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ABSTRACT
The International Atomic Energy Agency (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 design, fabrication, evaluation, and testing of a portable hot cell intended to address the problem of

disused SHARS in obsolete irradiation devices such as teletherapy heads and dry irradiators. This unit,

designed and manufactured by the South African Nuclear Energy Corporation (Necsa), can be

assembled, disassembled and packed inside two ISO containers and transported to the desired

destination with relative ease. The unit was also licensed by the South African Regulator, the

Department of Health (DoH), Directorate Radiation Control. This facility is used for the recovery and

conditioning of orphaned/ abandoned or spent high activity radioactive sources from teletherapy units,

gamma irradiators, and brachytherapy units. The hot cell was designed for a 3,7E+13Bq (1000Ci)

activity although it was demonstrated that it can handle activities of more than 7,4E+13Bq (2000Ci) with

ease. The biological shield of the SHARS facility consists of river sand sandwiched between metal

plates, and a viewing window filled with a 50% zinc bromide solution. The shielding effectiveness of the

river sand is evaluated experimentally by determining its density. The experimentally measured dose

rates are compared to the dose rates estimated by computational codes.

1 INTRODUCTION

The handling of Spent High Activity Radioactive Sources (SHARS) requires a substantial infrastructure

because it (SHARS) is normally contained in heavy and large working shields, and poses relatively long

half-lives. Most SHARS are Cobalt-60 and Cesium-137. These sources can only be manipulated inside

a hot cell.

At present the hot cell facilities and remote handling equipment for high radioactive sources are found

mainly in a few developed countries [1]. The South African Nuclear Energy Corporation (Necsa) in

collaboration with the International Atomic Energy Agency (IAEA) developed and commissioned a
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Mobile Hot Cell Unit (SHARS unit) which is capable of handling SHARS to a maximum activity

equivalent of 3,7E+07 MBq (10 kCi) Co-60 source [2]. This unit allows easy transfer of the source from

its Original Source Shield to the Long-Term Storage Shield [2].

The unit is constructed as follows:

Biological Shield (Hot Cell)

o The biological shield of the hot cell walls consisting of a double cavity wall 1,55 m wide

filled with ordinary river sand as shielding material. The sand, with a density of 1,494 g

cm-3 reduce the dose-rate from a 3,7E+07 MBq Co-60 source to acceptable working

levels.

o The walls consist of ordinary mild steel shuttering plates of which some has been

modified to allow for the respective ports and other openings. Steels rods are installed

between the inner and outer walls to provide for further strength of the walls.

o A working volume inside the cell of 2,5 m x 1,6 m x 3 m high.

o The roof consisting of three 0,23 m thick concrete slabs.

o The window consists of an oval shaped steel container with polycarbonate ends. The

window is filled with a 50 % zinc-bromide solution that will reduce the dose-rate on the

outer surface of the window to a modeled 0,062 mSv/h.

o Telescopic master-slave manipulators with a lifting capacity of 20 kg were decided upon.

o The hot cell is fitted with a jib-crane on the inside.

In order to create a negative pressure inside the cell an exhaust ventilation system was installed

together with a hepa- filter (absolute filter).

The cell is fitted inside with 4 video cameras allowing views at any position inside the cell.

The cell is further fitted with a table that covers the complete surface area of the cell, five sodium

lights, each with 300 Watts capacity, welding machine, leak test unit and a magnifying glass.

Long Term Storage Shield

o A long term storage shield (LTSS) was designed by RWE NUKEM in the UK for use by

the SHARS project. The shield has 4 drawers in a rotating carousel that has a total design

capacity of 3,7E+07 MBq.

o The LTSS was not designed as a Type B container (transport container).  The design of

the LTSS is loosely based on that of the MS Nordion F147 transport container. The

purpose of this was to allow for the possible transfer of source drawers between the F147

and the LTSS in case of source repatriation.
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o It was decided during the development project to place the LTSS on the outside of the

biological shell and to transfer the source drawer between the inside of the cell and the

LTSS through a transfer port in the wall [1].

Overhead Crane

o An A-Frame overhead crane is designed to assist during assembly/disassembly, to lift the

concrete slabs and to lift components such as teletherapy heads into and out of the cell.

o The crane moves on wheels on a rail and moves across the cell.

The purpose of this study was to evaluate the performance of a biological shield of a SHARS unit by:

o Comparing modeled and measured external and sky-shine dose rates, and

o Assessing the possibility of increasing the density of river sand.

2 METHODS

2.1 Density of river sand

The density of river sand was assessed in the following manner:

o The volume of the sand container (bucket) was measured at 5 litre and the mass of sand

at 7,47kg. This presented a density of 7,47kg / 0.005m3 = 1494 kg m-3 (1,494 g cm-3).

o A 5 litre bucket was filled with 7,47 kg of river sand.

o Water was gradually added into the bucket (with river sand) in quantities of 200 ml per

five minutes, and the bucket was weight after each addition of 200 ml water.

o River sand was saturated after the addition of 400 ml water.

2.2 Modeled external and sky-shine dose rates

External dose rates were modelled with the Microshield modelling code.

The MicroSkyshine and Mcsky modelling codes were used respectively to model the sky-shine dose

rates.

The diagram in Figure 1 shows a profile view of the facility [2]. It indicates the assumed point source in

the SHARS unit. Dose rates are modeled at a height of the window, which is 1,35 m above ground

(Necsa 2004). The dose rate modelling needed to be for the following:

-  Z = 0 m (Surface dose rate),

-  Z = 0,5 m (operator dose rate),

-  Z = 10 m (Member of public dose rate) (Necsa 2004).
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The operator is expected to be working at 0,5 m away from the biological shield, in front of the 50%

ZnBr2 viewing window. This is when the SHARS is inside the cell and he is using remote handing

devices (manipulators). R1 is the position of the source inside the cell. Members of the public will be

kept at least 10 m away from the SHARS unit by a public barrier.

The modeled dose rates were based on a maximum activity equivalent of 3,7E+07 MBq Co-60 source

[2].

Figure 1: Assumed point source in SHARS unit.

3. RESULTS

The results of the assessment of the density of river sand, the modeled and measured external and sky-

shine dose rates are presented in this section. Measured dose rate were taken on Cobalt-60 source.
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3.1 Density of river sand

The density of river sand was found to be:  = 1,572 g cm-3.

It therefore appeared that only 400 ml of water, possibly 500 ml, can be added to the sand.

• Assuming 400 ml, the density can be increased by 5,2 % by the addition of 8 % per volume

of water.

• When assuming 500 ml, the density can therefore at the most be increased by

6,6 % by the addition of 10% per volume of water.

3.2 Modeled external and sky-shine dose rates

The modeled external dose rates are presented on Tables 1 to 5.

TABLE 1: Direct external radiation dose rates from MicroShield (R1=0.775m)

DIRECT EXTERNAL RADIATION DOSE RATE (SOURCE IN CENTRE OF CELL, R1 = 0.775m)

Operator Dose Point Z =

0m from Outer Wall

(µSv/h)

Operator Dose Point Z =

0.5m

from Outer Wall

(µSv/h)

Public Dose Point Z =

10m

from Outer Wall

(µSv/h)

SAND

SHIELD
45 30 1.5

50% ZnBr2 27 18 0.92

TABLE 2: Direct external radiation dose rates from MicroShield (R1=0m)

DIRECT EXTERNAL RADIATION DOSE RATE (SOURCE AGAINST NEAR CELL WALL, R1 = 0m)

Operator Dose Point Z =

0m from Outer Wall

(µSv/h)

Operator Dose Point Z =

0.5m

from Outer Wall

(µSv/h)

Public Dose Point Z =

10m

from Outer Wall

(µSv/h)

SAND

SHIELD

102 58 1.7

50% ZnBr2 62 35 1.1
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TABLE 3: Sky-shine radiation dose rates from MicroSkyshine

MAXIMUM SKYSHINE RADIATION DOSE RATE (R1 = 1.25m)

OOppeerraattoorr DDoossee PPooiinntt ZZ ==
00mm ffrroomm OOuutteerr WWaallll

((µµSSvv//hh))

OOppeerraattoorr DDoossee PPooiinntt ZZ ==
00..55mm

ffrroomm OOuutteerr WWaallll
((µµSSvv//hh))

PPuubblliicc DDoossee PPooiinntt ZZ ==
1100mm

ffrroomm OOuutteerr WWaallll
((µµSSvv//hh))

NNoo RRooooff 117777 115533 5555
00..2233mm RRooooff 3322 2288 1100

TABLE 4: Sky-shine radiation dose rates from McSky

MAXIMUM SKYSHINE RADIATION DOSE RATE (R1 = 1.25m)

OOppeerraattoorr DDoossee PPooiinntt ZZ ==
00mm ffrroomm OOuutteerr WWaallll

((µµSSvv//hh))

OOppeerraattoorr DDoossee PPooiinntt ZZ ==
00..55mm

ffrroomm OOuutteerr WWaallll
((µµSSvv//hh))

PPuubblliicc DDoossee PPooiinntt ZZ ==
1100mm

ffrroomm OOuutteerr WWaallll
((µµSSvv//hh))

NNoo RRooooff 113322 112266 5588
00..2233mm RRooooff 3322 3300 1144

Figure 2: A graph of total dose (Sand shield + 0.23m roof) from MicroShield and MicroSkyshine.
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3.3 Measured Dose Rates from a Cobalt-60 source

The results are presented in Table 5.

TABLE 5: Measurements on Cobalt-60 source

DATE: 2007/02/28

BACKGROUND: 0.06 µµSSvv//hh

CURRENT SOURCE ACTIVITY: 7,8E+07 MBq (2116 Ci)

MMEEAASSUURREEMMEENNTT PPOOSSIITTIIOONN
EEXXTTEERRNNAALL DDOOSSEE

RRAATTEESS MMOODDEELLLLEEDD
FFOORR 3,7E+07 MBq

((µµSSvv//hh))

EESSTTIIMMAATTEEDD
((µµSSvv//hh))

MMEEAASSUURREEDD
((µµSSvv//hh))

11 AAggaaiinnsstt wwaallll 112255 226655 550000
22 AAggaaiinnsstt wwiinnddooww

((ssgg == 11..66))
8855 118800 7722

33 00..55mm ffrroomm wwaallll 7777 116633 4422
44 00..55mm ffrroomm

wwiinnddooww
5544 111144 3300

55 1100mm ffrroomm wwaallll 1122 2255 1188
66 1100mm ffrroomm

wwiinnddooww
1111 2233 00..0066

4. CONCLUSION

The shielding effectiveness of river sand is dependent on the sand’s density. It was found that density of

river sand can be increased by 6,6%, by the addition of 10% per volume of water.

From the values in Tables 1 to 4 and Table 5 for measured values reveal that there is a correspondence

between modeled and measured values. It is obviously clear to conclude that river sand and 50% ZnBr2

are effective shielding materials and economical. The biological shield of the SHARS unit as a whole is

effective and keeps the doses to the operators and the public ALARA.

There is still room for improving this unit since this is the first SHARS demonstration unit assembled.
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APPENDIX 1: PICTURES OF THE SHARS UNIT

Figure 1: Construction of the SHARS unit.
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Figure 2: The SHARS unit being filled with sand, and rods holding the outer wall.
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Figure 3: The completed SHARS demonstration unit.


