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Abstract

About 160 industrial radiation facilities using Co6o are currently in
operation in about 45 countries, many of them in developing countries. Most
of these facilities are used for sterilization of medical products and
pharmaceuticals, with a small number being used for processing of food
items. The total installed capacity for processing of medical products at 20-
25 k.Gy is about one million ton annually.

There is a need to make some modifications on the design of these
radiation canyons to allow radiation research, during mass production. By
designing a new track for experimental research which can pass inside and
outside radiation canyon trough a special maze (labyrinth). The research
samples will be put in two boxes out side the research door and they will go
inside the canyon through research maze and stopped behind the products
cars on two position, facing the source rack which will be in radiation
position. The boxes will return back after finishing the exposure period.
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Introduction

The radioactive isotope Co 60 is the main source of gamma

radiation for industrial applications. The isotope is artificially

produced in nuclear reactors or cyclotrons by exposure of metallic

cobalt to high intensity neutron flux.

After irradiation in the eactor, each C060 source is sealed inside

a double stainless capsule. Over 60.000 individual source elements

(Pencils) are in use world wide, corresponding to a total activity of

about 4000-5000) PBq 120 Mci). There has never been a case of
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major contamination of the immediate environment with such sources.

Many of these have been in operation for 20-25 years.

In a typical industrial irradiation canyon, the Co 60 pencils are

arranged in a source rack which can be lifted into a radiation area for

processing and afterwards lowered back into a safe position, usually at

the bottom of a pool of water of 5.5m depth. During processing the

source is stationary and products are moved on converse around it.

The source-product geometry, product density, source activity and

total time of irradiation determine the absorbed dose. Since the first

three parameters are normally constant Co 60 source decays by about

1% per month and is regularly recalibrated, the irradiation time

remains the chief process parameter.

The irradiation area is surrounded by a thick concrete wall to

prevent radiation exposure of the operators and public the wall

thickness is determined on the basis of the maximum foreseen activity

and the criterion that the radiation level outside the radiation area

remain lower than the maximum permissible level, very often it is the

room on a conveyer belt which is exposed to the radiation. When the

products have been exposed for a sufficient a mount of time, the rack

is owered back into storage pool. The irradiated products leave the

shielded room. Personnel are operating the irradiator work outside the

room and are protected by thick concrete walls. When the rack is in

the storage pool, it is safe for workers to enter the room as shown in

Fig (1), 2).
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Material and Methods

Al aze Design:

Accurate calculations of the exposure rate and energy spectra

c;l points along a concrete maze are difficult to perform. At present

dc tailed calculations of the attenuation in concrete mazes have been

cc,Tined to two-legged concrete ducts 3].

The amount of work required for detailed calculations for mazes

, I h more than one right-angle bend becomes prohibitive and maze

dcsigners must either rely on measurements to determine exposure

rates at the entrance of maze with serial legs or must make order of

magnitude estimates using purely empirical formula. Maze enhances

for Industrial irradiation designed by (AECL) are based on both

calculations and measurements. The radiation incident upon the maze

walls due to singly-scattered radiation is alculated by dividing the

scattering areas into small segments and calculating the amount of

singly-scattered radiation from each segment. The dose rate from the

small scattering area 41 is given by:
Do a Eo I 00 I 9) Acos 0

D 2 2
r r2

where:
a E01 00, 0 is the differential exposure albedo.

A is the area of the scattering surface

Do is the exposure rate at one unit length from the source

Eo is the initial energy of the gmma rays from the source values of

the differential dose albedo.
a (E0 00.)OV) have been calculated by Rosso using the Monte Carlo

method. Using the Rasso data, chilton and Huddleston developed the

following semi empirical equation for the differential exposure albedo
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C(E 0)K(E) s)I 0-6 + C E 0)

a E0, 00, OP) 1 + cos E / cos E)
0

where C (E.) and C (Eo) are constants for a given energy, K 0,) is the

Klein Nishina differential energy scattering coefficient

0, is the angle through which the radiation is scattered and is given by

cos 0 = sin 00 sin 0 cos 0 cos cos 00 cos 0.

For cobalt-60 gamma rays E = 125 Mev.

C 1.25 MeV = 00665

C' 1.25 MeV = 0107

The calculated values of the differential exposure albedo for

cobalt-60 gamma rays have been verified by measurements at AECL.

The energy of the single scattered radiation is given by:
E

E 0
E

+ 0 (I-COSOS)
0.511

The required thickness of the maze walls required to attenuate

the singly scattered radiation of energy E and corrections for lower

multiply scattered radiation are made using information obtained from

measurement of the radiation fields in and around mazes built by

AECL.

For maze walls where no singly scattered radiation is incident

and the maximum radiation s energy is due to doubly scattered

radiation an estimate of the incident doubly scattered exposure rate is

obtained by calculating the scattering from one surface to another

surface and then the wall.

The energy of the gamma rays impinging on the second area is

assumed to be the energy of a gamma ray having one Compton scatter

at the centre of the first area and going to the centre of the second
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area. For the second scattering the parameters C (F,) and C' (,) are

approximated by

C E,, = 00561 E 0-174 and C (E.) = 00122 E - 633 . Again corrections
0 0

for lower energy multiplye scattered radiation are made from

measurement data.

Detailed measurements of radiation fields inside maze have

been performed by AECL for two shielded room facilities in Ottawa,

the irradiation at St. Hilaire, Quebec and the Ethicon medical products

sterilizing irradiator in Somerville, New Jersey. In addition, surveys of

the exterior radiation fields were performed on numerous other

industrial irradiators built by AECL.

These extensive measurements confirm that the recommended

maze shielding provides adequate protection.

-All calculations and radiation measurements cleared that it

useful to design a research track for experimental research in the

Eastern Irradiation canyon Co 60 irradiator. Such as iadiation canyon

in Egypt is shown in Fig 3).

-In the Le Doux-Chilton program rl, r2 , 02 0 ad were

considered constants over primary scattering area. This would not be a

bad approximation for ducts with very long legs, but could give

erroneous answers for ducts with legs of medium for short lengths.

-All the dimensions of the Eastern irradiation Canyon are longer

than the western design.
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Results and discussions

Pdrnary Shielding:

The transmission of cobalt-60 gamma radiation in concrete is

shown in Fig 4 The exposure rate from curie point source of

cobalt-60 is 1.3x103 m rem and varies inversely with the square of the

distance, plus concrete thickness for the primary shielding. This is

determined by calculating the maximum exposure rate outside the

shielding wall for a point source with correcting for source geometry

and absorption within the source plaque. Some sample calculation are

given below.

Maximum field outside external wall parallel to source plaque.

Concrete thickness = 67.0 in 170.18 cm

Transmission = 113 x 10-8

Distance from source plane to exterior surface of wall = 208.in

(520 cm).

Exposure rate due to point source of 1,000,000 curies of cobalt-

5 (39.37 2 10- =
60 = 13 x103 x 1.0 x 10' x 113 x 0.5 m rad/h

� 208

1.3 x 103x 20 x 10 39.37 )' X 19 x 10-9 = 04 mrh
208

Self absorption factor and geometry for transferring point source

calculation to that for 36.0 in 91.4 cm) x 60.0 in 152.4 cm) plaque

source =0.65.

Maximum exposure rate = 077 m rad/h

This is below the design level of 20 m rad/h

Maximum field on roof.

Concrete thickness = 57.0 in 144.8 cm)

Transmission = 193 x 10-7
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Assume point source of centere of source plaque.

Distance from source to roof = 119.0 in 302.3 cm)

Exposure rate due to point sources of 1,000,000 curies of Cobalt 60

1.3 x. 103 X l. X 106 39.37 T' x 193 x 10-7 =9.7 m rad/h
( 200

103 48 21.3 x x 2 x 106 x 19 x I = .0 mrh
200

Self absorption and geometry factory for vertical source plaque = 020

Maximum exposure rate = 5.5 m rad/h This is below design level of 15.0

m rad/h as a maximum.

Monte Carlo Calculations

Monte Carlo calculations have been carried out using te

MULTIKENO-NIEW code for the new gamma irradiation facility with

geometry as shown (in plan view) in the figure 3). The calculations

were performed for 150 generations, each with 127000 particle

history. The three dimensional flux was calculated at different

positions 26 position), from which the gamma volume dose was

obtained for these positions.

Tables ) to 4) give the results of the volume dose of gamma at

the different positions indicated in the figure (5) inside and outside the

facility.

Design description:

Figure 3) shows the geometry design of the gamma iadiation

canyon where its dimension in meters is 21.8xI7.4x5. All shielding

,%valls are of concrete of density 23 g/CM3. The thickness of ceiling is

1.8 m, while the ground is one meter depth. The iadiation source is
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cobalt-60 of activity 2 mega curies with dimensions: 2Oxl.Oxl5O (in

cm) of position Cl.

The lower edge of the source rack is 50 cm above the ground.

Table (1): Volume Dose at 32 positions in Irradiation Facility

Position Volume Dose (rem/h) Position Volume Dose (rem/h)

1 9.96 E-4 17 1.28 E-5

2 0.0 18 0.0

3 0.0 19 0.0

4 7.15 E2 20 0.0

5 0.0 21 0.0

6 0.0 22 0.0

7 1.30 E-6 23 2.39 E-5

8 0.0 24 0.65

9 0.0 25 3.45 E-2

10 0.0 26 3.40 E-3

1 1 0.43 27 1.99 E-1

12 23.06 28 0.0

13 31.68 29 0.0

14 10.15 30 0.0

15 4.07 31 0.0

16 2.02 32 0.0
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Table 2): Maze for Sample Irradiation:

Position Dose (rem/h) Position Dose (rem/h)

16 2.02 5 0.0

11 0.43 9 0.0

4 7.15 E-2 19 0.0

I 1 9.96 E-4 21 0.0

Table 3): Maze for Product and Workers:

Position Dose (rem/h) Position Dose remfh)

13 31.68 6 0.0

12 23.06 8 0.0

14 10.15 18 0.0

27 1.99 E-1 22 0.0

25 3.45 E-2 28 0.0

26 3.40 E-3 30 0.0

23 2.39 E-5 31 0.0

17 1.28 -5 32 0.0

7 1.30 E-6
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Table 4): Doses in Direction Across Shielding Walls:

0) H)
Positio Dose Dose Dose

n (rern/h) Position (rem/h) Position (rern/h)

1 1 0.43 12 23.06 17 1.28 E-5

7 1.30 E-6 14 10.15 18 0.0

8 0.0 15 4.07 19 0.0

9 0.0 16 2.02 1 20 0.0

10 0.0

(iii) OV)

Position Dose (rem[h) Position Dose (rern/h)

24 0.65 27 1.99 E-1

23 2.39 E-5 25 3.45 E-2

22 0.0 26 3.40 E-3

21 0.0 28 0.0

29 0.0

Conclusion:

'ne need to make a research track for Eastern Irradiation Canyon

become necessity through designing a research maze (Z maze) see Fig

(3).

The design will maintain safety, where the legs of this concrete maze

has the same dimension as the Western radiation research maze. If the

legs dimensions become longer than in the western canyon it is not a

problem because the eastern irradiation Canyon is bigger than the

western one. The research maze will be safe.
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-Dose level outside the facility is Zero

-Dose level at the entrance of each of the main maze for operators and

mass production and the new suggested maze for research samples are

zero

-Dose level at the first path from the entrance of each of the two

mazes is also zero.
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Fig. 1 A floor plan of industrial Irradiation canyon,
Cobalt-670 irradiator, Deir El- Hagar, Damascus
Eastern irradiation canyon before modification
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