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Table 1 Main hydrologic parameters of the receiving water
KX SH
I B
WA/ (m?/s) 58 /m Vi / (m/s) I/ m K II B/ %%
FK 0.39 2. 80 0. 20 0.77 0.68
i 7Kk 3 0.22 1.52 0.43 0. 40 0.29
Ko WKL ZEK R R K& )5 .
2 EHERE

AR H S92 B A B0 B AR O b o B E T 1 E
AT A ARAEA R R 0.1 mSv/a, A
T H 132 9 K AR AR T 5 A5 R A7 RO

FIETR 17 e JEE 107 3 JE il A0 v e S B 4 R A A B R
TP 5E ) (GB 23727—2020)17 3 3 iy R 1
DL 20 RS T G A U — A R PR RN, 3
GB 237272020 % 5 F I FR1E . L3 3.

K2 MRk PREEREARRE

Table 2 Emission limits for radioactive nuclides in discharged wastewater

SR o(Uxy)/(mg/L) C(?*Ra)/(Bq/L) C(**Th)/(Bg/L) C(*"Po)/(Bq/L) C(*'"Pb)/(Bq/L)
BE 0.3 1.1 1.85 0.5 0.5
x3 BHERHWA—KHBE
Table 3  Authorized limits for normalized releases of liquid effluent
I3 — Ak HE AL AL/ (Bg/100tU)
A U 226Ra 20pg 210p},
AT H HEi 2.2X107 2.4X 107 3.4 X 10° 5.2X10°
(gL EYED 9.5X10% 2.5X108 6.5X107 6.5X107
3 EWESSEE iﬂlT@ﬁ1Eﬁtﬂ7kﬂﬁﬁﬁﬁ,ﬁifﬂﬁéjzj@
6 000 m*/d. FEH" A K 28 80 AT A5 K
3.1 I#FE P S e T R 4 R e R DR i & = LS
AN R R OK AT KRR Je HE 2 A TR o A B K 221 K SEAT A i
TN N N ) IR AL A R AR D T s HAR K M
3.1.1 & HkK 3.1.3 ITZEK

WK EHEKE R 2 860 m®/d, Hop— 58"
JHEK A 1 890 m’/dy 5w HE K B A
970 m®/d, AN T A 1 B oK kK
Jiti s T AL B HHE K . % He oK A B % it T
REFERE S1 R 5 000 m®/d. 7 H 7K 28 v A K L
T T TN S AR IS SR T A Al R R B3k il 20 Ak 3
IR bR G ANHE s 1 AR i 22k vk IS T AR R L e A
6 W 22 3% KR T b B
3.1.2 B ERHEK

R PR KA s 1 730 m*/d. B E

TP K i R AL B A v A R
B B YA A R R VA T B VA 5 A A R A T
PZFE, TEEAKSERN 235 m*/d, KR B
#& 1 BT 2K BB, b FEAE T 8500 m’ /d,
T KR A K FL AR Al S DIBR AR T2,
Ab B 3 VR AR CHE O L A 50 A 4 S AN HE
PR T EIE Rk R,
3.2 AEAREENLEE

M4 G 20 5% W0 2 R B ) (HT 61—
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Table 4 Analytical method and instruments of liquid effluent

g R W T % A Rz i B
U CHRBERE b Bl S 00 43 B 07 16 ) (HJ 840—2017) MUA R 55t 43 B 4% 0.02 pg/L
26Ra (KHEE-226 B9 AT E ) (GB 11214—89) PC-2100 T 45 % 43 BT A% 0.002 Bq/L

LR 2P0 (UK HTER-210 B4 AT TT A ) (HT 813—2016) 7200-4-1 BUEAJE o HEIEIX 0.001 Bg/L
2P (R EE-210 BYSR BT TR D (ET/T 859—1994) MPC-9604 S RARASE o I HEEAY 0. 005 Bq/L
Usn CREBR SR A5 50 W 07 1 55 30 T4y 44 AT E NexION 300X 7 e Jo 48 & 45 89 7 1K & 0.003 /s

M E H(GB/T 14506, 30—2010) JEAX

s e
26Ra (R oLeE y el BT ik GEM100-95 B g 4l 8 v AE Y 5.0 Bq/kg

(GB/T 11713-—2015)
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4.1 HERMR KM R

XK LK S AT PR 7K AR B
Je 9 HE I AT BORE A I 3= 0 Al P Y
Ugp 7 Ra""Po " Pb S B &K . WA i 9 4
AW ZE RIS 50 Wl LAFR .0 K BT

R K. TER KM o (Uxp) i 20 514
0.087.0.100,0. 093 mg/L,¥{LF 0.3 mg/L Y
HECBRAA s 0 K LR R U K T2 R K
CC»Ra) e & 48 510 0. 41,0, 36.,0. 28 Bq/L. 1
KT 1.1 Ba/L A HEBBRAA ;'O Pb F1*'° Po HE i
JE e B 1956 /2 0.5 Ba/L BRAEESK .

x5 RERHWHBOENLER
Table 5 Monitoring results of the liquid effluent discharge outlet

o(Uxn)/(mg/L)

C(*26Ra)/(Bq/L)

C(*1"Ph) /(Bq/L) C(**Po) /(Bq/L)

s ¥ [ ¥I1H ¥ ¥iE ¥4 [ ¥iE PNl ¥i{H
W H R K 0.012~0. 087 0. 045 0.023~0.410 0. 300 0.031~0. 180 0.095 0.014~0. 210 0.082
R K 0.016~0.100  0.060  0.037~0.360  0.170  0.011~0.150  0.084  0.010~0. 240 0.053
TRk 0.012~0.093  0.018  0.016~0.280  0.074  0.009~0.046  0.025  0.008~0.057 0. 027

4.2 ZOKEBENER

K 2R K I AT It K Ak B S HE
AR — 32 GROKAR o 32 9 7K AR 1 7K J5 R 8 A 0 245
ROPHIWAR 6~ 7. AR RS HTH DXHON TEA
JEG VR 2 M M 2 SR R K (U )2 0. 18~

0.98 pg/L.C(**Ra) K 0.037~0. 107 Bq/L. +
i w(Ugy )i 1.9~16. 8 mg/kg.a(**Ra) Rl
169 Ba/kg. H £ 6 0] K. %2 44 K 1K & K
pCU ) B HR 0. 71~1. 33 pg/L.CC* Ra) H {4
}0.028~0.062 Bg/L., Fiif 500 m &b Al F Jif
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1000 mALRAH pCU ) B (L 5 T A IE M 1R
A C ¢ Ra) 34 (8 6 A< 6 {1 96 1 192 P
“0Po e R I IE A AR AKF L H 4 T T

JETE H w (Usy ) ¥I{E A 6. 2~ 11. 7 mg/ke,
aC*Ra)HfH N 71.7~121.5 Bq/kg, J& I % 4K
KAF-
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Table 6 Water quality monitoring results of the receiving water

o(Uxn)/(pg/L) C(***Ra)/(Bg/L) C(*1Ph) /(Bq/L) C(**Po) /(Bq/L)

. Fleni| HE FeRis) BN FeRiz) BfiEN iR BfiEN
3 500 m A4k 0.18~1.02 0.71 0.008~0. 067 0.028 0.009~0.018 0.012 0.007~0.024 0.015
FUF 500 m &b 0.45~1.78 1.33 0.027~0.089 0.062 0.007~0.034 0.021 0.008~0.037 0.010
Fi# 1 000 m Ab 0.24~1.37 1.09 0.012~0.078 0. 047 0.008~0.029 0.016 0.006~0.025 0.011
®T ZHKEHRIRELEMNER
Table 7 Sediment monitoring results of the receiving water
w(Uxgy)/(mg/kg) a(?*Ra) /(Bq/kg)
o7 &

FeAid) ¥E L SfIE

¥ 500 m &b 3.5~11.7 6.2 41.2~125.8 71.7

N 500 m &b 9.1~20.4 11.7 86.7~184.7 121.5

R 1 000 m 4k 4.1~13.0 7.8 47.5~139.4 80. 6
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AT H WS IR E BN I K TR KR
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Table 8 Liquid effluent discharge statistics

1% R W ¥/ (Ba/m®)

H AR (/0 238(J 234(J 226 Ra 250 Th 210pY, 210pg
W I K 2 860 1874 1874 302 363 69 50
R PR K 1730 1658 1658 356 471 20 38
T 2K 235 136 136 269 455 72 51

)& B =Wk G it

HRAE LR K R K L T2 K HE
TR LA K 52 9 7K A4 K SC 2880 2R TR B2 532 1
MrEAR SN #FKAEE)(H] 2. 3—2018) fff ¢ E
T 52 G K AR & T] B PR A% 3R 0 B vk B AT
PR TR 0 S B B T PN R 3 o E R TR

Yy o ] T B I T 1) 5 Y vk R 1 5 43 A s A6 TE
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Cla) = Lexp[%(l — V1+a)], Ba/m’; QB FEHM AR . Ba/ss iR, F=
Fe+J/1+a - F,Foom®/s, Fo JFo 00 5 {0 K A0 K HE T
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Table 9 Activity concentration of radionuclide in each river section
i 1 B M A% R %/ (Ba/m?)
@y w1y 26Ra 20 Th 2P 0Pl
0~3 181 181 20. 30 3.79 3.92X107% 0. 25
>3~9 4.32 4.32 0. 49 9.06 X102 9.38X10°° 5.87X10°3
>9~12 4.23 4.23 0.48 8.88X107?2 9.18X10°° 5.75X10°3
>12~19 3. 80 3.80 0.43 7.98X10°2 8.25X10°° 5.17X10°°
>19~27 3. 44 3.44 0. 39 7.23X10°? 7.47X10°° 4,68X10 3
=>27~30 3.06 3.06 0. 34 6.41 X102 6.62X107° 4,15X1073
4.3.2 EHEHE

TE VA A R0 20 km 22 42 50 B L 32 R
2.5.10,20 km %1 43 [a].00 [ o P48 7] 00 (8] 0] 53 5
TE B o PEA DRI 14 J B EROK R U5 L SR K 5
LI SR KR AT S T 8 7K & 52 R 7K AR T i
VA T BBl P JC AR K a8 44 o HR 40 X b 4 ] R i S A
1) S M R A e A L L A5 A Y ik 2021 AR E R& B
Mt Rk IEG A ABH 20 km 5 FH N &+
PRIIPNEE St AN
4.3.3 FETLER

R R 5% 52 i 7 A 2 R 5 0] b 7K A 5%
(HJ 2. 3—2018) PN J7 i A IR0 1 45 &
Tt H I E R 1R 8 8 R R R A R A
AL v 3 B8 07 i A o D B T S R
F B3 58 A G S B R A 800 1t Y Al
B I X R0 T B R AN N i AT 20 . e
WEE R m F 2 A S ' AN BRSOk iR
Hh BRI | I DTAR A B (1 2)

w— () ~2 km
—— >5~10km

>2 ~5km
>10~20 km

B1 20km3gERN 2022 FAASHE
Fig. 1 Population distribution in 2022
within the 20 km range
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Fig. 2 The irradiation route of the liquid outflow

4.3.4 FEME

DT XA A

WRAEATTH 20 km i [l 745 5 X9 H %
K1 73175 B LA % 52 20 K PR 2205 1) o X WS IR )
JIr B NG 4 B I XN H 23 A AT SE 0

G5 ULF 10, AT LA RS B SOA A
T XA N 5t de KB BLAE WNW J5 i, >2~
5 kmX N, HAG A 1. 45X10° mSv/a,

2) F B R AR @A A A & Tk

AT H WA ) 2 B R R AR Ok e T B
SRS K IR B AN BRGT K 1 sh AR B R EA
PHRGTA . OB PE R R B A KT RS 7E S i 13
HTRUT Ok il i & AKAE A R R S R 2
A6k N B it B S 5 ma ARR DL  B
DL K S i 8 A 0 145 R A6 B D A% A% R AN [R] IR
WX A B0 i i TR (% 11>, A BRSS
WARKF BT 8 42 BTk 03 250 A K B /MR IR Ry 7K
EEMEAN KR EA YIS EA RN
gl Hook A R B GRS A & Tk ok
1 3.42X107" mSv/a, TTERY AR 99. 4% . MZEZE
DR K F - B KA A 5T kA% R 7 P ot ik
7 SR 35,0396 s /NS AT R STk A% R O8O UL T
Bk 2.88%

K10 RERUHYUAHEEZRNSAFE
Table 10 Personal dose in each area due to liquid effluent
PR AF i/ (mSv/a)
Jifii
0~2 km >2~5 km >5~10 km >10~20 km
WSW 2.92X10* — 1.02X1073 8.95X10*
w 1.02X107° 1.02X107°
WNW — 1.45X1073 —
NwW — 1.11X1073 4,58 X101
il 2.92X10* 3.58X103 2.48X1073 8.95X104
F 11 ERERRBHEEWENS ANEHAE =6k
Table 11 Contribution of different routes of irradiation to the individual
. ANTR) i@ A% T B AT/ (mSv/a) A NF A/ % % stk
BE U] KAEEWEA K7 EA Y EmEA (mSv/a) B/ %
U 6.83X10"* 9.66X10°6 7.65X107° 1.88X1077 9.93X107° 2.88
=ty 9.27X10°° 1.06X10° 8.34X10°8 2.05X10°7 1.09X10°° 3.16
226Ra 8.98X 1078 4,84X107° 3.41X1077 7.92X107° 4.88X107° 14.2
230Th 3.90X10°% 9.93X10° 1.09X 108 1.80X 108 9.94X10° 28.9
20Po 4.10X10" 1 5.30X107° 2.46X10°7 5.24X1077 5.38X107° 15.6
210ph 1.64X10°8 1.21X10°* 2.55X10°7 9.74 X101 1.21X10°14 35.3
it 1.61x10°7 3.42X1071 1.01X10°6 9.44 X107 3.44X107" 100
G NP s
0.047 99.4 0.29 0. 27 100

TUER I A/ 6
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3) 4 A 2R
AR VAT AR A 5 PF A 9 R 2 PR A 9 L
(IPNIRE &P S R W)
S= D>V(E XR) . (7

Horp S HEERARGN R, N » Sv/as E—i FIXIH
M AF ARG Sv/as R —1 T XA HEL

AR R BOE A (7) 5 B A I H S
PRTE 20 km J0 BP9 A9 B AR 7R (6 12) . AT LA
F AT RIS 20 km 18 BN SRR & R
2.35X107 " N+ Sv/a,

R 12 FAH 20 kmEENEFFHAE

Table 12 Due to a collective effective dose within 20 km

B /km G RRE /N« Sv/a)
0~2 1.68X10°
0~5 7.25X10°°
0~10 1.47 X101
0~20 2.35X10°14
5 %ig

TRHNET IS L AR AL PR R S HEA 3 9K
A B0 M R S N

DA™K T 2R M K Uy
Hele BT & vk B AR T 0.3 mg/ L iy HE i BR A
“ORaHF R AW AL T 1.1 Ba/L Y #HE R
{E;°" Pb H1* Po HEMCIE B W JZ #9622 0.5 Ba/L
BRAEZESKR o 2K Bl R K o Ra Wk S
IR A AS R FEAS AL T [6] — 7K SF 5 R e 500 m 4k A1
FfF 1000 m MR K Uy W BEACA SR AE I A
Thi s 52K A Ph F171° Po ¥ B J& 1 K F-

2) 87 HE T A 98 S A B 20 km YE A
Ja R KA GO 1. 45X107" mSv/a, e K4
A RO & 235101 N+ Sv/a, KB RN
WNW Jrfii . >2~5 km X[ N 4L, CHER AN
KA A BT B R T P, SR B
IR T AT H #5552 RE (0. 1 mSv/a).,
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Radioactivity Investigation and Environmental Impact Assessment of
Liquid Effluent From a Uranium Mine

ZHONG Chunming"*
(1.Research Institute No.230, CNNC, Changsha 410007, China;
2. Hunan Engineering Technology Research Center for Evaluation and Comprehensive Utilization of

Associated Radioactive Mineral Resources, Changsha 410007, China)

Abstract: The radioactivity of investigation, analysis and evaluation of liquid effluent such as mine wa-
ter, tailings pond effluent and process wastewater produced by a uranium mine were conducted, the
radioactivity level of liquid effluent and the pollution of accepted water were mastered, and the radia-
tion impact of liquid effluent on local residents through various pollution channels was evaluated. The
results show that the discharge concentrations of U, **Ra, “°Pb and *°Po in the mine water, process
wastewater and tailings pond effluent meet the limit requirements. The concentration of U in the middle
and lower reaches of the accepted water body is slightly higher than the background level, and the concentra-
tions of **Ra, *"*Pb and ?"°Po are among the normal background levels. The maximum personal dose caused
by liquid effluent from uranium mine was 1.45X107° mSv/a of 20 km, and the maximum collective effective
dose was 2.35>X10"" man-Sv/a of 20 km. The key resident group was the population group of WNW orien-
tation in the >>2~5 km area. The liquid effluent of uranium mining is discharged into the receiving water af-
ter reaching the standard, which has little impact on local radiation.

Key words: uranium mine; liquid effluent; radioactivity; mine water; tailings pond effluent; process

wastewater; investigation; evaluation



