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Optimization of produced water containing

fracturing flowback fluid treatment process
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Abstract: The produced water of Dongsheng gas field was mixed with fracturing flowback fluid, resulting in high
COD of produced water, complex water quality and reduced treatment efficiency of water treatment system. Based on
the existing produced water treatment process and reagent system, sodium hypochlorite was selected as oxidant to
degrade high molecular substances to improve the subsequent flocculation and sedimentation effect. The reagent sys-
tem for treating typical produced water containing fracturing flowback fluid was formulated as follows : oxidant 700
mg/L, pH regulator 400 mg/L, coagulant 450 mg/L, organic flocculant 0.6 mg/L. After treatment, the suspended sol-
ids content was 4.67 mg/L. and the oil content was 3.81 mg/L, meeting the reinjection requirements. It is recom-
mended to add oxidant into the oil removal tank of the treatment plant. The reconstruction work is small and can ba-
sically meet the requirements of complex produced water treatment. For the new water treatment process, it is recom-
mended to add new oxidation reactor and adopt skid mounted design.

Key words: produced water;fracturing flowback fluid; flocculation sedimentation ; oxidant; sodium hypochlorite

AR R TR SRS R i B K g
FERHEOAR i T HIp it RO R RS 77 A R
i SR AW 3 AR P K38 5 2R K 70 I Ak B
o =] AR SR B M T R B TR
K AR B 2R B, [R] I s 2R HER ZE AR AN B2 Ak B
2018 4F UK, S IR 1 A" 5 22 IR A ZIR
KA B IR HEWRE 22, 2R 7K Ak B 2R 8 e Wi 54 A 2K K Tt

1 SHRXRHKLERSS

AR B TR oK ik KAk B AR 48, U
7 R R R U o A R A R AR
BEAT S B I, >R Hh K i i K A 2 ik 2R
K AR FR T FR o AR A R AR IR B ALis 59 75 X
CAE . RIKICER L) 5, B it AR K
b PROR AR, 20 B Ih OB+ = A > A BRSO

TR, A BRACRIEAR, AL BES K AN BERE TR o
B0 B R R HE 1 A2 SR KRR B 2
FIRZR L T2 R BEAT AL, LA T ok b FRAGCR

HHY A ISR AT I WS A, 2 8 A K R A K Ak B T 4R
TR, 2 BRI TR+ PR+ R T IR R AL PR 2 ) ik
Bl oAb B AR AP SR 2450 32 2R R 2%

—157—



WA H KA E

Tl K AR F 2022-05,42(5)

b ) BEL Y AR TR BE R BRBE R A . AR IR U SR K
Ab P A LA 1

RS
SRBER BHLYG

AR B

ToAL
JaR

HK

1 RHSHERHKGERE

Produced water treatment process of Dongsheng gas field

Fig. 1
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Table 1

Water sample sampling
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LO#EE S S o B A e
DS-462 %
Lo#8E ol R K PLis K EE 25 L

1 LO#4E o e ik
2 DS-462 H JE 2R HE W
3 16#4E i % H K

25 L LO#8E SN 1040 H DO AR AH 87 I, R 7k 32 4 2K
25 L DS-4623F, FEH T 5 d R HEWR , /K IR & A%, 3252 0 IR 28 6 24 97 3 Vi
16#8E B A, 3 LA H BB 2 R K P& TR R HE W

[ sk A5 45 Mk 2 SR s K Ak BT 7 G 24 351 %
AR RS TR R L 2% bl LB R L pH A
8o XA SCAK BRI AT AR B A T AL N S T
Y BRAT A HE T 2000 Ak R S BAT 24 550 44 R B iz
JE i A FEASR
3 FERE5ITR
3.1 KRS

Xof AR 1) KRR AT 88 1 43 BT, 3 Bl /KRR (1 7K L 3
Sk CaCl, B, [R) A AR 46 3 K F8 B 40 T, 45 S L3 2.

2% 2 7], DS-462 I 15 24 HE W B9 BN
1.76 mPa-s, COD Jy 4 852.5 mg/L, 4 T & 75 5035 F
107mL™" . 1648 S ulhi R 1 K AR A T 2R HE
W, COD R ECR 104355 5% H /K 1 W5 A%, [ i P 48 7
F A7 30 M I 5 22, KR R B il R R A L SS I
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Table 2 Analysis results of water injection indexes

W[ DS-462 Lo#uh 16#uk Frsiff
iR HE Kk Ktk FR A

SR AR AN R MO ORI —

pH 5.87 6.15 6.43 —
SS/(mg-L7™") 239.26 236.24 321.46 <15
ih/(mg-L™") 66 151 4020 <30
ggfﬂﬁ?ﬁf 0.080 8 0.163 4 0.0594  <0.076 0
MR/ (mg- L") 72.3 46.5 70.6 —
COD/(mg-L™") 48525 1354.00 2633.75 —
Fhi)%/(mPa-s™) 1.76 0.98 1.33 —
U /NTU 225.0 644.9 451.0 —
2% 37.7 10.7 14.0 —
SRB/mL™ 1.1x10’ 0.6 7x10° <25
TGB/mL™! 6.0x10° 2.5%10° 1.1x10"  <nx10*
IB/mL™" 7x10° 2.5x10 2.0x10*>  <nx10*
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Fig. 2 Effect of three kinds of sewage treatment
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Table 3 Water quality after three kinds of sewage treatment

A LB AR /Ny B, R T LT R AL 3R
R AR 20 I 25 K A 7 A B ) — AR X 285
BRI T S AR T 280K, A
b FR T 25 B R A A T R R ks AN ELA AT A T AR
BB T R 2 AR R B IR R A Y . TEE N
WIS, % 1 H 42 L DS-462 JT Z4R HERAE A hb FE T 4
A Y 7K 5 B 52 2% (R R /KO iR AT 52 56, 8 I JE itk |
oAb R HEWOR K AL 3 T2
33.1 FAAH AR R eG4k ik

R 45 SC Rk K Ak 56 43 B m] A, K R v 4 A HL
I NN NI BRI T E N T A e
At 9 AR SR K B Tl 75 K A BRGS0 A A
i 4 Fh A0 TF R S 6 . I M Sk 2 R RO D
COD R EE iGN B EIGFR . 25 b S Ak i 8o
i E A ) 24 390 AR ) 2 T8O )R 1 h K
ST A b TR EE TR R S O LV W T A
B AT e, e g a5 R LR 4,
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Table 4 Experimental results of pretreatment of

IKEE (mf{‘_l) (m:,s{j.l) U /NTU &E%%;ﬁ
DS-462 1% HF 39.31 143.86 17.67 76.4
10#3 % 7K 2.41 3.61 0.85 98.5
L6#3f 21 H 7K 36.53 17.62 19.53 73.0
o 1 R AE <30 <15 — —

fracturing flowback fluid mg/L
R Hon i coD i SS
JFUK — 48525 66.00 239.26
AR 500 3286 6.31 7.94
XA K 300 3536.5 18.21 17.38
3o B TR A 1 000 3371 13.27 9.51
Fenton 320 3010 6.73 4.82

P &1 2 322 3 AT, b 1O#8E Ak R Y K A B
ZEEIIEROR R AT, LIS B G RIAE] 98.5% , Fril it
KT IR B Il R K 5 DS—-462 He 24 3R HE W Ak B 5
AT KEEAR Y2, 2 i 0 2 W % 0 39.31 mg/LL
SS A 143.56 mg/L; 16831 75 A 7K R FHIRBEAL B — 2
HOR IRV 2/ VR R S BIRA , Brih Ttk B
36.53 mg/L SSFEEZE 17.62 mg/L., 45 R FM , KA
(14 25 750 A 22 X5F 10#35k SR K A BB SR 4, %t 5 A5 R 2
W 52 2 R K A B T i 36 F5 o
3.3 mMHAIEMKL

54 3G K E N AL BT 25 L SR KK &
A AR F B TR SLRHERGE A . YO 20T
BT 2 A 2550 B0 07 18 1 M AR . BT
I 358 ML 437 175 K, 453 HE 3 SR AT 0k

HH 2 4 AT, 78 AL 31 SCAS A TR 1Y 25 48 T, Fenton
AR COD K BR AR E4f , IEH IR Z A2 5
ARG SR /g RN T o LV =R 10137
AR A A BLY o (LA AR R /N 4y T A L
Wy, — R AR COD Ja , A Bl T 52 B0 & 447K Joit di
KBS BRI, i i R TR R B AR R ]
FERER . R A Tl i T 3 b U K A B
W AN A% — ELJE = AN T H9AT 1S |, Fenton 3 57 X 3 1
N GOKP A8 PREOR B R o SRR A )
WA B UK 22 B O SR R A A AT
332 RANZ A E 8y iHik

HL500 mL i DS-462 J& 24 3% HE i & T B,
I3 SIS T 19 0 4E 57, 250 v/min 09 35 $H 58 B | B
PER N 1 h 5, % FH NaOH ¥ W8 45 7K 52 (49 pH 3 of
PE S0P A E i I TR B R BC2R BE R o 2R B I
N 56 A i E A SR UTRE SR S R )2 T W A A
COD, 25 R WL K5,
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Table 5 Results of sodium hypochlorite dosage screening experiment
T B/ (mg- L") COD/(mg-L™") FiBE/(mPa-s) M/(mg-L7")  SS/(mg-L7™") #ERI% M /NTU
JEiK 0 4852.5 1.66 66.00 239.26 37.7 225.0
1 100 4025.2 1.51 60.09 205.93 71.6 8.1
2 300 39125 1.53 25.93 78.56 78.8 6.3
3 500 3875.3 1.15 9.09 13.72 89.0 1.25
4 700 3762.5 1.03 8.08 9.89 91.4 1.45
5 1 000 37325 1.07 7.69 7.49 94.0 0.78
6 1500 3700.1 1.03 6.54 5.83 98.4 0.68

I 28 5 AT, B AR B o i 35, R 2R HE
W COD 2 T 83y, 153 500 mg/L LA b i ASFA7 B 5
1R AR AL . SR8 B 35 31 500 mg/L B, COD i
4 852.5 mg/LIF#AE A 3 875.3 mg/L, S T e B . SS 43l
AR ZE9.09.13.72 mg/L. A ALK N EIAH] 1 500 mg/L
i}, COD £ BR% K 23.7% , 2 I i e B LSS 43 il P A%
% 6.54.5.38 mg/L. ALK T 500 mg/L B, 7K
B 35 6SE  Th T v | SS H47 K B3 H AR K R Y
BSEACTESR PR, AU 7R 4 % 7 Ol 500 mg/L.
3.3.3 R KA 64 Tk ik

HL500 mL () DS-462 k24 3R HEWR & FHedh b, ik
SPRENEE N R 500 mg/L, B FEH B 56 R 250 r/min,
2 52 SN R0 A AL R BRSO R e . Ak A 3
Ji PR FH NaOH %5 708 35 /K /9 pH 2 bk s B
I S Sk VR 5 ) 2R O R, R R R R o8 4 ) R
FAR UK, SR J5 I b 295 W 40 B COD S5 48 s, 45
RIFEK6,

F6 REEBPR A EFERRER

Table 6 Results of sodium hypochlorite
reaction time screening experiment

F%  BHE/min - COD/(mg-L™")  H/(mg-L7") SS/(mg-L™")
JEK 0 48525 66.00 239.26

1 30 4525.0 41.89 140.03

2 60 3810.1 9.04 12.95

3 90 3685.0 7.13 9.38

4 120 3514.2 6.35 6.85

5 150 3 468.1 6.41 6.46

6 180 3 409.0 5.58 5.83

7 210 3 400.3 5.11 4.83

Hi 2% 6 f 1, B % 4806 B I B ] A AE A, K
COD —H & FREmy&H, )i 2 h BLJE , COD % fr %
K 27.6% , % I 0T iR R TR Y 4 B R AIK & 635,
6.85 mg/L, T RS ARE ;3 h LIS, A ALY & it A
e AR BLE SRR AR AR 0] A
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T 50 A ISR A B It 2 500 mg/L, AR R
JO7 B [E) 22 A 2 b, Ak B 9 5 pH # o 25 SR EE
MR XA ALY L BRSO W52 . o 2REE R o8 4
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Table 7 Experimental results of coagulant dosage screening mg/L

B IREER BN COD i SS

JEUK 0 48525 66.00 239.26
1 150 4025.0 26.31 91.38
2 300 3907.6 19.04 32.95
3 450 3819.6 17.13 19.38
4 600 37125 13.35 14.85
5 750 3518.9 6.95 8.73
6 900 34623 6.41 6.76
7 1200 3 409.0 5.47 5.61
8 1500 3315.0 4.08 5.16

HH 2 7 A AL, B A TR 8 50 4% g 1S, K rh
COD JF Ify 5 L 003 T B 8, [ Isf 5 vift Jo 4 9k 2
SSRFLEREAL . TR EE I 5% 0 it ik 2] 600 mg/L LA F 1T,
COD T P& 34 A8 27 | 5 I ot o vk B . SS 43 30l B I =2
13.35.14.85 mg/L, ik 2| [0l {3 223K o 25 p S s Ak B
FRrpoK & KB Bl X 2GR G AR D ER TR BRI
HEHEE N 750 mg/Lo
335 ERXFEL

R4 48Tk b B T 20 1 PR 2R O Y S A L
Wit =R =K IERRETSEA AL . FIEFEAR
COD J& S Bl K 4 85 R BEDIRE M e B &R, A
Wi COD A HARfl . MIEHRH R LWL, Y
COD F#AK 5] 3 700 mg/L L F B JEAS 35 2] [\ 73 48 45
24 COD FEAK 2 3 500 mg/L e A7 i o] o sE ik bn . 1IEAS
SIS MR A R LR 8.
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Table 8  Orthogonal experimental results

ARAERRB N, B:PACH M/ C. A fk)2)%  CcoD/

F5 (mg-L™") (mg-L™") /b (mgeL™")
1 500 150 1 3461.5
2 500 450 2 32355
3 500 750 3 3 386.0
4 1 000 150 2 3311.0
5 1 000 450 3 3 386.0
6 1 000 750 1 3311.0
7 1500 150 3 3160.5
8 1500 450 1 3085.0
9 1500 750 2 3160.5
K, 3361.00 3311.00 3285.83
K, 3336.00 3235.50 3235.67
K, 313533 3285.83 3310.83

I 2% 225.67 75.50 75.17

HH 3 8 H1 COD 1Y 77 25531 I R AE A Ak LR A 25 )
AR AN A 1 500 mg/L, E AL i B4 2 h, PAC
N1t A 450 me/L; AR 5 7 22 BB HE A5 Uk SRR R 4R
JiEXT COD 19 23 B i fe K, PAC Bt A1 4016 2 vy
B TED X COD 2 R 450 2R 1) 52 i) A 38 AR AH Y

Wi T EEA I RIEC Ty I kS5 %% pH I 5 7
IR BEER PAM A BN . pH 85 7R FH NaOH I,
A 2 PR S A B AU BRI R B SR e
PAM [ $ M0 2t 5 7 32 SEAR B 2 B o A8 v 224K 1 R/
FVE S DA S IS WA PE N e o AR S 00 A 44
JE : NaOH IS WA AN 2 450 me/L, 2860 A 5 15
0.6 mg/L. % F Tk, kb B DS-462 FE 2438 HE W 1 x4
AT AR R BE N 1 500 mg/L+ 2 L7 B (8] 2 h+
NaOH % 450 me/L+{REER 450 mg/L+%~37§1ﬁf[J 0.6 mg/L,
34 BEHEBHERHKLGCERR

TR HEVROK i gl 3K, X B ] L 53R HE VR
(R R KT T 5256 . HF DS-462 3R HER 55 1040 K
AKEAT7:3.1:1.3: 7 AR L HEA IR G A 3L, 25 50480k
RS 0975 58 BRI BIniE 1 500 me/L+/2
i TE] 2 h+NaOH %8 450 mg/L+HEEER] 450 me/L+ 22 5E
#0.6 mg/L, 45 R KW 3FIR A A T 24R HEW AR
KA 35 T <30 mg/L R TEYI<1S mg/L, ¥I3EE] T A
EER

T3 A BT XF SR Y B R SR HE R K (1643
Kt AKO) HEAT T SR Ab B S O UK B SS B
4.67 mg/L, 75 BT Wk B 3.81 mg/L. I XA AL
BT AL DL S 08 25 7000 T %8 R < AR R
700 mg/L+pH JE 75 5] 400 mg/L+?ﬁ'ﬂ§%§ﬂJ 450 mg/L+7ﬁ

ML EER 0.6 mg/Lo
4 RHKLERBRALML T
41 DERBAUKEFZR

AR AU BUAT K Ak PR R A 4 Ab T2
I TR INGE | G i R LA b K e T
N REARAEE , 25 A FH BUAT i S 24 6 1 5 Ak
AT R AR BE RN, . R K AL BE T BUA B il A
24 BRI ] 5.48 b, 28 vl 24>, B TH TR B[]
281 ho TEBRIMHE K 22 il A SR R L R
TRV 2 h B A5, DR X T b T 245 57 B R AT L .
rh BRI REAE TR R OIR S T (K bl oK B ARG
W RENTR] B IR B A BRI REE A T SR R A A
T K CEEEY  E TR I BN IR TR R TR AR
P2 7B Rl 2 S ALK A Hh Bl 28 5, w5 38
it ARG MUK BEREAT RN e —E R L T
S SO IR ] AE K BN RR RE JK I BN, ) 22
AT IR E ok . BRI AR UL B B
BEE MK 43 B i oK b B FR G 7 S T IS AT K
AR BRI RESEAT N2y o SR AR5 S8, 8 1Y 24
FEMZG%6 1% Bdkas 1 6 BRI THE R 2 & L HAL B
S5 X B TR HEA T RO Sl 5580 45 I Ta) 4
A B e IR K S K 2 B A k7K COD
FEY) MO0 . BEXS SR K A BT 45 A LB S K
JREAT R S W, K R 2 E PR K AL A AR
(e B P ) 0 24, AR A o SR AR RN T R A L 1] 3.

Kz

AR
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Fig. 3 Schematic diagram of oxidant filling process
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Ja B B A I SR K R R T e b T
BENT IS L HE TR R RESE I, n] AR 2K AR A K e A
BT, HRTA b R K A BRSO 21 T4, £
X TR IR HE W B 25 K AR T W B - e 2
Fh 7 BRI FI AL BT R — 2B A A R H K
Aab AT Ak — 20 225 MO LA Bt

5 #it

(1) ZR A 5 TR 2GR ARRCR: /K BB .COD i
KBTS % B AR TR PTRAIE HE 7K s 31 18] 3 A v

(2) 51X LA 1683k 5 K S A0 i 80 35 T B4R
HEWR K B A A4 24500 B0 J7 52 - A 5] 700 mg/L+
pH 715 7] 400 mg/L+IR EE 5] 450 mg/L+H HLLEEH] 0.6
mg/Lo LIRS H7K E il BT B 3.81 mg/L.SS Ky 4.67
mg/L, ik 2 7] 3 5 45 o

(3) 7 I i iy 3 404 390 o 0 O R L R AER
AT R R MR K B L A5 5 A b
PR AR AL S 0 R S - BRI R+ =R S B+
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