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FE, UE I AR A UGE R R, AT A
FE RS F B RYIERE L, 51 AMPEHES 7 B,
il 75— v i R AP BB BEL AR NY o i a5 ] AR
PEBE B R R A W Ve R ) DR B T A R AR
PEOL 8, HE TR ARER B 4 5 U Z AR A
TE B SRR 114 7T RE 5 ] AsF, e B 8 45 4 A 00 555
T 4R PR 7 1Y E RE A BRSO, (A5 R BEL R 41
FERA AL (<300 g/L) 414 T e gk 4 ik B &y g
PPIRES , PR EFOL S B AR PERE . A SCLARRAR T TR
KR B35 S B M 7K A T ) R v RS
FHZ A 2L H 0, 8 50 A B R BRI NY L B
F B A ) A A O A TR R K AR R X TR K
BT AT T Ak, PEAN T WK 25 A 1R RR IR 7E
DU )1 2 U X HE AT T B H

1 SEEE

1.1 #RENEE

SAks(NaCl) A ALEE (MgCL) G fEE5(CaCl,) |
SALER (KCD) , 438146, B i B R fb 7 i A7 FR 2
A NG IERE (AM) R I A 4% 80 I T i 2R
A IR BEE-10(OP-10) i BRFR S AR A
B BT B O 3 = H 3R Ak # (DMC) TN i
P < 2 — 1 R O BEG A ER (DAC) (TEHLER R
B RE R SW-4 Ny T EE R F R E R
TDC-15 A ML EE L FaE FI SD1-12 R B E R
T-RIETEEB B R S A HLEEIIEHGN Z il 2 Bl
HEFRI SD2-9, Tl g%, PRI FRHE A BR A A 5
K, Al 0K RSB KR 11:4:101
0.9 iy it Lb A A E Ak gl S A SRS A a
8k, B il 5 o = oK, #5746 B 32132 mg/L; KT
P K, B A EE 28512 mg/L; W@ 77 K, 54k
21669 mg/L .

I EEBHIN AN, A R R s R E SR
LEMT; UV-1800 2840 AT UL A6 B T, AL s S A o AT
AR F] s NP-02 BUATERAL, Jb ot f B A FR A
A)  K110C K sk S, L FE B Tl A R A 5
1834 5 [QZEBE i1, L ifg W1 iE A7 BR A w] 5 PC2810 72
YN TRHARAF
12 XWHE

(1) vy i 0 IR RZ I3 L7001 4y ]

Ii1) J5 10 48 Hh e LS I A A i L AR ) w4

80 AL IE T % IRA S SIE A . AM,
DMC FI DAC & — & FL il F L B ok B bk 2
SEARVER B OKAHR W . el £ T, 2812 )
TIAR A S5 KA T, T 58 B 5 4k SR 30
min Z I N —FE R . F RN 4 BT KR
B, AR — 8 I B R 8 A HE i AR
Bl - A R AN B | R AR R AT RO o T 0 5 S X
TRA R R TR s TN 58 S A 157 OP-10 Rf5
2 =t R AR B PRI NY
(2) 1 TR /KA 2 I T
1] 200 mL 25 5 F /K oIl A — 2 S NY, i £
5] J5 4 B A — 52 A0 - RS e ) A B HE )
SD2-9, 4KLEFEFE 30 min J&5 # E 4
(3) BB 2 1) 5
A1 90 KRS AT L bR HE SY/T 5107—2016
ORI ZEAERE M 1), SR A 4 6 2 B
TSI 5 N [R) A TE R T 2 8 I 1 R 22, 4
O IR AR %
p=22078P 100% (1)
Ap,
A Ape—IE7KEERH , Pa/m; Ap— Il (AEERH , Pa/m
(D) Bz tERePEmY
WA A3 KR AT L bR HE SY/T 5971—2016
=0 R 24 R B e 7k 8l AR TR RE VT
OB EAR R MBI ERE . HIFHUE R+ W TE &
Tk i PR 55 K 42 fl I B B B Bt 2 10 4 256, g
BRI . YAk A B R E I, AToRAF B I % B,
AW (2),
H,-H,
B= i . 100% (2)
K He—A D el R A B, mm s H— O TE R
A R T R = B, mm s H— D AEK
IR IK = B, mm,
(5)Z=TH 7K 7 I
M A7 3 SR AT AR HE SY/T 5370—1999
(T B Bk S e k) EER R R T R
FAwi 5K 1A, R R 2 AR R A R Tk 77
(6) BAFhASF 1] K 2 WA B B 72
R P % 286 5 3 10 49 4 A () ) B o %) 26
JE ARYARE SRR TR (A ] S5 K A s
A AR RA5 L R Rt (] R A ]
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(7) G W2 B s e 0

FHELAM ] UL 4366 B 1T 4l 200 ~ 600 nm I
KU, 1SR AN R PO . WA 3
i<k, B e KD CRRAEIE ) o 2588 F IR
VTR TN 0.004% ~ 0.100%:1E 25 1y A [ e B 1) 7%
o FHER A3 66 BE I s A E LR AE g A 1)
WG VB ARMERNZR o B — 2 /N B AR R A
T I % FR R LU 4 25 R T IRBR , 76 AN [ sk 1) o5
UL T Y, 0 AN [ B ) IR O R 22 o W Y
— IR 2 o A7 s T) A5 0 A 28] W T £y, G2 s
[E1) 57, A7 O BRSSPI ) 42 BERE A WD LR R JBE o PEA A
il £k L 20 %5 L A RO B Ao, L5 R R R e
JE o XNV (T BE AV 2% R FHZ 22 (8 0T AT TS
G R R RIA O B 1 AR b A e (LR (3)) o X
()T B

A c=(A-Ay)/k (3)
r=%_AM (4)
m m

For s kb v ph R 2R 5 a— I T K B, mg;
m— TR B A, g s M—PReEBELR 7 B i, mg.

2 &G ThE

2.1 BBKEREFRL
2.1.1 BT AeF

DU 1| b, BT AR RIS TR 7K 24 B i T
S, il T REBEL A, PR M 2 A I8 BEL 751 o2 A1 24
TS I I VR EE BHL, ke 38 B APt T g 1 20K
I B K mi BRI B R B NY % T A 58
Tk, e i T R 43 B0CR 0.025% ~ 0.25% I I,
TEZE T 25 10 min, FEBH AR BCE LM . FEFHL
0 X B BE R A sZ M A 1 s o BEBHFINY 78

80

-
(=
T

FeEBH/%
I
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0 0.1 0.2 0.3
[ EL 39 o 2 0%

P L AR BRI At T L7 8 e BEL 3 Py 2 )

FE TR EAT RAFR FERPE R , FLRE BH 32 e BH
FU i 8 K S e T R R BRI S . 7 0.05%P%
RELF 02 T A BB R B AT 35 70% , 0.1% -2 B3
BRI R SR, B BH AT 3K 77%

VLA A2 oo i R v 2R HE K 3 52 R
AT LA fff o) i 7K B 75 28, DATTIR 20715 29 AR 1 H
() o SRRl KAV RUR R A, Fe IR
HEAK B0 Ak 3 Mok /37 . AR B 5 SR X e 0 Ak
J& (200 ~ 300 g/L) I FaBH7 5 fin 4 pE 47 0k — 254
b, BB R T 155 70% LA o X7 K B4 43
BT, 7= K i oy R A TS AR R Y D
VRIS M BB R SR8 IR B A A B, AL AE 10
o/LECRY, & BB FELN A S B N,
Horp il 5% . alad 51 AR PR B 74508 S0k
557 4R PR F 1Y B RE A B, (A5 R BEL ) 40
TAEET AL S (<300 g/L) 5 RE 4 F5 58 BL AT
JRAPRAS  IREFIL R B BH 5 e e . PR R I, 76
WALEE <100 g/L FIZ1E T, 0. 1% BE R i T i F
RHR AT 3K 70% 25 47, (HLBE J5 Ak 32 338 n i 4544 R
BH B (2 AR, 1% 451 R NY & B R 0.1%
PR R T 100 g/L A 40, BRI & 575 261 7
Ak, LA L BRI TS il T Bk . 4503k
HH T 4R i AR R NY A, mT 2 T R K A i
R B BE 17, 7E 200 g/L NaCl k7K 8 CaClL £k 7K
NY & BN 0.15% , I 6 788 /K B BHL R 1 35
70%( W32 1), 7£300 g/L NaClEh7K i, £ =5 B BH 5]
NY Jill iz 2 0.20%05 AN RESE 42 2 PR 2K, 75 A
IR INBERE) 7 T35 ) S , 8 1 35 Al LISk i) 42 o)
ok BEL ¥ it L R o SRS 1k R, (145 R 7K Y e
FHZAT 3K 75% (L3 2) .

F1 0.15%FBEFINY FES & 1K Bk Hr O B& PR M B8

TR R Y
R BH %1%

AR
UR19:7) WEBHR/%

(g-L")

WA/
(g-L")

NaCLIEW  CaCLIFWK NaCl¥EW  CaCLIFW

100 75.9 75.4 200 70.1 70.2
120 73.1 72.8 250 35.8 335
150 70.4 70.4 300 323 389
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LhISEAR , T AR B A A - AT BRI oo 41 JBE R /K M 2R o 5 37 17 619

R2 0.2%F&FEFINY £E300 /L. NaCl Eh7k Hr B BE PRI AE

NY/% H%L Bk ALEh AR RigBH
fZ/%  FS/%  HE)/s (mPa-s) /%

0.2 0.05 0 39 1.37 67.7
0.2 0 0.05 42 1.42 69.3
0.2 0.05 0.05 28 1.64 75.2

212 ZEEXAEE Ak

VU] F b DT R SRS B
h43.72%, EEUAFA S G skl a ok E, 5
KKK G, — R A 7] S 30 A
PIBBER T, mIAG RS BER TR,
IR A TP 8 TR A 22 5 A T 2Rt - e D R
SR Uy TS Eoay S| PaN = L R A N ET s I X € R |
B Wsri s A E . AR R
F K 22y Wb el B A LA A 2550 D, A Sk
B R PSRN SRR LR
Rl SR AN /N F BB 253+
FasE s/, B RCR A A A By, PR i
XA AT R, 7E R IR R 43 ) R I KCLL
TDC-15,SD1-12 I SW-4 K & it B K & , i FE 15
A7) I FLB IR 5 R ANER 3 /R . FHER 3 4h
P H B g R0 R A 4 19 0.05% K C1.,0.05% TDC-15
F10.05% KC1+0.05% TDC-15 & it 3 MAZ , ik — 2
G NY WECRME . HHiERREHFINY 2L 0.1%
YN i T /K BC s W, 73 51 in A KC1. TDC-15,
BEFEIE 5] IR R HOA R R U, R WA 2 DLTE VETT

R3 FIREFMEXBRER

FETK 12.46 3.19
0.05% KCI 12.46 2.78 77.9
0.05% TDC-15 12.48 2.80 75.8
0.05% SDI1-12 12.58 3.30 702
0.05% SW-4 12.58 3.55 67.6
0.05% KCI + 12.58 242 80.8

0.05% TDC-15

Y., mFE4nT 0L, BB NY IS R i 0 o e T
B, Hr,0.05% KC1 #10.05% TDC-15 42 Bt fifi Fi
AR B, AR ZR B R 3R AT 3K 81.3% , X TR /K [
BELE BESZ A/, il R B oK

R4 FTBEENS0.1%MEER NY HEEME

B LA 2 h FiER1% FERELH/%
0.05% KCl 789 73.9
0.05% TDC-15 76.1 75.3
0.05% KCl + 0.05% TDC-15 81.3 737

2.1.3 BhHERImE

H T I 2 AL /N 245 1 7= K™= A=
M B 1K, AN g IHZ HE s PRI 75 0 16 2% 1fT
Tk AR B HER , $2 5 TR 24 5 6% 2 a9 e (b, 1l
FEZIB S R HE , e S 2 4 . # iR R
i 0.1% NY /KW, SR 5 A 0.1% ~ 0.5% SD2-9,
FHERTET 5K I ACA5A Z R ik I an &l 2 s o Bl
SD2-9 ML HE A, 44 R 19 R 11 78 g PRt [ AR O
FUE , W 1 A 7 KR SAT AR ME SY/T 6376—2008
R 2400 42 AR S5 ) B2k, H o0 B0 i i
U, R 53 2 UTTEFETEY . SD2-9 MYk BN
0.2%. £ 0.1% FEBHFIE W A 0.2% SD2-9 J5
R BHL %R 75.9% , 2 B BIHEFR) A8 i AR 22 e L 14
REJCHA 52

27.4

272

270 f

268 1

FMmigk J1/(mN-m™)

26.6

26.4
0 0.2 0.4 0.6

SD2-9 Jii 43 4U/%
&2 BRI X R K Tk 77 52
e BELFR 55 B HE SR 5 B AU A S n ) 42 e
BCHT AL R AR R AL AL T (D B4k
JE <100 g/L i}, 0.1% [ BH 71 NY +0.2% Bl $E 7
SD2-9+0.05% KCI+0.05%%h + % 7] TDC-15; (2)
WAL A 100~200 g/L AT, 0.15% NY+0.2% SD2-9+
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0.05% KCI1+0.05% TDC-15; (3) 5 1L A 200 ~ 300
g/L B, 0.2% NY+0.2% SD2-9+0.05% KCI+0.05%
TDC-15+0.05%23% 5| S+0.05%34 34 Z.
22 BBKEREEEE
221 FELSER®KN

R RV R 2R RE R EE AR A — B
FR, RS s Rb P RE B G . e sk I I A
PefEZ — , Fmmak S/, X2 00405 F 0N B )
BHE, WAL 0~ 300 g/L 595 Ak K e il 5 Wt
BRF = k5 P TR AR R 08 T 000 VS VAR Yy 2 R st
] FEWLEE A sk )y, S5 RN SR . FEEET
A0 7K 5 A% A4 T TEC 1 1) T TR UK R R A% TP R
KB RE , RGBT I/ T 60 s, FUEE
JEHR 1 ~2 mPa-s, 5K S35/ T 30 mN/m, £ 5
P BE F8 A5 3935 2147 ML bR ME SY/T 6376—2008 (1) %
K ARk RE R AF o

%5 AEAUEEETBBKORESRERSD

L B il T/ FHiK A/

(gL ") s (mPa-s) (mN-m™)
0 14 1.39 27.8
100 40 1.12 27.7
200 52 1.27 27.2
300 60 1.42 27.9

222 MEBEWE

T TR KA 2R o AR R RELR 2 1 S A SR8 4 B T AT
SEJFCAL IR R A A W B B U RO I il A
ST N B 2 T 2R SGERCR
TR R A 2R A K R A I B — e 9 ~ 13
mg/g, TE R PEE T AR R B R . 4 A %
TR 28 DU B B ) 2 MR T 3 s o T IRK A4

4

4

3 -

W i/ (mg-g™)

0 100 200 300
AL/ (g L)
B3 1 bR X R A AR 2R T R B %) R )

FA 110 R 6 it PV K 0 A B P 3 v 348 o, L3
WAL/, T 7K BCIR A W B (R 0.29 mg/g, 7 300 g/
L LE T AW B A 21 i K (3.66 mg/g) o 57 #IL
VTR K AR LU, 2 04 22 FRII R AR BRH 4 LA SO 23 1Y)
(S
2.2.3 B KEE T RAR R HERE

A 7 /K R4 T O ) AL At 1 BB 3K, 45
N6 FT7 o 57 H K T il 14 9 R 7K AR 22 45 T00 1
P 25 B T OKBCHI R RE A R FE R /N T 40
s, FEMELEE R 1 ~3 mPa-s, FFEFHR KT 70%, 3%
1 3K F1 35/ F 30 mN/m, B SR 4K T 80% , 45 itk
REFE AR XI5 BN AT b FR i SY/T 6376—2008 (155K
ik A REL I BE L AT, 6 AR B oK

RO AEIFHKEHFEKERAMERE

B RFRE, VLR RRBHAY Ry Bl

IR s (mPa-s) % (mN-m™) %
ZETK 15 2.46 76.24 26.5 81.6
BemrEtik 34 1.92 7232 26.9 80.9
Kk 39 1.84 72.41 26.5 80.7
WK 36 1.87 72.40 26.7 80.4

23 MENAERRSH

DY 1] 45 1 3 X BB SR AT AR 52 28 0% A AL
FE I, TR 22 3R e 5 LA A X A PR Py JBE L LAt Je
VI T 3K o 2o Iy Rk , R BRI TR K IR &R
T )1 23 5 X B N205-1 H45 HEF T .
2.3.1 WA

e 8 PG I, T4 BEL 79 NY A 18 o s i oA L
TR /KR R AE W /K A 4 M B AR IE 7, B BH
T4 SR AT R TP S A TE R A PR AR
WS B4 . BEBEFINY SR R 777 oK
(A P BE AR, [ T e %o v T o A R o e L 7]
W LR AT ZECRAE T i PR RE O [RIES 3558 177 i
AT B R T M SRR T ™ b R AR R B, el T
77 i i SRR BC R b R RS E e, IR TR
FEH K S KR A BOW, P ELBIRERL , 47 H ke
TR R 20~30 g/L, e T4 RN 0.1%,
232 EEBIHH

5 8 1 il FH 32 AT W ofF v i 668 9 TR KR R | i
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TN 100%, 7™ i 7K 52 F 2 100% , B3]
K 75%~76% (UL 7). LAIN205-1 58 11 By,
I R 30 g/L 77 K BC I 8K NY
TR A 0.1%. FhitE T il (L P 4) m] Dl i T HE
11~ 12 m/min, HEEEK i TR PR, P45
RHAS AR, 1hd BH P TR 7K RT3 A2 170 ) 1| 20 0 o RO e 2
R7 SOHMIFEIIER
Tt KTEK MTE WHRK TR R &k

e m BgE R/% H/m’ %
NI108-1 1370 12 23383 762 2590 11.1
N108-2 1100 13 15910 757 1678 105
N108-3 1190 8 16245 754 2105 13.0
N108-4 1330 10 19632 76.1 3103 158
N204-5 1700 25 38156 756 5689 14.9
N205-1 1600 24 32491 754 6123 18.9
N202-5 1730 31 54320 75.1 9256 17.0
N202-6 1750 31 54588 753 10378 19.0

T R HRRCE A2 IR 100% 5 5 4 11 HRHER L EE 2 20
o/L; Ji 4 FJFRHRE 1L 30 ¢/Lo

100 16

~ 80 s d12 ~
s | o 5
F2 Js 22
e 22
= 40 = ﬂll\H
% Hel W 14 T =
= 20 F
= TR ﬂ

. o 1000, 0

0 40 80 120 160 200

5} 8] /min
K4 N205-1Hhwh =206 T <k

233 FEHSMHAZETEN

T T KAR A N204-5 H 07 5 L A5 6y
21.86x10* m’/d, X Lt [F]°F- 15 4B N204-3 J1-2% FH-E-
T 6 VTR KR Z i T (P2 15.15%10° mY/d) , e iR
Tt 44.3% 553 35 1R £h 1 IR KA ZR A L, AR IR B 5
T 55 ¥ TR A AR R 83k Ak L 7510 &7 JE b 45 o 750 #6844 AH
[, T ELAE it T AR Ay T 5/ o 33 T T
IR ZR A = 60 T/, IR BF i 5 v R 7K AR 2R
A <50 0/m’, % B S R 25 B A
38000 m* 145, BT L) LA =3.8%10°TT , W IR L5
B AR 17%

ThR R, SR SRR AT IR B i Ak T R AR A R ) - B 621
3 4hip

FEF M A AR AR B A EE SR Sl A 51 AR
PE PR ES - R B v h A it — i v i e AR PR A 3 B
FINY . B NY 5 BhHER B R0 0 S & il
HRNERKIRZR . SNPEMGE R LW, BRI NY
it 6 R BELPE RE O S, 76 m B4R (<300 g/L) T, %
BRI T 70%, 58 AMF M BC A R i 72071k
JE R 0~300 g/L IIZAE T, T IR KR 2R A 6 fa]
BI/NF 60 s, RWMAEEE N 1 ~3 mPa-s, Rk 11y
/NTF 30 mN/m, B I 22 18 KT 80% , WK i it <3.66
mg/g, £ T8 bR R AT bR S I T 5K
A VY| 73 0T 25 X B IR 5256 8 1, it TR 2l %
100% , 7 H 7K 3052 F 2 100% , WA 25: 45 AR A
17%, B re iR T 44%, BEE TR ERB B 1A S
T K B ) 386 T, 7Ky R 2R B8 i A T,
AR R AL A B K AR k2 7 K AE R AR
Py EA T R A AR
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Preparation and Field Application of Slickwater System with High Salt Tolerance and Low Adsorption

MA Yingxian'"?, MA Leyao’, GUO Jianchun’, ZHOU Han*, XIONG Yujia’, CHEN Yexi‘, CHE Jiming’

(1. Petroleum Engineering School, Southwest Petroleum University, Chengdu, Sichuan 610500, P R of China; 2. State Key Laboratory of Oil and Gas
Reservoir Geology and Exploitation, Southwest Petroleum University, Chengdu, Sichuan 610500, P R of China; 3. Shengli Oil Production Plant,
Shengli Oilfield Branch Company, Sinopec, Dongying, Shandong 257000, P R of China; 4. Downhole Service Company, CNPC Chuanging Drilling
Engineering Company Limited, Chengdu, Sichuan 610051, P R of China; 5. Geological Exploration and Development Research Institute, CNPC
Chuanging Drilling Engineering Company Limited, Chengdu, Sichuan 610051, P R of China; 6. Chuanzhong Oil and Gas Production Plant, CNPC
Southwest Oil and Gas Field Company, Suining, Sichuan 629000, P R of China)

Abstract: In order to prepare slickwater with produced water directly and simultaneously reduce its adsorption damage to reservoir,
a drag-reduction agent called NY with high salt tolerance and low adsorption was synthesized by introducing polar cation fragments.
Corresponding slickwater system was compounded with NY and other additives, including clean-up additive and clay stabilizer. The
formula of slickwater system was optimized by evaluating its comprehensive performance. Finally, the slickwater system was
applied in the shale block of Sichuan basin. The experiment results showed that NY had high salinity tolerance and drag reduction,
with drag reducing rate over 70% in high salinity condition ( <300 g/L), and exhibited good compatibility with other additives.
The corresponding slickwater system also showed high salinity tolerance and drag reduction. When the salinity was 0—300 g/L, the
sticky time of slickwater system was shorter than 60 s, together with apparent viscosity of 1—3 mPa-s. Meanwhile, the surface
tension was less than 30 mN/m, the anti-swelling rate exceeded 80% and the shale adsorption capacity was less than or equal to 3.66
mg/g, which completely satisfied the requirements of industry standard and field operation. The application of slickwater system
showed that both of the success rate of fracturing operation and reuse rate of produced water were 100% in 8 wells. Compared with
conventional slickwater system, this novel slickwater system had low adsorption and reservoir damage. Meanwhile, the overall
liquid cost reduced by 17% and the production rate per well increased by 44%, indicating remarkable results were achieved in field
application.

Keywords: shale gas; hydraulic fracturing; slickwater; low adsorption; high salt tolerance





