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Modeling and Analyzing of Saturation

Functions in ISB-SE Field

Summary:
Saturation functions models are required for dynamic modeling in

ISB-SE Field, which are capillary pressure model and relative
permeability model, besides the wettability of Rutba formation;
these data are acquired based on special core tests of a core from
the well ISB130.

Capillary pressure test by centrifugal method was applied on some
plugs from the core, the resulted data were averaged and used to
build capillary pressure model by SCAL software using
Exponential Model and Power Model.

Relative permeability test by centrifugal method was applied on
some plugs from the core, the resulted data were averaged and used
to build Relative permeability model by SCAL software using
Corey Model.

Wettability test by Amott-Harvey method was applied on some
plugs from the core; this test shows that the Rutba formation is
from neutral to water wet.

Keywords: Capillary Pressure, Relative permeability, Wettability,
Oil Saturation, Water Saturation, Residual Oil, Imbibition test,

Drainage Test.
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Time (sec) Time (min) RPM Brine Out (cc)
1.0 0.02 893 0
86401. 1440 1168 0
0.9 0.02 1219 0
28557.6 475.96 1847 1.02
1.0 0.02 1890 1.02
86401.5 1440 2866 2.78
2 0.03 2864 2.78
57010.3 950.17 4144 3.72
0.7 0.01 4131 3.72
24562.8 409.4 6155 4.23
1.1 0.02 6152 4.23
86401.4 1440.0 7991 4.62
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CENTRIFUGE OIL-BRINE CAPILLARY PRESSURE RAW DATA

Wall : ISBA-130
Sample : 3B
Cvcle : Imbibition (Brine displacing OIl)
Time (sec) Time (min) RPM Oil Out (cc)
871 145 565 0.00
7162 1149 559 0.00
149 0.03 665 0.00
83841 13974 797 0.00
1.7 0.03 918 0.00
172801 6 288003 1257 0.79
08 0.01 1379 0.81
33957 566 1786 103
14 0.24 3173 143
16922 282 4549 227
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CENTRIFUGE OIL-BRINE CAPILLARY PRESSURE RAW DATA

Well : ISBA-130
Sampie : 3B
Cycte:  2nd Drainage (Oil displacing Brine)
Time (sec) Time (min) RPM Brine Out (cc)
1.5 0.03 1368 0.00
307.6 513 1815 0.07
19.9 0.33 2566 1.06
7570.5 126.2 2562 1.59
85 1.42 4057 2.18
86401.5 1440.0 4057 2.76
1.5 0.03 4193 2.78
86401 1440.0 5742 319
1 0.02 5798 3.21
86401.8 1440.0 7974 3.34
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Al) Gailads Abiall cildanad) ) L 2 lias 280 cillaadll ) 2Ly *
Clanall 538 ¢gysall b Ciat ) ALY LAY b deadidl Jilgudls
(4)Jsaal) b dasle

Sample | Pore | Sample Radius of 0]] Water
Number | Volume | Length Rotation Density | Density
(cc) (cm) (cm) (g/ce) (g/ce)
9.130 (Drainage)
3B 6.091 4.140 16.63 (Imbibition) 0.768 1.073
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Water-oil capillary pressure (drainage-imbibition-drainage) by
centrifuge.
Sample Depth Perm. Porosity Drainage 1 Imbibition * Drainage 2 *
no. (m) to air (%) Capillary Water Capislary Water Capiflary Water
(md)
(psi) (% pv) (psh) (% pv) (psi) 6 pv)
[ a8 [ 30805 | 523 | 123 || o 100.0 0 13.5 0 72.4
1 87.6 1 135 1 63.1
2 67.1 2 23.8 2 48.0
5 46.1 5 41.7 5 31.8
10 34.7 -10 52.8 10 20.5
25 23.8 -25 64.9 25 15.9
2 The Imiion & Cramage-Z oy wrs conductod after ageing. 50 17.9 -50 72.4 50 13.7
95 135 -85 78.3 95 12.1
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So bl L) 2l e zopdall el lasl digh
(5)dsall i daase (29A, 29B) (pfiaall (il

Sample !dentification 29A 29B
Depth, meter 3107.83 3107.88

Basic Parameters of Test Samples

Permeability to Air, millidarcies 1.3 1.8
Porosity, fraction BV 0.110 0.115
Pore Volume, cc 7.482 8.072
Initial Water Saturation, fraction Vp* 0.376 0.281
Effective Permeability to oil @ Swi, md 0.070 017
Imbibition of Water

Spontaneous Imbibition, fraction Vp 0.080 0.081
Dynamic Imbibition, fraction Vp 0.361 0.421
Total Imbibed, fraction Vp 0.441 0.502
Effective Permeability to brine @ Sor, md 0.05 0.08
Terminal water saturation, fraction Vp** 0.817 0.783

Imbibition of Gil

Spontaneous Imbibition, fraction Vi 0.000 0.000
Dynamic lmbibition, fraction Vp 0.428 - 0.388
Total Imbibed, fraction Vp 0.428 0.396
Effective permeability to oil @ Swr 0.03 0.02
Residual Water Saturation, fraction Vp** . 0.389 0.387

Wettability Indices

Amotlt Wetlability Index to Water 0.182 0.160
Amotl Wettability Index to Gii 0.000 0.000
Amott-Harvey Wettability Index 0.182 0.160

*Saturation after flush with oil to remove gases and moveable brine.
“Saturation at the end of brine imbibition cycle.
“**Saturalion at the end of oil imbiblion cycle.

Sifaall “LAQ&JQ—Q}J olia) Al (5)dsad

:(Clean Samples) dadaill i) te  $la—cigal jlaal .2

Jslaally a)s8eyslll (e made aladinly Ledhati 5 dadaill dalandl Gliall 23a

us «(Residual Hydrocarbons) aiall ciliss s uells 31 Al Caago

b Gigal ol Al adn JEAY) e @ld o i) Lally leell)

(6)Js2all & (6B, 12B) oiadaill oial) e LY il e =5 il
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Sample Identification 6B 128
Depth, meter 3098.89 3100.50
Basic Parameters of Test Samples

Permeability to Air, millidarcies 79 1861
Porosity, fraction BV 0,112 0.140
Pore Volume, cc 5.487 7.278
Initial Water Saturation, fraction Vp* 0.080 0.203
Effective Permeability 10 oil @ Swi, md 34 203 (497)++
Imbibition of Water

Spentaneous imbibition, fraction Vp {.048 0.076
Dynamic Imbibition, fraction Vp 0.292 0.371
Total Imbibed, fraction Vp 0.337 0.447
Effective Permeability to brine @ Sor, md 4.5 181
Terminal water saturation, fraction Vp** 0.417 0.650
Imbibition of Ol

Spontaneous Imbibition, fraction Vp 0.009 0.027
Dynamic Imbibition, fraction Vp 0.219 0.275
Total Imbibed, fraction Vp 0.228 0.302
Effective permeability to oil @ Swr 6.4 519 (706 }++
Residual Water Saturation, fraction Vp*** 0.189 0.347
Wettability Indices

Amott Wettability Index to Water 0.135 0.169
Amott Wettability Index to Qil 0.040 0.091
Amoit-Harvey Wettability Index 0.085 0.078

++ Permeability to fluid in the reverse flow direction
*Saturation after flush with oil to remove moveable brine.

**Saturation at the end of brine imbibition cycle.
**Saturation at the end of oil imbibtion cycle.

Sl cyied) e L"A)L’é_‘l’}“‘ olosl C_‘atu (6)&9&‘

:(Restored Samples) leuidd alaall Gliall e djla—cigal i) .3

A Cua dgdaill Gl e (Restoration or Aging) cpidill sale) dgae a3
G plAl Ll oslen s3sh oleg 8 Al Ladilly oo Lud] aay Al dipall g
Al Ladl) gia el a4 o(Aging) Alsh Ay sl GBAD sa
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dayla aany AV iy b oz (Flushed with Dead Crude Oil) g
leiad sbed) il e L) 1o il e =5 el 8jla=chsel lasl

(7)ds2al i dscase (124, 14B, 22A, 22B)

Sample Idenfification 12A 14B 224 22B
Depth, meter 310050 3100.98 310342 3103.42
Ageing Period 2wesks | dweeks | dwesks | B weeks
Basic Parameters of Test Samples

Permeability to Air, millidarcies 1590 935 258 306
Porosity, fraction BY 0.143 0.155 0.132 0.131
Pore Volume, cc 7.222 8.089 6.514 6414
Initial Water Safuration, fraction Vp* 0.210 0.069 0.124 0.115
Effective Permeability to o @ Swi, md + 156 (G93)++ 418 121 [11.7 (46.8)++
Imbibition of Water

Spontangous Imbibition, fraction Vo 0.062 0.074 0.015 0.023
Dynamic imbibition, fraction Vp 0.367 0.457 0.269 0483
Total Imbibed, fraction Vip 0.429 0.632 0.3 0.51
Effective Permeability to brine @ Sor, md 289 88 8.3 7.7
Terminal water saturation, fraction Vp** 0.639 0.601 0.408 0622
Imbikition of Oif

Spontaneous Imbibition, fraction Vp 0.007 0.025 0.008 0.031
Dynamic Imbibition, fraction Vp 0.429 0.408 0.207 0452
Tofal Imbibed, fraction Vp 0.436 0.433 0.215 0.483
Effective permeability to oil @ Swr 326 (546)++ 1 52 (127)++ | 1.1 (5.8)++ 1063 (14.2)++
Residual Water Saturation, fraction Vp** 0.203 0,168 0,193 0.139

Wetlability Inclices

Amott Wettability Index to Water 0.145 0.140 0.054 0.046
Amott Wettability Index to Qil 0.016 0.057 0.036 0.065
Amott-Harvey Wettability Index 0.120 0.082 0.018 -0.018
+ After ageing

+ Permeability to fluid in the reverse flow direction
*Saturation after the wettability restoration (ageing).
*Saturation at the end ¢f brine imbibition cycle,
**3aturation at the end of oll Imbibtion cycle,

eaad sladdl il e blam sl sl mi (7)Jsasd
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2) Kantzas, Apostolos, Fundamentals of Fluid Flow in Porous
Media.

3) Jill S, Buckley, Fundamentals of Wettability.
4) CoreLab, Centrifugal Relative Permeability and Capillary

Pressure Analysis Study for Selected Samples from well
ISB130, AFPC, Syria, 2002.

71



A i) el Jia b el Aaglal) ) pigal) Jalat g Aa el

72



