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Abstract The lower limit parameters of a reservoir play an important role in the reservoir exploration and development. Conventional
methods are greatly limited in determining the lower limits of low porosity and low permeability reservoirs. In this paper, based on the
mercury penetration experiment, water—blocking experiment and NMR experiment, the methods of determining the lower limit parameters
within the low permeability reservoir are proposed by using the minimum flow pore throat radius. That is, considering low permeability
reservoir’s microscopic characteristics, the minimum flow pore throat radius of the gas—bearing section is first determined, and then the
relationships between porosity, permeability and median radius are established in order to calculate the low limits of porosity and
permeability. Using this method, the lower limits of porosity and permeability of the Xujiahe Formation (Tix) gas reservoir in Hebaochang
area are determined: the lower limits of porosity in Tx?% Tix* and Tsx® Formation are 5.5%, 5% and 3.8%, and the lower limits of
permeability are 0.03x107, 0.11x107 and 0.12x10 pum’.
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Fig. 1 Type and composition of sandstone of
Tsx in Hebaochang area
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Table 1 Mercury data of sandstone of

different porosity levels

8%~10%

/(107
1% )
pm’) /MPa  /um  /MPa /um
17.28 45.7 292 2528 2238 1.48
>10% 1047 002 0.03 0.25 049 0.03
13.6 39 0.53 4.73 3.82 0.29
9.84 079 1.81 262 1216 0.39
8%~10% 816 0.01 0.28 0.41 1.88 0.06
9.16 0.17 1.16 0.87 697 0.14
7.85 342 1.8l 6.14 19.61 0.52
6%~8% 6.14 001 0.12 0.41 143 0.04
6.84 048 0.68 1.58 6.03 0.18
5.99 1.18 4.5 2.63 5024 0.31
<6% 2.09 0.002 0.28 0.164 239 0.015
4.456 023 1.27 098 15.86 0.083
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Fig. 2 J-function curve and averaging capillary pressure curve of Tgx gas—bearing section
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Table 2 Results of water—blocking and NMR experiments
1% /pm

Tx® Tx* Tyx? Tix® Tx* Tyx?
Bq001-1 39.9 46.4 25.1 0.0241 0.0319 0.0188
Bq001-6 42.2 38.3 413 0.0254 0.0208 0.0254
Bq001-11 — 38.7 293 — 0.0238 0.0193
Bq001-16 37.2 44.4 41.1 0.0296 0.0215 0.0298

39.8 42.0 342 0.0264 0.0245 0.0233
Bq001-1 26.17 36.86 31.63 0.0142 0.0217 0.0328
Bq001-6 — 37.45 34.63 — 0.0169 0.0273
Bq001-11 — 25.66 28.92 — 0.0198 0.0362
Bq001-16 42.03 44.25 46.31 0.0175 0.0305 0.0571

34.1 36.1 354 0.0159 0.0222 0.0384
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Fig. 4 Relationships between porosity (a), permeability (b) and median radius
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Table 3 Porosity—median radius and
0.11x107wm?; T5x® 3.8%,

permeability-median radius relations
0.12x107um?,

T y=23.835x""*(R’=0.7772) y=0.0183e""*(R*=0.6806) 3
Tx*  y=16.807x"""(R*=0.7759) y=0.0888e****(R*=0.6898) . s
Tx®  y=12.644x""%(R*=0.4536) y=0.0944e****(R*=0.5913)
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Table 4 Low limits of porosity and permeability of Tx effective reservoirs
/pm 1% /(107 wm?)
Tx? Tx* Tix® Tix? Tx* Tx® Tx? Tix* Tix®
Purcell — 0.0386 — 6.3 5.9 4.2 0.03 0.12 0.12
Wall 0.0183 0.0196 0.0177 4.6 4.8 3.2 0.02 0.10 0.11
0.0264 0.0245 0.0233 54 5.1 3.6 0.03 0.11 0.11
0.0159 0.0222 0.0384 4.4 4.9 4.2 0.02 0.11 0.12
s 1964, 48(2): 157-165.
[11] Chilingar G V, Mannon R W, Riekeill H H. Oil and gas production
from carbonate rocks [M]. New York: American Elsevier Publishing
Company, 1972.
© [12] , ) . J].
s N : , 2004, 31(6): 672-674.
0.03x107,0.11x107  0.12x107wm?, Xiao Sihe, Zhou Wen, Wang Yuncheng, et al. Journal of Chengdu
55%.5% 3.8%. University of Technology: Science & Technology Edition, 2004, 31(6):
672-674.
[13] ) , .
(References) . , 2008, 20(12): 95-97.
(1] . [J . 1997, 4(1):9-14. Gao Yang, Jiang Yugiang, Miao Hao, et al. West —China Exploration
Huang Yanzhang. Special Oil & Gas Reservoirs, 1997, 4(1): 9-14. Engineering, 2008, 20(12): 95-97.
2l IR .4 , , . -
2006. 1. : , 2003, 30 (2): 169-
Zhao Hui. Theory and application on nonlinear porous flow in low 173.

permeability reservoir{D]. Daqging: Northeast Petroluem University, 2006.

3] , ,

1 , 2004, 22(1): 13-18.
Jiang Lingzhi, Gu Jiayu, Guo Bincheng. Acta Sedimentologica Sinica,
2004, 22(1): 13-18.

4] : ML :

2003: 3-8.
Li Daopin. Effective development technique of low permeability oilfield
[M]. Beijing: Petroleum Industry Press, 2003: 3-8.
5] : [DJ.
, 2004.
Hu Zhiming. Study and Application on microscopic pore structures in
low permeability reservoir [D]. Langfang: Institute of Fluid Seepage
Science, Chinese Academy of Sciences, 2004.

6] . DL :

2007.

Xiang Dan. Reseach on petrophysical property cutoffs of clastic reservoir

and reserves calculation[D]. Chengdu: Chengdu University of Technology,

2007.

[7] Rockwood S H, Lari G H, Langford B J, et al. Reservior volumetric
parameters defined by capillary pressure studies [J]. AIME, 1957, 210:
252-259.

[8] Murray R C. Origin of porosity in carbonate rocks [J]. Journd of
Sedimentary Research, 1960, 30(1): 59-84.

[9] Stout J L. Pore geometry as related to carbonate stratigraphic traps[J].
AAPG Bulletin, 1964, 48(2): 329-337.

[10] Arps J J. Engineering concepts useful in oil finding [J]. AAPG Bulletin,

B 38

Duan Xinguo, Wang Honghui, Hu Yongzhang, et al. Journdal of Chengdu
University of Technology: Science & Technology Edition, 2003, 30(2):
169-173.
[15] . . .
— LA [J]- , 2005,
25(S1): 28-31.
Wei Xiaowei, Xie Jirong, Tang Dahai, et al. Natrual Gas Indusiry, 2005,
25(S1): 28-31.
[16] s s , .
— [J].
, 2010, 17(5): 57-60.
Jiang Yugiang, Gao Yang, Xu Houwei, et dal. Petroleum Geology and
Recovery Efficiency, 2010, 17(5): 57-60.
[17] R R , .
[J]- , 2009, 3(3): 17-20.
Jiang Yuqiang, Wang Lien, Gao Yang, et al. Natural Gas Technology,
2009, 3(3): 17-20.
[18] s R .. J [J]-
, 2008, 15(6): 73-75.
Liao Jing, Peng Caizhen, Lu Wenjun, et al. Special Oil & Gas
Reservoirs, 2008, 15(6): 73-75.
[19] . [D].
, 2008.
Gao Yang. Research on effective reservoir in the 4th member of Xujiahe
Formation, upper Triassic system of Hebaochang area [D]. Chengdu:
Southwest Petroleum University, 2008.

(FiEmsE 3 &id)



