REARERE: 2022,42(9): 4433~4443 China Environmental Science

ET 5 o BEITHN B TUE SIFRIBHE- 7~ H K B R R IR 7%

TREE N 12 AR e 12 BAR A 127 P RS L2 TR i L2 (1L E PO T B 3% 5 ) [ R S S, K 400044
2ERRKEFIRERF R, EK 400044)

TE : IR TUE S TR AR (RRHE-72 7K ) b A PR 355 A2 25 (1) R0 e T2 SR SRR /K 0 AR 3R 1 388 [ P A B s HE O o A 5, 45
i E N 118 A Simapro 43T TR B LCA AL %t $UAL A IR F AR BEAT I 80207, DPA AL TR R AR v (R BRI AR RE R R BT G707 B Ak A7 3
X NAEAEE R A 25 PR S50 R 50 T A S, 2 37— o D S SRR H =7 H 7K Ak B AR B 8 A AR D7 v TR g, DA P R D A 7= H K A B R
191, 3Pk a4 P Ab 3R A () s P S5 5 R 2 D, Ay 380 [ P A 2T 34 P 17 TR 8 — 222k Ak TR AR I 555 A 25 W B /N IS AR TR 20 R B A WL 25 B,
6 PR P AR (1) El 0 R B S A ) b o P85 A 5 1 S B A /N 5T B 2 05 14 5 SR R /K I e, 146 P 00 0k B R TE V808 o TR B5E (1) B0 L S i
7N AL 378 (16 0 A 0L B A 0T T 4 R SRR K (0 B 5 8 FH 1) 22 228 R - WU 25 R A B A PR AR A TR S /.

XA TUAS: BRH-PEHK AIREOR, HEEYm; AR, ESRE

FESES: X37,F124.5 XHAFRIRED: A XEHS: 1000-6923(2022)09-4433-11
DOI:10.19674/j.cnki.issn1000-6923.20220317.001

LCA-assisted selection of shale gas extraction flowback-produced water treatment technologies. SU Pei-xing!?,CHE Zhi-tao'?2,
ZHANG Dai-jun'?*, LU Pei-li'?, DING A-giang'? (1.State Key Laboratory of Coal Mine Disaster Dynamics and Control,
Chongqing University, Chongqing 400044, China; 2.Department of Environmental Science, Chongqing University, Chongqing,
400044, China). China Environmental Science, 2022,42(9): 4433~4443

Abstract: Due to the rapid development of China’s shale gas industry in recent years, it is necessary to evaluate impacts of shale gas
extraction wastewater treatments on the environment and ecology. According to the two management modes of internal reuse and
discharge after the treatment of wastewater from shale gas extraction (i.e. flowback-produced water (FPW) and the idea of life cycle
assessment (LCA)), the Simapro tool was used to conduct inventory analysis of typical treatment technologies. Then a case study of a
produced water treatment project in a shale gas field in China was designed to evaluate the potential environmental impacts of the
selected treatment technology. The results show that the coagulation-flocculation treatment technology used in the internal reuse
mode had the least impact on the environment and ecology. For the removal of organic matter in the emission standard mode, the
electrocoagulation with iron electrode or biological aerated filter had less impact on the environment and ecology. For desalination of
extraction wastewater with low salt content, the ecological environment impact of forward osmosis is lower than that of reverse
osmosis, but the desalination effect of reverse osmosis is better. For desalinating salted extraction wastewater, the selected
multi-effect evaporation and mechanical vapor recompression technology demonstrated less impact on the environment and ecology.
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system
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Table 1 List of coagulation—flocculation['”! (Functional unit:

m? treated water)

TREEF HRNE ] ZH Bk Hhs

A FPW 1 m3/m3 2L F 7K

R Al(SOs); 025  kg/m’ AbFEK
o SS 29 g/m? AbHEK

Kb 7K 1 m3/m? ZbHE 7K

B FPW 1 m3/m3 b B 7K

LI Fe)(SO4);  0.05 kg/m? AbFEIK
o SS 18 g/m? A HE K

A3 K 1 m3/m? ZLHEK
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Table 2 List of dissolved air float??° 2!l (Function unit: m?

treated water)

LI ZH Mo CR DA
FPW 1 m’/m? b E K
LIIPN HfE 1.1 kW-h/m? &3 K
H AW 2.125%103 kg/m? 4LFEK
ot SS 5.1 g/m? AbFEK
REFRK 1 m?/m? 4bFE K

# 3 AT B2 Ty e B me AL B K)
Table 3  List of chemical precipitation!!*??l(Functional

unit: m? treated water)

LN ] ZH e LZDA
FPW 1 m3/m?3 AbEE K
CEi 8.599x103 kW-h/m? 4 FR 7K
s 5N 8.799x104 kg/m?® ZbBEK
TR 9.999x10 ¢ m3/m?3 AbEE K
NaOH 1 kg/m? ZbBEK
Na,CO; 2 kg/m? 4bBEIK
. SS 20 g/m’ ALEEK
JUBLDIS 1 m3/m? AL FE K

F 4 NRTIEBRChEERALm® RIEK)

Table 4 List of media filtration (functional unit: m? treated

water)
LN ZH Ko X
FPW 1 m*/m?3 A EE K
A 0.12 kW-h/m? 4b 287K
LITPN SN 0.017 g/m? A HK
TeARIE 0.009 kg/m? 4bEE K
R 0.026 kg/m? 4bEE K
N SS 6 g/m’ ALFK
i ATk 1 m/m? AREE K
EHREAE S T B PRTRE DU U P KIS R b B R G BT
H BB o5 1.

x5 BIRERP(ThEERLLm’ AIEK)

Table 5 List of ultrafiltration®! (Functional unit: m* treated

water)
RN S ZH Ko AL
FPW 1 m3/m3 KL H K
A ek 2.1 kW-h/m? 4bF K
' SE 2.432¢10° ke/m® AbFH 7K
UF JIi 1.4x10 2 kg/m? 4b3E K
Ss 44 Jm3 KEFE ]
oo g/m K
KK 1 m3/m3 4B K

3 A R TR A P T2 R P R [l 7R Ak B
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AT 438 H 05 15 DU < B R 1 IX B HE K i A 2
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Fenton 75, 1E &AL PR 26 F T, i ~Fenton YA AL PR %
AT AES FPW, /K COD F&% 71.3mg/LI 5
Ub 2z Ah, RAAEA B AT EAE AT R DA S A A
X FPW Ab3H A %0020 AR FPW 1t
SRAE RN 0.3g/LRY LA S A E1I0 T R K (1 FE
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< 6 FH-Fenton SEKFHR (ThEE AL m3 L IEIK)
Table 6 List of electro—Fenton process?’(Function unit: m?

treated water)

LN ] ¥ ok LA
FPW 1 m?/m? 4bEE K
Hfg 4 kW-h/m?3 ZbFH 7K
LN - A
H,0, 14.4 g/m3 REFEK
FeSO, 2.55 kg/m® 4bFH K
COD 71.3 /m? AbFE 7K
it £
LbEE K 1 m?/m? 4bEE K
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Table 7 List of ozone oxidation?'-?7 28)(Functional unit: m3

treated water)

RN EDES ZH K CR A
FPW 1 m3/m3 ZhEE K
A 2N 0.27 KW-h/m? 437K
R 0.3 kg/m® ZbFEK
Kol COD 60 g/m? LLF K
Kb 7K 1 m3/m? B K

&8 EZENEREIPTNRE LALLM’ ALIEIK)
Table 8 List of electrical flocculation*? 33)(Functional unit:

m? treated water)

AR B ¥ HE Hfr
FPW 1 m’/m3 b E K
LITDN AL 5358 kW-h/md ZbEK
B Al 1.292 kg/m? A3 K
N COD  140.5 g/m?® A EE K
Al REK 1 m¥/m? A EE A
FPW 1 m3/m? AhEE K
N HAE 2489  kWh/m® 4bBE/K
2R UK Fe 3.772 kg/m?® 4bFEK
N CoD 1218 g/m? AbBEK
fi LEBEIK 1 m’/m? ZbEE7K

R 9 BEEYIEAMEREFA(ThERNM m’ LK)
Table 9 List of biological aerated filter®>*!/(Function unit: m?

treated water)

LIRNE R ] 23 K LA

FPW 1 m3/m3 ZbFH 7K

HLRE 4 kKW-h/m? 4b 37K
LTI KU 0.147 kg/m® KbFE 7K
AN 2.106x1073 kg/m? KbFE 7K
TETER 0.032 kg/m® KbFE 7K
N COD 100 g/m’ REHEK
fil abFm Ak 1 m3/m? A EEK

FPW  Ab3 0 3 i 78 T Wit R, 34 HL R 6 0 3 B2 A
FRAKEAE TDS ¥R I3 N 3 in. 4 TDS ¥R B 4T
20~40g/L B} 5 Ab B 4 OR BE 3E & gk 4T B Eh L
Mcginnis ZFUIIATE S48 T IEI2E I BEFE K AL
R Raluy 2605006} [ 7215 (RO REFEREAT T & B0
BT, 45 R 2 [BIE T 2 FTFEII R LN 2kW-h/m®
Qb B 7K T, B 7E I B AL B AR I [R5 Je Pk ik A
/b3 TDS ¥R FE>40g/L B B 3% FH #A AL FR 5 AR i
AL FREE AR AT I 251401 Onishi 25147410 BA AL KL
W V5 T 45 2 R (SEE-MVR) I 3 25 & - WLk 25
7R B 45 (MEE-MVR) ] f8 #E {4 T %3 T ,Caballero
LS T A R A I B FPW B 3h BT

®10 FREWVIR RS EBIOTHEEBALm’ A IRK)

Table 10 List of membrane bioreactor*)(Function unit: m? to

treat water)

FIRNE K ] ZH Ko 7
FPW 1 m/m? Kb EE K
A 5.36 kW-h/m? &b 37K
N £ 1.096x102 kg/m? AbFH K
o Bk 1.278%1073 kg/m? AbFH K
R 4.109%1073 kg/m? AbFH K
NaClO 2.568x104 kg/m> KbFE 7K
CO, 0.77 kg/m?® 4b K
JH 2R (dust) 0.72 g/m3 ALK
i H NO, 14 g/m3 AbT K
SO, 2.79 g/m’ ALEEK
A3 K 1 m3/m3 b B K
Fz 1M EBEMREZEFTES(INEERAMm® LK)

Table 11

List of forward osmosis and reverse

osmosis* “)(Functional unit: m® treated water)

T2 LIRNE R[] ZH Ho LA
FPW 1 m3/m3 kb3 K
LITDN HLHE 1.08 KW-h/m? 4b 3K
EBIE AR 4.3x102 kg/m?® 4L FE K
N TDS 300 g/m? AbHEK
i KEFE 7K 1 m3/m? JbFE K
FPW 1 m3/m3 Kb I K
LITDN HLHE 2 KW-h/m? 4b 3K
RiBiE AR 4.3x102 kg/m?® 4L FE K
N TDS 120 g/m? AbBHK
it Kb FE K 1 m/m? 4B

% 12 SEE-MVR #1 MEE-MVRW7 4815

1K)
Table 12 List of SEE ~-MVR and MEE-M VR 48](Function

unit: m? treated water)

(ThEEBAL: m* &b

T IR ZH Hoe XA
FPW 1 m3/m3 L FE K
A FLAE 51.496  kW-h/m® 4bF/K
" B 4.585x103  kg/m? AbFEK
SEE-MVR &N 5.047x<10°%  kg/m® ZbFEK
TDS 170 g/m’ RLEEK
i B 93.064 kg/m? KbFE K
Kb FR K 1 m3/m3 2L FH 7K
FPW 1 m/m? Kb EE K
. HLRE 29.188  kW-h/m? 43K
1)
v oy 3212x10°%  kg/m® AbFEK
MEE-MVR 5 1.385x103  kg/m? 4bFEK
TDS 170 g/m? A EE K
i 4tk 93.064 kg/m? Kb FE K
KK 1 m3/m? AL HE K
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Fig.4 Environmental impact analysis results of internal
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recycling unit processing technology
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Fig.7 Analysis results of environmental impact of heat
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treatment technology for up—to—standard discharge
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Table 13 Substances suitable for treatment at different stages of each unit technology and recommended processes
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unit: m? treated water)
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Table 16 List of heat treatment (functional unit: m? treated
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Fig.8 Analysis results of engineering environmental impact of different stages of water produced in Fuling shale gas field
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