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In response to the issues of domestic nuclear power plant
decommissioning in the near future and relative radiation safely
programs, this plan is rolling to work on the improvement of
nuclear facilities decommissioning and radiation protection, two
spindle directions. Considering the domestic and international
trends, that is to strengthen the accuracy and credibility of
radiation measurement and dosimetry, to improve the evaluation
technology as well as testing and calibration research of radiation
detection equipment, and to enhance the personnel and biological
doses assessment technology. This plan also concerns the
radiation protection management system, radiation dose
measurement system, dose verification method and radiation
protection management procedure and regulations. It can improve
the techniques for radiation protection management to ensure the
public’s health and safety.

The main research items include: 1. Radiation protection
management techniques for nuclear facilities decommissioning; 2.
Research of radiation protection quality assurance and dose
verification evaluation techniques; 3. Radiation application
research of radiation dose evaluation and detection equipment
calibration; 4. Evaluation of human biodosimetry. It aims to lift the
ability of radiation monitoring and radiation protection
management quality in nuclear facilities decommissioning.
Through the related research of proficiency testing techniques, it
improves the technical ability and quality of the related laboratories
in the nation to ensure the radiation safety for radiation staff

members and the public. And it also provides a higher level of



radiation protection management through the establishment of the

radiation biodosimetry satellite laboratory.

Keywords: Radiation protection management; Decommission;
Proficiency testing; Dicentric chromosome assay.
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HERE/ T NEFECEAETERETFEZEE(ULEEFE——E5RE

7 5= 7K E THECEE)
Lo (Ba/L) (Ba/kg-wet) (Ba/kg-dry)
=
i & = E< & = H & & e

&E-54 12 |370EQ1 | 1.30E03 | 1.5 | 3.70E01 | 1.50E03 9 TA40E01 | 4.40E03
#-59 2.1 | 150E01 | 6.00E0Z | 2.7 | 3.70E01 | 1.50E03 18 — —
#5-58 1.2 |370EC1 | 150E03 | 1.5 | 3.70EO01 | 1.30E03 9 TAQEQOL | 4.40E03
#-60 1.2 | LLIOECL | 440E02 | 1.5 | 3.70EO0L | 1.30E03 9 2.00E02 | 4.40E03
&05 27 | L.IDEOL | 440E02 | 3.0 | 3.70E01 | 1.50E03 21 - -

#2-39 0.3 - - 3.0 - — - —
$E-90 0.3 - - 30 - — 30 — —
$2.95 2.1 | 1.50E01 | 6.00E02 | 2.7 — - 18 - -
#E8-95 2.1 | 1.50E01 | 6.00E02 | 2.7 — - 18 - -
B-131 | 0.3 |2.00E00 | 1.50E+01 | 1.2 | 2.00E01 | 1.50E02 | 9 - -
§:-134 | 1.2 |2.00E00 | 440E01 | 1.5 | 740E00 | 1.50E03 | 9@ | 7.40E01 | 3.00E03
$:-137 | 1.2 |3.70E00 | 740E01 | 1.5 | 260E0L | 3.00E03 | 9 | 7.40E02 | 3.00EQ4
$5-140 | 1.2 |7.40E00| 3.00E02 | 3.0 - - 30 - -
#§-140 | 1.2 |7.40E00 | 3.00E02 | 3.0 - - 30 - -

B

L B OESSTAERER EERE & ERE-

2 EEanEREEBER  ERTFRHEESTHEEER - EENERETLURE - TEF
ESREE -

3. LEEatTERER R ZERERRREIFER - SR TREEETHREREZAEE -

4, FMERSWERERER  SEFRRER T NEALTUESEEEFTERFRES » 173
CHALISHESFES -

5. EREREREGATFEESFAMRIEEMFE2RE -

Bl 4-11. %R 89 & P13 2 5 (B T iRk b A 7 (7 60 A 0F
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HWAERERE  AAREETHTHLE

7 R4 S # 3 % ES #

ff!}g ( Ba/l) ( Bg/kg-wet ) ( Ba/kg—dry )
#E O£ & & i i3 e i 1& & .
B4, 0.1} 3.7E00 | 4.4E01 5.0 — — | 100 —_ —
8 10 | 3.7E02| 4.4E04| — —_ — — — _
4%-54 0.4 | 3.7E01 | 1.5E03 0.5|3.7601| 1.5E03 | 3 7.4E01| 4.4E03
4k -s9 0.7 | 1.5E0L | 6.0E02 0.9 | 3.7E0L! 1.5E03 6 — —
$5-58 0.4 | 3.7E01 | 1.5E03 0.5 3.7E01 1.5&03 3 7.4E01 | 4.4E03
$5-60 0.4 1.1E01| 4.4E02 0.5 3.7E01| 1.5803 | 3 2.0E02 | 4.4803
$5-65 0.9| 1.1E01 | 4.4E02 1.0| 3.7E01| 1.5E03 | 7 — —
4%:~89 0.1| — —_ 1.0 — — — — —
$2-90 0.1] — — 1.0 — — — — —
5k -95 0.7 | 1.5E01 | 6.0E02 0.9 — — 6 — —
47,-95 0.7 | 1.5E01 | 6.0E02 0.9 — — 6 - | =
FE-131 0.1 2.0E00| 1.5E01 0.4 2.0801| 1.5802| 3 — —
$6,-134 0.4 | 2.0E00 | 4.4E01 0.5| 7.4800| 1.5803 | 3 7.4E01 | 3.0E03
48,~137 0.4 3.7E00 | 7.4E01 0.5| 2.6E01| 3.0E03 | 3 7.4E02 | 3.0E04
$8-140 0.4 | 7.4E00| 3.0E02 1.0 —_ -— w0 ) — —
M -140 0.4 7.4E00| 3.0E02 1.0] — — 10 — —
B 1. 4k EESRDRFE & BRI o RIE o

2. RBRGHERESRUG » SERVAEALIPEFFTRAGAE » BHREE

H3 T IATEAL, o

3. R R ARG  BARALMAMAL 3 B RATUTERTEF AN

B 4-12.()

EH308RRATDRILELEE o

ARB2ERFNER BT ROGN)RTHAL
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T RS E R NS T8 R E v.s. NUREG-0473

*CA & /9H) FBE(AL/FL - ARE) EX-IQ -5 VEi S A 5 3]
894 2 B M E 4780 AT NUREG 0473 89 4 2 BB E 4T IR T NUREG 0473 sornmmEanir | "DC
A #(Ba/L) | #(Ba/L) | 4R(Ba/L) 'GL(ED[CGVI):)TE 3'“:2,373 #(Ba/kg) | #&(Ba/kg) | 4R(Ba/ke) (ng/zgs “;ﬁi;;m #(Ba/kg) | #(Ba/kg) | #(Ba/ke) | NUREG 0473
H R - -
A UD-3 20000 740 - -
4£ (Mn)—54 1.2 37 1500 1000 37 1.5 37 1500 - 9 74 4400
& (Fe)-59 24 15 600 400 14.8 2.7 37 1500 - 18 - -
455 (Co)-58 1.2 37 1500 1000 37 1.5 37 1500 - 9 74 4400
55 (Co)-60 1.2 11 440 300 1.1 1.5 37 1500 - 9 200 4400
£ (Un)-65 2.7 11 440 300 1.1 3 37 1500 - 21 -
42 (Sr)-89 0.3 - - 3 - - -
£2(Sr)-90 0.3 - 3 - 30
£ (Zr)-95/4 (Nb)-95 24 15 600 400 14.8 2.7 - 18
& (1)-131 03 2 15 2 0.074 12 20 150 100 3.7 9 -
& (Cs)—-134 1.2 2 44 30 111 15 7-4 1500 1000 37 9 74 3000
4 (Cs)-137 1.2 3.7 74 50 1.85 1.5 26 3000 2000 74 9 740 30000
81 (Ba)-140/358(La)—-140 1.2 7.4 300 200 7-4 3 -
. - - e e
AR LD S ARRERR ﬁﬁ»ﬁﬁagﬁﬁiwﬁ?g

NUREG-0473 ¥

il 4-13.

% 7 89 i A F P 2

X T_EAPITINA

7 f{(ﬁf‘) F

NUREG-0473 +*

B ot Y

k(R /=)

(R L/ F 2

- BE)

- sayn | (ME e | M seve | (M waue | (2T
4% (Mn)-54 37 6.59E-02 1500 2.67E+00 37 1.10E-03 1500 4.45E-02
4 (Fe)-59 15 1.93E-01 600 7.72E+00 37 2.78E-03 1500 1.13E-01
4:(Co)-b8 37 8.91E-02 1500 3.61E+00 37 1.14E-03 1500 4.64E-02
4 (Co)-60 11 1.96E-01 440 7.84E+00 37 5.26E-03 1500 2.13E-01
4 (Zn)-65 11 1.31E-01 440 5.23E+00 37 6.03E-03 1500 2.45E-01
£.(Sr)-89 - - - - - - - -
£.(Sr)-90 - - - - - - - -

4 (Zr)-95 15 4.28E-02 600 1.71E+00 - - - -
42 (Nb)-95 15 2.45E-02 600 9.79E-01 - - - -
# (I)-131 2 1.84E-01 15 1.38E+00 20 1.84E-02 150 1.38E-01
4 (Cs)-134 2 2.77E-02 44 6.10E-01 7.4 5.88E-03 1500 1.19E+00
$# (Cs)-137 3.7 3.51E-02 74 7.02E-01 26 4.02E-01 3000 1.63E+00
4 (Ba)-140 7.4 7.81E-02 300 3.17E+00 - - - -
é?(La)—MO 7.4 4.91E-02 300 1.99E+00 - - - -
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JHE(BAL/HFRE-F7E)

B % AL ¥ A E
R (Bq/kg) (mSv/yr)| (Bqa/kg) (mSv/yr)
4E(Mn)-54 74 3.63E-02 4400 2.16E+00
#(Fe)-59 - - -

45(Co)-58 74 2.92E-02 4400 1.74E+00
45(Co)-60 200 4.26E-01 4400 9.37E+00
&+ (Zn)-65 - - ]
43(Sr)-89

4%(Sr)-90

#(Zr)-95

#2(Nb)-95

2 (1)131 -

4% (Cs)134 74 8.21E-02 3000 3.33E+00
4% (Cs)-137 740 3.44E-01 30000 1.39E+01
4% (Ba)-140 - - -

4 (La)-140

] 4-15.
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o | HRER FHEZE(%)| HARE |BHE | HRILFE  FELE(%)
(Ba/g) (k=1) (2 (2) (Ba/kg) (k=1)
H 1541.64  + 0.48% 0.0498 | 100.0 | 767.74 +  0.52%
0Co | 508.87 + 0.26% 0.0344 | 500.0 3501 £ 039%
NSr | 256.66  + 0.24% 0.0258 | 500.0 1324  +  0.46%
BICs | 54743+ 0.38% 0.0318 | 500.0 3476+ 0.49%
B1Cs | 469.59  + 0.58% 0.0386 | 500.0 3621+ 0.64%
Bl 4-16. FRESRZ FHEFEFRE TR TR (L 1 )3R)
o | HRER FHEEE(%)| HRE | RHE  RBLETR REEE(%)
(Bg/g) (k=1) (2 (2) (Ba/kg) (k=1)
0Co | 508.87 + 0.26% 0.0093 | 100.0 4732 +  1.11%
0Sr | 256.66  + 0.24% 0.0785 | 100.0 | 20148 +  0.27%
BiCs | 54743 + 0.38% 0.0073 | 100.0 3996  +  1.42%
Cs | 469.59  + 0.58% 0.0107 | 100.0 5025 £ 1.10%
Bl 4-17. {RESRZ FREEFRE I RIATF(C 1 LK)
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fbﬁ BOCO 134CS 137CS 908r 3H
Othe 1.71% 1.68% 1.57% 0.57% 0.25%
repeatability
Sthe 3.49% 2.80% 2.40% 2.71% 0.30%
between-bottle
323 RRFR 3.49% 2.80% 2.40% 2.71% 0.30%
Bl 4-18. % 1 Fjikiag Rl E
ﬁ ﬁ GOCO 134CS 137CS QOSr
athe repeatability 150% 097% 088% 062%
Othe 3.73% 2.86% 3.62% 2.28%
between-bottle
323 BRI 3.73% 2.86% 3.62% 2.28%
Bl 4-19. A1 K55 BplEES
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4 cER ARG U PR sER R R e AR

(RADOS EILED)

5 Bosed & i3 T2 @ (PANASONIC UD-807)

5 RFwEt B gyt A REFTRIHRE
(HARSHAW TLD 3 %4 £ 3*)

7 P2 A0 A G S ¢ (HARSHAW TLD 45 %3 £ 3+

8 g EFRFLY w4 ﬁﬁ?'Jﬂ""'ﬁﬁj_(HARSHAW:fF,I%\m*)
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1. Accident, photons (2001 & 2009)

2001 ---- abs{B)+S<0.3

2009 . Br245720.24%2

= 2018
= 2013
s = 2010

Lab

2001

- abs(B)+S<0.4

1I. Photons - H,(0.07) (2001)
1I. Photons/photon mixtures - H,(0.07) (2009)
05

—————— BA2+542<0.3"2
a 2016
2013
2010

I1. Photons - H,(10) (2001,
II. Photons/photon mixtures - Hy(10) (2009)

05

2001 -
2009

- abs(B)+S<0.4
-B2+8°2<0.3°2

04 04 04 0s
V. Photons mixtures - H,(10) (2001) IV. Photons mixtures - H,(0.07) (2001)
l. Betas (2001 & 2009) 1. Photons/photon mixtures - H,(10) (2009) 11, Photons/photon mixtures - H,(0.07) (2009)
o5 - 05
2001 ---- abs(B}+5<0.4 2001 ---- abs{B]*S<04 1 2001 ---- abs(B)+5<0.4 ]
2009 . Br2+§A2<0.3%2 2009 B0y | L=0.4 2009 .....pr2+5°2<0.3°2
o 2016 n 2016 i o 2018
Lab 01 . Lab e Lab
s 2010 s = 2010 s
- " ')- 1 9
05 0 05 04 03 02 H1 0 01 02 03 04 05
B
V. Photonbeta mixtures- H,{10) (2001) V. Photon/beta mixtures- H,(0.07) (2001) V1. Neutron/photon mixtures - Hy(10) for total (2001)
IV, Photon/beta mixtures- H,(10) (2009) IV: Photon/beta mixtures- H,(0.07) (2009) V. Neutron/photon mixtures - H,(10) for total {2009)
o5 5
2001 ---- abs(B}+S<0.4 2001 ---- abs(B}+S<0.4 2001 ---- abs(B)+5<0.4
2009 -...pr2+Sm2<0.3%2 04 4 L=04 2009 . BAR+542<0,342 0s | L=0a4 2008 . BARe5A2<0 32 o0t 1 L=04
. 2018 ’ a 2016 ’ " 2016 T
Lab L e Lab 2013 Lab oo
s = 2010 12010 s = 2010
05 o 05 04 05
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R T R % e R4 2 EME BRERF z
pGy/h [Uc(%) | uGy/h [Uc(%) |  (k=2)
NRC-8Ci-
ﬁ;?u 002 " |VDR2 | 7.60 | 3.0 | 7.87 | 2.8 |1.04:59% 0.74
DT-616 [138.95| 3.7 |141.95| 3.4 |1.02:7.4%| 0.32
s |00a M |VDR2 | 815 | 3.1 | 861 | 3.0 |1.06t61%) 0.24
DT-616 |148.10 | 4.5 |168.61| 4.4 |1.148.9% | 0.21
NRC-8Ci-
s |ooe PC" |VDR2 | 1020 | 2.8 | 1075 | 27 |1.04:56%| 0.76
DT-616 |158.45| 3.8 |180.39 | 3.8 |1.14:7.6%| 0.22
w4 E E/R |GHS-5Ci
BRERR VDR-2 | 7.75 | 2.5 | 8.26 | 2.5 |1.07:50%| -
£
DT-616 |151.25| 2.7 |165.29| 2.5 [1.0915.0% -
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Dose | No. of Cells No. of Dicentric Dicentric Distribution Variance/Me U Vield
(Gy) Scored Chromosomes 0 1 2 3 4 5 6 7 an

0 1020 1 1019 1 0 0 0 0 0 0 1 0 0.001

0.1 520 8 512 8 0 0 0 0 0 0 0.987 -0.232 0.015

0.25 506 11 495 11 0 0 0 0 0 0 0.98 -0.33 0.022

0.5 505 27 478 27 0 0 0 0 0 0 0.948 -0.835 0.053

1 518 57 461 57 0 0 0 0 0 0 0.892 -1.76 0.11

2 412 148 281 115 15 1 0 0 0 0 0.886 -1.64 0.359

3 191 115 108 55 24 4 0 0 0 0 1.03 0.288 0.602

4 95 100 28 40 21 6 0 0 0 0 0.735 -1.83 1.05

5 99 151 20 32 27 15 5 0 0 0 0.804 -1.38 1.53
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Yield, aberrations per cell

Yield Curve

W Data — Yield Curve Upper 95% ClI — Low er 95% Cl |
1.4 /i
/
1 B | _—
8 ]
_i /,‘.f,—
'2 [ g o
0

0 0.5 1 1.5 2 25 3 35 4 4.5 5 5.5
Dose, Gy

Y=0.0013+0.0011 + 0.0780+0.0121*D + 0.0451+0.0048*D"2

B 4-54. 107 & & F Jis v B2 F = 4250

Yield Curve
| Data — Yield Curve Upper 95% CI — Low er 95% C |
|
_ 2
3 18 _u
o
© 16
o 14
512
T 1
]
3 e
3 =
&
2 25 3 35 4 45 5 55
Dose, Gy

Y=0.0023+0.0014 + 0.0625+0.0086*D + 0.0635+0.0026*D"2

Bl 4-55. & & 101-107 & R F o REFEF > 4250

95



0 Gy 0.25 Gy

0.002 0.04
T 3 0035
5 0.0015 g 00
5 —CL z 0.025 ucL
3000 | e oGy 2 - LoL
z ucL E 0.015 —CL
I 0.0005 LeL Z on 025Gy
] £ 0.005
0 0
1 2 3 4 5 6 1 2 3 4 5 6
ve 0.19
3T 007 3
h - 017
2 006 Z
£ 005 ucL g 015 ucL
H Lol 2 o S— LcL
500 —cL £ on —cL
= 003 =
= 056y = 0 16y
5 e
£ 002 2 0.07
0.01 0.05
1 2 3 4 5 6 1 2 3 4 5 6
0.6 12
z ER
2 05 51
5 2
=% z 09
2 04 ucL an ucL
2 e g7 LcL
£ o — £Y7 —cL
e 206
= o2 26y =05 3Gy
z 02 =
ff =04
0.1 03
1 2 3 4 5 6 1 2 3 4 5 6
4 Gy 5Gy
2 27
= =
i 524
15 e &
E Lol E 2.1 ucL
F 3 LcL
2 —cCL §1-B —CL
2
- 4Gy L}
= = SGy
2 Z1s
- 0.5 -
1 2 3 4 5 6 B 2 3 4 5 6

Bl 4-56. % £ 101-107 £ B F oo & 254 45(1~6 4 &) & 4 101 ~
102(a) ~ 102(b) ~ 105 ~ 106 ~ 107 & )(A~F A 6]t 4 {5 S P65+ 3] £ %
0-025-05-1-2+~3+4-5Gy)

96



BB R &

2.500

2.000 }

—o—IAEA(2011)
1.500 / A

== Saudi Arabia
1.000

/ = Brasil
0.500

—=INER(107)

Yield
7+<
[=]
@
5]

=®—Hong Kong

0.000

0 1 2 3 4 5
Dose(Gy)

B 4-57. £ & 101-107 & R F JBd REFEF B> 4250

97




Heaith Sante
.*. Canada Canada INTCO06-

Health Canada Biodosimetry Annual Intercomparison | 2018

February 28,2018

The existing biological dosimetry capacity in Canada is greatly enhanced by conducting
vearly intercomparisons between the Canadian core laboratories, US and international
laboratory partmers that are capable of providing radiation biological dose estimates using
the Dicentric Chromosome Assay (DCA) and/or the Cytokinesis-Block Micronucdleus

CBMN assay.

The main objective of this annual intercomparison is to test the ability of each
participating laboratory to obtain correct biological dose estimates (accurate to within =
0.5 Gy) on 10 irradiated, blinded samples using the DCA and/or the CBMN assay. The
time required to complete the dose estimate of each individually scored sample will also
be assessed. In addition, a new objective for Health Canada (HC) and Canadian Nuclear
Laboratories (CNL) will be to compare and evaluate the CBMN-ISX assay to obtain
correct dose estimates.

This year. eleven laboratories will be participating in the intercomparison: three Canadian
core laboratories (HC. CNL, McMaster University (McMU)). four US laboratories
(Armed Forces Radiobiology Research Institute (AFFRI), Oak Ridge Institute for
Science Education (REACTS). University of Nebraska Medical Center (UNMC) and
Yale New Haven Hospital (YALE)). as well as the Biodosimetry Laboratory at the Korea
Institute of Radiological and Medical Sciences (KIRAMS). Korea, the Institute of
Nuclear Energy Research (INER). Taiwan, the Laboratorio de Dosimetria Biolégica
(LBD). Argentina and DSO National Laboratories (DSO). Singapore.

Samples will be scored using DCA as well as CBMN (for those with established
calibration curves). HC and CNL will also determine doses by the CBMN-IS¥ assay. HC
will provide lymphocyte and neutrophil count information for each sample to all

participating labs.
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TSR EFOF T BV T RS WEFERALEET
FTHERSSHI S CRAREEREFRT &Y THEd oM@
WEAME B Ry — e EEPEREN TS T REROE
WOl T A 20 MeV RA L #9F F B R R R B ERY T RES
ppEEL S TP TR EERAE BT TES-HESEAT
(B S)=—&#d FieEdhgopintt L[B] $ A FaE42E 20
MeV B Ftu AL A0 RE MR ¢ THEE-
HESEEATHAMEFN R L BHAILET THESR
¥ IR AR -

At EEM R E7H 6 e ik B b T 4@ R F o 47 R
B H O D TR A AT R $E 2 0k AR B 4 F T & 3 R (Bonner Cylinder
Spectrometer) {7 45 E (B 6) r LEEFFARIBHA I a4k
AR F ¥ #k # 4k (Bonner Sphere Spectrometer) & 4 5] £ 32 - i A5
F g E R A A 1960 4 RS X R4rH B ETRAL AT TR
HATHEEN - LE NSk B2 SR 0 2000 F R AR
i f & M AR b T 4k # R (Extended range Bonner sphere
spectrometer) + ¥ FiEHER R HRARAE GV F&[9] -
AP AP T AERE T A AR RS o PR R AR
A TR Bz S LEMB xR ads 0 o
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B45T2 a0 AR H 485 254 20y B 8 0.5 20 JE 2 A 4548(5S5-304)
Mg PR 999%A L 2 [ E He3 AR BOB 4 XAE &
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11

129



At FRFRHAEHBAZF TRHE  FTRGEARER
T At E R i BERE -
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£ BREHE
— ~235MeV H T ivik B3| BF FEMHZ 54

ERARGEBEETEAHLRP oL LB E—ET T i6RF
o BBRAATUARESS " ORMEZSHAE R ETEF ALK -
HEERish -HBEE AR -HEVARHK -HEELAHT
L @it EAsl AL EE B0MeVZ K F @Mk B
LT FrAMTAELTRAGE =R T -

ERiAHE CRHET T HEEMEFRAEFALELHTE
F0l 5 47 ERRE > FLUKA st EMA LSRR T T 68T
CHEHARBGEAMEL - RET T BERS - T 24
A A AR M St AR EEE L B TR SEAER
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AEcA s Bt HeF R A LB AR R o A E T SRR
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= 3GeVET ik B BT TRAHZ - #

BERSBHARLT w3 GVEAFEF it FHER ML
& 150 MeV 22 ok B ~ 4 fwif FOEGE RN 69{RH04 - 3 GeV Y
R~ AR ER/BE T RN S0 RET AR 0 DA 3GeV BT EG I o st
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R e ni st RO R™ Sk iil P T 854 8 & 5 47 Bk R
FHEEL At EOBASRRA M ES & LG AT 695
BHGRAEHNE - B A TPS St W IRAGKIL - BT AV HRMm
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B o AT A BLA R AR BRI AR IR KA A W aRARE
AR MMAERE T T L g o B B T EALS 36
AR Rk o HRETSHMEANE 6B EFR B AR
EOERLIMAMARE Y RARGE - LF 07 @ ey R 53
Bl By 20 oy G985 0 ik 907 AR B A LS 10 24 6hste b 10
s WL 0 O 907 i B A5 SR AR S oo dis ek S
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R BB AT SRUE) 2P AL B st B R o wled H*(10)
BR-r b 17 B 18- At EEME A 0K G FHM
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Wi AL AT v W B R B 00326.95% puSvhe F T #EH
B 0465£113% pSvh © S A M T H 2 EHMEFEE
0.0084+3.58% pSv/h » & F #|F$ B 0.35620.70% pSvh + i & R 8§
T B EHHELE) T RGN SR EHETH TR EH
ATE -EEFEEE - B 19 B 20 5 505 535 bk £ 8520
REgsfgondesd SowmhBEan il BEAFH
Yo RA A ERBEET TR - FHY TEERY T A ERY
ERE AT E G o W EEmk 17w - K¢ Old” 45305 i
GEA T New” RAHMRETHEE - FuATHREL AR
10MeV 2 & TS THF2 =Sk > SH5E#METRBET RS
bF M E FARAIAA R AR R T
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Gamma-ray dose Neutron dose (pSvie)
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A1 3GVIEFmABLMRRTETET TEFRT T H I F

Neutron Total Ep<=05eV  05eV<E,<10keV 10 keV < Ex < 10 MeV  Ep > 10 MeV
Flux (cm?el) Old  2.35E-09 24.6% 14.6% 30.4% 30.4%
New  1.62E-09 21.1% 12.9% 30.6% 354%
Ratio  {Old/New) 1.45 1.69 1.64 1.44 1.25
H*(10) (pSvel) 0ld 516E-07 1.1% 0.9% 44.3% 53.8%
New  3.95E-07 0.8% 0.7% 41.3% 57.2%
Ratio  (OldNew) 131 1.70 1.63 1.40 1.23
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Z 25 MeVE TR BRIGeVETF R BT T RAHIL
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Bl 21 k4% 235 MeV § F fvik B(@4e 40 {882 Pomt5)i# 3 GeV
EF ik BERAMEHEZ 90 )P Tl > dms 107 MeV
BN EAL —s M 100 MeV § F 65 EHE » 3 GeV ET v
EAH—WHEgEAES 235 MeV Wi S8 A K 2 T8
EoJbBEA T 23SMeVE TSR THE L0 E#A 4 >10MeV
rEEPTF  EHELY R 3GV ETF ik B EEARS BT
bmEEEAT T4 4 100 MeV 2 B d T E8E a#E0E
Hdn o mE A M F TR TR BESRE SEBRER
PR - Ml ES A — 3 GeV T iRk — 1 235 MeV § ¥
LT o dwd 2 Ao 0 3GeV BT Avif 34 8 235MeV § T Ao ik
EomAiOSeVarIEHI RV TSNS b S FEEY
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£2:3GeVEFwik BEHBMeVEF ik BEF FTRIRR I 0 EFTH

Total E,<05eV 0.5 ev<FEn<llkeV 10keV<E,<10MeV  En=10MeV
Neutron flusnce em?e’!  162E09  3AIEL0 2.09E-10 4.96E-10 5.72E-10
IGeVe- Ratio % 100.0% 1% 12.9% 30.6% 35.4%
(per electron)  Neutron dose pSve!  395E07  330E09 2.71E09 163E07 126E-07
Ratio % 100.0% 0.8% 0.7% 113% 57.2%
Neutron fluence em?p!  TTIEL0 S.80E-10 113E-10 5.3TE-L 235E11
135 MeVp Ratio % 100.0% 75.1% 14.6% 72% 3.0%
(per proton) Neutron dose pSvp'  256E08  SSIE-09 1.56E-09 1.05E-08 7.66E-09
Fatio % 100.0% 0.7% 6.1% 412% 30.0%

er)
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W~ 3GeV BT vik BERA MNP TR LA AN

AN I REAE BT FRERMEMETNTOERTRA - A
st 4% M A AF @ 4 (Bonner Sphere)t &5 # RN E F BHA K o
AT FRI(E 6) » £ Bt FIL 5 AR ¢ A0 ] 4 A A
Y Fiddn s LHEAH UREARSLE  B4FR KA
A EBFRAFTTRR AR TH L8 ERAH G
AR AHE ke WwBEY FEEY T B FFREH R
FMERABE -

AN EERi Sz ondh He3 st HBIUAR
PDT-100B #i & + L ap30 o WL E B A 0946 glem® 2 K 5§ B 69%
LR MR HEEER A ad B At E %8
H T 024 (Bare) ~ 1.5 454 ~ 2 4840 ~ 2.5 404 ~ 3 404 ~ 3.5 4 o
ARG SR 65T 8 g 90y R0 E 1244
EREZBLE it 7 4 AR 8B mAELA
(2C25 65-2P25 65+-2P3 65-3P4 65 Lo C B48 » P B 4L
AR HEMNBT A ENERLH AT B L ES - Bk
MR EELAEFLRER HBA 6 65 ArB U MAAER - 11
3P4 6.5 Bfl » £ EL 65 AR HMN RN BB Ha
ER AR 34 0 BBELHRAS E2H4 LA H
hMEEF T RELABL AT TLAAR  BASET T2 AMK
F ARG FMBEF P TFAFRUS A AMEMEE & R
sbA G 7 &+ § #| Isotropic §8 Parallel J3 # A 8487 » 8 5% 00§ —
BATELA B 2288 23 LAkt Bd TRHEHETHRE
EREREEL RBMCONPX i A st B R R My B
HARE R A B TR M2 ERA o JLd B 22 & ¢ T 1L Tsotropic
BAASE AR 24 0 B 23 &+ T 24 Parallel 48 A 4 85 W 4
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Wad TR  BHHRLH/AFE K69 H 4 (A Bonner
cylinder) » AR A 5] 48 3k R8T 4 e d T3t 80 Bl S B —
#1 9 # % (The reference neutron detector) » = 4k & # 08 F da 4
WS EE 2565 cmPE) Fsk % o AT St P R R A
7 Normalize » 135 &9 % B Lo B 24 Ao o & S8R H 4 F o
¥ %4 Beamlevel 5 BE(135cm) - B 25 Bi-+ WaH 0 &9 & 48
B) mEMNEFOF THH(R) TREEFTAERELRGEL
0.04mA » R FE6)F T3 AL IT A 62 0ps > HF B 8
HREAFTBAHL 0015mA » ALTEEHERBSE 0.025mA -
WERMATEAS 40 pC(# 2510 MET HEF) -3 - BEE
EAHAMERS AT 538 AR RBTHE & T <ax10T
C> x <3x10°m/s> / <480 m> =0.025 mA -

B E AR ET TR ES T REEMNE A
LU ERERE IR AT A P T # B 26 B 3 AR 0 S
EHEFREERENAT FH 0B 2T REAm - BEGREE
st #h | 8407  #8d Reference 4 Normalize £ i W 849 6.5 cm
AR E 4 - BEon A % B 2 W 4 (Corrected results) = 3 % % FLUKA
B AR - $n $1 R 2 R & $ie f7 Folding 4% - Bp ] 8 15 S8 e
Fib# o B 28 ®E 29 M v 2 Corrected results(#f -+ &
Measurements) R E 2 st AL~ PITRELESRLIA-

HFE 19 B E 20 & F 4k i 4F B Unfolding &9 #6454 o i
oy 3 Bk % FOAT S5 A0 AL # 6Y Comrected results 1F & & 15t
# » A4 B 22 $§ 23 Isotropic $& Parallel & #K 5] 69 M & 3% » ]
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4% Unfolding & R 4@ 30 2B 31 /i - b S REP A R B WAk 4T
EE 2 g E - WA o B 9 4e 3 2 % G 31 ik 47 Folding - 2
2 Comrected results e f7Eh 6% - S0 @ 32 B 33 » THRY
WALLR b LERTREL » Unfoldng # 694k # /% -k Folding
o LABRRREEFAG AT B ERHHE -

a5 B 30 ~ B 31 Unfolding #  F @ &8 F F & & sk |l AT
ERG(05eV>10keV~ 10 MeV) » [ 4§ 8¢ T @ FRT 7 #F5 4
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F(10keV ~10Me V)i 5 8 & F (510MeV) » 4w 5884 6 /i + SEA
#2955 g 51 » Unfolding 7 # ek 18 ¥ 4 4 B0 F K(dGrs Eaia
BEERMERREN) AR T ENRATRETERET AL K
## 10 MeV 2 Bt ¥ A S8 A HE 6T ERF TR FH= 4
Ad o FEEHFREETE O T8 F 0 08P 2 Hlp
£ AF 10 keV i FoA L - SEA AN 10 MeV B i + - 548
W L e A b ] AR 10 MeV i p A28 e 8 F e — L L -

#F Unfolding # &4k #7 92 % 8 & $L ¥ {7 Folding — =k » T 4§ 3|
EE kAP ot 3 AT b SR R B A B AT Y - TR A
Efrr bl @magi » 4 7T0E S PG AEIPAGREENEEIIR
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FohdATRED Dotropic L - ALIPERETENES A
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B 24: FARERENSS

T
; Signal Name Max  Min  Avg

10k —— Neutron cunting rate (cps) 145 20 6.2
o' —— Booster beam current (mA) 0076 0.010 0.040
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Meutron counting rate (cps)
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MNeutron counting rate (cps)

MNeutron counting rate (cps)
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- = = = Initial spectrum (FLUKA)
Unfolded spectrum (Isotropic RFs)
Unfolded spectrum (Parallel RFs)
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£ 30 B0 B B b b S e R 3 a4 R(Corrected results © Measurements normailized to 6.5cm)

Uit : cps Bare | l5am | 2em | 25cm | 2em | 3.5em | 4em Sem | 65cm | Sem | Sem | 10cm | 2C25 6.5 [ 2P2.5 6.5 | 2P3_65 | 3P4.65
Meammwements 621 7.65 7.72 782 7.68 794 879 928 9.62 7.78 7.05 TA% 7.68 12.42 1420 15.67
Emror(%a} 1475 925 1005 | 1413 | 1113 863 1184 | 1278 997 | 856 | 1292 | 802 14.06 12.27 869 834
Carractad results [ 6.20 890 913 832 543 1032 | 1069 937 962 738 | 3ED | 671 6.97 11.59 11.86 12.56
Error(¥a) 1475 925 1005 | 1413 | 1113 863 1184 | 1278 997 | 8536 | 1292 | 802 14.06 12.27 569 834

£ 4 BT RS el ot et n 3 94 R(Corrected results : Measurements normailized to 6.5cm)

Unit © cps Bare | l5cm Jem | 25cm | dem | 3.5cm | dem Som | 6.5cm | Scm | %om | 10cm [ 2C2.5 65 | 2P2.5 6.5 | 2P3_6.5 | 3P4 65
Measurements | 4.71 5.58 5.84 6.14 7.02 6.68 7.6 7.08 701 | 620 576 | 574 5.67 819 9.27 9.95
Eror(%s) 9.88 9.05 .99 9.28 949 872 775 9.80 791 873 8.67 881 1.76 931 941 9.68
Cormrected results | 5.18 ] 5.89 69 7.62 757 822 7.66 7.01 686 [ 675 521 59 542 10.18 114
Error(%a) 988 9.05 £.99 9.28 949 872 775 0.80 791 273 8.67 881 1.76 931 941 9.68

£ 5 B a s Foi-Unfolding i+ TRFRY THE2 L F 54

Neutron Total Eo<05eV  05eV=E <10keV 10keV<=E;<10MeV E,>10MeV
Initial ~ 5.87E-01 24.6% 14.6% 304% 30.4%
Flux (em?s?) ISO 740E-01 24.6% 14.6% 304% 304%
PAR  6.13E-01 214% 14.4% 314% 32.9%
Initial ~ 4.65E-01 1.1% 0.9% 443% 53.8%
H*(10) (uSvh?h) IS0 5.83E-01 1.1% 0.9% 44.4% 53.7%
PAR  5.12E-01 0.9% 0.8% 43.5% 54.8%

#£0 F oA R -Unfolding ¥ TR FRY FH I F0H

Neutron Total Er=05eV  05eV=E<10keV 10keV<=Ey<10MeV E.>10MeV

Imitial  4.05E-01 21.1% 12.9% 30.7% 353%

Flux (cm?s?) ISO 6.24E-01 21.1% 12.9% 30.7% 353%
PAR  5.05E-01 21.1% 13.0% 30.8% 351%

Imtial  3.56E-01 0.8% 0.7% 41.3% 57.2%

H*(10) (uSvh IS0 549E-01 0.8% 0.7% 41.3% 57.2%
PAR  443E-01 0.8% 0.7% 41.6% 56.8%
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Pt EMREELE

£7: %8R &% Bw = Unfolding & % 5 4 & & % Folding » $ 5§ &5

4om  Som 65om Bom @cm 10om 2C25_ 65 2P25_ 65 2P3 65 3P4 4GS

MO chislding Bare 15m 2om 25m 3om 35cm

IE0 #@EE 198 171 185 197 206 212 213 207 187 163 148 134 143 22 259 245
#HIEE I77% 20.T% 27.T% I7.7% 27.8% 278% 278% 278% 77 27T 27T 21.0% 27 7% 21.% 276%  27.6%

PAR ¥#E 079 020 -005 008 020 030 038 048 055 0.53 051 047 047 0.63 0.70 0.78
#HIF 06% -24% -046% O08% 20% 30% 37 S50% 463% TI% TTh  E0% 7.2% 6.8%% T4% T.6%

£ 8 50§ % B k> Unfolding & % 3% 4 & % Folding » $1 /f o @ st > £ 504 £ &

5

MO shielding Bare 135m 2m 25m 3om 335cm 4om S5om 65om 8om 9om 10em 2C25 635 2P2S 65 2P3 65 3P4 45

258 268 273 172 153 126 108 191 1.06 ERD 350 3.68
54.5% 54.4% 54.4%

0 H#EE 237 206 2 244
FEFE 5435% 545% $44% 545% 545% S545% 54.5% 545% 3545%

132 119 107

1.39 1463 130

paR WHE 118 120 142 1352 161 166

I E 248% 253% 254% 254% 255% 255 255W 1255% 255% I254% 253% 152% 25.2% 251% 15.0%
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th 2 M %

O HMAGERAAMERNMEE SR

£y B E G B

o SR e A

(a) PE 3} #t(cps) 9.62 7.01
(b) PE & |+t & £ (uSv/h) 0.411 0.299
(c)#4 4nfs s> PE+Pb/PE 3 F 1.291 1.168
T i @ R®

(dyksoi 2 £ 5 BAT(y) 2.327 1.766
(&) 4 4ot 3 ) § £ 44 i (uSv/h) 0.956 0.528
Do oz b FsE 53.8 572
(g dofit #2 £ 5 BT (y) 1.950 2.121
(h)& fofi H A& & F 44 £ (uSv/h) 0.801 0.634
()45 2% 5 47 45 2 #& £ (uSv/h) 0.465 0.356

(p)k, & & ] pr7 45 2> ] & £ (uSv/h)

0.512-0.503

0.443-0.549
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