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Abstract

In this paper, focusing on the gathering and transportation characteristics of high-freezing crude oil, a
numerical simulation analysis was conducted on the crude oil gathering and transportation process
from the wellhead to the oil transfer station in an oil field. Based on the double-pipe water injection
system, the PipePhase software was used to construct a water thermal model of the pipeline network.
High-power consumption problem prevalent in this oil-gathering process is effectively addressed; the
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power consumption of the heating furnace is reduced by adjusting the optimization strategy of key op-
erating parameters such as water injection amount and water injection temperature. An iterative al-
gorithm is used to accurately calculate the optimal water injection amount required for each well at
different water injection temperatures. Combined with the basic operating data of the heating furnace,
the overall operating cost under different schemes is evaluated. This paper provides a practical opera-
tion optimization scheme for the crude oil gathering and transportation system and provides strong
support for the goal of energy conservation, emission reduction and reduction of operating costs.
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A S AN AR T 6T A AT H 28 SR A DL T et i O S 2 — MBS SRR R R R
rEE I s s A SRS . FUACERR A . AR SR e . T SRR AR SRR L i TR SRR
(1 65%, RRIEHFEN 5 i B RS REFEN 30%~40% [1]. mt EEEE nif s, RS T, WAL
AR, ARl AR, A T E R B RGR PEREEOR MSCH R B ] . PR
A A G REAE AN DO A Aol 17 e AR R R, I BA BRI AFF i E .

2. HEBREH

M i E X BRIEER 40 1, #876E 10 x 10* ta AR, Bk H 7 W 3.6~4.0 t/d, HHH
P 0.6~1.0 t/d. EEMAEE, AFIEABK, HETFHRIR3.7C, HERSSR374C, TIFERK
HR-36.2°C o ZIX AL W EROCRE A S R Bt M2 VAU, 52 58 ol P9 B 25 ASORIR VR BR AL 28 XU ), &
KEA T, BREM/EW, BRERLE, [RBHSR, TR, FLRE 2~2.2m. A% HH &
IR S E R a2 1 s .

Table 1. Oil product parameters of the oil field
1. iHEHARESH

SRR (mpas) R R A (g/em®) MBI H (g/em’)  BERER(C)  WIMEACC)  JRIRSIM L (m)
58°C 20C

0.7773 0.8534 32 118 3549
5.8 14.1

3. iHEEELE

HLES 52 21 ) K-Means JEEERI 745 I X R0 09 3 AR 4T S/ INAE B AR THERIN 32 2293008
PAR 5 AP B
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STemp = (VTemp > U;Z'rnnf) ) (5)
XV, ——HETRATHEE FE L EE; U, ——HATREIT R R B,

® EHSBEO-D, Ht—HHBEOREM S, BRI RIT LA TN T TR, 24T
S PRI S S R SR, L P R T S, B

SBest = (VBest > Ug’izi ) (6)
K Vi, ——RMLKITHEEGILEM B Uy —RIRAITH R ki B
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Figure 1. Double-pipe water injection process flow chart
1. MEBKIZRIZE
N PEARA P AR, 7870 R I 0 [ s 7 iR iy = e ol o R0 R0, JF 1 A ety ol 1) s P A
0.4~0.8 mpa, AVRISCIBLTFIT RV IANEETE 40°C LA L, e il i B B2 SR AE JR I e it 32°C LA bo )
P 7 DT AR BR, 83 PipePhase B BB AN, T H 2R BB KA ufidk vl [k /179 0.25 mpa, 1
B H R B TE O 09 1.5 mpa,  H A BBCSu BE TE B 108 1 mpa, AN R RS KR B AR
MR BRI L, G B S PR TE B4R .
5. BITHHERMG =R
5.1. BKELRER
KH PipePhase #PFHEAT /K BARLTHE, AR B b HT AR T 1 RE R AR IIVE (3], WP ik BB KE
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BAMEREAN DN15. DN20. DN25 70 B TR . BBk 1 — &R 7E 50°C~80°C 2 1], Lk
B AGTNES s HIVIE RSB KRN 55Cy 60°C 65°C R IZA: T HEAT BB AL L

BRI 55°CIY, MRTHREBIBKRE . BFEE R Bin#Auk AL 2 fros.

Table 2. Preliminary selection results of pipe diameter specifications for water injection temperature at 55°C

2 2. BIKBE R S5CBKERMBINILELER

DNI15 DN20 DN25
WEF pom @@wl RGEME pkE SRRA  RGHEE  BkE  2RRA  R4HEmE
m¥d) () UifE) ) O i/ (md) ) (Ji/%)
1 268 2.23 253.26 315 2.84 193.725 370 3.60 165.375
2 205 3.45 193.725 205 4.40 143.64 205 5.57 113.4
3 175 3.28 165.375 380 4.19 236.25 425 5.31 212.625
total 648 8.96 612.36 900 11.43 573.615 1000 14.48 491.4

BIKIRE Y 60°CIN, AR RB/KIRE . BB ok AT 3 fos.

Table 3. Preliminary selection results of pipe diameter specifications for water injection temperature at 60°C

= 3. BIKIRE R 60 CEBKERIEIIEER

DNI15 DN20 DN25
R pokm @Rl ASHEE BkE BERWE REEEE pkE RN RS
(m?*/d) (79) (1) (m*/d) (O8] i) d) () (JI/4F)
1 205 2.23 330.75 250 2.84 262.5 280 3.60 215.25
2 152 3.45 215.25 163 4.40 171.15 669 5.57 130.2
3 250 3.28 399 440 4.19 462 350 5.31 262.5
total 607 8.96 945 853 11.43 895.65 779 14.48 604.8

BIKIREN 65°CIY, MR EIRIAS KR . EIEEB M. oKk 4 fos.

Table 4. Preliminary selection results of pipe diameter specifications for water injection temperature at 65°C

4. BRI 65 CHKERMMAI LR

DN15 DN20 DN25

R g e @uwll RSHERE BkE BERA ZAHEHME AR SRR RSHAE
(m%/d) Jn (Jil5E) (m%/d) 9 (Jil5E) (m3/d) ) (Jil5E)

1 175 2.23 427.35 205 2.84 3234 250 3.60 288.75
2 120 3.45 236.775 124 4.40 772.695 128 5.57 147.84
3 225 3.28 490.875 250 4.19 404.25 300 5.31 346.5
total 520 8.96 1155 576 11.43 899.745 678 14.48 783.09

WL, =TT RIS R RA R, XM BKE AT ik, WP BIKIRE Y 55°CIY
EIEATREAR )Y DN25 5%, BAREHE IR 5 s,
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Table 5. Economic comparison of water injection pipeline

F= 5. BKEEBEFLIE
EiE DN15 DN20 DN25
RECC) 55 60 65 55 60 65 55 60 65
%410 22 22 22 3.16 3.16 3.16 4.00 4.00 4.00
HL2R (7)) 612.36 945 1152 573.615 895.65 899.745 4914 6048  783.09
WHTT) 61456 9472 11542  576.775 898.81 902.905 4954 6088  787.09

5.2. RMIXEER
FERE B KRN 55°CHITR 2T, MR4E Gl Uik iE

SERMEE M) REMAMPER, M

PipePhase %t 84 37 2685 LR fE A FR EL 42 DN32. DN40. DN50 TR, {35 2 % FH e 25 1 T BRI R 4],

BT RN 40 mmeo  HRYE TR 1] R P I P BRSO 1538 (R SR AT

FETFBAKEE RN 55CHE, $#$/KEIEN DN25, Mt EFIRE. K.

EIERRI M. RnHAUK

HBPRHOT)
7.50
11.62
11.06
30.18

PRI 6 Fior .
Tabl"e 6. Preliminary selection results of oil gathering branch line pipe diameter specifications with water injection temperature
%565. g&ki&fﬁﬂq 55 CEMILERMNBINESER
DN32
Tt [H]
IE(C) J£73(kPa) i R (vd)

1 40.35 740 50.37

2 40.17 831.9 80.25

3 40.34 873.5 70.425

total 201.045

BT BRI 60°CIY, BI/KEE )y DN25, MHRIHRRIAGRZ . K71,

EIER . RInHUK

W 7 PR,
Table 7. Preliminary selection results of oil gathering branch line pipe diameter specifications with water injection temperature
;6’;) (;’*7J<umf £ 60 CERMILERMEALER
-l DN49
E(C) JE73(kPa) fi R (t/d) BRI D)

1 40.21 740 50.37 8.66

2 40.2 831.9 80.25 13.42

3 40.22 911.2 70.425 12.77

total 201.045 34.85

HTFBKEE N 65CHE, HB/KEE RN DN25, MHIKTHERAEE.

UL 8 Fow.

. EEERH. oK
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Table 8. Preliminary selection results of oil gathering branch pipe diameter specifications with water injection temperature at 65°C

8. BIKRE R 65 CEMTELERMBINELER

o DN50
THE [ - - o -
BECC) JE 71(kPa) Wl (vd) BERFHCD)
1 40.9 739.9 50.37 10.94
2 40.34 834.7 80.25 16.96
3 40.56 899.7 70.425 16.14

FEXT N TAZ B2 DN32. DN40. DNSO 7E 55°C 60°C 65°C IR SR ¥ /L IR EEE 40°C LA
b TR ISR =R R IR R | TR B IE ORI B MR T BRI S 2R R N DN32,
53. EMTELRER

BoKIRE N 50°CH, JEEUETE AR E R miZ AT E % DN80. DN90. DN100 #EATHHITE, A
SR NRERE. ERE. BmuiiR g . SEE i . B2 A rslas Bk 9 Frr.

Table 9. Preliminary selection results of oil gathering trunk pipe diameter specifications with water injection temperature at 55°C

9. BIKEE R S5CEBTEERNBIESER

B THER] I FE(C) JiF# (kPa) bR R (C) BEHMOT B0

7.25 789 7.21

DN80 1 7.07 909.4 33.1 5.61 21.71
7.24 1294.6 8.89
8.19 490 8.28

DN90 2 8.01 581.9 32.16 8.32 26.81
8.18 819.7 10.21
9.1 309.4 9.36

DN100 3 8.92 378.6 31.25 9.40 30.29
9.09 535.8 11.53

X ERAFE R N BN R, ¥k SZRERIER N DN90. fEIL #1125~ DN100 (1%
ST U AN H T A 32°C ISR, DNSO RS K, &5 KA MM K, P e
DNOO 1E A5 TL EE B2 M AFRE A
6. XMEBUERE

HRE UL S 06 L AT B S EON R Z N Er 2 T R A e . RN 40 mm, HABAHSRSEUILE 10.

Table 10. Pipe diameter calculation data table
= 10. BERTERIER

BB FERKEmM HFEfmElgd BRERmm)  AEAmm)  BEEmm) Wil EJI(MPa)

BKEIE 6067 1000 334 DN25 x 2.77 1.65 1.5
L= 28 6067 1220 422 DN32 x 2.77 2.77 1.275
HEIh T2 21969 1220 101.6 DN90 x 2.77 3.58 0.825
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WA e E AR E T D BN 2770, EEFREMNIEN 2 B, BELEE & HIT
RIFRERFNIA S SRR R . SR OISR EL. Eligk. 2% muREm T, @
AKATHEERER, @BdEETEANTHFEREER, SRXERNELNE. ENFEELEEWER
11 Fiowo

Table 11. Equipment quantity for double-pipe water injection

F11. WEBKNEETES

T H
75 H
EIEM R EIE RS

1 D25 x 2.77 mm 1
2 L245 TLENE D42.2 x 2.77 mm 2
3 D101.6 x 3.58 mm 3
4 iR 40 i
5 T[] 3 i
6 ke 1 3

7. &

1) 7EBkIE B AR Ik SRR B, DA AU SR K . A BRI S M B R S5 1 2 R R
KRG, S5 IR FEMIR A% O . MO, BT — AR R, BRATTHR AT A S A A
S HEIBYERA . WA SR N R WIRNGESH, AT GE i OIS B IR SR .

2) ZE EFTIR, FUERRUERBI/KEE R 55°C, B/KERN 1000 m*/d, LIE(THRHBASET FIHE
AT UM, R K E LRI BKEESHOAT R TR, MR T HoAh 7 T4 35% 1 A
HRFE L D3 B RN, AR L A S S LR, HEDEEE/NT 1 mpa, HEEMEEE /78T 0.25 mpa; XY
EHKRARE VEREOR, 25805847 9 7 AUIS,  (H AT A 4% 5% o FH =2 B mi i[5 ] .

B T HUE B 45 R T AT A B RN DA RO D, SR MG E o« 0 TR0 45 Sk
ST R AT, BRI ORI il A BAREEAT A AT ASHIE AT AR B AL T XU B K T (RO
T, D oA AR 77 BN H 5 7 T EE

SEEk
1 2R, £IR5Z, T, . 5T PIPEPHASE (Wil H & f RGN RHE AT [I]. A LA ST, 2022(12): 26-28.
[2] V30, BkNI, SAAET, & SUESBKEE T 2R MR A RXRBAD]. Ala TR, 2018, 8(5): 6-8+49-50.
1 T, BN, FERE. XEBKEMERRIEET SR RD]. BRI, 2020, 49(3): 678-682.
[4] T, MR WEBROKEREMRAZITSEERI]. i H i THE, 1990(4): 19-24+29.
[5] 9KBE=, dkHn, FHE5E. EIhBKERIE T RMIED]. WA H M TFE,2016, 35(12): 31-33.
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