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Abstract

The economics of recovering sulfur from sour natural gas have become unfavorable for small
fields. Hydrocarbon producing companies require a cost effective yet environmentally sound
alternative to deal with acid gas. Compressed acid gas re-injection into producing, depleted or
non-producing formations has emerged as a viable alternative to traditional sulfur recovery. Most
injection schemes include dehydration facilities to remove the saturated water from the gas,
preventing corrosion and hydrate formation. An alternative, less costly approach is proposed:
keep the water in the acid gas phase throughout the injection circuit, eliminating the need to
dehydrate.

To design an optimized injection strategy, determination of thermodynamic and physical
properties such as water content, dewpoint, bubble point, hydrate conditions and density of the
acid gas is necessary. A comprehensive joint industry/research project is underway to obtain
data for several different acid gas compositions over a range of operating temperatures and
pressures. An online, repeatable and precise method of water content analysis using gas
chromatography has been designed and tested. Pure CO, data has been generated from the
equipment and matches accepted values with an average standard deviation of 5 %. To date the
phase behavior of an acid gas mixture containing 89.5% CO,, 9.9% H,S and 0.6% CH, has been
studied and compared to equation of state predictions. Other mixture data is being generated
and should be completed in six months. Until this or other experimental data becomes available,
operating companies will be forced to rely on equation of state predictions and over-design
accordingly.
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introduction

The unfavorable economics of constructing small Claus sulfur recovery plants, due to their
inherent operating difficulties when the H,S feed concentration is low and the decreased demand
and oversupply of elemental sulfur, necessitate an alternative technology. Air emission standards
and regulations are increasingly stringent, compounding the need for an environmentally-friendly,
cost-effective method to deal with acid gas. Acid gas compression and re-injection into depleted
reservoirs or disposal zones, similar to produced water disposal, is a viable alternative to
traditional sulfur recovery processes with the added advantages of reducing greenhouse gas
emissions and providing pressure support for producing reservoirs." 23

Acid gas mixtures, separated from hydrocarbons in a sweetening plant, are compressed through
several stages, dehydrated and pumped into a reservoir. Phase behavior, water content and
physical properties of the acid gas are required for facility design. Phase behavior data is used to
avoid the two-phase region during multi-stage compression to ensure equipment is not damaged
by the appearance of a liquid phase. The injection pressure required is dependent on several
factors including the formation pressure and the density of the acid gas mixture."* The
hydrostatic head of the acid gas column in the wellbore aids injection, particularly if the fluid is
injected above its critical point as a dense phase. Water content data determines the need for
and aids in the design of dehydration facilities.

Although experimental data is available for pure hydrogen sulfide and pure carbon dioxide, little
work has been done with acid gas mixtures®®7®®  Equation of state predictions can be used for
mixtures, but their applicability for these polar/non-polar mixtures has not been proven and liquid
density calculations are known to be unreliable. An acid gas mixture study is underway to fill the
information gap, providing the required thermodynamic and physical properties over a range of
temperatures and pressures of a series of acid gas mixtures. This pertinent, practical project is a
joint effort between industry and research institutions.

Background

Hydrogen sulphide and carbon dioxide are removed from sour gas by absorption with a
regenerative solvent in an amine plant. The acid gas mixture of H,S, CO, and a small amount of
light hydrocarbons leaves the sweetening unit saturated with water at the amine still conditions of
low pressure and high temperature, represented by point A in Figure 1. The gas mixture is then
compressed from points A to F in 3 or 4 stages. After each stage, the gas mixture is cooled,
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without entering the two-phase region. Condensed water is removed after each stage. After the
last stage, the mixture travels down a pipeline into the disposal well. Ideally, at the final
compressor discharge pressure the mixture will be supercritical. Further cooling in the pipeline
will increase the density without a phase change, increasing the hydrostatic head of fluid in the
well and reducing the required injection pressure. The operator must ensure that the mixture
does not cool below its water saturation temperature, to avoid corrosion and hydrate plugging of
the pipeline and wellbore.

Corrosion and hydrates may occur when the gas is saturated with water. Due to the safety
hazard associated with acid gas equipment failure, most injection schemes currently include
dehydration facilites to ensure the acid gas is undersaturated throughout the system.
Unfortunately, dehydration facilities and stainless steel comprise a major portion of the capital
cost of re-injection facilities. Methanol injection is an option to combat corrosion and hydrate
formation, but can significantly increase operating expenses. When the gas is not in contact with
a water phase and is undersaturated, hydrates cannot form until the temperature drops
sufficiently that the gas can no longer hold all the water in solution and “free” water is available for
the formation of hydrates. If the mixture is below its saturated hydrate formation curve, hydrates
form preferentially to a liquid water phase once free water is available.

Although there is litle experimental data on acid gas mixtures, the solubility of water in pure
hydrogen sulfide and pure carbon dioxide lead to some interesting hypotheses. The ability of the
pure compounds to hold water in the vapor phase decreases as the pressure increases up to
about 3000 kPa (400 psi) for H,S and 6000 kPa (900 psi) for CO,. At higher pressures the water
holding capacity of the gases increases, corresponding to a higher water absorption capacity in
the liquid phase or dense phase compared to the vapor phase. In both cases, increasing the
temperature allows more water to be absorbed in the gas phase. Small amounts of methane
substantially reduce the water absorption ability of both components.

If it is assumed that solubility of water in the gas mixtures mimics the trend of the individual
components, then a minimum water holding capacity exists at some pressure.' Figure 2
demonstrates how this information could eliminate the need for dehydration facilities. Points A
through G in Figures 1 and 2 correspond to the same stages in a re-injection facility. Over each
compression stage, the pressure and temperature increase and after each compression stage the
gas is cooled. Initially the water holding capability of the gas decreases from stage to stage, until
the minimum water holding capacity is reached. If the condensed water is removed at this point,
the gas will be undersaturated with water throughout the rest of compression. Stainless steel will
not be required in the compressors or coolers after point E. If the temperature of the compressed
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gas does not drop to the new water saturation temperature, point G, in the pipeline or wellbore,

dehydration can be eliminated and stainless steel materials and methanol injection will not be
necessary.

oo . F
S t
4 G upercritical Fluid Compressor
< Discharge
Hydrate Region
for Saturated
Acid Gas
o 2-Phase
§ Envelope E D
2
o
C B
Vapor /
A
Amine Plant Exit
Conditions
Temperature —p
Figure 1 — Acid Gas Compression in Relation to Phase Behavior and
Hydrate Formation
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If it is concluded that dehydration cannot be completely eliminated due to a particular set of
conditions, for example in an extremely cold climate, the experimental data will still be beneficial.
The operator will know the inlet water content of point A and the conditions of the lowest water
solubility of the system. The glycol contactor tower, regenerator and circulation system can then
be designed appropriately.



