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An Example of Neutron Shield for a Treatment Room Using
Medical Linear Accelerator and Evaluation for its Results

Shigeatsu Yamaguchi, Hiroyuki Hanada,
Kimihiko Igarashi*, Megumi Yamaguchi®,
Yositharu Watanabe® and Teruo Furuya”®

Abstract

It has been found that there is neutron leakage over X-ray leakage through the
maze of a medical linear accelerator room. For this reason, it is needed to redﬁce
this neutron leakage. Leakage neutron number from Linac, average energy and neu-
tron dose equivalent in the treatment room and at the exit of the maze are measured.
Using these results, a shield is designed and constructed. After the reconstruction, the
distributions of neutron dose equivalent in the treatmant room, in the maze and at
the exit of the maze are measured again. It is confirmed through these measurements
that the new shield is successful against reducing neutron and X-ray leakage at the
exit of the maze. Besides, some useful knowledges to design a shield against the

neutron leakage through a maze are found as a result of the measurments.
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Fig.1 Room layout and mesurement locations
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Table 1 Measured thermal and epi-cadmium
neutron fluences per unit X-ray output (in neu-
trons*ecm® Gy-X) and average energies of epi-
cadmium neutrons with I-Act method at each
location in the treatment room.

X-ray energy| 14 MV 10 MV

Measurment| @ | @oi | Baw | Ou | @i | Eav

location No.| X10’ | X10"| Mev | X107 | X10" | Mev
1 0.17 | 6.71 | 0.49 {0.023] 1.03 | 0.47
2 — 83| — | — |133| —
3 0.15|0.89 1 0.40 {0.0121 0.13 | 0.21
4 — | 123 — | — [0.21]0.35
5 — 1099 — | — 10.15] —
6 — 102 - | — | — | —
7 015049016 — | — | —
8 0.14 1 0.46 | 0.15 10.016|0.064| 0.15
9 0.14 0471020 — | — -

Table 2 Measured thermal and epi-cadmium
neutron dose equivalents per unit X-ray output
(in #Sv/Gy-X) with I-Act method at each

location in the treatment room.

X-ray energy 14 MV 10 MV

Measurment| He | Hop | Hie | Ho | How | He

location No. X107 X 10 X10%| x10?
1 18 88 (88.2| 24 | 11 11
2 — | 110 f 110 | — | 17 | 17
3 16 10 [10.2] 1.2 10.89 |0.90
4 16 [ 16 | 16 | — | 2.1 | 2.1
5 16 | 13 | 18 | 1.6 | 16 | 1.6
6 16 13 | B8 ) — | — | —
7 16 | 25 { 2.7 | — — | —
8 156 123|256 ] 1.7 (032034
9 15 | 3.1 33| — — | —
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Table 3 Measured neutron fluences (in neu-
trons+cm™®, Gy-X), does equivalents (in uSv.”
Gy-X) per unit X-ray output and average ener-

gies with I-Act method under 14MV X-ray
mode in the maze before the reconstruction.

Measurment] ®u | Do | Eav | Ho | Hos | Hen
location No.| X10°| X10° | Mev
11 10 20 1012 11 86 97
12 82| 14 (015 87 | 74 83
18 20| 1.5 10.025] 021 | 1.7 { 1.9
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Table 4 Measured neutron fluences (in neu-
trons*em?/Gy-X), does equivalent (in #Sv,/
Gy-X) per unit X-ray output and average ener-
gies with I-Act method under 14MV X-ray
mode in the maze after the reconstruction.

Measurment| @u | Qo | Fav | Ha | Hep | Heer

location No.| X10° | X10°| Mev
11 — 14 (012 | — 60 —
12 — | 88 [0156| — | 45 | —
13 3.2 |71 /008 35| 23 27
14 1.8 139 (009 19 14 16
15 1.1 | 1.5 [0.040| 1.2 | 2.6 | 3.8
16 0.76 084 |— 081091 | 1.7
17 0.35 | 0.43 junder| 0.38 | 0.46 | 0.84
19 0.2310.24 |0.025]| 0.25 | 0.26 | 0.51
20 0.17 {0.14 | —F | 0.19 | 0.15 | 0.34

Table 5 Measured neutron does equivalents
per unit X-ray output (in uSv./Gy-X) with
2202D meter in the maze after the reconstruction.

Measurment {14MVI|I0MV| Measurment [14M V{10M V|

Jlocation No.| Hw: | Hw: [location No.| Hy | Hu
13 26.71 — 19 0.503(0.048
14 15.9 | — 20 0.32110.048
15 3.86 10.569 21 0.2060.033
16 1.95 10.307 22 0.15410.023
17 0.84910.131
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Table 6 Measured neutron fluences (in neu-
tron s-cm®/Gy-X), dose equivalents (in #Sv./
Gy-X) per unit X-ray output and leakage X-
ray dose equivalents per unit X-ray output (in
#Sv /Gy-X) at the entrance door before the
reconstruction for neutron shielding.

X- X-ray Neutrons

ray

2202D
ch

calcu- measu{ Qu
lated |red |X10*

ene- D, I-Act.

X104 Hu He Huoe

gy
14M V| 0.0176/0.133 | 2.0 (2.0
10MV| 0.0145]0.022 | 0.24 |0.16

0.33
0.045

0.21
0.026

0.22
0.017

0.43
0.043
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Table 7 Measured neutron and leakage X-ray
dose equivalents per unit X-ray output (in #Sv,”
Gy-X) at the entrance door after the recon-
struction for neutron shielding.

X- case 1 case 2

ene-

rgy X-ray neutrons X-ray | neutrons
14MV| BG BG 0.0315 0.114
10MV| BG BG 0.00556 0.0157

BG : background level

case 1: Mesurements by closing the neutron
shielding door. v

case 2 : Mesurements by opening the neutron
shielding door.
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Table 8 The dependency of neutron leakage
for gantry angle.

Gantry 14MV 10MV
angle
0° 1 1
90° 0.87 0.51
180° 1.3 0.98
270° 1.4 1.5

Beam direction :
0° -downward
90° - direction to maze barrier
180° - upward
270° - anti-direction to maze barrier

Table 9 A dependency of neutron
lekage for the field size of useful beam.

Field size 14MV | 10MV
(em®
0x0 1 1
10x10 0.97 0.95
20% 20 0.95 0.93
3030 0.86 0.86
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Table 10 The measurments to estimate relative
neutron yield each parts under 14MV X-ray
mode in the treatment head.

(unit of @, £Sv/ Gy-X)

Flatten- ® i | neutr-jreduction
Jaws |ing No. on rate in
filter X 10" |sourceleach case
casel | open + 3118 |S-Jd 0.184
open 3 | 1.61|S-J-E
case? | close + 4 (1.23|8S 0.106
open + 4 1 1.10|8-Jd
cased | close + 5 10.986| S 0.138
open + 5 10.850( S-J
cased | close + 611028 0.083
open + 6 10.932| S-J
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Table 11 Estimated total neutron number with
the epi-cadmum neutron fluence at each loca-
tion in Table 1 (in X10" neutrons,/Gy-X).

No. | 14MV | I0MV | No. |14MV | I0MV
1 1.6 0.24 6 1.3 —
2 1.4 0.22 7 3.1 —
3 1.1 0.17 8 2.9 0.40
4 1.6 0.26 9 3.0 —
5 1.2 0.19
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Fig.3 The constitution of the neutron shielding
barrier
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Table 12 Comparison between the values of

dose equivalent at the entrance door before and
after the reconstruction for neutron shielding.

Before After
Cal. | Meas. | Meas. | Meas. | Meas. | Meas. | Meas.
X X n total X n total

14MV| 38 | 290 930 1220 ¢ BG BG BG
10MV] 47 70 140 210 BG BG BG

unit in #Sv. week,BG ; background level
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Fig.4 Neutron dose equivalent distribution in
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