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Research Objectives RCP o

o Develop a rock physics model that can best represent the
seismic response of the tight sand of the study area

o Construct rock physics templates aiming to quantitatively
predict the seismic response as a function of key rock
properties (porosity, pore aspect ratio, gas saturation,
fracture density, pore pressure, etc.)

o ldentify sweet spots in the seismic inversion data



Los Molles

Thermal Maturity Map

NEUQUEN BASIN, ARGENTINA
EIA/ARI SHALE GAS/OIL ASSESSMENT

iSan Fernando
| ]

Ve ARGENTINA

Neugquen

Vaca Muerta

NEUQUEN BASIN, ARGENTINA

EIA/ARI SHALE GAS/OIL ASSESSMENT

M. Jurassic
Los Molles Fm

- Oil Prospective

E Wet Gas/Cond. Prospective

- Dry Gas Prospective

= \/itr. Refl. (%R0)

D Neuquen Basin
» .

City

tudy Area

Sources:
Legarreta & Villar, 2011
Mosquera et al., 2009
USGS, 2000

™
Scott Stevens  sstevens@adv-res.com
Keith Moodhe  kmoodhe@adv-res.com

© 2013, Advanced Resources
International, Inc.

160 240 320

San Fernando
| |

e ARGENTINA

s'( FOLD BELT

L. Cretaceous-
U. Jurassic
Vaca Muerta Fm

- Qil Prospective

D Wet Gas/Cond. Prospective

- Dry Gas Prospective

Vitr. Refl. (%Ro)

D Neuquen Basin
- ;

City

tudy Area

urces:
Legarreta & Villar, 2011
Mosquera et al., 2009
USGS, 2000

A

© 2013, Advanced Resources
International, Inc.

Scott @ad .com
Keith Moodhe  kmoodhe@adv-res.com

160 240 320

Io 40 80 160

240 320

Source: ARI, 2013.

240 320
Mile:

Source: ARI, 2013.

RCPo

In pursuit of new ideas



Gr NEUQUEN

Petroleum Systems in the area
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Tight Sands

Lajas e Punta Rosada

Ranging from 900 to 1500m of thickness
Porosity: 4 to 10%

Permeability: < 0.1 mD

Los Molles Source Rock

Modified from Lucia Lamberghini et al. 2017.
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Data Available RCP o

0 Seismic
« PSDM and PSTM
 Full Stacks
- Angle Stacks (Problem in the Far Stack)

o 29 Wells
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Processed in 2015 In pursuit of new ideas
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Processed in 1998 RCP ¢
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ROCK PHYSICS MODELING

Lajas Formation
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Seismic response for Sandstones RCP o

o High porosity sandstone:
« Mineral composition
« Porosity
 Fluid type
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Seismic response for Sandstones RCP o

o High porosity sandstone:
- Mineral composition
« Porosity
 Fluid type

o Tight sandstone:
« Most influenced by Pore structure.

« An increase In velocity is mainly due to the closure of micro-cracks and
compliant pores.
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Inclusion-based Rock Physics Models RCP o

Soft Stiff A 3 S S
Pores P4y Pk Lo — | g
k. ke
ek
kg
.Stiff pores with brine ¢Totm e Sw + Sg
.Stiff pores with Fluid-Mxture =
Soft pores with Fluid-Mixture
Softpores with gas

Effective medium approximations based on inclusions with different pore shapes can model the elastic moduli
of low porosity rocks

Ruiz and Cheng, 2010 16
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Rock Physics Model RCP o

Homogeneous Matrix
Dry Frame /
Gassmann
Aspect Ratio Analysis
Clay Sensitivity

SW Sensitivity

22



Reservoir Composition RCP

. . Quartz In pursuit of new ideas
X-Ray Diffraction — 6 Wells
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(k = 95 GPa)
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Reservoir Composition
X-Ray Diffraction — 6 Wells

Clt = |llite = Caolinite ™ Quartz * Plagioclase = KF

K =76 Gpa
Plagioclase, 17.17%

K =53.7 Gpa
K=37G (EELY ] KF, 4.13%
p pa lllite, K = 95 Gpa
Quartz, 70.30% XL Clt, 2.23%

Silicate Background (91.6%)
QTZ + PLG + KF

Two Homogeneous medium

K = 44.2 Gpa
(Voigt-Reuss-Hill) . 5;632;});113

RCP ¢

In pursuit of new ideas

kaolinite, 5.83%
K=1.5Gpa

Homogeneous Clay (8.4%)
lllite + CIt + kaolinite
K =51 Gpa

w =12 GPa
p=2.80g/cm3

24
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Kuster—Toks6z, 1974 RCPo

In pursuit of new ideas

Adding inclusions of clay into silicate background medium

Silicate Background Max porosity = max AR
Medium
(91.6%)
QTZ + PLG + KF Introduce inclusion of Replace a fraction of matrix
clay into the by CIay New Homogeneous Medium
K = 44.2 Gpa background medium :
1 =39 GPa (k, 1, %, AR) s O 1 Matrix + Clay
p =264 g/cm3 Vclay = 8.4% ‘
\ ‘ K = 44.7 Gpa
: n = 35 GPa
Homogeneous Clay Medium o 3
(8.4%) p=2.64g/cm

lllite + ClIt + kaolinite
-

K =51 Gpa

’ u= 12 GPa \
p=2.80g/cm3

n Stiffer a =1.0
+ Bound water? Softer a = 0.01

25
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In pursuit of new ideas

RCP ¢

Clay

Early inter-grain clay.

A-10
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Differential Effective Medium (DEM) RCP¢

In pursuit of new ideas
Berryman (1992)

Dry Frame (Add void inclusions)
Add inclusions interactively to avoid violating the Kuster and Tuksoz (1974) premises.

Homogeneous .
Medium from KT Dry Inclusion New Homogeneous Dry Inclusion Final Porous
K=0 Medium K=0 Medium

Matrix + Clay — O O O

ﬂ ﬂ Nth inclusion step Dry Frame
K =44.7 Gpa » - » » - ‘ ........... ‘ (K, p)

n =35 GPa 3
p=2.64g/cm3 S O S O O

n Stiffer ﬁ

Add fluid with Gassmann
Softer (low frequency model)
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Elastic Moduli Boundaries

RCPo
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Well A-10 RCP ¢

In pursuit of new ideas
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SW: 0 to 100%

Aspect Ratios

RCPo
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SW: 0 to 100%

Aspect Ratios
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SW: 0 to 100%
i RCPo

7 Aspect Ratios
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Gas Sandstones
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RCP ¢
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a = 0.2 (average)

& =2

A-03. Dissolution of Feldspars and
microfractures

| Aspect Ratio Analysis




RCP ¢
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a = 0.15 (average)

A-03. Dissolution of Feldspars and
microfractures

| Aspect Ratio Analysis




Aspect Ratios
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Clay Analysis - VP RCP o
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Clay Analysis - VS RCP o
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Water Saturation Sensitivity RCP o

SW sensitivity
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Conclusions and Future Works RCP“

o Pre stack inversion is necessary to identify the gas zones

o The rock physics model based in the pore shape can model
the seismic response of the tight sand of the Lajas
Formation.
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Conclusions and Future Works Rcfpwd“

o Improve the model
- Effect of pressure on the Dry Frame
 Clays properties
« Bounded water (irreplaceable constituent of the matrix)

o Punta Rosada Fomation

o Post and Pre stack Inversion

44
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Back-up slides
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RCP ¢

In pursuit of new ideas

Kuster and Toks6z (1974) derived expressions for P- and S- wave velocities by
using a long-wavelength first-order scattering theory. A generalization of their ex-
pressions for the effective moduli K¢ and pg, for a variety of inclusion shapes
can be written as (Kuster and Toksoz, 1974; Berryman, 1980b)

(Km + 3m) _ ¥ -

Kir—K = (Ki — Kin) P™
+ = -

(#ET - .U«m) (b + ) = in (i — pm) Q™

(Mkr+&m) o

where the summation is over the different inclusion types with volume concen-
tration x;, and

_ &(91{ + 811)
6 (K +2uw)
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DD g

TABLE 4.7.1. Coefficients P and Q for some speclific shapes. The subscripts m and i
refer to the background and inclusion materials [from Berryman (1995)].
Inclusion Shape pm o™
Km+ 3
Spheres - j’“m Hm T S
K; + 3 Mm wi + &m
K + fim + 5 1{ 4 K+ 3
Needles m T Mm 13.“1 1 Hm n 2;Ufm + Vm 4 i T3 P'fn;
Ki+ fm + 3Mi 5\ tm + Hi mi +¥m K+ + 5
K.+ %, :'
Disks = f b M F ¢
K + 31 pi + ¢
Krn + %fit

Penny cracks

Ki + 3mi + mapy

L+ Shm
5 dpi + mo(im + 2Pm)

2m+%uu+mg)

K; + %U»i + mrabn

48



E 5 }/ N . Study Aréa
RCPo

e s = e
In pursuit of new ideas

™ \
{

i‘———- RloAtuel\\ 5

Vi Grand

ega Grande II\

Puesto Rojas ‘l \ La Paloma % \
| i Co Alquitran \ 1 '
1 ‘

i

i

1

Immature to Early Mature
| Dry Gas

[

[

Co Mollar Norte
Co Mollar Oeste \ \

}‘. \ Oil Window

\ | Wet Gas & Condensate

La Brea— X
i B
— NN 1 TR | 1 \ AAAAA L
<7

Chachahuen Sur

(4

Chihuido de la Sierra Negra

/
Aguada Federal |- ’

La Amarga Chica ---8

Corralera Noroeste
Corralera Sur &v a \ /
~ > i Schiumberger
R /< /g | Bandurrias Sur
] X Cruz de Lorena @

Manzano Oeste
\

m% |

1?‘ * i | Baio del Toro
‘ ) l : N > \ /
< | E| Orejano T 5¥ A - ))— A / Mata Mora Norte
Bandurﬂas Norte A ‘
~ \ ; Laguna el Loro
9 rern |Aguada Pichana \6 | | 7 \1// gu
\ J |
A ) Study Area
X - \
Sy | ;
I S '

Sierras Blancas @

\ e
Loma Campana | g
49

Bajada de Anelo @
Sources: EIA, Chevron, and AAPG.




1 km

6
Fit line
- a» - .
—

P Impedance
10

shale
sand

Overpressure

12

Compaction

RCPo

In pursuit of new ideas

‘ P. Rosada_i




RCPo

In pursuit of new ideas

a = 0.01 (average)

A-06. Microfractures
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-
0.25 0.68

Foto 16: RN 1007 3620 x4 compactacion. ; Foto 134 RN 1040 3332,50 x10 voids ocluidos con Foto 139 RN 252 3397,38 x4XN materia organica en
materia organica. fracturas.

crecimiento secundario de cuarzo.
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Clay Analysis RCP o

Water Saturated media
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Clay Analysis RCP o

Water Saturated media
a=0.1
Well Points = Gas saturated
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Clay Analysis

Clay Volume

Clay Volume

RCPo
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