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1. Introduction

In the present times, the main radwaste produce in Vietnam is Nuclear Research Institute (NRI) in Dalat. To safety management of the radwaste generated, in 1982 Soviet specialists newly constructed one combined technology system for low level radwaste management. The existing system consists of two main parts:

· Liquid Radioactive Waste Treatment Station

· Storage/Disposal Facility

· Operation and control room for liquid treatment station

· Chemical-Physical laboratory room

Although, the existing system can in principle meet the needs for this nuclear center but some main facilities and storage/disposal methods are not good enough in both aspects of safety and economy, especially the storage/disposal facility placed in Dalat, the Tourist City.

To date, the existing methods and facilities used for liquid waste treatment have had several proven advantages such as high decontamination factor, reliable and radiologically safe operation, easy maintenance, and capability of continuous and automatic operations. In the original design, this processing system was designated to add to reactor primary coolant the make-up water recycled from the treatment of radioactive liquid wastes. Presently, the design of the processing system has been modified in separating the functions of waste treatment and of make-up water supply at the input and output of the system.

The methods for solid waste treatment have been significantly improved. According to the initial design, the radioactive solid wastes were collected and disposed directly in the underground concrete pits at an in-site disposal facility without any treatment. Since 1993, the new procedure for solid waste treatment has been developed and implemented consisting of collection, segregation, volume reduction, immobilization and packaging, and final storage of waste packages in the disposal facility , pits.

In the following sections, the procedures and facilities for management of radioactive liquid and solid wastes at Dalat Nuclear Research Institute (DNRI) will be described. 

2.   The classification of radioactive waste
The radioactive liquid and solid wastes are mostly low level wastes generated from operation of  DNRI and other activities associated with its utilization. 

Figure 1 shows diagram for the classification of radioactive waste.

Fig.1: Diagram for the classification of radioactive waste
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3.   Liquid radioactive waste

3.1   Liquid waste treatment station

The design capacity of the liquid treatment station is 5m3 per day. Now, each month the station is able to treat about 15m3 – 30m3 liquid waste, with very high decontamination (DF), and can reach more than 1000. The treatment technique applying to the raw liquid waste is precipitation and two stages of ion-exchanger filter.

3.2   Liquid radioactive waste generated

The main quantity of the radwaste from DNRI is in liquid form. Nowadays, each month whole the institute generates about 15m3 – 30m3 of the aqueous liquid waste. The quantity and chemical and radiochemical composition of the waste greatly depends on the activities of the Reactor Center and Radioisotope Production Center. In the Centers, I-131, P-32, Tc-99m, Cr-51, Co-60…etc. are produced for medical and research use, so in liquid waste contain principally following nuclides: I-131, Cr-51, Co-60, Ce-139, Cs-134, Mn-54, Fe-59, P-32., with total gamma and beta radioactivity less than 3.7 KBq/l and surface contact dose less than 5mR/h.

The liquid radwaste are characterized by two cases. The first case “Simple” composition is the result of the reactor operation, while the second one “difficult” is the resulting from radioisotope production and other physical-chemical laboratory. 

3.3    The treatment and condition technique for liquid radioactive waste

3.3.1 Choosing optimal method for liquid waste treatment

In the first years (1984-1990), the liquid waste treatment station was operated according to the procedure written by the design specialists. the raw liquid radwaste tanks were treated by the all steps, through chemical precipitation, mechanical filter and two steps of ion-exchanger. This method is safety enough but no economy because of very high cost of the treatment and increasing secondary liquid radwaste.

From research results, three methods and procedure successfully carried out. Each method is appropriated to characteristics of liquid radwaste in collecting tank. Those methods were summarized as follows:

(a)  Raw liquid waste(Mechanical filter(first stage ion-exchange(Control tank (CT)       

(b)  Raw liquid waste(Precipitation(Mechanical filter(first stage ion-exchange(CT            

(c) Raw liquid waste(chemical precipitation(Mechanical filter(Two stage ion-exchange(CT

Where

(a)    The procedure is applied to that collecting tank, characterizing in the simple component,

(b)    The procedure is used for liquid waste with low content of salt,

(c)    The method is applied to liquid waste tank, characterizing in the difficulty component.

The total gamma and beta activity after treatment is less than 3.7Bq/l and pH=5-9. After controlling the treated solution could be discharge into sewage water waste system at NRI.

3.3.2 Treatment of secondary liquid radwaste for volume reduction

The secondary liquid radwaste at NRI generated from these processes: clean up of the filters, chemical precipitation and regenerating of the ion-exchange filters.

3.3.2.1   The main specific characteristics and groups of secondary liquid waste

According on the characteristics of the secondary radwaste and its generation, it can be divided  into three groups: A,B,C, see table 1 below:

Table 1

	Group
	Generation
	pH
	Conductivity

(µS/cm)
	Total β  activity

(Bq/l)
	γ activity

(Bq/l)
	Volume of sludge after one week setting, %

	
	
	
	
	
	Co-60
	Cs-134
	Mn-54
	

	A
	Cleaning of the filters
	6÷8
	60÷500
	370÷1,270
	185÷450
	37÷370
	140÷370
	10÷15

	B
	Precipitation processing
	7÷9
	400÷5,000
	370÷3,700
	370÷1,850
	74÷740
	290÷590
	20÷30

	C
	Regenerated solution
	1÷11
	1,000÷10,000
	450÷7,000
	400÷3,500
	440÷2,100
	185÷2960
	5÷7


A   is generated from cleaning of the filters, pumps, piles and facility.

B   is generated from chemical precipitation processing.

C   is generated from regeneration of the ion-exchanger filters.

3.3.2.2   Volume reduction methods applied to A and B groups

These groups treated by following steps:

(a) The first steps: 

Separation of the liquid waste into two phases: Liquid radwaste and Sludge radwaste. 

After that, the sludge waste in pumped to the interim storage tank and waiting for cementation; the upper solution pumped to precipitation tank waiting for the pre-treatment.

(b)The second steps:

The liquid waste is decontaminated by all steps of the treatment, i.e. the same as method (c) of  section 3.3.1 but sometimes difference in chemical precipitation and sampling, controlling and discharge.

The principle of  the processing is as follow: 

By this way, the volume of the secondary liquid waste could be reduced to 60%.

3.3.2.3   Conditioning of the liquid/sludge radwaste

Both sludge/liquid from interim storage tank and the regeneration solution  (group-C) are mixed, sampled, controlled and ready for cementation processing. Before 1990, solidification of liquid radwaste was made by the big-old mixing assembly cementation plan. The cementation had to be done directly in the concrete pits, on the laying out solid wastes. After one year, it was show that, the mixture produced, covered the solid waste was not strong in the pit, the radionuclide could be release into environment. It means that we have to change technology and methodology of solidifying liquid/sludge waste at NRI. In order to help NRI, Dalat to solve their waste management, the new facility “in drum cementation” unit has been provided by IAEA Technical Project VIE/9/97. From then, the solidification of liquid/sludge at NRI become easier and safer. Based on the experiment, the ratio of waste and cement (W/C) is 0.49-0.52 is chosen.

4.   Solid radioactive waste

4.1   Solid radioactive waste generated

Recently, every year about 5-7m3 of the solid waste generated from NRI and about 5m3 from some Nuclear Medicine Departments in the South of Vietnam, are collected in the storage facility.

According to the IAEA classification for radwaste most of them belong to low level, short-lived radwaste. They contain maintly following nuclides: P-32, Co-60, Eu-152, Cr-51, Cs-134, Fe-59, Mn-54, I-131 with total gamma, beta activities less than 4,000Bq/g and surface contact dose is less than 150mR/h. More than 70% of them are compatible radwaste. The main radionuclides and their characteristics in the solid wastes are as below: 

Table 2

	Radionuclide
	Half-life
	γ Activity (Bq/g)

	Cs-134
	2.05 y
	20 -250

	Co-60
	5.26 y
	90 -1000

	Eu-152
	12.7 y
	100 -1200

	Eu-154
	16 y
	8 -100

	Zn-65
	243 d
	10 -130

	Sc-46
	83.9 d
	70 -800

	Mn-54
	312 d
	4 – 100

	Fe-59
	45.6 d
	2 -100

	Ag-110m
	255 d
	2 – 100

	Others
	---
	20 - 400


4.2   Treatment technique for solid radwaste

4.2.1 Sorting of  the solid radwaste

The aim of this step is to separate the solid waste into different groups according to their degree of contamination and physical-chemical properties. During sorting, hazardous materials (i.e. corrosive, toxic or explosive materials, etc.) are first removed from the solid waste, which, then, are sorted into the compressible and incompressible types for subsequent operations.

Sorting process is done by manual operation using a specialized sorting facility. The sorting facility is a glove-box of 2m x 2m x 1.1m dimensions with 4 separate compartments of containing solid waste, and it is equipped with an exhaust ventilation and an air filter capable of retaining particles of above 0.3µm size.

The sorted solid wastes are monitored for the radiological characteristics. The table 3 shows the composition,  portion and surface dose rate of the two types (compressible and incompressible) of the existing solid wastes.

Table 3

	Type
	Composition
	Portion
	Surface dose rate

	Compressible
	Cloth, paper, rubber, plastic, etc.
	70 – 75 wt-%
	2 – 50 mR/h

	Incompressible
	Metallic or glass materials, irradiated containers, etc.
	25 –30 wt-%
	5 - 200 mR/h


4.2.2    Volume reduction of solid waste by hydraulic compactor

The main technique used for volume reduction of solid compressible wastes is compaction. The compacting device is an in-drum compactor of 10-ton hydraulic force, and is provided with an off-gas treatment system to meet radiological safety requirements.

The compressible solid wastes contained in plastic bags are manually put into a 200-liter drum and covered over with a non-deformable metallic plate. The drum is then placed correctly in position under the compression platter of the compactor. The content in the drum is compacted manually by a mechanic- hydraulic system, which allows for transformation of manual rotation of the wheel into movement of the compression platter. During compression, the waste is held by the non-deformable joint (plate), which blocks against the drum wall. The volume reduction factor of the compaction is about 6 in maximum with optimal operation. To limit the exposure dose for operating workers, the total weight of compacted solid wastes in a drum is controlled according to their radiation level. This weight can vary from 20 to 80kg. After the compaction finished, the space with a height of at least 30cm above the last non-deformable joint in the drum is reserved for subsequent immobilization and packaging, i.e. solidifying materials will be poured into there.

Beside the compaction technique for compressible wastes, some other simple techniques are also applied to volume reduction of incompressible solid wastes such as manual dismantling and cutting. These techniques sometimes give rather high efficiency. Incompressible solid wastes are also placed in 200-liter drums to be conditioned subsequently.

4.2.3 Immobilization and Packaging

Both compressible and incompressible solid wastes are finally conditioned for transport, storage and disposal. The main objective of this conditioning is to immobilize and package the solid waste in concrete. The solid waste contained in 200-liter steel drums is easily immobilized by pouring concrete grout into the drums. Concrete grout is prepared by using a simple concrete mixer. With such a composition as shown in table 4, the density of concrete is more than 2.2 g/cm3.

To enable transfer of the waste packages by a crane, a metallic hold, used as a catch for the crane hook, is placed inside each drum before pouring concrete. After immobilization, each waste drum is packaged by sealing a cover and painted overall for rust prevention. Waste packages are labeled with the physical and radiological characteristics on them. Typically, for a waste package, the surface dose rate is less than 200 mR/h, the beta/gamma radioactivity is between 3.7 MBq and 3.7 GBq, and weight is around 350-500kg.

Table 4. Composition of concrete grout (wt-%)

	Water
	Cement
	sand
	Aggregate

	7
	16
	31
	46

	Density of concrete: ≥ 2.2 g/cm3


4.2.4 Spent ion-exchange resin from reactor water treatment

Spent ion-exchange resin is first contained in clothing bags for dehydration, then, in plastic bags, and transported to the disposal facility for further conditioning and final disposal.

5 Storage and disposal 

At the DNRI, the storage/disposal facility is located in the reactor site. In this facility, eight concrete pits are constructed for disposal of low level waste (LLW). The volume of each is 94m3 with 4m-5m depth and the thickness of the wall is 40cm. Transportation inside facility did by an overhead crane, capable of lifting a concrete slab, which cover the pits. The capacity of the repository is 750m3. Designed radioactivity disposed in concrete pit are: For liquid waste: 222KBq/l and for solid waste: 3.7MBq/kg.

These waste packages can be stored at the in-site disposal facility for about 5 years without any concerns, and they could be easily and safety transported to another disposal site. However, in order to store waste packages for longer time of 10-15 years, it is required that the existing procedures for radioactive waste management should be further improved.

6 Conclusion

At the DNRI, the problems of radioactive waste management have been successfully solved by implementation of the existing methods and facilities for treatment of liquid and solid wastes. The decontamination factor of liquid waste treatment can attain 1,000-10,000, and post-treated water with the radioactivity below 1 Bq/l is allowable for discharge into the environment. The volume reduction factor of compressible solid wastes is about 6 in maximum. The waste packages in 200-liter drums are convenient for handling and storage.

The experience gained and database collected will be very useful for development of the radioactive waste management in Vietnam in the future in order to ensure radiological safety for use of nuclear power as well as application of other nuclear techniques.

For treatment of solid wastes, however, it is required to supplement and develop the instruments and methods for characterization of waste forms and packages, as well as the decontamination techniques for the incompressible waste type, in order to improve the treatment quality and to minimize the volume of wastes to be conditioned. Also, it is necessary to gradually introduce automation to the treatment facility and procedures in order to enhance the efficiency of operation and the radiological protection for operating personnel.
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