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Regulatory study on uranium concentration discharge limits for liquid effluents from

uranium conversion and uranium enrichment facilities
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ABSTRACT The radionuclide emission concentration in uranium-containing liquid effluents from uranium
conversion and enrichment facilities constitutes a key aspect of nuclear safety supervision for liquid effluents. To
gain an in-depth understanding of the monitoring and supervision of uranium-containing wastewater, it is necessary

to conduct research and analysis on the radioactive activity concentration limit, uranium concentration limit, and
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their interrelationships. Starting from the origins of these regulatory limits, this study first analyzes the relevant
recommended values of the International Atomic Energy Agency (IAEA), compares them with the regulatory limits
of the U.S. Nuclear Regulatory Commission (NRC), and derives conclusions based on China's guiding principles
for radiation dose management limits. Finally, it compares the relationship between the currently implemented alpha
activity concentration limits and uranium concentration limits for wastewater. Through the above research and
analysis, it can be found that China's regulatory requirements for uranium-containing wastewater are consistent with
the guiding principles of the IAEA and more stringent than those of the United States. However, there remains an
issue of insufficient alignment between China's uranium concentration management limits and alpha activity
concentration limits. Therefore, considering the actual supervision practices, it can be concluded that China's
regulatory requirements for the discharge of uranium-containing liquid effluents are safe and reliable. This study
also identifies the problems and precautions in the supervision of radioactive effluent discharge, and puts forward
suggestions for the formulation and revision of relevant standards.

KEYWORDS Uranium processing and enrichment facilities, Effluent, Alpha activity concentration, Uranium

concentration, Nuclear regulatory
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Fig.1 Research approach on standards for uranium-containing liquid effluents

1.1 EPREFEEN MM R irE

AR08 F5 T 00 T B 4 17 977 R S 22 A A
2 AR AE ) (— B2 42 R B = #87> %5 GSR Part3
552014 RO ZEOR 31T VE IR ANHERL” ) B AU E
TR 3 E S HERBOR R HE RO, AR S
FETBC U VA% 3R I P N IR AR DR 23 AR
BN I S 52 4%

R P L B 3 C— BRI ) S A7 0 S 1 7] 2 PR
DX 2 AR BRI BRI R BRAE ZE K 1 a WA RN E A
1 mSv s R 0 (51 a1 5 250 S5 B 1) 184 )
A IE AR AT TH0 , i DAESE S a 97
FEANIT 1 mSv K@ M m i — E 1 E A =
185 HR AR 2 BN 15 mSv; Y B HIE A
50 mSv.o HH, BRI S 7] 52 PR AR 4% 4 08 B X 49,
1R,

%1 JAEA BONV RSB RIE

Table 1 ITAEA occupational exposure dose limits

FERY B Age group  PRH Limits
185 L L 5 a PP BIEEA T 20 mSv, HUAEARHEIT 50 mSv

Above 18 years old

No more than 20 mSv per year on average within 5 years, and no more than 50 mSv in a single year

5 a WHR gR 1P B E AR 20 mSv, BLAEAE L 50 mSv

No more than 20 mSv per year on average within 5 years, and no more than 50 mSv in a single year

— 4 Y b CRAIAN ) B SR AN IS 500 mSv

No more than 500 mSv to the extremities (feet, hands) or skin within a year

16 £ 18 F RIS —HFE N AT 6 mSv No more than 6 mSv within a year

ERean
Trainees or students
aged 16 to 18

—HE N IR S AL 20 mSv No more than 20 mSv to the lens within a year
A A DB IR ) B B SR AN 3 150 mSv

No more than 150 mSv to the extremities (feet, hands) or skin within a year

. E GB 18871—2002 52 2 ( [H b HL 25 45 5 B
R S U 22 A AR 22 A ARt ) (1996 £E RO HEAT 12
T, FoH AR P9 28 5% 1 Br R 7 58 br A2 5528501
RAEZIE BRJE T e b O THAR 2 2014 £E R, (H

Xt 23 AR LY B S 1) 71 B PR AEL SR A2 AN AR o
12 EEMEXRE

MR ¥ 25 [ BE 5990 10CFRS 45 20 354> M 5% B
—— BRI AR R RN BR A (ALILs)
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23 B S B IR 3 AT 40, 24U U LU AU S R IR
FRAE Y 9 3%107 pCi/mL(11.1 Bg/L) .
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Table 2  Activity concentration of wastewater corresponding to different dose limits

FRLIHAE W B Ax A B B BRSO R FEBRAE / (Bq-L™D

Target population for dose constraint value Activity concentration limit of uranium-containing liquid effluent
FY FE S (50 mSv/a, GB 18871—2002) 8.00

Occupational Exposure (50 mSv/a, GB 18871—2002)

A AXEESH (1 mSv/a, GB 18871—2002) 3.70

Public Exposure (1 mSv/a, GB 18871—2002)

NS (0.2 mSv/a, EJ 1056—2018) 0.74

Public Exposure (0.2 mSv/a, EJ 1056—2018)

K3 B-RKERRE RFHEBIRE CE)

Table 3 The maximum allowable emission concentration of the first type of pollutant

J7*5 Serial number 15949 Pollutant i = FUYFHERGA S Maximum allowable emission concentration
7 SV Total lead 1.0 mg/L

8 /545 Toal nickel 1.0 mg/L

10 K45 Total beryllium 0.005 mg/L

12 K o JUH 1 Total o radioactivity 1 Bg/L

13 1 BISUR 1 Total B radioactivity 10 Bq/L

Fa Ebr SR E KB E G AR 45 B VRS I B Yo 6 A KRB L

Table 4 Comparison of key regulatory limits for uranium-containing liquid effluents from uranium conversion and
enrichment facilities in [JAEA, USA and China

HEAR TR BRTEE A4 R PRIEEAY FARFRAA

Regulatory Regulation/standard name Limit type Specific limit

system

IAEA (I B i B 3P AR S 2 3R 22 I RRME NRFEABOE 1 mSv; POLAEA R E S a -
4 hRUE) (GSR Part3, 2014) dose limit 1420 mSv(FLAES50 mSv)
Radiation protection and safety of ra- 1 mSy for annual effective dose to the public;
diation sources: international basic 20 mSv for average annual effective dose (within
safety standards. (GSR-Part3, 2014) 5 years) for occupational exposure

FH 10CFR %5 20 #54» (NRC) BlE BER BRI ARG : 111 B/L; AAMHI: 11.1 Bg/L

The United Uranium activity 111 Bg/L for occupational - related; 11.1 Bq/L for

States of concentration public

America

i GB18871—2002 BlE BER Bl 8 Bg/Ls A 4% 3.7 Bg/L

China Uranium activity 8 Bq/L for occupational; 3.7 Bq/L for public

concentration

EJ1056—2018 BIREEAG RIS SVAI<50 pg/Ls

Uranium concen-  AAIEE K 0.74 Bq/L
tration/activity <50 pg/L for total uranium; 0.74 Bg/L for public

concentration activity concentration
GB 8978—1996 BoolEE 1 Bg/L

Gross o activity

1 SRS 6t Tl Al A B T P 3 B L PO
Nracy > ‘235U XEI/\/K / 7X‘ ?‘nﬂ_\/_‘
T A A T BRI o E gy e PR U SRR SN X T R B
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— i A 2%~5% = FE Al o AN [ = B2 A A 2 i

ECIE BEUEE 5 TR

RS AFE SR R AR KB s B (Bg/mg)

Table 5 Radioactivity of uranium isotopes with different enrichment levels (Bq/mg)

PUBEFE/ % U U By sy K4 Total U
**U mass abundance

0.711 12.4 0.55 0.016 7 12.4 25.4

2 25.2 1.59 0.0333 12.1 38.9

4 64.2 3.17 0.066 7 11.8 79.3

5 107.2 4.03 0.9190 11.8 123.9

SPHTRT, BT A C§1.3 () 3K A Ak
e AR AR VRO, 3 6 .
#6 ANESENL,

Table 6 Public exposure to ingestion of 1,

*/‘z%\&:‘ NuC]ldeS 234U 235U 236U 238U
fr\e/(SvBq)) 3.7 35x  35x  34x
Ingestion e, 107 107 107 107

I, (Bq, ET1056—2018) 540 571 571 588
I, (Bq, GB18871—2002) 2700 2857 2857 2941

FRAE o A N B A ] N A 528 R SR 1 A
N B R Y (WS/T 613—2018) 5 T AR &
NI A RERANEIRE, R 7R,

KT WSIT 613—2018 FIARKST AT, (Bg)
Table 7 Public exposure ingestion Z,, (in Bq) for

WS/T 613—2018

EH Age 2y =y By =y

<1 % 2.7x10°  2.8x10°  2.8x10°  2.9x10°
<1 year old

1~2 % 7.6x10°  7.6x10°  7.6x10°  8.3x10°
1-2 years old

2~7 % 1.1x10*  1.1x10*  1.1x10*  1.2x10*
2-7 years old

T~12 % 1.3x10*  1.4x10"°  1.4x10*  1.4x10°
7-12 years old

12~17% 1.3x10*  1.4x10°  1.4x10*  1.4x10*
12-17 years old

>17% 2.0x10*  2.1x10*  2.1x10*  2.2x10*
>17 years old

R, EJ 1056—2018 X 2> A5 2 40 PR AH &
W B K DA B R RN . HLAR 48 B
LA, WS/T 613—2018 X 1 2 LU 2 A fi 7™ 1% 11
FIE )RR 5 GB 18871—2002 /2 A5 & 4 4k
SETEAAMIA

T ZAEARERZENIEE, 1 GB
18871—2002 2 B.1.3.3 FiT H A LIk F E S

B, DIAFEFEEE KM, WRIEAAESS a i F
PIMEA KT 02 mSv/a, AT (2R aikE C, H
£ Bq/L.
I
2[— <1 (2)
s IRERE LR EANE, B [, 1%
RINFERAERE, Bq.

0 v 124
0711%@3%35&%[%7 T"F
0.55 0.0167
POXCxosq PO sy
571 571
730 x C x ;?j
730 x C x ggg
2% o= F s, ———=%%+
540
730 x C x 1.59 730 % C x 0.0333
389 . 389,
571 571
730 x C x ééé
0 03 882
4% o= F E o8, ————>+
540
3.17 0.066 7
10X Cx 5y T0xCx T
571 571
0 113
v 10
5% & FOFE o, st
4.03 0.919
PO C 59 PO 039
571 571
0 118
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Z
PRl 2 700 20 SR 55 (03 LR P B B = S

TAAK, HHFESILIQOMHES, BEANei&™U
THE, SRS I DTS B VR R 0.74 Bg/L
ITARZTATI . 4 ER N TE 2 4% GB 18871—
2002 1B A ARG ELAARAEHE S, WS RS
TR FE (R ET 1056—2018 77l B 2 H B 11 5 155D
3.7 Bq/L.

BT 50 pg/L# ], BN o BURE . TS T
RAREC0.711%), FEEEKREEN 1.27 Bg/L: X1 2%
FREEAN, IEEEIKEE N 1.945 Bq/L; X T 4% FRE4l,
LML N 3.96 Bq/L; X T 5% FBEAH, TH I
N 6.20 Bg/L.

R, 25 A HE 1 22 8 5 o JBUST 1A 1 Bo/L 9%
il B EERR T S ANER 8 B o

RS ANFE GRS VRS UL R FRAE
(% o<1 Bg/L)
Table 8 Emission control limits for uranium containing
wastewater with different enrichment levels
(total o<1 Bq/L)

PUREFE /% SVBHPRAE / (ug LD
**U mass abundance Total uranium limit
0.711 39

2 25

4 12

5 8

A 4 AL it i TRV T S A HE TR FE R
e, PR AR RS /N AT DA E J (R X Bl K I
BRI, A B 4% 50 pg/L PRAB 2 i) O o K FH SR HE
RO B, EARRT A AR T B 20 IR 1z e i
FREER ), (BAFAEE o ¥R 1 Bg/L KA RE, B
EJ 1056—2018 5 GB 8978—1996 ¥ /™47 Mb b #E A
FHE VTR . WO OG0 T TR 2 o7 5 & 22 1) W 1
MU, Ge— P bR 1 AE 2 Bl B VRS T P HE s
EOTIHESR, DA & e 00 R R HE R

3 &g

A RERESMERRBHUUTER: (D
P 2T B PRI AS TR R D HE U A A% S B 4
FRAE 5 [ B J5 1~ Be LA 4 5 5 T 1) PR 2 — 2501
P 2 B Bl PRV AS T B A R TS 5 s o4 B S
[ ) o B A, LR R Tl ) 1 b A B R
] [l A B 1A g e 2% 03 4 (10 R N A vBE B P2 A%, 36
BARSE M2 e E AR (OG5 KEEHIK
FrE) (GB 8978—1996) T 51 A b e &0 47 76 % 1,

(L B AR S B 4 5 R 2 A B AR AR 1) (GB 18871
—2002) i 2% 1) [ by J5 7 Re LA SO SR, 2
WM& S, LA GF G A% S e i 2 A s s,
YA ST J 125 A O 1 R K HESG (3D 7RS4k
A 4 S T HE U A . R
7 EJ 1056—2018 #Ml i [ 2 4l ik B2 <50 pg/L 1X— 45
bR, B 7 557F GB 8978—1996 i o i MKk E <1
Ba/L M EER, ORISR0 B 3 A S
WS oG BERFE SR, G B — 4R AR I B 1) R BR
P

fEERBMEH BRER. HREREARLTERE
B PR, AR E. AR AR AT F
BH; WEETKT R XWETRERITH. A
AR # 2 TR 3 A T AR ST TR A 2.
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