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Table 1. Radius and thickness of depleted uranium

shells.
TR 5 AR R /em JEREL/em
1 18.10 5.00
2 19.40 6.30
3 23.35 10.25
4 25.40 12.30
5 28.45 15.35

152501-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 15 (2019)

152501

D fLIE, 5 7 A — 2RI () fLil, #iEE
FL 38 S LI AR 44 mm. AR R SE R TE
A5°FLIE TR S5

S 0 Y o ) L PN — A B Al
B, SERICEAAREE (5, 10, 20 F1 30 mm)
MRIEIE ST A gE s, T T e s AR 2% = S Y
Z3 6], DUS AT e R 22 fh ke i) S e i, e KRR
3£ 3k B 28 s 50N S HA A R AT A sk 5e h T 4

MIHE Bl %Akl e i e I 52 R R B R 43 S L
El 1(a) FIE 1(b), Fibfhde &S T—8 8 1, K
o 5RO ES (2 < 3 mm). &
w HEYSCE AL, eI E S8 S
TR B —FEY, 5 F T AL 8 e 5 i 43
TR BLILIE 1(b) He1, 2, 3, 4, 57. ARSI K
JTHU AR S MR, S50 25 P g S 3R T ]
BERE i SR T B YAE 3.5 m L L.

B 1 (a) ARSI E ST (b) B2 R P B 5 B G AR & 0 A 5 00 (45°07 1m i 1, 2, 3, 4, 5)
Fig. 1. (a) Physical map of depleted uranium device; (b) distribution of five activation detectors in Monte Carlo Model 5 (1, 2, 3, 4,

5 in the direction of 45°).
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Table 2.  Position of activation detector in various models.

I
B4 fem
Y21 P2 P3 Py Ps
1 13.60  14.62 1564 1616  17.18
2 1460 15.62  16.64 17.66  18.68
3 1460  16.62  18.64  20.66  21.68
4 1560  18.62  20.64  22.66  24.68
5 15.60  18.62  20.64 2416  27.18

2.4 TR R

o8 R TR SRS B A A B
WEFTRTR T A R gL, P IR T

O EAARED S A2 26 mm, #UE SN R BRIk
£ NANEAS AN 37 mm Al 39 mm, A 5K
EZEPMIERAHIK. TIT #EEHEX E42 4 12 mm,
TiT #UA R (DR 2B 7 T-Ti 2W), F
KA DR TREHRN 135 keV, X R e K FRE
= 14.9 MeV.

2 % v P P BE o kTR I AR
W E TIERE TS DR MM 178.2°, HU
SR EEA 300 pA B, R EZ S 3 x 1010—4 x
1010 7t PRI SR F A O SR R S, XD SR
KGR 10 s, BEAEHE ) S WS 50 1 a] v+
PR SN, SRRl AR S B R (4) Kb
) R IR BB IE 7 & 520K

2.5 SEENRES

W f o~ S5 26 W R 0 & 48 25 ORTEC 2 A 1Y
TRANS-SPEC-DX100 H il ¥ HPGe & Il % F1
GammaVision {584 Ge iAEAE 67.0 mm,
KB 51.7 mm, FEJZ R 0.7 mm. HPGe #R Il %%
B TBRRAR N, TAER R A-4500 V, X} 9Co Y

1.33 MeV v HI4L BB 3 HE% R 1.87 keV, FHXTHE
WMZL 40%.

152501-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y 32 % 3R Acta Phys. Sin. Vol. 68, No. 15 (2019)

152501

F] F1 3] 60Co, 133Ba, 52Eu 25 v & ¥ % HPGe
PRI 28R 2B, A5 2RI 25 2 1 mp O 07 B s VR Y
BRMSCR LR, TR BRI R R FH R 1 7 k3R
5. EBRMER R AR 0] 0% 3 mm I —A AR
MR, BUA AR A B BEMRCR AL 28, 7E2l 42
12 mm B8 T YRR A5 B T IR ROR . Zen
B, TR SR I B4R 24 mm A9 THT IR & 5 74
293 keV ~ SRR Ny 7.44%. 293 keV 1Y
v SFRAE TN A Y O R T B AL
| (B HECIRIIE), B F 2014k A A Wl e AR
P S bR IR AT, SCR AT 25 A Ak A A
WA FA T 85%—92% Z [il.

3 HERE5H
3.1 LGRS

R RS SE S, W BRI A AR,
PHE AR ZR2 A 2 h, SRIETE HPGe #8025 3R 1H
XoF TG AL AR I B8 HEAT T SE I i, A5 2 S AR iR R
Ce K HTHY 293.3 keV v HTELRETE, WAl 2 i7s.
55y B B AH OGRS I R T L I ROR
8 FEG B I PR TS S S0 T RaE A T T 000 e

3000

2500

[~}
[=}
[=}
o

13Ce (293.3 keV)

Counts/0.352 keV
= =
ISy o
S =
S =

500

0 . . . . . .
270 280 290 300 310 320 330
Energy/keV

2 HPGe #0000 e 1) 22 F0 Bl 5 A0 R DU 35 26 5T 14 1%
Fig. 2. v spectrum of depleted uranium activation detector,

detected by using HPGe detector.
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Table 3. Values of Y¢143.
Model No. n/%  p/% p/% p/% ps/%
1 4.29 4.32 4.33 4.34 4.34

2 4.33 4.35 4.37 4.38 4.37
3 4.36 4.41 4.45 4.45 4.46
4 4.40 4.47 4.49 4.50 4.49
5 4.41 4.48 4.51 4.55 4.55

L o Model 1
o i o Model 2
£ T ) Model 3
2 i { ¥ v Model 4
¥ 6 - ¥ % Model 5
S5 i

8

@ {r

2 4 ?

‘ .

o %

2 3 {é

3 %

S 2 g

= r g

.é 1 £

&b x
B“ 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

12 14 16 18 20 22 24 26 28
L/cm

3 ORI v () A8 R R A 17 L

Fig. 3. Fission reaction rate distribution for five models.
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Fig. 4. Neutron flux density at various measuring positions

of five models (Monte Carlo simulation).
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Table 4.  Synthesize uncertainty of fission reaction rate.
Position Model 1 Model 2 Model 3 Model 4 Model 5
/% 6.5 6.5 6.5 7.4 6.1
Do/ % 6.2 6.3 5.7 7.2 7.0
p3/% 6.5 5.8 6.7 8.6 10.0
s/ % 6.5 6.3 6.5 9.5 9.5
ps/% 6.5 6.1 7.0 10.9 10.9
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Fig. 5. C/E ratio of fission reaction rate for various measur-

ing position in depleted uranium assembly.
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D-T neutron in depleted uranium shell’

Han Zi-Jie"  Zhu Tong-Hua’ Lu Xin-Xin?  Qin Jian-Guo V*
Wang Mei  Jiang Li?  Yang Bo?

1) (Institute of Nuclear Physics and Chemistry, China Academy of Engineering Physics, Mianyang 621900, China)

2) (Institute of Applied Physics and Computational Mathematics, China Academy of Engineering Physics, Beijing 100094, China)
( Received 16 September 2018; revised manuscript received 7 May 2019 )

Abstract

Fission reaction rate is an important index for validating and checking the neutron transportation and
fission power in nuclear engineering. The experimental data can be used in benchmark validation of cross
sections, and in studying the correlation of fission power with the thickness of uranium sphere shell. There are
five assemblies of depleted uranium shells used in this work, the inner radii of which are all fixed at 13.1 cm,
while their outer radii are 18.1, 19.4, 23.35, 25.4 and 28.5 cm, respectively. The D-T neutron source is generated
in the center of the assemblies, the yield of which is about 3 x 101°-4 x 10'° s. In horizontal plane across the
center of the assemblies, the fission rates at positions along the radial direction are measured in the direction
with 45° inclining with respect to the incident D* beam. Due to the disturbance to assemblies and neutron field,
the activation foil of uranium is a suitable choice rather than fission chamber or capture detector. The material
of activation foil is the same as that in the experimental assemblies. Considering the accurate fission yield of
143Ce, the objective nuclides are selected. The total fission yield of 43Ce is contributed by ?*¥U and a little 2%U.
For calculating the total fission yiled of *3Ce, the neutron energy range of 0-15 MeV is divided into eight
subranges. By measuring the 293 keV gamma rays from the fission product '**Ce in activation foils with a
TRANS-SPEC-DX100 HPGe detector, with a relative efficiency 40%, the fission rates and the trends at
positions along the radial direction in the five assemblies are obtained based on the *3Ce fission product yield.
The fission rate ranges from 5.28 x 102 to 7.58 x 102 sn!-nuclide!, with the relative uncertainty in a range
from 6% to 11%. The Monte Carlo transport code MCNP5 and continuous energy cross section library
ENDF/BV.8 are used for analyzing the fission rate distribution in the assemblies, and the experiemtal
configuration, including the wall of the experimental hall is described in detail in the model. The calculated

results are compared with the experimental ones and their agreement is found to be in an uncertainty range.
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