::;‘ CREWES WWW.Crewes.org

Rock physics analysis of well-log data

Qi Hu, Kris Innanen, and Marie Macquet

CREWES Sponsors Meeting
December 2, 2021

NSERC '{..j' UNIVERSITY OF CALGARY & Carbon
CRSNG ¥/) FACULTY OF SCIENCE N . Manaé]ement
Department of Geoscience ii Canada




A

vy Outline

= Background: the Countess 10-22 well

= Rock physics modeling

= Rock physics interpretation



‘AL

s Background

1000 g g e Fe=—rwrvPrTs FrTTTTTTTYEIT lg; e ]
:
g @ /
i : i

b Surface seismic
grid

Access road
6‘,9»
%,
9%’3‘
Y

800 &
2N
@ Injector well . V
@ Observation well § / 5 &7
@ Grcundwateéoo | i . /
well 8 .:-/'\
B Seismometers o2
1 km
1 Classroom . e i
Instrument g . =i i
[ g 400 5 ‘-Q—F—-Sh-cki g
£
200 A : ?.
/ 3C-3D seismic array
0 a'( [FSSYSTEY TNTSTRINE. SUVSTYSTE. SRVRUITTY. YURIUTIVE TUNSUUSST INVRUURIY SYSTYUTOY SUSTIRIL. S
0 200 600 800 1000

Layout of the FRS, showing the seismic
acquisition grid and well locations (Lawton,
2019)

0 m(kb) Ground level (soils and till)
Belly River Gp., Dinosaur Park Fm. Lethbridge coal zone
]
1

] Belly River Gp., Oldman Fm.

100 m{kb)

Belly River Gp., Foremost Fm. Herronton sandstone mbr.

| Foremost Fm. Taber coal zone

200 m(kb)—

Foremost Fm. Mackay coal 2one

w_Upper Lea Park Fm. Alderson Mbr./Pakowki shale

= Foremost Fm. Brosseau Mbr.|{basal Belly River sst., injection zone

Lower Lea Park Fm./

400 m(kb)—

Milk River siltstone

Colorado Gp. 1* WWSsh.

Medicine Hat Fm.

500 m(kb)—

Stratigraphic succession in the Injection well

(Countess 10-22)



Background

Wireline logs in Countess 10-22

Acquired (2015):

gamma ray, caliper, resistivity, dipole sonic, bulk density, etams)

Interpreted using Schlumberger’s elemental log analysis (ELAN) :

-

porosity, permeability, solid and fluid compositions, etc.

For study

Ve —Vs—p

Porosity,
solid and fluid compositions
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Goal: Establish a link between rock physics properties and elastic parameters.

(Vp, Vs, p) = f(&, Vqu, Va1, Veas Veo, -..) f: Rock-physics model
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Background

Resampling
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" |njection well (Countess 10-22) at the FRS

= Rock physics modeling

= Rock physics interpretation
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vy* Rock physics modeling

= Rock physics model

Two endpoints
Solid phase (¢ =0 ) Dry rock at ¢, ~ 0.4
(Voigt-Reuss-Hill) (Hertz-Mindlin)

N N -1
Z.fiKi + (Z fi/Ki) :
i—1 i—1

n2(1— ¢0)2G2 _1'*

1872(1 — )2~ °©

Dry rock
(Soft-sand model)

1
Ko= 35 KHM=[

Interplolate ¢ € (0, ¢.) using Hashin-Strikman upper bounds

B ¢/de 1-¢/¢. 7
Kary = (KHM +4/3Gam T Kot 4/3GHM) — 4/3Gmm;

Saturated rock Koo = Koo + (1 — Kary/Ko)?
(Gassmann’s equation) * Y ¢/Ky+(1—-¢)/Ko— Kary/K§

Brie's fluid mixing: K7 = (Kjiquid — Kgas)(1 — Sgas)® + Kgas,
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4 mineral components (quartz, clay, calcite, coal)

Rock type:
2 fluid components (water and CO,)
Table 1. Rock physics parameters used in this study
Parameter Value Parameter Value
Quartz bulk modulus 37 GPa Coal bulk modulus 8 GPa
Quartz shear modulus 44 GPa Coal shear modulus 3 GPa
Quartz density 2.65 g/cm?®  Coal density 2 g/cm?
Fixed values: Clay bulk modulus 25 GPa Water bulk modulus 2.2 GPa
Clay shear modulus 9 GPa Water density 1 g/cm?
Clay density 2.6 g/cm®  COy bulk modulus  0.01 GPa
Calcite bulk modulus ~ 76.8 GPa CO, density 0.4 g/cm®
Calcite shear modulus 32 GPa Critical porosity 0.36
Calcite density 2.71 g/em® Degree of adhesion 0.5

Parameters of interest: (Ve, Vs, p) = f(&, Vqu, Vei, Vea, Veos Scoy s Peft)
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Rock physics modeling

(VP7 VSvp) — f(¢a qu ‘/Cla V;:aa ‘/cm 5002, Peff)

Use of rock physics
model:

1. Constructing well logs (especially Vs)

2. Interpretation of rock and fluid properties
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W4

Constructing the shallow section of Vp, Vs, and density logs
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" |njection well (Countess 10-22) at the FRS

= Rock physics modeling

= Rock physics interpretation
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Rock physics interpretation

Estimation of rock physics properties from seismic elastic attributes:

(VP7 VS7P) — f(qba una V::la chaa VvC07 Scoz7Peff)

.

Nonlinear inverse problem

Is empirical relationship available?

15
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Rock physics interpretation

Estimation of rock physics properties from seismic elastic attributes:

(VP7 VSap) — f(¢7 una ‘/cla ‘/caa ‘/007 SC027Peff)
d m

Misfit function: E(m)=|d - f(m)||2

Optimization: Neighborhood algorithm (directed Monte-Carlo)

17
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m Neighborhood algorithm (NA)
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m Neighborhood algorithm (NA)
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Estimation of rock physics properties from seismic elastic attributes:

(VP7 VS7p) — f(¢7 un7 V;:ly V;:aa 0 Scozypeff)

d m
(VP7 VS) (¢7 un, ‘/:317 ‘/Ca)
(VP) (¢7 ‘/Cla SCOQ)
Depending on the type (¢7 V;ﬂ) Depending on the
of data available complexity of target rock

(¢, Scos)
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Rock physics interpretation

Cases:

= 6 unknowns: porosity (@) + 4 minerals (Vq, Ve, Ve, \>§Q) + 2 fluids (&w, Sco2) + pressure

4 unknowns: porosity (@) + 4 minerals (Vq, Ve, Ve, %{,) + 1 fluid (gw)

3 unknowns: porosity (@) + 2 minerals (Vq, Va) + 2 fluids N, Sco2)

2 unknowns: porosity (@) + 2 minerals (Vq, Va) + 1 fluid (N)

2 unknowns: porosity (@) + 1 mineral (V%H 2 fluids (SkScoz)

21
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= 6 unknowns: porosity (@) + 4 minerals (Vq, Vd, Vea, \)e%) + 2 fluids (N, Sco2) + pressure

a) b) c) Misfit
1 : - — 1 : - - - - 10¢ - ‘ ‘ ‘ 0.01
08! _ . o8t |
8 L
L 06/ 006/ o
= = S
© 2 B 6
S S o
04/ X 04| T
et . e |
et C gbee” 4+
0.2 ROTREE {02t : mﬁg"
oL— L § ) 0-— e iy ding atis L J 2 L . L L S 0
0 0.2 0.3 0.4 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Porosity Clay CO,

Data: (Vp, Vs, p)

22



.

v

gy

veY
U

Rock physics interpretation

= 4 unknowns: porosity (@) + 4 minerals (Vq, Vd, Vea, \Kg) + 1 fluid (N)
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* Rock physics interpretation
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= 3 unknowns: porosity (@) + 2 minerals (VW Va) + 2 fluids N, Sco2)
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Y Rock physics interpretation
= 2 unknowns: porosity (@) + 2 minerals (\KR Va) + 1 fluid (3\%)
(VP) (VP7VS) (VP7VS7:0)
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Rock physics interpretation

= 2 unknowns: porosity (@) + 1 mineral (%k) + 2 fluids (E\%, Sco2)
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Add 5% error to Vp, Vs, and 10% error to density
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¥ Rock physics interpretation

What we learn from the sensitivity study:

1. Estimation of rock physics properties is very difficult if the number of
parameters is larger than the number of data, because we randomly search a
model space with infinitely many solutions.

2. The estimation is very accurate as soon as the system is not underdetermined.

3. Including shear velocity and density as input data can largely reduce the

uncertainty in rock physics interpretation (a motivation to choose elastic
inversion over acoustic inversion)

28
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v Summary

= We present a rock physics workflow to convert reservoir properties to
seismic attributes at the CaMI FRS.

» The rock physics model is used to construct the shallow section of velocity
and density logs. The result shows a good agreement with the local

geology.

= To estimate rock physics properties from seismic attributes, It is best to include
enough input data or focus on limited solid and fluid phases by making
appropriate assumptions on the others.

29
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