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Experl m enta I Ch a I Ien g es samples and varying salt concentrations in a single

'Energy & Environmental Research Center, Univ. of North Dakota, Grand Forks, ND . ] Accurately mixing H,S and CO, requires temperature- 1L vessel and heater reactor.
’lUS Department of Energy National Energy Technology Laboratory, Pittsburgh, PA for Acid Gas Experiments controlled pumps and leak-free vessels.

%@ EERC '\rz\;ziiﬁﬁg . . . . Pumps: [SCO model 260D syringe pumps, capable of dual pump
ﬁ E w. Pt R o Pt Challenges in performing mixed H,S/CO, experiments control for fluid mixing.

) niversity of Water jacket for CO, to aid in flow control

s are based on fluid "naughty and nice" characteristics. Ukl T e
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Vessels: Parr Instruments (others leaked).
600 mL and 1000 mL, 2.5in i.d., up to 6000 psi
Separate systems for CO,/H,S and pure CO,

Abstract

Acid gas (mixed CO, and H,S) injection into geological formations is increasingly used as a disposal option. In contrast to pure CO, injection, there is little _ Noncompres_smle _
understanding of the possible effects of acid gases under geological sequestration conditions on exposed materials, ranging from reactions with reservoir Stinks Low J-T cooling/heating
minerals to the stability of proppants injected to improve oil recovery to the possible failure of wellbore cements. The number of laboratory studies Highly toxic Easy to control flow
investigating effects of acid gas has been limited by safety concerns and the difficulty in preparing and maintaining single-phase H,S/CO, mixtures under

the experimental pressures and temperatures required.

We have developed approaches using conventional syringe pumps and reactor vessels to prepare and maintain H,S/CO, mixtures under relevant . . . .
sequestration conditions of temperature, pressure, and exposure to water and dissolved salts. These methods have been used to investigate and compare COZ IS very com PI‘eSSIb|e in the pump, even with Exposure weakens most proppants, with acid gas causing

the effects of acid gas with those of pure CO, on several materials including reservoir cores, oil recovery proppants, and wellbore cements, as well as to temperature control (25°C) Kﬁ:?ﬁff&"ﬁ:&ﬁﬁfcgfs in pure CO, more degradation than pure CO,.

investigate the rates of model reactions such as the conversion of Fe;O, to pyrite. The apparatus and methods used to perform acid gas exposures and . . (2200 psi, 50°C, 28 days)
representative results from the various exposed materials will be presented. This makes flow/mass control difficult for COZ, P - i ~Ulraprop3o/S0

- while H.S is easy since it is not very compressible. - »
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Acid Gas Sample

"Crush" tests show:

More than 50 acid gas injection wells are in the Plains CO, Reduction (PCOR) Partnership region, mostly in Alberta,
but there are very few studies on long-term effects of acid gas.

Unreacted Sample
And failure is catastrophic in pure H,S. 0 ~35% Stronger than

Question: Is the difference from FORSEIIEE
20 mole % to pure H,S because of

rate, or does the presence of CO,

inhibit H,S cement degradation?

The Energy & Environmental Research Center (EERC)
is developing equipment to perform CO,/H,S studies

relevant to sequestration and EOR such as: - ' a E N . - Some oil reservoir
| | R — proppants show

: : : : : : e = - o = ' | Y e Y co,brine [ little reactivity in

- Wellbore integrity (erosion rates, relative H,S vs. CO, penetration, fracture healing/ Pump Pressure, psi 1 - | ; \ ‘ | L y
erosion, related materials | : B 5 ) [ @& = CO, but

- Geological reactions (coal, minerals, brine, reservoir plugging) & 8 T = substantial
« Enhanced oil recovery (EOR) proppants | | L : -_::'-ff reactions in
- Model mineral and geological reaction rates The T and P conditions required {o be Sing'e phase : " ehic el H,S/CO, (SG

e . ; Mineral reactions show dramatic visual differences - "Ultranrob" 50°C

(supercritical) vary with H,S/CO, mole ratios. s occur with pure CO, and CO,/H,S. > oyt formation. 9200 p'zi zps days)
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Relevant Experimental Conditions

800 to 3000 psi For example; at 40 mole % H,S, the /
40° to 150°C i Pure H,S pressure should be above ca. 80 atm

0 to 40 mole % | ?g : 18(9)0?>tcm 90 ' / and temperature ab?ve ca:. 50°C.
Wet and headspace moisture | 80 | _ Critical Locus | ee)

=~ - i - W=
0 to 10 wt% salt 72 ENS N Pc = 72 atm 7 il 1 — h Reaction kinetics can be determined by monitoring pump volume changes, e.g.,
Flow-through vs. immersion 70 7 , g Tc=32°C - . 310 the formation of pyrite from iron oxide (3000 psi, 70°C, 40 mole % H,S/CO,).

Weeks to years of exposure 30° - .
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Actual = 0.54 moles ]

grams H,S Used
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ﬁc‘\: % 2 i ey MERCB e AGS /e B9l S comaee(D) ey T O ) | e All storaae. handlina. and use of H-S is done in a hood. Original Sample After Exposure After Exposure After Exposure  After Exposure
UNIMITED | s e B . ge, 9 2 (CO.) S (CO.) (e hda A, Lab systems have been built for mixed H,S/CO, exposures under geologically-

S S relevant conditions. The systems can be used for:
- Total quantities of H,S are limited to <50 Ib. MAJOR MINERAL PHASES MINOR MINERAL PHASES SOLUTION ANALYSIS » Exposures from ambient to 6000 psi and 350°C, zero to 100% H,S
- » Multiple samples (up to 21 or more) exposed simultaneously.
- Lab air is exchanged ca. every 4 minutes. ' | | o « Reaction rate studies by monitoring H,S (or CO,) consumption.
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« Redundant H,S alarms are located by each hood.

* Increased degradation of wellbore cements.
* Pyrite formation from iron-containing samples.
» Decreased strength of oil reservoir proppants.

I 15 Initial results comparing acid gas to pure CO, show:




