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Design of Treatment Process for Low-Level Radioactive
Wastewater Produced by Scientific Research

DENG Ji-qin, YAN Yu-kui
China Institute for Radiation Protection, Taiyuan 030006, China

Abstract: In order to meet the national requirements for disposal of radioactive wastewater
produced by scientific research, a device was constructed for wastewater concentration and
volume reduction. The applicability, cost and simplicity of maintenance were considered for
designing the device, into which a new technology of ultrafiltration membrane treatment was
introduced. The combination of methods of flocculation, ultrafiltration(UF), ion exchange
treatment and re-treatment was adopted. The device was tested for commissioning using
stable elements of Co and Sr. The results show that the removal percentage of treatments is
achieved more than 99% for Co, and non-detectable level for Sr, in accordance with the
national requirements for removal percentage of treatments and wastewater discharge
regulations.
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Table 1  Component of low-level radioactive wastewater
24 %, o/(mg+ L")
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Fig.1 Wastewater treatment process diagram
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2.1 {UFEMiEE

KA R B T AR 2 AN R K
WA 42 800 mm X 2 200 mm; 2 A~ Ak 7K 32 il
$2 400 mmX 2 500 mm; 1 ™ ZLEEITFEAE ¢2 800 mm X
3 300 mm; #P JE #5800 mm X 2 240 mm; fH & T
AEHFE $800 mm X1 830 mm; BH B FAcHAE $800 mm X
1 830 mm; g it & #i. &k i1 & 4, 4275 mm X
600 mm; Z2EEFITEAG 6512 mm X 1 100 mm; DA
LT Z &N A S, @4 F. CREFLUX-
PUF-5040, A7 JH 5K 2 B8 AR A BR 2 7] 5 71 52 %
P086-368Ti, 3£ [E K il & LMI H 1 b A5 i1 5 5 5
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Al WMY-A & i 5 8 RS 85 B A 1] R 0~
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Table 2 Component of simulated feed liquid

Eil o/(mg+ L™
K 3.6
Na 42.2
Ca 48. 8
Mg 19.5
NO; 0.7
PO; el
SO 20. 8
HCO; 0
Co 0. 14
Sr 1. 108
JLBEHE (L CaCOs 1) 187
ENEbIZY 616
5 A% B AR 398
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S B T RS BT K Co. Sr & i, 38 4% 4b 73
BICEBRAEE B EERE, Y Co.Sr iR ERFE KR
F 99. 0000 . 45 R T2 52555 47 Co. Sr 9 &8 LBk
HR/NTF99. 0 %0, Y HE B v A 7K 2 ISORE 1) /K TR [
FBUE B T A TR AL HEL, B B Co. Sr By 2
KT 99. 0% H 1k,
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PALFL Pu K BRFEGR 99. 972 Am K BR Rk
99.96% .U il 2 B ik 95.93% . MAL T o #% K
T G IR K B S B 45 R AT N B R R R K R B
WA KT 1000 Bq/L 1) « ZRLIEE] 1 Bg/L
PLR . Rt s HgEAT A B By R i ROCR B
Wk, AL FEE ) 1.57 m®/h, B R K ) pH =7. 85,
VS e R ENAR 1 By 398 mg/ L, AE K P ] A
B FARA Co.Srfa e JU R, AR B A0 S5 30 1 o8 1Y
T BRIk R 2R 5 SRk AR L BE DO VE 10 3E HL pH R
8~9, 43 I FeSO, 554 Gk 45 W5 Flt 22 5E 51
#AT I
3.1 ¥im FeSO, ZEFIMITZiXIE
BLAL H K & 10 m®, B2 % % Co Ml Sr 1)
W 0GB VR BE 43 1 0. 14,1, 108 mg/ L, 4735 pH~~
8. 5,3 30 mg/L FeSO, 5 50 mg/L FeSO, iy
I EE R AR 3.4, IR 3.4 AT LA M8
30 mg/L FeSO, ZLHEH AL Co, Sr A7 K BT,
AL PRI Co B 2 BR 3y EEEVTTE 76.79%

HEUE 18.18%0 , B F 384 96. 69 % ; T. 2%t Co 1Y
BEBREN 99,350, KI5 B 7o 153, 855 % F
Sr, Z25E 5 IR Y B RARAR. & F o]
B Sr g 2 R BRI FR (0. 050 mg/L) BLF L
1/2 R BR 153 ) L BR 3 97, 48005 T BLIR
A HERY B L BR R IR T I H AR, FeSO, 2
70 Fn & 3 m#) 50 mg/L 1 TR 5, K Ak
P BT Co (1 L BRZ Ny - L BEVIVE 82. 1400,
HUE 4.00% . B T A e 88.54%, £ B K
98.04% 275 A F 50. 91; T. 2 [ £ ol K¢ Sr %
B 0K I R LR s T2 % Co By B 2% B RN F
99. 0% FIBEITESR . & IR Fag e db B, Co
MR ZEBR RN 99.38% . £ 75 F 8 160. 92, 7
KB H AR

ZiR B, FeSO, ZEEHXT Co fHH MM £
B, 001 X 7 3 Rk 4 20 FH S - 38 ) g X Sr
AR B R R, Co KB R & A
96. 69 %0 . 3 I FeSO, 2 % 7 1) £ I 1 7] 42 &5 2

23 pH=S8.41 BN 30 mg/L FeSO, 1y 4b 34k 5

Table 3 Treatment efficiency with 30 mg/L FeSO, at pH=8. 41
Co Sr
T2t
o/(mg+ L1 PN PGl o/ (mg+ L™1) e R EKI5HET
i g 5 0.14 1.018
LR+ 0.032 5 76.79 4. 31 0. 996 2.16 1.02
R IE 0.027 5 18.18 1.18 0.993 0. 30 1. 00
B 0.000 91 96. 69 30. 22 <DL 97. 48~ 39. 72
YA AL B Y AR 99. 35 153. 85 97. 54 40.72
1 100 (Co) =0. 14 mg/L,p0 (Sr)=1. 108 mg/L; DL, Kl [} ; » /R M DL/2 #+58 CF R
# 4 pH=8.60 W hn 50 mg/L FeSO, f44b 35 R
Table 4 Treatment efficiency with 50 mg/L FeSO, at pH=38. 60
Co Sr
LTZ %It
o/(mg+ L™1) LR/ % ZIHEF o/(mg+ L°1) EEE/ % PRCICES
TR B 55 0.14 1.018
ER R 0.025 82. 14 5.6 0.996 2.16 1.02
e 0.024 4.00 1.04 0. 993 0. 30 1.00
BT 0.002 75 88. 54 8.73 <DL 97.48% 39.72
AU A AL BB RCR 98. 04 50. 91 97. 54 40.72
9 W T AL 0.001 75 36. 36 1.57 <DL
9 W TSk 0. 000 87 50. 29 2.01 <DL
psYUBLIEYE 99. 38 160. 92

200 (Co) =0. 14 mg/L,po (Sr)=1. 108 mg/L
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BEULTE T Co M EBR A H i T FeSO, &1
8 5 U 1) R0 R R B T A e A R S BRI
TR EBRR TR, L, T8 AR K o A
TE BB B TR B e LR
3.2 BMBRESHEERFANIZIAN

Bifl K &8 10 m’, p, (Co) = 0.418 mg/L.
00 (St)=1.160 mg/L, /% pH = 8.50, # Jin %
20 mg/LEAHAMB R G LS RIA LS. |
F 5 AL L RIRAL PG BT X Co RBREN
LR UL E 95.22% ., M OUE 20%. B T X
88.13%, L& MM &N 99.55% , 15 1 F K
2205 %F Sr R BNy BEEVIVE 35. 9520, B F &8
ek SroZ= 5 A R (0. 050 mg/I) LR, L&

M R BR R H] TR Hbr. RAEFAE LS
JEXT Co.,Sr 1 ZBRFE T FeSO, ZEEH .

T2 T Y VP A R 3 ) Ak PSS DL I K ) i
B4k AR BB UTE D UE IR B TSRS
Jext Co M Z:BRFEI/NT 9920, ZBE A AL FE Co 125
BRFA/NTF 99. 3550, Sr S AT AR 0. 050 mg/L,
F1/2 R BRI F S R E 97,5400 DAL 2
B R AT DA 2 K By T A 3 vk
FERT 1000 Ba/L W, £ 5o 258 & 80 vk 5k e &2 ik
B, Co W5k B8 I BEVR B2 /T 6. 5 Ba/L, Sr % &2 1I%
T 05 R I B L BB A% 1l 2 HE BIObR 1 R B VR /N T
10 Ba/L) 3% & b 303 A0 58 W6 A T30Sk IR K Gk
PRk R

F5 pH=8.50 W 21. 17 mg/L R4 S AL 55 0 b FEAICR

Table 5 Treatment efficiency with 21. 17 mg/L polymeric aluminum chloride at pH=28. 50

Co Sr
T 20 — —
o/(mg+ L™ EBRR/ % EEHT o/(mg+ L1 FBRER/ % EEHETF
17 1 ) 0.418 1.160
2R 0.02 95. 22 20. 90 0.743 35.95 1.56
e 0.016 20 1. 25 0.743 0 1
Brac# 0.001 9 88.13 8. 42 <DL 96. 64 * 29. 72
B YR IR A 4 P RUR 99. 55 220 97. 85 46. 40

1200 (Co) =0. 418 mg/L, o (Sr) =1. 160 mg/L

4 #F it

(D ZW R R BETUIE P8 I8 B T
SRR A7 SR (8] S 1 A s I A BT T
TRMIE S 5 7 A O B K BT S R AR S
AN E T B T 52 e IR 25 4 i, 22 40 B Co, Sr
FEAF PR K IR B . Co (1 2 BRF 3k 99. 3500 LU
b Sr BRI R LR R LB AL E] 99040 U
b AR B ESCR BE W AL HECEOR

(2) BRBEVLVE 8 T 34 ik LR UM PR R
AT R X1, RS AL R BEULTE + WX Co
2 BRA 95. 2206 % Sr EBRA N 35. 9500, H
SRBEUUHERR Co.Sr R R T FeSO, 2REEH . kK
Ak B AR TIG SE SR R S A R SRR 5 001 X7 3
PR VLR £ 0% BH 7 1 S e W IR X St (19 28 4% 4k A%
R BCR G B AL B2 T B B R LR .
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