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Oilfield Production Consultants (OPC) KT

e OPC are a globally renowned leader in the
provision of subsurface engineering,
geosciences and production engineering

consultancy services to the E&P industry qurs COU n'l'l'ies

o
-

 World class expertise in Well Testing, Pressure
Transient Analysis, Reservoir Modelling,
Infegrated Upstream Projects (FDP),

Competent Person Reporting (cerfified by LSE) - Igd [TZ47T TS Prcjec'l's

e OPC has three provisions:
= Technical projects and studies
= Consultant services
= Soffware and technical training
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Offices T

8 offices
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Who am |?

e Background in geoscience

 Masters @ UCL in fluid-rock-CO,
Intferactions

e Published author on the subject

e Working in industry for 2 years
e >10 CO, storage projects with OPC

Deccan fraps scouting for basalts
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Expected Subsurface CO, Reactions
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CO, + Water >

2 CO, Solubility vs Pressure
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CO, Solubility as a function of pressure and temperature calculated in
PHREEQC using the Peng-Robinson Equation of State.

As CO, mixes with H,O it forms carbonic acid which is acidic (~pH 3).
CO, + H,0O(aq) = H,CO;(aq) + H*
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CO, + Water + Rocks =

 Formation of carbonic acid (H,COs(aq) +
H* ) increases the pH of fluid ~ pH3

e May lead to the dissolution of mineral
assemblages and precipitation of others
dependent on T/P

 Most minerals/rocks show little reactivity in
the short term

e Certain minerals (calcite) will dissolve readily in
the presence of carbonic acid at 7> 30°C and H,COs4(aq) + H* + CaCO, = dissolution
release Ca?*

Rate and extend of the dissolution
dependent on the amount of rocks that will
buffer the system
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Example Step Reactions w

o
-

1. Injected CO, dissolvesin ‘stuck’ Phvs Step

indigenous fluids (pH 5-7)
forming carbonic acid (pH 3)
depending on T/P & salinity

2. Certain minerals if theyexist |~
readily dissolve in the CO, L, e
charged water increasing the el e
oH of the fluid (pH4-6). T e

l. Includes the dissolution of
silicates (usually slow)

3. Formation of new minerals
removes CO, from fluid which 0 1 2 3

results in pH increasing Step
Increasing time to react >
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Modelling KT

e Main technique is equilibrium / batch modelling using PHREEQC 3.0 +
specidalised database

‘Al

* Inputs:
e Indigenous fluid chemistry
e Pressure & temperature at xyz (taken from sim. model)
e pCO, (+ impurities taken from sim. model)
e Minerology

e Outputs:

e Expected equilibrated water chemistry (S.I of mineral assemblages i.e what
dissolves/precipitates)
Driver of software far more important than the tool itself
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Table 11: WJS2C Saturation Indices
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144 6.88 27047 2.6699 05629 -3.9013 -5.6491 58492 34238 4 1785004
192 721 -1.9991 24744 -0.3939 -3.2121 -4 2544 64873 -24101 L1+3 1.773e-04 1.175e-05 -3.751 -4.330 -1.17% -39.22
328 T42 -1.5182 21697 -0.2031 27713 -3.3327 6.7745 -1.8519 L1 (OH) +2 1.167=-06  1.591e-07 -5.433 -6.798 -0.865 -26.31
720 763 -1.0331 1.9752 _0.0412 22478 23241 6.9707 _1.3807 RBI1H35i04+2 &.768e-08 9.22%9e-0%9 -7.170 -8.035 -0.865 -7.81
1440 778 -0.6972 2.2218 0.076 -1.8828 -1.6231 7.0982 -1.0673 gi:gﬁ;g* j:;ie‘ig j:g;e‘ig 13132 ;Zigg ‘gégé lggg
o - . e- . e- -12. -12. . .
2160 _— 791 04047 2-21%6 0.1676 -15919 -10398 ?-1943 -0.8085 A1 (0H) 4- 4,717e-16 3.255e-16 -15.326 -15.487 -0.161 11.3%
Moles Precipitated 1.313e-06  2.069e-05 1.337e-05 NaAl (OH) 4 4,673e-16 4.673e-16 -15.330 -15.330 0.000 53.5%
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Implications T

* If rock does not buffer CO, charged fluid (pH 3) — implications
for well/cement design (even far away from injector —
connate water saturation)

* Injection of CO, into fresh/low salinity fluids = increase storage
capacity through solubillity trapping
e Although is dependent on surface area

e All systems are rock ‘dominated’ & buffered
e Inferesting in the case of chalk/carbonate reservoirs
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Near well-bore dry out
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Captured CO,, compression and pipeline %‘i\v
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Condifions of operation S GE
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1. Normal Operations S
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Sustained injection

e
R

Brine is displaced

CO, plume / dry zone
extends over time
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Captured CO,, compression and pipeline "i\i

¥,

A'A

Framing the issue e -

Problems:

e 1| I

2. Near well-bore dry out. CO, o b
dehydrates the near well-bore
area by displacing brine, and
causing the solids dissolved in
the water to precipitate
Brine is displaced i
e

i

CO, plume / dry zone

extends over time

B e Dt
e o a e e o o

15 Q2| June 23 SPE - CO, Geochemistry




v

£ ) OPC 4

Captured CO,, compression and pipeline "i\i

¥,

A'A

e
S

o e

"

Framing the issue i

A
o e

Brine is displaced

CO, plume / dry zone
extends over time
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extends over time
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Brine is displaced

CO, plume / dry zone
extends over time
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Captured CO,, compression and pipeline "i\i

¥,

A'A

: : i i
Framing the issue L o
Near well-bore dry out
Reservoir Problems b o
1. Permeability decline B
2. Porosity decline
3. Injectivity decline or complete

loss of injectivity

4. Poor well performance
Brine is displaced Nt
==

i

CO, plume / dry zone

extends over time

B e Dt
e o a e e o o
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Permeability Decline w

1000 days

V7 /

CO2 injection into aquifer
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Permeability Decline w

2000 days

V7 /

CO2 injection into aguifer
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Permeability Decline

5000 days - 40% reduction in permeability
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Examples w
Snghvit
400.0 ——————————--————%F
380.0 ‘
360.0 <
340.0

Well shut in

Pressure, bar
L
[=]
[=]
[=]

280.0
260.0
240.0
=Early injectivity problems,
SR probably caused by salt drop-out
' »Resolved by injection of MEG
200.0 : . . :

T T —~Flowing gauge pressure I

4/4/08 4/9/08 4/2/09 4/7/09 4/12/09 4/5/10 4/10/10 4/3/11 -=-Shut-in gauge pressure
Date -+Flowing bottom-hole pressure

-o-Shut-in botttom-hole pressure
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Thank you

LinkedIn
opcC.co.uk

max.richards@opc.co.uk
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