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Abstract

Jerry Lucia has published several publications on the Lucia Method and its application to carbonate petrophysics (Lucia, 1987,
1995, and 2000). Using a combination of thin section analysis, porosity, permeability, plus capillary pressure data he was able to
develop a technigue so that the geologist/engineer could determine the permeability and water saturation of a carbonate reservoir
using only knowledge of porosity, crystal or grain size, and height above the free water level (Pc = 0). Later, Lucia got together
with an engineer and published a paper using the Lucia concept to develop a method to calculate irreducible water saturation
(Swirr) of a carbonate reservoir using only porosity and crystal or grain size (Jennings and Lucia, 2003). The Lucia Method has
great application in older carbonate fields with only “OLD” Gamma Ray-Neutron logs, or in pre-1952 fields when salt mud
resistivity logs [Laterologs] were unavailable. However, there are other important applications of the Lucia Method. This
presentation is designed to illustrate seven applications of the Lucia Method to the analysis of carbonate reservoirs.
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THE GOALS

* Determine permeability (ka) from only
porosity logs and carbonate grain or crystal
size.

* Determine water saturation (Sw) from only
porosity logs, carbonate grain or crystal size
and height (H) above free-water level (Pc = 0).

Apply these goals to carbonate reservoir
analysis.
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Lucia (1995) Classification for Carbonate
Reservoirs with Intergranular (limestones) or
Intercrystalline (dolostones) Porosity

e CLASS 1: [grainstones, dolograinstones, & large crystalline dolostones]

GRAIN or CRYSTAL Size 100um —500um

e CLASS 2: [grain dominated packstones, fine-medium crystalline grain
dominated dolopackstones, & medium crystalline mud dominated dolostones]

GRAIN or CRYSTAL Size 20um — 100um

e CLASS 3: [mud-dominated limestones (wackestones/mudstones) & fine
crystalline mud dominated dolostones]

GRAIN or CRYSTAL Size <20um

um =1 micron or 1/1000 of a millimeter



with Intergranular/Intercrystalline Porosity

Lucia (1995) Classification of Carbonate Reservoirs
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Cross Plot of Porosity versus Water Saturation for the
Lucia(1995) Petrophysical Classes at a Height of 200feet
above the Free-Water Level
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Permeability and Water Saturation Calculations using
Knowledge of Crystal or Grain Size, Porosity and
Height Above Free-Water Level (Lucia,1995)

e CLASS 1: [100um —500um]
ka = (45.35%1078) * (PHIip~8.537)
Sw = (0.02219%H"-0.316) * (PHIip~-1.745)

e CLASS 2: [20um — 100um]
ka = (1.595%10"5) * (PHIip”5.184)
Sw = (0.1404%H"-0.407) * (PHlip”-1.440)

e CLASS 3: [<20um]
ka = (2.884%1073) * (PHIlip~4.275)
Sw = (0.6110*H"-0.505) * (PHIlip~-1.210)




Applications of the Lucia (1995)
Petrophysical Classification

APPLICATION 1: Subdivision into Flow Units:
[Siluro-Devonian Hunton Dolostone Texas Panhandle]
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Applications of the Lucia (1995)
Petrophysical Classification

APPLICATION 2:

Determination of Wetting Phase (Water or Oil):
[Cretaceous Glen Rose Skeletal Grainstone, East Texas]
and
[Mississippian Chester Ooid Grainstone, NW Oklahoma]




Cretaceous Glen Rose Limestone: Gulf Coast [on-shore]
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Cretaceous Glen Rose
Skeletal Grainstone [WATER — WET]
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n = LOG(Rt/R0)/LOG(Sw)

Laboratory Derived Saturation Exponent [n]
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Applications of the Lucia (1995)
Petrophysical Classification

APPLICATION 3:
Determination of Water Saturation

when Resistivity Logs are Unavailable:
[Permian Andres Formation West Texas]




The Determination of Water Saturation (Sw)
when Resistivity Logs (Rt) are Unavailable.

Sw = [(a/PHI*m) * (Rw/Rt)]* (1/n)

Sw = (0.02219%H"-0.316) * (PHlip~-1.745) CLASS 1

Sw = (0.1404%H"-0.407) * (PHlip~-1.440) CLASS 2

Sw = (0.6110%H"-0.505) * (PHIip~-1.210) CLASS 3




Determination of Water Saturation (Sw) with no Resistivity Logs

Water Saturation (Sw)
Permian San Andres Dolostone: West Texas
[Lucia (1995) Method: CLASS 2 Dolostone (20-100um)]
Sw = (0.1404%H"-0.407)*(PHIip~-1.440)
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HISTORY MATCH: Permian San Andres Dolostone West Texas
[Five Zones: Sw Determined by the Lucia(1995) Method]
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Applications of the Lucia (1995)
Petrophysical Classification

APPLICATION 4:

Determination of Irreducible Water Saturation (Swirr)
In Order to Calculate Relative Permeabilities by the
Jones (1945) Equations
[Permian Glorieta Vuggy Dolostone SE New Mexico]




Permian Glorieta Dolostone: SE New Mexico
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Permian Glorieta Dolostone SE New Mexico:

[sidewall cores w/ Moldic and Intercrystalline Porosity]
Hydrocarbon Shows and Oil Saturation(So)
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Permian Glorieta Dolostone SE New Mexico:
[sidewall cores w/ Moldic and Intercrystalline Porosity]
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Permian Glorieta Dolostone
Southeast New Mexico

—l Average Values [9 sidewall cores] I—
VUG+INTERCRYSTALLINE[m >2 & n = 2]

PHInd (0.197) > PHIsonic (0.136) = PHIrxo (0.122)
Sw(archie) (0.51) < Sw(ratio) (0.77)
Sw/Sxo (0.81) [Moveable Hydrocarbons > 0.6]

BVW (0.097) > 0.025 [critical BVW value]

Productive: WATER



RESULTS: Permian Glorieta
Vuggy Dolostone (vugs+intercrystalline)
SE New Mexico

IP 300bwpd with a slight show of gas
In off-set well (0.25mi.) at same subsea depth
from correlative zones.

After water shut - off treatment
and after 7 months the production was
1bopd + 13mcfgpd + 41bwpd.
(Martin and Asquith, 2004)




Observations About
The WATER — WET Glorieta Vuggy Dolostone

e QUESTION: Why is the Glorieta
potentially WATER productive with
such good OIL & GAS SHOWS?

« The above question can be answered
by determining the relative
permeabilities (Kro and Krw) of the
matrix porosity.



Calculation of Relative Permeabilities
for the Glorieta Vuggy Dolostone [Matrix Porosity Only]

1.) Determine Rock — Fabric Number
[PHIsonic versus ka Plot]

2.) Calculate Swirr for the matrix porosity using the
Jennings and Lucia (2003) Method and sonic porosity.

3.) Calculate MATRIX water saturation
Sw(matrix) = [(1/PHIsonic”2)*(Rw/Rt)]*0.5

4.) Calculate Kro and Krw of the matrix porosity using the
Jones(1945) Equations.



Jennings and Lucia(2003) Classification of

with Intergranular/intercrystalline Porosity

Carbonate Reservoirs
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Determination of Swirr for the Matrix Porosity
In the Glorieta Vuggy Dolostone

using the Jennings and Lucia (2003) Method

Swirr = e*c(A) * ®sonic™d(A)
Where: C(A) =-co + [cl*In(A)]
d(A) =-do + [d1*In(A)]
co=7.163 c1=3.063
do =1.883 d1 =0.6100
A = Rock Fabric Number

CLASS1 A=05-1.0-15
CLASS 2 A=15-2.0-25
CLASS3 A=25-3.0-4.0




Relative Permeability Equations
(Jones, 1945)

3
(SW — SWI”) Depth So  Sw
KrW _ 5210° 33.1 66.9
_ - 5212 12.7 87.3
(1.0 — Swirr) 5214' 315 685

Sw = Sw(matrix)
Archie Equation
[a=1 & m=n=2]

5217 30.7 69.3
5239" 30.2 69.8

5240' 23.1 76.9

Swirr = Swirr(matrix) 5263 31.0 69.0

Jennings & Lucia (2003) [(1_0_50) — SW)] 5269' 24.7 753

5265 27.3 T72.7

Kro

[(1.0-So) — Swirr)] Sx0 @ ROS = 1.0- So

Assuming: So from core data is ROS
therefore 1.0-So equals Sxo @ ROS




Calculated Relative Permeabilities [Matrix Porosity]

Permian Glorieta Vuggy Dolostone:

1.0] | | | | | | |
0ol NOTE: the extremely low
Kro values and the high Krw values.
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Applications of the Lucia (1995)
Petrophysical Classification

APPLICATION 5:

Zoning a Permian Clear Fork Vuggy Dolostone
West Texas using Rock Fabric Numbers [Lamba-A]
of the
Matrix Porosity [®@sonic]




Well Logs Permian Clear Fork Water-Wet Vuggy Dolostone: West Texas |
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Well Logs Permian Clear Fork Water-Wet Vuggy Dolostone: West Texas
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1.0

1.5

2.0 2.5 3.0

3.5

4.0

Lamba [A]

Calculated
Rock Fabric Number [A] 6350
Clear Fork Vuggy Dolostone
[Matrix Porosity] 6360
exp = {co+[do*In{®)]Hn(SWi}i{c1+Hd1+In{D)]}

co=7.163 5365

c1 =3.063

do= 1683

d1=0.610
< = sonic porosity 5370

Sw = Archie Water Saturation =
A=adtexp 6375
Jennings and Lucia [2003) Method
5380
MATRIX POROSITY
5365
Crystal Size Crystal Size =
100pum-500pum| | 20pm-100pm <20um

53590
5355

CLASS 1 JCLASS 2




Applications of the Lucia (1995)
Petrophysical Classification

APPLICATION 6:
Determination of Structural Height (H)
and Lateral Distance (L) Necessary to get Above
a Transition Zone:




The Determination of Structural Height
Necessary to get Above a Transition Zone.

Example: MADE UP
SHOW of OIL Subsea Depth: -8651"' O/W CONTACT

Ooid Grainstone [CLASS 1.5: 250um]
Porosity: 12% (0.12) from porosity log

Swirr: 15% (0.15) from log analysis of nearby water-free oil
wells or calculated [Jennings & Lucia, 2003].

Calculation of Height Necessary to get Above Transition Zone
CLASS 1: H = [(0.02219%PHIip~-1.745)/Swirr]*3.165

H = 31" or a Subsea Depth of -8620’




The Determination of Structural Height (H) and Lateral Distance (L) 'Q'
Necessary to get above a Transition Zone [CLASS 1: Reservoir]

Shale (SEAL)

skeletal wackestones
(non —reservoir)

Reservoir: Ooid Grainstone
CLASS 1: Grain Size 250um
H = [(0.02219%PHIip~-1.745)/Swirr]*3.165 [ Subsea Depth

. -8651' SHOW of OIL upper
Swirr = 15%

2’ (w/o contact)
H = 31" or a Subsea Depth of - 8620’




Paleogeomorphic Trap

No Porous Chester
Ooid Grainstone
(Truncated Out)

No Porous Chester
Ooid Grainstone
(Truncated Out)

h =16

Legend

h = net thickness (Porosity >= 8%)

SS Depth = - 8651
Thickness (h) =20’
Porosity = 12%
SHOW of OIL

upper 2’




Applications of the Lucia (1995)
Petrophysical Classification

APPLICATION 7:
Determination of Unflooded and Flooded

Wells Based on Saturation Comparisons

[Permian Grayburg Reservoir West Texas]
Lucia, 2000




South Cowden Grayburg Reservoir: Ector Co., TX
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