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Abstract

Calibration of seismic amplitudes to known rock properties is the ultimate goal of quantitative interpretation (QI) permitting seismic reservoir
characterization away from well control. This paper presents a case study of a mature onshore field within the Neuquén Basin, Argentina where
an integrated workflow for QI was defined and implemented with the aim of delineating potential areas for further development. The study area
is covered by 3D seismic data and 14 wells with a complete set of elastic logs, providing the basis for quantitative analysis along the Quintuco-
Vaca Muerta reservoir section, a complex Upper Jurassic to Lower Cretaceous mixed carbonate-siliciclastic system. A summary of the work
performed with reference to rock properties and rock physics over a particular layer is used as an example in this paper. 3D seismic data was
reprocessed following a workflow tailored towards QI to preserve relative amplitudes and stable phase across the entire survey. Sensitivities for
incident angles were performed during processing to obtain the optimal angle stack design, from 10° to 40°, as the input for simultaneous
inversion. Fourteen wells, with complete elastic log information, were used for AVA wavelet estimation and low frequency model

construction. A four component multi-mineral petrophysical model was calibrated with neutron induced elemental spectroscopy tools and XRD
core data. Porosity and hydrocarbon saturation were afterwards calculated and calibrated with NMR data. Rock physics diagnostics were
conducted to find a model that correctly represents the elastic behavior of the rocks in the study area. The Friable Shale rock physics model, a
modified version of Dvorkin and Nur's Friable Sand model (Dvorkin and Nur, 1996), is designed with the ability to consider different,
including clay rich, mineral combinations and their variability with respect to internal rock stiffness. This makes it a versatile rock physics
model for use in unconventional settings. A fine-tuned porosity-based parametric rock physics template was defined in the P and S impedance
elastic domain. The use of this rock physics model was crucial to classify seismic inversion results into elastic facies and, finally, to define
potential areas for further development.
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1- ABSTRACT

CALIBRATION OF SEISMIC AMPLITUDES TO KNOWN ROCK PROPERTIES IS THE ULTIMATE GOAL OF QUANTITATIVE INTERPRETATION (Ql) PERMITTING SEISMIC RESERVOIR CHARACTERIZATION AWAY FROM WELL CONTROL.

THIS PAPER PRESENTS A CASE STUDY OF A MATURE ONSHORE FIELD WITHIN THE NEUQUEN BASIN, ARGENTINA WHERE AN INTEGRATED WORKFLOW FOR QI WAS DEFINED AND IMPLEMENTED WITH THE AIM OF
DELINEATING POTENTIAL AREAS FOR FURTHER DEVELOPMENT. THE STUDY AREA IS COVERED BY 3D SEISMIC DATA AND 12 WELLS WITH A COMPLETE SET OF ELASTIC LOGS, PROVIDING THE BASIS FOR QUANTITATIVE ANALYSIS
ALONG THE QUINTUCO-VACA MUERTA RESERVOIR SECTION, A COMPLEX UPPER JURASSIC TO LOWER CRETACEOUS MIXED CARBONATE-SILICICLASTIC SYSTEM.

A SUMMARY OF THE WORK PERFORMED WITH REFERENCE TO ROCK PROPERTIES AND ROCK PHYSICS OVER A PARTICULAR LAYER IS USED AS AN EXAMPLE IN THIS PAPER.

3D SEISMIC DATA WAS REPROCESSED FOLLOWING A WORKFLOW TAILORED TOWARDS QI TO PRESERVE RELATIVE AMPLITUDES AND STABLE PHASE ACROSS THE ENTIRE SURVEY. SENSITIVITIES FOR INCIDENT ANGLES WERE
PERFORMED DURING PROCESSING TO OBTAIN THE OPTIMAL ANGLE STACK DESIGN, FROM 10° TO 40°, AS THE INPUT FOR SIMULTANEOUS INVERSION. 12 WELLS, WITH COMPLETE ELASTIC LOG INFORMATION, WERE USED FOR
AVA WAVELET ESTIMATION AND LOW FREQUENCY MODEL CONSTRUCTION. A FOUR COMPONENT MULTI-MINERAL PETROPHYSICAL MODEL WAS CALIBRATED WITH NEUTRON INDUCED ELEMENTAL SPECTROSCOPY TOOLS
AND XRD CORE DATA. POROSITY AND HYDROCARBON SATURATION WERE AFTERWARDS CALCULATED AND CALIBRATED WITH NMR DATA.

ROCK PHYSICS DIAGNOSTICS WERE CONDUCTED TO FIND A MODEL THAT CORRECTLY REPRESENTS THE ELASTIC BEHAVIOR OF THE ROCKS IN THE STUDY AREA. THE FRIABLE SHALE ROCK PHYSICS MODEL, A MODIFIED VERSION
OF DVORKIN & NUR’S FRIABLE SAND MODEL (DVORKIN AND NUR, 1996), IS DESIGNED WITH THE ABILITY TO CONSIDER DIFFERENT, INCLUDING CLAY RICH, MINERAL COMBINATIONS AND THEIR VARIABILITY WITH RESPECT TO
INTERNAL ROCK STIFFNESS. THIS MAKES IT A VERSATILE ROCK PHYSICS MODEL FOR USE IN UNCONVENTIONAL SETTINGS.

A FINE-TUNED POROSITY-BASED PARAMETRIC ROCK PHYSICS TEMPLATE WAS DEFINED IN THE P AND S IMPEDANCE ELASTIC DOMAIN. THE USE OF THIS ROCK PHYSICS MODEL WAS CRUCIAL TO CLASSIFY SEISMIC INVERSION
RESULTS INTO ELASTIC FACIES AND, FINALLY, TO DEFINE POTENTIAL AREAS FOR FURTHER DEVELOPMENT.

1- OBJECTIVES AND WORKFLOW

ESTABLISH RELATIONSHIPS BETWEEN
ROCK PROPERTIES AND THEIR ELASTIC RESPONSE
USING ROCK PHYSICS FOR RESERVOIR CHARACTERIZATION
TO DELINEATE AREAS FOR FURTHER DEVELOPMENT

2- CASE STUDY: LOCATION AND GEOLOGY
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4- PETROPHYSICAL MODEL

MULTI MINERAL MODEL

5- END MEMBERS AND TREND ANALYSIS

RAW:GR (GAPI) EDIT:POTA (GAPI) | DE| <« | RAW:AT10 (OHMM) RAW:NPHI (V/V) | RAW:DTCO (US/F) | FINAL:SWT (v/v) NMR: TCMR (v/v) ECS:WCLA_WALK2 FINAL2: VCLAY (v/v)
0. 300. | 0. 250. S |o1 100, | 045 =—=—==-.0,15 | 140, 40. | 1. 0. |03 0. |o. L]o. 1. RAW:MZR3 ( SEY:TOCPS (%)
RAW:HCAL (IN) EDIT: THOR (GAPI) “ 1 RAW:AT20 (OHMM) RAW:RHOZ (G/C3) | RAW:DTSM (US/F) FINAL2:PHIT (v/v) ECS:WQFM_WALK2 FINAL2:VSAND (v/v) - o, | o. — 01
A 16. | 0. 250. 0.1 =====mmm———- 100, | 1.85 2.95 | 220. 0.3 0. |o. 1 ]o 1, s P 7 [ s WAPE
r n - _— = =z .. = I
e 4 -
il | T e
- - -\?‘ = b—
!l == =
' i 2 -8 =
1> :
= 3] VYo
| ‘ \’!“ .
( B =) .
{ gj 14 -
! ‘4 3
] H J.;’ . 3 Rl
‘ f } ! 28
‘ i
A 20002 ¢ '?"3' %
} | 3 3
f = 2 5 rs ‘
i =1 5 :
{ = } 5 |
I f v,
o { _
! ’ A
J 7 =
) : R <A ¢
) I 3 B X
1 3| | 4
E
Y | et 3
i ( 4 ol
! { R —
! i3 ! ’g‘_
[ - —
\ ‘ S {
5 1 B —
) e y
—_ %' { ~ = : =)
_‘... 2 : "J - ' =
b i | NS '
A o ==
z e
1k
= t Jo 5
i ’ T _
|3 -
1) f .
> »
> 1< |
‘ -
’ | '
g & > B
§ 2 (e
({ - ! E c\g ____________

GASSMANN FLUID SUBSTITUTION

1
3
5
E ABOVE AQI

0.1 02
Porosity

0.3

// REASONABLE VALUES OF Ky oy/Kyin: )
WITH RESPECT TO PHYSICALLY POSSIBLE
VALUES AND GEOLOGICALLY
APPROPRIATE VALUES FOR DIFFERENT
TYPES OF ROCKS IS OBTAINED FROM
kDIFFERENT STRATIGRAPHIC SECTIONS 3

| P > 62.5% Sand CARBONATE %C;O B > 62.5% Sand o0 8 690(;6@ Ooogg
> 90% Lime DOM[INA_FETE} o > 85% Lime So Ooo§0 (i o @ i
o o CARBONATE
> 55% Clay > 55% Clay * DOMINATED
= S ot
8- I: SAND 8 I>4_5% ro¢ °®
- =*°// DOMINATED = ! .
- Dl e ® SAND . %- & .
= w0 E DOMINATED * ¥4, . .
oW e : o e .
> 8 ) :“ :. " > 8 : e 8:.’: g
S | ras < CLAY | gl -
figh TOC /0 p &% T olR K€ -,
. DOMINATED  °| &%/ 2o 308 o o
CLAY High Clay % e o . °
| / DOMINATED _ I a8 | TOC T TOC
24 2.6 2.8 1.8 1.9 2.0
DENSITY (kg/cm3) VP / VS (unitless)

ACOUSTIC IMPEDANCE

-

o

VELOCITY-DENSITY CROSS PLOT SHOWS CLEAR SEPARATION BETWEEN LIMESTONES,
SanlooTor =S, CLAYS AND HIGH TOC INTERVALS

IN ADDITION TO DENSITY, VP/VS RATIO CAN BE USED TO DISTINGUISH HIGH FROM LOW TOC

IN CLAY RICH INTERVALS

N

5y

DENSITY BBRINE
(g/cm?)
N
(@)

CLEAR TOC RICH TREND AND A

FAIRLY STABLE 30/30/30 CLAY,

LIMESTONE, AND A1 DSTONE
DISTRIBUTION

IN CONTRAST, UPPER VACA MUERTA

VP

BRINE

(km/s)

EXHIBIT A TREND CHANGE
FOLLOWING THE LIME-CLAY MIXING

I Upper Vaca Muerta
Lower Vaca Muerta

== Mavko Lime
Gardner Sand

m s Gardner Shale

Lime-Sand trend Study area

DRIVEN BY AN INCREASE OF LIME
= b \ VOLUME TO UP TO 70% J
0

LINE CHARACTERISTIC IN THIS AREA
ACOUSTIC PROPERTIES CHANGE

0 0102030405060708009

LIMESTONE

((g/em3)/(m/s))

ﬂ)WER VACA MUERTA SHOW A\

YPF

TOC USING QUINN PASSEY'S METHODOLOGY

Ry
bl

TOC = [loglo (R—> +0.02 . (At — Aty,) | .10(2297-0.1688 LoM)

ﬂ THREE-COMPONENT MULTIMINERAL MODEL INCLUDES\

CARBONATES, C.AJT]

v"MINERAL VOLUME FRACTIONS MATCH
ELEMENTAL CAPTURE SPECTROSCOPY LOG TRENDS

v'TOC IS CALCULATED INDEPENDENTLY THROUGH
PASSEY'S EQUATION AND CALIBRATED AGAINST CORE
MEASURED TOC

S (QZ + PLAG + £¢) AND CLAYS

kf MODEL TOTAL POROSITY FITS NMR TOTAL POROSITY/

ACOUSTIC PROPERTIES
CALIBRATION

-

\_

LIMITED CORE DATA IS AVAILABLE

~

FOR CALIBRATION

140000

10000

VP (m/s)

ACOUSTIC IMPEDANCE
((g/em?)/(m/s))

5000

4000

14000

10000

0.05 0.1

6000 7000
SHEAR IMPEDANCE POROSITY (%)
((g/cm3)/(m/s))
£ 14
5.5 =13
» kY
£ 5 =12
kY (90
= & I
Q45 st
(@)}
A =10
AN < 9
0.05 0.1 0.15 0.2 2.4 2.5 2.6 2.7
POROSITY (unitless) DENSITY (g/cm?3)
ACOUSTIC
2.7 ZONES
‘e W7
O
= )
>_
= 4
n 25 '
i - :
a \e 2
2.4 - \o0.1 1
0O 01020304 0506 0.7 0.8 0.9
0.05 0.1 0.15 0.2
POROSITY (unitless) LIMESTONE

SEVERAL ZONES OVELAY IN THE ELASTIC DOMAIN
ZONES WILL BE REGROUPED FOR RP ANALYSIS

VP (m/s)

6000

5000

4000

CROSS PLOT SHOWING MAIN |
TREND LINES, LIME-CLAY
MIXING, LIME-SAND MIXING,
AND HIGH TOC, DEFINED
THROUGH ENDMEMBER
ANALYSIS IN THE AREA

- Clean Lime (Vlime >89%)

- Clean Sand (Vclay = 0 and Vsand > 61%)

- High TOC (Vtoc > 4.8%)

- High Clay-Sand (Vclay >50% and Vlime = 0)
E- High Clay-Lime (Vclay > 50% and Vsand =0) | |
Lime-Sand trend
B [ime-Clay trend
Hm High TOC trend

OO0 T >

2.5

DENSITY (g/cm?3)

3.0 -




6- ROCK PHYSICS MODELING

SELECTING THE ROCK PHYSICS MODEL
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9- ROCK PHYSICS MODELING APPLICATION TO SEISMIC DATA (EXAMPLE)

SEISMIC INVERSION UNCERTAINTIES
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10- CONCLUSIONS

v THE FRIABLE SHALE ROCK PHYSICS MODEL, A MODIFIED VERSION OF DVORKIN & NUR’S FRIABLE
SAND MODEL (DVORKIN AND NUR, 1996) WAS SELECTED AND USED FOR THE PRESENT WORK. THE

MODEL HAS THE ABILITY TO CONSIDER DIFFERENT, INCLUDING CLAY RICH, MINERAL

COMBINATIONS AND THEIR VARIABILITY WITH RESPECT TO INTERNAL ROCK STIFFNESS.

v THIS MODEL DESCRIBES MORE THAN 80% OF DATA FOR THE QUINTUCO VACA MUERTA SYSTEM IN

THE STUDY AREA.

v" THE PROPOSED RPT, BASED ON QUALITY CONTROLLED WELL LOG DATA AND CALIBRATED ROCK
PHYSICS MODELING CAN BE USED FOR QUICK IDENTIFICATION OF RESERVOIR PROPERTIES, SUCH

AS POROSITY, ON SEISMIC INVERSION CROSS PLOTS (P. AVSETH ET AL, 2014).

v THE APPLICATION OF THE RESULTING RPT INCLUDING PARAMETERS ADJUSTMENTS FOR A

PARTICULAR LAYER IS SHOWNS AS EXAMPLE.

v" FACIES DEFINITION IN THE ELASTIC DOMAINS, BASED IN WELL LOG DATA AND ROCK PHYSICS
TEMPLATES, ARE CRUCIAL TO CLASSIFY SEISMIC INVERSION RESULTS. LITHO-TYPES WERE

DEFINED AND RPT APPLIED TO A PARTICULAR LAYER.

v' THE PROPOSED FINE-TUNED POROSITY-BASED ROCK PHYSICS TEMPLATE DEFINED IN THE P
AND S IMPEDANCE ELASTIC DOMAIN CAN BE USED TO DEFINE FACIES AND THEIR
PROBABILITIES USING A CLASSIFICATION TECHNIQUE, BASED IN A BAYESIAN FORMULATION,
WITH THE ULTIMATE GOAL OF DEFINING POTENTIAL AREAS FOR FURTHER DEVELOPMENT

IN THE STUDY AREA.
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