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[ Abstract |
brane desalination is difficult to meet the demand of high total dissolved solids(TDS), crystallization evaporation heat exchanger scaling and

Aiming at the problems in shale gas fracturing flowback fluid treatment process, such as conventional reverse osmosis mem-

oxidation treatment cannot achieve desalination effect and so on, and combining the urgent need for treatment of shale gas fracturing flowback
fluid, the water quality of shale gas fracturing flowback fluid in South Sichuan was analyzed and a shale gas fracturing flowback fluid treat-
ment technology based on multi-stage reverse osmosis desalination was formed by using combination of water softening, flocculation-sedimen-
tation, and multi-stage filtration as pretreatment process and using high and low pressure reverse osmosis membrane in series as advanced
treatment process. After the pretreatment, the hardness and total suspended solids (TSS) of the flowback fluid can be reduced to be
120 mg/L and 7 ~20 mg/L, respectively. Furthermore, after the advanced treatment by connection of super reverse osmosis (SRO) mem-
brane and reverse osmosis (RO) membrane, the desalination treatment of the flowback fluid with TDS of 6 x 10* mg/L can be realized by
taking advantage of a large number of bumps set on the guide plate, which make the filtrate to form turbulence and to avoid membrane block-
age. The field test of this technology was carried out in Changning shale gas block. The results show that when the flowback fluid with TDS
of 2 x 10" ~6 x 10* mg/L is treated by this technology, the yield of clean water reached 56.5% ~81.36% , and the TSS, chloride con-
tent, chemical oxygen demand (COD), ammonia nitrogen and other indexes of clean water all met the first-class index requirements of
GB8978—1996 and DB51 / 190—93, realizing the reduction of shale gas fracturing flowback fluid.
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Fig. 1  Flow chart of shale gas fracturing
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Table 1 Ion composition of fracturing flowback fluid in shale gas wells in southern Sichuan
U J5Y/ (mg-L")
EH * Ca>* Mg? * Ba®* cl- S0%- Cco%- HCO; TDS AE
1 11 020 485 48 219 16 330 0 0 461 28 560 NaHCO,4
2 12 541 533 53 261 20 523 0 0 543 34 450 CaCl,
3 10 134 396 38 168 14 565 0 0 636 25 940 NaHCO,4
4 15 159 963 62 479 26 923 0 0 212 43 800 CaCl,
5 17 833 972 62 553 31 557 0 0 270 51250 CaCl,
6 11 196 664 52 363 19 088 0 0 235 31 600 CaCl,
7 7 467 291 25 167 12 358 0 0 479 20 790 CaCl,
8 12 697 602 51 310 20 633 0 0 380 34 670 CaCl,
9 15 669 855 72 568 26 481 0 0 250 43 900 CaCl,
10 10 468 463 35 176 16 330 0 0 485 27 960 CaCl,
R2 IEBITUESHEREBH R TSS MAFRSE
Table 2 TSS and bacterial content of fracturing flowback fluid in shale gas wells in southern Sichuan
o . o MAE AR/ (4 - mL ")
R 155/ (mg' L") FUNHL A SRE L TG PR B
11 623 1x10° ~1x107 1x10° ~1x107 1x10% ~1x10°
12 1 540 >1x10° >1x10° >1x10°
13 1320 >1x10° 1x10% ~1x10° >1x10°
14 327 0 0 0
15 532 10 ~ 100 1 x100 ~1 000 1 x10 x 100
16 872 1 x10* ~1x10° 1 x100 ~1 000 1 x10 ~ 100
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Fig. 2 Sediment particle size after water softening
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Table 3 Softening effect of fracturing flowback fluid
under water softener

Hf[A]/min - fiEE/ (mg-L™") Ca®*/(mg-L~') Mg**/(mg-L™")

0 1014 750 264
5 401 245 156
10 264 166 98
20 200 133 67
30 120 72 48
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Fig. 3 Flocculation settlement curve of shale gas
fracturing flowback fluid
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g3 SRO i £ a3 A RO W4k, 4nif UF j=
JK 4 TDS >30 000 mg/L, M7= K % A SRO #47
iR AL B s qn ik UF 727K i TDS <30 000 mg/L, N
BEr=K A RO AT R AL B, SRO 5t 46 4k B (1)
FEIKFEN RO #E47 R Bk, i — 20 BRI L TDS,
W R ANHEAK R ZE K . HAT, 7 A ik ER K T
A, T —3FEERBERNE S MELETE
AR, S S BLER A ik AR AN HE , 6k £R K
g5 7R R AR B 7 Y AR Tl 3, B aR HE W Ah
HiAb BEALAS

A B E AR B Z —7E T SRO, 1]
B U AUESGR AR ) COD 3 # 7E 1 500 mg/L DA
N (KFRATAE 500 mg/L LAY , 38 i 22 BE 0T % Ak i
J& ) COD A5 —E R B FEAK (B F RO 502 — 14k
i 5 RO FH L, SRO By #E 7K 7K iz EE3R I, COD %5
ZBRETE 1 x 10° mg/L, — iz {7 [ 7£ 3 000 ~
5 000 mg/LiEHE N (RO S 100 mg/L ££45) , TDS £
B3k 6 x 10 mg/L(RO H 3 x 10* mg/L Z£47),
TSS £ B35 5 mg/L(RO F 1 mg/L 47 o
2.4 ik

iz HR“ FHAL B + JE AL B A 3R HE VR AL BR T2
FEE TR B, R T X AT T AL
B Ay WAL TDS 72 x 10* mg/L 4 x 10* mg/L .6 x
10" mg/L 2245 AR HEWR , A0 B 5 A /K ik 1) Al 2L
Ko BUZRIEAT , X AL BRA HESGR HEROK B T 1
AT, BRI Fe S50 5 ~ 18 mg/L, TSS 420 ~
1200 mg/L,SRB &R 1 x10° ~1 x10° mg/L,FB &
M1 x10° ~1 x10° mg/L,TGB #E k1 x10° ~1 x
10" mg/L, & & & 4 31. 8 ~101 mg/L,COD % &K
102 ~227 mg/L,TDS 7 34 000 ~41 000 mg/L, &1
4 x 10" mg/ LEGIRHBR EHER UK , 835 2 x 10° mg/L
R HEBOR A Sk KA B K, IR B 6 x 10* mg/L [
IRHEE AL AR = )oK TDS,

Pl et BEOK il VR BEDIRE R 2
Pt e 7 SO e 2R HE W IR AT P Ab B, 3 2
TRBEESR T AT AR D R 9 20 52 9 37 I Ak 3, b
PR AN 4 s .

BRI 24 3 HE VR A0 HE AL BRI 7K J5t LA S B3
R R A AL T X R , % F TDS - 2 x
10* ~6 x 10* mg/L [ HEW , 15 7K 77 35k 56. 5% ~
81.36% (RO = /K5 SRO /K& F) , 1 /K B
TSS G & & .COD R R 55 K5 V5 /K FR ARk £
Z R GB8978—1996"""" 1 1 JI| 45 ML 7 A% 1
DB51/190—93""* ) — L 45 bR ok, I IE T M T2
GBI I R T AL T R SR HE VR Y AT AT
P, AT DASE I 0T R 2R HE W M HEAL BE . BE Ak,
J5i B 5 7K TDS 386 4H 5S¢, 3§ K iEsK TDS, fid i &
F#A , {HFERE/K TDS 35 6 x 10" mg/L 245 F ,SRO 1/
PRAE T8 1 1 IS £

5 #ig
(1) I3 BT R RLE HEWY TDS JREBEFI TSS

WSRO h E s, K R AR AL
KA RRIE, &R 2E S E R, e ER
W6 e, A5 R HEV A B AE S K

(2) $th TaE A )1 e 01 A SR 2R HEWR A i Ak
Tl A KRRV RN 4R T,
(3R HE TR B R 25 120 mg/L, {24 26 5 H W5 Vet
UEAR IR IR LA N R HEWE TSS P2 7 ~
20 mg/ L, Ak 28 TR FF ke B4 B A, kA 1 PR A R
5 SR 7 BB L)

(3) 4R T IE A B A 3R HER 1 B b
HTZ it UF g — 2P BB HEWR TSS, I B il
TFYIRAE, FIH SRO 5 RO R H K, (K58 S 90 £
VAR 5 (0 8 IR E BT I, 0 R 2 5
BLT TDS ik 6 x 10* mg/L {3RHEVR itk b HE

x4 EZRERHRBLEREKRS HERITLE
Table 4 Comparison of water quality analysis results before and after fracturing flowback liquid membrane treatment
S okt 155/_ | 105/_ | Cl / | COD{] ﬂ;;;u: 7£< %_/l W LMH
(mg-L°7) (mg-L°7) (mg-L™7) (mg-L°7) (mg-L°7) (m”-h™")
TDS J 2 x UF k7K 1.0 17 800 9 790 51 16 9.98(SRO #t/K) —
104 mg/L SRO H/K 0 620 341 — — 9.01 41.7
vl RO 777K 0 34.7 18.2 21 0.1 8. 12 45.0
TDS K 4 x UF #t7K 1.0 39 450 20 550 126 47 10. 00 (SRO #E7K) —
10* mg/L. SRO 7k 0 1273 663 — — 7.59 35.6
Yoy RO 777K 0 27.7 16. 1 39 0.1 6.72 43.5
TDS fy 6 x UF gtk 1.0 56 700 31 205 128 49 9.98(SRO #/K) —
10* mg/L  SRO 7k 0 1568 863 — — 6. 60 31. 1
Vv a) RO 7=k 0 30.6 17.8 41.9 0.115 5.64 42.5
. SRO VIR 7d 2247 ;RO i1 TSR K E 5 SRO, #4820 d VR 44 SR PEE , B Y BEFE 22 i AE , #ilb Kk it

209 50 kWeh/m® $i2 i K 340 61 ~88 kW -h/m*
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(4) I B6 F W, %} F TDS 4 2 x 10* ~ 6 x
10" mg/L AR HEW, 2R F 22 9 I35 35 Iyt h Ak 1,
TEIKFEE K 56. 5% ~81.36% , K1Y TSS S 4L W)
i COD | 24 & %5 45 45 4 15 2] GB8978—1996 #lI
DB51/190—93 —ZF8hpTisk

(5) VTR OB B TR 7 A (e S K /b B T
LG K MVR B 2845 s &k T2 5 B ER
T EA AN, LB 0 R 2R HE W HE ik
A3

£ % x W

(L] 98GR, BRW, Bk, 2. JUA ST RIERR AKX T5
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