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Abstract Steam stimulation is widely applied in heavy oil production. The cost of drilling in offshore heavy oil field is high, so
that the mode of drilling other wells and injecting heat into the completed wells at the same time can greatly improve the efficiency
of drilling and production. However, there is a risk of steam from heat injection well leaking into the drilling well. This paper studies
the risk of steam channeling in thermal production wells, and proposes an improved ant colony optimization (IACO) algorithm to
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solve the drilling sequence that meets the safety distance and has the shortest total drilling period. Firstly, a three-dimensional reser-
voir was established to simulate the distribution of temperature and pressure fields around the well when injecting heat into the well.
The results show that when injecting heat into heterogeneous reservoirs, steam is prone to break through along the high-permeability
channels, and the channeling flow can exceed 90 m in 9 days. The results show that, for typical case of Bohai Oilfield, the algorithm
can save 15~30 days of total drilling time compared with the manual selection method when the safety distance is set to 400~460
m. The IACO algorithm proposed in this paper can quickly and efficiently output the drilling sequence with the shortest drilling
duration, which provides a quantitative method for the optimization of the drilling sequence. It is of great significance for saving
drilling costs and enhancing the drilling safety of offshore heavy oil thermal recovery wells.
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Fig. 1 Three-dimensional reservoir geometry model of

numerical simulation
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Table 1 Simulation parameter values
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Fig. 2 Temperature field distribution of homogeneous reservoir after heat injection for 30 days. The steam injection rates are:

(a) 300 t/d; (b) 350 t/d



640 FmBlER 2024 4E 8 H 4 9 5 4 1)
FLBEE SI/MPa
- 15.0
T e p— e
- 13.0 13.75m
- 12.0
- 11.0
- 10.0
-=9.0

(a) 300 t/d
B3 HEEREEH30dFENGSH, FREZESHA: (2) 300 t/d; (b) 350 t/d

Fig. 3 Pressure field distribution of homogeneous reservoir after heat injection for 30 days. The steam injection rates are: (a)
300 t/d; (b) 350 t/d
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Fig. 4 Temperature field evolution patterns in inhomogeneous reservoirs with different heat injection times: (a) 5 d; (b) 9 d
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Fig. 9 Wellbore distance matrix
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GARMEE m BT TERIIT 7 BOFs TRSE] /d - SFE R AL EE /m
[6, 8,17, 4, 15,7, 13, 14,9, 27, 5, 12, 22, 25, 1, [6, 8, 15,4, 17,9, 7,

300 0 412.6
19, 11, 21, 16, 20, 28, 18, 3, 23, 2, 24, 26, 10] 14, 13,27, 5, 12]
[16, 20,9, 27,28, 21,19,23,7,24,5,8,4, 15, 14, [16, 19, 23,8, 7,5, 12,

450 4 479.2
10,1,17,3,12,2,22,18, 11, 6, 13, 26, 25] 27,15, 20]

£3 REEEN 450 m A H S IERIARE

Table 3 Drilling and heat injection sequence at a safety distance of 450 m

BT/ TERH G > MEPFEIRE A RIS Y HHEERART ] /d JHICHEES /m

1 16# 1

13 20# 1 16# 1 464

25 o# 1 16# 13 485

37 27# 1 16# 25 500

39 27# 3

49 28# 1

61 21# 1

73 19# 1

85 23# 1 19# 1 487

97 T# 1 19# 13 456
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BT/ RIS MFTFEAER T /d FHRI G YR E] /d FHIFEHEES /m

109 24# 1 19# 25 487

111 24# 3 23# 1 479

121 5# 1 23# 11 475

133 8# 1 23# 23 451

137 8# 5

145 4t 1 8# 1 479

157 15# 1 8# 13 482

169 14# 1 8# 25 498

173 14# 3

181 10# 1 TH# 1 497

193 1# 1 TH# 13 479

204 1# 12 TH# 24 479

205 f#T12d T# 25

207 17# 1 5# 1 456

219 3# 1 5# 11 482

231 12# 1 5# 23 487

235 12# 5

243 24 1 12# 1 474

255 22# 1 12# 13 455

267 18# 1 12# 25 490

269 18# 3 27# 1 482

279 11# 1 27# 11 500

291 6# 1 27# 23 488

293 o 3

303 13# 1 15# 1 467

315 26# 1 15# 13 479

326 26# 12 15# 24 479

327 15T 2d 15# 25

329 25# 1 20# 1 481

B TIHAER 4 d HEREHER AR, 28R I RREOR R E i i Rt
R, 9 dERE R E 900 m. MAEHHS

5 5B TEIE A IR IR B/ NI, DU AE B I AU -

MBI R PRI, e LB T
SR A 5 1 OFAT AR T LUK IR i w85 Bl SR 0%
RSO E AR ZR I RER R B BATAE R I, S
H2e e o AT UG WO RE X P A T AL
LU 458
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O(mnT) W [B) 2 Z% i 1] AR K REAR T3 i
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