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Abstract

The present caleulation covers the building shield during irradiation process and
under water stornge ol three million curries Cobalt-60 radiation source. The caleula-
tion results in a design requirement of 8 m depth of water in the source storage pool so
that the dose rate on water surface will be 2.8458%107'° Sv/hr, and the Dose rate on
the surlace of reinforced concrete of 1.70 m thick will Le 2.42040%10°* Sv/hr as a
maximum and of 1.90 m thick will he 6.6453%10™" Sv'hr as the minimum on the
ouler surlace of the irradiation room building. The citrance doors need to be
manulactured of lead of 0.10 m thick so that the maximum dose rate will be
13105107 Sv/le and 00 0.25 11 so that the minimum dose rate will be 8.2307x107"
Svihir on the outer surface of lead door .

I. Introduction

The gamma strilizer teehnique is case ol inand out of the water storage

onc of high throughput sterilizer for pool.

food and medical products

sterilization. A plant  of  such 2. Theory
technology  needs to consider many The meuin concern in shield cal-
different  mechanisms of engineering culation is on the physical propertics
and nuclear science aspects such as in and related parameters of both the ra-
particular a radiation shicld [, 2], In diation sourc: and/or the shield materi-
general,  the plant includes  major als.

components  such as a radiation shicld.

a Cobal(-60 gamma radiation source, a 2.1. Radiation Source

source opcrafing mechanism, a source The presen:  three million curies
pass  mechanism,  maze  conveyors, radiation  source is Cobalt-60 source
input  and  output  convevors.  and which emits two photons with encrgy
supporting  scrvices equipment [3].In Lyl =1.17NMeV and [y2=1.33 McV,
the present worke a radiation shield respectively.  This sterilizer radiation
calculation  of three million  cuaries source consists ol a flat vertical plaque
Cobalt-60} garmima source is carried oul carrying Coball-60 “Pencils™ and it is
lor installation  lood  and medical the form of a rigid rack which contains
sterilization lant  n g, he cight modules. There are 42 source
calculation covers the determination of pencils in cach module. The total
the dosc rate of a radiation source in weight of Cobalt-60 per pencil is 112
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gnt. The Cobalt-60 is doubly encap-su-
lated in ALCL Type C-188 stainless
steel pencetls with active length of Co-
balt-60 equals to 40.64cm.

The overall length of cach pencl is
451500 cm  and  with
diameter cquals to 1.1 lem.
Using the above information, the volu-
mctric  radiation source is calculated
from the formudated refation as:

end  caps

Sv=1.31258x10" By (1)
where,

Sv is the volumetric radiation seurce in
[MeV/em®see], and By is the emitted
gamma-ray energy [rom the Coball-60
source i [MeV].

The total gencrated heat rate in three
millien curies is caleulated from the
following formulated relation:
Q=5.0964 iy  Kcealores/hr (2)
where,

Q 1s the total generated heat source in
{Kealovies/hr]  and By is the total emit-
ted gamma-ray energy from Coball-60
in [McV].

2.2, Gamma-Ray Flux and Dose Rate
The gamma-ray [lux phulons/cmz.scc
due to Cobalt-60 radiation source at
any point in the shield is obtained as a
result  of application of point kernel
technigue and may be written as [4i:

[ ,usl{h-]
<l --e

) *bl
KALX K

where;
u
by = _lI/f,-ff,- is the linear attenuation co-
T
ellicient ol the core region, d, s the
; : Al ;
width of the i shictd component and
o is the average bullding  factors pa-
rameter tor shield {e=DBipry/pr]o o is
the linear attenuation coctticient of the

132

source region and Ry is the equivalent
source radius; B3 is the butldup factor.
The dose rate due to the gamma-ray at
specified point in the shicld is given as
[4]:

mrad/hr

D= yQy (4)

the conversion {actor

Where, Iy s
(plmmn/um2 .scc;)‘I <(mrad/hr).

3. The Shicld of Sterilizer Plant
The
mainly used as

reinforced  conerete s
a shicld for Cobalt-60
gamma-ray  source during irradiation
process.The source is kept in waler
storage pool and can be raised from the
storage as for irradiation. T'he
dose rates on the surlace of the water
and/or the reinforced conercte are cal-
culated in o-der to be in accordunce
with TAEA recommendations. Thgh
conecern on safety aspects of personal
and equipments 1S given a priority
shield calculations before and alier the
use  of the source tn irradialion process
for food and/or medical products.

needed

3.1 Water Storage Pool
A water-Tilled pool is provided in the
floor of the irradiation chamber lor
storage and replenishment of the Co-
balt-60 source pencils. The pool water
is subjected to certain spectfication in
order to be used as a shieldand asa
heart removal through a pool water
chiller which has a capacity ol remov-
ing 12.741 Keal/hr,
The  lincar atenuation cocthicient of
water at 12y=1.33 MeV s u-0.0612 em”
and the  batldup factor can be caleu-
bated by Fuplor’s Yoria (41
B(ur) =Ae™ " = (-7 t3)
where, A=172049 o =-50781 Lw-=
0.0232 for water at L= 33N eV,
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The air layers facing the Cobalt-60 ra-
diation source during irradiation proc-
ess have very low contribution in at-
tenuating  of  the present intensive
gamma-ray source. However, the air is
considered  as one of the shiclds media
and its linear coefficient at Ey=1.33
MeV is calculated as p=6.7857x107
em” and  the buildup  factor s
caleulated from  the following relation
[5]: |

By = 1+ k x (ur) (6)

where k= 1.E891 at Ey=1.33 MV,
The included doors in ptant building
adjacent  to  the irradiation room are
made  of lead which has a linear
attenuation  coefficient =0.6245cm™’
al Ey=1.33MeV  and the buildup fac-
tor s calculated using Taplor's for-
mula [ Ilq.5] but  with A =3.7883
C ooy = -0.03495 oy = 0.10480 af
LEy=1.33McV
3.2, Reinforced Concrete

A special type of reinforced conerete is
considered on basis of mixing specified
amounts of ordinary concrete and iron
the mixing process is based on caleu-
lating the volume fraction of ordinary
conerete and iron using the lollowing
refations :

" i
X - v hY o
£ ‘f.' =1 7 i_'lf' e Py

where! f) and pi (i=1.2.3 4,
represent the volume fractions and den-
sities of reinforced  concrete constitu-
ents. respectively |

The
reinforced conerete is caleulated using
the computed volume {ractions of the
ardinary conerete and iron that is

"
- X,
=1

(%)

lincar attenuation coeflicient of
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The buildup factor for reinforced con-
crete is calculated using Taplor’s for-
mula [Eq.5] with A=22.9357, a=-
0.0611 , and  a;=0.0158 at
Ey=1.33MeV . These constants are cal-
culated considering both the volume
{raction of ordinary concrete and iron
as caleulated by [ Eq.7 ).

4. Results and Discussion

The shield calculation covers
different layers in shield media such as
water storage pool , air - reinforced
concrele combinations , and lead doors
. 'the shicld physical parameters and

constants are calculated using interpo-

lation at Fy=1.33 MeV as indicated in
the above section {6,7].

The gamma-ray flux and the dose rate
at any point in the shield have been cal-
culated using [Eqs. 3-4], respectively
The calculated results of the dose rates
for water swrage pool . irradiation
room , and lead are listed in Table | .

5. Conclusion

The calculation results exhibit
good accuracy as compared with the
reported work [3]. The present caleu-
fation procedure may be adopted for
shield  calculation using  another
gamma source instead of Cobalt-60
such as Cesium-37 gamma source |
[Ti2 =30.0 year with Ey=0.656 McV
(85%)].
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*Reinforeed concrete of density p==3.50
pm/em?
density pf‘=2.351;m/cm" and  valune
lraction = 0.7913 and iron of densily
p=7.86 15111/(:1113 and volume {raction =
0.2087 .

o Suggested  Jead door dimensions
100 em width , 200 ¢cm height . and
thickness s n ccordance with the
sclected dose ruie in the above wable.

Lead densily p= 1k ng/cm"
permissible  dose rate equals (o 2.50
mrem/hr,
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