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Introduction
The function of the Proton Driver injection absorber is to accept protons generated after the secondary stripping foil which will intercept the un-stripped H- and H0 particles after the MI injection point. This absorber will not be used as a long term full intensity H- dump for the Proton Driver. Environmental and Residual dosage limits as well as the methodology for calculating concentrations will be reviewed. The expected beam intensity and the limits on the beam intensity to the absorber will be discussed in terms of the water and personnel protection. This note is meant to be used in determining  requirements for the injection absorber and suggest potential geometry.
Radiological Limits

There are two areas of concern when discussing accelerator produced radiation and radio-nuclides. On involves minimizing ionization radiation to workers outside the enclosure from prompt radiation and workers inside the radiation enclosure from residual activation of equipment. The other concerns the production of radionuclides that could enter the environmental watershed, either through “drinking water” or “surface water” contamination. The main radionuclides of concern at Fermilab are 3H and 22Na.
Table 1: Radiological Requirements[1]
	Constraint
	Value

	Drinking water 
	Cf  < 20 piC/ml-yr  3H
	Cf  < 0.2 piC/ml-yr 22Na

	Surface water 
	Ci < 2000 piC/ml-yr 3H  
	Ci < 10 piC/ml-yr 22Na

	Residual activation on exterior surface
	100 mRem/hr

	Prompt dose at exterior of berm
	.05 mRem/hr

“unlimited occupancy”


Concentration Model 
TM-1850 and TM-1851 present a detailed methodology for estimating radionuclide production in the soil and migration in ground water. EP Note 8 (1994) discusses  the adoption of the concentration model for use determining activation of soil and migration in groundwater.
The absorber and shielding must meet or exceed the Radiation safety criteria for ground water protection, surface water (collected by the MI sumps) protection, and human radiation protection (residual dosage at the exterior surface). These are determined by the applicable EPA/DOE/FNAL orders.   Table 1 gives the limits 

for H3  concentrations, residual activation of device, and limits on prompt dose.
The methodology described in EP Note 17 “The Concentration Model Revisited” will be utilized to determine maximum beam intensity in the absorber.
The initial concentration at of the radio nuclides is given in EP Note 17 as
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                                  eq.1 
The parameters are described in the EP Note 17 as:

· Np  is the number of protons per year

· <S> is the star density in stars/cm3 in unprotected soil averaged over a volume surrounding the source out to an appropriate boundary (described below)
· Ki is the production yield of the ith isotope in atoms/star
· Li is the fraction of the ith  isotope   produced in the soil that is leachable by water
· s  is the density of the soil in gm/cm3 
· wi is the ratio of the weight of water to the weight of soil that corresponds to the leaching fraction for the  ith nuclide

· tir is the irradiation time 
· i is the half-life of the ith  radio nuclide. (12.3yr for 3H and 2.6 yr for 22Na)
· The expression in brackets [] describes the radio isotope build up to saturation. For irradiation times long compared to I, the term in brackets approaches unity.
· The numerical; factor converts disintegrations/sec to pCi and years to seconds.

The prescription for calculation the average stars given in EP Note 17 is to obtained from star density contour plots in r and z by going out in r and z from their values for the star density Smax at the boundary to those values at which S has dropped to 1% of it’s maximum value. 
According to EP Note 15, the average star density, <S>,  has been approximated by A*Smax, where A has taken on a value of 0.019 for “large absorbers typical of the Fixed target experimental areas”. As noted this value is not always valid. A value of 0.19 is more appropriate where the “star density is nearly independent of the longitudinal distance from the target. “For most situations a = 0.1 appears to be a conservative estimate for most situations. 
Groundwater
The final concentration at a point down-gradient in the aquifer, to be compared to the drinking water limit, is given by 
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R is the reduction factor due to the transport from the source (MI tunnel elevation) to the aquifer. EP note 18 calculates these concentration reduction factors for the locations at MI30, MI40 , MI52, and MI62 in the MI by looking including the hydro-geological parameters based on information obtained from geological characterizations of the soil samples from nearby boreholes.  The reduction factors range from 1E-11 at MI62 to 6.72E-7  at the location of MI30 after 20 years of operation. 
Although the geology around MI10 hasn’t been studied with a bore hole, it is assumed to be similar to that found in other regions around the MI. The magnitude of these reduction factors for the nominal geology around the MI and the MI tunnel elevation make reaching the “ground water” limit the less likely than reaching the “surface water” limit. 
Surface water
The surface water refers to that water collected by the sump at MI-10 and discharged to the surface. EP Note 17 discusses a method for estimating the concentration in sump discharge as discussed by the AP0 Review Committee Report. Here the annual flushing procedure was thought to be the most appropriate since the sumps run many times during the year and the radio nuclides don’t have time to build up. Hence, the concentration can be calculated taking the irradiation time at 1 year (at most).  The average star densities, <S>, are calculated averaged from the location of Smax to those values at the elevation of the underdrain, not to those coordinates where S has dropped to 1% Smax. 
If there is more than one radionuclide produced, the following relation should be utilized is determining allowable beam intensity [EP Note 21].
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                                                 eq. 3
In practice, the sum is kept less than or equal to 0.8.
Beam Parameters

To provide a 2 MW 120 Gev primary beam for the Neutrino program, the fixed intensity if 1.54E+14 protons will be accelerated in the MI each 1.5 sec cycle. The injection into the Main Injector will initially take place over 3 ms. (270 turns) with an eventual 1 ms, injection (90 turns).   
Each 11.1 s turn of the MI will consist of 10.3 s of beam and an abort gap of about 800 ns. Given a fixed maximum intensity of 1.54E14 protons/cycle, the maximum number of particles injected during each 10.3 us turn is 5.78E11 for 270 turn injection and 1.73E12 for 90 turn injection. This provides 130 kW of beam power at 8 Gev on each cycle. 

There are no plans to run full beam intensity into the injection absorber on a regular basis, however the absorber must be able to survive a small number of full intensity pulsed under accident conditions.  Beam loss, injection intensity, injection efficiency, and foil integrity will be monitored during the injection process. If abnormal losses occur or a reduction in injection efficiency is detected, or a foil failure is detected, a beam inhibit signal will be transmitted to the chopper within 10 s to remove the beam permit.
Another operational scenario under investigation is the ability for the Proton Driver to provide 2MW beam power to an 8 Gev  long base line Neutrino program. Under this scenario, the Proton Driver would inject a single 1 ms turn into the MI. This scenario would not  utilize phase space painting but rather a single pass through the foil and the MI would be used as a transfer line to the production target. 
Table 1 shows a comparison of expected average beam power for two scenarios for proposed PD injection absorber, SNS injection absorber, and the MI8 Collimator. The values for cycle time, intensity, and average power on the absorber are shown for the above two scenarios (the 2 MW 120 Gev and 2 MW 8 Gev shown in parenthesis) under  the Proton Driver column.
 Table 1: Beam Intensity Comparison with Proton Driver, SNS, and the MI8 Collimator

	
	PD inj absorber
	SNS
	MI8 Collimator

	Beam energy
	8
	1
	8

	maximum intensity
	1.54E+14
	2.08E+14
	5.00E+12

	cycle time
	1.49  ( 0.1 )
	0.016666667
	0.1

	Injection efficiency
	0.95*
	0.9
	0.98

	#particles to dump/pulse
	7.70E+12
	2.08E+13
	1.00E+11

	# particles/sec
	5.17E+12  ( 7.7E+13 )
	1.25E+15
	1.00E+12

	# particles/hr
	1.86E+16  ( 2.77E+17 )
	4.49E+18
	3.60E+15

	# particles/yr (5500 hr/yr)
	1.02E+20  ( 1.5E+21 )
	2.47E+22
	1.98E+19

	energy  deposited/pulse [kilo-joules]
	9.86E+00
	3.33E+00
	1.28E-01

	Average power (kW)
	6.61  ( 98.6 )
	2.00E+02**
	1.28E+00


*The effective injection efficiency is currently not known. 

**The SNS injection absorber was designed for 200 kW

.  

This will determine the average power that the absorber will have to absorb. It is expected that the stripping efficiency of the foil will be better than 99%. The percent of the H- beam missing the foil may be upwards of 4% to minimize foil traversals by the circulating beam.  The combination of these yields 5% of the beam going to the absorber each pulse. Any increase or decrease in “injection efficiency” can directly impact the absorber design and shielding. 
It is clear from the above table that the 8 Gev beam option will dictate the injection absorber design.
Absorber Shielding 
Equation 1 can be used to estimate 1) the maximum star density at the boundary of the un-protected soil, Smax, and 2) the average star density ,<S>, as described above. The following table summarizes the allowed maximum and average star densities at the boundary and the calculated initial and reduced concentrations for both tritium and sodium.
	
	2MW @ 120 Gev
	2MW @ 8 Gev

	Protons/yr (on absorber)
	1.02E+20
	1.5E+21

	
	Average
	Maximum
	Average
	Maximum

	Stars/ml/p
	8.0E-9 
	1.5E-10
	5.0E-10
	1.0E-11

	Ci (tritium) pCi/ml/yr
	1443
	1425
	1353
	1425

	Ci (sodium) pCi/ml/yr
	30
	30
	28
	30

	Rt+Rs  (eq. 3)
	3.7
	3.7
	3.5
	3.7

	Ci (tritium) t(ir) = 1 yr
	79
	78
	74
	78

	Ci (sodium) t(ir)=1yr
	7
	6.9
	6.6
	6.9

	Rt+Rs  t(ir) = 1 yr < 0.8
	0.74
	0.73
	0.69
	0.73


Table 2: Calculation of initial concentrations and star densities required to meet the surface water requirements.
The last three lines in the above table show the reduced initial concentrations  assuming a radionuclide build up time of 1 yr. The sum in equation 3 is re-calculated using these reduced concentrations. The star densities (average and maximum) were adjusted such that these ratios were less than 0.8. Therefore, these are the star densities at the boundary of the un-protected soil that should be used in absorber design.
Absorber Geometry
We would like to pattern the injection absorber geometry after the Booster dump. We would like the absorber to be air cooled (no RAW system). We would like the absorber to be located in the wide tunnel section of MI10 as shown in Figure 2. We would like to have minimal or no civil construction for installation. The MI beam elevation is currently ~27 inches. The total width of the absorber could be upwards of 40 inches. The length could up to ~ 80 inches. The total height could be ~60 inches.  The figure below gives some general parameters.
Summary
The methodology for determining the injection absorber shield is outlines. The star density limits at the boundary of the un-protected soil for use in shielding calculations are given. Suggestions for initial absorber geometry which minimize civil construction are given. 

The next step will be to determine the most compact geometry for an injection absorber which will meet the shielding requirements.  Based upon this geometry, the location and orientation of the absorber may be determined. Does it require a separate enclosure or will it fit into the MI -10 enclosure?
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Figure 1: Potential layout of Injection Absorber
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Figure 2: Approximate layout of MI10 showing a couple potential locations for injection absorber
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