Calculations to estimate the dose effects from the use of Varian 1800 (e-Zapper) in open field tests at Technical Options, Newark, Ohio.
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Experimental Setup:
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Assumptions / Conditions:

(1) Electron beam energy at output port = 9 MeV 3.

(2) Accelerator operates at 275 mAmps, with ½ % duty cycle 3.

(3) Operators at approximately 50 feet, which has been rounded up to 13 meters 3.

(4) Electrons leave accelerator through 2 mm output port and spread at an angle of 15o 2,3.




(5) Target Located 20m from output port

(6) Beam stop constructed of aluminum.

(7) Neglect interactions of electrons with surrounding concrete pipe when analyzing beam stop.

(8) Dark current emitted behind accelerator has magnitude of 350 mrem/hr at 1m from system  and will always be in existence even when accelerating voltage is not applied to tube 2.

(9) All equations, calculations, interpolations of graphs – based on NCRP report #51 1
(10) Quality Factor (Q) is unity for both x-rays and electrons.

(11) Neglect loss of electrons in air when hitting target (assumption recommended to be made by NCRP 51).

(12) Target can be treated as low Z material.

Electron Projected Range and Range in Air/Aluminum/Target

Rpr = 0.53E – 0.106





(App B.2)1
where

Rpr = projected electron range, g/cm2
E = electron energy , MeV

	Medium
	Medium Density (()

(g/cm3)
	Rpr
(g/cm2)
	Range (Rpr/()

(cm)
	(Rpr/()

(inches)

	Air
	.0012
	4.66
	3883
	1529” or 38.8m

	Aluminum
	2.7
	4.66
	1.73
	.68

	Plastic
	1.0
	4.66
	4.66
	1.83


Beam Cone Characteristics – Radius, Area at 20m from Output Target with 15o Angle of Spread


Average Absorbed Dose Index Rate at Target (
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(App. B.2)1
where

	E
	=
	Electron Energy, MeV

	I
	=
	Current Density of electrons impinging on surface of material, mA/cm2

	Rpr
	=
	Projected Electron Range, g/cm2


   For system being tested:

Current = 275 mAmps

Output Port aperture diameter = 2mm = 0.2cm

Output Area - (R2 = ((0.1cm)2 = 0.0314cm2
Duty Cycle = 0.5% = .005

I = 
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Rpr (air) = 3883 cm

E = 9 MeV

At Output Port:
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At Target (20m from Output Port):

I = 
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X-ray Emission Rates in Beam Stop:

For 9 MeV incident electron:
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where:



= 0.5  (at 0o in Aluminum/Concrete)
E.31
        In sideward direction (90º)

I = Beam intensity at beam stop, 
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 EMBED Equation.3  [image: image18.wmf]2
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0o Angle, 20 m from output port:

Assume beam stop at same distance from output port as target (20m)

I = 6.33x10-6 
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90o Angle, 20m from output target:
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90o =  6.33 x 10-2 
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X-ray emission rate (Q=1):

	Angle of emission
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	0o
	26.3
	26.3

	90o
	1.05
	1.05


Shielding requirement to reduce dose rate to 2 mrem/hr limit at exclusion boundary of tests.


Assumptions:

(1) Each shot is of 1-second duration

(2) 5 shots are performed each hour

(3) Exclusion boundary at beam stop

At beam stop, dose rate would be:

	Angle of emission
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	26.3 
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	90o
	1.05 
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Note:  (Doses are interpolated as being at 1m from beam stop per ref 1).

10th Value Layer Thickness of Soil



=  15 inches 
Fig E.121
NCRP says that one should adjust concrete’s 10th value thickness by ratio of density of comparison material to that of concrete.

Assume:  
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TVLsoil = 10th value layer thickness of soil for 9 MeV electrons


= (1.2)(15 in.) = 18 inches 

Soil requirement (t) at 0o angle to beam:
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65500 = 10(-t/TVLsoil)
log10 (65,500) = t/TVLsoil
t = TVLsoil log1065,500

t = 18 in. (4.82) = 86.8 inches

Soil requirement at 90o angle to beam:
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t = TVLsoil log10(2625) = 61.5 inches

Shield Design



Dose to Operators:

Assume beam contained by a 1-meter diameter concrete pipe as shown below:

 


X-rays emitted at 135o angle of incidence.  Assume x-ray emission rate same as that at 90o angle or 5.25 Rem/Hr (this is dose at a distance of 1m from surface of beam stop as per explanation in NCRP #51).

This would be attenuated by 
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 law from target/beam stop to the operator location.
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Soil requirements to operators:

2 
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t = TVLsoil log 4.65
t = 18 inches (.667) = 12.0”

Effect of Concrete Pipe on X-Ray production:
- Assume as done in operator dose calculation, that the beam is surrounded by a 1m concrete pipe


X-Ray Production will occur when beam diverges sufficiently such that it intersects the concrete pipe.  Determine X:




tan 7.5o = 
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Intersection occurs at 3.8m from output port.

Assume intersection occurs linearly between 4.0m and target.

Cross-sectional Area of concrete pipe (1/2 m diameter) = .785 m2.  
Cross-sectional of beam if unrestricted and grows at 

7.5o half angle from centerline axis to target/beam stop 

at 20m.

Fraction of beam which  
intersects concrete

X-Ray emission rates (9 MeV electrons)
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At 0o angle:

I = 
[image: image54.wmf]2

1

275

r

A

mAmps

beam

  (r = distance from output port)
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I will decrease as 
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 of the distance from the output port.  However, the distance the x-rays emitted in the x-direction will increase by r2 to the beam stop.  Hence there is no change in the x-ray production in the 0o angle and the same thickness of soil is required to reduce the dose to 200 mrem/hr at the boundary of the exclusion zone.

At 90o emission angle (neglect 7.5o intersection angle):
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Since 96% of beam intersects with concrete between 4m & 20m
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The x-ray production rate will vary directly with electron beam intensity striking the concrete.  The electron beam intensity will vary inversely proportional to the beam’s cross-sectional area, which in turn will vary as r2 from beam output port or increase as  
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    from beam stop.


rbs = distance from beam stop, m

5.25
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Assume concrete ρ = 1.2 grams/cm3
Range of electrons in concrete = 
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Note:  All electrons are stopped by 2” of concrete.

	Distance from output port (meters)
	Distance from Beam Stop (meters)
	90o x-ray production (Rem/hr)


	20
	0
	5.25

	19
	1
	5.78

	18
	2
	6.35

	17
	3
	6.94

	16
	4
	7.56

	15
	5
	8.20

	14
	6
	8.87

	13
	7
	9.57

	12
	8
	10.29

	11
	9
	11.04

	10
	10
	11.81

	9
	11
	12.61

	8
	12
	13.44

	7
	13
	14.28

	6
	14
	15.17

	5
	15
	16.07

	4 (First intersection of beam with concrete)
	16
	17.01


Average X-Ray Production = 10.61Rem/hr at a distance of 1m from comcrete.

Note:  Because of the high x-ray production, no personnel will be allowed next to the concrete pipe when the system is in operation!!

X-Ray Production in lateral direction in concrete:












Assume each x-ray component must travel 20m to reach exclusion boundary.  Soil barrier can be located anywhere inside exclusion area.  Location based on ease of facility operation.
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Determine thickness of soil needed to reduce dose to 2 mrem/hr:
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t = TVLsoil log10 (13.25)

t = 18 inches (1.12) = 20.2”


Extending the soil barrier entirely along length of concrete pipe will then provide needed protection for operators.  Operators to be moved back 20m.
Dark Current Shield
· Exists at 180o from e-Zapper beam port

· May exist even when machine voltage is not applied




rdc  = distance required to reduce dark current (dc) to 2 mrem/hr from dark current, m
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[image: image69.wmf]
rdc2 = 175 m2
rdc2 = 13.2 m   Note:  Distance to exclusion area must be greater than or equal to this value.

Reflection / Scattering of x-rays from soil to operators











Assume dose rate (from exit port) reflected, that at 4m (256 rem/hr):
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α = Albedo for 9 Mev x-rays off concrete, (assumed concrete has same value).

α = 3 x 10-3, figure E-151
Assume rref = distance x-rays must be reflected to reach operators, taken to be 13 m
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Potential Shield Design Around e-Zapper with exclusion zone:


`
Soil requirement behind beam stop and on its sides can be reduces by expanding exclusion area.
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