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The Role of Wellbore Cement in Energy Transition: CO: Storage and
Emissions

T. Vanorio, A. EIGamal, and D. Geremia, Stanford Rock Physics and Geomaterials Laboratory, Stanford
University,Stanford, CA, USA
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SPE-220097-MS

Critical Parameters for Caprock Tensile Failure Induced by CO2
Injection Into Aquifers

A. Gillioz, Geo2X SA, Yverdon-les-Bains, Switzerland; F. Verga and C. Deangeli, Politecnico di

Torino, Turin, Italy
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Injector
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9 AT B it ([ BB A A R)
2 L2 B A=
% 2 WA NESHGE
Property Symbeol Monitoring layer Caprock Aquifer Unit
Rock constitutive law - Drucker-Prager Mohr-Coulomb Mohr-Coulomb -
Young’s modulus E 0.86 5 5 GPa
Poisson’s ratio v 0.3 0.25 0.25 -
Rock compressibility o 1.28x10- 1.28x10-° 1.28x10-¢ kPa!
Cohesion ¢ 689.5 689.5 689.5 MPa
Friction angle # 30 30 30 deg
Biot’s coefficient o 1 1 1 -
s £2 y AN
% 3 WRARBISEGEE
Property Symbol Monitoring layer Caprock Aquifer Unit
Matrix horizontal permeability [ 20 107 15 mD
Matrix porosity . 0.13 0.13 0.13 -
Matrix anisotropy ratio Fom o 0.25 0.25 0.25 —
Fracture horizontal permeability Fepe - 107 — mD
Fracture porosity [ - 0.13 - -
Fracture anisotropy ratio Feyo/hus - 0.25 — -
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Matrix permeability
Permeability anisotropy
Porosity

Young’s modulus
Poisson'’s ratio

Dip angle

Salinity

Reference pressure
Matrix permeability
Fracture permeability
Young’'s modulus
Poisson'’s ratio
Thickness

Fracture spacing
Fracture opening stress
“GCOUPLING
*USHEARST
Equation of state
Injection rate
Number of wells
Well profile

Perforated interval

Cumulative injected CO, mass difference (%)

8 8 8 8 cooocoocooooodd38
$88° 888888888828
T 1 o+ + F % F# + + + ¥ + + +
200000 Owtppm
23.9 | 27.9MPa
10 2 3 10°°mD
10§ 10°mD

2.5GPa

250 000 150 000 mZ,/d

1

Vertical

Long horizontal

Shallow jj Deep
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SPE-220159-MS

Coupled Flow and Wellbore-Integrity Geomechanical Effects During
Continuous and Cyclic CO: Injection

G. Lee, Technical University Clausthal, Clausthal-Zellerfeld, Germany; Y. Barreto, Wintershall Dea
AG, Kassel,Germany; M. Amro, T. Nassan, and H. Alkan, TU Bergakademie Freiberg, Freiberg,
Germany; J. Solbakken andN. Zamani, NORCE Norwegian Research Centre AS, Bergen, Norway; O.
Burachok, Wintershall Dea AG, Kassel,Germany

Kimam TSR e S5 BT R LR RS 3R - o WK » B » AbsES
R A E RS IESE K22 (TU Bergakademie Freiberg, TUBAF ) i1 THYES -/KETE
BN ERSENERGER - BB hEEKE-BBENEL - JEAK
(bR E-6 £-9°C - EMEENMEHSEEIMANRESEI L - B E 24

BT - EENRERBIMILRE AR 2= - (Hl s -

Apges i BallE g - DL CMG Ay GEM fHfktes i I ERAEE #1T 3D
AL TRV R SR BRI S S B BRaE IR - R Bt e RS B o4 dbtas v
PUSREERIR G ¢ S 80y - g KSRy 2D B8 @it EaaEE ~ K
e~ Ea R EE o EITEK-TIRE BE A - SRR TR R 2 (R
WEIFfEIHYEE( L - AbtZEd - BUR R (R8BS SF & TSF» SFAA R E
famE (B 13)E keI TInG % (Shear failure) » TSF R ulthr 5ERY % (Tensile
failure) o SF BT 0 AFRE Z B ATV - s IBPRERARE I EME
FRETIR BL43 4% TSF [EB 2T 0 Bes Zad AR AR - s IHIPARE
FR B B/ N KSY £ JE T[] 11 B JFRE (L & SF R TSF ST E=AE 12 ok
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SF =1—(minimum(1, CA/ CB))

0~ 05
CA=—75—

CB=cos (p)-CB
ﬂ-’j'
TSF=5-—j

12 ARHFERIR E b 2 2= (A3 SF f TSF

13 R(GIRE RIS EREAY 3D B4 > A b B SR E AN A E
o HEAREE SR EHRNE S AERECR > NI MIEREEEE -
Kie ~ RGBSR FES » SMENRE ASEANER 4 For > &8
CMOST A& EE PRI AT IR SE Rl Skt (B 14) > LR SRR E
Z ALY 10 1% > SEE R AEERS o] DU AR A e B MEHVRTAS - 1REE
AR E RS T B et g KR R BUE 5T -
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Sectors

Hole

ceorrvee s ESOS:;?PE 2
B, NS
s
13 EEaRE 3D A
x4 BERUE 3D ARSI
Properties Casing (Steel) Cement Insulator
Density (kg/m3) 8000 2300 1400
Compressibility (1/kPa) 72e-9 7.2e-8 8.95e-6
Thermal Expansion coefficient (1/K) 12e-6 13e-6 160e-6
Thermal Conductivity (W/mK) 50 125 0.25
Specific Heat Capacity (J/m3K) 3.6e6 3.7e6 1.7e6
Young Modulus (GPa) 200 25 0.0067
Poisson’s Ratio (-) 0.26 0.2 0.49
Dimensions (m) 0.076m-0.084m 0.084-0.145m 0.145-0.151m
Porosity (-) le-6 0.01 le-6
Permeability (mD) 0 0.001338 0

Average Temperature SCTR (C)

Average Temperature

3 4 5
Time (day)
=— Model prediction.sr3 © Experimental resulits.fhf

14 EhERJE 3D BRI S o R
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g KU 2D 154U ([ 15){%A5f Dan North Sea HYES /K #1707 » A& A1 E
BEEE KR - #E - F5l - Bibs 1 mha 2 REES - SMEZ2H2H
W2 5> FIAEEE T Ry 187 bar @ 1708m > @406 & Fy 60°C > e Am & & 20°C

R A 2 g BE IR £y 250 bar -

SECTORS:
Cement Casing
GEORTYPE 1 g GEORTYPE 2
= Reservoir i Perforations
GEORTYPE 3 GEORTYPE 4
[ Silstone 1 I Silstone 2
7_. GEORTYPE 5 GEORTYPE 6
L6
.Cap Rock
5 GEORTYPE 7
.»4
-3

Z/%: 0.35:1
Total Blocks: 2,200
Active Biocks: 2,200

15 Hhjg K& 2D fEAY

725 Mg RUE 2D BRI FH 2 H

Properties Casing (Steel) Cement Reservoir Caprock
Density (kg/m3) 3000 2300 2123 2400
Compressibility (1/kPa) 7.2e-9 7.2e-8 1.59e-6 1.45e-6
Thermal Exp coef (1/K) 12e-6 13e-6 11e-6 10e-6
Thermal Conductivity (W/mK) 50 1.25 2 1.67
Specific Heat Capacity (J/m3K) 3.6e6 3.7e6 1.95e6 1.84e6
Young Modulus (GPa) 200 25 19 276
Poisson’s Ratio (-) 0.26 0.2 02 0.28
Porosity (-) le-6 0.01 0.34 0.15
Permeability (mD) 0 0.001338 700 0.0001
N/A 300 8 19

Experimental Param. C (-)
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Z SF } TSF & AFitast A MEtEss - £ 9 (8 &R E 2= 10°C BT
i 230 bar IR E{EA B T E » KBRSt e EHE - 02
HEHIEERR - H SF ke TSF AR TS - B S - AT -
R E b IR = Y B DI - HL AT REAF SN R N AT st s -

e o
o N

>

) WS Cap-Rock —layer 85
. ~ BReservoir - layer 86

e o 9o 9o
w

Safety Factor - Host grid
Tensile Safety Factor - Host grid
N

14
- “X
01— =
0 20 40 60 80 100 120
Distance (m)
- Top reservoir, SF ~= Top reservoir, TSF

bottom caprock, SF.sr3 - bottom caprock, TSF.sr3

140

25113
25110
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13
e
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=
25098 &

25095

-1 25092

' 25089

Top reservoir, Pressure - Top reservoir, Temperature. sr3
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w S
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(ed¥)
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Safety Factor - Host grid
Tensile Safety Factor - Host grid
o
()

e
-

i i ) - . 19000
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« {83, 1, 85}, Safety Factor.sr3 — {20, 1, 85), Safety Factor.sr3
{3, 1, 85), Tensile Safety Factor.sr3 {20, 1, 85), Tensile Safety Factor.sr3
{3, 1, 85), Temperature.sr3 {20, 1, 85}, Temperature.sr3

« Reservoir, Ave Pres POVO SCTR.sr3

g 8 ¢ 8 8
(o) axmesadway

&

£ & 8 8

2
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