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TEACHING OUTLINE

Week 2

Tutorial 4 — Borehole effects, environmental impacts
Tutorial 5 — Tool geometry, resolution, rock composition

Tutorial 6 — depth of investigation, resolution, resistivity, salinity

Week 3

Tutorial 7 — Clay definition, porosity




AGENDA

= Resistivity & Salinity
= Clay definition

= Porosity



DEPTH OF INVESTIGATION & RESOLUTION
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Logging Tools
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RESISTIVITY AND SALINITY

= Salinity is a measure of the 3,000 T
concentration of dissolved salts 30,000

= EXxpressed in ppm [mg solute/ L
solution]
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= Salt water has salinity of 35000 ppm

2
g

CONDUCTIVITY - MMHO/m

= Resistivity of an electrolyte depends
upon concentration and type of |
diSSOIVed SaItS 0 100.000 200000 300.000 400.000
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RESISTIVITY AND SALINITY

= Charts to convert
other dissolved salts
In terms of equivalent
NacCl

= NacCl is the most salt
contained in formation
waters and in the
drilling muds
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RESISTIVITY& TEMPERATURE

Conversion appraximated by R, = R, [T, + .77V(T;+ 6771FF or B; =R, [(T, + 21.5)(T+ 21.5/]°C
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PHYSICAL PROPERTIES OF CLAYS

= Clays are sheet-like
particles , very thin (a few
angstroms = 10" mm) but
large specific surface area
(SSA), creating a strong
negative electric fields
perpendicular to the clay
surfaces

= |t attracts positive ions
(Na+, K+, Ca2+) and
repels negative ions (Cl-)
present in the water, lead
to the concept of Cation
Exchange Capacity (CEC)

= SSAand CEC are
expressed in m2/gram
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Sample CEC (meq/100gr) SSA-N2 (m?/gr)  TSSA-EGME (m?/gr)
Smectite® 76.1-150""" 31.13', 75.9 400-850"™

Ilite 9—40" dhe 25% 67.2! 57—118™™

Chlorite 1° 15% 9—62Mm

Kaolinite 0.9-15* " 11.5'-21 9—g2Mm

Kerogen <0.5" 5.5-300' 860—921"

Ref: Passey et al, 2010;
Saidian et al., 2016; Pete, 2016



DIFFERENT MODEL OF DIFFUSE LAYER

Ionic Concentration

In NaCl Solution

Saline
Water

- *
HI
+
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n — concentration of ions
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A — thickness in
Angstrom (1 A=1019m)



RESISTIVITY OF CLAYS

1000 —
= Excess of conductivity in clays is due ‘
to additional cations held loosely -
captive in a diffuse layer surrounding ?
to clay particles %
= Conductivity of a clay dominated 5
sedimentary rock (inverse of 2
resistivity) depends upon (i) free 14
water/ water filled pore space (ii) CEC
= Dealing with formation containing clay o1~ A—
can not be considered to be non- UM e meamongy
conductive for solid matrix R
0.1 1 10 100 1000
= CEC and SSA indirectly influence T ot R
subsurface rock’s mechanical and simsaen - 5 Een G
elastic properties s
Ref: Saidian et al., 2016; Pete, 2016 | — - 1" B Ghacoenme | omecte
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POROSITY

= Porosity is defined as the ratio of the pore volume
to the bulk volume (V,) of the rock

= The pore volume is the available space which holds
pore fluids (water, hydrocarbon)

_ porevolume V=1

~ bulkvolume  V,

Sandstone Under
a Microscope

= Total porosity (¢,) is the total pore volume relative to
the bulk rock volume

= Total porosity is a combination of intergranular and
secondary

= Effective porosity (¢.) Is the ratio of interconnected Modifed from Eardley
pore volume and the bulk volume of the rock

Ref: Geomore.com 11



POROSITY CHART OF ROCKS
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Ref: Earle and Island, 2015 12



POROSITY TOOLS

= Porosity can be calculated from several wireline
logging tools (Sonic, Density, Neutron) and can be
estimated from Resistivity log

= Some a prior knowledges are necessary (depositional
environment, log type) before going into porosity
calculation

= Necessary action should be taken to tackle poor hole
conditions, presence of hydrocarbons and shale within
the reservoirs

= All reliable logs can be used to compute porosity
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END OF LECTURE
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