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                                                         Abstract



	A newly constructed 8 GeV Beam Line will soon be been completed here at the Fermi National Accelerator Laboratory.  In the commissioning of the beam line a series of  test beams will travel the course of the beam line to test for operability and safety.  After the testing is complete the test beams will have to be aborted safely.  Beam absorber designs are currently under consideration.  Presented here are two beam absorber designs as a result of monte carlo calculations and radiation shielding modeling of the beam line area.  Stretching along the course of the 8 GeV Beam Line are 5 exit stairways.  An investigation of radiation levels in the stairways is also presented here. 

�

		Shielding Studies Concerning the 8 GeV Beam Line



	Radiation exposure has been a big concern since the first days of research in such areas as nuclear technology and high energy physics.  Here at the Fermilab National Accelerator Laboratory (FNAL) many experiments are conducted in the area of high energy physics.  Recent and on-going upgrades in the accelerator complex of this facility make radiation exposure of  personnel a priority concern.  One current upgrade is the Main Injector, a high energy proton synchrotron, which will replace the 150 GeV Main Ring.  The Main Injector is capable of providing beams in excess of 3 X 10+13  protons per pulse with a higher duty cycle than the existing Main Ring.  The 8 GeV protons from the Fermi Lab Booster will be injected into the Main Injector via the newly built 8 GeV beam transport line and the beam will be accelerated to 120 GeV or 150 GeV.  It is planned to commission the 8 GeV Beam Line well before completion of the Main Injector.  During commissioning of the beam line a low intensity beam will be sent through the Beam Line and will be aborted safely onto a beam absorber (also referred to as a  beam dump). 

	The primary portion of this presentation is the design of a temporary beam absorber which will be installed in the beam line.  Stretching along the course of the Beam Line there is a total of five exit stairways installed for safety purposes and for beam tunnel access.  A radiation shielding study of  each of the stairways is presented later.



Radiation Safety Requirements

	To minimize the radiation dose received by Fermilab employees and visitors a number of regulatory rules have been adopted by the lab [1].  These rules are more stringent than those set by the Department of Energy (DOE) and the U. S. Environmental Protection Agency (EPA).  Some of the very important ones which have been used in later sections are summarized in the table below.

					     Table I.

		Control of Outdoor Accelerator/Beam line Areas Against

				"Normal" Radiation Levels

		Dose Rate (DR)			Level of Precaution

		DR < 0.025 mrem/hr		No precaution needed, no 

							occupancy limit.	

		0.025 ≤ DR <0.25 mrem/hr	Signs, ("Caution-Controlled 							Area")-no occupancy limit..

		0.25 ≤ DR <5 mrem/hr		Signs, ("Caution-Controlled 							Area")-minimal occupancy.

		5 ≤ DR < 10 mrem/hr		Signs with chains and/or fencing 							area must have 									minimal occupancy. 

 

I.  8 GeV Beam Absorber for Beam Line Commissioning

	In the commissioning phase of the 8 GeV beam line a temporary beam absorber is under consideration. Presented in this section is the proposed design of the beam dump.  The 8 GeV beam proton injection beam line mentioned above is about 757.9 meters long.  A schematic layout of the beam line is shown in Fig.1.  Originally this beam line was planned to be built by using conventional electromagnets (and power supplies) of the Main Ring.  Very recently a decision was made to build the beam line with permanent magnets with construction scheduled to be completed by February 1997, a year ahead of the scheduled completion date of the Main Injector.  The beam line will also be commissioned well before the long shut down of the accelerator complex (presently scheduled during February 1998).  The early commissioning of the 8 GeV beam line is most crucial for the Fermilab 8 GeV anti-proton Recycler Ring project, since the permanent magnets to be used in the 8 GeV beam line are similar to the ones in the Recycler Ring.

	The beam absorber will only be in operation for a short time.   During the commissioning of the 8 GeV beam line, accelerator and construction personnel will have access to downstream regions of the 8 GeV beam line and the Main Injector tunnel.  Although the beam absorber will be used for only a short time, worker safety is still a priority.  Since accelerator personnel might be working in the vicinity of the downstream region of the beam absorber for extended lengths of time when the beam absorber is in use, it is mandatory to meet either no-occupancy limit (<0.025 mrem/hr) or no-occupancy limit (<0.25 mrem/hr) with signs reading "Caution-Controlled Area".  The table shown below lists various parameters and assumptions used in the beam dump design and its shielding requirements.



				       Table II.



		Assumptions & Shielding Requirements



Beam Energy                                                      8 GeV

Beam Intensity                                                   3.6 X 1013 p/hr *

Required Radiation Level                                  0.25 mrem/hr 

 					                    (with precaution)

						        [Ref. 1 Table 2-5]



Density of soil (concrete)                                  2.24 g/cm3             

Density of Iron                                                     7.86 g/cm3

Conversion Factor                                             10-5 rem/star/cc 

						       [Ref. 1, Table 13-1]



          * (12 booster batch/min) X (5 X 1011 p/batch) x 60 min/hr

   

	The beam absorber is going to be built in the 8 GeV Beam line which is at an elevation of 218.04 m (715.5 ft), while the average surface elevation is about  227.38 m (746 ft).  This provides about 7.62 m (25 ft) of soil radially which is slightly more than recommended radial shielding of 7.47 m (24.5 ft) [2] for the 8 GeV beam line.  Therefore, for this beam absorber, shielding only in the longitudinal (in the direction of beam) direction is required.  



I.  A. Beam Absorber Design I

	In this design the beam absorber is basically an iron slab surrounded on three sides with concrete.  The fourth side is exposed to the oncoming beam.  A schematic view of the design is included here in Fig. 2. The possible locations of the beam absorber are indicated in Fig. 1. 

	To determine the longitudinal extent of the shielding in the tunnel for the beam absorber, Monte Carlo calculations were carried out using the computer code CASIM [3]. These calculations were performed with cylindrical geometry.  Properties of the soil, concrete, and iron used in the calculations are given in Table II.  

	The CASIM calculations are limited by statistics in regard to the radiation level downstream of the steel block but far away from the point of primary beam interaction.  Hence to determine the attenuation of the radiation level in the soil, a separate Monte Carlo calculation (similar to ref. 2) at 8 GeV was performed.  The results of these calculations, shown in Fig. 3,  suggest that an average shielding of 1.5 m of soil is necessary to reduce the radiation level by one order of magnitude in the longitudinal direction. 



					Table III

8 GeV Beam Line Temporary  Beam Dump



          		 Target                         Radiation                 Concrete(Soil)

          		Scenario                         Level                        Thickness

        	        (iron block) (m)             (mrem/hr)                          (m)



  1.   	0.305X0.305X2.74    	      0.25                               9.46

                        (1'X1'X9' )                        2.5                                 8.06   

                         Fig. 4(a)                       10.0                                 7.06



  2.            0.61X0.61X2.74                   0.25                               8.86

                       (2'X2'X9')                         2.5                                 7.46

                         Fig. 4(b)                       10.0                                 6.26 

  

  3.            1.22X1.22X2.74                  0.25                                7.66

                       (4'X4'X9')                        2.5                                   6.36

                        Fig. 4(c)                       10.0                                  5.66



  4.            1.22X1.22X3.35                  0.25                                6.75

                       (4'X4'X11')                     2.5                                    5.55

                         Fig. 4(d)                     10.0                                   4.75



  5.             0.61X0.61X1.52                0.25                                 7.05

                       additional                      2.5                                   5.85

                  1.22X1.22X1.82              10.0                                   4.85     

                     block added

                         Fig. 4(e) 

          

         		@ 0.25 mrem/hr, radiation/p @ 8 GeV is 6.9 X 10-16

		@  2.5  mrem/hr, radiation/p @ 8 GeV is 6.9 X 10-15

		@ 10.0 mrem/hr, radiation/p @ 8 GeV is 2.8 X 10-14



The results of the calculations for five different geometries of the beam absorber considered  here  in combination with  results from Fig. 3 are presented in figures 4(a) to 4(e).  Cases for 0.305 m X 0.305 m X 2.74 m , 0.61 m X 0.61 m  X 2.74 m , 1.22 m X 1.22 m X 2.74 m, and a mixed configuration of steel with soil are reported.  The final contours of equal radiation dose are shown in these figures.  A conversion factor of 10-5 rem/star per cubic centimeter [1] was used to determine the radiation level from the star density calculations of CASIM.  These contour plots were instrumental in determining the concrete thicknesses needed to achieve a certain radiation level.  Using the beam intensity given in Table II, the required shielding thickness was determined.  The estimated concrete thicknesses downstream of the iron block are listed in Table III

	As one can see from Table II, abiding by the rules and regulations of the Fermilab Radiological Control manual [1] for a controlled area dose rate of 0.25 mrem/hr, the concrete thickness has to be 9.46 m for an iron target of dimensions 0.305 m X 0.305 m X 2.74 m  and 8.86 m for an iron target of dimensions 0.61 m X 0.61 m X 2.74 m.



I.  B. Beam Absorber Design II

	A new design of the beam absorber suggested by  Phil Martin, a member of the accelerator division, is studied here.  In this design the 30.5 cm X 30.5 cm X 229 cm  iron slab is embedded in a 137 cm X 137 cm X 4.5 m concrete block and is situated at location 840 of the 8 GeV Beam Line [Ref. 6]. In this scenario the entire 8 GeV beam line will be  secured with the help of an interlocked gate at location 850 which is at about 152 m (500 ft) downstream of the beam absorber. Sectional and plan views of this design appear in Fig. 5.  With this design there will be about 1.5 m of clearance on one side of the beam dump.  Hence, when the beam absorber is not in use accelerator personnel can access the entire 8 GeV Beam Line tunnel.   

	The radiation levels at different points in the beam line tunnel downstream of the beam absorber are determined in two steps. First, the radiation source strength is determined by using CASIM.  Figure 6 gives results of the CASIM calculations for a geometry shown in Fig. 5.  Thus, the highest radiation level at the surface of the beam dump during its use is about 10-12 rem/p @ 8 GeV, which is used as the strength of the primary radiation level for EXIT2A calculations. 

	Secondly, the attenuation of the radiation level is estimated by using the computer code EXIT2A (Craig Moore). Using the program EXIT2A in this situation is not fully justified except for the fact that the beam line has a bend of about 15° from the 840 location to the 850 and the secondary radiation produced at the beam dump has to at least scatter once before reaching the 850 location. 



Table IV

EXIT2A Inputs & Radiation Level

Source Strength Radiation of the Beam Absorber = 10-12 rad/incident                          proton  at 8 GeV.  Tunnel Width = 3.05 m (10'), Height = 2.44 m (8').

 Beam intensity limit is determined assuming 0.25 mrem/hr (no occupancy limit, with signs reading "Caution-Controlled Area")



 Leg Dimension	   Attenuation	   Radiation Level          Beam           

      						  (rad/p @ 8 GeV)         Intensity

      R   = 1'                                                                      

      L1 = 350'	   0.51 X 10-3

      L2 = 150'                0.36 X 10-4

			   1.84 X 10-8            1.8 X 10-20                1.4 X 10+16/hr		         (total attenuation) 

	

      R   = 350'               8 X 10-6  

      L1 = 150'               0.3 X 10-2      

                                     2.4 X 10-8                2.4 X 10-20                  1.0 X 10+16/hr

                                 (total attenuation)





 	A schematic view of this region is given in Fig. 7.  Table IV summarizes the results of EXIT2A calculations.  Two scenarios listing the dimensions of the legs are shown in the first column.  The second column lists the calculated attenuation factor of radiation in each leg.  The results of the radiation level per 8 GeV proton loss at the beam absorber and the allowed protons/hr, if it is assumed the radiation level is less than or equal to 0.25 mrem/hr, are listed in column 3 and 4 respectively.

	

I.  C. Radioactivity of the Beam Dump

	Induced radioactivity of the beam dump is one of the important issues to be addressed during designing of the temporary beam absorber.  This helps to determine:  a) how long will it take for the beam dump to cool down to a safe limit after each study time so accelerator personnel can work near the beam dump; and b) precautions to be taken in disposing of it.  

	The model described in reference [1] was used to determine the induced radioactivity of the beam absorber.  The dose rate is given by :

                                              



D = [W/4*p] * F* danger parameter.



D is the dose rate and W is the solid angle.  The hadron flux, F, is given by;



F  = conversion factor * stars/cc * beam intensity. 

 

A conversion factor of 75 for iron and 275 for concrete are taken from reference [4].  The star densities are taken from Fig. 6.   The geometry factor, [W/4*p]  = 1/2 at contact.  The beam intensity = 1X1011 p/sec.  

	In the present discussion the following two cases were considered.  a) irradiation time, Ti = 1 days and cooling time, Tc = 1 hour 1 day, and 7 days; b) Ti = 30 days and Tc = 1 hour, 1 day, and 7 days. The danger parameter, d,  as a function of Ti and Tc  was extracted from Ref. 1.  For example  in the case of Fe;  Ti = 1 day, Tc = 1 hr, d = 1.5 X 10-8 rad/hr and Ti = 30 days, Tc = 1 hr, d = 3 X 10-8 rad/hr.  In the case of concrete Ti = 1 day, Tc = 1 hr, d = 8 X 10-9 rad/hr and Ti = 30 days, Tc = 1 hr, and d = 10-8 rad/hr. The estimated induced activities are give in Table Va and Table Vb.  



					      Table Va



			         Dose Rate (rad/hr) On Contact



  	 Description	 		#of stars/cc	       	D (dose rate) rad/hr

                                                       				Ti = 1 day	  Ti = 30 days

                                                            			     &                        &

                                                       			            Tc = 1 hr          Tc = 1 hr

                 Front

           Steel Target                                10-3                        56.25               112.5

           Concrete A                                  10-6                          0.11                    0.14   

           Concrete B                       0.5 X 10-7                          0.0055               0.006875



                 Side

             Concrete-C                                 10-7                          0.011                 0.01375



                 Back

             Concrete-D                             <10-7                        <0.011               <0.01375









					    Table Vb.



			         Dose Rate (rad/hr) On Contact

Medium             	Ti=1 day         Ti=1 day            Ti=30 days        Ti=30 days

                          	      &                   &                         &                           &

		            Tc=1 day        Tc=7 days        Tc=1 day             Tc=7 days

Fe                                 16.875             3.75                   93.75                    37.5

Concrete  A              1.4 X 10-2        5.5 X 10-4        2.75 X 10-2         1.4 X 10 -3 

Concrete B               6.9 X 10-4       2.8 X 10-5         1.4 X 10-3           6.9 X 10-5

 Concrete C             1.4 X 10-3       5.5 X 10-5         2.8 X 10-3           1.4 X 10-4

 Concrete D            <1.4 X 10-3     <5.5 X 10-5      <2.8 X 10-3         <1.4 X 10-4





I.  D. Summary

	Two possible designs for the internal beam absorber which can be used during the 8 GeV beam line commissioning has been proposed.  With design I less radiological control is needed as compared to design II.  Table III. clearly indicates for a larger iron target less concrete (soil) is needed for a certain radiation level and vice-versa.  The actual combination used will depend on the radiation level desired and the amount of money that is willing to be spent on the temporary beam absorber.  If the amount of iron to be used is not an issue then either beam absorber scenario 4 or 5 from table III has an advantage over all the other four cases discussed; the absorber length can be considerably reduced by about 2 meters as compared with case 1.	

	Design II is more desirable as far as the Main Injector project is concerned.  From Table IV it is evident that the amount of beam that can be sent to the absorber is a factor of 250 higher than design I.  However there are many assumptions in the estimation of radiation level.  For example, it has been assumed that EXIT2A (which was not appropriate to use) can be used in this design.  If this design is chosen, it is urged that an interlock detector be established at location 850.  Accelerator personnel access to the 8 GeV Beam Line has to be prohibited during use of the beam absorber.  Radiation levels should be monitored to ensure the radiation levels stay well below the acceptable limits in the Main Injector tunnel.  In any case the concrete block, downstream and surrounding the iron block has to be hand stacked without any voids, to avoid any additional leakage of the radiation longitudinally.



II.  Shielding In The Vicinity of Exit Stairs 

     in the 8 GeV Beam Line

	As mentioned earlier the 8 GeV Beam Line which connects the Booster to the Main Injector (MI) is about 757.9 meters (2486.5 ft.) long.  The recommended shielding thickness for this beam line [PSAR 1] is 7.47 meters (24.5 ft.).  The beam line elevation at the Booster is 213.4 meters (700 ft.), while its elevation at the main injector is 218.08 meters (715.5 ft).  Hence the beam line elevation changes over 9 meters from the Booster to the MI.  This change in elevation is gradual, it starts at the 800 location and ends at location 808.  Since the average surface elevation (with berm) is about 227 meters (746 ft.), the radial thickness from the 8 GeV beam line to the surface varies form 4.115 meters (13.5 ft.) to 7.47 meters (24.5 ft.).  The beam line has many penetrations, drop holes, labyrinths, etc.   Radiation shielding calculations around these areas are carried out separately [ref. 5].  Along the 8 GeV Beam Line there are also 5 exit stairways between locations 808 and 852.  In this section the study of radiation shielding around the 5 exit stairways is addressed.



II.   A. Method of Study

	The method of study here is based upon the computer program developed in Ref [5] which is outlined below.  The program is based upon three dimensional ray tracing.  The program has two major functions.  First, it calculates the shielding thickness in any direction with respect to a beam loss point in a beam line.  This is done by defining the exact geometry of the problem (or stairway) in the three dimensional Cartesian coordinate system.  

	Secondly, the program calculates the required shielding thickness a function of the angle theta, Ø, of the ray with the beam direction using the algorithm [5].  The thickness t is defined by the equation below:



			t required(m)=-0.0625*Ø+12.25



where Ø is in degrees.  This relationship is derived using Monte Carlo simulations of hadronic cascades in the soil due to a 8 GeV beam loss in a magnet in a beam line enclosure.

	The shielding deficit is defined as the difference between the required shielding and measured soil equivalent shielding in any direction.  To determine the soil equivalent thickness along a ray, different weighting factors are used for different materials as it encounters in any direction.  The weighting factors are as followed:



	weighting factor = 0 for void

                                         =1 for soil of density (2 g/cc)

                                         =1.079 for concrete (density=2.24 g/cc)

                                          =2.89 for steel.



II.  B. Study of Stair Cases

	Figure 8 shows the location of all exit stair ways in the 8 GeV Beam Line.  A schematic view of one of the stairways in the beam line is shown in figure 9.  In one particular investigation three of the exit stairs were studied at one time.  The three shared the same dimensions (or geometry).  Two of the exit stairs proceeded in the opposite direction of the beam and the other proceeded along the direction of the beam.  The results for all the cases studied here indicated that present shielding is sufficient at the exit doors at the surface  



II.  C. Summary

	As a result of this investigation shielding in the three stairways at two points of interest were determined to be sufficient when considering human safety.  Thus the three dimensional program used permits personnel activity in the area without worry of harmful radiation exposure.



Conclusion

	In summary two feasible designs for the 8 GeV Beam Absorber have been presented here.   Modeling and a study of the three out of five stairways along the Beam Line is complete.  Modeling of the final two stairways will be continued by my supervisor, Dr. Chandra Bhat.  The 8 GeV Beam Line will be finished soon, but most of the areas along the Beam Line have been modeled and investigated.  Thus, the complete region will be modeled and officially documented in time.
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			Listing and Description of Following Figures



Fig. 1. 	8 GeV Beam Line. Possible locations of the temporary beam 	dump are indicated by circles.



Fig. 2.	A schematic view of the 8 GeV beam dump in the 

	beam line tunnel. (design I).



Fig. 3.	Monte Carlo calculation for interactions of 8 GeV protons  in  soil 	using computer code CASIM [3]. a) The contours of  equal  	radiation dose. The radiation dose (rem/p @ 8 GeV) are indicated. 	b) Star densities in soil versus longitudinal soil thickness.



Fig. 4.	Monte Carlo calculation using computer code CASIM [3] for 	interactions of 8 GeV protons with beam dump 

	design I. The details of each figure from 4(a) - 4(e) are  	indicated on the figures.



Fig. 5.	A schematic view of the 8 GeV beam dump in the 

	beam line tunnel. (design II).



Fig. 6.	Monte Carlo calculation using computer code CASIM [3] for 	interactions of 8 GeV protons with beam dump 

	design II. 



Fig. 7.	A schematic view of the 8 GeV beam line tunnel around  the 	location 840 to 850.  Location of the interlock gate is 

	also indicated.



Fig. 8.	8 GeV Beam Line.  Exit Stairways emphasized.



Fig. 9.	Exit stairway dimensions.  Good for three of the five exit stairway 	studied.




