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SeisTool: Seismic — Rock Physics Tool W rraceseis Inc.

Consists of three modules, each with three programs. The analysis and modeling modules (SeisRp and
SeisMod) are based on state-of-the-art rock physics relationships. These support the reservoir
characterization module (SeisChar) in which parameters to compute reservoir properties (¢, lithology and
fluids) are estimated through linear inversion of attributes computed from well-log or synthetic data

Initialization Analysis Modeling Characterization Utilities
Well-Log Resolution Well-log Inversion Reservoir Properties Petrophysics
Data Load Seismic Resolution Well-log Modeling Probability Analysis Statistics ‘
Fluid Properties ‘ 3D Model Sensitivity Bar-Graph Data Output ‘
SeisRP SeisMod Seisinv

State of development to October 2019 Dark gray buttons correspond to operational programs



SeisTool: Seismic — Rock Physics Tool

« SeisRP

« Computes reflectivities, relative
properties and absolute properties

 Generates attributes from wireline or
modeled data at well-log or seismic
resolutions in depth or two-way-time

 Fluid substitution. Different fluids and
saturations

e SeisMod
e SeisChar

reflfls), Amplitude

Well: TraceSels 1
refilip) vs refi(ls)
Depth range: 3000.14 to 3362.85 mt
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Well: TraceSeis 1
rel{lp) vs rel{ls)
Depth range: 3000.14 to 3362.85 mt




SeisRP: Analysis at well-log resolution > Traceseis Inc.

Analysis at Well-log Resolution

Well : NMR Petrophysics #1 Pay

Initial Depth 801.929 mt Final Depth 1638.33 mt
Plat from 200! mt to 1538.33) mt
Attributes Fluid Substitution
X Axis Y Axis Color -
Sw -1
InSitu HC  Live Oil
Absolute e Absolute ~ Absolute ~ Subs HC  Live Oil
Matrix
Vp v Vs v Density v
Modeled ~
Plot
Templates Axes
-989 |minX | _ggg | maxX Log Plot
Empirical ;
[1Eme 999 'minY | ggg | maxy | Reset
) Scatter Plot
999 | minZ 999 | maxZ
Colorill Petrophysics
General
De-Trend Fitter | Display Units Chi Angle [ Angles (deg) Vertical Domain
Length @® Metric (deg) 0 Near @ Depth
200/ m O English 45 Far O Time
SelectWell 'NMR_Petrophysics1_Pay v X

“‘ TraceSeis, Inc.
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Rock Physics Model
Solids’ Model HS Average
Porosity Model Krief

mk 299  mhu  3.04
Finalized DISABLED

Fluids into Matrix  Gassmann

Fluids' Model Wood
Resolution Rock Properties
® Well-Log ® Measured
() Synth Seismic ) Madeled

Scatter and log plots of rock properties, fluid properties and
reservoir properties. Byproducts of the “Well-log inversion”
can be displayed for some of the rock physics models

Some of the Byproducts of
Rock properties and derivates fluid properties WLI for some of
available the models
Absolute Relative Reflectivities
Vp Vp Vp sw KBiot
Vs Vs Vs :C KdryExp
Density Density Density I-me_ Kdry (Gassmann)
Britindx S E’ FLUIDS MIX Kdry Fixed (Gassmann)
E E*Rho E*Rho K fluids mik Kdry (Model)
I;’Rho K*Rho K*Rho Density fluids mix KdryKo (Gassmann)
K*Rho Ksat Ksat \p fluids mix KdryKo (Model)
Ksal Lambda Lambda Ko
Lambda Lambda*Rho Lambda*Rho ENVIRONMENTAL PROPERTIES
Lambda*Rho 7 \
MuDry S s ‘T;:pszrraeture MuBiot
NuRho I'"U Rho I’;“ Rho MUDyExp
P MuDiry (Gassmann
Ip e . IN SITU FLUID PROPERTIES Mubry ( )
PModulus Polsson kin situ Live il MuDry (Model)
Poisson Poisson : Density in situ Live Oil MuDryMuo (Gassmann)
S . . . .
s Is Ly Vp in situ Live Oil MulryiMuo (Model)
VPN vphs VPVS SG in situ Live Oil Muo
AP in situ Live Oil
ELASTIC ELASTIC SHUEY GORiIN situ Live Oil
El near Elnear Ro
El far El far Go
al Gl c
STACKS
Stack
Near Stack
Far Stack




SeisTool: Seismic — Rock Physics Tool ﬂ!‘Tl‘aCESEIS Inc.

Geophysma Services

« SeisRP

« Computes reflectivities, relative properties Ampll Spmcbu
and absolute properties A

Wavelet QC
Phase Rotation (deg) =0

1

 Generates attributes from wireline or S0\ #HM 1
5 . \ |~ T
modeled data at well-log or seismic C PN | "|"’
resolutions in depth or two-way-time || [
 Fluid substitution. Different fluids and e e s
saturations 5-12-50 - 75 Hz
[ Zera Phase W avelet Integrated Wavelet
° SeisMod g | 05 | Target Ejp\ansiunFa.ctm
. : . l._“ | | | _/;,-’ N UHBQJJ—
e SeISChar +-Time | 0126 | sec

Max Freg 104 Hz

40 1] 80 100 Myouist = 500 Hz
Frequency, hertz




SeisRP: Analysis at well-log and seismic reso

Attributes Angle Gather Petrophysics
2.04 2.04 2047, — = a
i) 7 P :] Relative P-impedance
rol(ls) b ::Mb \
2.06 ' 2.06 2.06 ___5::9:"'9",ﬁ and
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2.08 2.08 208 ' = —_'J
§ i =3
§ 24 2.4 :‘-_(_—_:j: In depth at well-
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2412 | 242 ' —
244 / 2.4 U — In time at seismic
[ 2 o 0 o 02 i -
T — = <j resolution
2.186 X 1 2.16 216"~ ) -
3 n‘i\mp?itud:.z ’ o1t?> 3 a:: by130 ’ gi::,y ! (At = 1m5eC)
Orsmby: 5-12.50-75 Hz
ﬁ Well: TraceSeis1
rel(P-impedance) vs rel(S-Impedance)
e Time range: 3 to 3.18 sec ;
Reflectivity in the angle gather o Seismic Resolation
shows a trough and a peakintop | | o
. . 8 0.1
and base reservoir respectively. 8 0
E 0 U;fi
Relative Ip and relative Is are €02 & |
interval properties i A A ,

ution
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rel(P-lmpedancs)

Relative Proper Relative Pro Petrophysics
3100 = o ty, 3100 posty 100 = i e
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-t i hale
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X - Axis Y - Axis
Well: TraceSels1
rel(P-impedance) vs rel(S-Impedance)
Depth range: 9900 to 11000 ft
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Well: NMR Petrophysics #1 Pay

Analysis at Well-log Resolution Well: NMR Petrophysics #1 Pay
Lambda*Rho vs Mu*Rho
800 - Ab?olum Property 800 - At?solute Property 400 Lithology 100 Depth, range: 800 to 1538.33 mt ‘ ‘
o ‘ == . _ I TraceSeis Inc.
900 00 ) ® om0 g QY Geophysical Services
05
1000 - 1000 | g 70 S .
5 g Upper two images show
L E 2 ;
2" e E = log and scatter plots of Ap,
£ =
§ oo 0 up and Sand V/V.
= 30 0.1
1300| 1300 |2 @
= D) = 0 -
0 N Depth domain and well-log
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i e e eisRP: Analysis at well-log
i M Lime . o .
Well: NMR Petrophysics #1 Pay .
Analysis at Seismic Resolution |:|Anhydrlle a.n d S el S m I C reS O I u t I O n
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SeisTool: Seismic — Rock Physics Tool W& Jraceseis Inc.

Geophysical Services

« SeisRP

« Computes reflectivities, relative properties
and absolute properties

Well: TraceSeis 1
Vp vs Density
Depth range: 3100 to 3300 mt

= = = Gardner

 Generates attributes from wireline or
modeled data at well-log or seismic
resolutions in depth or two-way-time

AN PUES

 Fluid substitution. Different fluids and
saturations

Well: TraceSels 1; Fluld=InSitu; Sw=1.00
Vp vs Density
Depth range: 3100 to 3300 mt
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SeisRP: Fluid Properties

Fluids Analysis

Well: NMR Petrophysics #1 Pay

Hydrocarbons
In-Situ
Hydrocarbons Live Oil Properties Hydrocarbons
O Gas 23 API O Gas
(O Dead Qil a5 COR () Dead Qil
i i Live il
(®) Live Oil 0.6 Gas 5G ®
Environment (P and T) and Brine Salinity
Depth-variant Constant
At Surface Gradient
Pressure 12.003
Pressure 0.101325 MPa 0.0008 MPa/mt
Temperature | 46.791
Temperature 14 oC 0.027 oCimt P
Brine Salinity 0 ppm 40 ppm/mt Brine 48579

® Wood () Brie

Fluids' Mixina Law :

InSitu Hydrocarbon

AN TraceSeis, Inc.
A Y ¥ 4

Non-hydrocarbon
Replacement

Live il Properties

23 AP B
O Water
a5 GOR
0.6 Gas §5G
Execute/Save
Execute Save
MPa
Tz Reset to Initial
ppm
Color-Fill Petrophysics
Physical Properties of Fluids Plot

Replacement Hydrocarbon
[ Fluid Properties

rho | 0-8049 |grice rho | 08043 | gr/ce ) )
Depth Variant Environment
k 1108 | GPa k 1108 | GPa
General 173 ' 173 [] Q¢ Graphs
) . V . kmise W . km/se
Display Units P . [] Rock Properties
(® Metric
Brine / VWat
O English rine ater

rho 1.028 | qricc

Set Values as
Depth Invariant

k 2652 | GPa

Select Well NMR_Petrophysics1_Pay

vl Vp 1.606 | km/se
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Brine - 3D Plot

Colored by Salinity, ppm <10*
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e
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BN N,
M Ne————— = 50
40 45 50 55
>ressure MPa 39

Temperature oC

Reservoir fluids’ composition (GOR, API, SG, salinity)
and environmental variables (pressure and
temperature) are used to compute bulk moduli and
density of fluids.

Properties for three fluids are computed: in-situ
hydrocarbons, replacement hydrocarbons, and
brine.

Depth variant or constant fluid properties can be
computed



SeisRP - Fluid substitution. In-situ

Sampling QC

= Original dt
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Analysis at Seismic Resolution

Well: TraceSeis-1

0.5

Attributes Angle Gather Petrophysics

-— — |
— — E—we T
~Go - S vshale |
- —-Twt=3.104 sec 3.02 __ . 3.02 i_ sW =
Twt= 3.115 sec — 5 |=——Ext Target [
1 .% ——Reservoir £
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‘J’E == ——
=
. 3.12 } = ——
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! S —
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0.1 £.05 0 0.05 01 ’ :,j e e B =

£ . 348 - . 318 LE .= —
0 0.5 0 20 40 0 0.5 1

Amplitude 0 to 45 deg by 1 Binary

Orsmby: 5-12-50-75 Hz

3 Term AVO synthetic to 45°.
Shows the “Curvature” in far angles

AN TraceSeis Inc.

“" Geophysical Services

In-situ fluids. The AVO extracted at the red and blue horizontal lines in tracks 1 and
2 correspond to a class 4 anomaly, as observed in the plot at right

Well: TraceSeis-1
rel(P-impedance) vs rel(S-impedance)
Time range: 3.00023 to 3.18203 sec

0.16 1 1
—
01t i’ AE/ 09
— .
e £ 08
005t D
i = 07
o  ETRRTOEE. S0
S 06 7
S 4
2 005 | 05 2
£ ¥
& o1} ) 8 04
© : gf’ 03
015 | %
o i - 0.2
02t o=
A2 C : 04
| 5 Rel(Ip)
025" 0
-0.25 02 0.15 01 -0.05 0 0.05
rel{P-Impedance),
Well: TraceSeis-1
AVO Plot
0.2
0.15 _\
0.1
S 005
= |
= — 3104 sec
o
= —— 1135 86T
< 07
005
01 -___//’
_0.15 i} L A 1 i} il A A |
0 5] 10 15 20 25 30 35 40 45

Angle, deg




AN TraceSeis Inc.
SeisRP - Fluid substitution. Sw =1.0 Y Geophysical Services

. ) A s e PP — Well: TraceSeis-1; Fluid=InSitu; Sw=1
Well: Trac?Sels-1: Fll.fld—lnS|tu,- Sw=1 R b el )
Analysis at Seismic Resolution i Time range: 3.00023 to 3.18203 sec
; ; 1
Sampling QC Attributes Angle Gather Petrophysics 0.1 £ £
T ;;ginal dt Ro — ;:: Phit _:: 0.05 E &
;ntqul:g dt —Go "!\; . vshale ] A oc 0.7
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2 4 6 05 0 0.5 0 20 40 0 0.5 1 Z 0
Vp, km/sec Amplitude 0to 45 deg by 1 Binary
Orsmby: 5-12-50-75 Hz 005
Water saturation = 1.0. Compare with the previous slide. The light-blue arrow in the 01 f
lower part of track 1 shows the slight time difference between the in-situ (previous o - S R, N S
- . ) ' : ! g i R o 5 10 15 20 25 30 35 40 45
slide) and wet reservoir (this slide) associated to fluids with different velocities Angle, ceg




