Hans Journal of Chemical Engineering and Technology 42 T#EE5#; A, 2013, 3, 105-113 Hans X3l
http://dx.doi.org/10.12677/hjcet.2013.34020  Published Online July 2013 (http://www.hanspub.org/journal/hjcet.html)

The Improvement and Promotion of Cross-Linked Water
Clean Fracturing Fluid Technology

Zhiying He, Ting Liu, Rong Xiang, Xiaolin Liu

Oil Production Plant NO.2, Changging Oilfield Company, Qingcheng
Email: 68874389@qq.com

Received: Apr. 23", 2013; revised: May 24", 2013; accepted: Jun. 3, 2013

Copyright © 2013 Zhiying He et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unre-
stricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract: Crosslinked water clean fracturing fluid is a new fracturing fluid system. After Changqing Longdong Oilfield Tri-
assic oil well test succeeded, we optimized the formulation, extended the trial in the Jurassic oil wells, and finally obtained a
better effect. This provided a new increase approach for the transformation of low and ultra-low permeability reservoir.
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Table 1. Fracturing fluid water blocking damage experiments

R 1 ERRKEGERRER

H5 HE FEBBER107 um?)  FLEE (%) O EIRE (%) HOHCE — R G A L EWRE (%)
X15 6-63/245 3.63 9.65 100% 100%
X16 7-116/214 227 10.3 27.9 74.2
X19 4-74/200 2.09 9.33 66.8 93.1
X17 3-62/202 1.87 7.78 70.4 99.4
X13 3-108/228 0.478 9.10 33.4 70.1
X18 3-102/228 0.219 5.59 21.8 65.8

Ty 534 83.6

Table 2. Surfactantsreduce the water blocking damage experiments
* 2. REFMFERKEGERRER

W5 L sichey BEBBRE07 um?)  FLERE (%) PrERE (%) FMVE P
X17 X173-62 1.87 7.78 66.1 7 5 - JR 5%
X17 X173-98 1.28 8.98 447 CF—5A
X16 X167-116 224 9.57 90.4 CF—5M
X13 X133-108 0.534 9.471 30.2 ABSN
X19 X194-74 2.09 9.33 319 AR TR
X15 X156-63 3.97 10.15 73.8 CF—5B + JEE Tk
X15 X156-63 3.97 10.15 73.8 CF—5B + JEE Tk
X15 X156-631 3.97 10.15 84.2 CF—3E
XI5 X156-632 3.97 10.15 99.2 CF—5N

106

Copyright © 2013 Hanspub



SEBKIHE SRR 1 72 8 S

£ 1.38 pum. HIFEZGEEANFEWIE, 5 P04 %,
PrEARiAR/N T 2,67 pum (AR 5 1R N E I
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PR SLa 45 SRR W], R ZORAERT PH I 8 1247
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23 HRERBERAGFENTE
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X FRbR R, | m® S Z AR 5 A K 0.6
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it Hi 2 ) R R,

3. RERKAEBERBRARAR
BT MU S8 2R e, I AR DL K

Table 3. Fracturing fluid residue damage experiments on reservoir

3 ERRREMNBERNGEIRER

jpe e E%/fivﬁzi FLRREE E%&Wﬁ%}ﬁiﬁ
(10~ pm’) (%) BRWRE (%)
X15  X156-631 3.97 10.15 89.9
X15  X156-632 3.97 10.15 58.6
S 74.3
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1) TR, AEAEMKAED:

2) RUEREHATY I

JEVHIAFAEAT S DB B R BER T 30% /4, T
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IR R AT 80%LA L. 7F PHS-6 &1+ F, HTEAE T
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5) FITRHE

ZERR RN R . AL AR . AR
VG UG I FH VR 2%, 2 T s il S 50°C
RIRLAEIR LA S0°CHF, K2R 10 min KRR T 20
mPa-s, MHZEEHFEME, 10 min AIHIRB. £
Fl 18°C N IRHARMRE )y 3.4 mPas, WEIRIEE
115K S A S 5K 7743 528 28.6 mN/m 1 0.37 mN/m.
FEFILHEE 60°C R, AR THI 9K AN F v 7 7143 5l
9 25.0 mN/m A1 0.13 mN/m, XEERMEER TR S )
TR AR HE .

3.3. EHE RN

331 BMEETEMN

LBKIEE ERB TR 2. K3, K4+5. K
6 A 8 fiti 2 WG N, L g P45 IRV
BB A R4 10 SRR 7T, AEDRE T B IO 4 %
HAHRRH K 4~6).

Table 4. C8reservoir damage evaluation (Acids: 2.5% Complex acid + 1.0% Y JF + 0.5% DP-1 + 0.1%NMYS)
% 4. K s HEGEIIN BB : 25%EAM + 1.0%YJIF+0.5%DP-1+0.1%NMS)

Hg B BT #HOKE em FLEZ% BiEEmd  WIBEEmd  HFEER%  REI
17-85-86/161-1 4.084 15.15 1.677 0.740 5.8 1
17-85-86/161-2 3.956 14.03 0.522 0.219 6.3 1
EX K8
17-85-86/161-5 4.452 14.43 0.902 0.428 0 1
17-85-86/161-6 4.324 13.72 0.511 0.270 0 1
118 2.58 8.72 0.1432 ALK 19.0 1
iR K8
117 2.59 8.37 0.1432 IR IEVIN 13.7 1
Table 5. C6 reservoir damage evaluation (Acids: 2.0% Complex acid + 0.5% FHN + 0.5%DP-1 + 0.1%NMS)
5. & 6 BEGEITMN @RS : 2.0% S48 + 0.5%FHN +0.5%DP-1+ 0.1%NMS)
Hg A Py e HLKE em FLBREE% BiEEmd  WEEEE md KB A (mD) D% %
1-2-38-1 4.287 9.6 0.233 0.084 325 10.1
1-2-38-2 4.512 9.5 0.115 0.069 30.0 11.4
1-2-38-3 4.262 9.4 0.120 0.053 28.0 9.8
Y134-22
K6 1-2-38-4 4.182 9.9 0.220 0.074 31.0 10.6
1-15-38-1 3.332 10.9 0.266 0.069 41.5 11.3
1-15-38-2 3.272 11.2 0.310 0.082 47.6 7.4
Q90-891 4-10 5.60 12.3 1.309 0.459 52.6 12.0
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Table 6. C2 reservoir damage evaluation (Acids: 3% HCI + 1.0% Complex acid + 0.1%NM S)
% 6. K2REGEFMERIRELS: 3%HCl + L0 S &E +0.1%NMS)

5 J=30A HiOS HLKE em FLBRE % BIEZR md THIRIEIE R md iERY%
1-88-66-1 3.121 13.8 0.816 0.54 5.5
1-88-66-2 3.253 13.8 0.827 0.53 3.0
H102
2-95-33-1 2.888 15.6 1.963 1.247 1.2
2-95-33-2 2.733 159 1.929 1.267 0.5
3-44-29-1 3.976 18.2 88.918 73.219 -3.0
3-44-29-2 4.109 18.2 90.160 75.632 =5.0
H105 K 2
3-44-35-1 3.937 18.9 152.197 147.25 -12.1
3-44-35-2 4.032 19.0 147.537 138.56 =5.1
2-35-6-1 3.750 14.2 5.167 2.361 10.5
2-35-6-2 3.748 14.0 5.219 3.254 8.5
S0 2-35-33-1 4.010 14.6 7.909 5.927 6.6
2-35-33-2 3.926 14.5 7.720 4.687 3.6
WK 6 A O EPHHRIGCR I FRIRE), B T
FEWGEE 4 MIIE)62%, BEIKER S, %
ERIB IR E, IR 480 /NS, 153 R (T E] 7.4%. BECC) PRI EE R TRICT)
BRI REY: K2 HERET 10%, 25 0% 0
FRT 20 mDe A HfE; K 3. K 4+ 5 Ay % L% ho
B K6 FEFMT 10%. K 8 HHERALT 10%) 0.5% 20
AL T MR (20% LA ). 0.1% 18
3.3.2. TEARERETFMN e o
SRR R OIS, ST LA e " L *
FOHE, LRV 5 BB, BN B RO 0% L
BN BRTRAR R, BEIRCHAR, T FSORS FE AR A K VL. 0.1% 13
FTOL, TR A 2 8 i ) 2 i B SR M 4 B 01
B BGEMEK, WObE KRR SR, Wik “ 1.0% 03
RENBIE TG ILIRRE, TR 2L MR T 2 ISR, 0.5% 08
WL J5 R /T 5.0 mPas 7245 . 0.1% 8
HWIE TR, FFREbK 6 25 5.0% 0.05
R 1.0% 0.2
BiJ7: 3.1%ACF-1+2.0%8 &8 + 1.5HSJ-1% 60 0.5% 05
B 1] 5 AL R /N T 5.0 mPa-s oo, )

fy s ]

ME 7 EL, MERERT G, RARMERZE
RS B R B TR KR, TEARIR B LT, s BliR
HAER(Z 1 h), TEEMEKRL 1%~5%/ 4, ME
BRI TS L R (30T, R 1.0% AP 1 i il 3t ml
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X SERD (AR M RE .

AL J7: 0.35%A K+ 0.3%CF-5B + 0.3%CHJ-95
+0.05%C0OG-285 + 0.1%BE-2

AW : 0.4%HD + 0.4% 1L B i 5%

IR RSB )T : 3.1%ACF-1 +2.0% 5 &
B2 + 1.5HSJ-1%

K 8 WA, BHAER LIS, SCHRMUR A&
TD IS )BT FARAES, T 28 BRI it T S P AR b I ) &2
LRPERIR, 40°C DLP FLFRAS B RD T R B T IR R 2
T, I 50°C FL s e b iy B S A T WU R 2B EATS
T A T ER

2) WAL

NNV T = AN FREEE R 1T i i 55 1)
PEfE, BTN 3.1%ACF-1 + 2.0%E 4R + 1.5HSJ-
1%, RIGERRWEE 1), EREEWEIHL 70°CLLR
()it S I TR 2 e

MBI 1 ATE IR N 30°CHE, BE S 3.1%ACF-1+
Table 8. Two systems under different sand ratio of suspended sand

time and temperature relationships

& 8. TEWVLL TAMGRHBIRIESEEXR

2.0%E AW + 1.5HSI-1% 7K ¥ 10 10 3% 8285 V) RG
TRFFIE 100 mPa-s LA, 58435 2 Bz TN oK.
WA IR T, R RKGE BRI, RN 50
CHF, FEEALE 50 mPas £ 4, 170-s [ EIY]—AN/Nit
AR, Ut B A /K 7 24V LA R IF P e )
PERE.

3.34. WRBtERETEMY

BT A 1) ¥ i R 2R M 28 30 A7 8 0 0 3 THD PR B il
e JE I — LU IR I IO AT AR R AR R AR PR (] R
XY AL ASRK TR R IR, AR T R
B . — 7V B K AN I A4
SR VH BRI B g2 e, Wik 9.

WIROFEH, AW | EAHRREBLT,
X SRR IR R, e e AR 295 88.02%, KK
55 7R RIERDE WL BR IR R, PR PR o) R o PR
WA B SRR

Ty Bl 7 A R R AR R 0 T AN A
I, X ECRFE T LE D 5 SR T A T B, R Ak BE Lk
B F R R TS T 7RG i 2 R PR 5, e
a0k 10,

B 10 AT, 4T B R Al IR FEIL B 20 g/L
DA b Bf, ] s S T P R R IR B 22 R B 90% LA F .

450
{7454 & 400 g
HEE(C) IR o 30§ e e
10%  20% 30%  40% E oo .
s 200
IR 22 Bk ¥ (miin) 27 28 27 26 g B0 &
40 100 &
e 50
2B 7K (min) 29 35 34 78 0 : .
0 100 200 300 400
IS 32 36 88 (min) 16 16 15 14 BYUI1E] (min)
50
227K (min) 11 12 11 11 Figure 1. Curve: rheological properties (50°C, 170-s)
B 1 % 50C, 170-s FEitaErhzk
Table 9. Complexes with different concentration on the effect of cross-linking water adsor ption on the sandstone
= 9. FEREL AW ZHKERE ERM RN
fe& 1 Be&4 2
£ 7 E mg/L A A
RO E mg/L W B E mg/L IR %% RO E mg/L W B mg/L S ESD
0 1179.41 11.60 0.00 1179.41 11.60 0.00
50 1334.09 5.14 53.28 1295.42 6.96 40.00
70 1403.09 1.55 86.64 1353.42 4.46 61.55
100 1434.63 1.39 88.02 1372.76 3.87 66.63
150 1434.63 1.39 88.02 1372.76 3.87 66.63
110 Copyright © 2013 Hanspub
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Table 10. Sacrificial agent with different concentration on the ef-
fect of cross-linking water adsor ption on the sandstone

3R 10. TEREE T I ST BRI EERY & IR M 2 R Ia

R ERAORE MR e
(L) (mg/L) (mg/L) %)
0 1352.15 12.16 0.00
5 1331.25 8.47 30.35
10 1355.79 5.16 57.57
20 1368.47 1.20 90.13
30 1347.69 1.19 90.24

3.3.5. IKEHEITMN

KA I — B PR G 7K i T 2R ) — > A
B, R RGBS, B VR R AR AR 1)
BN, HLZEEE SRRk A E . K
B B LR TR R R AR B R T K T, A
I, WL T AR ISR X AR HLIAR Y
SRR PR R RI K I H . RRAR 11,

RIS v A Y, SRIVE R X AE AL
Y ERCJE IS BRAKIE 7 R R, fe 25 P
AR RIRTIK S, HR/NKBIGE, T miRiiR
HeR EARAG B, ARIEILIRAE A X ALY 4352
300 mg/L #1120 g/L. £ 60°C~, KK T 10%.

33.6. WH LEITH

ALK I V0 T 2L 7 LI R RIS, K R s
MIUF SR LR R R PR RE, R FR XA R kAT
WL IR, Z5RWFR:

12 SR T A TN RS A R TR ER X
RKERE R, WS RKE, AR RN THLERE
FEE A TITEHLER KR R ARG R AR K, 1T HL Na+
N Ca2+8 TXHA BB EA R RER . B2, KRG
T RSN R A AL B PR, REBDRRAR G R
B 1A Ui AN L LEH 3k T DA AL it TR

33.7. JEEMITM

PRUA e s B0 R 2 4 R R T PR R Tk, P
LIk 2 IR IR R R 2 — iR S R R 2R
e I E ERIT .

A S G N 5 v A2 TN R s AR U I A X
A2, ASEHIWrE R e e, Wik 13.

MARBE LR ATE H, ACIROKIE i I R R AR s
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T IRKER I PR, (E R ORI A FEAN R, 1 20
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33.8. #LRFE RN

SRR I T VRS 5 25 BH B8 7 3R G M7
SR AR AR M, B ) PH S 1 3R TS P 77
B 1k K R AT ik 83% 25 A5 (W36 14). fEBRIE 441t
T, HTAEETFIH IR TN Ca2+. Mg2+. K+,
Na+& Tig#, KU InsRi T ks T e v .

Table 11. Complexeswith different concentration on the effect of
cross-linking water surface tension

& 11 FRERER SO ZBRAREKHETE

N/m), i
SRR REHKSImNm), ¥
IR 0mg/L(X) 100 mg/L(X) 300 mgL(X) 500 mg/L(X)

+0gL(Y) +20g/L(Y) +20g/L(Y) +20gL(Y)
K 8 HIFHEL T 31.26 2931 28.70 28.50
0.3 mD fit 77 31.01 29.05 28.02 27.95

Table 12. The relationship between cross-linking water clean frac-
turing fluid viscosity and degree of mineralization

% 12 XBKBEERBHEST HLENXER

WERIN 2%, HE 40C
Iy

KCl NaCl CaCl2 MgCl2  ZnCI2

KEEF(mPa's) 795 823 865 105.6 88.5 75.1

i AICI3 KClI  NaCl CaCl2  MgCl2  ZnCI2

WS 02% 05% 04%  0.4% 0.3% 0.2%
KB (mPa-s) 88.6

Table 13. Fracturing fluid on the hydrophilic surface wettability
changes

& 13 EREXFKREDEENRE

AWK ik PR 4T T Sf(20°C)
K 10
K 8 HIFIC Ty 28
0.3 mD it /7 22

Table 14. Solid free temper ature gel-breaking anti-swell experiment
= 14. TEMRRIER KRR

5 1K B 18] (h)/ B2 K 8 (mm)

A F 5
1 2 3 4 5 6 7

FOO/ZENEK 0.040  0.049  0.058 0.062 0.076 0.076 0.076

/BRI 0.001  0.001  0.004 0.005 0.006 0.008 0.008
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7 h IESGEKEN 0.006 mm, PiERIART
89.4%, BEMGH RIS i e % )2 R LI ik fnig % .

3.39. MR

P A8 IR ¥t e 2 LA EORG R s s i, [
PR L8 2 R E KTl AR, SRR 3 e R 9 2k
(PR S KGR 2R e R R AL Bk 15.
X ERA TR, BERENT R, R RIER
REER, BRI, ZBKIEE RN O LR 2
Jiti TR

33.10. &R PH (&

KIS B2 E & PH H(4~6), HTEE T
ARG IR N Ca2+. Mg2+. K+, Nat+& Tiaf%,
DR B sk, T RGO AR e M, R PH RS A
A, BaTE R .

34. AR

AEWR KB T R AR RN AN A 5 A A R
GFRIGCBUITERE,  HAZIBOKAZ I Rl Rz N T IR A2
IR AR KGR , DL LA it o 2 v e ROR BBy (R
3 m*/min i EEBEAUNTE K 25%), J/NE4ERIE . 5
— 77 A P R 2 D R ) SCHERIE R G R L, TX
BFii gy, SKIIKICR(LE 16).

Table 15. Fracturing fluid leakoff coefficient of different concen-

trations were determined at different temperatures

*® 15, FEIRERNENBAETEIRE TiBAREME

HEE(C) IR REL
18 452x107"
30 5.65x 107"
50 9.96 x 107

Table 16. Performance comparison of cross-linking water and guar

gum
= 16. 3ZBR/KFAAREERY 1 BEXTEL

ER IR AEIIK (6%) Uiz
AP PERE(min) 28 8
IR 0 >8%

WA RE Tehi Ak

=S <15% >20%

B 75 fit 7
JREHEAE TS 1] PIAELL L —FAN
PR 2 & &
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2) BT e SROMYER A A A i T 7 it A
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2011~2012 FAEZ I duthidis 25 H, =2 &
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ik 393 1), MRILH TR AOIE N, TAELRE AR
B, BT HH NS K. SREEENE, 5
BB HMRR =B REHBE 71.4%, BEHTAK
PR AT B 182 1),

4.1 ZBARMBN AR

2011 F-4F =8 R 152 Xka 1 1, &R
17 iR

2012 FEAE =B RIMIRE 152 X, ALFX, #k
XIS 3 0, AR E 100%, HBE3.22t, 2
1203 t, B TR (LER 18).
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Table 17. The cross-linking water fracturing effect statisticsin 2011
| 17. 2011 FRBHAKERE RS 1R

AT R SR gl
= 53t H ) AR
H 7= H =i H 7= H 7=t (t) (t)
Hl X-Y 7.16 1.28 0.83 4.39 2.22 105 1.39 367
Hit1 A 1.28 0.83 4.39 2.22 105 1.39 367
Table 18. The cross-linking water fracturing effect statistics of Triassic oil well in 2012
3 18. 2012 F=BAR M ZHOKEBIRGTHR
T HAf(#E 12.15) 38 e B R E
e eI H FRRH
H7™ H H H 7 ® (®
7 X-Y 5.31 2.96 1.42 6.84 3.58 197 2.16 541
#lz 33 0.00 0.00 4.14 1.06 256 1.06 450
i X 3.16 1.70 1.30 1.83 0.94 167 212
&3 A 4.66 2.72 12.81 5.58 620 3.22 1203
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T LA R N AL, SRR R AT AR
EVFAERG, (R T HMR B IE e, (613 R 2
RS HE T BA REFIIRFIERRE T 2SR AR,
FEHEEA 3 m®/min I BEBRAURIE KK 25%;

4) 2012 AR v e 24M07E B 2R Tl FH S it 24
R, Z@FMIE 3 IR, HurHGw 3.22 t, it
& 1203 t, Fi A BEFRIE F] 100%, TFELT SR
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TRZ R I CHt 21 HHIR AR 71.4%, HiGih 25.36
t, RIMHHE 2734 ¢ AKIHEEESDIE 7 JFIR, AR
100%, Zit487E 16,874 m’. MISHIRCR &, IR
IR 2B R R .
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