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1. Introduction
The design of shielding blocks containing the RFQ penetrations and the generic penetrations has been modified since June 2012. The shielding effectiveness of the new penetrations is considered in this addendum to the June 2012 PXIE Preliminary Shielding Assessment.
2. Generic Penetrations 
A revised design of the generic penetration shielding blocks has been proposed. The June 2012 assessment considered a set of 14 blocks, 12 of which contained 6 penetrations, distributed 6 blocks per side of the enclosure. An additional solid block on each side prevented radiation “short circuit” into the sides of the downstream most penetrations. Figure 1 shows the original arrangement.

[image: ]
Figure 1: June 2012 arrangement of RF penetrations with the solid concrete block (indicated in blue) used to shield penetrations from losses originating beginning in the HW cryomodule.
The original block design was found to be infeasible structurally which led to the new design described shown in Figure 2. The new design uses a total of 16 blocks. One of the new RF penetration blocks is placed in the position of the former solid block along with 6 additional blocks. A solid block is set just downstream of the original solid block position. Figure 3 shows the locations for the new penetration design considered in this addendum.
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Figure 2: September 2012 RF penetration block design. The B block wall shown in the image will actually be constructed with T blocks. A three foot concrete layer will span the enclosure forming the 4th side of the second leg of the penetration.
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Figure 3: September 2012 RF penetration shield block arrangement. The penetrations begin about 4.25 feet downstream of the original concept shown in Figure 1.

Table 1 shows a comparison of the dimensions of the blocks used in the June 2012 analysis along with dimensions of the September 2012 design. In the new design, there are 28 penetrations per side instead of 36. The first legs of the new penetration are smaller, but the cross section of the second leg is larger. In addition, the first penetration in the series is about 4.25 feet downstream of the first penetrations in the June 2012 design. The total attenuation factor through the new penetrations is larger than the June 2012 design and the source terms are closer to the penetration openings. As a result, the peak radiation dose rate at the exit of the first penetration is higher by a factor of about 3 which exceeds the design goal for facility. 
	Feature
	June 2012 design
	September 2012 design

	Number of penetrations per side
	36
	28

	Diameter of 1st leg
	5.38”
	4.03”

	Area of first leg – ft2
	0.315
	0.177

	Length of 1st leg – ft
	2.33
	2

	Cross section of 2nd leg – ft2
	0.78
	1.25

	Length of 2nd leg - ft
	3.25
	3.25

	Distance from 1st HW cryomodule accelerating cavity
	18 feet
	13.8 feet

	1st leg attenuation factor
	6.37E-02
	5.18E-02

	2nd leg attenuation factor
	8.15E-03
	1.54E-02

	Total attenuation factor
	5.20E-04
	7.96E-04

	Corrected source at penetration
	485
	919

	Exit dose rate from leg 2
	0.25
	0.73


TABLE 1: Comparison of RF penetration designs. The first leg area is the total of areas of the two penetrations sharing the second leg.
The derivation of the source terms from 17 unique sources in PXIE for the first pair of penetrations at beam-right is shown in Table 2.

	source
	Beam Power Loss (KW)
	time (seconds)
	Energy
	intensity per time
	Rx
	Ry
	R
	D
	
	loss point to pen opening (ft)
	Dose/p at inside surface
	dose rate per time at inside surface
	dose rate per hour at inside surface

	HW1
	0.750
	1
	0.0027
	1.72E+15
	7.8
	3.3
	8.4
	-14
	148.7
	16.2
	2.85E-16
	0.49
	1766

	HW2
	0.419
	1
	0.0033
	7.84E+14
	7.8
	3.3
	8.4
	-16
	152.4
	18.2
	3.7E-16
	0.29
	1045

	HW3
	0.243
	1
	0.0046
	3.31E+14
	7.8
	3.3
	8.4
	-18
	155.4
	20.3
	6.38E-16
	0.21
	760

	HW4
	0.206
	1
	0.0058
	2.21E+14
	7.8
	3.3
	8.4
	-21
	157.9
	22.4
	9.25E-16
	0.20
	735

	HW5
	0.223
	1
	0.0071
	1.97E+14
	7.8
	3.3
	8.4
	-23
	159.9
	24.5
	1.21E-15
	0.24
	862

	HW6
	0.266
	1
	0.0083
	2.00E+14
	7.8
	3.3
	8.4
	-25
	161.6
	26.7
	1.5E-15
	0.30
	1075

	HW7
	0.321
	1
	0.0096
	2.10E+14
	7.8
	3.3
	8.4
	-28
	163.0
	28.9
	1.77E-15
	0.37
	1337

	HW8
	0.385
	1
	0.0108
	2.23E+14
	7.8
	3.3
	8.4
	-30
	164.3
	31.1
	2.02E-15
	0.45
	1620

	SSR1-1
	0.423
	1
	0.0132
	2.00E+14
	7.8
	3.3
	8.4
	-33
	165.9
	34.5
	2.6E-15
	0.52
	1876

	SSR1-2
	0.242
	1
	0.0156
	9.71E+13
	7.8
	3.3
	8.4
	-36
	166.8
	37.1
	3.3E-15
	0.32
	1154

	SSR1-3
	0.162
	1
	0.0180
	5.63E+13
	7.8
	3.3
	8.4
	-38
	167.3
	38.5
	4.24E-15
	0.24
	858

	SSR1-4
	0.095
	1
	0.0204
	2.91E+13
	7.8
	3.3
	8.4
	-40
	168.2
	41.1
	4.94E-15
	0.14
	518

	SSR1-5
	0.066
	1
	0.0228
	1.81E+13
	7.8
	3.3
	8.4
	-42
	168.6
	42.5
	5.92E-15
	0.11
	385

	SSR1-6
	0.041
	1
	0.0252
	1.02E+13
	7.8
	3.3
	8.4
	-44
	169.2
	45.1
	6.57E-15
	0.07
	242

	SSR1-7
	0.032
	1
	0.0276
	7.20E+12
	7.8
	3.3
	8.4
	-46
	169.6
	46.5
	7.55E-15
	0.05
	196

	SSR1-8
	0.028
	1
	0.0300
	5.79E+12
	7.8
	3.3
	8.4
	-48
	170.1
	49.1
	8.15E-15
	0.05
	170

	specmag
	0.028
	1
	0.0300
	5.79E+12
	7.8
	3.3
	8.4
	-61
	172.1
	61.4
	5.16E-15
	0.03
	108


Table 2: Source terms for penetration 1 & 2 at beam right, 7.8 feet to the right of the accelerator. Remaining pairs of penetrations are farther away from the source terms.
The geometric correction factors for penetrations 1 & 2 due to the 17 sources is shown in Table 3. In addition, the exit dose rate from each of the 2 legs of the penetration is given in mrem/hr for each of the 17 sources.
	source
	energy
	R
	D
	f(R,D)
	source mrem/hr
	source with correction
	after leg 1
	after leg 2

	HW1
	0.0027
	8.4
	-13.8
	0.520
	1766
	918.7
	47.58
	0.732

	HW2
	0.0033
	8.4
	-16.1
	0.463
	1045
	483.9
	25.06
	0.385

	HW3
	0.0046
	8.4
	-18.4
	0.416
	760
	315.9
	16.36
	0.252

	HW4
	0.0058
	8.4
	-20.7
	0.377
	735
	276.9
	14.34
	0.22

	HW5
	0.0071
	8.4
	-23.0
	0.344
	862
	296.2
	15.34
	0.236

	HW6
	0.0083
	8.4
	-25.3
	0.316
	1075
	339.7
	17.59
	0.27

	HW7
	0.0096
	8.4
	-27.6
	0.292
	1337
	390.2
	20.21
	0.311

	HW8
	0.0108
	8.4
	-29.9
	0.271
	1620
	439.4
	22.76
	0.35

	SSR1-1
	0.0132
	8.4
	-33.5
	0.244
	1876
	458.3
	23.74
	0.365

	SSR1-2
	0.0156
	8.4
	-36.1
	0.228
	1154
	262.6
	13.6
	0.209

	SSR1-3
	0.0180
	8.4
	-37.6
	0.219
	858
	188.0
	9.738
	0.15

	SSR1-4
	0.0204
	8.4
	-40.2
	0.205
	518
	106.4
	5.509
	0.085

	SSR1-5
	0.0228
	8.4
	-41.7
	0.198
	385
	76.4
	3.959
	0.061

	SSR1-6
	0.0252
	8.4
	-44.3
	0.187
	242
	45.2
	2.344
	0.036

	SSR1-7
	0.0276
	8.4
	-45.8
	0.181
	196
	35.5
	1.838
	0.028

	SSR1-8
	0.0300
	8.4
	-48.4
	0.172
	170
	29.2
	1.51
	0.023

	specmag
	0.0300
	8.4
	-60.8
	0.137
	108
	14.8
	0.766
	0.012


Table 3: Geometric correction factors for penetrations 1 & 2 and exit dose rate in mrem/hr. The combined area of the first two penetrations is taken as the area of leg 1 since both penetrations share leg 2. Dose rates at penetrations 3 through 28 which are further upstream would be lower due to attenuation by distance. 17 source locations are considered.

The derivation of the source terms from 17 unique sources in PXIE for the first pair of penetrations at beam-left is shown in Table 4.

	source
	Beam Power Loss (KW)
	time (seconds)
	Energy
	intensity per time
	Rx
	Ry
	R
	D
	
	loss point to pen opening (ft)
	Dose/p at inside surface
	dose rate per time at inside surface
	dose rate per hour at inside surface

	HW1
	0.750
	1
	0.0027
	1.72E+15
	4.7
	3.3
	5.7
	-14
	157.5
	15.0
	3.27E-16
	0.56
	2028

	HW2
	0.419
	1
	0.0033
	7.84E+14
	4.7
	3.3
	5.7
	-16
	160.5
	17.1
	4.1E-16
	0.32
	1159

	HW3
	0.243
	1
	0.0046
	3.31E+14
	4.7
	3.3
	5.7
	-18
	162.7
	19.3
	6.9E-16
	0.23
	821

	HW4
	0.206
	1
	0.0058
	2.21E+14
	4.7
	3.3
	5.7
	-21
	164.5
	21.5
	9.83E-16
	0.22
	780

	HW5
	0.223
	1
	0.0071
	1.97E+14
	4.7
	3.3
	5.7
	-23
	166.0
	23.7
	1.27E-15
	0.25
	903

	HW6
	0.266
	1
	0.0083
	2.00E+14
	4.7
	3.3
	5.7
	-25
	167.2
	26.0
	1.55E-15
	0.31
	1115

	HW7
	0.321
	1
	0.0096
	2.10E+14
	4.7
	3.3
	5.7
	-28
	168.3
	28.2
	1.82E-15
	0.38
	1375

	HW8
	0.385
	1
	0.0108
	2.23E+14
	4.7
	3.3
	5.7
	-30
	169.2
	30.5
	2.07E-15
	0.46
	1657

	SSR1-1
	0.423
	1
	0.0132
	2.00E+14
	4.7
	3.3
	5.7
	-33
	170.3
	33.9
	2.64E-15
	0.53
	1905

	SSR1-2
	0.242
	1
	0.0156
	9.71E+13
	4.7
	3.3
	5.7
	-36
	171.0
	36.5
	3.34E-15
	0.32
	1167

	SSR1-3
	0.162
	1
	0.0180
	5.63E+13
	4.7
	3.3
	5.7
	-38
	171.3
	38.0
	4.28E-15
	0.24
	866

	SSR1-4
	0.095
	1
	0.0204
	2.91E+13
	4.7
	3.3
	5.7
	-40
	171.9
	40.6
	4.97E-15
	0.14
	521

	SSR1-5
	0.066
	1
	0.0228
	1.81E+13
	4.7
	3.3
	5.7
	-42
	172.2
	42.1
	5.94E-15
	0.11
	387

	SSR1-6
	0.041
	1
	0.0252
	1.02E+13
	4.7
	3.3
	5.7
	-44
	172.6
	44.7
	6.59E-15
	0.07
	243

	SSR1-7
	0.032
	1
	0.0276
	7.20E+12
	4.7
	3.3
	5.7
	-46
	172.9
	46.1
	7.57E-15
	0.05
	196

	SSR1-8
	0.028
	1
	0.0300
	5.79E+12
	4.7
	3.3
	5.7
	-48
	173.2
	48.7
	8.15E-15
	0.05
	170

	specmag
	0.028
	1
	0.0300
	5.79E+12
	4.7
	3.3
	5.7
	-61
	174.6
	61.1
	5.15E-15
	0.03
	107


Table 4: Source terms for penetration 29 & 30 at beam-left, 4.6 feet to the left of the accelerator. Remaining pairs of penetrations are farther away from the source terms.

The geometric correction factors for penetrations 29 & 30 due to the 17 sources is shown in Table 5. In addition, the exit dose rate from each of the 2 legs of the penetration is given in mrem/hr for each of the 17 sources.

	source
	energy
	R
	D
	f(R,D)
	source mrem/hr
	source with correction
	after leg 1
	after leg 2

	HW1
	0.0027
	5.7
	-13.8
	0.383
	2028
	775.6
	40.17
	0.618

	HW2
	0.0033
	5.7
	-16.1
	0.335
	1159
	387.8
	20.09
	0.309

	HW3
	0.0046
	5.7
	-18.4
	0.297
	821
	243.8
	12.63
	0.194

	HW4
	0.0058
	5.7
	-20.7
	0.266
	780
	207.9
	10.77
	0.166

	HW5
	0.0071
	5.7
	-23.0
	0.241
	903
	218.0
	11.29
	0.174

	HW6
	0.0083
	5.7
	-25.3
	0.221
	1115
	246.1
	12.75
	0.196

	HW7
	0.0096
	5.7
	-27.6
	0.203
	1375
	279.4
	14.47
	0.222

	HW8
	0.0108
	5.7
	-29.9
	0.188
	1657
	311.7
	16.15
	0.248

	SSR1-1
	0.0132
	5.7
	-33.5
	0.169
	1905
	321.6
	16.66
	0.256

	SSR1-2
	0.0156
	5.7
	-36.1
	0.157
	1167
	183.1
	9.482
	0.146

	SSR1-3
	0.0180
	5.7
	-37.6
	0.151
	866
	130.7
	6.767
	0.104

	SSR1-4
	0.0204
	5.7
	-40.2
	0.141
	521
	73.6
	3.812
	0.059

	SSR1-5
	0.0228
	5.7
	-41.7
	0.136
	387
	52.8
	2.733
	0.042

	SSR1-6
	0.0252
	5.7
	-44.3
	0.128
	243
	31.1
	1.613
	0.025

	SSR1-7
	0.0276
	5.7
	-45.8
	0.124
	196
	24.4
	1.263
	0.019

	SSR1-8
	0.0300
	5.7
	-48.4
	0.118
	170
	20.0
	1.035
	0.016

	specmag
	0.0300
	5.7
	-60.8
	0.094
	107
	10.1
	0.522
	0.008


Table 5: Geometric correction factors for penetrations 29 & 30 and exit dose rate a in mrem/hr. The combined area of the first two penetrations is taken as the area of leg 1 since both penetrations share leg 2. Dose rates at penetrations 31 through 56 which are further upstream would be lower due to attenuation by distance. 17 source locations are considered.
Further analysis shows that pairs of generic penetrations at beam right, 7.5 feet upstream of the first pair would have an exit dose rate of less than 0.25 mrem/hr. At beam left, pairs of penetrations 5.5 feet upstream of the first pair have an exit dose rate of less than 0.25 mrem/hr.
The RF waveguides shown in Reference 2 & 3 are 1-5/8” in diameter. The calculated exit dose rate is a maximum of a factor of 3 above the design goal. If the four pairs of downstream penetrations contained in the two blocks at beam right and beam left are backfilled with polyethylene beads, they will be sufficiently shielded to limit the exit dose rate to less than 0.25 mrem/hr. Since the normal radiation dose rates are limited by interlocked radiation detectors, the accident condition should never be approached.
3. RFQ penetrations
The RFQ penetration shield blocks are shown in References 4 and 5. The RFQ penetrations were originally evaluated as 10” square penetrations. The new design is for 10” diameter penetrations. Salient design features are given in Table 6. The new design meets the facility goal of <0.25 mrem/hr at the exit of the RFQ penetrations.

	Feature
	June 2012 design
	September 2012 design

	Number of penetrations
	2
	2

	Area of first leg – ft2
	0.69
	0.54

	Length of 1st leg – ft
	3
	2

	Cross section of 2nd leg – ft2
	0.69
	1.25

	Length of 2nd leg - ft
	3.5
	3.5

	Distance from 1st HW cryomodule accelerating cavity
	59 feet
	59 feet

	1st leg attenuation factor
	1.01E-01
	1.16E-01

	2nd leg attenuation factor
	9.33E-03
	1.26E-02

	Total attenuation factor
	9.44E-04
	1.46E-03

	Corrected source at penetration
	20
	20

	Exit dose rate from leg 2
	0.02
	0.03


TABLE 6: Comparison of RFQ penetration designs. 
4. Conclusions
New designs for the generic penetration and RFQ penetration have been evaluated. The source term for the penetration evaluations is conservatively based upon limiting beam loss by interlocked detectors as described in Reference 1. The new RFQ penetration design meets facility design goals also described in Reference 1. The new generic penetration design is also acceptable with following conditions:
a. The interlocked radiation detector positions and trip limits are applied as described in Reference 1.
b. The upstream 20 penetrations on each side of the accelerator meet the facility design criteria as is. 
c. The 8 downstream penetrations (last four pairs) on each side of the accelerator should be backfilled with polyethylene beads.
Conclusions reached in this addendum should be considered preliminary. The evaluation of shielding and penetration effectiveness is very position-sensitive. A final evaluation should be performed prior to accelerator operation above 2.1 MeV for as-built conditions.
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