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ABSTRACT 

The SHARS mobile hot cell was designed and manufactured by Necsa intended to address the problem of disused 

Spent High Activity Radioactive Sources (SHARS) from teletherapy units, gamma irradiators and brachytherapy 

units. This unit is to be used in countries with no remote infrastructure to handle SHARS. The hot cell was designed 

for a 3.7E+13Bq (1000Ci) activity although it was demonstrated that it can handle even more than 7.4E+13Bq 

(2000Ci).  The unit has a biological shield which consists of river sand sandwiched between metal plates and a 

viewing window filled with 50% zinc bromide solution. The unit was designed to provide sufficient shielding to 

ensure that doses are kept ALARA (As low As Reasonably Achieved). This paper compares the modelled dose rates 

with the actual measured doses during operations conducted in Sudan, Tanzania and Uruguay. It also presents the 

key lessons learned in the application of the ALARA principle during the SHARS missions. The new working 

practices and additional methods are proposed in order to reduce doses in accordance with the ALARA principle. 
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INTRODUCTION  

The application of sealed radioactive sources is widespread with sources of different types and activities 

used for a very wide range of applications. The activities of such sources range from very low activities 

for sources such as reference sources to Spent High Activity Radioactive Sources (SHARS) with activities 

in excess of 10kCi. During the earlier years mainly Radium sources were used in mostly medical 

applications. Since the early 1950’s, however, a greater variety of isotopes became available for use in 

medical as well in industrial applications. Today thousands of sources are used all over the world in 

developed as well as in developing countries. 

 

The proper management of sealed radioactive sources, once they have reached the end of their useful life 

has become a worldwide problem. In many countries there is a lack of proper management due to a poor 

or absent accounting infrastructure. Some countries do not have legislation in place to regulate the control 

over spent sources. The problem exists in both developing and developed countries with some differences: 

Developing Countries: Many sources are lost due to inadequate accounting systems or as a result of a lack 

of expertise or funds. 

Developed countries: A large number of sources are normally found in these countries. This makes record 

keeping and accountability very difficult. A small percentage of sources lost may still account to a large 

number of sources. 

 

The management of SHARS is specifically very problematic. No standard procedures or suitable 

technologies exist for the handling of SHARS outside of their original working shields, other than 

countries or facilities with hot cell facilities and remote handling equipment. SHARS, after use, are often 

kept in storage in their original working shields in the same facilities where it was used. These facilities, in 

many instances, have little or no physical security measures in place and much is relied on the fact that it 

is difficult to move these units due to the weight thereof. It is, however, fairly easy to remove the SHARS 

from such a working shield. 

 

During earlier years the main concern with the management of sealed sources mainly revolved around 

safety issues. This has now changed where the security aspects related to sources has become a major 

driver for the proper management of especially spent radioactive sources. This is due to the continuous 

threat of sources being used in acts of terrorism. 

 

The International Atomic Energy Agency (IAEA) has during the early 1990’s identified the need for better 

management of sealed radioactive sources and has since implemented various programmes to address this 

need. One such programme is the very successful radium conditioning programme where expert teams 

would move into a country (mostly developing countries) to condition or “make safe” the radium source 
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inventory in that country by collecting the sources, sealing it in stainless steel capsules and sealing it in a 

lead shield inside a concrete drum, thus ensuring that it is safe and more secure. The drum with sources is 

then placed under the supervision of the responsible organization in that specific country. 

 

Following on the success of the radium conditioning programme, and also the need to find solutions for 

the proper management of SHARS, the IAEA Waste Technology Section, during 2003, identified the need 

for a mobile unit to handle SHARS. Such a unit could then be shipped to countries without the required 

infrastructure to handle SHARS and thereafter be shipped out of the country again. 

 

In December 2003 the IAEA Waste Technology Section contracted the South African Nuclear Energy 

Corporation (Necsa) to develop a basic design for a mobile SHARS conditioning unit. This work was 

completed in 2004 where after Necsa was contracted in 2005 to perform the detail design, fabrication, 

evaluation and testing of a mobile SHARS conditioning unit. The IAEA Waste Technology Section with 

additional support from the U.S. National Nuclear Security Agency (NNSA) through the IAEA Nuclear 

Security Fund has funded the project. 

 

The need for a mobile hot cell was due to the lack of infrastructure in developing countries. Necsa in 

collaboration with IAEA developed and commissioned a mobile hot cell unit for the conditioning of 

Disused High Activity Radioactive Sealed Sources (SHARS)which is capable of handling SHARS in the 

order of 37 TBq Co-60 
[i]

. 

The common sources that are conditioned in the mobile hot cell are Co-60 and Cs-137. Co-60 has higher 

coefficients and gamma energies than Cs-137 and thus considered for normal operations is a 37 TBq Co-

60 source. 

 

MOBILE HOT CELL DESIGN 

The mobile hot cell is constructed as follows 
[ii]

 (See Appendix 1for pictures): 

 The biological shield of the hot cell consists of a double cavity mild steel shuttering wall 1.55m 

wide filled with ordinary river sand as shielding material.  

 A working volume in the cell of 12m
3
. 

 The roof is made of three 0.23m thick concrete slabs 

 The window is made of an oval shaped steel container with polycarbonate ends, filled with 50% 

Zinc Bromide. 

 Telescopic master-slave manipulators and an internal jib crane are used to lift and handle various 

objects within the cell. 

 To create negative pressure inside the cell an exhaust ventilation system was installed with heap 

filter (absolute filter). 

 Video cameras are installed in the cell to allow viewing of any position. 



 A long term storage shield (LTSS) designed by RWE Nukem in the UK for use by the SHARS 

project is attached to the cell at a port for transfer of sources. The shield has four drawers in a 

rotating carousel that has a total design capacity of 3.7E+07 MBq. The design of the LTSS is 

based on that of the MS Nordion F147 transport container for easy transfer in case of source 

repatriation. 

The conditioning operation is conducted by a team of five members. The steps that are followed for 

operation are as follows: 

 

PROCESS FLOW DESCRIPTION 

Figure 1: SHARS operation flow diagram  

During the pre-mission checks should be performed to ensure that the source is not leaking. If the source is 

found to be leaking then other measures are to be taken and the process described here will not be 

followed
[i]

. 

 In the case where no leakage is found the original source shield is removed from the original position and 

brought to site. It is ensured that the source is safely contained and shielded. The irradiator is partially 

dismantled in a radiologically controlled area, without exposing the operator directly to the source, up to a 

stage where the source can be removed in the cell with manipulators. The dismantling operation could 

include cutting welds and so forth. After the holdings and welds are cut, the original source shield is 
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transported into the biological shield using the overhead crane. The cell roof is then closed. The original 

source shield is dismantled using the master-slave manipulators and the source removed. Contamination 

tests are now done again, before and during removal.  Whether the source or sources are found to be 

leaking or not, it is then encapsulated into a stainless steel capsule and placed into the drawer of the Long 

Term Storage Shield (LTSS). The welding machine to be used for encapsulation would already be setup in 

the cell and the applicable encapsulation capsule would also be ready. After welding an SABS approved 

leak test method is performed to verify that the capsule is well welded. The coupling is also removed. The 

LTSS is then transferred to a storage room. The drawer is withdrawn back into the LTSS through the hole 

in the wall of the biological shield the LTSS is then removed and secured. [i] 

 

ALARA TARGETS AND RESULTS 

The ICRP recommended annual dose limit for any occupationally exposed person is 20mSv per year. This 

dose limit was also adopted in South Africa as applicable to occupationally exposed persons. 

An ALARA dose target for the members of the team performing the conditioning of SHARS using the 

mobile hot cell was set at 4mSv per annum. 

Assumptions 

 The modelled dose rates were based on a maximum activity equivalent of 37 TBq (1000Ci) of Co-

60 source (higher dose coefficients and gamma energies) 

 The operator works on average 0.5m away from the cell. 

 Each person will be involved in a maximum of four missions a year. In practice, however, it 

showed that a maximum of only two missions per year could be executed. 

 The ALARA target for each mission is 1mSv.  

Table 1: Doses per operation 

Mission No. of sources Total Activity 

(MBq) 

Duration of 

mission 

(Week) 

No. of operators Average dose 

(μSv) 

Demonstration 2 1.56E+8 1 9 207 

Sudan 20 4.93E+7 3 5 1283.8 

Tanzania 17 4.88E+6 3 5 613 

Uruguay 28 7.63E+7 5 9 1366 

Although in some instances the ALARA target of 1 mSv per operation was exceeded, it should be noted 

that a maximum of only two operations realised in one single year and that it would practically not be 

possible to undertake more operations in one single year. Furthermore, there are two teams performing the 

SHARS conditioning operations therefore resulting in a team member not performing more than one 

operation per year. 

Considering the average doses and the fact that no one person participated in more than one operation in a 

given year, the doses received are slightly above the ALARA target of 1mSv per mission. 



 

LESSONS LEARNED 

The following aspects were regarded as lessons learned after the first number of SHARS conditioning 

operations using the mobile hot cell: 

 The safety assessment did not forecast doses to be above 1mSv per mission. At the time, however, 

the number of sources to be conditioned per operation was underestimated. It was assumed that a 

maximum of 4 SHARS of 1000 Ci activity would be conditioned per mission.  

 The safety assessment based exposures on set times for each step of the operation and 

consideration was not made of complexities of dismantling other heads and removing sources, 

special requirements and additional activities such as temporary  storage of sources in the storage 

shield and handling them again later on when setting the ALARA target.  

 Some of the complexities experienced include: rusted heads and source capsules, limited 

information of the source head to dismantle, points which are hard to access at the position the 

head is placed and different designs for the same type of head.  

 Additional tools were needed at times to supplement the special tools. These were added when the 

cell was still open. 

 Consideration was not made of additional activities such as photographing of source numbers for 

verification purposes, special requirements for the positioning of sources in a capsule before 

sealing. 

 Some of the experiences were 

o Unexpected number of sources in a head 

o Wrong source information in terms of activity 

o Different types and sizes of tools for sources in the same head which were not known of 

before hand 

o Dirty sources which need to be cleaned for the source number to be visible and noted 

 The assumption made was that after putting sources in a capsule it would immediately be welded 

closed which proved not to be practical. That resulted in the same sources being brought into the 

cell more than just once, to fill up the capsule after dismantling a different head and for welding. 

 The problem experienced in Sudan was the dusty and extremely hot environment which made it 

hard to operate. The team worked in the evenings with sand storms reducing visibility and slowing 

down the pace of the operation. 

 Different challenges arise during the mission which makes operators tired and stressed making it 

difficult to concentrate resulting in prolonged exposures. 

 Poor compacting of the sand during construction results to elevated dose rates below the window 
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RECOMMENDATION 

 The Safety Assessment needs to be revised and consider the experiences from the performed 

operations 

 Attention should be given to the working in and compacting of the sand below the window during 

construction 

 It should always be assumed that the head might not use the tool described and additional tools 

that might be possibly needed should be placed in the cell before it is closed 

 All members of the team must be able to perform the dismantling operations so that when the dose 

rate is high, operators can take turns and thereby spreading the dose reducing individual dose. 
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APPENDIX 1: PICTURES OF THE SHARS UNIT 

 

Figure ii: Construction of the SHARS unit. 

 

Figure iii: The completed SHARS demonstration unit. 


