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CO, STORAGE
CAPROCK INTEGRITY - NO SEAL NO DEAUL

Potential issues:

sequestration field

» Reservoir heave (poro-elastic response)
or compaction (potential framework
weakening through reaction)

\ 4

o Caprock flexure — permeability
development or failure

* (Chemical) interaction with caprock -
mechanical weakening?

Creation of leakage pathways?
Loss of containment??
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Anhydrite — Basal unit Zechstein Group

Of interest to the Netherlands, but also to the USA
(Teapot Dome), Canada (Weyburn) and Middle East!
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Adaular anhydrite

acicular grains (60%), d =1000-2000 pm;
matrix (40%), d < 50 ym

15-25 wt% dolomite

@ =0.1-0.3%

k<102l m?
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Euhedral anhydrite

AccV | SpotMaan < Det WD }—————— 500.um
30.0kV 8.0 1b60x BSE 9.6

e d =100 pm

e 15-25 wt% dolomite
e ¢ =0.2-0.5%

e k<1021 m?

“ Well locations are ~10 km apart ‘
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EXPERMENTALMETHODS
COMPRESSION EXPERMENTS

Hangx, Spiers, Peach [JGR Geofluids,2010]
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Experimental conditions

= Pef=1.5-50 MPa

= R=0-15MPa

» fluids: CaSO,/ CO,-saturated solution
= T=80°C

= ¢=~10%s?

differential stress [MPa]
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EXPERMENTALMETHODS
HYDROFRACTURING EXPERIMENTS

Hangx, et al. [in prep.]

Experimental conditions: ﬂ o,
= P.=3.0-15.0 MPa —

" AGinitial = 01 inifial — 93,initial —13-2-93.6 MPa <>
- T=80°C
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KEY AIM: FAILURE ENVHOPES
MOGI FAILURE CRTERON

General failure envelope

shear dress [MPa]

l .
|

tensile mean sress [MPa]

MOGI FAILURE CRITERON:

Odahedral shear sress 1., = 1/ 3 V[(6, — 6,)2 + (6, — 65)? + (05 - 6,)?]

Mean sress 6,,, = (6, + 6, + 65)/ 3




HHECT OF TEXTURE ON STRENGTH

Grain 9ze: Grain shape: Interlocking grains - stronger

"7 smaller grain - stronger
! —
-

1/¥d (mm=1/2) ComDOSItIOn

Fredrich etcal. [JGR 1990]
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MECHANICAL STRENGTH

1 Mogi Failure Criteria for anhydrite

effea of fluid

no short-term
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® acicular anhydrite

+ euhedral anhydrite

||||||||||||||

mean stress [MPa]

Adaular anhydrite:

Irregular grains; bimodal d-range;
d =1000 pum

» C, =124 MPa

= y=0.5

* T, =5 MPa

» E=50 GPa

Hihedral anhydrite:

Regular grains; equigranular;
d =100 pm

» C, =55 MPa

= y=0.9

= T, =8 MPa

» E=41 GPa

Overall, euhedral anhydrite 15-30% weaker than adc

ular anhydrite




Adcular anhydrite

INITIALHAW SIZE

Euhedral anhydrite

Griffith criterion

Gy = |— WS Y |
Intragranular cracks e Grain boundary cracks
E=50 GPa e E=41 GPa
or =5 MPa e o7 = 8 MPa
y=0.902 J m? e y=0.255J m?
[Tromans & Meech, 2002] [Tromans & Meech, 2002]
Initial flaw size, * Initial flaw size,

c = 2200 um (~ grain size)

c =200 pm (~ 2x grain size)



HEXURALBENDING OF A CAPROCK

POTEN TIAL FOR SHEAR FAILURE DUE TO RESERVOIR DH-ORM ATION

Model assumptions:

= circular reservoir, discishaped plate of caprock

» homogeneous, isotropic, elastic, uniform in thickness,
and initially flat(lying; fixed edges, uniform load

» no fluid penetration

= all stress changes - poroelastic contraction or
expansion of the reservoir

1. hydrodatic , where o, = 6, = 0, = 0,4
2. compressve , where g, = g3 and o, = 0, = 1.5 o,
3. extensonal , where g, = ¢, and o3 = 0, = % 0

Model parameters.

» E=5 GPa (upscaling of measured E)
= y=0.25

=t=50m

my=+0.1cm

= d=100 m-5 km
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DEPLETION

vertical stress:

ov =90 MPa

reservoir

INJECTION

vertical stress:

ov = 90 MPa

Hangx, Spiers, Peach [JGR2010]

3800 m

3800 m



octahedral shear stress [MPa]

HEXURALBENDING

SHEAR FAILURE
150.0 : :
| CHANGES IN STRESS STATE = Loss of caprock integrity though
AT THE RESERVOIR-CAPROCK INTERFACE permeability development and/ or
1 AS A RESULT OF CAPROCK FLEXURE .
damage - unlikely
O initial stress state =
COm depletion phase \ g
W injection phase st P&/ 2 =
100.0 + : >3 - :
@ euhedral anhydrite e Failure may occur only for:
@ acicular anhydrite e ) .
o = Strong doming near the wellbore
< o (e.g.d =100 m, y = 1m)
0 - .
) mRRStE = Higher values for E (e.g. 50 GPa)
"
50.0 + "0
./:,"" compressive in-situ
Sl stress regime ]
| A ? but: more complex numerical
_;V' extensional in-situ§ bl oatatic i modeling needed to predic long-
N s jp shosstogmo term behaviour!
0.0 50.0 100.0 150.0 200.0

mean stress [MPa]
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THERMALCOOLNG

POTENTIALFOR TENSILE FAILURE DUE TO CO , INJECTION

» Cooling near wellbore and base caprock
(10’s °C) - shrinkage of rock

« Thermally-induced stresses - tenslle failure?

Failure envelope for caprock

State of dress
thermal gress

sequestration field

N apro

ermal cooling

Temperature [C]

aquifer

120 m .
Preisig & Prevost [IIGGC, 2011]
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octahedral shear stress [MPa]

CONCLUSIONS
SITE-SPECIAC DATA IS NEEDED

Hangx, Spiers, Peach [JGR 2010]
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1 -dry anhydrite at room temperature - ~ TG x
1 0 1 . ¢
1 % | @ dryexperiments x
200.0 + =, < onset of dilatancy
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8 500t Other studies:
8 + Zechstein anhydrite (>95 % pure) [Miiller and
- Siemes, 1974]
(=2} M halite -bearing anhydrite [Liang et al., 2007]
500 ¥ o @ fine grained anhydrite (10 uym) [De Paola et al.,
= 2009]
A coarse grained anhydrite (1000 pm, / to
foliation, 20% dolomite) [De Paola et al., 2009]
® coarse grained anhydrite (1000 pm, L to
foliation, 20% dolomite) [De Paola et al., 2009]
0.0 L | — G.U L e e e o B B e B a e S e e e R —
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mean stress [MPa] Mogi mean stress [MPa]

Rodk texture and compostion affed rock strength a nd mechanical properties
-> 1o properly asses caprodk integrity, Ste-soedfic data is needed
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