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Experimental study of wettability alteration to
gas wetness method to enhance coal bed

methane production

It is of great importance and significance to study the
production improvement technology for coal bed methane.
Wettability alteration technology has been successfully
applied to enhance oil production and recovery. However,
literature on wettability technology used to enhance
production of coal bed methane has not been reported. In
this paper, a physical model was developed to describe the
mechanism of wettability alteration technology to enhance
coal bed methane. Gas-water displacement test was
conducted in coal samples with and without the wettability
alteration to gas wetness. Comparison of gas-water relative
permeability curve before and after wettability alteration
showed that wettability alteration technology could
increase gas phase relative permeability, and reduce water
residual water saturation in the gas-water displacement. The
experimental results demonstrated that the wettability
alteration to gas wetness technology can enhance the
production of coal bed methane.

Keywords: Coal bed methane, enhance production,
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1. Introduction

ettability alteration is described as a phenomenon
Wthat wettability of solid surface could be changed

with the adsorption of active substance. In 1941,
Buckley and Leverett [1] realized the importance of wettability
on oil-water flow in the reservoir. The wettability aterationin
porous media surfaces caused by adsorption of surfactants
was reported by Spinler and Somasundaran et al. Later [2-4],
many study demonstrated that wettability plays an important
role in many field, such as capillary pressure, electrical
properties of reservoir rocks, relative permeability, initial and
residual water saturation. Wagner and Leach suggested
enhancing recovery by alternating the reservoir wettability
during water flooding. Li and Firoozabadi [5] reported that
wettability of rocks could be changed from strongly liquid-
wetness to preferential gas-wetness after chemical treatment.
Their experimental result also showed that the il recovery
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and gas phase relative permeability could be increased
significantly after wettability alteration. Generally speaking,
wettability alteration technology has been widely used in il
industry. The main purpose of this paper was to verify the
feasibility of using wettability alteration method on enhancing
coal bed methane production by experiment.

2. Mechanism of wettability alteration

Coal bed methane was developed by pressure depletion and
initial water in coal bed must be drained first. Absorbed gas
desorped from the coal matrix due to the pressure decrease|6-
9]. Thus the development of coal bed methane can be
considered as the process of water displacement by gas,
where gas is the displacing phase and water is the displaced
phase.

The gas-water flow performance in coal bed isinevitable
affected by capillary pressure, which can be obtained as
follow [10]:

P _ 20 cosé

= @

r
where P, isthe capillary pressure, r isthe radius of acapillary
tube, o is the surface tension and 6 is contact angle. From
Eq.1, it can be seen that the capillary pressure could be very
large in the low porosity and permeability formation where
pore size is extremely small. Based on above analysis,
capillary pressure has a great impact on gas-water flow
performancein coal bed.

A physical model was developed to describe the
mechanism of wettability alteration technology to enhance
coa bed methane production, as shown in Fig.1. Note that
the direction of capillary pressure was defined as wet phase
to non-wet phase. Fig.1 depicts the direction of fluid flow and
capillary pressure are opposite in water wet coal bed, where
capillary pressure serves as an opposing force for fluid
transport. However, the direction of fluid flow and capillary
pressure are the same in gas wet coa bed, where capillary
pressure serves as a driving force for fluid transport as shown
in Fig.2. As discussed above, wettability alteration to gas
wetness method could alter the capillary pressure from
opposing force to driving force, which could enhance coal
bed methane production and recovery. Note that the
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Fig.1 Capillary pressure direction and fluid flow direction in the
water wet coal
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Fig.2 Capillary pressure direction and fluid flow direction in the gas
wet coal

wettability may not alter to gas wetness after chemical
treatment, which means the contact angle is till less than 90°,
but an increase of contact angle can reduce the opposing
force in gas-water flow after chemical treatment.

3. Experimentsand results

Gas-water displacement test was conducted to obtain the
relative permeability curves before and after wettability
alteration. The experimental results was compared to verify
the feasibility of using wettability alteration method on
enhancing coa bed methane production. In this study, the
gas-water relative permeability of original coa sample were
measured firstly. After being dried, the coal sample was
saturated with the chemical solution to change the wettability.
The gas-water relative permesbility was determined again after
chemical treatment. The schematic of apparatus for measuring
gas-water relative permeability was shown in Fig.3. The gas
used in the experiment is methane and unsteady state method
was used in this experiment.

The parameters of two coal sampleswerelisted in Table 1.
Contact angle of two coal samples were less than 90° in
original condition, which represents preferential water-
wetness. After chemical treatment contact angle of both coal
samples were bigger than 90°, which demonstrated wettability
alteration to preferential gas-wetness. Fig.4 shows the water
droplets on the No.2 coal sample before and after the
wettability alteration by the chemical treatments. It can he
seen that contact angle increases from 75.12° to 96.53°, which
indicates that the chemical agent can change the wettability
of coal sample.

Figs.5 and 6 show the gas and water relative permeability

Fig.3 Schematic of the apparatus for measuring gas-water relative
permeability

(a) Before chemical treatment (b) After with chemical treatment

Fig.4 Water dropletson the surface coal sample before and after the
wettability alteration by the chemical treatments

Fig.5 Gas-water relative permeability measured before and after
wettability alteration (No.1 coal)

before and after the wettability alteration by the chemical
treatments determined in two coal samples. The comparison
shows that the residual water saturation by gas flooding was
decreased from 48.91% to 41.98% in No.1 coa and from

TABLE 1: PARAMETER OF COAL SAMPLE

Coal no. Length Radius Porosity Permeability Contact angle Contact angle
(cm) (cm) (%) (md) before after
wettability wettability
alteration alteration
) )
1 5.46 2.45 21.18 51.95 81.23 98.34
2 6.32 2.52 8.18 8.34 75.13 96.53
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Fig.6 Gas-water relative permeability measured before and after
wettability alteration (No.2 coal)

53.49% to 44.968% in No.2 coal respectively. Thereisalittle
difference between water relative permeability before and after
wettability alteration, but the gas relative permeability
increased after wettability alteration. The gas relative
permeability at residual water saturation was increased from
0.51t0 0.66 in No.1 coal and from 0.27 to 0.37 in No.2 coal
respectively. The residual water saturation was decreased and
gas relative permeability was increased after coal wettability
was changed from water wetness to gas wetness.

Fig.7 Recovery measured before and after wettability alteration
(No.1 coal)

Fig.8 Recovery measured before and after wettability alteration
(No.2 coal)
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Figs.7 and 8 show the significant increase in water
productivity after the wettability alteration by the chemical
treatments in two coal samples. The comparison shows that
the water recovery by gas flooding was increased from
51.09% to 60.78% in No.1 coa and from 46.51% to 55.04% in
No.2 coal respectively. The experimental result shows that
wettability alteration technology can enhance water
productivity.

One can see the significant increase in gas production rate
after dealing with the chemical agent in two coal samples, as
shown in Figs.9 and 10. Take the gas production rate at
residual water saturation as example, the value increased from
4.56 t0 5.88 mi/minin No.1 coa and from 2.96 to 3.56 ml/min
in No.2 coal respectively.

Fig.9 Comparison of the gas production rates before and after
wettability alteration, (No.1 coal)

Fig.10 Comparison of the gas production rates before and after
wettability alteration (No.2 coal)

In summarizing, the experimental results demonstrate that
the wettability alteration technology can increase gas
production rate as well as water recovery by gas flooding,
and decrease residual water saturation in coal sample.

Conclusions

Based on the present study, the following conclusions may
be drawn in the cases studied:

221



1 A physical model was proposed to explain the mechanism 4. Li,K.andHorne, R. N. (2006): “Comparison of methods
of wettability alteration technology to enhance coa bed to calculate relative permeability from capillary
methane production. Thisis because wettability alteration pressure in consolidated waterrwet porous media.”
to gas wetness method could change the capillary Water Resources Research, 2006, 42(6).
pressure from opposing force to driving force. 5 Noh, M. and Firoozabadi, A. (2008): “Wettability

2 The wettability of coal sample was changed from water alteration in gas-condensate reservoirs to mitigate well
wetness to gas wetness after chemical treatment according deliverability loss by water blocking.” SPE Reservoir
to the contact angle determination . Evaluation & Engineering, 2008, 11(4):676-685.

3 The experimental result demonstrated that both gas 6. Palmer, |. and Mansoori, J. (1998): “How permeability
production rate and water recovery by gas flooding were depends on stress and pore pressure in coalbeds: a
increased, and residual water saturation was decreased new model.” SPE Reservoir Evaluation &
after wettability alteration. It is possible to use the Engineering, 1998, 1(6): 539-544.
wettability alteration technology to enhance coa bed 7. McKee, C. R, Bumb, A. C. and Koenig, R. A. (1988):
production. “ Stress-dependent permeability and porosity of coal

Refer ences and other geologic formations.” SPE Formation
1 Buckley, S. E. and Leverett, M. C. (1942): “Mechanism Evaluation, 1988, 3(1):81-9L
of Fluid Displacement in Sands,” Trans., AIME (1942) 8 Gray, I. (198D:_ Reservoir Engi neering in Coa Seams:
146, 107. Part 2-Observations of Gas Movement in Coal Seams.”
2 Li, K. and Firoozabadi, A. (2000): *Experimental Study SPE Reservoir Engineering, 1987, 2(1) : 35-40.
of Wettability Alteration to Preferential Gas-Wetting in 9 Seidle, J. and Huitt, L. (1995): Experimental
Porous Media and Its Effects” SPEREE 3 (2): 139-149. measurement of coal matrix shrinkage due to gas
SPE-62515-PA. DOI: 10.2118/62515-PA,, 2000, Qesorptlon and |mpI_|cat|ons for_ cleat permeability
3. Li, K. and Firoozabadi, A. (2000): “ Phenomenological Increases: International Meeting on Petroleum
Modeling of Critical Condensate Saturation and Epgmeermg. 1995. )
Relative Permeabilities in Gas/Condensate Systems.” 10. Tiab, D. and Donaldson, E. C._(2011): quophyscs:
SPEJ 5 (2): 138-147. SPE-56014-PA. DOI: 10.2118/ theory and practice of measuring reservoir rock and
56014-PA. 2000, fluid transport properties. 2011.
a )
JOURNAL OF MINES, METALS & FUELS
Special Issue on
R&D IN CHINESE MINING INDUSTRY
The trends and prospects in China's research and development vis-a-vis mining industry are specifically discussed in
the various papers in this special of the journa highlighting new and varied faces of research and development in
Chinese mining industry. It also highlights the potential challenges which Chinese policy makers have to face in the
coming decades.
China has made considerable progress in science and technology in recent years. In particular China has become a
leading investor in research and development (R& D). The Journal of Mines, Metals & Fuelsis privileged to present
thistimely published specia issue to highlight new awareness of mineral industry through application of new industrial
practice in China.
Price per copy: Rs.500.00; £35.00 or $55.00
For copies, place your orders with:
The Manager
Books & Journals Private Ltd.
6/2 Madan Street (3 Floor)
Kolkata 700 072
Tel: +91 33 22126526 Fax: +91 33 22126348
E-mail: bnjourna s@gmail.com / pradipchanda@yahoo.co.uk
Website: www.jmmf.info
- 2
222 APRIL 2018



