5536 555 2 W
20194F6 A 25 H

mow 7
Oilfield Chemistry

Vol.36 No.2
25 June,2019

X EHS:1000-4092(2019)02-230-06

FHE FR AR RIS S e -6

TRoCHs, WP, R, 5K T 58, AR

(LA CHEAR) 70 TR0 LR 7.8 266580)

FEE A % % 5% 46 R R 8 ) 5 R et b 4 1) AL, 8 AR 2R R B T B A4 SR R 4B IR I A B O AT AR AL, B AF
ER TR G 8B T REW AN ABE A, FExF L2 4T T30, 2 RE 2T A B (AM)/R
WA L = W S5 (DAC) =L M A WUAE A i, 2L TR 3 F EAAK, AR B T] A K 5 48 T J oT VA R RIOE 4%
FB & - J oM A WUAE R JE AR IR B ], S Ae AR & LR A KA T T B F RS WA PR R IR B2 R BT A
0.8%F A4 Y5( '8 & F & 5% )+0.3%84 5 44+0.2%45 5 %, 90°C T ¢4 s A BT 18] 4 55 h, sl G 52 AL 8 4 16.6 Pa,
JB T 3 5% R IR % R IR R ENAST | Bl i LA BT 6 T byt e R AT 2 33 R T K 96% A b i IR

SR AN TR K4K8218

SREEIR) - ORI 5 BB 1SR 5 BRI 5 SO [8] 5 sE At A k5 3l 1

B 2S5 TE358°.3:0648.17  XEAFRISAD:A

TR I I BRI S KO A B R R
AR, (] B 2 A B e S SR OB B AR AN AT il
MIBCERAR Y . VRIS IR SE 7 2A 5 (8 Hesy
VI B85, o Bl E NS fe o iz 1) —
KIEHN ZISEREAE—E A pH AT,
REY 518 Y WSS RN B A S A L =4
23 [R] AR B8 S AR LA, L R VRS2 Cr 4 AR
() Z %R 48 B T SC MR W P li —COO R B W)
(U 737K il SR P Tt fe ) A JCE) , 7 351 3 /K O T
CS3) Tz,

NS 3 A1 e AN = < o N SN [T S S s 4 |
BN ELAT A ) B T [ RIS v ) A s
1B v R % R AT AT A i o PR 3 PR %) [, e LA
T /2 VR MY 225K . H o A SE 22 5% VR I 1l
JE F T] 64 5 v R SR AN (1) Al ] Ak a4
FI SE ) Cr A AR s St A o BRE FF ]
(DTERRFTIMAZE S GEL AR SREY

*  IgfEEEA:2019-03-25; €@ B #5:2019-04-21,

DOI:10.19346/j.cnki.1000-4092.2019.02.008

G255 11 ORI R I ) . 33X PR A
HS2 NAZHRFA  AA BE th k  AR YA — R B
il AR 348 SR 32 09 Dy v G TR b=
1 S 5 A a4 A F B 7 ik M &4 — e R b
REAPRAE VR IR BB

WFSE R B, G WA B 0T I AE HH 74D 52 0l 40,
T PRIASCER X BB L E Dorotea 7T HI X
Hetth )72 2544 (90°C ™ fLJEE 4858 mg/L) , Ry ik 2 Hg
IS A ) LR A e B e OS] R T 2 d R
MRG0 A B & i DL B 8 - R A W TR
FHARYES B BE 7 A T4k W T —Fh il F T 58
PR Y PH S R A WA MUK R IRE ), % o g
AT T

1 S8

1.1 #MEE5{EE
W ER 59 B6, AR 1k TAH R A

EETB : M5 [ RBIEIE A TF A M5 AL e H — SRR IR IR 45 AT R BF5E” (301 F 4 5 51574266)

PEB B AR oCAE (1995-) , B, rp LA R 2% (7R ) Il < & Ll -9 A= (2017-) , A48 i R ISR 1 9% T4, E-mail : xy-
dupc@163.com, HFRVT.(1972-), 5, BdZ , A SGE I R, NS4 B RICR A IF5E TAE, i bk : 266580 ILARA 5 &
B XTI 665 11 A0 2 (A4 AT TRE#P , E-mail : gejijiang@163.com,



%36 5% 24

TRICHE, BPRIL, R e A FHES TR e AR I bl 5 P ERETEAN 231

FHES TR G Y5 ~ 45 (PN s I e CAMD /P9 05 T 4
L= I (DAC) oo B Y)) , FH B 1)
(DAC 7E e Wb i o5 BE IR L) 5% ~ 45% , &
BE AL T AR A B , 2 8 1T
HRRA T R, AR B IR A A 5 A b
T A, 1 25 42 P AR 2 A B A 5 1400 2
7K, B AL 4858 mg/L, 5 2724 mg/L CI™ 488 mg/L
Ca’ 240 mg/L HCOs , HiAth a1k BE i /K 4% I L )y #%
LU A5 34 I S A8 S AN B R S R T A e ab
(Fif20.15~0.3 mm) , ZHORH B AR FHA b A R
/NS IS

ME 403 HL K, Mg Re i -FEH 220 7] 5 10-3A
ISR RSB FER  TL R SR AR R A BR A
) MCR 92 3 A8, B b 1) 22 - i o B A PR 7D 5
Brookfield Zh B 11, 3¢ 1) A Al [H /KGN ,
WM OGRS AT BR 2 ) 5 TE TR A B, R N AR
A BR A T IR e, W A T R S8 A BR A
A5 ALK, BN AR KA PR 2 A BR A W]
1.2 EWHIE

(1) TR 28 o R R 3% AC K] R BH K
FEFL IR A Y S D, B S B T 90°CHE
KT B BRI o

(2) S REPEHT o LA B 8] s e it 3 LA
R R I AR TR 0 U HE BB P P8 b o IR
Fisk [ 1 B R G e B A R i, 8 SRR ISR 3 AT U
AEAL N BEACHS E (62 h 4000 mPa-s) 2
(R[], B i 3 B A AN 6 1 s o I 3 B LA
S ) SR AR B AT, i MCR 92 Wi AR A& . %%
FORAC e KB B b RIS T AR E 25 A Bt
Ko R (A H ) BEACR (I 7K 18 5 2B LA
UM RIS BT ) PR AR K RS 1

(3) R EHE AR o i %= IR AR S B
MR A ROR IR A R R LR 1. BARsE
P BRANE N (1) FH & AR AR 1 A e e S I
RV K E R 20 om, AR 2.5 em, FRiE RIS
(AR T W (2)H LD 20 A 22 ) R IR 2
AR, Y AR 5 BUT S FR b
B E W, R EDELBRE0; Q) LIFEAME Y
R K, B R AS B R K (4) LE
FE TR A B (] SERD A R A B ) VR B TR R TR
WU AP, 75 90 °C T i H U 5 (5) R U i 56 4>

B JE , DATE 2 K R BE V] SEAD A K, T
HIE G BB R Ky (6) (Ki-K) /K < 100% 15 35
®1 BEREZRINRE

fﬁ;ﬁ W EeE e

A 1 SEAAR K
B R T ] R )‘;g
C 3 AR , HERERE 11
; L TR R A

b
. o ISR MR BHHE %
: Hik i
. o PRGNS B

o Fkdek
. T T T

B %?
i 8 MR B K

%
E EF‘?}IL7K

_____________

BT GRS g s

2 RS

2.1 BAVIE

HIEBEIE R &Y B6 SHE FREY Y15 B iR
B8 AR n - %o R E FH s DL 26 2 SR 3. f
FE2ATHN, B SR W B6 A AC IR I 4 B B K
SRVN I TR R AT LA VAR I A 2R TS0 5 8 18 A L B I s
() 206 6, AR e P o e v i FH A s TR 3R
G B6 IKFRFEAN N 6%, LB AR K i B R A W) AR
rh L T AR AT e ) e ) R R R R S K] 4y
B, SR R e e R Tl T o i R s v (5L A
1 =10 Pa) , (H RS [ 8R 2 R, X LA 2 3471
PR, HIG 38 o B AR 5 Wy sl S W60 FH 1k 4
% BRUBE R [B) (PR 2% 2 AT RN BB B TR] R N B I, HL R,
Jiiai 2R ) o R 3 AT, BE SRS Y 15 FNsg B
FIT A B E R, BH B TR A WA LS R iR &=



232 WomofL

2019 4

SRS B O RS I TR 4 . Y SRS W A A A
FH AR AT, HCR0ie oi 5 R 5555 1 3R TN AR Tk Frie A1 AL
FEIRIAR R B U ] B A4

F2 A Bo FBRERR MNE X BEAE AR

5 B6/% TR 551 % SIS SRR/ Pa
0.6 0.2 6.0 10.8
0.6 0.3 4.0 155
0.6 0.4 35 16.4
0.8 0.2 4.0 11.7
0.8 0.3 2.0 16.9
0.8 0.4 15 182
1.0 0.2 2.0 12,6
1.0 0.3 1.0 18.9
1.0 0.4 0.5 19.8

*R3 BEWYISBEEREMEXT R RIER NN

REW15% PER %1% RS ]/ FPEA R/ Pa
0.6 0.2 50 9.6
0.6 0.3 42 13.4
0.6 0.4 34 14.6
0.8 0.2 35 10.7
0.8 0.3 28 14.3
0.8 0.4 16 16.4
1.0 0.2 26 11.6
1.0 0.3 17 16.7
1.0 0.4 10 185

SEA 7 R R I ) | B R S AR PR
TE A AL RIS EE R RIS B T 0.8% FHES TR &
VY 15+0.3%B5 R 5 o L 77 #E 90°C T B KBt (]
4128 h, SRS EE Ky 14.3 Pa, J& T 08 B VR IE , W6 JE
Fe o BHEER
22 BAKK

AM/DAC o3 Ry FH S+ BEAN R K i A
PR TR AR 1 T 5 AN (], 55 S HR 1) A2 K P 2 T
AR s YRI5 5 A W0 53 F BB L&V, AT
BEL: L AN sg B3] =2 1] 1) sC BRAE o PR Ry T i —
A Sk 25 ) PH B SR 5 W0 A L VR I B 751 %) i e
A E], %548 AM/DAC — ot R Yy BH S 78 LUK 4R
VS IR L A FH R 52
22.1 METFERIAER 6% a

TEW]E BH 25 55 W) 3% VR I SR BE ) e 1
SRR B S T EE SR Ao FH B8 B R s i e

a0 DL 2, AM/DAC e33Ry PHES 1
JEE TR R, S R TR R, S M o TR A . X PR T
T TR Wy PH S R A e ) R SR AR B PR T v
1) ot e 32 B oy K i A2 OR R . AM/DAC otk
RBY R P T R 5% . 15% . 30% . 45%I} , % S )
PR )l 13.5.14.3.15.0.,15.4 Pa, LIRYIMH
PR R B N 5o B S M /0N, B R R R
ANo BT on IR PR - R A v Y T R R
SR T fift T PR R (e 2K A A R R AR A B8R A
LGRS TR FE A A R

6000

5000

IS
[
S
S

3000

ZhE/(mPa-s)

2000 |

1000

0 1I0 2IO 3.0 40
]/
P2 BH T R IR o T Fry 5

SR LT A (] B Jle 5k B, 6 B PH 2 7
HS%MIREWYS. BL N 0.8% AW Y5+0.3%
Tt PR % ) VR S B 7R AR 90 °C T 1R e s 1] (786 i 24038
#4000 mPa-s )£k 32 h, #PERR A 13.5 Pa.
222 ABBERATRIAE R 6% vh

7E 0.8% AW Y 5+0.3%B5 4% ey 4k L, 4
SIS 7] 5 27 43 B BRI e o ARV e o XoF U
2 o8 52 s 1) 2 0 DL 11 3 AR BSR4 0,0.1%
0.2% . 0.3% ], 75 JIE 11 5L 452 6 49 331 4 13,5152,
16.6.17.1 Pa. FRIAEIE AT LA SCHE LR W CIRHR] o 45

5000

4000

3000

2000

Zh/(mPa-s)

1000 |

0

0 10 20 30 40 50 60 70
(i) /h
I3 R BT AR I B s ] 71 5 i



%36 5% 24

TROCHE, BPRIT, R e A FHES TR e AR I bl 5 P E RN 233

VR IE T e 3 SOBTy , JSC S T e o o v

T A P8 o e ) R S AR R M S e (5 4) ]
UL, AR R PO S BRI, R K #2822 7 30 d
P BB , IR PR A 25 5 T S AR &R TR A BRI
JREIS VR JG 3t 7K 5 i R 1 5 T 73 5 ) 8 A T D
/b, Bt IS8 7K s ) P9 A28 T RS R T2 iR L 30 d s 5k
AAFERE I, HARBE AT PR 20 6 A AR, K39
FEMR R B,

R4 BBRRMENFERIAE NI
90CHLE AR ] FIBRE K /%

BRI %
15d 30d 90 d 180 d
0 12 e
0.1 5 7 8 8
0.2 4 5 5 5
0.3 3 4 5 5

L5 7 RS I T S e i B R AR PR 2L R
T EE AN R 0.2% . P BHES TR A W%
T R AR T R £ 0.8% F A M) Y 5+0.3% 0t
PR E5+0. 2% 551 I , HEAE 90°CF AY B IsHH] 4y 55 h,
JRBESEJE K 16.6 Pas
2.3 EFIERETEM
23.1 @R

ek E X e 4 ) B P RE S e L S A
70 °C B R S 9 B AR Bt ANy 6.5 Pa, BB 3R 35 B ik
R . X TR IR T A R AR AR A 8 1 220, o
Z R I X AR I 2 IO P BELRSHVE FH 6 A8 B 2 g ¥ L2
YEAT . LI 7E 80~ 120°C Z [A] I REME i ka <& A%
JRE it 5 YL R 8 v, B S E [ 46 e, P A o
B IR R

®5 REIMERRBAIEAERM

g /C SRR ]/ SRR/ Pa
70 -~ 6.5
80 72 134
90 55 16.6
100 32 17.8
110 15 19.6
120 8 225

SFHIE KIS 4000 mPa-s HRHE AT E 2%, otk s mBeinf il
232 i
9] FHAS [ B2 P 00 34 )22 7K P ol e ¥

PEAT U S0, 25 SR L3 6. W25 b JZ /KT L B 1)
BT, RS B [0 220 T 4 T, S PG e P S R A1, (H A
16x10*mg/L W L EE T A A LR-FE 10 Pa /ity . X J2TC
LA R G o F R L D132 B, o3+ R G
i, ZW R N A5 R

F6 HHEIREARIERERR I

B ESE/(10° mg/L) R ] /h PR/ Pa
0.48 55 16.6
4.00 50 15.8
8.00 43 145
12.00 37 124
16.00 32 10.6

233 EAK

T EE R A, i Brookfield %
THAEAS [V B AN 7] 55 D) 3 232 I o5t Bl e ¥ 1) 8
B A5 4. LT BRI B B TE 80 ~ 120°C
S fie i A 250 mPa-s. HRIE IR G T 4%
P 6 FARRB L) R BT DI R R 7.34 57 B, 38 H
RS /N T 1000 mPa - s IRV ATl 2 28 78K
AL, BHES 1RG0 ORI 7R BT ARG S

300

—=— 30°C

250

200

150

Fh%/(mPa-s)

100

501

C'0 IIO 2I0 3I0 4IO 5I0 60
By )R /s
4 N[FEE T AR 2 FE B BT U0 R ARk

234 Rk

BB A2 J5 25 32 BB VI, 75 2 4%
PRIEEE T BB VI o K B4 14 B VRAE 100 ofs
1) 2 T e o BY D) S [R) e RD 0 e R A
(90°C \7.34 s7) B B[] R AR e 5k B, 5 SR L3R 7
e o B RS VR G B R R L B9 Y1) 60 min J5 FH T
K% 25% , Ui A BB P IR B W R A T — B FREE
ML i o oo S 5 V0ol b e o T A 3, e
540 J3E 37 v 1 B VIR B 2 i /0N, 35 Y1) 60 min J5 7k



234 Wl {2 2019 4
W PERE UL T W 14% BB A AT BEF N g,
Ytk e . e
(1] B B i b 2= [M. R 8 A ih K27 i A, 2000:
R BHYIRDERMERERI RN 148-149.
SN AREE R S [2] K ATHUHS 0 15 7 S AE S S RER S (D ). BT 2 R
min (mPa-s) h Pa JbAR:, 2015 3-4.
0 g5 55 166 (3] JEAMER, FHUN, D, ARSI 7E 0 T K AR
HLT]. i A e T, 2005, 15(10) : 82-84.
10 8 % 164 [4] KU, SRPRLL. H i T AT R e ek I )], A6 T
20 77 59 15.8 R, 1999, 7(1): 35-37.
40 71 62 15.0 (5] 2o, XVBE A LSRR AL E i B i B A ().
60 4 66 143 KIEATMHIR ST % , 2004, 23(6): 76-77.
(6] BN, Tl &, RXA . 27 50 AR R e 1A 25 5 i IR 28 43 M
235 M [J]. frihRep2E4i, 2002, 26(6) : 56-59.
" e s FEARI, R F. KR AT K
Hy 3 P IR RE A A s i 8 TR (32 8) TT L L R ER [7] ?,\Jﬁg‘ggigﬁiﬁlﬁl‘%*ﬂi i&ﬁmfﬁﬁ@&k@ﬁ%‘
11 AR 5% , 2007, 34(1): 83-88.
ili‘i iﬁiﬁ/]\m:g‘ R HH | ’4‘/_','3‘_f,\T NPrA
PR e Biml] E‘WE“E P gﬁiﬁ T e e R, R AR SORMRI AR M
YITE 96% L) I, 23 7| A L R 5 RE T. 2006, 34(1): 21-23.
%3 THREEYESRESD (9] wmaims, 4B/INpE, Fakds, S5, TRER IR H = 85HE 28 22 657 i A
YU FEHTM[T]. AMEER T2, 2002, 24(5): 59-62.
alme EARy ks BEROD mmor o) Sy g, e, . BMER SR FR Kt
% PV (mL+min™) HHERT I % o -
BEITHY (], i M4k7, 2016, 33(2): 235-239.
36.63 1.0 0.5 1336.5 32.1 97.6 [11] o, FtdE, koA ok g i s IR & g it
35.24 1.0 1.0 1248.6 36.2 97.1 ().l k2, 2002, 19(1): 29-32.
w672 06 05 13753 440 968 [12) fa@in, EVTH, ZEE, 5. AR A YR A
FEE 22 A 6 Il N D], b E PR RLE: 2011, 10
34.28 0.6 1.0 1227.8 454 96.3
(18): 37-40.
JERYN [13] W Rk, ERE, BTEAL, %5 28 mhk i s iR 22 0850500l
3 ZHik BEHCRPEM [T ], ML T, 2018, 47(8): 1725-1728.
TS [14] Tk, LA, 2o, —RPRHRIE 5 R A YA MU
T AMDAC T3 & YA HLA R R ERART Eﬂﬂ; b1999 16?\:){3124 J26 PR
R A =5, . : —20.
B R e b Tk K . AR s AT D) A 2
/ﬂ\:ﬁ? I%¥‘rxj%,ﬂ£§j m%fflm%kl%{ﬁhﬁfuﬁf [15] SWIECINSKI F, REED P. The thermal stability of polyacryl-
@éﬁ%%ﬂ)ﬁﬂ')ﬁﬁ#[ﬁj ’ ﬁﬁﬁ%%(}ﬁﬂﬁtﬁﬁ%ﬂﬁ%ﬁ%ﬂz amides in EOR applications [ C]. //SPE Improved Oil Rocovery
‘@ ° BH %% %é\%ﬁﬂl %ﬁ#ﬁﬂi%?ﬂl %'ﬁt @37:75\7 Conference. Tulsa, Oklahoma, USA, 2016: 1-17.
0.8% K AW Y5+0.3%ES R 55 +0.2% 58 4 18, 90°C [16]  RXBE. VR BRI MEREIT AN 7 i Bl AR ERFSE (D ). Sk
P ] A9 55, T i A R0 D ) o o s i 1] £y TL: KRAHEE , 2004: 4-23.

A e s 17] mhik, SEA, TR, A VRS SRR SR R ()], B
Tk SAERCRN 166 Pa B FRiaiE i, 7T T B TR
N v S P BN . : - .
%%%é%ﬁ*ﬂ%%ﬂi%%ﬂ FEATERS DT UIHER [18] MAERKER J M. Shear degradation of partially hydrolyzed poly-

Mt BT ER PR Aty , BHETEREA B, XHEAD A 1Y B
N[k 96% LA I .

acrylamide solutions [J]. Soc Pet Eng J, 1975, 15 (4) :
311-322.



% 36 5% 24 TROCHE, B PRV, AR e A% BB T RS W B ORI 1k ) S5 PERETEAN 235

Preparation and Performance Evaluation of Cationic Polymer Chromium Gel
XU Yuande, GE Jijiang, SONG Longfei, ZHANG Yuhao, DU Xiaojuan
(College of Petroleum Engineering, China University of Petroleum (East China) , Qingdao, Shandong 266580, P R of China)

Abstract: In order to deal with the issue that high strength chromium gel always had high crosslinking speed, the formula of
plugging agent was optimized by selecting cationic polymer and using of alumina sol. The chromium gel plugging agent suitable for
deep profile control was developed and its performance was evaluated. The results showed that for acrylamide (AM)/
acryloyloxyethyltrimethylammonium chloride (DAC) binary copolymer organic chromium gel, the lower the cationic degree, the
longer the gelation time was. Alumina sol could effectively delay the gelation time of cationic polymer chromium gel and improve
its strength and long-term stability. The optimum formula of chromium gel system was 0.8% polymer Y5 with 5% cationic degree,
0.3% chromium acetate and 0.2% aluminum sol. The gelation time was 55 h at 90°C and the elastic modulus was 16.6 Pa, which
belonged to high-strength gel. The plugging agent had good injection ability and strong shear resistance. Meanwhile, it had strong
temperature and salt resistance, and its blocking rate could reach more than 96%. This plugging agent had long gelation time and
strong plugging performance, which could satisfy the requirements of deep profile control.

Keywords: chromium gel; cationic polymer; aluminum sol; gelation time; elasticity modulus; profile control

(3551957, continued from p.195)

Optimization and Application of Strong Plugging Drilling Fluid for Horizontal Well in Tight Oil of
Yanchang Oilfield
ZHANG Wenzhe'?, LI Wei'?, WANG Bo'?, LIU Yun’
(1. Research Institute of Shaanxi Yanchang Petroleum (Group) Co. Ltd, Xi’ an, Shaanxi 710075, P R of China; 2. Shaanxi Extra Low Permeability Oil
and Gas Exploration and Development Engineering Technology Research Center, Xi’ an, Shaanxi 710077, P R of China; 3. Exploration and
Development Technology Research Center, Yanchang Oilfield Company, Ltd, Yan’ an, Shaanxi 716099, P R of China)

Abstracts: In order to speed up the development of tight oil and improve the horizontal well drilling technology of tight reservoir in
Yanchang oilfield, meanwhile, aiming at the polyacrylamide potassium salt (K-PAM) polymer drilling fluid system used in the
current stage of Yanchang oilfield had shortcomings such as poor rheology, insufficient plugging and inhibition, the indoor
optimization of the commonly used fluid loss reducer, inhibitor, lubricant, plugging agent and other treatment agent was preferred
to obtain a formula of strong plugging type nano-polymeric alcohol water-based drilling fluid suitable for tight reservoir. Finally,
the drilling fluid was applied in the field. The results showed that the polymer fluid loss additive COP-FL could significantly
improve the water loss and wall-forming property of the system. The non-fluorescent anti-collapse lubricant FT342 had strong
inhibition. The liquid extreme pressure lubricant JM-1 had good overall lubrication effect. And blocking agent anhydrous polymeric
alcohol WJH-1 and nano-emulsion RL-2 could increase the drilling fluid blocking rate by 51.7%, which could enhance the wellbore
stability. The horizontal section strong plugging type drilling fluid system, whose formula was 4% sodium bentonite, 0.2% soda
ash, 0.4% K-PAM, 2% COP-FL, 1.5% FT342, 1.0% JM-1, 5% WIJH-1 and 3% RL-2, was applied to two horizontal wells in tight
reservoir of Yanchang oilfield. During the construction process, the system had good leakage prevention and sealing effect. The
mechanical drilling speed increased by 30% compared with the adjacent one, the construction period shortened by 35% , the
downhole accident rate reduced by 85.7%, and the drilling cost reduced by 34.7%, which provided effective technical support for
the excellent drilling of horizontal wells in tight reservoir of Yanchang oilfield.

Keywords: tight oil; horizontal well; strong plugging; strong inhibition; drilling fluid; Yanchang oilfield
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