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WE: REFXEESYER, TUBLREAYEEARPFFENRAY AER, W RIIE 4828 ME, /% EOR #
RGP —MH TR Z R M. RIS A 2 YL 8K R 5 A XE 4 F R 8 & 38 2K 7% 58 9% Bt i (HPAMD , FF /R
TUSERAYENEMNERELREADERRMR. FRERRN, HKEREAMRB K REES ,HPAM % E K 150
~300mg/L, R BEFI ¥ B Jy 50~130mg/L MR ,75~90CHKH T £ 180d, K EHRFFTE 40. 6~94. 6mPa »s. 5 A
YUK AR A B, T DA K OB B s PR AL 22 MU R B . R R R W 35 90°C, W94k BE 7] 1% 100000mg/L, 3¢ B W &L A¥5 7K G
FHAES . ZRASREOHERSHEE TUEAERRENT AENRBESEHE, R T HPAM K ASBANEE,. 8
A RN AR, FANMRREMILEAT T HEHER, AR HPAM 2 B8 K N B R HPAM 4 F [ K
RZBER N LHPAM A TS BB AN T TR M &4, BHit, % AEK#E HPAM RIREKHOTHEARM TR
BB HPAM B A HERE .

K@ ABRESY ;IR RAHBE; WERE A, KRR TR
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RS B A 7 R AE N, T KRR B R R R A B R R R AR A B YT B MR
HEE., EREXHERAYHEARDY, ERXH#—T EOR F AR, SREYBREARMFHLRMEL, HEKXK
BARMZTH AR UK IEEREEMAEN AR, BHIEHJLERZS A EENSMEZ X E, A EOR AR
G — A B BAR R R [,

ARG K % RN BB (HPAMD A EM R AW B R A ERERB T Z AN AR, BEEEARE
FIAFTEFERHMES . ORESYHARES, K HPAM 3% E — 5 1000mg/L £4 . (2)MWEtEaE:,
METFABAGHESHAES. QOMENEZ. BTRETHENBBEKBND TREEM, —BIAAIKTB
Srak PR HPAM AT/ ERBER 75CE N REMNFZREST LEBRMWBRAGEETLERS
PWER, B TREENTHENRATET A AUU LERAEERA RGO RERZ TR BN R
W, ERH T HPAM f0 AEE. SRAHERSYTUBRKEENREHBELEEER, BREXXREY
B RS BE 32, A TR AR T L 3 4R 3 7R B 76 S o 1R R i SRR P B B AT St SR T B B R KA ML AZ IR R
HAMNSFREEN HPAMI285, TR TURERSYRENEHNREKEXEKRSGYERRNTR. IRERE
W, 2R ERBRYLERMAT . AARBAMEKES K HPAM % E (150~ 300mg/L) XBKE R A NEAH
1R %5 B9 RS BE (40. 6~94. 6mPa + s), i B R B A5 & BT b E 88, AR KM NI A S .

2 LRI

2.1 FERA

HPAM1285 . % B Bk & BE A& 2 &) 7= &, M X 4 F & 2100 J7, KA B 23% . 3CBKH RSO A A K
B S il K 1 F VS K RS K G 7= KD W K BIpHAE #8. 0, 5 4L 8 R 360mg /LB F R 4 :Na*

TEEB AT T, 58,1957 2 A%, 1987 FEI TP IUKRE  HEHRLE AATEHAMBFERBEFEAAERRTEM, ERL. Wi
HHEMAT.



Ba it 3 0 £ B R E X R AW R BT 71

(80mg/L),Ca** (23. 5mg/L) ,Mg** (9. 5mg/L) ,SO}™ (20mg/L) ,HCO; (126mg/L),Cl~ (104mg/L). 5K i
PH fH% 9.1, 5 4k B & 5002mg/L, H B F B #r : Na* (1600mg/L),Ca’* (14mg/L),Mg®* (7. 5mg/L), SOz~
(391.5),HCO; (1816mg/L),Cl~(1172mg/L),

2.2 HREEmMEENR

R — E &9 NaCl, 2B R F1 HPAM1285, i A 2] H % K &, B3 2h, i H R — £ 5 L E A HPAM
R 2B HPAM B ARG M2 R4, 18 HPAM BBHBZLHEBE T, A8 0., 4 REHE 1mg/L
THiEMFFHRBRERKE7SCH OCHERME P LA, IR —ERHEBRGZEK, AERE>K
Brookfield B3+, 7 30°C6Y/min &4 T W & B R AE LB R B HPAM B WA R .

3 HRH5Wie

HPAM FI BRI KW K /DR HPAM BRBEERBURBRBEEKREWESHLBER L%
FZE HPAM K2 R EEN LTI ER. HPAM BRE KRB AR EARM KRN, SRR REEN
KB GHPAM ER®, SRR =R REWHER, EHEPRETHEMARIERBRNEH. HEEER
By HPAM #0132 B 50 B 41 6 96 B , 6 3K Bk HPAM 5 98 ) . JBX B 161 0% B8 B 48 7 O i R SR ) fE .

1 B HPAM i A W5 BE A0 32 4L Y B # 3X ] (TDS: 15000mg /L)
Table 1 The viscosity of crosslinking HPAM solutions with aged time

L 2ilit R £ & B B @

(mg/L) [§0D] 0 1 2 4 6 30 60 100 140 180
H:1500 R 180 75 25.2 — 38.6 — — 2100 — 1906 — 2080
90 25.2 150 — — — 2400 — 2050 - 1980
H:700 R:130 75 7.9 - 30. 8 - — 1052 — 1216 — 1156
90 7.9 130 — — — 1362 — 1552 — 1220

H:500 R:130 75 5.2 — — 635 — 520 - 402 — 496
90 5.2 — 91.5 - — 480 — 380 — 502
H:300 R:130 75 3.0 — — — 71.5 95.1 105 95.1 96. 2 94. 6
90 3.0 50.2 — - — 108 81.6 114 104 86. 8
H:300 R:SO 75 3.1 — — — — 90.6 85.2 62. 4 65. 4 61.4
90 3.1 — 21. 6 — — 78.5 65. 2 62.6 60. 6 61.3
H:200 R:130 75 2.1 — - - 34.2 47. 6 40.6 47. 6 50.6 43. 4
90 2.1 22.3 - — — 68. 6 48. 4 60. 2 55.2 50. 2
H:150 R:100 75 2.0 — — = e 47.6 49. 4 54. 6 57. 4 48. 6
90 2.0 = 27.6 = — 38.6 30. 8 47. 4 46.5 40.6
H:100 R:70 75 1.5 — = — — 13.1 22. 6 18. 9 16.5 17. 8
90 1.5 ~ =3 15.6 — 9.1 4.6 4.2 4.4 3.0

H:1000 R:0 75 17.6 - _— - 17.1 15.1 14. 4 8.3 T2 4.6

90 17. 6 - — — 13.8 6.2 4.2 — = —

ME1IAUER . (1)75~90C KM TRZEN R BFMBRKN BB RS, £ HPAM ¥R EKE 100mg/L B
BERAEARARBR R, HAAB HPAM BHMAMEXRBEH M. (2)HPAM AR AEZVEEE WA LK
HPAM % ¥ &9 ¥ 88 . HPAM ¥ B2 700~1500mg/L B, Z 4k 180d J&, 30 Bk HPAM % BB K5 BE £ 1000mPa « s
Bk ,500mg/L B 32 Bk HPAM AR B B8R , AE/E RN R A . HPAM ¥ E R 150~300mg/L,R ¥ E
H 50~130mg/L 3B HPAM % ¥, &4k 180d, b5 B H AR R 7E 40. 6~94.6mPa » s Z B, EEIE N KR FH.
SR BN A 1000mg/L HPAM BB, AMEREEEE BRE HPAM AEBXBEERS, TUTH
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2R B 1/2~2/3, (3) BBt 18] 7 AR A Jo B KG BE AT DA A 08 HPAM AT R WA B RLASY . (4)90°CHf
R R B B [ B 75 °C I B B JBE N 1D 4 33 U B R IR 4k 44 T B A R T B2 BR R R HPAM R A SR BR R B .

HPAM 7 W T 2h g i 2=, B & Mk 9 4k B B 32 5, HPAM 75 WB0RG BE R 08 B T M, ME A S B 15 K D
FAMESTLEMBELHERSYEREAR. HPAM XBKEAEEXMREREBIARE KB IEB R ARB AR
B(FEDMNE2TUFH,ZETIER 360~100000mg/L [ NaCl £k #,75~90°C &4 F 4k 180d , Bk X 8
BRGNS, 035 T 18 B 69 ks B (42. 8~108mPa + s) , EE H 4L B 100000mg/L &4 Fh XA H KR
BIBLEh PERE . BEE W LB A9 hn, 2B HPAM B MM R B GE, MEEHM K (R 3D, m75SCHRET. 74
B B 360mg/L BY , 35 Bk HPAM ¥ ¥ i AR 2 Bf 18] 29 20d , A% BB Bt % ¥ K B 25. 5mPa » s; 8 4L B 2 7000mg/L
B, AR B B E) S 7d, K5 BE R 38. 5mPa s T B 4L B 8 15000mg /L B, BB [E] 9 5d, ¥ K 51. 8mPa » s, X i}
B, 5 4L B4R B BT LU Kk HPAM 4> F a2 Bk R R B HLER

HPAM % FHNHFELSREEXSHERIMH TR, RFEAM HPAM BB ESERNAR, 9 LEHR
AP T HPAM 4 FEMNFERS. EFAKTLERE REANBERRAZINEFREEAR
R, M HPAM 2 FHLFENMSHKERES, X FHEANZEAZAERR LD ET REHS TFTHZE, TR
4 FREIRBER B R A E. HPAM 4> T 18] 38 B R 2 BT DA B 4 3 i 3 Kk HPAM 4+ F 9K 3h fr 2k R,
HPAM %5 WOKS B AR 3 K, 32 Bk HPAM % ¥R #) J JBE Bt ) 8 48 4

%2 TEATHEMNZE HPAM B R EHNE/LHEX R MHPAM:300mg/L,R:130 mg/L)

Table 2 The viscosity of crosslinking HPAM solutions in different salinity brines with aged time

L 29 3 % K ® B WD
(mg/L) (§e)) 0 30 60 100 140 180
100000 75 2.2 71.6 85. 2 127 121 108
90 2.2 85.0 116 108 102 106
30000 75 2.6 85. 6 108 83.4 88.2 90. 6
90 2.6 95.1 105 95. 2 88.4 87.4
15000 75 3.0 95.1 105 95.1 96. 2 94. 6
90 3.0 108 81.6 114 104 86.8
7000 75 4.0 74.5 80. 2 95.0 91. 4 92.6
90 4.0 60. 8 65.0 80. 4 74.2 76.4
4000 75 4.2 85.0 103 86.4 91.2 88. 6
90 4.2 84.5 101 92. 4 95. 4 85. 3
2000 75 5.6 72.6 111 116 103 96. 4
90 5.6 95.0 104 106 94.8 90. 6
360 75 10.7 40. 6 91. 6 91.4 96. 4 89.4
90 10. 7 59.6 74.2 44.8 58. 6 42.8

%3 AATHERNZE HPAM 3 7K 5B it ia] 7045 B (H :300mg /L ,R:130 mg/L)

Table 3 The geling time and viscosity of crosslinking HPAM solutions in different salinity brines

BE ' (4 B (mg/L)

BREZH

(g0 360 2000 4000 7000 15000 30000 100000
B A (d) 75 20 7 7 7 5 4 4
90 7 2 2 2 1 1 1
LB KG 75 25.5 18.2 24.1 38.5 51.6 34. 6 28.6
(mPa + s) 90 27.4 31.4 34.5 36.5 50. 2 48.5 39.7

FE,FERKKBEEN HPAM,EERKTEEKFHN ZEZREERNORBEES. R4REKEF N
13%, M xt o FHEE N 1600 J7 i) HPAMG620 ZEMRH 1L B (360mg/L) 18 /K o B B B #1 HPAM 1285 B Ho % .
BB, BT HPAM620 W AKBER(3X) . RESELV . REMNFENB KO THA T HEHMKBRES, X8
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R RL ¥ BEAEHPAM A F 18 & A , BF DA H R B ot 18] 48 (75 °C it 7d, 90°C At 2d) , K I B B &4k, ¥ 2 100
mPa s A k. T HPAM1285 KK & (23%) ., EE K HPAM A FEL TET BRE . S FERER K
MZRGTRRES FRARBRN ., BT AH BB E 75°Cof 20d,90°CRY 7d %t b HPAM620 £ , & 81 & 8 &
b, K5 BB 7 42. 8~89. 4mPa » s Z 8] ,f& T 32 B¢ HPAMG620 W5 . B, ¥k F K K% B HPAM F148 & B & K
R ER A THREZH HPAM BB RS . X T2 HPAM BRmW S . B LER— 1M EAEE, T
AR—TAFEK.

RS R M E KRS MK E R HPAM BHR OB EME/ANEMXRE. 300mg/L # 200mg/L
HPAM #)22Bk HPAM BB A A BB BB, REM KRB EE MEEER. Bk AS AR H 2B
HPAM #B0%CR R4 . H AT B IE T8 1 3 75 7K 21 2 R 3 , 75 7K S0 HE i B3R 388 95 3 45 5 T 9 K 7 , ¥5 7K Rl 35 Bk
HPAM BB B, ERREBEXNEHRBMHLE X,

® 4 ZEHPAMI1285 1 HPAM620 7 7 72 i 7k b i) 45 BE 70 & 4L A 18] i 3¢ R (HPAM :300mg /L, R : 130mg /L)
Table 4 The viscosity of crosslinking HPAM1285 and HPAMG620 solutions with aged time in fresh water

B 2 & @\ WD
c) 0 2 7 10 20 30 60 100 140 180

HPAM

1285

620

75
90
75
90

10.7 - - 14. 4

10. 7
8.6
8.6

8.6

28.7

27.4
16.1

35.1

25.5

40. 6
59.6
99.2
106

91.6

74.2
108
118

91.4

44.8
118
107

96. 4
58. 6
114
102

89. 4
42. 8
104
106

%5 WMABKRSNZTE HPAM128S BREEMEAHEXE

Table 5 The viscosity of crosslinking HPAM solution with aged time in oilfield produced water

LERNHR
(mg/L)

BE
o

£

]

2]

CINC))

0

14

30

60

100

140

180

H:300 R:130

H:200 R:130

75
90
75
90

4.6
4.6
2.7
2.7

21.7

64.6
83.6
43. 6
41.5

110

115
45.2
35.6

115
117
57.6
30. 4

114
116
39.8

116
104
42.6

26.6 28.2

BIGEBE B R HPAM 2B J5 3t 4 30 71 2 AR BUM K, FAE # /2 P 60 30 3 B 77 3%, B8Ot 33 0T 4 R e 3
AEMBEERBREFAER AL EREERRARBHNHERIMESAREEZ N RBEEEANSTHEE
ERNEBERED., —BHL0XR BN, HPAM REBKE A7 SO WE T RIE, ELUE S 400, B L
PR R P B BT BB 2 B 38 2, M E A B8 . Han Dong % A A XA 0 R % B MR B HPAM B AR I
B WARAE™ , UE B 3Bk HPAM ¥ W7 45 0 o 7T DAL 36 30 300 BB , S IR #E 2 0 " AT LA B 3R, 5 4K v /K Bt R 3 o4 7R
REEKREODRR. " HNRASERRYN, XK HPAM BB EARA, XHERUR, RERHERKANRME,
M RAEEAR, R AR EKE B HPAM kR b 5858 30 B¢, # F AR 7 B , R AT 22 B HPAM
BRMEREK. WPHELCLBRER . HELZANRTHEBRBESREYBERAE B KN E S, )5 95 Kot &
RENRBBRF . XK HPAM KR K38 WA EAS R T HOREMR M REURECILBREN, S RBT
XRFENFE,RENEOCLRNDERTS.

4 & #®
1. EOXBERAM HPAM A ZEBBRREAFTEAMBBBEEKEE . 150~300mg/L HPAM Fi 50~

130mg/L SRR KR A BRIE W, 75~ 90 C &M T # 1k 180d, M EHMBEFFHE 40. 6~94. 6mPa s, MIEE Y
DRAH B, 4 2 70 FH B AT DA K WE BE R .
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2. B HPAM R Z R K IEE RS 7T HPAM BB ST hH &8, IR T 35 90°C, W 2 7 3% 100000mg /L,

AT DA 7E B 7 R B R A 4k B A W R SE HE S M R , 7K T HPAM K R RIS L

3. 3B HPAM R R T DA IS KB H, Wi K Bl E B R -2 FLANER.
4. B F HPAM 2 8§ R 6 5 R £ B2 HPAM 4 F 8] B 32 Bk )R R, HPAM 437 85 i W 45 4% il & A

F HPAM 4> F 0 32 Bk B & 4 . 6 A 7K % BE HPAM 148 @K g9 5 4k B #0 4 F1l T 42 % 32 Bk HPAM % # /Y
HERE .
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MODIFICATION OF CRUDE CHARACTERIZING METHOD ACTA 2000,21(4):65~69.
MA Chang-feng, et al. (University of Petroleum, Beijing 102200, China)

Characterization is essential to ﬁlodeling ill-defined systems like crude oil. Based on reasonable physical postulates and some
certain mathematical model, a successful characterization model can give a reasonable description of the ill-defined parts of the
crude oil, thus satisfying the requirement of reservoir phase calculation and reservoir simulation. with the present characteriza-
tion methods, crude is taken as a homogeneous phase which is contrary to the fact that the crude is essentially a kind of colloid
with resin and asphaltene (solid phase) suspending in it. This results in a big deviation when the present methods are applied to
some of heavy oil. A modified characterization method is proposed by considering the solid (resin and asphaltene)-liquid (homo-
geneous oil phase) equilibrium existing in crude. Calculation of several live oil properties with the modified method was made
and much better results are obtained in comparison with the present ones.

Key words: solid-liquid equilibrium; characterizing crude; asphaltene precipitation; method

STUDY ON THE LOW CONCENTRATION POLYMER CROSSLINKING SYSTEM AT HIGH TEMPERATURE AND
SALINITY CONDITIONS ACTA 2000,21(4):70~74.

KONG Bai-ling, et al. (Henan Petroleum Exploration Bureau, Nanyang 473132, China)

The polymer flooding technology has been widely used in oilfield successfully. But there are problems such as high polymer
concentration and unstability in high salinity brines at elevated temperature. The technology of low concentration crosslinking
HPAM can solve these problems. The improved organic crosslinker and high molecular weight HPAM are adopted to investigate
the system of crosslinking HPAM for flooding application. The experimental results show that gelling ability of this system is
excellent at high temperature and salinity conditions. The crosslinking HPAM system of 150 ~ 300mg/L HPAM and 50 ~
130mg/L crosslinker has been aged for 180 days at 75~90°C, its viscosity values maintain between 40. 6~94. 6 mPa » s. Com-
pared with polymer flooding, the amounts of HPAM used can be obviously reduced. This system can tolerate harsh reservoir
conditions (high temperature of 90°C and high salinity of 100000 mg/L), so it offers the possibility to extend the upper tempera-
ture and salinity limit significantly for the use of HPAM in polymer flooding. The mechanism of reaction is mainly intermolecular
crosslinking reaction between HPAM chain. The more coiling and shrinkage the HPAM chain, the more easily intermolecular
crosslinking reaction takes place. The properties of crosslinking HPAM system may be improved by selecting lower hydrolysis
degree HPAM and higher salinity brines.

Key words: crosslinking polymer; crosslinker; polyacrylamide; high temperature; salinity

PETROLEUM ENGINEERING
AN UNDERBALANCED DRILLING THEORETICAL MODEL AND ITS APPLICATION ACTA 2000,21(4):75~79.
FAN Jun, et al. (Chongging Petroleum College, Chongging 400042, China)

Based on the theory of multiphase transient flow and the general principle of underbalanced drilling, a comprehensive theo-
retical model dealing with underbalanced drilling is developed. The model with respect to the cocurrent flow of oil, gas, water,
drilling mud and cuttings has comprehensively taken almost all the factors affecting underbalanced drilling process into account,
such as the mass transfer between oil and gas, the inflow performance relationship of formation fluids, the different operating
modes, etc. A numerical approcach is used to solve the theoretical model. The results indicate that underbalanced drilling is a
dynamic process and each relevant parameter in underbalaned drilling practice completely depends on the given conditions and the
practical operating mode. This model can be effectively applied to determine the complicated multiphase flow behavior in practi-
cal underbalanced drilling.

Key words: underbalanced drilling; theoretical model; multiphase transient flow; finite difference approach; numerical simula-

tion
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