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Table 1 Geological factors for acid gas injection
(m) 800 ~ 3500 >3500 <800
(m) >80 30 ~80 <30
%) ( ) ~ ;
; >60% ; 20 ~60% <20%
(m) >20 10 ~20 <10
(m) >300 150 ~300 <150
(g/L) 10 ~50 3~10 <3 >50
(C) < -2 -2~10 >10
(°C /100m) <2 2~4 >4
(HFU) <54.5 54.5 ~75 >75
<0.9 0.9~1.1 >1.1
>15 15 ~10 <10
(%)
>12 12 ~4 <4
>50 50 ~ 10 <10
(mD)
>10 10 ~5 <5
( ) <0.5 0.5~0.6 >0.6
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o 2.2
14314km” A B
( 2010) - ( 2),
4000m o
46. 5 x
10*km’ 2600km 631 x10°m’ . . . (
( 1) 2010)
40 2.3
140 x 10*km”
o 20 90 2
91% 8%
1%
5000m” ( 2002) . o
(UNEP et al. 2011).
2
Table 2 Non geological factors for acid gas injection
H,S/CO, (km) <100 100 ~200 >200
« )
( )
( )
(m) >150 150 = <150
3 ( 2010)

Table 3 Tectonic belt partition of the Amu Darya right bank area

Turkmenistan (after Yan Weili et al.

2010)
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2010) . 3( 2010) .
3.2

3.1 C 3).

1
Fig. 1 The research target area of the Amu Darya right bank Turkmenistan
A B A B )
Solid red line enclosed area is the research target area and it divides into zone A and zone B.

Now zone A is in the development stage and zone B is in the exploration stage
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( 2012;
2011 )
Fig. 2 Composite columnar section
of the Amu Darya right bank area
Turkmenistan (modified from Wang
Qiang et al. 2012; Zhao Can
2011)

100km
400km;  —
(2010)
( 2010)
3.
3.3
5
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2010) :
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3 (a) (b)
Fig. 3 Oil and gas traps (a) and fracture distribution (b) of the Amu Darya right bank area Turkmenistan
_ R . 6) (
(XVac ). (XVp 2010) .
)~ (XVm ). (XVhp ).
(XVal ). (Zz ) (XVa2
) (2012)
Al o B
Al A (
) ; ( 2010) »
( 4. 5.2
5 (2010)
Uzy-4 Uzy4d
5.1 0.1232% (c) 72729
(3290m )

1.05211g/cm’s
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4 — ( 2012)
Fig. 4 Plane distribution and evolution of Callovian—Oxfordian sedimentary facies in the
Amu Darya basin Turkmenistan (after Xu Wenli et al. 2012)
(a) XVI—Z ;(b)XVal—XVm ; () XVp—XVac
(a) plane facies distribution during the deposition of XV1—Z section; (b) plane facies distribution during the

deposition of XVal—XVm section; (c) plane facies distribution during the deposition of XVp—XVac section

4 ( 2010)
Table 4 Statistics of trap genesis classification of the Amu Darya right bank area

Turkmenistan (after Xu Jianliang et al. 2010)
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Table 5 Characteristics of sedimentary facies of the Amu Darya 122°C
right bank area Turkmenistan (after Fei Huaiyi et al. 2010) 3.21%C/100m.
6
6.1
)
(D)
B
5.3 N
Y
0.76 ~0. 80
1.04 ~1.09 o Y °
( o
2011). (2010)
24.9% 0.2%
— 10. 3% — ;B
_ 0.94 ~1.08- 11.9% 1.0% 5.3%
; A
1.65 ~1.90, N
0.85 ~  3155.3mD 0.01 x 10 *mD
1.08 — 2010) . 6. 87mD — B
Uzy-d Tan-—
2 ( 2010) 3300m ;
566.9 (57.2572MPa 470mD 0. 0001mD
8304. 055psi) » 0.071mD.
5.4 6.2
Yand  .Yan3 (2010) A
. Bota4 Tan-2 2010)
( 2010)

Table 6 Gas reservoir classification of the Amu Darya right bank area Turkmenistan (after Fei Huaiyi et al. 2010)

XVac.XVp.XVm
XVhp—XVa2

XVhp—XVa2

XVhp—XVa2

XVac.XVp
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5 H,S ( 2011 )
Fig. 5 H,S content distribution of gas reservoir in the Amu Darya right bank area Turkmenistan

(modified from Deng Yan et al. 2011)

6 (  UNEP et al. 2011 )
Fig. 6 The big earthquakes in the Amu Darya basin Turkmenistan (modified from UNEP et al. 2011)
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7 H,S
( 2011) > °
Table 7 H,S content of gas reservoirs in the Amu Darya right (2011)
bank area Turkmenistan (after Deng Yan et al. 2011) °
S (%) S (%)
2.9880 0.2670 °
0.0040 0.0650 °
0.2200 1.4400
3.9800 1. 8900
o GW3
2.9400 0.1130
0.0050 0.0100 40m
0. 0900 0.0010 15% 0.1 ~ImD,
0.0025 0. 0004
6.3
H,S
( ) 7 5. H,S
8
Table 8 The application of analytic hierarchy process (AHP) to the AGI site selection
) .
0.2 0.4 0.6 0.8
2
0.2 0.4 0.6 0.8
5 ( <1000m) (1000 ~2000m) (2000 ~3500m) ( >3500m)
i 0.2 0.4 0.6 0.8
4
0.2 0.4 0.6 0.8
s . .
0.2 0.4 0.6 0.8
6
0.2 0.4 0.6 0.8
7
0.2 0.4 0.6 0.8
8
0.2 0.4 0.6 0.8
0 ( >800m) (400 ~800m) (200 ~400m)
0.2 0.4 0.6 0.8
10
0.2 0.4 0.6 0.8
11 /
0.2 0.4 0.6 0.8
12 -
0.2 0.4 0.6 0.8
13
0.2 0.4 0.6 0.8
14
0.2 0.4 0.6 0.8
15 H,S/C0,
0.2 0.4 0.6 0.8
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7 USGS
975 1 1 2012 9 15
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290 ~400m ;
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o 1000m
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( 2014) . o 800 ~3500m
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7 4
:USGS® 2GeoTaos( 2013)
Fig. 7 Distribution of historical earthquakes above magnitude 4 in the Amu Darya basin

Turkmenistan Data from USGS®  figure produced by GeoTaos (Lei Xinglin et al. 2013)
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Acid Gas Injection: A Suitability Evaluation for Sequestration Site
in Amu Darya Basin Turkmenistan

LI Qi KUANG Donggin LIU Guizhen LIU Xuehao
State Key Laboratory of Geomechanics and Geotechnical Engineering Institute of Rock and Soil Mechanics
(IRSM)  Chinese Academy of Sciences Wuhan 430071

Abstract: Acid gas injection (AGI) is not only one of carbon abatement technologies but also one of the
green technologies conducive to environmental protection because it can alleviate the sulfur supply and demand to
some extent and it can also reduce the potential frequency of acid rain. Therefore AGI is increasingly affected by
global concern. The Amu Darya right bank block in Turkmenistan is one of important sources of Chinese overseas
natural gas exploitation. During the international development of this natural gas block the adverse factors are
taken into account according to uncertainty and volatility of the sulfur market and transportation etc. It is found
that acid gas injection is worthy of study and deep analysis with comparison to conventional sulfur recovery process
technology. Limited to its special geopolitical and environmental characteristics sequestration site selection of acid
gas injection is particularly important in Central Asia. By reference to the selection principles of carbon dioxide
sequestration site a geoengineering method is proposed for acid gas injection and the suitability evaluation of the
Amu Darya right bank area is investigated for the potential sequestration of acid gases. Firstly the suitability
indicators are selected for sequestration site of acid gases which include stability of geological structure of study
area earthquakes and faults formation pressure temperature porosity and permeability of the reservoir caprock
etc. Then the indicators are assigned proper weighted coefficients according to the actual geological conditions of
study area and analytic hierarchy process (AHP) are used to conduct a basin level evaluation of sequestration
suitability. Finally according to micro facies of sedimentary environments and more detailed information of
reservoir properties a further analysis is carried out to seek a target zone of potential sequestration sites. It also

points out the future work direction.

Key words: Amu Darya right bank Turkmenistan; acid gas injection; site selection; suitability evaluation;

natural gas exploration; energy security; geoengineering



