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Abstract

In the overseas H block owned by CNPC, there are 7 heavy oil reservoirs with unused geological
reserves greater than 20 MMBL, and the crude oil itself in the formation has a high viscosity, which
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cannot flow out of the formation and cannot be used under the existing production conditions.
Therefore, the heavy oil viscosity reduction experiment was carried out in the laboratory to verify
the effect of the nanocomposite viscosity reducer formulation, and then combined with the numer-
ical simulation of the reservoir, the cold recovery viscosity reduction huff and puff process param-
eters were optimized, and after studying the oil layer characteristics, heavy oil properties, and oil
well test and production operations in the heavy oil area, the pilot test well B-1 was preferentially
selected in the B1/3 heavy oil block, and the production effect of the viscosity reduction measures
of the oil well proved that the heavy oil cold recovery technology represented by the current chem-
ical formula and process parameters effectively and successfully used the heavy oil in the B1/3
block. The various problems involved in the well test and the corresponding measures have set a
good example for the future production of this block or other heavy oil blocks.
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1. 518

U EA AN H X B, TR B R REOEA & . B A B-R-K A4k, DAR A NHKE
FRENXEEE, WAEERE T M AN P RIS, EEMEMGE R A K HArbEd,
DA it 5 I 5 (i ARy 80 =, AR R B2 iE i, B AR R T R R B KO R e T
HHEH M-P AR, & “HAEBME” BoRd s, MR E RGeS, CURTUME. BTl <
AN EL] [2].

BZ 2021 £ 9 H, XHmh HEH = 85h 1360 m3, s = &1 8.2%, Hiu [ iR ik fE (50°C) 153~ >20000
mPa-s, A FHHIX He 25 A, Hr Rz A g & KT 20 MMBL B 7 A4, BligEECR, &
WA RS, mE R A 4 A EfEE R, M4, B1/3, R1 A1 BN, Bk BN HUEIR(1633 m), HH
A IMPRHLLR 400~600 M, WAfkE, FEfLiE, API AT 12~17 200, BTHUZ Bk S, Wb 2
(<50 bbl/day), —BESEfMFEEMEARTIELBH . 456 HATEr= M REAR KA, L5608 &l i %
JNE[B]-[7], HIEATFRZER, AN H FIA L EHAT K B & R 7 B v R BOR 1) Je 356 . AR Al
I B PRI S R, A GPKRE A BRI RERE M, EFAE B3 Bl X H AT A B A R H AR
IS FH B 5T o

2. WS X Bh

B i & — /A K R R B G AN, KB AT RUITARE R, BRI DEE, Mk e
WK, TERZEM K AR E M, wWZEEE— KT 30m, S KEREIE 100m [8]. B i H = 252 H
B1/3 X, B-NE [X, B-N1 X = KXHtrk. Hd B3 XikE Nk FREH 7 X . BL/3 HHmaAmT K
Her, MBI 4.86 km?, ¥JHITHE 2P i fi% & 52.88 MMBL.

2.1. B X5 E444FE

B1/3 Pt K i 2 F3ALIREE 20.04%, “T¥9i2i%% 68.88md, Afl. iz, Wit B-1 3 K4
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FRhZ 2 i, IR 510~630 m, fEEHELr, “FFLBRE 26%, “F15i5iE % 2567 mD, J&T
=L - BBHE.
2.2. B XtEEMBLRE S E ST
1) Ve R
WP 27.3°C, tHEH B1 HuhthiE R 3.79°C/100m, IR E A 71°C~91°C;
2) JHEE S
P& BL B2 AR AR E TR BG4, B RECN 1.07, JETIEWIE RS .
2.3. B XM R

B X IEMLe/e RAH LB, HIFEMBOEIR, R, RIS, X JEmIER + E R
SECTFIIAR] T 22.74% [8]. EHIRERE, KiEDEOK, B-1JF, 542.0~554.0 m (K 41), 17.3°~18° API;
B-C2 #, 550.0 m, 16.2° API, B-1 J:-HuifiJfj: 15.8° API, HujfiJFijhi#E F 0.95 g/em®, 50°CHF A 2951
mPa-s, #Erl 12°C. HiZ/K: W46 5180 mg/L, NaHCOs 47K AL.

3. PSSR
3.1. GURBURERGTT R BRI

ITAE, AR B IE B ZEARIR T 7T AR TR A BRG , ghoK B Rt )2 i A SR AL B . oK BB
R AT 5 H 0 78 o e, M BRI kG 2, B = AR B . e b, émﬂé%ﬁmﬁ%réﬁﬁTuﬁﬁ
AR D B TR0 A 70 vy 8 ) AR R B o R ORI E N Z AL I, 2 BB R i . I R
{1 B SRt e AT AR [9]-[14]

AT TR, KAV, RIEEVERIIK, 203 A4S0 & A oR S Ak 22 BRI ik A, AR
UAE BL/3 B X B S s2 0, et 7 XL B /N FIB MG S 9K R R I B A 4K B A 7 B
e
3.1.1. SELNARBERLT0IBERS

RUEGEK BEREFIVE 9 —FhBERAA FERG mitils . frEhvEne x BB IVA . FLAL T SR SR SE DL T
BEgh, BEimde s R R YeR, HZEGEMR BRHER, HERED, 0Okl EAA 2 N TR

RUHEGH A R 77 P2 S5«

TRREASEI S, ASEDRS BE R IS A RIS A AR, g5 Rk 1. RISTE X 50 C A
HiEE 50000 mPa-s LA T A, 1%~3%Kk BE A FEAL 2 >050%; A AUFR IR : 50°C~260°C; iy #h 100,000
mg/L, it Ca2*¥f & 50,000 mg/L .

Table 1. Dynamic and static test results of nano-double base viscosity reducer

=L YORMEREREFRERS ISR

R FEEE(SOCHLS, mPass) B OB B FERER (BORmE )
CX1-15 6314 95.7% 99.8%
CX1-19 8185 96.5% 99.8%
B27 58,760 97.1% 99.4%
B29 67,000 97% 99.3%
CG1-17 87,790 96.8% 99.4%
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3.1.2. GKBRPERLTTIPERY

Je— Rl R FOIREEM . KR SHI 24 BRE S A5 IMRERIGCEARL, FTRmBERS, AT LA 4R
A DR BRI 0 ST R S AR

1) YK B R KR

YK AU R SF: %150 nm x 60 nm x 0.65 nm, HJEEHF 0.65 nm, SO FEAARILE 1, .
4.8 glem®, WTKJE, B RTOKL R I BAT SR VEA SR KPE, IR PH (A .

Figure 1. Nano-black card electron microscopy image

1 PREFBEETES

TR E-REEREME, MHBE YRR, RER, SR, ' n DR K A
Z JZW B, BRI P RE 77 RE T DA A O FLIR P K ISR I, 2803 s o R e v, SRE S IRBAE L T,
JRENARZN I, BRENEOH BB R, KRR PisE. A, BRSPS mER
15 WA R e S 25 G AR RCR, BB m SRS E .

2) YK R IR B S

HZEHW B sRs: A0S EfE 2.53cm, KJEF 9.95cm, PV=15ml, K=10mD, £ 0.1 ml/min,
LR 1189, A OMIAIZKIEEN 0.5 PV FARGK IR, JE4EKIK, N TR LKL i &4 0.375 mg.
ML F: KUK 16/3PV J5, b/~ oA & A 0.31725 mg, AKX B R /N T 15.4%; = O3
B/ B4 2 0.00049 mg/g &ty 5 PEF 0.05~0.08 mg/g O (LM 5 P 7K 100 £%).

KRS KIRJEREE 0.005% K B RIK, fHANRZERE O EAREMRE T, WEs RS
TP ERICR 16.4%, WR % 2.

Table 2. Test result of improving recovery with nano black card flooding oil
=2 BRHRSRUERAKER

SRR (CP)  AUBERMD)  AKEREE%) AR + BRESEREERO) RBFEREREE)

2.5 43.33 60 16.67

25 42.35 60.45 18.18

2 250 42.35 56.47 14.12
2500 45.47 57.19 11.72

2.5 37.62 52.12 14.50

100 25 37.50 53.75 16.25
250 40 53.75 13.75

2500 39.41 52.35 12.94
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BERLSEEG: JRymok B AR B &, SEIRRCR: 3:7 M 0.005 wt%ed K R (HZK), FiE
FKEEE 13,160 mPas, [#Z 7 mPa-s (&K= 99.95%), LA 2

Figure 2. Black card viscosity reduction experiment

2. BRPERSIE

4. TR BERBIR
4.1 B BHERPIER

DA B XHSERR# IS SHONKYE, WA 3, JEMRTEER A B-1 JFSilE, AR it 20 55 N $2 i R
b TR LSRR, B 2286 A 5, RS B R JE RS B, 50°C M B URE B 2950 mps, TR SR, B
1586.6 mps, ML IR 585 m, XFB 5%k /) 5240 KPa, /KA #E—290 m, HiE X AZMEH M4-1
O UEMAREEE S B-1 JE284), a7 B-1 s B AR, W] 3, FFRE B4 KAk 5 R Bk
THEREE VPR

TR 2 2256 0 3

In 2, = 0.193211+0.607236In 11, (1-1)

/\fc(l-l) W g, ——Hb 2 B IHORG 5

oo — M S R A B 5

Table 3. Based on the static and dynamic parameter table of B-1 well single well model

3. BT B-1 HEARABHNTEHR

24 HfE £
BARMERST, m 18 /
FRA MR, m 2 /
BAERE, A 67 x 30 x 93 /
BRTR, TVD, m 513 /
FLRRE, /N 0.23 Ui e L A
BiE%, mD 2000~6000 TH-HE
HuR B E, oP 1560 IS Hd
AP ] 2023.1~2023.2
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Figure 3. Three-dimensional map of porosity distribution in B-1 well model

[ 3. B-1 FEBFLBREE 53 =4 E

4.2. EHHRHAR

LAE 77 sCHEAT TR, S1oxd P b R SRR B SR bRt AT P e, fRIE B-1 R
B, BISRAN, B AT 4, BRI AGE 2~17 m JE R AL L 5.
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Figure 4. B-1 well simmering end pressure distribution field

4, B-1 FHIHERE NS HA

4.3. FERSHEBMTR

1) HPEANE R, P ERRR, B ER i, SR, HH>hE ST 15~20
m3d i, RPEE AR S, WK 6, 14 7.
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Figure 5. Viscosity reduction effect: the radius range is 2~17 m vis-
cosity change
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Figure 6. Daily oil curve under different daily oil production conditions
E 6. eI R~ mERHT Hrhihsk
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Figure 7. Cumulative oil production curve under different daily oil production conditions
E 7. AEIRAHERH T R mihsk
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Figure 8. The cumulative oil production corresponding to the simmering time
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Figure 9. Simmered well for 2 days (left) and 6 days (right) conditions to reduce viscosity radius

9. 3F 2 R(Z)FNIH 6 R(B)FHTHEMFERE

3) A ARSI, B ERIEMIEANE 600 m® LUJS B/ EIER N B, (HRFIRSEA
B, §EENIEZE RIGES, FEEENER IR BRI, W 10, & 11,
5. AR ERS S
5.1. I XSLIGFHIRFKIE

EHUEBAEM H BL/3 X B-1 HIFBYUK R IE = S50, ZKX B ZE K Ak d, iR
e, R EART E, (EAEEYELE, 2 TR ERZIE, EER G T B HeiiE B aL, FmALE
EHi#ES:, B-1H K HFMEZHEEH, WEtEEE 510~630 m, #%EWMEL, FHIFLERE 26%, Py
BIER 2567 mD, BT EIL - misWE, FETEE MW, FilHE . 15.8° AP, M Rl 2 EE 0.95
glem®, FEFEE, S0°CHEKGE 2951 mPa-s, sk, &t 12°C. EFENBERGIE S 6, FFE7H
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Figure 10. Cumulative oil production at different injection volumes
B 10. FRIFANBE THR~HE

800

Figure 11. Viscosity treatment radius at 400 m? injection (left) and 800 m? injection (right)
11. 400 m3 JENE(Z)F 800 m SENE (B) THIFEAEER

(1 22 A 2 R VRR, A2 (P 41 + M ) n] LLA iR sl , B2 (K )RS m A i sh, B-
1T 2014 4£ 11 A 16 HTE P #7=, FIHIH i 439 bbl/d, {HEaWIHE, A IR EE 45 Ll
B-1 JFJE M S R i 5 R — 80 BAR P AR A R AL, IS K AR AR
AR RETTMR S5 %A P ERGE B TEE] 200 m3m3 BA kL, H T A EE A2 B AE S, %
J£5 2016 4F 9 HIFIAE, WIE 12,

5.2. B-1 PR FE BT RiE L

5.2.1. MERHERRAFELESR

N T B AR TR B AR e S AT R R, AR 2 HE T R MR E RS I, AR
A (P + M L) A () BRI, AR Z BT SE IR E R AR IR AR . 2022/11/23, BHHAE
A, Aadst 7UHFFELE 850 m,  IEIMEAN 3m JKYE, XK 1450 psi 30 7r#h, 2022/11/24, T NMEFFEEFI 73 mm
EUE W%, FXT EE K Z 487 )2 (542~591 m)SZ i [ 5 #5747

N T SRR I Z AR R SR R A R LS, EABERFIELET, 1% 2022 4F 11 A 25 AR
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Figure 12. B-1 well production curve before viscosity treatment

12. B-1 $FMERERTEE Pk

i, PCP idh 4 /NiF, HEWE 10.6 bbl, & 7K 100%, BB %A kA2 R A Hish, %4855 W
W% [X & T Baobab-1 JHb NS (A AN AT B0 .
5.2.2. MEfEEMEHEIIT

ENE: RIEARIAEEDE. HOURIIHEL, #e A2 8 m, RIEE A G0K RIS B KR
PEREBET T 4 MAENBIE, ILFE 4, R PRI NG 650 7.

AT MERTEN, BE REPMZBERE RPN, FiEdERERT e KRR 0.15~0.5
m3/min N, I E R H R E B A B A s .

FEFET: WL W& RARIMES, EFRSHO0mEEIC RPN E, “eaW R,
W, REEREEREF R 4T,

Table 4. The viscosity reducer pumping into well procedure sheet

A BERMERFIENRIERR

EAHE

FENYB AR T WE) WEmMY)  Ait) (m¥min) £
REFFEEIE 1 SEAKAS A 3 200 6 0.15~0.5
R EK 25 0.15~0.5 iﬁﬁi)ﬁﬁ%
o N i 9.5 Mpa,
1ERIH: 12 /) / / / / / LR [T
RGBUE 2 HE9AHD B 1 100 1 0.15~0.5 I 2 e
R EE 3 Haqek4lsCc 0.005 200 1 0.15~0.5 FEF R U5 R
5 E P 8UG
R BUE 4 HEghkdl s D 04 100 04 0.15~0.5 i
Jralik &K 25 0.15~0.5
&1t 650 8,4

5.2.3. PR B HEFH S HERE T
ENZF: 2022 412 A 20 H, $#%&HE T et 5330, B-1 H 13:30 /- JFda i bra N lc, Wk
Ja IERIFUR R 5 — B g, #HEE 300~550 L/min, ZJE 5.8~9.1 MPa, jii TiZfEH & k77 9.1 Mpa. &
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2022 4= 12 A 22 HE R 7:30 S5 R A HRFF AR A T, #emt 3 K, Hatsemk 4 MBI, A 4
Tk 52 A5 kb 570, SEBRZG7ME ] 8.4 t, JE A E VRN TR B i K 351t 655.4 m3,

FIMIFE: FENTERR, BENLEE RS IEIN BL, (SR EE 7.3 MPa, £/ FRRETE, 12 A 28 HE R 9:00
f3t 6 REE R (&t 7 Rw), HHEK 1.2 Mpa.

5.3. MHEMEMREEF~ER

5.3.1. I REFEIER

2022 412 A 29 HH /R 8:45, JFIE, #£3# 70 rpm, A% 33 Hz, AE/~HERMARIES, ZH80 F 01
Hr=siem 10 m3 47, SKRME, HiK2md, Silthm, 257 mimd, BEEA, HPE=mizs FEE
2~4m3yEl, Hf KRN O0ms, HfS RN 0oms. Ar=ihZkan s 13,

» 20 ] r 350
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Figure 13. B-1 well production curve

[& 13. B-1 H4 ok

Ji4b, ZIRRER R AT, AREE A, T H Gk 2.5, 8977 180 K, TN R THEIH 450t, SR
E#iE 2023 456 A 29 H, 455%™ 180 KR, J5iHE B % AT 0.95 glem®,  SRUFHH CLik 682t

5.3.2. HFHHFOBE T

B-1 JFHu i DAL, 2022 4F 12 F 31 H x5 S5 o7, it B <O, 507 IR N SRS
2267.5 mpa's; 2023 £ 1 H 4 H, 1451.7 mpa's; 20234 1 A 12 H, 2363.5 mpa-s. %8 F 5% A0 F %
1, ZMZAEB M, ENE K G Bk 700 B AR AR R A E R HLERAS [R], 2 3 o 2
BRBhAFERS,  HuTh B0k R (1 30 A8
6. Z5ig

1) BL/3 X, if K A Z, Wik 50°CRRE T Hh it <05 okt B2 & T 2950 mpa-s 47 55 21 )2 A3 B2
N 1560 mpa-s FI461E N, JERMAR IR A AT s, R0 T B ARG 70 Ak HEAE A i 2 T B

2) IR R RN, 16 B BRI 77 2 AR B T REREVE A, AR e DX i R E R B AR A
GEOL, PR ESCR S TR IE EE, 600 m3 AR FIALFR AL, MIF 6 KRR
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3) AT XA A, N 7RG R, R I T B IR A R A, 6 B R St
R, S S A R AR, MR IR A e R R BB AR RGOV, AT B e o A e R
aE

4) WGP AT, ARG 2K, BUHE A RO 180 K, Rt 450t, #i%E 2023 4 6 H 29
H, SEBrfir= 180 Rief, RiFHguhClik 682 t, ZWIME 1.5 1%, A FERE e T i, WM.
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