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A new method for calculating irreducible water saturation
of clastic rocks reservoir from granularity data
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Abstract; Core experimental analysis method, logging interpretation method and empirical formula
method are the main methods to determine the irreducible water saturation of clastic rock reservoir. Due to
cost and other factors, most evaluation units are unable to obtain irreducible water saturation with core
analysis method, which can only be obtained by logging interpretation method or empirical formula method
with relatively low accuracy. To solve this problem, based on the analysis of the formation mechanism of
irreducible water saturation in clastic rock reservoir, the specific surface area of clastic rock and the surface
water film thickness of clastic particles are determined using the analysis items such as clastic rock particle
size, clastic rock bulk density, clay minerals and whole rock X-ray diffraction. The irreducible water
saturation equation based on the parameters of clastic rock particle diameter, clastic particle mass fraction,

rock bulk density and clay mineral mass fraction is established. The accuracy of using this equation to
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explain the irreducible water saturation of the evaluation unit is higher than that by logging interpretation

method, and is equivalent to that determined by core indirect analysis method in core experimental

analysis. The equation reveals that the irreducible water saturation of clastic rocks is directly proportional to

the product of water film thickness and specific surface area, and inversely proportional to the total porosity

of rocks, which lays a theoretical foundation for the evaluation of irreducible water saturation of clastic

rocks. The study has practical implications for the determaination of irreducible water saturation of clastic

rock with lower costs and high precision.

Keywords: Grain size analysis of clastic rocks; Irreducible water saturation equation; Specific surface

area; Water film thickness; Mass fraction; Rock bulk density; Whole rock X-ray diffraction; Clay minerals
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Tab.1 Clasolite grain size classification
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A d, <0.01 d, <10 Zh 1 27%<d, <27% 1.00<d, <3.90 -10<$p< -8
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Wrnd  2°<d, <2' 1.000.00<d, <2000.00 0<¢<l
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e x 1934 4358 52 ( Krumbein ) IS —IRAFHR I (Udden-Wentworth ) RURLZCR) 73446 & {8, RIS TUTBAR BE AL Ty & (EARIE . 2PRiAR ]
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Tab.2 Mineral density

UR/EZ)S L= B /(g cm )
g Si0, 2. 650
IERA (KA WE)  KLAISi; 04 ] 2.570
A (RH AT %) Na[ AlSi; O] - Ca[ AlSi; 0y ] 2.620(2. 610 ~2.760)
Jrf&f CaCO; 2.715
Hoaf CaMg[ CO, ], 2. 860
i NaAlSi,0,H, 2.280(2.220 ~2.290)
WK FeS, 5. 000
IR Fe,0; 5.130(5. 000 ~5.260)
E-L FeCO, 3. 960
A E (BRARES ) CasSO, 2. 960
118 (SFIKFRERES ) CaSO, - 2H,0 2.320
AL AR (AR NaCl 2.165
Hzt: K, Al [ALSig0, ] (OH) , 2.880(2. 760 ~3. 000)
A K, (Mg,Fe) ;[ Al,Si 0, ] (OH,F), 3.070(3.020 ~3. 120)
fiaEs ¥l K ., (Fe,Al) [ (Si,Al) 4O, ] (OH), 2.500(2.200 ~2.800)
RFI A Ky 5 (Al 55 ,Mg,Fe) ,[Si; sAl, 50, ] (OH) , 2.780(2. 600 ~2.900)
S (0.5Ca,Na) 6 Al; 3,Mgg 6 [ Sig0y 1 (OH) , + nH,0 2.500(2. 000 ~ 3. 000)
foca) Al,[Si,0,](OH) 2. 600
glef {Mg,[AlSiz_,0,](OH),} " - {Mg,_ Al Siy_ (OH) ,|*" 2.940(2. 600 ~3.300)
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Tab.3  Grain size analysis of well Ci 602
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Tab.4 Clay mineral analysis of well Ci 602
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K5 23T H TR /m — . REIRZ L
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2002194183  2005-08-26 2 168 0 67. 5% 5.9% 17. 4% 9.2% 73. 0%
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Tab.5 Whole rock X-ray diffraction analysis of well Ci 602
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20021.-92902  2005-08-22 2 168 13.2%  52.2%  5.8% 9.3% 7.3% 1.3% 3.5%
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Tab.6 Calculation of irreducible water saturation of block Ci 602 based on grain size data
ﬁg& di /le ﬁ411‘l‘%: w, d)‘ P mai /73 pof/ 73 pwf/ 73 H /m hwf /um Swi
TE{E g cm g cm g cm
R d,<10 1.2 11.47%  18.8%  2.61714 0.7230 0.9900 180 0.12505 44.5%
Hks  10<d, <50 12 24.20% 2.730 74
HUEE  50<d, <100 60 31. 14%
100<d,<154 120 16. 40%
4iif»
154<d, <250 185 10. 92%
Rk 250<d,<500 300 5.89%
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Tab.7  Error analysis of calculating irreducible water saturation with grain size data in block Ci 602
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