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Technical specification for comprehensive pollution remediation of nonferrous metal
mine tailings in arid area of northwest China
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3 AIBMZEX

THIARE R E SOE T A
3.1 BBEBHEMEN (Acid tailings from nonferrous metal mines)

HEEET ALY BEEWCEM TR G B T 2 BRI R R 75 .
32 BEWZiE& (Tailings leachate)

B S B e A SRR IR FEE R R, @Ak WA E I E R, RIS ZE R K RIHL K 1938
WAER A, HAMRpHE. i Sa, mbilg EhA m = 4 iR K
3.3 HEE{IEE (Soil in-situ remediation)

Az tig, i RES YA E, X EMIE R N H B R AR,
3.4 WHEIEL (Microbial solidification)

FIF YD S = B BRIRAS S K (Microbially induced carbonate precipitation, MICP) f&h . &1L FA
BIOBURL,  CisE MR 7 2R, WA KR SR N, BRARYS Jeiat th (1 i 72
3.5 fAEYIELLE (Microbial cementation)

FI S R = R A ThRs, St B, BT, B SRR 1R 45 3L, .
3.6 HEMEF (Microbial agents)

FARAE PG 2D 2 T A F=955,  i p i [ A ha BIOBORE, et HE s 7 25 R 1 o B 1 75
3.7 #EBRE (Ureolytic bacteria)

GrUB IR, PRI K AR PR 3 R AR 25 T I B AR P 2
3.8 tEMEFHEE (Plant fiber blanket)

H b 2 ] AT S A AR 4 RO s S i), B BN, POk, FEHER . BRIk
T AR K S S T RE IR R D o
3.9 HE#IWE (Vegetation restoration)

FECRE M AE P2 AR i b, Sl R ARG B, DK AT ol A R VR R SR T T R R A
HEVE I 2

4 FAR[RIE

A SR AR UTVE  (Microbially induced carbonate precipitation, MICP) & 3 T3 A= W Bk iR 26 ik
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5.1 EMEESHI0

SRR T IS AN 2B 0 TR R R o ST, TR i S A 36 P 2 BB SR AT
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6 R EMLSRERELE

6.1 EH Hi5iSH
a) A RFENAZHI/T 204047 ;
b) W pHIE 73 BT RFENY/T 137744047
o) JRATRLAR N KL EE 4 AT 4SO
&) R IR IR RAZHT 55787 ;
e) WWRIE VR E 4 I 5 V5 YRR BE 12 T R 4% GB 89784147 :
£) I S/ NS YD MUH S I8 I XREG I &, fe/NERYD RUE/INT-20 mis, A E FEE AT RVl iR

6.2 BV EKSRERELISE

6.2.1 TAEMEM IR G RACE : PHERT RN AZ N KBITTVERCE, HHRIN2%EH (ww) HI2%K
B (wiw) , SRR B R AW, SR E LI B R I .

6.2.2 i srIX . Yoy X AR AR H G B AR Y A I S5 R AR, TR LI 3C.

6.2.3 PR it TRTRIERRIA N A=Y, HRT AR K b

6.2.4 HAKHEIM: X TpH<6.5M A", N4%NRKDIT i pHIFH Y o

6.2.5 WEMIFEAR SR : a) X FHIEMR LGB 8978 R E M A BN, MHHATREALALTE, i
25 Lim3 M LA SRR P A IR Z5 0, 72 WS Es b)) X T/ NV RE /N 120 mys iR,
RIREAT R AE AR EE, R4S Lim2 i Lt i ok 2k v T A 45, 7710 WP S E

6.2.6 EALIARZAEL: a) X TRAEN, NEZHIRSERE, BERET RILHEHRE. Ak
KB ANEEAER, SAOZMAIRE, JELRIEAT T — AR b) RSN E TR R M
Ao SENEEARL/NF30 em, i FEEARN K F0.5 m, FEPEISHRISEIIRE: o T SRR B
RIEARESAAEAN . &

6.2.7 REBHWAMREEME: o XN TR KM, NMAEMAEE: b) B, PskmLL
ML RN LN S, TR AR N RE TE, E2%EANT10cm, JEHETHBHN
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ME R, BRI T 100 om; o) S A FT R e, 4 5] nT % FUBLET ST AT 28, T BE AN
KF100 cm.
6.3 B LIEMRITM

6.3.1 BH FEMKSE: HEEL. 3. 6. 1281240, EH REERAZHI/T 20347

6.3.2 WIFEIR 57k a) [ oM He e 5 B R F T el BRI & s b) BRI R %
HJ 557847, pHIES B4R & BN 4GB 8978 S o) EH IS 2 JE BE B W bs N I &, A
U e R v, PR D) SR R =Sk U O s D MRV KGH I B R HZIGI/T 3384047

7 BVERBLIRECREE

7.1 TIBESEIPAESISH

a) LHERFENALZNY/T 3954047

b) E3EpH. R E L JE 5 %GB 15618 FINY/T 395447

o) LIERRGIME . IR AN E SR S YRR R 75k W R
72 TEEERET

72.1 WAMEERACE: FESFENMIZMRBITIAIE, Hiln2%Ek (ww) M0.5%K%K
(wiw) » SRREYMEE I, NAEHE T I I .

7.2.2 Yty X by X MRS R T, A XA K T2500 m?.

7.2.3 AEAKIEIN: X T pH<6.50) 145, pHiAT Ri% M KDIAT .

7.2.4 REEREI R TSR, AR IR T Eh 4

7.2.5 WEE BN : A2 B SRS 1 158 4 @ 5 AR B (OB S P, k4% 1~2 mmf# (0.2~0.5)

kg/m2f)E K .
7.2.6 WAEMBRE RN : RIS E W E R e L IR, R R T R B 1 S G
A o

7.2.7 W E: & LEBEE2ANAJE, EEEE P A AR AL RS B Y, e
B AT R BE « E AL LA b)) AR AR AT 4 X A i T A
73 TIREEYRITE

731 FIEAFEYIFE RS 2 BEREL. 3. 6. 121240 H, LHERFENAENY/T 395847 b)
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CERHME)

PR PO L A 8 T

a) KRN TEERAUK AL LA R E GRS, #1508 G, DUE4/Nr, WegE BIEWR, 3k
RN - T I

b) IR PR ENBE TR, BaR A mIR K E S, DL20%MAREREL I Bk R - I3RS,
PA1% AR EL e M AR B A A IR 1

o) fEHFE(. 30°C. pHAIAZIH 150 r/min sk Bl g A it B 585 732 25 A1 N R G 7248 /N, il 2 T VK
ODsoofH -

d) ODeoofE K T0.5R K E4%, PTG eLife; BN E#w A, HE LR,

Mt X B
(ERME)

R IR AT 55 7 1

AR, BHefEsei = mmpby 8, 82 LEW. T iyl ficE
20 LB NBE; 7258 (BB R ULIA 1 R HERERT IR IE) , RERAE MR KIS, DA% MR Ll i e b R e b
WA, ELFE. 30°C. pHAIE 150 r/min2k {4 N #EIHE 7248/ N

B — B3R B, SR FRRAE SEIR R R 8%, $R1920 LA W B2 A2 a0 R - B HE 2510 g/L.
FRER LS g/ WREREANS g/L. BER —E4M0.5 g/LANEALANS o/LIR A RS K, Bl B 20 L2 K 9%
B BFEEIREKEE, DLR2%EMEEM F PR, EH%. 30°C. pHARE 150 r/minsk 4 FREH
B 748/ N .

BRI, e TR BEE Y 5, P45 TR B M. e s %8
=T, LR TR R R B P O B L S MR B R R, B EIR KBS, D% R E—
W, I 30°C. pH. #3200 r/minfIFE <& 1.0 L/ min&6/F R EER; 7248/ o 1] K K
IR R R B 22 O B, 3R TR B 7 AU ) B VA

Mt R C
(ERE)

Wty X T7 ik

TR AL, IR T S S AR o) X TN -

Ap =Vms +~ kms + dt

Hrr, Ap RN XTI, m?; Vs R H G B B R E Y AR S5 BA AR kms A 2B [
el g5 be g, BICN25 Lim®s de B AR EE, m.

TR RS, IR S A o) X TR -

Ap = Vmc + kmc

e, Ap AR XA AR, m?; Vme sk HECE RICED B AL S5 AR s ke 9t A4 [
WIS R D e, A5 Lim?.

Mt £ D
(ERM)

Bk A AN L SR K pHIE 5 5 %

XFIRYE (pH<6.5) A M+, 5 Miin LA ACk pHI 15 £6.5~7.52 1] w38 L BLI7 /ML 5 i
EEAKAE, PR WET S1%10 g, A9 mLAE/K, Z3%: MIAT0% I B 23 (0.1%
[1120% C/E-AED » SEIMANAEFRIR (HE>100H) , JEFFEER Y, HERR O NSO, dx
BRI E; SRt AT R B E R R A KR . BT 5 R BRI R AR A A BTIRYE
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M=dxpxm
o, MOWBRFTT R BCESEPTR A A K&, kg/m?; AR BEACER IR RE, m; phy
RV SR HERRE S, g/em®s moNRET v B B HpHP NPT & A A KR, ke/kg.

Mt X E
(FERME)

Tl A= 0 A R 35 it o g

BN AL EFRHERC CRiAR<S0 pmFI ELBI/NTF5%) BIER, 1 KRS IE R I 735 A= [
WIREERGEN B M, BERFLUASEL = MIEHEY, FLEE N2 m, FEZKIE J1°M0.5 MPa; EFX Rkl Chi
%<50 umAIELBIRF5%) « IRER Glm) FIEH, R F &R W 5 E P [ i 45 0 N R
e, JEIRILUIZED =AY, FLEERNT m, JEIE S 820 MPa; S5 ERig CRiAZE<50 um A HL
KF5%) « HEAN (<Im) WEY, EZEWHHHEAEDE RS, H R R AU R 5 ok A
POlE AR G R TR A o AR W] A B 45 0 B n B A5 A28 L/m3 2l

FEN R4 : FIABENZEE, CUGRIIFEEN AV AL I 45 038 S s il 78 B 3R 1H, i
FHE NS Lim?, HRAE WS B W & %6 /2 . BHmE, HEBEE N aERE, AR

v=Q+W=K

Hrdr, v AL E I SEE, m/ming QWL E, L/miny WHABHAE G5 E, m; KA
e &h Wit &, L/im2,

Mt RF
(ERME)

IR . SRR E SR TS YRR (R 4 Tk
+3EpH<5.0 N5 ME 4, 5.0~6.5 N ETIE, 6.5~7.52 (A F E 35, 7.5~8.5 bt 4, >8.5
BB 145
FIEE B 0.1%~0.3% N+ 0.3%~0.6% N iht, >0.6% NEH 1.
MRS I E S JE &, A B, s IR E SRS AR . Bl RBUREGTH R A

T
C.
I = Lo !
geo gZ(l 5B ]-j

Hrr, Igeo it ARG COVE SR LE P EE, me/ke: BEDNEEEIE IBAIHTTE
5o, mg/kg.

AR 5T RARSRH, LIS R I AT 73 N Igeo<0, 15 RGN 02%, R TiG He; 0<Igeo<l,
RGN H, FoRTCIGRB PTG 1<Igeo<2, V5H2%K, FomhEigy; 2<Igeo<3, V544l
3%, FoRT SRR RIG Y 3<Igeo<d, TTRIINAG, Fonimishy; 4<lgeo<sS, ISHLPAISH, Fox
ST GBI IR JY: Igeo>5, T RGnl6Z, Rnomis .
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WAEMBE R R EIE
MICPH A A 5E 5 4 Jeg 1 AR B B2 PR Z KM AL BRI AR, B AR 5 495 28 7 A e < 1 1 IR DU
PRI o 3R A B R < R R S 8 B EMMB R P PR S R LU B [ 5, PRk ) P
B PR 2R AT A5 L AR A . ARGE IR R, AT R R S S 5 T e s i e e L &
d x ZHW x k x 60 g/mol

20 g/L
Hrp, VARV EEMAEEER M E, Lm?; dVHIEBERE, —%E0.2~0.4 m; TnHM N
NS ELEIRE/RE, mol; KNRFEMITEMSE, —ME5~201%; 60 g/mol /K E M EE/RFiE; 20
gLNBERTIREN S &,
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