

(b) Municipality and public will be regularly informed about the RWM current and planned activities in Baldone. The main body ensuring regular flow of information – the Local Coordination Council of Repository – is established by the sole RWM operator – BAPA. It includes local residents and representatives of Baldone municipality and from regions nearby the ADW transportation route Salaspils – Baldone.

(c) There is foreseen to develop a communication plan, taking into account opinions of local residents, based on the provision of easy access to information on planning activities and the progress in their implementation as well as to deal with the problems worrying local residents.

Conclusions
The developed approach of management of solid and liquid RW arising from D&D of the Salaspils Research Reactor dismantling and decommissioning waste, could be considered as environmentally, technically and economically advancing approach how to integrate decommissioning and traditional WM policy and develop and implement a common harmonized national WM policy including solution of societal issues. Such a harmonized national WM optimization should be mainly based on complementarity and compatibility of optimal national solutions, on the one hand, and generally accepted advanced international standards and recommendations, on the other hand.
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