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The radiation estimates have been made for the Energy Recovery LINAC (ERL) facility.  Various loss scenarios have been considered and are elaborated in the following sections.  The tool used here is the simulation software “MCNPX” with the newest available version 2.5e at the time of this work.
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The ERL in the simulation is a rectangular room with dimensions 29( (width) ( 53( (length) ( 9( (height).  The distance of the beampipe from the wall is 53( and is parallel to the wall.  This facility is covered by 4( concrete on the four sides.
The following is the scenario which would give the most radiation:

· Electron beam current of 0.5 A
· Max. loss of 0.4% ( 0.4%  ( 0.5 A = 2 mA)
· Electron beam energy at 54 MeV

It is said that the chronic loss is ~1000 times less than the above.

Individual devices can be shielded by local shielding (if necessary).  The most problematic source radiation is from beam scraping at the beampipe which goes around the entire facility.  The beampipe used in the simulation is steel and cylindrical in shape with a radius of 1.5 inch and thickness of 1/8 of an inch, which may not be the final dimension of the beampipe either.
The beam is assumed to be scraping at the edge of the beampipe.  Detector tallies in MCNPX are used to find the fluences and therefore the dose rates under various conditions.

With 4 ft of concrete shielding at the side, the equivalent doses (or simply called doses) behind the side walls with or without a 10 cm lead cladding and with light (with a density of 2.35 g/cm3) or heavy concrete (with a density of 3.9 g/cm3), are tabulated as follows:

	
	Highest dose rate at the side (rem/electron)
	Highest dose rate at the side (rem/hour)
	Error

	no lead, light concrete
	3.5E-20
	1.57E+00
	25%

	lead, light concrete
	5E-21
	2.25E-01
	100%

	lead, heavy concrete
	2E-23
	8.99E-04
	100%


Directly from the MCNPX, just outside the side walls, the photonuclear contribution (i.e., neutrons) to the radiation is typically ~100 to ~1000 times smaller than the photon contribution.  Tests have been made to compare the photonuclear production in MCNPX with textbooks such as Stevenson and they are found to be consistent with each other.  It is also realized that the ratio of doses or fluences due to neutrons to those of photons can be very different for thick and thin targets.   The ratios of doses or fluences of neutrons to those of photons are significantly larger for thick targets than thin targets.
2. Direct hit on the wall
In the last section, doses are estimated in the situation that the beam direction is parallel to the walls.  Here, we consider a possible accident of an electron beam hitting the light concrete wall at 60o as shown in Figure 1.



With the same beam intensity (2mA) and energy (54 MeV) as above, the dose is found in the simulation to be about 2.7(104 rem/hour (with a statistical error ( 10%).  Here, the only material obstructing the beam before hitting the wall is 1/8 of an inch of steel.  

If one puts a rectangular block of 1m ( 1m of steel block with a thickness of 1 foot in front of the concrete wall, the dose with the above intensity and energy is found to be about 3.2 rem/hour.
3. Beam dump

The shape of the beam dump is put in MCNPX (using the MCNPX macrobody of arbitrary polyhedron ARB) as shown in Figure 2.
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Figure 2: This diagram shows the geometry of the beam dump (almost like a cone) surrounded by 2 feet of steel and concrete walls as modeled in the MCNPX simulation.

During normal operation, the energy of the electron beam being dumped into the beam dump is 5 MeV and the beam current is 0.2 A.  From the simulation, under this normal operating condition, the dose behind the 2 feet steel and 4 feet concrete wall is about 2.3 µram/hour.  The dose at the side wall (which is parallel to the beam) is about 3 orders of magnitude below due to this beam dumping.
This beam energy, 5 MeV, is also below the photonuclear threshold and therefore neutron production is not a cause for concern.

4. Some other radiation considerations
A. Waveguide
Estimation has also been done for an aluminium waveguide penetration through the side wall.  This penetration is at 45o with the wall and 10 feet above the floor.  The size of the penetration is 45.00 cm ( 30.96 cm (these dimensions including a wall with the thickness of 1/8 inch).  The equivalent dose at the exit of the penetration is about ~4(10-22 rem per electron (with a statistical error about 15%).  Assuming a beam current of 2 mA as before, this is equivalent to 18 mrem/hour.
B. Reduced thickness at the top of a side wall
In order to accommodate water pipes near the top of the side wall which is 9 feet from the floor, it was asked whether it is acceptable radiation-wise to reduce the concrete wall there from 4 feet to 2 feet and 3 inches.  A quick examination by the simulation shows that even with only 2 feet and 3 inches, the dose there is still about 10 times less than the dose at the beam height with 4 feet of concrete wall.  It is therefore considered acceptable to do so.

5. Loss monitor
When the electron beam scraps the beampipe or hits a collimator inside the beampipe, the energy deposition at a distance of 1 m from the center of the beampipe is also estimated using the MCNPX simulation.  A millimeter of steel is used as the energy deposition detector (~calorimeter) in the simulation.

In general, the electron and photon doses are at their maxima a couple meters downstream of where the beam hits the beampipe or collimator.   In all cases below, the maximum doses are shown.

This information is requested by D. Gassner for aiding his designs for loss monitors in the ERL.

First, when the 54 MeV electron beam scraps the beampipe, the following doses are found:
	
	Highest dose (Rad/electron)
	Highest dose for a current of 1 µA (Rad/hour)
	Statistical error

	electron
	2.4(10 -13
	5.4(103
	5%

	gamma
	5.0(10 -14
	1.1(103
	5%

	neutron
	1(10 -18
	2(10-2
	50%


When the 54 MeV electron beam hits at the center of a collimator, which is in the form of 0.5 cm thick carbon foil (a square of 5cm ( 5cm), in the middle of the beampipe, the following doses are found:

	
	Highest dose (Rad/electron)
	Highest dose for a current of 1 µA (Rad/hour)
	Statistical error

	electron
	2.1(10 -13
	5.4(103
	5%

	gamma
	4.6(10 -14
	1.1(103
	5%

	neutron
	~( 1(10 -18
	~( 2(10-2
	50%


Finally, if the energy of the beam is reduced to 5MeV with everything else the same as the above (ie., collimator in the middle of the beampipe), the following doses are found:

	
	Highest dose (Rad/electron)
	Highest dose for a current of 1 µA (Rad/hour)
	Statistical error

	electron
	6.8(10 -16
	15
	10%

	gamma
	6.8(10 -16
	15
	10%
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Figure � SEQ Figure \* ARABIC �1�: A beam hits the wall at 60o in an accident.














