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1 Upstream Labyrinth Design

The upstream labyrinth design is being changed [1] to allow placement of the ion source power supply in the upstream end of the PXIE enclosure. The original two legged design shown in Figure 1 is replaced with a three legged one shown in Figure 2.

The new upstream labyrinth height is 7.5 feet and width is 4.5 feet. Lengths of the three legs are as shown in Figure 2. 

[image: ]
Figure 1: Original upstream labyrinth shown with interlocked detector locations indicated at the blue dots and dimensions used as input to the labyrinth analysis.


[image: ]
Figure 2: New upstream labyrinth shown with interlocked detector locations indicated at the blue dots and dimensions used as input to the labyrinth analysis.
The derivation of the source terms for the radiation effective dose at the entrance to the new labyrinth are shown in Table 1 and are listed as cases 36 through 38. Interlocked radiation detectors limit the beam power loss to levels listed in Table 1 as described [2] previously for Case 3, 16, and Case 17.
	Case
	Beam Power Loss (KW)
	time (sec)
	Energy
	intensity per time
	R
	D
	
	loss point to pen opening (ft)
	Dose/p at inside surface
	dose rate per time at inside surface
	f(R,D)
	source with correction

	36
	0.02
	1
	0.0046
	3.31E+14
	6.0
	-87.3
	176.1
	87.5
	3.24606E-17
	39
	0.069
	2.7

	37
	0.028
	1
	0.03
	5.79E+12
	6.0
	-104.5
	176.7
	104.7
	1.73611E-15
	36
	0.057
	2.1

	38
	0.028
	1
	0.03
	5.79E+12
	6.0
	-121.0
	177.2
	121.1
	1.29315E-15
	27
	0.050
	1.3


Table 1: Derivation of source terms for upstream labyrinth.

The resulting dose equivalent rate after attenuation through the three legs of the labyrinth is given in Table 2.

	D.E. After Leg
	Area
	Length
	Case 36
	CASE 37
	CASE 38

	
	
	
	mrem/hr
	mrem/hr
	mrem/hr

	Before Leg 1
	
	
	2.7
	2.1
	1.3

	Leg 1
	33.75 ft2
	8.25 ft
	0.665
	0.518
	0.320

	Leg 2
	33.75 ft2
	4.5 ft
	0.066
	0.051
	0.032

	Leg 3
	33.75 ft2
	5.25 ft
	0.006
	0.004
	0.003


Table 2: Dose equivalent rate in mrem/hr at the end of each leg of the upstream labyrinth

The calculated radiation effective dose rates at the upstream PXIE cave entrance are less than 0.05 mrem per hour for all conditions which is acceptable for unlimited occupancy. The design for the new upstream labyrinth meets the radiation effective dose limits described in the PXIE Preliminary Shielding Assessment [2].

2 References

1.	PXIE cave shielding drawing 5520.000-LE-, J. Leibfritz,  January 17, 2013
2.	PXIE Preliminary Shielding Assessment, Project X Doc.DB 1051-v2
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