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PR 2GR HEW, COD KBRFikH] 99% LA b SR, 5T Kk IR — A 3 o 3R HE W TR B AT 35 4
FRIAL AR SR R R A SR e S R T T Ak B SR HEVR, H COD £ BRI A 74%~81%; KEKACS
U SR A A AR Y A R HEWR . L COD LB IA %] 90% LA Lo wTLUE H, BT EZEGRHEE
AW b R LG AR WAL BRI R T . B AR SR A W Ak B T S B R SRR HE VY v A A FR (R AR
AEYRERRFER . BT . M SR T M, RS AR BA FYRRIR | 247 A
FERHBD, LM R EAVUE KB FER T L. ARt RW, KA TR A R0EER
TR K A R E R A ML S, T O e 240 HE WK 80 A Py b 31 A B 5 16 R LR GE

AW 5T R DR BB 15 e A B R 2R HEW , WFOE T R 2R HEW B DR A W Bk fdg e 1, TR U
W7 e, APPSR IR Ui 775 mbah, IR AL BRHT IS B9 B K AR s BT T R AR, DATEMY
AL AL Ao it o A ARk, DU e 8408 HEWR R A A BB AR 19 TR i FH AR 5 5%
1 MB5ER%
1.1 EHUEZLRHER A EC F

SIS T R RS . A AL IR e B R0 A 4 Sk vk F R R, FCWRR KO SR R OK . B
FEFL ] 0.4% MRSV W, AR 75 3K 1) IICRE 5 V80 P A — e O e ) G B R 46 ), 139150, 15 ]
JE LW 5 e BE— 5 A B Fb 1) 2 38 o A AILEI S BRI E R385, BT £5 3 n] BREE A9 R 2R
HEWRG IS o % 6 2938 HEWE 7R IS AE 80 °C T B Lh, ASFI B 2R HEWE o R 400 245% HEW 2 K
5, COD K (8 425+120) mg-L™!, TOC K (3 752+75) mg:L™', TDS H (6 720+150) mg'L™', pH=9.4+0.5,
1L 5%k (13.240.4) mS-em ',
1.2 ERIBHERR 4 Y #7SCI

SO BT A RS R A Rl A0 R R RO A, T U BT R Ol (52 400+290) mgL,
pH N 7.2, R HEEWE 7150 HrA% (18 5 28 56, RTK-BMP-I) 47 p It S5

1) W 58490 U e B X6 i R4 SR HE VR R A8 A B 5 i o B 4 D IR N AR, Bl 4SO AL B
C. D, [ AFHIA 150 mL A9 & W0 75 JE AT 150 mL AS [7] v BE FR A48 SR HEWR , 45 J 0 7%
1 COD 439 917.5. 20122, 36323 F14380.7 mgL™", ¥ pH ##75 & 7.0+0.1, 318 & <. 5 min LAk
FRAIEL . LY ], S g o A i B 0 P i B 40 9 4 I 7E 35 °C R 80 rmin”', fif &S AL AN
VA YR WL S R 7 R AR CO,, JFRE SRR S . Y BE B e AR ST AR R WA K R 4
H, URE DN A 4% S V2 AR AU AL I T VR (DL COD 1), 25 48 A0 i vk 13 Xof e SRR HE VR IR
EWSEOE-AITN

2) WF 52T SR HE W ) IR A W I i R o 1l B0 2% B4 b 240 mL IR AUT5 U T 60 mL #3400 24
RHERAE J 2B, 1] 5 —2H W 2% 4 R 240 mL R4 TS U R 60 mL [ S AKAVE X ERZH , LAY R
ORI U6 B IR AU X P R MR SER Ak 1 SRR R DA S . A LR Y i B 3 A
&, EWEFET COD, TOC. 41 5 ME e A A& 48 A5 09I A2 o
1.3 FEEFREZLRHIRR S H KR

G aK AL BT 0 o AR I e K IR G 2 L THA T, SrETI0E, 5 LWEW, A4k, &
SEVEYE 3 . L 500 mL YA PE I A0 TG 1 S U8 A4 R AR AL BES BY E ZOR HEVR TR AR R (5 R R
W22 R 3800 mg'L"), HBRAEH M AT E W EEAE 2 mg L' DL b, € IFEGREIN E COD fH .
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COD % /4 A DRB 200COD 3 7 i {3 A1 DR3900 435 0% JE 11 HEATI %E 3 TOC % H s A HLaK
I 7€ X (7[5 Elementar 23 & , vario TOC) W 5& 5 & /KA AL 43 A T 28 A0 AT UL 43 %606 B3t (8 e,
UV2600A) F15¢ 964 (T % T #%, % T H& FSS) #4740 s I SR e £33 20 71X (Waters 23 7 ,
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Waters 2695 GPC) il & J& 7K /1 i 43 F i i 0 A o A WL E g A B9 28 4k R FH B 23 o B ik 21 A6 54X
(f5 = A & 52 /N \), Vertex70) HEAT % 5E . BUEESL 10 mL, 75—80 °C F¥& % T4 48 h, ¥ PG By FE
i SR TR IR SIS, FIRUE R, SR EATLLAMGIE 4 M . BTSN 4 000~400cm™
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9 8 kI3 AT L0 0 1R A W ’ A "

fR A W E R, A, mE T REE, A 3 3632:3 492:3 86:4

[F) #E & A ALY (LA COD i) It e T B9 IR & N 130 6387 654

b 33k AR R R H b R A AR L B AR fb ks

P, BRI AR SR 0] In B B e 7 e 1 T 00\ )

Fi. BRI TR B | i

A HLY (B COD 1) 41 B Ve S 9 75 5 s A=

RHE R B L YR R . DL S5 R R, FE m%iﬂ 00T

AB VLYW IR U B AR A 23 52 ) = 84 1R HE W Eg 300

PR AW, Re i R B ), R, 7 Z 0l

T 51 55 5 o R PRV IR 4000 B P S BLAI G N

JEE AR S 565 9

22 FERIEHRIRE S YRR i
1)COD. TOC % B K H b=t 4] 2 J e PR e

;gfﬁ i ;'ﬁijﬁ ﬁ?if ?;E‘ iol(;h& | OREIAIRE T B H R R A R R R B ot

P EISAGIR AN Zap Al B 124, BT
COD fA &\ # B K, H 1.7352 mg'L’l B AL = Fig. 1 Cumulative methane production changes during
685.2 mg'Lfl, COD % B %A 3 60.5%; FE anaerobic treatment of fracturing wastewater at

different initial concentrations

12~48 h, COD{HZZ 12 T/, H 6852 mgL™"' [F
ik % 3417 mgL"; &at 48 h Y IR & 1k, CODEAM TRE, &4 CODH N 2772 mgL™,
COD £ [ 84.0%.

TOC 1721k @i &l 2(b) fr 7R o 7EHT 24 h, TOC {E R # T &, H 698.5 mgL™' B % 215.5 mgL™',
TOC £ N 67.8%; %45t 48 h IR A WL, TOC FEKE 1052 mg L L F#a THae, &% TOC
H.949 mg L', TOC KBRHR N 86.4%, 5 COD MY KBRFRIEAAM Y o 76 AW ik b ¥ 2R HEWR 1
W v & B, AR Wt vT K R TR 2R HE VR P 99% LA B A HLAL 4y 5 ZHANG 25U I 44
K Y5 U8 Ab B T A SGR HE . TOC 25 B3R R (79£1)%; fb Sk 25 U7 38 s B < 9 Ak 3 R 28R HE T
COD EBRR k%] 91.1%., AR, KRR % IR AL, COD Al TOC X bk #45 ml ik
1| 84.0% 1 86.4%, FWIEZLRHRW T LASEATIR A AW AL B, I H BLAT B0y 1) PR A B R o

PR R AN R K IR S0 AL B R 1) G AR . BN A AR R B BE R AR AR A ] 2(c) TR .
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Fig.2 COD and TOC removal and methane production
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Fig. 3 FTIR analysis of anaerobic treated
fracturing flowback fluid
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3000 cm ™' 4hh C—H B ARSI IE, F AR PR HER T S A R A . 1580~1 620 cm™!
Ab S 5 R R C=0 HALHi iy 5 F ik C=C XMk, RURHFR T & A G FREAGIAED -
1.390~1 420 cm™ &b A FR IR ZE O—H 25 i R 21, b &b A7 75 W W e T BB 2 T 3R HE MR AITCASE % 4
Al W A R K S A R B TR BT R, 950~1 125 em ' Ak FiY W Wi i 2 22 B 26 Ak 5 W) C—O At 44 45
PRh ™, AT L, SR A 3 e 2R HE R A R AR B I IS DL R A N A RS (5
EVELIRCE LR

JEZR HER Gt 24 h IRAEACHR IS, A7 T 3420, 2927, 1091 em™" &b iy Wi dic I6e 5 B 22 el AT
RHE P A ML A B0 A SRR, 53X 5 COD 18 I B B e 3 FRAK A 16 L — 3 s 1600 cm " Ak W AL I
AR 2 1640 cm™, 2500, 1RGSR A% IT IR A C=C Ry 4 Pk sh g, 1303 B e 43R HE W 28 IR
A IVERT, B A ALY 5 PRG540 B W 53 R B I D5 A A . TR AR W SO P AT, 1420 em™!
Ab W W IR RS 22 1398 em !, 1.300~1 400 ecm™' iR W7 AL A W) C—H igadEsh , X R R SR HE
TP FR R S Y T B 3% T R A R R T R AR B o

MALFE A8 h R, 1091 om ™' Ah W B E— 20/, Ud B WIS SR AL R i 5 T 3 420 em ! &b R I
W R, R 7> F 2R AU E W b be i fm = AR 7 B & O—H EH Wi, 534M 1640 cm™
bW A, HE 1 635~1 645 em™" &b (4 WL AU T BEJE R IR T €=0O Mg IR sh g, L aT fEJE K
O—H 1 1T P 4R 2y 06 0T, ghb A g 188 AT BB 2 Fhy T DI 4 Sk IR A B R i R 3, aX 5 38 ) 2 4 0
TRV PG o 25 T AR AIF 5 IORSE % A Ao B2 rP A5 B A 590 2500 B 5 S N 2E 47 28 168 h B, A4S0l B 34
P REAR, U I AR HE VR A ALY AS B — AL B iR 28k o A A5 R R W], R ALRHEW A L
WIAE PR A8 S E R 1T LAAS 247 R0 00 4 At o

3) S0 AT WIS T . 1] 4 e T TR ALR \s.

HE 0 4 4 B 3 AR o UV-Vis B9 415 00 i —on
4 T, oAb B Y FE 2R HEVLE 2406 K 20 S—
S B DAY EE BT 3 A A I R RE IR e, A s

200~210 nméh Hi B 5.3 1) o1 2EFH 4548 IR 2L 58 3

R o BT A (4 B AR5 7E 230~280 nm =00

BT B L B IR Y FURY R 2R M&ﬁ\_;
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FErh, FERN 24 h BF, BHF . EH7RRAE I Y
(I BE (B SRR AR, I H UV, SUVA,,, 3
BEAR, T BH I K 5 75 i AL G 0 RT fe Bk % A
ARAGERY ] BERE IR, X 5200k oy #r 45 2R
— 3, W5 COD 7£ I By B R B A% i) 17 0 A

Fig. 4 UV-Vis spectra analysis of anaerobic treated
fracturing flowback fluid

2 EHEHRRELEEEF UV, R
SUVA,,, B3k

Table 2 Changes of UV,s, and SUVA,;, during anaerobic
treatment of fracturing flowback fluid

J R e 1] /b UV, SUVA,.,
0 0.78 0.11
24 0.1 0.05
48 0.10 0.10
168 0.15 0.16
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W) o TERCNE 48 hift, B a7 FEAF I AT IR ST, UV, A . SUVAL, T, 3% 2 o IR A ik
V¥t e 2R HEW T 5 A MR i 0 2 W S AR D5 B S B O SBR, MOF & R I K bR, H4S
FESUVA,, FHE P FEZEIAPY | A Al BRI S . 7E 168 h B, B AHFFRAE IR
W W% f 3G K, SUVAL, Fh i, 3% J2 i A8 W A% 3 b B2 o 7 28 09 3 A v A |1 7 A S B0y B
YAN FEC2 e B 58 A A b B A 1 K e A 3 T 2R S I8

4) =4GR T . S HEVOGEIE AT USRI K & OC T g vE A L AL g 15 Y R BLR
HE R AE A B A I BE ) = BRI AN &l 5 R o MR UE CHEN 509 [ ifF ge s SR, [81s wr] DA 51
DI FEYE 0% . 1§ A(Ex 250~400 nm, Em 380~500 nm) & 25 i 78 R ) it 5. % B(Ex 250~400 nm, Em
280~380 nm) 4 A VA PECAE W AR 7 4 s 16 C(Ex<250 nm, Em<380 nm) A 7% 7 1 8 11 5t 25 1 ot B s
D(Ex 220~250 nm, Em 380~450 nm) Jy & HLER2EY . tHIE 5T LAAE i, IR BT 24 b,
TA WAL DA A Y B VE N R A DR AR, R4 HE R Lk B 9 6 e o B W] b R IR, e 24
RHE 2 S AR B A R BR s B AW RN AT, £ AP R E— P RRAR . M Aab B
B A 168 h B, O 75 I B 11 0T 2840 IO 11 2 Y A LT 58 4T 2K 1 BH DR Ak 3 %o P 43R HE VR v R 1
KW A FAF A PSR . 3k 5Kk — TR EECT B ST A5 A & T L B ATV R R A AR R L 2
JE5 L T 0y ot % L TR IS ) SO o s e R B A T T o, R H T (AR W A R K T B Y [
FEAE T BRI Y, X 5 RN T A R B SV A e IR E R, B Rk
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Fig. 5 EEM fluorescence spectra analysis of anaerobic treated fracturing flowback fluid
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il 0 2 11 28 ) O A 4 B Ak oA T B o A A 5000 Dat 260 Da
AR YAN P st 2 B, BEE R
N RHEAT B RR ) AR N 3 £ 168 h A
ST RESH . 6 N EZRRHERIK A
Aub B ) AR A AR A LT A B A B 0B I 48h A\
P ARTE, 15 B Ao I A A ML LA R R
WA T RREE, K 6 mTLLE H, EZ2R R 24h A«
b BT AE 4 B R A 5.4, 8.8, 10.07. 10.7.
12.2, 13.8 J 15.1 min A B & (W i e, o 0h A AA
e 5.4, 8.8 K& 10.7 min &k Ay U m FR I K, FKHH 0 5 {;?wm/;n 20 2

K A LY o3 B 322 0 Al AR AE 3 000 Da \ 7 _
LLT. 1000-3000Da L1/ 200-1000Da. &b 56 RELBIEREHADTREZA

. Fig. 6 Molecular weight changes during anaerobic treatment
2 U X P SR HE W A LY o PR AT of fracturing flowback fluid
Br, W3R TR0, BEE AW RN
1, MALEERTE] A 24 h B, XAE 5.4, 8.8, 10.07 Al 12.2 min A5 B & W 0504, 13.8 min A1 15.1 min 4b
AW WA O, U 43 BT i/ T 200 Da (A DL R RE MR, X ATREZ I T/ F Rl AL A S
P AW RE S, B SE R, Ak oy e BRI, B R GE i P R R E S, COD
P TR, X S5E 2 PRI A . HEET 54 min Ak WG TR B kb, O i K R AL 41 B
¥4y F BT EEAE 3 000 Da LA b 0 K 4r A DLW B % AL RN s F 90 BT o AR BRES ] 2 48 h iy, fR BA
IFR] S 5.4 8.8 1 10.07 min (1% W [T AR U 20>, 177 £ B IS 6] 24 12.2 min f9 048 TR0 ARLHE fm o 36 150 B A IR 4R
WAEYRIERT , e 2R HEW b 08 K 2 9 T w E — 20 43 M /N ok BT . S AR B R] O 168 h
f, 7O B IS ) 2 5.4 min BT 8.8 min &b 114 W T AR W A i, 231 Bt & & 3 000 Da LA E AT 1 000~
3000 Da FyAHLYIE 2 o 302 B A RS B b ™ A T KA F I A R 25 W it ™. YAN 4502
TEWFIE A ) b PRTE by 2 /K ) s R B0 T B G RO 34T o F R A B B . MR S =489
OIS A R A2
23 FRIZAEBERBHRRE HKNER

%3 T T AT Y e T SR HEE R R %3 HEEREILEHRRE AR
ik i e COD A LA BL . 2 R, 24 COD HZAHIRAR
24 h B LB S, COD th ARBR AT 170.5 mgL ! Table 3 COD changes during aerobic treatment of

the effluent after anaerobic treatment

B = 132.6 mg L', EBRFRAH 22.2%, @it

X1 TR HPE oK 10 = R0k (i 5) | coplmelh) oD
ST T AR 2 D L L 8 j o o
95 75 W 2 11 5 5 P 0 R A R 1 2 6 g 8 e s
A AR, AR R M ; e s
iV LR ) 1 1R BRAR B, UK y Ny s

S K TR I D B R W TR AT AR o A A i B E B

S 65 B T2 119 T A7 AE 1T BB R PRl 4 40 T 28 A 3 R 2R HE W R S K i R, Ik, T EERH
1o A A A T O LA T IR B A 3
3 %

1) R SGRHE B A R0 IR E AR YRR AR et . 2840 168 h IR AL B, COD Hl TOC Hy 4k P 1Y
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17352 mg'L ™" 1 698.5 mg-L "' 43 FIFEAKZE 277.2 mgL ' 1 94.9 mgL™", X R Y 25 Bk 353 51 4 84.0% Fil
86.4%, TFviFEE A MY (L) COD it) fEr~= 4 688.2 mL iy H 4% .
2) PRAEE Wy Ab B 0T D) 3 2 B R AR HE VR TP AR A I IIRE 55 A R AL R B IR 45 A L
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(7]

(8]

(9]
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[12]

[13]

[14]

TS BGS A HILD 84 e 2 25 Bk

3) IR ZLR HEW TP A HLY 2 T R34 AE 3000 Da LA F . 1.000~3 000 Da A & 200~1 000 Da,
PR A B 43 F i /N T 200 Da (A HL AL e 2Bk, TR EDKE K43 T ML 4 1 /N F0s,
T — 25 9l ol A 0 e i A LA 22 B o
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Anaerobic treatment characteristics of oilfield fracturing flowback fluid
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Abstract Oilfield fracturing flowback fluid contains pollutants such as high concentrations of organic matter,
salinity, and suspended solids. If oilfield fracturing flowback fluid is not disposed properly, direct discharge
would cause severe harm to the environment. In this study, anaerobic granular sludge was employed to treat the
prepared guar gum fracturing flowback fluid, and its anaerobic biodegradation characteristics was explored with
COD and TOC removal rates and methane production as the indicators. The results demonstrated that after 168 h
treatment, COD and TOC decreased from 1 735.2 mg-L™' and 698.5 mg-L™" before anaerobic treatment to
277.2 mg-L™" and 94.9 mg-L~" after anaerobic treatment with the corresponding removal rates of 84.0% and
86.4%, respectively. Meanwhile, the evolution of dissolved organic matter (DOM) in oilfield fracturing
flowback fluid during the anaerobic biological treatment was investigated. The DOM was sampled at different
treatment stages and characterized through Fourier transform infrared (FTIR) spectroscopy, fluorescence
excitation-emission matrix (EEM), and UV-Vis. The results revealed that organic pollutants such as aromatic
compounds and humic substances could be significantly removed by anaerobic biological treatment. Gel
permeation chromatography (GPC) indicated that the organic matter with molecular weight (MW) less than 0.2
kDa was first removed during the anaerobic treatment. In addition, aerobic biological treatment was used to treat
the effluent from anaerobic treatment unit and the COD removal efficiency was only 22.2%, indicating that the
fracturing flowback after anaerobic treatment had low biodegradability and the advanced oxidation method
would be needed for deep treatment.

Keywords fracturing flowback fluid; anaerobic biological treatment; granular sludge; organic compound
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