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VA N I N At 7/ B R N [ P =
FRRER /KU HAT 143 WA S p TR R AR L Ak Ak
NIRRT 15 CH, SRR Eh /K I KAk =4 22 N
KBRS (CAHL) 5 KAk S By i B o — 2 T i &
15~27 “CH}, HoK Ak =¥ =2k CAH, /K —
55 (C,AH ) FIAR B IS HH (AHS) 5 7K Ak 52 0 T 3k 3]
50 CH, HAK AL =4 3 2R 7 K45 =45 (C.AH,) fl
AH. FRFRERKICTEH IR A T 4P A5 BT
RIFEAS (CAH 5 CAHH Ak C:AH,) 75 5 H B AL
BRI 7535 R RO AR I B S
Ah AR BRF 5 A1, iR T AR R AR K U A TR
FESs A i BUEE AR (C,AHG AT AHS 4R CLAS) , K
VAT OSSR 2 ) T R AR BE R

HH, £ R IR ER K e # S =il A5 T kA
i TR A 7 5 K R A RO 2 A AR b LB I K
B 15 R R R Y AR A (R [ N AR SR T
YR R B IRER AN LR S R PR TR
JEALFR , BRI HR IR K IR A B R IR AG
7 i ol P A E A EL A e 7 F Ay R 2R 254, T
D AR - i 137 B K D8 R 2 1L, (AR R R R K T
TR LA BAF 0 53 OO TR 25T IR S
SN AT LA — A $E T AR R R A Ue A AT i TR RE
AR S R IR AR K U A FE i i TR IR IR Y
AP, ST, AR SO IE AL 5T T R A
L T B , RGEIESE T RO AA R 7S D i 1R A o 4
FRER K VE KA T R B HoKJe A1 7E 650 C i T
7 R RE G 2 M R, e L2 L BE AN RO ZE A
AT TIRAIRGY -

1 SEEE

1.1 MRl5{EE

FRIRER KR, Tolk i, % 47.14% Ca0.39.13%
ALO;. 4.61% Si0,.4.58% TiO,.2.52% Fe,0s.0.59%
K.0. 0.56% SO;. 0.29% MgO, ki & 4 0.3 ~ 165
o , ERM S T REFR B R ER AT BN W] 5 7S IR R 4N L o
HR SXY-1., 71 #9571 G603 | [ % 2k 7K 7] BXF-200L,
B2k Tolb iy, e iAol 424t 5 Pl Sk b e % A
KK

HTD3070 B FCARHEFEAIL , T 5 1538 35 & AR
AR E] s YAW BT 788 HL , 5 R A Tl il i
RGA AT PQ-001 BUAZ R ALHR 43X, J3 M 41

L5 HTALES A A BR A ] s TGA1200Q AU AT 73 Hr
S, R ARAESBHE A BR A 7] s AutoPore V 7l 4>
H 3 R LR DAY, 22 e R B 5 (i ) X3
A BR/N ) ; XRDynamic 500 % X SHEATEH4HTX, 38
HiF| Anton Paar 23 7 o
12 XWH*E

(1) MR AR ER K V3K A £

PR R R R 7K e 2R Y ) 45 4% I GBT 19139—
2012 7K PR35 7 32 ) BT B $UA T o 7K e
FEH LN : 100 g SRR ER /K UE+0.1 g PRI +1 g
ST SXY-1+ 4 g FE1E R /K57 BXF-200L+ 1 g {474
G603, 7K 11 FH AR 4l 2% B EA T 3 1 5 /K I8 2
RN 1.90 glem’, IK e 2 FE I I 0.1% . 2% .
5% 10%5%, 15% 1Y 2P R4 AL 7S Al W R B i i 7K e,
IREES 9 44 F GNC,.GNC, .GNC, .GNCs .GNCo.,
GNCis.

(2) MCPERRIRER AU AT B £ KL F7 4

167 T S ) TS B TR S 7 T 3 AR P R T
H 925 % 70 mm [ ERME AR S B TRE N 50 C
P TERV KB TR FE T B IR 7 d, =P e U KK
Ve AT SRS o BT, D004 T 85 A P A
RSF R 925 x 50 mm (7K Je A1 808, BPASAf AR 2
IKVeA o BERAT KA REAE B IR IR T s
AbFRT d, RIS TR KA s AR iR
BERE K P AT TRk 4328 % 05 BGER 437K e A A
TE AR PP MR 2 650 "CAbFE 7 d, DAL 0 A
SN AL T4, BI RT3 650 °C iR AL BRI A7 -

(3) MCPERRIRER K K ALTT R o AT

i A 1K 3 A% 1 4R I 3K 40 A7 £ AR (Low-Field
NMR) 73 M AN [R] SR S i T 4k i 2 ) 40 Rk
IKVER RN K AAT R o R PQ-001 BY A% R 4R 43
BT ASCI AN (7] S5 P b Ak 7l e 1 ko 2 1 460 e 56
IR AE KA LI (24 .48 h) B RE [ BB T4 ] (T2)
MRS P LR % R 23 MHz, #4148 12
32 CHIREIA G, CPMG ik w2 51, [l 3% A4S ok
1000, [71 3 B E] >4 1200 ms, R4 15 it B 5 s 2%
v B R T RO R A BUR R R R R K
PEAEAN [FIK A IR To o A o A A% 0 S 50 v o
T 'H B it B A5 5 %k 2 FL PR R L 9 B Ak 27
ISR U K AR K I KA Y =22
FIE 2, KA 2 A K 1 3 A AL
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(4) /KIe A BB MK

2 W SCHR [21-22 T K e AT iR RE B B R
HLAA S, 43590 R 7K (6B R %001.0 mPa-s) AR
(BhE Z%00.0172 mPa-s) VE AR T, %o 4 i 4
LS A PR HEAT R INE 3 R, WA BT A0
650 ‘CAbHL7 d A O T iiE &%

(5) 7KUY AT e B Atk

R, R YAW B SR g6e L L5 5
RGO E ER R R K e A iaURE R 7T He 5 B 4
FRARERE SN E0CR 34 IS8 s BOCT 1R

(6) X AT 4Hr

& F XRDynamic 500 % X 5 26 fi7 55 5 A 43U
SO ER R R /KU KA = W R A T A L AT, AR
HUH SRR R R /K e A P B T 25 KA A, T IS 28 403
AR A, LIS Cufll, TR KN
0.1541837 nm, TAEHLHE A 30 kV, HL i A 10 mA, £
HEFEE 2000 5 ~ 70°, FHEHEN 0.02 °/min.

(7) TR BRI Ve A7 () FLBR

Z M CHER[22], R AutoPore V 14> H 3 R K
DAL AR AR R K Ve AR A FLIRE <

(8) I /T

K TGA1200Q Y #4 H 43 B 4S0O0T 2l M 40 ik 3
IKVETKAL =Pt AT I BT . SRS EOh - il ~
1000 C, FHR# A 5 C/min, &AL
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YER s [RIBS, 7 B st 74 06 T AR, Sz Bt % 7 D il P M
XHER R ER K VeI At AR M B — o B RIOR , 3
oK YR 2K IR GNC s H A 25 #4 7K 5 BRI

3000 (a)24h

— GNC,

2500

—
T =]
S S
S 3

Proportion

1000

500 |

2000

1500

Proportion
—_
S
S
IS

500 |

) ! ! 1 N
10" 10° 10' 10° 10° 10

T>/ms
BT AR R R KR KA 51 (24 .48 h)
Y T3 A 26

22 NIRBEERIN SRR KRB S F IR
PR ER X R R ER K Ve AT 127 5 FE AP TR O B

F B AR SR BERR S5 R X 3 Al [RPIRZS

BAMRER K VR AT AT 5 BE A2 L AN 2 s o 75



40 K% 4

Jr 1) B SR, FR/NGR « U IR B PR R AR K D kA AT Bk fE 617

R1 KLEH(24.48 h) I . TREE
b T AR
R 24 h 48 h 24 h 48 h 24 h 48 h

K R R E/ms Ty/ms

GNC, 0.3259 0.2283 1.2158 0.7361 32951 25941
GNC; 0.4298 0.2814 1.3962 0.9263 31740 25967
GNC;s  0.5175 0.3619 1.6811 1.0871 25641 25828
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IKRAPEIR BT 2~3 4%, PUERE T
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PR BERRENE 1 X 3 Bl PRS0 IR R K e
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T AR AR R K YA ARG 5 2 5 L BT 8 A
fERHaF, R WIwERR Eh Al AR G5 s £ T+ K Pk (4
T sh e, B0 G SRR E K Je Y KA 7 M) 4k A TR

AR, 2B 45 R SRR R — 30 S5 I
TR A5 KT 5%, TR 1 K e A AR 4
FLRS/KIA BB R T A IMEED 45T
BEIR4NIB AL T 5%, 650 ‘CAMFE IS K IR A7 (1995 %
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TR N T 5%, KIe G B 5 R LA
IRTSTIYE
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—e— AL
100F  —e— TERECE RIS

E —A—650 C &AL E
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K3 NORBAERREHZ X 3 Rl RDIR A
BRIRER /K IEAT B 1A R

2.4 NIRBEERA U SRER Eh K IR KL FE 2K BY
FRRER /K Ve AT BN 5% 7~ e s PR ke M 0 TR
ERIKIBAAE 50 ‘CHI650 C 54T 19 XRD K 1% 4n [#]
4 PR . TCWHEAE 50 CHEEFE 650 CHMET , A
8 1R B O 0 Y S0 o0 R TR R K U A K Ak
Y. WFRRIT SRR IR T S RBERR A
Z 5 KIe A KA N . 7550 CHIE T, 7K
T A B 2 E AR LR - C:AH,, AH, LA J2 I [
C.AS; 7E 650 C Ab B 5, KU A1 1 E LW AH N
CiA+, CA, CA, FIl CGAS, X — f By 6 A R 8L 5
50 ‘CIE T A B KA Tk A 5% , ELAR ) S iz
DR (1) A (2) frste >,
C;AH; + 3AH, — CpA; + 33H (1)
C;AH; + AH, + A — 3CA + 9H (2)
TAN A ST R A IR i R B 5 AR R ER K
bl 5172 e Y A Y A N L Y
FRIRER A VeV A 7S Im B TR AV W v, 7 e Yl 2 A
TARTR ER K Ve 5 7K B S 0L 3 A A, TE R T Y
NaCaPO, - xH,O FIE AL FREERE ALO; - xH,O =255 ik
BEFAHIE L. YRR ER SR (200 C
28 d) , JoE K NaCaPO, - xH,O 5 Ak hy 4 i T 32 kil
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&4 FRRRERK IR I AR R 6 /K R 4 TE
IRALFERT)S A9 XRD [Flii

AT Cain(POs)s(OH )., WARFRER /K T FR AL 1 25 1 45
H1EH.

15 R 6 R K A0 R £ K e A FB N 5%75
T Bl TR 0 SO PE 408 R R 7K 8 A3 7F 50 °C RN 650 °C 251
Y TG-DTG i . 7T LABH 8 & 1, 650 ‘CAb B Al
KV T R EEROK T A RN 5% 7S IR
8 2 0 80 K e A B R R 43 5 R 15.89% il
15.34% , 1fi1 650 °C =y it Ak P J5 ot & 1 2% 43 51l 29
5.67%H1 1.73% . RS BERR 84 n] LUE i FR IR 5
IKPEARAAFEWBIE . XFF 50 ‘CHIZKIEA , A DTG
& A] LB B HUAE 105~400 °C 2 [al 45 BH i 1 45 i
I 3 T8 5 KA 9 C,AH I AH: YR K A ¢,
T C:AH F AH, 19 73 1R He 3230, I A DTG
Elig EANBERL WA A Z B 225 . X650 C
o A RS KA, R R e AT 7S i e T T 2
PEAKVEA 1) DTG M Ze A A BA 514 7 fifpi , i =22
5 CnA,, CA,CA,, CAS LR EA L2 FE
IS T ILT5E ik, B 650 C AL B 5 1945 iR
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W H AN R KA =9 X5 AN [R) 8 o i TR 245
A SR AT LI A 545 7K Ak 7= R X o 6 O 1
B ORAT= W) o b 2 [ A 3B A ) 7 22, K
Ve A KA A A I I 2 3 BBl P ) Jo s 4 2 L DL
F2, WEEART 180 CHI, FZEXS R 7K AL =1 Ny
Jo e Y 1Y AH-gel ; 5 7E 180 ~ 290 C Z Al , &
BEXE K AR 7 W S A A B SR Y AL i EE AR
290 ~ 400°C Z [a] s}, 2= BEXF R K Ak 7= 9 S &5 i 3
U1 CAH,; T BEAE 400 ~ 1000 °C 2z [a] i, 32
X I AR E M B KA ) . 7E 50 CHEET
5% IRBERREN K A AHL-gel 12K i 515K
IKUEAT A HEIZ TGN (M 0.38%4 2 0.53% ) , kL
PRI HIERBREL K IR A 7E 50 “CHEE R /KAL BERIE ; 78
290~400 C Z [1] , 5% 7~ b B 1R #4247k e A v
CAH, 451 2% JoT 32 W7 sk 2D (MK 6.06%0 2 4.40% ) ,
2% B 7S i e R 0 ] AR G- b A5 AR R R K e A 1
IKAEFRBE , X — 25 3 5 SOk 3, 7E 800~
1000 “C 2Z[H] , 5% 7 I3k 12 44 el 1k K U A bk Ak ™
V) CoA; 1Y 1 2K BT & W& T3 (N 0.31% 3 =
0.52% ) , FEBH 75 I iR £ ] LA 2F R TR A% T e 4k
WLZM CoAre TE650 CryildPiEE T, T FE2 KAk
7= AH FI C:AHG Y 2 i AL, DR -0 A 3
o R

F2 KRAEKUFMERF AN RERE

FRARER K U FRERER K IR+5%
% AN/ %

W/ C Yin

50C 650°C 50°C 650 C

105~180 AH;-gel 0.38  0.73 0.53 0.28
AHs-gel
180~220 C.ASH,* 0.70  0.70 091 0.21
220~290 AH; 5.79 1.57 6.07 0.39
290~400 C;AH; 6.06  0.81 4.40 0.20
Residual AH;
400~800 and CAAH, 2.65 1.28 291 0.39
800~1000 CnA, 0.31 0.58 0.52 0.27

2.5 NIRBERN R EKEGILES T
IR SRR ER K e AT 5% IR B S A 1 BR R
JK Ve A A e i A BRI B9 FLAS oA SR 3 B .
50 C AT I ARIRER K AT L B 5%75 i i PR
A A PR R A DR A LA Y 1] 32 B A AE 100~

1000 nm =[] , FL7 s il 12 B el 1 J 1 7 e A LB
JERE K . 650 CAMHLG , R4S ik R R Eh /K e A A
5% 7~ i B R i v R R K T A Y 2 B LA T
J54E 100~1000 nm Z [1] , {HAHXF 50 “C 444~ 47 B
AR FLER I A A

&3 SREEKEAREMEKRAERILES ML

b FURRR /%

WEE LI %
52 <10nm 10~100 nm >100 nm
e HR 223 6.40 1446  21.56
K 650 °C 1.88 11.92 2921 43.05
KT wiR 0.48 7.45 1898  26.92
+ 5% 5
W4 650 °C 1.56 14.88 2643 42.89
:': N
3 gHie

T TR W R Rk /K U8 A 7 2 588 B F19B 385 A7
TERON B 3F B . SRR Eh 12 B AR T 5%,
650 C iy il A BRI AR IR ER /K Ve IR R BT 5 B2 AT XS
FHOAR HIRIT i 3 KBTI 5 A AR
B T 20 VANHIUREE s 44 B K S, b A
K U8 AT L 5 B i R 47.19 MPa, 5 KT 5%
I, B U B2

BERRER X SR RRER K IS KA W) B i /)N o
VRIRAR R R 7K U AT RIS D e 192 B 0 1P 5 R kK )
A RAR = W A R — 3, 650 “C ey Ui Ak P SR
R ER /K IE A 1) FEEYAHELSE CA,, CA,CAFI CAS,
(B R 41 T LA i AR IR ER K e KA SRS
HaT DM st il PR T A A O 200 C A,

BRI ER AT LA R IR R /KU A1 FLAR A AT, ek
FRIRER 7K VAT LA K 7 i B35 R M o3 14 45 1R R /K Tl A1
FLARYE B B/ 7E 100 ~ 1000 nm 2Z &), - HN
Pl R B A M J R 7K e A Pl LA S B A I T Y
FLBR AR (H SR 650 CIREE N b B S 8ud ¢
FRRRER KA KSR IR E K A 1 LA B A
Sk
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Hydration Behavior and Properties of Modified aluminate Cement for Well Cementing in Shale Oil

(1. Drilling & Production Engineering Technology Research Institute, CNPC Chuanging Drilling Engineering Company Ltd, Xi’ an, Shaanxi 710018,

P R of China; 2. National Engineering Laboratory for Exploration and Development of Low-permeability Oil & Gas Fields, Xi’ an, Shaanxi 710018, P
R of China)

Abstract: The resource potential of in-situ conversion of shale oil is enormous, and it is a strategic replacement resource for China’s

oil and gas industry. However, extreme high temperatures under low maturity shale oil in-situ conversion conditions can lead to a

decline in the strength of hardened cement. The influence of modified material sodium hexametaphosphate on the hydration

behavior of aluminate cement and the application performance of cement slurry at the high temperature environment of 650 ‘C was

systematically studied, and its macro performance and microstructure were deeply explored. low field nuclear magnetic resonance

http://ythx.scu.edu.cn
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Performance Evaluation of Gel Plugging System for High Pressure Water Injection Well under Pressure

Operation
WANG Wanfei', FU Hong’
(1. No.9 0il Production Plant, Changqing Oilfield Company, PetroChina, Yinchuan, Ningxia 750006, P R of China; 2. No.3 Oil Production Plant,
Changqing Oilfield Company, PetroChina, Yinchuan, Ningxia 750006, P R of China)

Abstract: In order to meet the strength, gelling time and gel breaking performance requirements of the gel plugging system for high
pressure water injection wells under pressure operation, a temperature-resistant and salt-resistant gel plugging system was
developed. This system utilized acrylamide (AM )/2-acrylamido-2-methylpropanesulfonic acid (AMPS) as a binary polymer system
and trimethylol compound (Smel30) as crosslinking agent. The effects of temperature, inorganic salt, simulated oil content, and
shear time on gelling time and gel strength of the system were investigated. Additionally, the influence of sodium persulfate on gel
breaking effect of the system was studied. The results showed that when the temperature increased from 40 C to 100 C, the gelling
time of the system decreased from 23.5 hours to 2.0 hours, while the gel strength increased from 39.4 Pa to 88.6 Pa. Inorganic salts
could reduce the distance between polymer chains, which led to shorter gelation time and a slight increase in gel strength. Three
inorganic salts were arranged according to the effects on gelling time and gel strength of the system in following order: NaCl <
MgCl, < CaCl.. The gel system exhibited strong resistance to oil stains and shear forces. The addition of 1%—10% simulated oil
increased the gelation time from 8 hours to 15 hours, with minimal change in gel strength. After shearing at 60 ‘C and 500 r/min for
60 minutes, the gelling time increased from 7 hours to 17 hours, while the gel strength remained 81%. The gel system displayed
good thermal stability. There was no significant dehydration after aging at 60 ‘C for 15 days, and then the gel strength remained at
67 Pa. Sodium persulfate was an effective and cost-efficient gel breaker. After adding 30% (mass fraction) sodium persulfate with
dosage of 30% volume fraction to the gel system, the gel breaking time at 60 ‘C was 20 hours, and then the apparent viscosity of
the residual liquid was 64.4 mPa-s. The gel breaking residual liquid could be easily displaced to the ground using gas or water,
meeting on-site construction requirement.

Keywords: high pressure water injection well; pressure operation; gel; gelling time; gel strength; glue breaking

(#5620 1T, continued from p. 620)

analysis and testing technology showed that the sodium hexametaphosphate had a significant retarding effect on the initial hydration
behavior of aluminate cement and could effectively improve its rheological properties. In addition, at the temperature of 50 C ,
addition of sodium hexametaphosphate could significantly reduce the permeability of hardened aluminate cement, at the same time,
which had no significant impact on the strength. After treatment at the temperature of 650 ‘C, the maximum compressive strength of
was 47.19 MPa by adding 5% sodium hexametaphosphate to modify hardened aluminate cement. Simultaneously, before and after
treatment at 650 C, the hydration products of aluminate cement slurry underwent significant transformation, the C;AH, and AH;
converted into C;,A; and CA mainly. C;AHs and AH; underwent thermal decomposition mainly during the period of 180—400 C.
the pore size distribution of mercury intrusion showed that the pore size range of clean hardened aluminate cement and 5% sodium
hexametaphosphate modified hardened aluminate cement was mainly between 100 and 1000 nm, and the pore size of both types of
cement stones increased due to the transformation of crystal form after high-temperature treatment at the temperature of 650 C.

Keywords: shale oil in-situ conversion; aluminate cement; sodium hexametaphosphate; mechanical strength; hydration products
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