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Abstract

Uranium fuel fabrication facilities operate 235U uranium materials with enrichment less than or
equal to 5%. In design and operation, shielding protection measures are usually not taken except
for time and distance protection measures. In this paper, taking the assembly process of compo-
nents in uranium fuel element factory as an example, the radiation source of components is ana-
lyzed, the dose rate on the surface of components is calculated, and some suggestions on external
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radiation protection are given. In this paper, the influence of 243mPa of 238U decay daughter on y
dose rate is analyzed and calculated.
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Table 1. Isotopic composition and radiation characteristics of uranium enriched with U-235 of 5%

= 1. U-235 EEE 7 5% R BB A A HERST 41

ENES 3 = A=) 5 =
I - IR AL o KL TREE, Mev y Bel, Mev Lb TG S-F H 74
FfFEMS @) o -
JE T4 BRI (B, %) (5RS%, %) (Ba/g) (n/s-g)
- 5 4,776 (72.5) 0.0532 (0.119) " 5
u 2.45 x 10 0.054% 0.053% 4723 (275) 01209 (0.041) 2.31 x 10 461 %10
4,597 (5.4)
4,555 (4.5)
4501 (1.7) 0.185 (54)
4.435 (0.74) 0.143 (10.5)
=5y 7.038 x 108 5.061% 5% 4.411 (2.8) 0.163 (4.7) 8.00 x 10* 7.43 %107
4.392 (54) 0.205 (4.7)
4.360 (17) 0.202 (1.0)
4319 (4.7)
4209 (5.7)
238, 9 4.196 (77) 4 L
u 4.468 x 10 94.885% 94.947% 4149 (23) 0.0496 (0.32) 1.24x 10 1.8x10
U R A 5%l 1.38x10°  1.71x107?
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Figure 1. Model diagram of AFA series components
1. AFA RFIAH1ERIE

Table 2. Main technical parameters of AFA series fuel rods and components

3 2. AFA RIMBIER AT ERARASH

s B FLA BARFEE R S5
BREL AL
SMIE %
AT DA (NI PERE ) mm ~4000
Ao kg 461
L iR EE i vk 7l 17 x 17
BEFRALFIRRL B ics 264
PRI R B mm 12.6
R A (1] mm 3.1
HIFFREHH Ui 24
ATl EEH ics 1
KR mm ~3800
APz xEE JE mm 99.6 x 0.6
HEMEIX K mm ~3600
? WA He (99.995%)
WA RE ) MPa 2.0
FERRMRL R Bl kg 1.748
AFEEM R M5 &4

DOI: 10.12677/app.2021.117042 357

L 4 2


https://doi.org/10.12677/app.2021.117042

TR A

Continued
PRELES Fedt U0, itk
AR [BUAE, 3 {5
3 B glem? 10.41
SHHAA mm 8
i3 mm 13
P S
HE Ui 24
4 R M5 &4
HMEINAE(EBY) mm/mm ¢12.45/p11.45
(FEY) mm/mm ¢12.45/¢10.09

M TR AR AR A, R, AR SRR b, AN TR BT S e o SO v 3 4 X K 24 3600 mm,
KT HC A FRIIA K 214 mm, G SRAETE LXK BT AR AT, SRR B R i A L, A
i A AL P DR BT i v (] AT o o

FEH SR, AT R AL R Rk R . PRI T A R TIEE A . TS AL T SR A

L 2.
0000000090006 0ee
o000 00000COOCOG S
oeoe0e o0 o¢ oo ee e
oo o000 00
Q!....Q’QQ.Q.QQ'Q!
e e e e e
00000000000000000 .. .. .
ooo000O00COOOOO OO
selesssioe e o0
0000000000000 000@
ooo0000000c0000ee
e e e Nel el
e oo soseoee
e e e
o000 000ce0e00e
o000 0000000O0R0OGe

Figure 2. Sectional view of component calculation model
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AR RSB TS — 0 WHESHR SRR [2], ATV R EA K1 p Sk pe Bt iz, %
HIA—Ak, TS RICE BRI R N p STZRREIE, WK 3. MR¥EE 2. K 3151, YRl y i 2eim i sa iz
N 3.23 W TFI(QU-s), B RISEEHERELN 461 kgo X SRIE RABRETEA T y BHLERMF. K MC 2
PP s, WHAARANRIE y IR R EATEAUTHR, OB A EA 2R 1) p S Ane i, AR LA 2.

HHEAF AR y FIER T 4, WRIEE 4R, HAERME mm b)FE2RN 2.37
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Table 3. Gamma spectra when only uranium isotopes are considered
= 3. (XEEMEGIRM y SLkeEiE

[Fhr g o Lb G Lb G y el y TERAERT IRy SRR R y SFek
(i a0 (Ba/g) (Ba/gu) Mev ., % Ot Hup) H—fk
0.0532 0.119 1.45E+02 4.49E-02
=y 0.053% 2.31E+08 1.22E+05
0.1209 0.041 5.00E+01 1.55E-02
0.185 54 2.16E+03 6.69E-01
0.143 10.5 4.20E+02 1.30E-01
5y 5% 8.00E+04 4.00E+03 0.163 47 1.88E+02 5.82E-02
0.205 47 1.88E+02 5.82E-02
0.202 1.0 4.00E+01 1.24E-02
28y 94.947% 1.24E+04 1.18E+04 0.04955 0.32 3.78E+01 1.17E-02
Table 4. Gamma dose rate on components surface when only uranium isotope is considered
%= 4 NEEMRMERAGRE ) FIEX
RV K BELAELA o  A1 2 T BE 25 y FIEF, pSv/h Tz
1 mm 2.3706E+00 0.0513
lcm 2.3727E+00 0.0170
5cm 1.8029E+00 0.0074
10cm 1.2720E+00 0.0062
30cm 5.0398E-01 0.0038
50 cm 2.9773E-01 0.0031
100 cm 1.3241E-01 0.0021
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Figure 3. Decay diagram of U-238
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Table 5. Radiation characteristics of the main decay daughters of uranium
2 5. U-238 TERT ARG

TS B HISEBAO) T agi, Mev  pRITHEE, Mev y BERE, Mev
- ” (#E, %) (#E, %) (GRSE, %)
29 4468x100 124 x10° P gg 0.04955 (0.32)

0.1985 (72.5) 0.06286, 0.06329

20T 24.1d 8.58 x 101 0.09328, 0.09280
0.104 (207) 0.11281 (0.24)
234m, ; 19 0.7666 (0.207)
Pa 1.17min 2.54 x 10 2.29 (98) 1.001025 (0.59)
. . 4.776 (72.5) 0.0532 (0.119)
U 245x105  231x10 4.723 (275) 0.1209 (0.041)

24mpa FEARFEA ) BORLTRERN 2.29 MeV, B RITFIEMIRI A BIEGR S, RS PISIR A
N
F =3.33x10°Z, -E @

e E o & BIBHRKHER, 2.29 MeV;

Z, W BRI BRI BHEEE ) A BUR T 74, 87 (UOy).

5 F=0.0663, NIHIE4ESHEE N 2.29 MeV x 0.0663 = 0.152 MeV/S Fi T

TERF MO, B PIEGRE PR R B, RS B BT IECKRE RN 13, RIIEUES-Fke
# E,=0.6 MeV, 5[ 0.152 MeV/0.6MeV = 0.25.

BT U 2F3E11(4.468 x 10°%a)i KT HEEAE 744k 2Th A1 2*"Pa, %PU M1 2*"Pa JBUR MK V16,
T4 2MPa 5 RER 250U [ U S B A A

8 PPa pRL T M FI SR S I B RS AN p SRS VIRHI y BRI WL 6.

MR y FIERITHESERNE 7.

Table 6. Gamma spectrum considering the influence of Pa-234m
= 6. E[E Pa-234m K] y BEiL

[ Rz Jo ALY EARYES y fEE y SR Lt o y S ERAR S SR NIRRT
HE 3% (Balg) (Bg/gU) Mev E, % CETEUR) H—1k
- 0.053% > 315403 L 226405 0.0532 0.119 1.45E+02 2.58E-02

0.1209 0.041 5.00E+01 8.88E—03

0.185 54 2.16E+03 3.83E-01

0.143 10.5 4.20E+02 7.456-02

5y 5% 8.00E+04 4.00E+03 0.163 47 1.88E+02 3.34E-02
0.205 47 1.88E+02 3.34E-02

0.202 1.0 4.00E+01 7.10E-03

28y 94.947% 1.24E+04 1.18E+04 0.04955 0.32 3.78E+01 6.70E-03
0.76 19.6 2.31E+03 4.10E-01

24mpg / / 1.18E+04 0.7666 0.207 2.44E+01 4.33E-03
1.001 0.59 6.96E+01 1.24E-02
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Table 7. Gamma dose rate on components surface considering the influence of Pa-234m

5% 7. EJE Pa-234m RV A G RE y FIER

SRV KBRS A1 2 T BE S y FIEZ, pSv/h iz
1 mm 6.8251E+01 0.0289
lcm 6.4236E+01 0.0084
5cm 4.7929E+01 0.0087
10cm 3.3778E+01 0.0050
30cm 1.4098E+01 0.0041
50 cm 8.4706E+00 0.0041
100 cm 3.7807E+00 0.0021

WRIEZ 7 TR, AFRIAL y FIRREGS, R 1 mm ARRFIE AT 68.251 uSv/h. X HLAN
N FE AR AL 2RI 1 p SIS T LA, 2 MPa g KL TIPSR ST p 718 210 - ERE.
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d B3 e A, TAR N A E S R R AR, i TR ERER, THEARRZE]—
SE MRS MR EALE R 55 TARRN RANES IR AR S, 2/ T H AR fERUE K RE. A
WEIECE, T ERIER AR, BUEASRIUESN BT f6 i, B2 mT A2 00, (HANRE & St I
FESERRERAE TR, X AR N ST BRI, RO Red /b 5 4L R B e (& & 1 FE T A 2K
BEAR p SPEN AR G B AR MG s X TR AT MO . Bevh i th s 25 8 R n] e i B sh ok

Fo WA NTFH
S5

[1] ZEr, W E . WA T =0 % M), st R REH AR, 1990.
[2] Zter, & EE. WA AR SE S BER M), dbaC BT RE A, 1987.
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