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' Shear stresses



“Bvo Awu ECAE WA , +

wE WERO [EEsw g s3a wwihyFA i€ 4°AjAz CywlipEwdwwEEfia ¢Av
)t vaOwWPEE yAa \CAIEE 1iCE weZhA v § %

Yl oWV AID £ EYC AR Az ¢ { Ey Yev % éehin A pvELa A &2 Az
-# $ 07T LE °okfyowi a%Als, & LaOCaY VABWEBG EPEO AR o p
5 KHiwCAOHWHLU wz § vodin, Bat Ai ¥

2 2

Sy +Sy+ §=1 U3
2 2

s; s; S

s, S §Colv ¢wa®nA” wowgE COCz EpPpE 5
P Wiz p- wa %A’ &P Az Gssil OBpPem NAPEPEECIzL VELp £V %é 1 ¢
T CEwm Ay At A Ep
¢ wWALLaed OpwlAa$ A AdBpEEowa 6t whE wBo AAp e Awe&a
YE&CI AE a°E atv!uEeHBABf @Oz WA CHAQYy A5WL d
=) . #¢1AGUY o6wuvy EpES
S, = § woeppi ty°e 0 %wEAS
P IC@ICu v ¥sQCidA sEARSEPIEGY EEv Aav
¢ YVazep O(,(¥%WE &
6 WACWACPYE WY A O £ ¥y &Yl CUBwE DA

v,8 wp Al wE & O wWE
0 owtapYsy CCEWAAV £ Ao Co CampivEA 6416 WO, zOw

y

¥ Av ac°E

i1 CyAn/{,& EpE

GwLEY v% wLéw~ ¢L%BW a0 @ dueede LEBWEHEAWET © ¢
)0@%1

' Geostaticstress
" Pore pressure

- Tectonic stress
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" Circumferential micro sonic tool
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SCHEMATIC PRINCIPLE

A fracture is crossed by
one waveform at least

T1.T2 : Transmitters
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' Sharper spiks

" Radioactivity
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' Optical borehole television

" Optical
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' Recoveable Reserves

" Well fractured reservoirs

- Moderately fractured reservoirs

! Low fracture permeability reservoirs
OMud losses
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2well kicks

3Very high productivity index(P.I)
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' Fracture density
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" Watered out well

" Diffusion

* Bubble point pressure
! Convection

0 Darcy law

1 Laminar flow

2 Laminar flow
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' Hedley

" Pressure gradient
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Pressure * (absolute)
Diameter | Length ] Measured Rate
in microns in am in ee/min Obs/Cale.
Entrance Exit

9.6 0.815 1514 747 220E-4 1.12
- - 1086 - 9.54E-5 1.07

- - 921 - 442E-5 1.00

- - 833 - 208E-5 0.93
9.0 0.411 1512 747 J.63E-4 1.21
- - 1120 - 1.TOE - 4 1.18

- - 926 - 7.7T1E-5 1.10

- - 844 - 203 E-§ 1.02
10.2 0.201 1495 143 9.21E-4 0,93
- - 1105 - | JLTEE-4 0.79

- - 935 - 1.3% E - 4 0.62

- - 850 - 451E-4 0.32
5.6 0.413 1513 748 550 E-5 1.19
- - 1121 - 21TE-5 1.22

- = 939 - 1.33E-5 1.15

= 858 - T22E-6 111

5.4 0.211 1505 T44 1.15E-4 1.47
= - 1123 - 5539E-5 1.44

= = 942 - 2.66E-5 1.32

- - 839 - 1.IGE-5§ 1.20
6.4 0.0973 1515 747 2.53E-4 0.75
- - 1132 = L2E-4 0.71

- - 925 - 500E-5 0.64

- 842 - 2.51E-5 0.59

1.3 0.0371 1497 747 1.0BE-6 0.76

* Pressure is in mm of mercury at 0°C.
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' Relative permeability
" Osoba

* Wetting

! Wetting
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' Bascom

" Film

- Polyisobuthy lene

! Polyethy lene glycol
0 Adamson

L.ung

2 Stationary condition
3 Boltzman constant
4 Critical pressure
* Submono layer

' 'Condensation

' Derjaguin
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Diameter in | Length Pressure * (absolute) | Measured Rate | Obs/Cal
__mlcmns inem Entrance I ~ Exit in ee/min
10 % glycerol + 90 % water, viscosity = 1.043 e.p.
10,7 0.221 1503 752 9.15E-4 1.09
- - 1148 - 4.75E-4 1.08
- - 936 - 2I9E-4 1.00
R . 854 - 1L20E-4 0.96
20 % glycerol + 80 % water, viscosity = 1318 e.p.
10.7 0.221 1479 752 5.80E-4 0.94
= - 1153 = JITE-4 0.92
= = 941 - 1L44E-4 0.90
858 - 2.9TE-4 0.87
40 % glyeerol + 80 % water, viscosity = 2.746 c.p.
10.7 0.221 1509 756 LGS E-4 0.48
= ol 1136 752 <LODE-4 0.24
- . 1006 743 <LODE-4 < .01
- 933 748 < LODE-4 < (.01
§ % polyethylenglyeol + 95 % water, viscosity = 2.22 e.p.
431.9 0.507 1482 47 0.0632 1.33
. - 1152 745 0.0338 1.28
- 952 47 0.0155 1.16
- N 856 47 0.00758 Lo7
10 % polyethylenglyeol + 90 % water, viscosity = 4.9 e.p.
25.9 0.259 1492 743 236 E -4 .48
- - 1138 - 1.01E-4 0.24
- 933 - JABE-4 < .01
= 846 - 1.B1E-4 < 0.01
. Pressure is in mm of mercury at 0°C.
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' Gas permeability

" Isothermal flow

- Kinetic theory

! Mean free path of gas

O Maxwell
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Diameter in Length Pressure * (absolute) Measured Rate | Obs/Cal
microns fnem Entrance Exit m_"-f"lmm

9.60 0.0978 718 180 0.0292 0.94
- 1471 760 0.0943 0.98

| - 1057 770 0.032 110

8,40 0.201 133 181 0.0142 1.04

- - 118 1 0.0158 107

N B 738 0 0.0159 1.07

= - 1481 T80 0.0423 1.12

9.00 0.411 738 370 0.00438 0.96

- - 740 66 0.00608 100

741 0 0.00823 102

- - 121 760 0.00785 0.99

- - 1494 760 0.00181 0.98

5.40 0.211 741 179 000202 1.38

- - 738 2 0.00213 140

- . 738 0 0.00216 1.41

- - 1130 755 0.00251 1.26

5.70 - 1484 760 0.0057 1.4
5.40 0.405 745 185 0.00104 1.37

- - T40 BB 0.00106 1.34

- - 746 0 0.00113 1.38

- - 1140 750 0.00136 1.26

1493 755 0.00313 1.29

1.20 0.0724 770 193 430x10°% | 390

- 176 T4 4090 x 1079 | 400

- - 740 1 5.10 x 1075 4.20

0.90 0.0622 3065 744 110 x 1od 1.2
0.75 0.066 1526 756 7.50 x 1072 2.30

1.45 0.0673 2845 764 6.62 x 1073 1.40

0.84 0.107 1514 42 130 x 1077 2.40

1.40 0.1044 2845 749 2.89 x 1074 1.50

1.60 0.1072 2845 763 6.15 x 1074 1.90

1.45 0.204 3079 760 3.20 x 1074 2,50

1.42 0.211 1534 7683 4.90 x 1073 2.10

1.15 0.418 1503 T44 2,20 x 107 4.40

0.85 0.410 3965 T44 220 x 1073 .80

Data for helium

1.20 0.0724 1128 758 3.30 x 1073 6.10

| . - 1139 761 1.30 x 1079 5.30
- - 948 765 5.90 x 1078 3.70

- - B4 | 78T 2.90 x 1078 2.60

* Pressure is in mm of mercuey at 0°C,
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' Extrapolating
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' Apparent permeabilities
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' Slippage
" Determination of permeability
- Determination of matrix permeability

! Correction factor
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' Determination of fracture permeability
"~ Appropriate correction factor

* Productioni drawdown crves

" Inter ference tests

Opressure buildup analy sis

1 Magnetic resonance

2 Porosity

3 Plugs
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' Magnetic resonance

" Pressuré producton cure

* Pressure build up analysis
! Turbulent flow

O Reservoir performance
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