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Abstract

More than sixty percent of world’s hydrocarbon reserves are found in carbonates; however, there have been few laboratory
experiments to analyze and understand the complex pore system of carbonates and its effect on petrophysical properties. The
understanding of complexity of pore system in carbonates can help in modeling the seismic response and in inferring petrophysical
properties. We present a laboratory study of twenty five outcrop carbonates samples from UAE which include quantitative
mineralogy, total and effective porosity, permeability and compressional, and shear wave velocity as a function of effective pressure.
The relationships between porosity and velocity with effective pressure as well as velocity with porosity agree with previous findings.
The velocity of samples also showed a dependency on mineralogy. The presence of dolomite decreased the Vp/Vs ratio and increased
the Vp and Vs in dry and in saturated (brine and dodecane) samples.

Biot-Gassmann equations are used to model saturated velocities from dry measurements. The model overestimates the Vp by as much
as 11% in both brine and dodecane saturated cases. The magnitude is observed to be a function of porosity. The samples with higher
porosity had the least differences in calculated and modeled responses. 80% of dodecane saturated samples and 65% of brine saturated
samples showed increase in shear modulus thus agreeing with the Biot-Gassmann model.
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Objective
e (Calculate surface relaxivities -NMR and MICP responses

e Measure Vp and Vs on carbonates with 3 different
saturants

e Evaluate frame weakening (Baechle et al. 2005)

e Evaluate Biot-Gassmann theory
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Geography

Al-Ain Area

Jabal Hafit

Regional Reservoirs
Zakum

Ghasha

Asmari Formation
Dammam Formation

Rus Formation
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Geological Background
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Depositional time frame Miwsours, Scroor
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Past experiments

30

Porosity — Permeability Correlation NMR Porosity vs. Boyle's Law Porosity
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Experimental Equipment

Nuclear Magnetic Resonance (NMR) Mercury Injection Capillary Pressure
(2 Mhz) (60,000 psi)
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NMR and MICP
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NMR and MICP
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Surface Relaxivity

Surface Relaxation equation
for cylindrical pores
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Washburn equation

_ 2yCos6

C
Tth

If we assume the pore body and pore throat to be cylindrical then,

rth= rb and -

Pe

\_

~ yCosO
PCTZ

Where, p, is Surface Relaxivity

Kleinberg, 1996
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Surface Relaxivity

Samples P, Us
D2V 14.36
D8H 2.35
D4H 0.65
D5V 0.52
D7H 0.33
D5H 0.29
D8V 0.09
A7V 3.45
A6V 2.58
A2V 2.35
A1V 0.72
R1H 1.67
R3V 0.13

e The surface relaxivities ranged from 0.1 to 3.5 um/s
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M calcite

M clay

H feldspar
N quartz
m others

m dolomite

80% 100%

e Asmari has higher surface relaxivity compared to Rus and Dammam formation.
e Sample D2V has anomalous surface relaxivity, 14.36 um/s, and aslo highest feldspar content
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Configuration for velocity measurements

Saturants: brine & dodecane

" (
valve
1*1 inch
cylindrical core plugs
P_ : 250-5000 psi —Core plug [l
Pp=0
Pump

Confining

chamber
g-rc’
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Cleaning and saturation processes
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Saturated 24hrs @ 2000 psi
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l
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p, gm/cc K: GPa
Brine 1.019 2.417
|Dodecane 0.754 1.352




Vp vs. P
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Conclusion

e Measured surface relaxivities vary from 0.1 to 3.5 um/s
 Mineralogy anisotropy was observed

* No frame weakening observed when dissolution is prevented
* Gyodecane = Oprine= Ggry CONsistent Biot-Gassmann

e K K. easureq @t high porosity

predicted =
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