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ABSTRACT 
 
The Genesis II Irradiator manufactured by GRAT*STAR Inc. (USA) is a category III gamma irradiator in 
which the sealed source is contained in a water filled storage pool and is shielded permanently, i.e. the material 
has to move down to the source. Even though the pool is 5.6 m deep, what would happen if the water level 
lowered? There are a series of safety devices that will avoid this situation and calculations show that the water 
level has to be very low in order to deliver a significant dose; moreover, only in case a person remains at the 
border of the pool for a long time this would be risky. In conclusion, it is practically impossible for someone to 
be exposed to radiation from a Genesis II Irradiator source. 
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1. INTRODUCTION 
 
Category III is a type of self-contained irradiator, in which the sealed source (usually Co-60) 
is kept in a water filled storage pool and is shielded uninterruptedly: human access to the 
sealed source and the volume undergoing irradiation is physically restricted in the designed 
configuration and proper mode of use. The water,which acts as a shield and a barrier against 
intrusion, is usually circulating and it is de-ionized to minimize potential corrosion of the 
pool liner and all underwater components. The material has to move down toward the 
shielded source [1-4]. 
 
The product (or specimen) is either placed in a container or sealed into it, what establishes the 
necessary geometry for irradiation. It is, then, moved by remote means into the pool by a 
mechanism that may be manually operated but it is, usually, automatically controlled and 
may be monitored by a programmable electronic system (PES). This system controls the 
exposure time to deliver the prescribed dose [4]. 

 
The Genesis II Irradiator manufactured by GRAY*STAR Inc. (USA) belongs to this 
category of irradiator (Figure 1). It is a continuous-batch unit that irradiates the product at the 
bottom of a water pool.  The product is moved into the pool by special product containers 
(bells), via an overhead hoist and trolley system. At the bottom of the pool, the product is 
irradiated in a stationary position on its two sides. 
 
The pool conception consists of two pre-fabricated rectangular steel tanks. The inner stainless 
steel tank is positioned within a larger outer steel tank. Once in place, the six-inch space 
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between the tanks is filled with concrete [5]. This method increases the safety against 
radioactive and water leakage beyondSpecific Safety Guide No. 8 recommendation, item 8.77 
[3]. The inner tank is about 5.6 m deep, 2.4 m long and 2 m wide [5]. 
 
 
 

 
 

 
Figure 1: Genesis II Irradiator manufactured by GRAY*STAR Inc. (USA) 

 
 

2. MATERIAL AND METHODS 
 

The inner tank has four water level marks: 2B – two bells inside; 1B – one bell inside; 0B – 
no bell inside (regular level operation) and MIN – Minimum water level (Figure 2). 
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Figure 2: Water level marks of the inner tank 
 
 
 
The dose calculation at the pool border was made in the following conservative 

conditions: 
 

 The Co-60 irradiator source was considered punctiform (its real size is 1.7 m 
high x 2 m wide), in the middle of the source plan and with activity of 37 PBq 
(1 MCi). This is the maximum possible activity for this irradiator, although the 
manufacturer recommendation is up to 18.5 PBq (500 kCi);over this limit, 
there will be loss of efficiency. 

 There was no bell inside the pool. 
 The radiation attenuation by pencils, source holders, plenum, pool guard and 

other structures were not considered. 
 The water was in the minimum level, below the normal level operation, which 

is 0B. 
 
The considered punctiform source position is 4.6 m deep,1.2 m from the narrower side 

and 1 m from the wider edge (Fig 3). The reference point “P” to calculate all dose rates is 0.5 
m above the floor and in front of the source. The minimum water mark and the floor are at 
the same level.  
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Figure 3: Side view of Genesis II Irradiator tank showing the considered 

punctiform source localization (in the middle of source plan) and the 
reference point P,0.5 m above the tank edge. 

 
 
The equation 1 was used to calculate the dose rate [4]. 
 
 

  .A   
H =  B.e-(/).d.L mSv/h  (1) 
  R2   

 
H = equivalent dose rate at P 
 = 0.351 mSv.m2/h.GBq for Co-60 
A = Co-60 activity source in GBq, in this case 3.7 x 107 GBq (1 MCi) 
R = distance (m) between the punctiform source and P 
B = Build-up factor of the medium in which the source is in, in this case: water 
/ = mass attenuation coefficient for photons of 1 MeV = 0.0706 cm2/g [6] 
d = medium density, for water = 1 g/cm3 
L = distance (cm) between the punctiform source and P inside the attenuation material  
(water) 
 
 
Calculation of “R” by trigonometry: 
 
R2 = (5.1 m)2 + (1.2 m)2 ≈ 27.5 m2 or R = 5.2 m     (2) 
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Calculation of Buildup by Taylor [6, p. 415]: 
 
B (L) = A1.e-α1L + (1-A1). e-α2L          (3) 
 
For water and photons of 1 MeV: 
 
A1: 19.601; -α1 = 0.0904; α2 = -0.0252 
 = linear attenuation coefficient = 0.0706 cm-1 
L = mean free path = 0.0706xL 
L = distance between the punctiform source and the point P inside the attenuation  
material (cm) 
 
Therefore: 
 
B (L) = 19.601.e0.0904x0.0706xL + (1-19.601). e0.0252x0.0706xL 
 
 

3. SAFETY ANALYSIS 
 
3.1 The water at minimum level mark 
 
L calculus: L2 = (4.6 m)2 + (4.6/tan m)2 or L = 4.73 m = 473 cm 
 
Tan = 5.1/1.2 = 4.25 
 
Buildup: B = 357 
 

  0.351x3.7 x 107   
H =  357xe-(0.0706)x1x473 mSv/h 
  5.22   

 
H = 0.6 x 10-6mSv/h = 1.4 x 10-5  mSv/Day = 0.005mSv/year =5Sv/year 
 
 
The average worldwide background level of natural radiation is 2.4 mSv/year [7]; 

consequently, the dose rate addition from the Genesis II Irradiator in those conditions is 
negligible. 

The operator’s instructions advise him to maintain the water level at 0B mark. If the 
water level is below the limit, he manually has toreplenish the water loss. 

 
3.2 The water 0.5 m below the minimum level mark 
 
L calculus: L2 = (4.1 m)2 + (4.1/tan m)2 or L = 4.21 m = 421 cm 
 
Buildup: B = 249 
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  0.351x3.7 x 107   
H =  249xe-(0.0706)x1x421 mSv/h 
  5.22   

 
H = 1.46 x 10-5mSv/h = 3.5 x 10-4  mSv/day = 0.13mSv/year 
 
Again, this result is below the background level of 2.4 mSv/year;hence, the make-up 

automated system will replace the water up to 0B mark. 
 
 
3.3 The water 1 m below the minimum level mark 
 
L calculus: L2 = (3.6 m)2 + (3.6/tan m)2 or L = 3.70 m = 370 cm 
 
Buildup: B = 172 
 

  0.351x3.7 x 107   
H =  172xe-(0.0706)x1x370 mSv/h 
  5.22   

 
H = 3.78 x 10-4mSv/h = 9.07 x 10-3  mSv/day = 3.31mSv/year 
 
For workers operating in nuclear areas, the maximum number of hours of exposition 

per year is 2000, so: 
 
For 2000 h per year: H = 0.8 mSv/year 
 
Again, this is below the background level of 2.4 mSv/year. 
 
 
3.4 The water 1.5 m below the minimum level mark 
 
L calculus: L2 = (3.1 m)2 + (3.1/tan m)2 or L = 3.18 m = 318 cm 
 
Buildup: B = 117 
 

  0.351x3.7 x 107   
H =  117xe-(0.0706)x1x318 mSv/h 
  5.22   

 
H = 9.65 x 10-3mSv/h = 0.23 mSv/day = 84.5mSv/year 
 
For 2000 h per year: H = 19.3 mSv/year 
 
This is almost the occupational exposure limit of 20mSv/year for the whole body 

(averaged over five consecutive years or 50 mSv, in one single year) [8].  
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3.5 The water 2 m below the minimum level mark 
 
L calculus: L2 = (2.6 m)2 + (2.6/tan m)2 or L = 2.67 m = 267 cm 
 
Buildup: B = 78 
 
 

  0.351x3.7 x 107   
H =  78xe-(0.0706)x1x267 mSv/h 
  5.22   

 
H = 0.24mSv/h = 5.76 mSv/day = 2102mSv/year 
 
For 2000 h per year: H = 480 mSv/year 
 
The area monitors above the tank and at the deionizer system would warn it (trigger 

level in 10Sv/h or 10 x 10-3 mSv/h or 0.010 mSv/h), alerting operators and radiation 
protection officers before the water reaches the water level in question. 

 
 
3.6 Summary 
 
 Table 1 summarizes all results. 
 

Table 1: Equivalent dose rate estimation at 0.5 m above the pool edge, due to the 
water level reduction. 

 

Water level mSv/h mSv/day mSv/year mSv/2000h 

Minimuma XXXXXX XXXXXX 0.005 XXXXXX 

- 0.5 mb 1.46 x 10-5 3.5 x 10-4 0.13 XXXXXX 

- 1 mb 3.78 x 10-4 9.07 x 10-3 3.31 0.8 

- 1.5 mb 9.65 x 10-3 0.23 84.5 19.3 

- 2 mb,c 0.24 5.76 2102 480 

a:The operator maintains the water level at 0B mark manually.  
b: The automated system will replace the water up to 0B mark. 
c: Area monitors willwarn (trigger level in 10Sv/h or 10x 10-3 mSv/h), alerting 

operators and radiation protection officers. 
 
 
 
 



INAC 2011, Belo Horizonte, MG, Brazil. 
 

 

8

5. DISCUSSION 
 
The loss of water of an irradiator pool is very slow, due to the huge volume of water; 

therefore, a water level reducing process would not be detected by diary checklists. 
Nevertheless, the failure of the make-up automated system, the risk of area monitors to fail 
plus the occurrence of a worker to remain at the edge of the tank for a long time, without 
noticing anything wrong, would be an exceptionally improbable situation. 

 
Because of Genesis II Irradiator pool conceptionof three barriers:inner stainless 

steel tank, concrete layer and outer steel tank, there is no probability of losing water by 
leakage, only by evaporation. 

 
 

6. CONCLUSION 
 
The risk of workers be exposed to accidental doses beyond security levels, owing to 

the reduction of the water volume, is negligible. Moreover, periodic maintenance, “from 
cradle to grave” is done, including the verification of(a) the pool water, (b) the inner tank and 
everything inside it, (c) the make-up automated system, together with the action of area 
monitors. All these procedures will detect any abnormality in the beginning of the process 
and will trigger actions to mitigate the situation. 
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