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Abstract

At present, China is vigorously promoting the closed fuel cycle. If the uranium is recycled after the
reactor and the uranium will be recovered, it is necessary to consider the influence of the radioac-
tivity of the depleted uranium material on the workers’ external radiation. In this paper, the con-
tribution of each nuclide in the recovered uranium is calculated and analyzed respectively, and
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the suggestions for external radiation protection are given. The effects of U-238 and U-232 decay
daughters on the gamma dose rate are analyzed and calculated, radiation protection recommen-
dations for the operation and storage methods of recovered uranium are proposed based on the
calculation results.
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Figure 1. Flow chart of recycled uranium recycling
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Figure 2. Schematic diagram of 3 m® cylinder of uranium hexafluoride
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Table 1. The composition of the covered depleted uranium at the initial moment

@ 1. ¥IEZIE B B R A 5

I3
U-232
U-234
U-235
U-236
U-238

Np-237

Pu-239

3.13E-03

7TE-03

0.99685

/
/

LLiE R, Bag/gu

7.92E+00
3.93E+03
2.50E+02
1.68E+04
1.24E+04
38.72

43.06

Table 2. Contribution of each nuclide to the dose rate of the outer surface of the cylinder with recovered depleted uranium

2. BHREXNT R A RSN RE RS E R ST

AT 2 cm AT 5 cm AR 30 cm
BR TEAR R ]
uGy/h o nGy/h o uGy’h o
1A 1.43E-02 0.0338 1.29E-02 0.0183 8.37E-03 0.0060
U-232 14 1.82E-01 0.0230 1.65E-01 0.0116 1.05E-01 0.0055
10 4F 5.69E-01 0.0351 4.98E-01 0.0173 3.13E-01 0.0042
11MH 3.70E-06 0.5800 6.30E-06 0.3918 1.74E-05 0.3346
vz 14 3.71E-06 0.5798 6.30E—06 0.3917 1.70E-05 0.3411
14 H 5.37E-02 0.0924 5.20E-02 0.0459 3.42E-02 0.0238
o2 14 5.37E-02 0.0924 5.20E-02 0.0459 3.42E-02 0.0238
14H 6.49E-05 0.1870 5.11E-05 0.1163 3.07E-05 0.0457
V2% 14 6.49E-05 0.1870 5.11E-05 0.1163 3.07E-05 0.0457
14H 6.43E+00 0.0650 6.01E+00 0.0446 4.10E+00 0.0319
V238 14 1.10E+01 0.0609 1.04E+01 0.0429 7.13E+00 0.0305
14 H 3.02E-02 0.2611 2.11E-02 0.0445 1.36E-02 0.0151
Np-237 14 6.17E-02 0.3410 3.81E-02 0.0399 2.56E-02 0.0190
11H 1.16E-05 0.3579 1.14E-05 0.2965 5.28E-06 0.1139
P29 14 1.16E-05 0.3579 1.14E-05 0.2965 5.28E-06 0.1139
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Figure 3. Contribution of each nuclides to the dose rate of the outer surface of the cylinder
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3. EMHE R R REHKESIITE
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[ AT 1) 8 S0 ER AR T AR S AT BSOS R P8 23 2L RS o T THDRE 23 0 T SR AR R ARy S AN )
BUR S TG R AR
32. RERNE 5tk

M2 5y B 5, WIAAI 20 S ORI I 28 1 AR 20 B RSB BRI 7 oy SRR
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Table 3. Dose rate at different positions of the cylinder with recovered depleted uranium when the U-232 content is 1E-11 g/gu”
#3.U-232 28 A 1E-11 gigU B E B RSB A RN BT EE

2cm 5cm 30cm 100 cm
I 1)
nGy/h o uGy/h o uGy/h o nGy/h 4

1/12a 6.88 0.0680 6.34 0.0484 4.14 0.0298 1.91 0.0104
0.25a 10.5 0.0660 9.65 0.0446 6.57 0.0316 3.06 0.0083
0.5a 11.4 0.0674 10.5 0.0521 7.11 0.0145 331 0.0082

la 115 0.0652 10.6 0.0444 7.17 0.0314 3.32 0.0070
10a 11.6 0.0630 10.9 0.0434 7.42 0.0309 3.42 0.0070

>R AL T A ) b

3.042E+00

1.644E+00

Figure 4. Dose rate distribution chart of the cylinder with recovered depleted uranium when the U-232
content is 1E-11 g/gU (Bremsstrahlung radiation not considered, Sectional view of the cylinder in the
radial direction, the area size is r =1 m)

4. U-232 87 1E-11 g/gU B, EIHMTATHARTERNHE(NEEIHIEY, FRE@A
EEHEE, XEAX/NAr=1m)

3.3. EBUES

U-238 14 o A=) Th-234, {EHTY)d, Pa-234m 3748 B 4R R 2.29 MeV, H B
SR PR ISR S, SNBSS TTRE K. Pa-234m RFIK B AR L RS A E BUE ST RS B 0.045 MeV.
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22 (RSB M — o AR SR S RO s U YA 2R I B AR R SRR T A, U-238 i
Pa-234m ik RSP PAT ) FREE 148, B 1 4R 5 90 80E /KA AR 40 [4]. U-238 & &9 0.99685 glgU, LLig
N 1.24E+04 Bg/gU, 4355 1 AL 3 AR 1 4R EISGE ST T E R
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Table 4. The dose rate of different positions on the outer surface of the cylinder with
recovered depleted uranium caused by Bremsstrahlung radiation

4. BRSNS B EH R R R SR AR A E M BRI B R

2cm 5cm 30cm 100 cm
I [k
uGy/h uGy/h uGy/h nGy/h
1/12a 3.65 3.40 2.23 1.06
0.25a 5.79 5.42 3.55 1.68
0.5a 6.24 5.81 3.81 1.81
la 6.25 5.84 3.83 1.82
10a 6.25 5.84 3.83 1.82

4. INGS

[Ny G851 A8 SRR y S LR A DIESURR SN P B0 7 LB, REIX R B 0 HU B AR A, THE A5 SR
% 5,

Table 5. Total dose rate at different positions of the cylinder with recovered depleted
uranium when the U-232 content is 1E—11 g/guU

5. U-232 24 1E-11 g/gU B EWHA RN RS RAARMEN BT EE

Sk A 2 5 30 100
IR, cm uGy/h uGy/h uGy/h uGy/h
112a 10,53 9.74 6.37 2.97
0.25a 16.29 15.07 10.12 474
0.5 17.64 16.31 10.92 5.12

1a 17.75 16.44 11 5.14

10 17.85 16.74 11.25 5.4

U-232 & &4 1E-11 g/guU i O~1 SFAA A B EZ W 5. 7E 0~1 FF I B, FIE A
I IR ETIE N, B U-238 & Tk & Pa-234m FE747 B LRSI B S ok . 7E 1~10 A1 BE A,
VR RARWEN, BT P47 MRS “ 58 2 A% FO0 T MR AR SRS 5Tk~ A %01 1~10 2 51
BB HAN BRI INLT-45 2 U-232 S8 . %% R0 28 3£ 77 & R 5Tk AN 5.69E-01 nGy/h
(5 10 4F), EXPEFIERKTTERIR DN, H2 U-232 K& 2RI 10 5, 2% R 57 R s R mrER
TUER A AN 1 0 10 7%, B U-232 &8 1E-10 g/gU, Hoxh il 17 75 4% 2 i 77 B % e KON 5.69 uGy/h, Xt
SRR TR R BN 2 U-232 Rt ) 1E-9 g/gU, ,\Xj‘ﬁ%ﬁ@%%%ﬁ fi| B 5 A KOBHIA 56.9 pGy/h,
WBONE MR RS E R Bk, RS d] E o U-232 18
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Figure 5. The dose rate of different positions on the outer surface of the cylinder
during 0~1 years when the U-232 content is 1E-11 g/gU

5.U-232 &8 1E-11 g/gU B} 0~1 ERBINEEARENFIER

5. KA UF TR RSRBEHKESHHE

1) 3 BTy 2k

FARENZ 5y B 5, WG ZRAR PR W3 6. o B2k E BRI AL R ML PRI =4,
EIRAE y WLk FETFEAER ARG, SR T U YRR R R . TR, R BT A
AR NBRE R, SORAIAAR 21 A TR R

Table 6. The composition of natural depleted uranium at the initial moment

3 6. FIARRIMI R AR ETRIL

[5 RS, g/lgu LLiE %, Bag/gu
U-234 1.7E-05 3.93E+03
U-235 3.13E-03 2.50E+02
U-238 0.99685 1.24E+04

RARTTRH SR [ [ 2R, T A5 BV A AN R N RIS, A2 R PSR ) B AR LA 7

Table 7. The dose rate on the outer surface of the cylinder with natural depleted uranium (bremsstrahlung radiation not con-
sidered)
F 7. RAHMARB[IRENER (RS TR

2¢cm 5cm 30cm 100 cm
it (]
nGy/h o uGy/h o uGy/h o nGy/h o

1/12a 6.82 0.0673 6.29 0.048 4.15 0.0309 1.93 0.0118
0.25a 10.5 0.0659 9.69 0.0445 6.57 0.0319 3.08 0.0131
0.5a 113 0.653 10.4 0.0443 7.08 0.0317 3.32 0.0135

la 114 0.0657 105 0.0443 7.11 0.0317 3.33 0.0134
10a 114 0.0657 10.5 0.443 7.11 0.0317 3.33 0.0134
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3) /g
FARN TR S 12 22 U-238 AR T A2 1y S 20N Pa-234m 32738 BN Lk AL B BRSNS, R
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Table 8. The dose rate on the outer surface of the cylinder with natural depleted ura-

nium (bremsstrahlung radiation not considered)
8. RAMARNBRIMRAEFNER

2cm 5cm 30cm 100 cm
I [
uGy/h uGy’/h uGy’/h uGy’/h
1/12a 10.47 9.69 6.38 2.99
0.25a 16.29 15.11 10.1 4.76
0.5a 17.54 16.21 10.9 5.13
la 17.65 16.34 10.9 5.15
10a 17.65 16.34 10.9 5.15

6. RETBIIR AT R EEI
6.1. BEHRSTHT

AR _ESORE RSO SRR R AR B PR 2 R E 2 T i B, AT/ EILU R &5k

1) RERNENTURIAR S F ER U-238 3BT SRS Pa-234m 32748 B Gk A I BUw 5
U-238 5 Pa-234m ik 2P 5 1 4 (IR E], AR AN 1A H & 14, FA8SMRIH A& 2R A BRI,
RAFTH 5 om AL EAL, 1A AN 1047 pGy/h, £ 1 4ERHEF] 17.65 nGy/h, 7ERE 5 A 24 K]
FIFURS I EAA . Xl T U-238 A TR Pa-234m FEAS AL B TR BE RN S, B ST I BUE ST
FEAE y BHERRE R AR, WARHKSE R IEIK . MWARST B A SRS, 1E U-238 AR R E AT ATk
ITEAE BRI TR B3

2) [ PR 4R SR A AR S BB T U-232 R PR TTER . AR RN 1 A E 10
T, KR QIR B PATAS, 2GR 7 J LT 4B i U-232 K L7k oTmk, 77 s 3b e 5 U-232
MEEBRIE IR, Bk, #IERCE, SO 2N U-232 &, REIRHE U-232 ME . Wk
FPi ) 7 0EE, BFIRL. BREES . B TR U X6 1 By 48 i«

3) HIT Np-237 fil Pu-239 AL /=L 1) y FF ke B BUR, HEERD, Wy EFIR/AN, 728 Np-237
A1 Pu-239 i A HES (R RE A o

6.2. BRI

AR SHE T AR, PR O BRI A Bl SRS R ) LA R B 4P

Zewae)e, TR TACERR, T ORI 7 e AN (). R, 7RI (8] P 451 A
F IS SR B R AR TURE, T 52 AN IS 1 R AR AR . BEEVRIE A I [R1 G, ARG /K152 U-238
AR TR Pa-234m WIEUEST K U-232 K LA RIS, 75 4% MR 77 B A T -
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