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Abstract: ADS sub-critical experimental assembly is the first decommissioning sub-critical
assembly, by investigating the decommissioned radioactive sources of which, a method which is
applicable to the decommissioning of zero-power facilities was developed. First, a detailed
investigation of the radioactive sources in the ADS sub-critical experimental assembly was
conducted. Then, the method combining the ORIGEN and Monte Carlo codes was used to calculate
the radioactive nuclides, source strength, and specific activity generated by each component of the
reactor core. Finally, through on-site measurements and sample analysis, the radioactive sources of
the reactor core structural components were determined, the results can be used as a reference for the
source item investigation of other zero-power facilities.
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Fig.1 The schematic of the multilevel structure of ADS
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Table 1 Radioactive source term investigation for the

critical assembly
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Table 2 Possible radionuclides produced by neutrons in a

critical assembly
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Table 3 Measurement equipment and performance indicators
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Table 4 Standard sources and parameters

2 B PRUEIE/Bq W H
*'Am WA 1.557x10° 2021-12-08
21} Wi 9.69x10” 2021-12-08
"2Ey WA 1.350x10° 2021-12-08
52Mn Wi 4.12x10* 2021-12-08
¥Ba T 9.8x10 2021-12-08

T A AR JEE YR DN 33 450000 & ek, o BT SRR
23D, R RR A A8,

Ao, C o ERARL A TR PRV BE, Ba/gs n
HTEOCR, s EONTHEOHCR; v o Ak R,
B 100%; W 29 A FHRE b A B 4, g5 MDC 9 #8
WIFR, Ba/g; ny KA R T EC, s ¢ A IS
B 1], so

1o ARy T I A A O B TR
AR, BRI RR AR 100,
_ (Ng/ts =Np/1,)V1 f1

A = (9
° envfre~m
4.65 /’Z—”
b
MDC= —————V (10
envre Mm 1

Ao, A, RS THIE BEWR B, Ba/g; Ns MR
RE TN E MY y 9T 26 19 2 e W v 1T 45 N, iz
y 9 AR B A RE WA TR ¢ SRR 4 U o
8], s; 8, A AT B 5 BF[R], s5 ¢ M iZ y B 2R 4 g
W ) TR 8038 5 g SR A2y SR S v o
AL, mL; £, O B RIS IE R A R
[ Wi 5 e oy 220 BB A o R B0 = AR B IE T,
VoA RERE S ER R, mLy m SRR R S
H i, g; MDC iy %R FR , Ba/g; n, 0 A< i 11 %K
s,

3 #RE5itie
3.1 EItE

TP BRI AR AR R R 2 O E B AR
FH, W B T BRI e TR EE TS 00 S
BRFP IS, SRR 2 BT R 40
b A IE 15 3] ADS 5 B R I S S 5 ke
BHEA R AT ¥ gk s TR 2, v L
F i, HEA AR BRI AR AN [ X 25 BIAR K,
TR E B AR T, RO A B RR
AT 2250, 8 3B 4 34 Sk Ao -, T B 2 Y
W ER 0 M 143 e 2 DR A 0 6 A e -
WCHTET R o BE AR A b P RIS A S AR K ORIGEN
PP TS A 09 b7 RE S, 40 b i K OF
HF# S,

FIIFH ORIGEN #2 J7 118 i it R A% S8 e vh +



55 13 Jl B 22 55 ADSE W] B Wl S IR A TR i T 5T 91

1.000

0.100

0.010

1x1077 —m—
—o— RN
1x10°% —A— FINER I
—v— RN

1x107°
1x1071°
11071 1x10710 1x10° 1x10°° 1x107 1x10 1x10° 1x10* 0.001 0.010 0.100 1.000 10.000
fEH/MeV

B 2 ADS ittt &t FaEit

Fig.2 Theoretical calculation of neutron spectrum in ADS
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Table 6 The calculation results of source term of ADS sub-critical experimental assembly

£ 1R N2
e, A YEKT o
pon it EEHE R AR T
N AR s > 2eay, s 5 2y, s S P
T/ T e/ T e/ AR LA
Bq (BqrgH (BqrgH

1 SR R “c 1.41 1.42x10°° 1 1.42x10°

2 B2 FNER 2 c 1.23x107°2 8.02x10"° 1 8.02x10 "’

3 AR R c 1.12x107 3.94x10°" 1 3.94x10°*
Sicr 532x10 "2 1.88x10"® 100 1.88x10 %
*Mn 4.10 1.45x107° 0.1 1.45%x10°*
*Fe 3.10x10 1.10x10°* 1000 1.10x1077
SFe —_— —_ 1 _—
o 7.49x10”° 2.65x10 1 2.65%10"*
“Co 2.56 9.04x10°° 0.1 9.04x10°
Ni 3.75x10°° 1.33x10°® 100 1.33x10°"°
5Nj 3.79x10"" 1.34x10°° 100 1.34x10°°
%Nb — — 0.1 —
PNb - S 1 S

E: —— FOR T AR



92

W i & $538%

HRE B B0 85 T BE R BT 5 4 T R AR R B I
VI e B 55 A A5 I R R A LA, P R R
R 1.45%10° #4 HfE K F 5x107 89 MC. “Co.,
PFe F1°*Mn, S5 KT 0.1 Bq N, 3t 5 Flf%
FERE A LENEER,
32 HFiNE

ADS i B AL UK S5 50 8 Xy AR AT A
R AE 0.032~ 0.060 uSv/h 5 FE N, a. p T TG
e TR 35 /N FALFFR M PR, o 2 18 75 Y2 7K P/

F 0.03 Bg/em®, B FE 15 47K F/N T 0.13 Bg/em®,
33 EUES R

BORE TR BV N B 25 RS TR 7, R T
Al ADS Ji B AL ORI B 55 0 A B ORE A R T
JiE e B 2/ T FE MR, 1C 1 I B e B /N T
0.0098 Bq/g, “’Fe Iff J& & J& /N F 0.006 5 Bq/g, “Ni
I BEVR /N T 0.0044 Bg/g, “Co HIIE EWR /N T
0.006 Bq/g, **Mn 3% & % )i /N T 0.005 6 Bg/g, I
T 45 R AR T A i B .

x7 BHEEREVNEER

Table 7 Measurement results of activity concentration of activated samples
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Fig.3 The method of source term investigation for the

decommissioning of critical assembly

4 %t

K 52 2 5% 1 ORIGEN F ¥ AHZS &1
T VRN T ADS Ji W1 R R I A SE R % B
B AE R TR R A TS AL R T, T R, &
GRG0 % F U B R R AR T A BR A . B
Gyl 2 1) Xy 48 5957 2 22 4E 0.032~0.060 pSv/h
J0 N, o Y5 Y K F /N T 0.03 Bglem?®, B3
075 44 7K F- /N T 0.13 Bg/em®, % JH /& 4l 8% y i
ASCI - 9 > Min F1°Co, 8 AR JEE 8 IN 3% A 3 4
i e, PFe M ONi By 5 I Uk B K T IR
B 3E AT VR IR A, B T ADS Ji B Rl 5
S0 2% A R A TR T T e R A B A M
(0 0k, A 3R A% S T 2 L SRR T S A
LA ADS Ji B B VI S S5 00 26 R AR U i A
RWEGERT G, T LT — A R RS M
3T T G 1 I A 2 R AR VR A A T vk, o
b 5 5% 2 T e 3R A% YR I A BT S

S Z 3k
[1] sk, B, 2Bk, 5. ADS I A E——
JA A 1#J]. IR FRERLEEIR, 2005, 39(5): 447-450.

Shi Yonggqian, Xia Pu, Luo Zhanglin, et al. ADS sub-
critical experimental assembly-venus 1#[J]. Atomic
Energy Science and Technology, 2005, 39(5): 447-450
(in Chinese).

X, sk, SR, % ADS SR AL 1 S ki AR
WS RS TR, 2022, 42(2): 262-265.

Liu Feng, Zhang Wei, Zhang Zhifeng, et al. Study on the
sub-criticality measurement for the ADS Venus I[J].
Nuclear Science and Engineering, 2022, 42(2): 262-265
(in Chinese).

HRBANY, 22 FH, SCE -, 55 B R A IR
P[], B4 4x, 2018, 17(4): 30-36.

Shao Minggang, Li Chunyang, Wen Fuping, et al. Source
term investigation of the decommissioning of radioactive
waste repository[J]. Nuclear Safety, 2018, 17(4): 30-36
(in Chinese).

4%, XVEF, RBOK, 4. At iU e m
PRI [T, SRR, 2002, 22(3): 163-169.

Yue Weihong, Liu Chunxiu, Li Zhengshui, et al. Survey
of source terms of Beijing radwaste repository of
radioactive wastes originated from applications of
nuclear technology[J]. Radiation Protection, 2002,
22(3): 163-169 (in Chinese).

SR, IKRAEMR, XN, 45, CTAE % itiiR 5 H AR5
R BRI JEFRERFF IR, 2020, 54(S01): 143-150.
Wu Jie, Zhang Shengdong, Liu Yi, et al. Current status
and prospect of nuclear facility decommissioning in
CIAE[J]. Atomic Energy Science and Technology, 2020,
54(S01): 143-150 (in Chinese).

PRE R, INVREL, 547 AL . A% B R A TR A 2
W——TAEA L5 AR5 WA T [J]. 4 4T B 7, 2005,
25(1): 62-64.

Guo Xiliang, Sun Qinghong, Gu Cunli. Investigation
meeting on decommissioning sources of nuclear
facilities —brief introduction of —IAEA experts’ report
[J]. Radiation Protection, 2005, 25(1): 62-64 (in Chi-
nese).

WM, RIEER, Ok, 45, ZH0RHS AL BRT 5k X I8
IR AR IEIA ARSI Rl 5 TR, 2016, 36(4):
539-547.

Xie Xiaolong, Wu Dehui, Chen Yongwang, et al.
Research for initial radiological characterization for
decommissioning of high and intermediate radioactivity
level’s area within reprocessing plant[J]. Nuclear Science
and Engineering, 2016, 36(4): 539-547 (in Chinese).
Rk, TIE, I, S5 AL R e e M LR AT
SR #Eh 1 TR, 2016, 37(201): 84-87.


https://doi.org/10.3969/j.issn.1000-6931.2005.05.014
https://doi.org/10.3969/j.issn.1000-6931.2005.05.014
https://doi.org/10.3969/j.issn.1000-6931.2005.05.014
https://doi.org/10.3969/j.issn.0258-0918.2022.02.004
https://doi.org/10.3969/j.issn.0258-0918.2022.02.004
https://doi.org/10.3321/j.issn:1000-8187.2002.03.007
https://doi.org/10.3321/j.issn:1000-8187.2002.03.007
https://doi.org/10.3321/j.issn:1000-8187.2005.01.011
https://doi.org/10.3321/j.issn:1000-8187.2005.01.011
https://doi.org/10.3969/j.issn.0258-0918.2016.04.016
https://doi.org/10.3969/j.issn.0258-0918.2016.04.016
https://doi.org/10.3969/j.issn.0258-0918.2016.04.016

94

W i & $538%

9]

[10]

(1]

ZhangHong, Zhangliang, ZhangQibin, et al. Study on

safety regulatory elements of nuclear reactor
decommissioning[J]. Nuclear Science and Engineering,
2016, 37(201): 84-87 (in Chinese).

FZIk, SCEF, BEWINI, 4. X T NORM & I ik
Jite 3R A8 5 R A 7 1 09 4R B [D). 4R BT 4, 2013,
33(5):261-268, 279.

Wang Shaolin, Wen Fuping, Shao Minggang, et al.
Consideration on the method of source term investigation
prior to the decommissioning of NORM facilities[J].
Radiation Protection, 2013, 33(5): 261-268, 279 (in
Chinese).

KA, XA, 2% U, 5. 55 R (R 1 S o HE IR
P 1) A P A R W A D). R T RE AR R 2013,
47(8):1394-1397.
Zhang Yongbao, Liu Yaohua, Li Yiguo, et al.
Radionuclide survey for Jinan miniature neutron source
reactor decommissioning[J]. Atomic Energy Science and
Technology, 2013, 47(8): 1394-1397 (in Chinese).
SREKAE, GMETR, s, S LT RO R IR A
IR R[], 3 J1 T2, 2016, 37(5): 167-170.

Su Genghua, Bao Pengfei, Han Song, et al. Calculation

[12]

[13]

[14]

of activation source terms of reactor components for
decommissioned nuclear power plant[J]. Nuclear Power
Engineering, 2016, 37(5): 167-170 (in Chinese).
FNE, T, 2RV, 55 IR B NHE RO M AL R
T[T T RERIAHOR, 2014, 48(5): 893-897.
Wang Xiaohu, Hu Yifei, Li Jiangbo, et al. Calculation of
radioactive activated source term for decommissioned
reactor[J]. Atomic Energy Science and Technology,
2014, 48(5): 893-897 (in Chinese).

el T, MR R K RAZ FL T S e A Y
THEI]. 4Rt Biidr, 2015, 35(81): 90-95.

Zhou Yan, Ding Qianxue, Mei Qiliang. Calculation of
radioactive activated source term for PWR nuclear power
plant[J]. Radiation Protection, 2015, 35(S1): 90-95 (in
Chinese).

AR, AR, 23R, 4. B AR TS el i A HRMI R &
y BRG], E RS TR, 2012, 21C1): 75-
77.

Deng Fei, Zhou Ruidong, Li Lingjuan, et al. Detection
limit of B surface pollution measurement and analysis of
v dose rate influence[J]. Chinese Journal of Radiological

Health, 2012, 21(1): 75-77 (in Chinese).


https://doi.org/10.3969/j.issn.1000-8187.2013.05.001
https://doi.org/10.3969/j.issn.1000-8187.2013.05.001
https://doi.org/10.7538/yzk.2013.47.08.1394
https://doi.org/10.7538/yzk.2013.47.08.1394
https://doi.org/10.7538/yzk.2013.47.08.1394
https://doi.org/10.7538/yzk.2014.48.05.0893
https://doi.org/10.7538/yzk.2014.48.05.0893

	1 实验装置
	1.1 本体参数
	1.2 运行历史
	1.3 主要放射性源项

	2 实验方法
	2.1 放射性源项计算
	2.1.1 技术标准
	2.1.2 主要放射性核素
	2.1.3 计算程序与方法

	2.2 现场测量
	2.3 取样分析及前处理

	3 结果与讨论
	3.1 源项计算
	3.2 现场测量
	3.3 取样分析
	3.4 临界装置退役源项调查方法

	4 结论
	参考文献

