—t

A www.kjdb.org R 53R 2014,32(13)

RSP R B K TS Qe lnldl I Ek &
REREA

REEV MG, MER"

u

N

1. P EAF RIS HFFARAT, LR B EE TR TREZARMR PO JBS 264003
2. PEAMFEEE BLEGHAL, PRARFRELTREIEE AR AT EZHT RS 264003

WE TESEA—FEE R SHEENIEFEARASER, EHALKBSHRORALZNFT =R, BU, IESKREE
HARARXBRNERER, EARIEEFERRERKEZR, F-EEERRER. WALFSHLERESERMZIK
BEARFAMTESHRKERRINERIPAEEERENE N . AXNTTESFRHIRARREBHE, S TARTEH~ER
BB ER, TR T AFREAGEHNEAR, BBEEEFERE WMBREREIRERBE RSEX ESEX BEEREA,
REBULENEAE, TG T EMKLERRHABERR, RAT SHRARUESHKLIERFHH A TUE ST REK

BEBHE,
XFIR TIER;KNEHR;IRHEK; KITE; EKIEE
hE4%ES R730.58 EREB A doi 10.3981/j.issn.1000-7857.2014.13.013

Shale Gas Produced Water Contamination and Its
Comprehensive Treatment

WU Qingyun'’, ZHENG Meng'?, HU Yunxia'”

1. Research Center for Coastal Environmental Engineering and Technology of Shandong Province, Yantai Institute of Coastal
Zone Research, Chinese Academy of Sciences, Yantai 264003, China

2. Key Laboratory of Coastal Environmental Processes and Ecological Remediation, Yantai Institute of Coastal Zone Research,
Chinese Academy of Sciences, Yantai 264003, China

Abstract Shale gas is considered a form of clean unconventional natural gas with low carbon footprint and huge reserves, and has
increasingly attracted attention as a new energy resource around the world. In recent years, the hydraulic fracturing technique has
become very common in wells for shale gas drilling, which consumes tons of fresh water and produces a large amount of high salinity
water. Managing the produced water and promoting cost—effective water reuse is a major challenge for maintaining the profitability of
shale gas extraction while protecting public health and the environment. In this article, the hydraulic fracturing process is reviewed
and the composition of shale gas produced water is analyzed. Then, the promising techniques of treating wastewater, including
mechanical vapor compression, membrane distillation, reverse osmosis, forward osmosis, electrocoagulation, and ozone catalytic
oxidation, are reviewed respectively, followed by a discussion on their advantages and challenges. It is concluded that the hybrid
system combing more than one technique to treat wastewater could be a promising approach to real application.
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Fig. 1 Distribution of water pollution events due to well
drilling of nature gas
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Fig. 2 Scheme of horizontal well and hydraulic fracturing
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Table 1 Typical constituents of hydraulic fracturing fluid
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Fig. 3 Scheme of the mechanical vapor
compression process

7R A D B A, BIVR ] R ALAK Sl iR R
P RE A A RE LA i 8 B2 B K T 7K 2 ¢, 3 i s 44
PUEEK Z8 TBESS UK o T DUWEEIRE S R S K
i GERIURAHURAS gy . 60, MR K & it A ey

77 I



—t

www.kjdb.org

¥ SR 2014,32(13)

SCIENCE & TECHNOLOGY REVIEW

TJE HEAZE KA, SUTRAEZE & TP 3R /IR B B
o —iB I T BRIV B R FEA 55— 00 ik
& 26 I W T 28 & 28 SIS L K A o #slK 28
TEZEVURGENLRAVE TR, /K 2800 i AT A A T 3
PeIFBESS RS K , T AR BESS K 28 50K R T IR R 45 . I
Jei , 38 SN EE LS K RN ERRK G 15 78 kA R 4 i, [l s
Zeid AT et SR AN PR R B KA T IS, Veza S50
2 ML HURZE TS0 5 1 F Tk IRk, HZR L f A iR
S 60°C, 45 e 1.1, K TSR 245 40% .,

H AT, 2ERE A 200 EHUMZE TSGR 5 H T =il
N AGRACAE 78T A = 1 R K IG B, ML TR
ARFEA LA B A BUARAIE X R /K ) TDS R ERAIR
FTAR A K SRR i 36 T Tl bl h S5 s i T4 40
KRR AL U8 55 R BH B T 38 e 55 vk . B ML
TSR RGAC P ER P K (TDS (B R 64000 mg/L) AYURE F144
MEERK 600 m?, IR K 30%, AEAFEN 13.6 kW -h/m*, 7E
KRR, MU RS BOR Ak AL B RE 1 20 R
FEK 500 m’, [FICR K 40% , BEAE N 10.4~11.2 kW -h/m’, 5
FEGE IS BB ARAH LU, MUZE VR R 4 B AR HA 5 A s
JeRE ST, R T K AR A 25 . SR LB 4
HARAAE— AR, I B SR IZ AR T TR EIR B (25 60°C)
TG 208 T AP TR ZEEAE R L LR, RBFEZY N 10.4~
13.6 kW - h/m* ™ S 40 2 FAR B = RERAK, H ALK H 200
5000~6000 m’ ",

MUK 28 75 R 40 F R T H T 00CA SR K R . 2
Fountain Quail 23 7] 1EF] FZE AR BTSSR ZLRHEK , #4
THRCRIE I REAE R BN R . WIEREIRRCR %A
) [ R e A R R R IR SRS T T AN 2R
RE . Gt AbE IR HEK A K S LAl ) 7% 1 KB 3 pk ]
WSR2 0o e v I A )3 4 A0 R B B 00 U e 4 1l
. b TR AR B R B B s sk
JEZAEFAR (MoVap) BSE I T 16 TUA S IR A FE K 2
TDSAEAKF 500 mg/L,

222 [REM@MEAR

AR AR 2 — TR A AL AL T A, A AR ALK 5
Oy B SR . MRS ZE TR R 22 10 7 A O ZE IR R 4 )
O], BREAR IR 1 O] 20 43y BL e Al =X OB AR
B FBEAR AR, Hoh | e o e d A7 SR S5 FH 1
B 3 E I T AS B B 7 RV I 0 AR i R 4l
ko QIR 4P 24 PR K FE BT K SFLE A — N 3 sh sk, 7K 7%
SAE SRR TR 22 0 3R 20 3% 2 S fL RS I AL 1] o5 — il
o 12 AR B AZ O S LB 1) S0 7K e 3800 9 25 2 /K e LA i
T AL 77 404 LB T P LB 98— 0, ) R R E 7K 728 A3 3l T
W B AR, DASEBUR K FA: o R T Bl AR 2R A A K
BR2EFA T BT R LI, 45 BUZ 55 - Bk RN -2
IR £ M (PVDF ) Hr 28 2R 2 7 B2 43R PVDF H 23 27 4
JEES G B2 PVDF rp 28 £F 4 ™ 42 45 PVDF w23 21 4

Il 78

R LKL PVDF - PU 5, L0 (PTFE ) s 2 4E R

El4 [REEEARE
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