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Reservoir management using system dynamics method
Fan Zhihui, Li Yang
(SINOPEC, Beijing100728 , China)

Abstract; Reservoir management is an important way to improve the development efficiency of an oil field.
Reservoir management is also considered as system engineering. This paper introduces a method of system dyna-
mics in system engineering of reservoir management. Regarding reservoir management as a system, system analysis
and system structure research were carried out. The reservoir management system was divided into four subsys-
tems, as reservoir resources, production, technology, and management organization. This paper focused on the
interaction mechanism of the reservoir resources and production subsystems. A system dynamics simulation model
of production resource system was established. Actual data collected from the SL oil field were input into the
simulation model to study the relationship between recovery, investment of exploration and development, new
found proven geological reserves, production, and a balanced ratio of reserve—production. Recommendations on
how to improve reservoir management, determine reasonable oil production and reserves were brought forward.
Reasonable crude oil production target is a key factor, the proportion of investment and development should be
optimized, and oil recovery must be focused on.
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Fig.1  Structure of reservoir management system
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Fig.2 Relationship between production management and reservoir resource subsystems
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Fig.3 Flow chart of production—reservoir system
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Table 1 Comparison of reservoir exploration and development variables in SL oilfield from 1996 to 2008

e ARG = B/ 104 BHGTRIA M Tt i/ (10% - a7h) it RV %

i ShR B MHXTIRZE/%  SEPR B MEXHRZE/% SRR ML AHXTIRZE/ %
1996 2912 2955 1.50 10396 10 290 -1.00 82.0 81.3 -0.90
1997 2801 2878 2.70 11710 11593 -1.00 102.9  100.8 -2.00
1998 2713 2775 2.30 10430 10135 -2.80 102.1  104.5 2.40
1999 2665 2664 0.00 10 418 10 569 1.40 1257  126.1 0.30
2000 2676 2641 -1.30 10 669 10 735 0.60 101.1  101.8 0.70
2001 2668 2798 4.90 11354 11859 4.40 103.8  105.3 1.40
2002 2682 2599 -3.10 11885 11579 -2.60 103.5  103.1 -0.40
2003 2666 2582 -3.20 12315 12106 -1.70 1042 104.2 0.00
2004 2674 2602 -2.70 11144 11025 -1.10 105.8  106.0 0.20
2005 2695 2599 -3.60 10621 10 521 -0.90 161.8 1557 -3.80
2006 2742 2732 -0.40 10339 10 542 2.00 119.6  116.1 -2.90
2007 2770 2695 -2.70 10 677 10 442 -2.20 1040  105.4 1.30
2008 2774 2702 -2.60 10 408 10 346 -0.60 104.0  103.0 -1.00
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Table 2 Comparison of reservoir exploration and development variables in GD oilfield from 1996 to 2008
e AR5 R/ 10% R A/ (10% - 27" R/ %

’ SBR W MXHRZE % SEkR W MXRZE/ % Sk L AR %
1996 391 384 -1.80 70 67 -4.30 94.6 98.2 3.80
1997 361 376 4.20 261 256 -1.90 116.5 111.3 -4.50
1998 348 334 -4.00 36 37 2.80 30.5 31.9 4.60
1999 348 360 3.40 0 0 0.00 81.0 85.3 5.30
2000 355 347 -2.30 174 176 1.10 147.3 143.6 -2.50
2001 358 347 -3.10 343 356 3.80 100.0 96.7 -3.30
2002 354 342 -3.40 207 216 4.30 116.8 121.9 4.40
2003 351 367 4.60 0 0 0.00 87.7 86.9 -0.90
2004 352 369 4.80 628 622 -1.00 129.4 129.9 0.40
2005 355 351 -1.10 872 830 -4.80 73.7 70.6 -4.20
2006 354 341 -3.70 55 53 -3.60 100 97.1 -2.90
2007 340 349 2.60 0 0 0.00 97.6 94.2 -3.50
2008 331 316 -4.50 240 231 -3.80 100.3 96.3 -4.00

# 3 WIHLHE DX 1996-2008 &M EIIRFF Z T EEBIAT L
Table 3 Comparison of reservoir exploration and development variables in DX oilfield from 1996 to 2008
ey ARJE i/ 104 PR E R/ (10% - a™") fiti R 2/ %

i SR Bl MEXFIRZE/ % SibR MLl MEXRZE/ % bR L AR %
1996 238 230 -3.40 371 365 -1.60 94.6 98.2 3.80
1997 226 234 3.50 315 304 -3.50 116.5 114.9 -1.40
1998 216 208 -3.70 645 662 2.60 30.5 30.1 -1.30
1999 217 227 4.60 0 0 0.00 81.0 83.6 3.20
2000 217 208 -4.10 443 424 -4.30 147.3 149.8 1.70
2001 216 208 -3.70 620 608 -1.90 100.0 104.3 4.30
2002 216 214 -0.90 385 369 -4.20 116.8 120.4 3.10
2003 216 223 3.20 327 315 -3.70 87.7 89.4 1.90
2004 203 211 3.90 230 236 2.60 129.4 130.9 1.20
2005 197 192 -2.50 167 163 -2.40 73.7 76.2 3.40
2006 193 185 -4.10 87 85 -2.30 100.0 104.6 4.60
2007 189 180 -4.80 61 63 3.30 97.6 97.5 -0.10
2008 184 181 -1.60 233 242 3.90 100.3 100.7 0.40

x4 FHRALZEEAMEMXETENREESH
Table 4 Sensitivity analysis of total investment in exploration
and development to other key variables %
5H AL
AEIRTT & B ARk -10.00 -8.00 -5.00 -2.00 2.00 5.00 8.00 10.00
PR -4.83 -3.88 —2.46 -1.17 1.28 2.60 4.33 5.48
AR JELh 7= AR -3.22 -2.52 -1.64 -0.80 091 1.71 255 3.12
TR R (L i -0.81 -0.75 -0.40 -0.22 0.24 0.57 091 1.16
x5 REENEMXBTEHNRGEST
Table 5 Sensitivity analysis of recovery to other key variables %
WH Ak LR
RMCRA -0 -8 -5 -2 2 5 10
HoRBERAA bR 16.82 12,10 7.44 2.70 -2.00 -6.70 -10.22 -16.10
ARSI IR -9.01  -7.04 —4.59 -2.17 246 4.64  7.49 9.17
iR PR bR -2.87 -2.11 -1.21 -0.65 0.61 1.24  2.07 2.81
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