%43 %% 3 Tolb 7k Ak 3 Vol.43 No.3
20234 3 A Industrial Water Treatment Mar.,2023

DOI:10.19965/j.cnki.iwt.2022-0332

TEHCRRE (RS )
FRiRAS (0SID)

S HE BURR A TS A BT B K b I T ARE

7,42 41,8 Z2 xpeAg!
(LPEEEFAREITTREARAF, A XE 050021;
2. F TREIFRRARAG,FE KE 050011)

(] BF XT3 A 85 Aol 9 P 25 T S P IR A B 40 52 A o T e v 0 S P A 3R VR BE A i K K i I8 B R A
Jab 3R A, SR R 2 W B P R U + 3 i A R A B SEER T B K R R iR AR R . S Q”T&JEILE’Juﬁ
LW GBS RSB Rt s T RO 4 %*ﬁfr TARSEREW R T ZBTROR R e
3, U AN Th B9 8 2B 3299.7% , Ra 5 B %.298.6% . Ab 3 J5 7K (U+Th) i & HE B < 0.1 mg/L, * Ra i B < 1.1
Ba/L, T R A e S P 5 2 ) T A 45 A S B8 At e 0 o ) ) R 0 T 75 e HE AR 1 ) (G B 26451—2011)
R HERICRR A . AR AL 0T R M A R X I KA T g DR TN R B R B R B AL RS
AT A AR TSP AT 7 I 2 AR FH Al 1 e A T M 1 K A B A 2 M

[RER] Fh AP K s AR s KA BT 20 s et 3

[FESFES] X703 [ X#tERiRES] B [XEHS] 1005-829X(2023)03-0192-05

Engineering design of associated radioactive wastewater
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Abstract: In view of the difficulties in the treatment of the associated radioactive wastewater of a zirconia enterprise
with complex composition, high corrosiveness, high concentration of radionuclides, and large fluctuations in water
quality and water quantity, the high-efficiency treatment process of carrier adsorption+neutralization sedimentation+
filiration was adopted. It had realized the stable discharge of wastewater up to the standard. This paper introduced
the design points, process flow, design parameters, radiation protection design, operation effect and economic analy-
sis of the treatment process. Engineering practice showed that the process worked well and run stable and efficient,
the total removal rate of U and Th was more than 99.7%, and the removal rate of *’Ra was more than 98.6%. The
concentration of (U+Th) in the effluent after treatment was less than 0.1 mg/L, and the activity concentration of
*°Ra was less than 1.1 Bq/L. The effluent index was better than the emission limits in Environmental Radiation Limits
for the Development and Utilization of Associated Radioactive Mines(first draft for approval) and Emission Standards
for Rare Earth Industrial Pollutants(GB 26451—2011). The project effectively reduced the radionuclide pollution to
regional river water bodies, ensured people’s health, and had significant environmental benefits. It provided a refer-
ence for the treatment of associated radioactive wastewater in the development and utilization of associated radioactive
minerals.

Key words:associated radioactive waste water;zirconia; wastewater treatment process ; design points

BEHE E R BRI EOR BB W R AR K AR RBITZ KT 20204F 11 A,
S T e LR JRE 0 A TR 2 5 A A S PR AT fﬁ%ﬁﬁ?ﬁT<E‘Fﬁyﬁ?%}?~ﬂ?7yﬁﬂﬁﬁ%%¢%f¢ﬂ§%%ﬁ
BOPEAMMS B = AMRG G R e 2508 TE A5) K Em - Pe8 B R B BT

—192—



Tl K AL F8 2023-03,43(3)

FTaL 7, % A HE B VE T R A MR KA B TR it

B AWER L BERR R A VBB VB B BK EE N
16 A7 7= 28 S B A 44 55, 0 JFG S it A S5 9 5 s
EHL 20204 4 A, (R AR RO PR T S F T PR 58 4R
S5 BRAEL CHR AL AR AT ) ) & A1, %) U8 285 R 0 1 0 o
TRCSS A% 2R B T R BR A 20K i b A R A
PEKA T BBl 04 HE R A

P A S R K Ak BT 0 S B R G AT R X
Aol 22 A A ZAURIR IR B, DU
b by SR A 7 SR A B o R 2 A R A U
R MK, LB AT SRR P R v S T A

x1 HH

TR A AR T R AR . B X A A
55 0 A Ml B A R R K e Ak B T D) S AT AT
Y i R 7 5

TEHR

B A BN T Al A ad A v AR R Y P A
TSR OK 2 K 2 R IR T 45 S B R K
FIBEHE K, W b o 3 7 g 7K e 2 a] HE i 1E1 1 Ktk
AT WCRE 3 BT, % K FE pH B U PE A% 3 U Th #1*°Ra
ARG I 25 2R L 3% 1.

&Kk FiE AR

1

Table 1 Radioactive wastewater quality index

i FH K/ (m*-d™) pH U/(mg-L7") Th/(mg-L™") (Th+U)/(mg-L™") 26Ra/(Bq-L™")
45 S B 15~20 <1.0 701~733 378~402 1079~1 135 439~1 043
i 5 ek 150~300 4~6 0.34~0.65 0.14~0.23 0.48~0.88 17.6~25.2
VR I K 500~800 6~7 0.05~0.12 <5x107° 0.05~0.12 6.8~9.6
2 [E] HE T K 665~1 120 0.8~1.0 9.6~15.9 5.1~9.2 14.7~25.1 16.2~43.5

e 1 AT I K i BRI I 7K, I K v U\ Th
PRa Y AFTE B bR ) AR R A M ) A A S
B K HE R B, BT T AR AR BRELAL A 1200 mP/d. )
it S K TS AR, B0 BT KK BT, AR AR A IE AL
PP 2B I 1 1 I e ) P 30 5% 4 S B (4 AL A 4
Fieg ) ) AR A Tl v 3 W HE T50Rs HE ) (GB 26451—
201 1) M HEBCBR B 2R, a2 H KK B, HLAAR L& 2,
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Table 2 Engineering design inlet and outlet water quality
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Fig. 1 Process flow chart of zirconia associated
radioactive wastewater treatment
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FTaL 7, % A HE B VE T R A MR KA B TR it

FUAL R 1200 mY/d, AL 219 m? 5 B B[] 4.4 h,
b A4 Sk o 25 % B9 A7 TR BEE K, RSE 16 mx8 mx
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Table 3 Control levels of radioactive surface
contamination in the workplace
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Table 4 Engineering treatment effect

i H pH (U+Th)/(mg-L™")  **Ra/(Bq-L™")
SPR#EKKTE  0.8~1.0 20.3~27.6 43.4~125.6
BETF KK BT 6~9 0.1 1.1
SR KK 5 8~9 0.03 ~ 0.07 0.56 ~ 0.74

RABATHEIR RN e 27K (U+Th) 557 2 94 2
< 0.1 mg/L, > Ra i FE W FE < 1.1 Bq/L, i S CFE AR st
P T & ) R 5% 50 59 BRAE (HR LR R0 ) ) vh i A i
HH 0 B i R AR AT SE 3 K K R A R, HLAE 2°Ra i
JIE v B R A R T E KK BT 2.5 A%, K e e
W S BN e AR iR A .

6.2 ZFHH

(1)L 2%, FEHE EB TR BibEpL a5 et
IK RG4S B AR N 1.71 kW -h/m®, 35 B8 24 1 Tk Fiy
#10.6570/(kW-h) T3, FRFERUA A 1.71x0.65~1.11 70/m’,
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