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Field test research on electrochemical treatment of shale

gas fracturing flowback fluid
LUO Zhen'?,ZHANG Xiaofei"?,ZHANG Hua'*, WANG Yilin'?
(1. State Key Laboratory of Petroleum Pollution Control , Beijing 102206, China ;
2. CNPC Research Institute of Safety and Environmental Technology , Beijing 102206 , China )

Abstract: The shale gas fracturing flowback fluid has high salinity and rich organic matter content, which requires
advanced treatment before reuse and discharge. An integrated electrocoagulation—electrooxidation process unit of 2 m*/h
was constructed. The field treatment test of fracturing flowback fluid was carried out on a shale gas exploitation platform
and the water quality of the platform fluctuated greatly. The results showed that the optimized electrocoagulation-
coagulation combined process could reduce the power consumption and sludge discharge of the system in the process
of long cycle operation, and the deep degradation of COD by electrochemical oxidation conformed to the first-order reaction
kinetic model. Under the comdition of 35 A electrocoagulation current, 60 A electrooxidation current, 10 min residence
time, 350 mg/L. PAC dosage and 550 mg/L. Na,CO; dosage, SS, hardness and COD of the fracturing flowback fluid were
stable to below 100 mg/L. It met the reuse requirements and subsequent desalination requirements of Shale Gas Reservoir
Stimulation Part 3 : Recycling and Disposal Methods of Fracturing Flowback Water(NB/T 14002.3—2015). Compared
with the conventional chemical flocculation method , the dosage of chemicals could be reduced by more than 70% , the
amount of sludge could be reduced by about 30% , and the direct operating cost was about 28 yuan/m’. The entire process
had good impact resistance, high pollutant removal efficiency and low cost, which provided technical support for the
construction of fracturing flowback fluid treatment projects.
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Fig. 1 Process flow of fracturing flowback water treatment device
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Table 1  On-site fracturing flowback water quality index

B3R 1 0] L B K % 8 K, COD 35 i , =i )
IS 32 B die o 0T o Wk 3 AT 36 1 000 mg/L LA b, 5 %)
ghYG s e PR e e . R ALRHERGE B —
FERREE AR5 Y LBk, TR 2B T AR b 3 .
53R >6 mS/em, il A K FHHBEALFACEE . A WSS 0
8 VNN R e VR IR

R oA S 2 e 55 3940« R 24 AR HEV ]
Wi A Ak B 5 ) (NB/T 14002.3—2015) mf B fiff JiF <

s kil L Y Fl 800 mg/L B PE 4 <1 000 mg/L, LA K 41 HE % £ 4b 38 %
pH 6.1~8.2 COD/(mg-L™") 435~2 450 s
o5 e i
S/ (mS-cm™)  6.17~43.34 TOC/(mg-1.7") 139~725 e Lmﬁﬂj (B Ji£ <100 mg/L.. COD<300 mg/L) Al )2
HFEY/(mg-L7)  120~1805 || BHHFEIE/(mm?+s™)  1.36~1.69 B JB 5 TC ik K (B BE <250 mg/L, COD<100 mg/L)
MEENTU  60-250 | BEEmL  sLaxaot  RELROY | WIBH I E 4 M0 3 BRI I KR bR L L IK
fERE/(mg-L7")  450~2500 || iR Eh 46 5 B /mL ! 0 i F 3o e Mo e pp v
FWE (g L) 22.0-572 P 025 W20 MR BERE  ABTTEET X L Al o B0 1 2 AT
B F/(mg-L™") 7745~10 635 SHIET T AL P L5
F2 BruHKiZIHELR
Table 2 Unit effluent design index
o M/(mg-L™")  SS/(mg-L7")  f#E/(mg-L") BB T/ (mg-L7") COD/(mg-L™") ik
J5 7k <50 <2000 <2500 <50 <3000 —
g K <30 — — — — FBRTE A G BIEY)
FRL B K — — — — — B0 B 220 | 2 Rk 2 O R REE 2
[ a=RIPIN — <200 <100 <10 <1000 19 70 85 25 B R Bk g T
A S Ak UK — <200 <100 <10 <100 2Bk COD
22 ZEERMBRERESH 600 1 7100
R 25 5% 5 e He B4 3 HE W IRTFH A R E R B PR 500 - 180
A Al 24 380 B VR T 4 o R, A T 5 0 T 400 | i &
N e V4 W N N “, 5. —f B IK VT 1 60 ’\(
S50 Pl S BE AT T RO L, 0 P S — 1L & | sy | X
< KB
2 LD TR R AR B L PR R A4 A = 140
SRR P RH A0 SR 41 8y E ol N
o BRI 9 K VR 411~500 m/L, . o ™
fifi B£ >4 1 000~1 360 mg/L.,
“ . 1 1 1 O
221 MEEBRAEHKE 4 500 1000 1500 2000

PAC W A3 R FEAR K B IR 9 & 5, PAC FE i
XiF e 43R HE VR T B TR A 2 BRSO Y R e DL [ 2

i & 2 AT, 78 PACH i i 29 24 1 200 mg/L B,
BVR Y R BRI 90% LA L s 4k 2238 fin PAC % in
i, BIE Y R BRR I AR, A, BB K B e
i AN R AR S K BT R T R 2 3.6~
9.8 NTU. {HH T PAC AR S IAE N EM A
I W B #5048, 7E 1 200 me/L Y #E N F & F L DL
30 min Ji7 , 2RI N B AL BEK AR 10% 247,75
T e AR, I SR A B A B A
222 wEBEAEZLR

SR FH R G A5 2, 3 3 9 R O A 1 P 2 O o
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Fig. 2 Changes of SS removal rate with flocculant dosage
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Fig. 3 SS and hardness under different current
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Table 3 Changes of SS and hardness under different current and PAC dosage

PAC# it/ L 30 A B 40 A 750 A

(mg-L7") SS/(mg-L™") B 5 /(mg- L") SS/(mg-L7™") 3/ (mg- L") SS/(mg-L™") B /(g1
200 — — 150 120 142 114
300 — — 97 60 49 51
400 235 192 70 54 45 40
500 178 160 48 40 26 39
600 148 112 — — _ _

TEHLR A 30 A \PAC N A 600 mg/L T, H 7K &
TF W) RN B AT R T 100 mg/Ls 75 HL 43 51 4 40 A FiI
50 A PACFINHEHy 300 mg/L I, 7K 2 7 1y R 32 25
R W Y AT [ 2 100 mg/L AR, EL LI R A9
KK R AW . 78 PAC B 28I 551 T, 30~
40 A B A 127 R B4R HEVE IR A B AR A3 B A I A PR 2R
FEL U , 7 L 3 BT P 8 o FELIAE , KR P e RS B 3R
ASC P R AL AR . TR TR AR R A
K] 5 Fe™ (AITE B S8 A0 ) 2 R il & AR
AR 25 W B AR AT T P97 S5 R, 7 AR SR e
FIRZ BRSO , B P R B S BRCR W it . 5
HEE A Eb 38 B0 AH R HH KRR B H 22— b 2= 2R
BB AR TR 70 AFEE 40 A, HFERF L ; PACH
hndE 1200 mg/L F& % 300 mg/L, H. 6 & /0 ) E ik
HIKAR Y 6%0~T% , B8 S b A2 B EEREAIR T 29 30% .
23 BUFSULEHRSH

Ry Ff DR W Ji 2 NHE RS B R (A AL 5 e )
X FL AL 2 A R B A I 52 e R 2R 2R A T 4T, O
i e S8 1], 4 7K COD 2 553~
837 mg/L. 7EHLZEEE LN 35 A B2 4THFE] R 10 min
PACHNNHL A 300 mg/L 55T, #4525 I0E M Hi7K COD
} 268~420 mg/L, £ 53R IA 50%~60% ., HL Ak B AL

I s 1 K R G 3 25 T UE K o
23.1 pH¥ra

FERLUE R 70 A 45 BB E] R 12 min S5 0F R, A
JH NaOH i 45 i#f 7K pH , % %A W] i 7K pH T COD (1)
LR R K4,

Fx4 AEpHTCODEBRETL
Table 4 Change of COD removal rate under different pH

pH  #/KCOD/(mg-1™") /K COD/(mg-L™")  COD KFR3/%
6.12 333 145 56.46
7.02 287 142 50.52
7.89 420 198 52.86
9.02 397 104 73.80
9.92 348 63 81.90
11.1 365 56 84.66

Hi ¢ 4 v 0, B pH TH R, COD R BRF2 LTHi
#2 bHE T 9.0/, COD £ B R THE 70% U |,
/K COD ik F] 104 mg/L LA F o HL Ak 27 S0 Ak A o 22 ¢
b R AR R R AR B R S R AT —
A 25 Bk AR Ak A AR B A Y R TR B IR T
COD ; B P ¥ W OH /K B 55 2k Ha T8 1l - OHL s
SURHEW & A KR Cl L A B gE Y I 7R 55 R
MR, CIr & R HE CI—>CL—ClO—CIEF , Bl e i
A2 LY CL S oK A= BB AT A A M Clo™, ik % T
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FEpH=9.5 25 1 T , B 11 L U 43 il 20.40.60
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FIH — 20 s 0 3 07 R (3 (1) ) 2% 48 AN (] i 3
FAFT COD I BR 3 A Bl Wk 5.

In(—-%)=kt (1)

Hrp :C,—L‘( min) B Z 5 COD, mg/L;
CO—%II h COD, mg/L;
k———2 8 J1 2 HRH R, min

x5 AREBRETCODKEMFIHNFHEIEFTE
Table 5 The regression equation of COD degradation kinetics
under different current

FAL CVEpg: k/min R?

20 A ¥=0.173x-0.117 1 0.173 0 0.938 8
40 A y=0.265 6x—0.160 8 0.265 6 0.851 1
60 A ¥=0.546 8x-0.37 0.546 8 0.922 1
80 A y=0.683 9x-0.057 9 0.683 9 0.9859

M2 S AL, 4 AR — 2 sh 1 7 BRI R
K5 0.85 Lh I, R G COD 1 L BRFF A —
G S 7 R R T R 5 R Bk B PR O A o T, R
B COD [ fiff 33 SR B4 He , 80 A W & d5x K 5k 7F 60 A Hif 42
R, 5 40 A BB 25 (H IS F) 0281, LG K4
SECRE BT PR R A AR Ay NE AR AR
G I A Ak TR I BRCR A T T Y B R AIC, B
e Ak P, T B2 35 T COD KR o
60 A fy COD 2% R 3 32 4 i3 (9 7 05

ANFIFTR T COD ZBRaR 515 BB [ X R LR 4.

F P 4 RTT, 24 T4 L <60 A 455 B FF 1] <8 min
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Fig. 4 The relationship between COD removal rate and
residence time under different current
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SCELT COD MR 2 bR . Y T AE HL =80 A B,
COD 2 B 3 S8 76 45 B B 0] >8 min J5 FF AR 022 , A HE
UL A A3 T R IR A R AR I B R R TR B £ BT
SRR R 5 0 H e R T 7 AR KR AT, R AL T AL
J,COD PR A ZE ; K Pk TE,
SRR I o T /0N R DR IG  RH A HL A
S I A7 A - OH &8 43 F T 4804k O g 1) v [] 7
P 20 A BB R RO JE 3 (10~12 min) COD
FBRH RS . X TAEHR <60 A 1Y F 44, T i i
FIE K52 BE A ) S 2 R COD 25 B R 5 i T4 L >
60 A [ 4% 11 AJ B P il S B AR = ) COD R BR2R L 15 8
BF ] XF COD 23 B2 m 4/ o X F 41 sl 60 A,
{52 B8 BF 6] & 8~10 min Bf COD 25 B R B ok, Fe (5
BA 5} [R] 326 B 8~10 min.

ZE I, 2 7E 60~80 A {55 B4 15} 8] #£ 8~10 min
Bf,COD R BRECR Al b T ¥ il A, i 75 1 i
Wi CoD K Hir Higde AR S A & . BT
P O P 457 B BT ) 8 X BB FE A 52 W, 8 A BT T i
7K COD 35 % 100 mg/L f% J5 45 52 B 8] 79 4% 4 325 17 g
FELLER B R L 6.

F6 HAKCODIXE 100 mg/LEEBESEHTHIBE
Table 6 Energy consumption of different combination parameters (COD reaches 100 mg/L)

40 88 12 0.70 270 99 171 0.004 1
60 94 10 0.94 284 97 187 0.0050
80 98 8 1.05 268 77 191 0.005 5

& 6 1l UL, 7k COD ik #] 100 mg/L LL T B,
80 A Z5 1 F FH I e 4, {H A7 BEFE fie = 540 A 5514
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Fig. 5 Long-term operation effect
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J B e B AT Gk 70 me/L LLR 5 B S BR RN 92%~
98% , Hi 7K Bl B 1] 35 90 mg/L LA T, 9 2 ] FH oK
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Table 7 Equipment operating cost and energy consumption

—
el B L NP i
A RL/E B TH G H TH #E 4t (5E-m")
PAC 2.47C/kg 0.25 kg/m® 0.60
NaOH 4G /kg 0.08 kg/m® 0.32
Na,CO, 1.2JC/kg 0.60 kg/m’ 0.72
PAM 12 JG/kg 0.005 kg/m® 0.06
Ty 2JG/kg 0.05 kg/m’ 0.10
5 VR Ak 25 127G /kg 0.005 kg/m® 0.06
SRS RE (TS Y KB . 0.03 kW +h/m*
# . ﬁ RIER) ) ¢ erew ) " o7
A LR A FE CHLAR B ) 1.25 kW -h/m
Al Ga g L bR) . 0.47 kW +h/m’®
EE%L! L FE m#@ ¥3 0.6 5E/(KW -h) nn3 0.96
L S A R (HLA B 1) 1.13 kW +h/m’
WAL #E — — 0.05
V5 e Ak B FE 0.67C/(kW-h) 0.15kW-h/m*  0.09

M6 7 ] UL, A 2 e H R B 2 ) R AR
3.737C/m’, i MEAE AR E 6 000 m’ (I ia4E2 N H
AR 7.2 7 0T, N AR S 24 50 /m”, B 42 b B A

Gt 27.7350m’ s WAAHEE 120 07, 54E AT IH A T
HEAE e e B 9 3% THA B A AT IH KR ) 4k 1 9%
46 JG/m*, LR A AL BN A B 31 73.73 50/’

XoF L A1 235 oMl 1 FH ) P A2 12 A P 23R HEVR
ARG A, OriginOil i EWS Petro ARG H LA B,
A 0.012 5 3 TT/mE (ra AR 23 78/m*) , 1 B
i CleanWave % 3l 7K 4b 3 1% i 27 & Ak 3% 4 0.04
Lo/t (e MR 73 58/m*) " s Woodford 11 <.
M) 243% HEWCR FH T Ecosphere B it A PR, A BA AR
} 400 t/d, 7K 58 A AL BRLAS (RE PR Gz iy A A ) 7E 3.5~
15 % 0/m* (e AR T 25~90 76/m) o 7] Wiz 47 i,
RBZEA A, AL T LA S E A T2 A
RSP RAN B JS , A o] 1E— 25 TR

3 &g

()R B A2 2550 PAC, S T /K
7 XA )2 | i AL RS AR O B IR L B v 1 2R 4K
ULRRENE 50 5) T A W R AR5 2R 70 8, 245 70 T B PR IR
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T 70% , 75 e 7 fE b 30% .

(2) B Ak 24 Ak £ B COD ), 24 i i i T 60 A
B PR R B 5 S 7 B ) 38 0 DG B 5 e IR 3R K
D TR, T A7 25088 T AT HIL A I e 365 (H > U T
60 A B}, [ I Hif (] X6 A5 B 400 e i 236 1 412 0 AR AN
%o HLULEERE 60 A fig ik it 2 @) RN B R A TR AR
UEA L = 30 b 1) TR B 3 T A1 BB AFE o

(3) T 253 43R HE W K 03 0 2 K, Ha 22—
b2z AR I A Ak 2 T2 B A R i T vh i g L &
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