
 

 

https://sid.ir/1790
https://sid.ir/1797
https://sid.ir/1798
https://sid.ir/1799
https://sid.ir/1800
https://sid.ir/1788
https://sid.ir/1703
https://sid.ir/1706
https://sid.ir/1708
https://sid.ir/1707
https://sid.ir/1789


Arc
hive

 of
 S

ID

Arc
hive

 of
 S

ID

 

 

1 

 

 
 

 

 

 

CO2 STORAGE MECHANISMS AND METHODS: A SURVEY STUDY 

 
Masoud Ahmadinia, B.Sc. Student at Shiraz University, Department of Petroleum Engineering 

Masoud Riazi*, Assistant Professor at Shiraz University, Department of Petroleum Engineering  

*Correspondence author:  Email:  mriazi@shirazu.ac.ir , Fax: +98(0) 711-6473680  
 

 

 

ABSTRACT 
Nowadays, the accumulation of greenhouse gases 

(e.g. water vapor, carbon dioxide, etc.), which are 

produced by human activities has become one of the 

most serious environmental problems. Climate 

change and man-made global warming as a result of 

the growth of carbon dioxide (CO2) concentrations in 

the atmosphere is one of the main human concerns 

about the health and environment. In order to 

diminish negative impacts of global warming, it is 

essential to reduce CO2 emission by using effective 

and feasible methods. One way to reduce greenhouse 

gases (GHGs) emissions is through reducing 

consumption of fossil fuels; however, such decision 

may negatively impact the economy. Another option, 

which may be the more effective action, is to reduce 

the CO2 concentrations through geological storage. 

For this purpose CO2 should be captured, transferred 

and injected in an appropriate geological structure, 

which can securely store CO2 for a long period of 

time. 

In this literature survey study, CO2 storage methods 

and its trapping mechanisms are discussed in details. 

After introducing different promising media for 

storage, the necessity and the opportunities of 

geological storage of CO2 in Iran are discussed. 

 

INTRODUCTION 
Carbon dioxide capture and storage (CCS) is a well-

established method to reduce the CO2 concentration 

of the atmosphere. This process includes three steps; 

the first step is to capture CO2 from major sources 

such as power plants. The second step is to transport 

the captured CO2 to the storage sites via pipelines or 

ships. Finally, it should be injected into a suitable 

place such as a geological formation. 

Carbon dioxide can be stored in different places such 

as depleted gas and oil fields, saline formations, coal 

seams, basalts, gas or oil shales, salt caverns, 

abandonment mines and oceans [1]. Storage in all of 

the above-mentioned places excluding the last one is 

known as underground geological methods. It has 

been practically shown that storage processes could 

be performed in some of these places such as 

depleted hydrocarbon reservoirs and saline 

formations. 

Past successful gas storage projects, suggest that 

CO2 could be rapidly injected and securely stored 

for a long time at suitable underground places [2-4]. 

It is considered, that about 99% of the injected CO2 

would be retained after 1000 years [1]. The two 

essential criteria for selecting a proper storage site 

are having a considerable storage capacity and a safe 

sealing to prevent leakage [5]. 

Density of CO2 increases with depth [6, 7]. Storage 

is more effective at depths below at which (800-

1000 m); CO2 becomes supercritical and has a 

liquid-like density (Figure 1). At this condition the 

storage capacity increases. Density change also 

depends on CO2 stream composition and 

temperature gradient of formation. Cold sedimentary 

formations (with low temperature gradient) in which 

CO2 has higher density at the same depth compared 

to warm basins, are more favorable sites for storage 

purposes [7]. 

 
Figure 1 

Variation of CO2 density with depth, [8]. 
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In this paper, different geological storage sites and 

trapping mechanisms are first explained; and then the 

possible places for CO2 storage are discussed. At the 

last section of this study, based on some statistical 

data of CO2 emission, the requirements for CO2 

storage in Iran are being mentioned, and then 

formations, which could be a good candidate  for CO2 

storage are introduced. 

 

STORAGE MECHANISMS 

Mechanisms based on geological factors 
The efficiency of geological storage is defined as the 

amount of CO2 stored per volume [9]. It depends on 

the physical and the geochemical trapping 

mechanisms. As it is shown in Figure 2, the extent of 

residual and solubility trapping of CO2 are increased 

over time. 

Carbon dioxide is trapped permanently when it 

becomes immobile, which is the most favorable types 

of storage. This would happen when the CO2 

saturation is low enough, which may be resulted by 

trapping under a suitable seal or by adsorbing on the 

rock or coal surface. 

 

Physical Trapping 
a. Stratigraphic and structural trapping 

The primary means of geological CO2 storage is its 

trapping below caprocks such as shale or salt beds. 

Traps which are made by changes in rock types are 

called stratigraphic. [10] 

Structural traps are formed by rocks with fold or 

fractures. Faults can act both as a seal or path for 

fluid flow [10]. Both of these types of traps are 

suitable for CO2 storage, however, the injection 

pressure should be calculated and considered to avoid 

fracturing during CO2 injection [11]. 

 

b. Residual trapping 

Injected CO2 displaces water and migrates upwards 

due to its lower density. Carbon dioxide moves as a 

separate phase until it traps as a residual phase. In 

saline formations, in which fluid migrates very 

slowly over long distances there is no need for any 

closed trap. Carbon dioxide can also dissolve in 

formation water and migrate within the formation 

[12]. Solubility trapping occurs when CO2 dissolves 

in formation water, which eliminates the possibility 

of leakage through its buoyancy force.  

Based on the modeling made by Holtz, at the end of 

the injection period, more than 60% of CO2 is trapped 

by residual trapping and after about a thousand years 

all of the injected CO2 is trapped by this mechanism 

[13]. 

Geochemical trapping 
Carbon dioxide may be converted to carbonate 

minerals to form mineral trapping, the most slowly 

but the most stable form of geological storage 

mechanisms, which may take thousand years to 

occur [14]. This mechanism can be represented by 

the flowing chemical reactions: 

 
CO2 (g) + H2O ↔ H2CO3 ↔ HCO3

-
 + H

+
 ↔ CO3

2-
 + 2H

+
 

 

The CO2 solubility in the formation water increases 

by pressure but decreases by temperature and 

salinity.  

 

Dissolution process produces an acid, which reacts 

with rock minerals (e.g. sodium, potassium) to form 

bicarbonate ions. Reaction time depends on some 

parameters such as pressure and temperature. 

Perkins et al. studied the CO2 storage in Weyburn oil 

field. They estimated that there would be no 

possibility for leakage over 5000 years, because the 

CO2 would be either dissolved in water or converted 

into carbonate minerals. [15] 

 

 
Figure 2 

Storage securities depend on a combination of 

physical and geochemical trapping [1]. 

 

Mechanisms based on time scale 
Some mechanisms start from the beginning of the 

injection, some others need much more time to take 

place. Different trapping mechanisms can be 

classified based on the time scale as follows: 
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Structural and stratigraphic trapping mechanisms, 

dominate over the first couple of years of injection, 

when the CO2 moves as a separate phase.  

During CO2 displacement within the reservoir, which 

is saturated with oil or water, CO2 stream becomes 

discontinuous and further improves the security of the 

CO2 storage process [16, 17]. This mechanism is 

known as capillary or residual trapping. 

Solubility trapping starts at the beginning of injection 

and becomes more important after long times. Water 

with dissolved CO2 would be replaced by fresh water 

due to the higher density of CO2-saturated water than 

the original density of fresh water. As a consequence 

of this free gravity convection more CO2 can be 

dissolved in water. The dissolution depends on 

pressure, temperature, water salinity and the contact 

area between the water and the CO2 phase. 

Dissolution trapping would enhance residual trapping 

mechanism. 

Mineral trapping is the last but the most secure 

trapping mechanism, which has been estimated to 

become important after 1000 years. In this 

mechanism CO2 becomes part of the solid matrix, 

thus there would be no concern in the context of CO2 

leakage. 

 

RESOURCE-RESERVE PYRAMID  
Carbon dioxide storage capacities should be 

estimated to evaluate available supplies and also to 

manage business processes [16, 18]. 

Resources are available volumes at a given time. 

There are two types of resources: 

1. Discovered resources in which their location and 

characteristics are known.  

2. Undiscovered resources that only are assumed to 

exist.  

Reserves are capacities that are known to exist and 

recoverable.  

The Techno-Economic Resource-Reserve pyramid for 

CO2 storage capacity [16, 19] is shown in Figure 3. 

The size and position of each capacity varies in time 

(as the data and technology change.). 

 

Theoretical storage capacity 
It represents the maximum capacity for storage; in 

this case the whole bulk volume is accessible in 

stratigraphic and structural trapping, CO2 dissolves or 

adsorbs at maximum saturation in solution or 

minerals, respectively. Theoretical storage capacity is 

not certainly accurate because of the physical, 

technical, regulatory and economic limits. [16] 

 

 

 
Figure 3 

Techno-Economic Resource-Reserve pyramid of 

CO2 geological storage capacity [16]. 

 

Effective (realistic) storage capacity  
Effective capacity is obtained by considering the 

technical limits to the theoretical storage capacity 

such as that part of volume, which, cannot be 

physically accessed [16, 20].  

 

Practical (viable) storage capacity  
It is a part of the effective capacity attained with 

considering the technical (geological and 

engineering), regulatory, legal, infrastructure and 

economic limitations [16]. 

 

Matched storage capacity  
Matched storage capacity is at the top of pyramid. It 

is obtained through complete matching of source 

with suitable storage sites [16]. 

 

SITE SELECTION CRITERIA 
In order to have a successful storage the pertinent 

parameters, which could affect the storage process 

should be studied. These parameters include basin 

characteristics (e.g. acceptable porosity and 

permeability for good storage capacity and 

injectivity, respectively), resources (oil, gas, coal, 

etc.), industry developments, environmental issues, 

economy and etc. [21-24]. For example basins, 

which are behind the mountains, such as Zagros in 

Iran may be suitable for storage. However, those 

which are found in tectonically active areas such as 

areas in Pacific Ocean may not be suitable for 

storage because of the possibility of CO2 leakage 

[24, 25]. 

Generally improper storage sites are those which are 

thin, faulted and fractured, without any suitable seal, 
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endured major diagenesis, with over-pressured 

reservoir. 

Because storage is more effective when CO2 is at the 

supercritical state (provides the potential for efficient 

utilization of underground storage space in the pores 

of sedimentary rocks), it is important to choose a 

caprock at a depth with desire temperature and 

pressure. 

 

STORAGE SITES 

Oil and gas fields 

Abandoned oil and gas fields 
One of the best site selections for CO2 storage could 

be depleted hydrocarbon reservoirs, since they have 

reserved hydrocarbons for a long time. That is, they 

have suitable seal. Moreover, fluid properties have 

been studied and computer models have been utilized 

to simulate the whole reservoir. Some of the old 

infrastructures and wells can also be utilized for 

storage purposes [26]. However, it should be taken 

care of the possibility of leakage through abandoned 

wells [27] and also maximum endurable pressure to 

avoid fracturing the caprock [28, 29]. 

One of the most probable leakage pathways are 

injection and abandonment wells [30, 31]. Procedure 

of CO2 storage from abandonment wells is different. 

Sealing and cement plugs, which are utilized should 

be CO2 resistant. It is also better to remove the casing 

and liner to avoid possible corrosion which leads to 

leakage [32]. 

Figure 4 shows that in the case of abandonment 

wells, CO2 can leak through the following pathways 

[30]: 

 Between the inside of the casing and cement (a) 

 Between the outside of the casing and cement (b) 

 Within the cement plugs (c) 

 Through casing (corrosion) (d) 

 Through cement wall (e) 

 Through cement and formation (f) 

The leakage possibility through abandoned wells is a 

function of some parameters such as the number of 

wells contacted by CO2, their depth and the 

abandonment method used (e.g. using corrosion-

resistant cement plugs, removing all or part of the 

casing, etc.). 

 

Enhanced oil recovery 
By conventional recovery, 5-40 percent of the 

original oil in place (OOIP) is produced [33], 10-20 

percent by secondary recovery (pressure maintenance 

methods) [34] and about 7 - 23 percent is produced 

by enhanced oil recovery by using various methods 

such as CO2 injection [35, 36].   

Carbon dioxide can be injected as a continuous 

phase or with water as water alternating gas (WAG) 

method [37, 38]. The hydrocarbon and CO2 phase 

behaviors, reservoir pressure and temperatures, CO2 

purity, oil compositions and gravity affect CO2 

injection process. 

In order to use CO2 as an enhanced oil recovery 

(EOR) agent, reservoir should have extra characters. 

For instance, deep (more than 600m), thin (less than 

20m) and homogenous formations, high reservoir 

angle and low vertical permeability are desirable 

[38-41]. Heterogeneities may reduce the possibility 

of leakage by forcing CO2 to spread laterally [34, 40 

and 42]. 

 

 
Figure 4 

Possible leakage pathways in an abandoned well 

[30]. 

 

Enhanced gas recovery 
About 95 percent of original gas in place (OGIP) can 

be produced by conventional recovery; CO2 can be 

injected to maintain the pressure [43-45]. However, 

Clemens and Wit recommended that CO2 injection 

in heterogeneous gas fields might have negative 

effects on the ultimate recovery [46]. 

 

Saline formations 
Saline formations are deep sedimentary rocks 

saturated with formation water or brines. They have 

massive amounts of water that cannot be used for 

agriculture or human consumption. 

Sleipner Project in the North Sea is the first 

industrial CO2 storage project in saline formations, 

which started in October 1996. It is estimated that 

about 20Mt CO2 would have been stored by the end 
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of project [47]. Based on experimental studies, CO2 

saturated brine becomes heavier and consequently the 

possibility of leakage reduces due to sinking in the 

aquifer [48]. 

 

Coal seams 
Figure 5 shows that coals have more attraction to 

adsorb CO2 compared to other gases such as methane 

and nitrogen [49]. In coal seams CO2 can be injected 

for both storage and enhancing coal bed methane 

(ECBM) recovery. There are also some uncertainties 

in trapping mechanisms for temperatures and 

pressures above the critical point of CO2 [50]. It has 

been shown that CO2 has the potential to increase the 

methane production from 50% (conventional 

recovery) to 90% [51]. 

Carbon dioxide adsorbs about ten times more in 

mature coals such as anthracite, compared to the 

immature ones like lignite [49]. 

 

 
Figure 5 

Pure gas adsorption on Tiffany coals (55
o
C) [49]. 

 

Injection of CO2 into coal beds could decrease the 

permeability because of coal swelling [52], which 

may raise the injection pressure [50 and 53-55]. 

Zhang et al. suggested that injected CO2 may react 

with coal [56]. Allison Project in the United States 

and Alberta Basin in Canada are a couple of 

successful cases of ECBM process [57]. 

Suitable fields for ECBM are those with high 

permeability, homogeneous structures, enough depth 

(down to 1500 m, greater depths have not yet been 

studied) and high methane saturation [58]. 

Reeves et al. suggested that high rank coal beds that 

are deep and have low permeability, which have not 

been developed previously for conventional coal bed 

methane (CBM) production, are favorable targets for 

ECBM [59]. 

In coal bed seams when CO2 is in free phase the 

most possible pathways for leakage are faults and 

exploration wells during the injection [60, 61]. 

 

Basalts 
Basalts have low porosity and permeability and any 

probable permeability is made by fractures, which 

increases the risk of leakage. Carbon dioxide, 

however, may react with silicates in the basalts. [62] 

Storage of CO2 in basalts has many uncertainties 

that require further studies. 

 

Oil or gas rich shale 
Oil and gas shale may have the potential for CO2 

storage similar to coal beds, but this potential is 

currently unknown [1]. 

 

Salt caverns 
Salt caverns could be a proper site for the CO2 

storage because of their high capacity, efficiency and 

injectivity. They have been used for natural gas 

storage for many years, but the storage of CO2 in 

these structures is a different process. That is, natural 

gas is injected and produced regularly, but once CO2 

is injected it is not going to be produced, thus the 

storage site should be suitable for the large time 

scales. 

Because of the high potential of release, a good 

sealing is very important in salt caverns to prevent 

leakage through the formation [63]. 

 

Abandoned mines 
The rocks above the mines are fractured, which 

increases the potential of CO2 leakage, however, 

abandoned coal mines may have a good potential for 

storage because of their capacity and the possibility 

of CO2 adsorption onto the residual coal [64]. 

 

Ocean storage 
Carbon dioxide can be transported with pipeline or 

ships to inject in the oceans or seas. There is no 

theoretical limit for ocean storage capacity, but 

injection of CO2 in oceans results in the considerable 

change in ocean chemistry such as reduction of pH, 

which can harm marine organisms. 

Kheshgi and Archer simulated the concentration of 

CO2 in the atmosphere for different scenarios. In 

their study, 18,000 GtCO2 was injected to the 

atmosphere or ocean after 2050. The results of 

different scenarios are described below: [65-67] 

Case 1: Carbon dioxide was totally released to the 

atmosphere, which lead to a peak in CO2 

concentration in the atmosphere. 
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Case 2: Carbon dioxide with the same ratio (i.e. half 

and half) was injected and released to ocean and 

atmosphere, respectively. It can be considered as the 

average between cases 1 and 4. 

Case 3: 50% of Carbon dioxide was released to the 

atmosphere and the rest was used by other 

approaches; it has the same trend as case 1, however, 

with a half ratio. 

Case 4: Carbon dioxide was totally injected to the 

ocean. As it can be seen in Figure 6, due to the 

equilibrium between the ocean and the atmosphere 

both curves in cases 1 and 4 converged to the same 

value. It shows that CO2 injection into ocean (at depth 

3000m) would have the same effect as releasing to 

the atmosphere (Case 1). 

Case 5: Indicates no emissions, neither in the 

atmosphere nor in the ocean. 

Carbon dioxide can also be injected at depths below 

3000m, where CO2 is denser than sea water to form 

CO2 lakes on the sea floor. 

 

 
Figure 6 

Different CO2 release scenarios [65].  

 

CO2 EMISSION IN IRAN 
Based on the statistical data, between 1967- 2007 in 

Iran, fossil fuel consumption and CO2 emission 

increased about 617% and 610%, respectively [68]. 

Iran with 1.5% share of world CO2 emission in 2004 

was ranked as the 13
th
 CO2 emitter country [69]. 

Figure 7 shows that the power plants are the main 

CO2 emitters in Iran with 28% of the total share, 

other main emitter sources are domestic use of 

energy, industry and transportation with 26%, 23% 

and 16%, respectively [70]. The biggest Iranian 

industrial CO2 emitters are listed in Table 1. 

 

 
Figure 7 

CO2 emission in Iran [70]. 

 

Table 1 

High CO2 emission sources in Iran. [70] 

Industry Source Location 
CO2 

purity 

CO2 

Emission 

(tone/y) 

Petrochemical 

Fars shimi Asalooyeh 93.2 142000 

Maroon 
Bandar 

mahshahr 
6.2 110000 

Jam Asalooyeh 6.2 900000 

Morvarid Asalooyeh 93.2 178000 

Lavan Asalooyeh 98 120000 

Gas Plants 
South pars Asalooyeh 90 746000 

Fajr-e-Jam Booshehr 90 1071727 

Steel 
Foolade 

khoozestan 
Ahwaz 15 1500000 

Cement 

Fars Shiraz 14.3 801993 

Darab Shiraz 14.3 776562 

Karoon 
Masjed 

soleyman 
14.3 762452 

Khoozestan Ramhormoz 14.3 699258 

Behbahan Behbahan 14.3 547437 

Estahban Shiraz 14.3 174044 

Dashtestan Boshehr 14.3 432716 

Gharb Kermanshah 14.3 257029 

Abadeh Shiraz 14.3 165962 

 

Based on the British Petroleum (BP) report at the 

end of 2010, Iran was the biggest natural gas 

producer in Asia and the third one in the world, with 

the 4.3% of total share. Iran has the second biggest 

proved reserve of natural gas (after Russia) with the 

28% 

26% 

23% 

16% 

4% 3% 

Power plants Domestic

Transportations Industry

Refineries Agriculcture
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15.8% of the total reserve and is the third biggest 

consumer of natural gas (4.3%  of total) [71]. 

Undoubtedly, production, treatment and consumption 

of such huge amount of gas emits huge amount of 

acid gases into the atmosphere. Table 2 illustrates that 

some gas processing plants in Iran with high sulfur 

concentration use sulfur reduction units (SRU) but 

yet there is no noticeable action for the reduction of 

CO2 emission [66]. 

 

Table 2 

Gas sweeting plants in Iran [70]. 

Refineries 
Produced 

Reservoir 

Acid gas 

Produced 
MMSCFD 

Gas components Recently 

position CO2% H2S 

South pars 

(phase 1-5) 

South 

pars 
54 65-70 30-35 SRU 

Fars jam 
Nar & 

Kangan 
64 97 3 Flare 

Ilam 
Tange 

bijar 
35   SRU 

Hashemi 
nejad 

Mozdoran 160 65 35 SRU 

Bid boland Agha jari 3   Flare 

Amak 
Ahwaz 
marun 

18 75 25 Flare 

Farsi Farsi 38 95 5 Flare 

Sarkhon & 

Geshm 
Sarkhon 67 98 2 Flare 

 

Since, Iran has many suitable sites, which can be used 

for geological storage of CO2, it is necessary to start 

reducing the CO2 emission in Iran, by storing CO2 

underground.  

 

STORAGE POTENTIAL IN IRAN 
Iran has ten major lithotectonic areas which are 

Makran, the Lut Block, Eastern Iran, Kopet Dagh, the 

Alborz Mountains, the Central Iran Block, the 

Urumieh Dokhtar zone, the Sanandaj-Sirjan zone the 

Zagros fold belt and the Khuzestan plain [70-74]. The 

Zagros fold belt seems to be the best storage place 

because the South Pars which has the biggest gas 

reservoirs of country is located there.  

Saeed et al., studied the Iranian geological structures 

potential for CO2 storage, they considered three 

categories (feasibility, capacity and containment) for 

each formation. They concluded based on their 

studies, that Khalfani and Borkh geological structures 

have the high potential for geological storage. [70] 

 

CONCLUSIONS AND SUMMARY 
Based on this literature survey study, the following 

conclusions can be drawn: 

 The most secure storage mechanism is mineral 

trapping in which CO2 becomes part of rock, 

however, physical and solubility mechanisms are 

the most important trapping mechanisms, 

because of increasing the security of storage at 

the shorter time.  

 In physical trapping the caprock below which 

CO2 is stored should be at a depth in which CO2 

is in its supercritical state. 

 The feasibility of geological CO2 storage in 

depleted oil and gas reservoirs and saline 

formations has been proved. 

 Although depleted fields are suitable places for 

storage purposes, the possibility of leakage 

through abandonment wells should be taken care 

of. 

 Further studies need to store CO2 in coal beds; oil 

and gas shales, basalts, salt caverns and 

abandonment mines. Carbon dioxide can increase 

the methane production up to 90% and also has 

the potential to produce 7-23 percent of OOIP in 

enhancing oil recovery. 

 Carbon dioxide emission in Iran is high and can 

significantly be reduced by using suitable 

formations for geological storage. 

 Based on previous studies, Khalfani and Borkh 

are the best geological structures for CO2 storage 

in Iran. 

 

ACKNOWLEDGMENT 
We would like to thank Ms. Z. Bogheiri for her help 

on preparing this paper. 

 

REFERENCES 
1. Metz, B., Davidson, O., Coninck, H. D., Loos, M., 

Meyer, L., 2005, Working Group III of the IPCC, 

Special Report on Carbon Dioxide Capture and 

Storage, Cambridge University Press. 

2. Escobar, E. and Arteaga, G., 2011, Underground 

natural gas storage in the UK: business feasibility 

case study, SPE paper 143019, Presented at the 

SPE EUROPEC/EAGE Annual Conference and 

Exhibition, Vienna, Austria. 

3. Han, G., Corporation, H., Bruno, M., Lao, K. and 

Young, L., 2007, Gas storage and operations on 

single-bedded salt canverns: stability analyses, 

SPE paper 99520, Presented at the SPE Gas 

Technology Symposium, Calgary, pages 368-376. 

4. Riegle, J. JR., 1953, Gas storage in the playa Del 

Rey oil field, Presented at the Petroleum Branch 

west Coast Fall Meeting, Los Angeles, Calif., T.P. 

3669,   Vol. 198, Pages 259-264. 

5. Haidl, F.M., Whittaker, S.G., Yurkowski, M., 

Kreis, L.K., Gilboy, C.F. and Burke, R.B., 2005, 

The importance of regional geological mapping 

www.SID.irwww.SID.ir



Arc
hive

 of
 S

ID

Arc
hive

 of
 S

ID

 

 

8 

 

 
 

in assessing sites of co2 storage within 

intracratonic basins: examples from the IEA 

Weyburn CO2 monitoring and storage project, 

Proceedings of the 7
th
 International Conference on 

Greenhouse Gas Control Technologies (GHGT-7), 

Vancouver, Canada, v.I, Pages 751-760. 

6. Ennis-King, J. and Paterson, L., 2001, Reservoir 

engineering issues in the geological disposal of 

carbon dioxide. Proceedings of the 5
th
 

International Conference on Greenhouse Gas 

Control Technologies (GHGT-5), D. Williams, D. 

Durie, P. McMullan, C. Paulson and A. Smith 

(eds.), Cairns, Australia, CSIRO Publishing, Pages 

290–295. 

7. Bachu, S., 2003, Screening and ranking of 

sedimentary basins for sequestration of CO2 in 

geological media. Environmental Geology, 44(3), 

Pages 277–289. 

8. Angus, S., Armstrong, B. and de Reuck, K.M., 

1973, International thermodynamic tables of the 

fluid state volume 3, Carbon dioxide, IUPAC 

Division of Physical Chemistry, Pergamon Press, 

London, Pages 266–359. 

9. Brennan, S.T. and Burruss, R.C., 2003, Specific 

sequestration volumes: a useful tool for CO2 

storage capacity assessment. USGS OFR 03-0452 

available on 31.3.2012 at 

http://pubs.usgs.gov/of/2003/of03-452/. 

10. Salvi, S., Quattrocchi, F., Angelone, M., Brunori, 

C.A., Billi, A., Buongiorno, F., Doumaz, F., 

Funiciello, R., Guerra, M., Lombardi, S., Mele, 

G., Pizzino, L. and Salvini, F., 2000, A 

multidisciplinary approach to earthquake research: 

implementation of a geochemical geographic 

information system for the Gargano site, Southern 

Italy. Natural Hazard, 20(1), Pages 255–278. 

11. Streit, J., Siggins, A. and Evans, B., 2005, 

Predicting and monitoring geomechanical effects 

of CO2 injection, Carbon dioxide capture for 

storage in deep geologic formations, Results from 

the CO2 capture project, V. 2: Geologic storage of 

carbon dioxide with monitoring and verification, 

S.M. Benson (ed.), Elsevier Science, London, 

Pages 751–766. 

12. Bachu, S., Gunter, W.D. and Perkins, E.H., 1994, 

Aquifer disposal of CO2, hydrodynamic and 

mineral trapping, Energy Conversion and 

Management, 35(4), Pages 269–279.  

13. Holtz, M.H., 2002, Residual gas saturation to 

aquifer influx: A calculation method for 3-D 

computer reservoir model construction. SPE Paper 

75502, Presented at the SPE Gas Technologies 

Symposium, Calgary, Alberta, Canada. 

14. Gunter, W.D., Perkins, E.H. and McCann, T.J., 

1993, Aquifer disposal of CO2-rich gases: 

reaction design for added capacity. Energy 

Conversion and Management, 34, Pages 941–

948. 

15. Perkins, E., Czernichowski-Lauriol, I., Azaroual, 

M. and Durst, P., 2005, Long term predictions of 

CO2 storage by mineral and solubility trapping in 

the Weyburn Midale Reservoir. Proceedings of 

the 7th International Conference on Greenhouse 

Gas Control Technologies (GHGT-7), Vancouver, 

Canada, v.II, Pages 2093-2096. 

16. CSLF (Carbon Sequestration Leadership 

Forum), 2007, Phase II final report from the task 

force for review and identification of standards 

for co2 storage capacity estimation. 

17.  Riazi, M., Sohrabi, M., Bernstone, C., 

Jamiolahmady, M. and Ireland, S., 2011, 

Visualisation of mechanisms involved in CO2 

injection and storage under various reservoir 

conditions, in press, Chemical Engineering 

Research and Design (Special Issue on Carbon 

Capture & Storage), Volume 89, Issue 9, 

September, Pages 1827-1840. 

18. Frailey, S.M., Finley, R.J. and Hickman, T. S., 

2006, CO2 sequestration: Storage capacity 

guideline needed. Oil and Gas Journal, v. 104, no. 

30, Pages 44-49. 

19. Bradshaw, J., Bachu, S., Bonijoly, D., Burruss, 

R., Holloway, S., Christensen, N.P. and 

Mathiassen, O.M., 2006, CO2 storage capacity 

estimation: Issues and development of standards. 

International Journal of Greenhouse Gas Control, 

v. 1, no. 1, Pages 62-68. 

20. Bachu, S. and Shaw, J.C., 2005, CO2 storage in 

oil and gas reservoirs in western Canada: effect 

of aquifers, potential for CO2-flood enhanced oil 

recovery and practical capacity. In: Proceedings 

of the 7th International Conference on 

Greenhouse Gas Control Technologies, Volume 

1: Peer-Reviewed Papers and Overviews, (E.S. 

Rubin, D.W. Keith and C.F. Gilboy, eds.), 

Elsevier, Pages 361-369. 

21. Bachu, S., 2000, Sequestration of carbon dioxide 

in geological media: Criteria and approach for 

site selection. Energy Conservation and 

Management, 41(9), Pages 953–970.  

22. Bachu, S., 2003, Screening and ranking of 

sedimentary basins for sequestration of CO2 in 

geological media. Environmental Geology, 44(3), 

Pages 277–289. 

23. Bradshaw, J.B., Bradshaw, E., Allinson, G., 

Rigg, A.J., Nguyen, V. and Spencer, A., 2002, 

www.SID.irwww.SID.ir

http://pubs.usgs.gov/of/2003/of03-452/


Arc
hive

 of
 S

ID

Arc
hive

 of
 S

ID

 

 

9 

 

 
 

The potential for geological sequestration of CO2 

in Australia: preliminary findings and implications 

to new gas field development. Australian 

Petroleum Production and Exploration Association 

Journal, 42(1), Pages 24–46. 

24. Chiodini, G., Frondini, F., Cardellini, C., Granieri, 

D., Marini, L. and Ventura, G., 2001, CO2 

degassing and energy release at Solfatara volcano, 

Campi Flegrei, Italy. Journal of Geophysical 

Research, 106 (B8), Pages 16213–16221. 

25. Granieri, D., Chiodini, G., Marzocchi, W. and 

Avino, R., 2003, Continuous monitoring of CO2 

soil diffuse degassing at Phlegraean Fields (Italy): 

influence of environmental and volcanic 

parameters. Earth and Planetary Science Letters, 

212(1–2), Pages 167–179. 

26. Celia, M.A. and Bachu, S., 2003, Geological 

sequestration of CO2: Is leakage avoidable and 

acceptable? Proceedings of the 6th International 

Conference on Greenhouse Gas Control 

Technologies (GHGT-6), J. Gale and Y. Kaya 

(eds.), Kyoto Japan, Pergamon, v. 1, Pages 477–

482. 

27. Winter, E.M. and Bergman, P.D., 1993, 

Availability of depleted oil and gas reservoirs for 

disposal of carbon dioxide in the United States. 

Energy Conversion and Management, 34(9–11), 

Pages 1177–1187. 

28. Obdam, A., van der Meer, L.G.H., May, F., 

Kervevan, C., Bech, N. and Wildenborg, A., 2003: 

Effective CO2 storage capacity in aquifers, gas 

fields, oil fields and coal fields. Proceedings of the 

6
th
 International Conference on Greenhouse Gas 

Control Technologies (GHGT- 6), Gale, J. and 

Kaya, Y. (eds.), Kyoto, Japan, Pergamon, v.I, 

Pages 339–344. 

 29. Bossie-Codreanu, D., Le-Gallo, Y., Duquerroix, 

J.P., Doerler, N. and Le Thiez, P., 2003, CO2 

sequestration in depleted oil reservoirs. 

Proceedings of the 6
th
 International Conference on 

Greenhouse Gas Control Technologies (GHGT-6), 

J. Gale and Y. Kaya (eds.), Kyoto, Japan, 

Pergamon, v.I, Pages 403–408. 

30. Gasda, S.E., Bachu, S. and Celia, M.A., 2004, 

The potential for CO2 leakage from storage sites 

in geological media: analysis of well distribution 

in mature sedimentary basins. Environmental 

Geology, 46(6–7), Pages 707–720. 

31. Benson, S.M., 2005, Lessons learned from 

industrial and natural analogs for health, safety 

and environmental risk assessment for geologic 

storage of carbon dioxide. Carbon dioxide capture 

for storage in deep geologic formations - results 

from the co2 capture project, v. 2: geologic 

storage of carbon dioxide with monitoring and 

verification, S.M. Benson (ed.), Elsevier, 

London, Pages 1133–1141. 

32. Holt, T., Jensen, J. L. and Lindeberg, E., 1995, 

Underground storage of CO2 in aquifers and oil 

reservoirs. Energy Conversion and Management, 

36(6–9), Pages  535–538. 

33. Scherer, G.W., Celia, M.A., Prevost, J-H., 

Bachu, S., Bruant, R., Duguid, A., Fuller, R., 

Gasda, S.E., Radonjic, M. and Vichit- Vadakan, 

W., 2005, Leakage of CO2 through Abandoned 

Wells: Role of corrosion of cement, carbon 

dioxide capture for storage in deep geologic 

formations—results from the CO2 capture 

project, v. 2: geologic storage of carbon dioxide 

with monitoring and verification, Benson, S.M. 

(Ed.), Elsevier Science, London, Pages 827–850. 

34. Bondor, P.L., 1992, Applications of carbon 

dioxide in enhanced oil recovery. Energy 

Conversion and Management, 33(5), 579–586. 

35. Martin, F.D. and Taber, J. J., 1992: Carbon 

dioxide flooding. Journal of Petroleum 

Technology, 44(4), Pages 396–400. 

36. Moritis, G., 2003, CO2 sequestration adds new 

dimension to oil, gas production. Oil and Gas 

Journal, 101(9), Pages  71–83. 

37. Klins, M.A. and Farouq Ali, S.M., 1982, Heavy 

oil production by carbon dioxide injection. 

Journal of Canadian Petroleum Technology, 

21(5), Pages 64–72. 

38. Klins, M.A., 1984, Carbon dioxide flooding, D. 

Reidel Publishing Co., Boston, MA267 pp. 

39. Taber, J.J., Martin, F.D. and Seright, R.S., 1997, 

EOR screening criteria revisited - part 1: 

introduction to screening criteria and enhanced 

recovery fields projects. SPE Reservoir 

Engineering, 12(3), Pages 189–198. 

40. Kovscek, A.R., 2002, Screening criteria for CO2 

storage in oil reservoirs. Petroleum Science and 

Technology, 20(7–8), Pages 841–866. 

41. Shaw, J. C. and Bachu, S., 2002, Screening, 

evaluation and ranking of oil reserves suitable for 

CO2 flood EOR and carbon dioxide 

sequestration. Journal of Canadian Petroleum 

Technology, 41(9), Pages 51–61. 

42. Flett, M.A., Gurton, R.M. and Taggart, I.J., 

2005, Heterogeneous saline formations: Long-

term benefits for geo-sequestration of greenhouse 

gases. Proceedings of the 7
th
 International 

Conference on Greenhouse Gas Control 

Technologies (GHGT-7), Vancouver, Canada, v.I, 

Pages 501-510. 

www.SID.irwww.SID.ir



Arc
hive

 of
 S

ID

Arc
hive

 of
 S

ID

 

 

10 

 

 
 

43. Van der Burgt, M.J., Cantle, J. and Boutkan, V.K., 

1992, Carbon dioxide disposal from coal-based 

IGCC’s in depleted gas fields. Energy Conversion 

and Management, 33(5–8), Pages 603–610. 

44. Koide, H. and Yamazaki, K., 2001, Subsurface 

CO2 disposal with enhanced gas recovery and 

biogeochemical carbon recycling. Environmental 

Geosciences, 8(3), Pages 218–224. 

45. Oldenburg, C.M., Pruess, K. and Benson, S. M., 

2001, Process modeling of CO2 injection into 

natural gas reservoirs for carbon sequestration and 

enhanced gas recovery. Energy and Fuels, 15, 

Pages 293–298. 

46. Clemens, T. and Wit, K., 2002, CO2 enhanced gas 

recovery studied for an example gas reservoir, 

SPE 77348, SPE Annual Technical Meeting and 

Conference, San Antonio, Texas. 

47. Riddiford, F.A., Tourqui, A., Bishop, C.D., Taylor, 

B. and Smith, M., 2003, A cleaner development: 

The in Salah Gas Project, Algeria. Proceedings of 

the 6
th
 International Conference on Greenhouse 

Gas Control Technologies (GHGT-6), J. Gale and 

Y. Kaya, (eds.), Kyoto, Japan, v.I, Pages 601–606. 

48. Lindeberg, E. and Bergmo, P., 2003, The long-

term fate of CO2 injected into an aquifer. 

Proceedings of the 6th International Conference 

on Greenhouse Gas Control Technologies (GHGT-

6), J. Gale and Y. Kaya (eds.), Kyoto, Japan, 

Pergamon, v.I, Pages 489–494. 

49. Gasem, K.A.M., Robinson, R.L. and Reeves, 

S.R., 2002, Adsorption of pure methane, nitrogen 

and carbon dioxide and their mixtures on San Juan 

Basin coal. U.S. Department of Energy Topical 

Report, Contract No. DE-FC2 OONT40924, 83 

pp. 

50. Larsen, J.W., 2003, The effects of dissolved CO2 

on coal structure and properties. International 

Journal of Coal Geology, 57, 63–70. 

51. Stevens, S. H., Kuuskraa, J.A. and Schraufnagel, 

R.A., 1996, Technology spurs growth of U.S. 

coalbed methane. Oil and Gas Journal, 94(1), 

Pages 56–63. 

52. Shi, J.Q. and Durucan, S., 2005, A numerical 

simulation study of the Allison Unit CO2-ECBM 

pilot: the effect of matrix shrinkage and swelling 

on ECBM production and CO2 injectivity. 

Proceedings of the 7
th
 International Conference on 

Greenhouse Gas Control Technologies (GHGT-7), 

Vancouver, Canada, v.I, Pages 431-442. 

53. Clarkson, C.R. and Bustin, R.M., 1997, The effect 

of methane gas concentration, coal composition 

and pore structure upon gas transport in Canadian 

coals: Implications for reservoir characterization. 

Proceedings of International Coalbed Methane 

Symposium, University of Alabama, Tuscaloosa, 

AL, Pages 1-11. 

54. Palmer, I. and Mansoori, J., 1998, How 

permeability depends on stress and pore pressure 

in coalbeds: a new model. SPE Reservoir 

Evaluation & Engineering, 1(6), Pages 539–544. 

55. Krooss, B.M., van Bergen, F., Gensterblum, Y., 

Siemons, N., Pagnier, H.J.M. and David, P., 

2002, High-pressure methane and carbon dioxide 

adsorption on dry and moisture-equilibrated 

Pennsylvanian coals. International Journal of 

Coal Geology, 51(2), Pages 69–92. 

56. Zhang, C.J., Smith, M., McCoy, M. and McCoy, 

B.J., 1993, Kinetics of supercritical fluid 

extraction of coal: Physical and chemical 

processes. In: Supercritical Fluid Engineering 

Science: Fundamentals and Applications, E. 

Kiran and J.F. Brennecke (eds.), American 

Chemical Society, Washington, DC, Pages 363–

379. 

57. Gunter, W.D., Mavor, M.J. and Robinson, J.R., 

2005, CO2 storage and enhanced methane 

production: field testing at Fenn-Big Valley, 

Alberta, Canada, with application. Proceedings of 

the 7
th
 International Conference on Greenhouse 

Gas Control Technologies (GHGT-7), Vancouver, 

Canada, v.I, Pages 413-422. 

58. IEA-GHG, 1998, Enhanced coal bed methane 

recovery with co sequestration, IEA greenhouse 

gas R&D programme, Report No. PH3/3, 139 

Pages. 

59. Reeves, S., Davis, D. and Oudinot, A., 2004, A 

technical and economic sensitivity study of 

enhanced coalbed methane recovery and carbon 

sequestration in coal. DOE Topical Report. 

60. Wo, S. and Liang, J-T., 2005, CO2 storage in 

coalbeds: CO2/N2 injection and outcrop seepage 

modeling, Carbon dioxide capture for storage in 

deep geologic formations—results from the CO2 

capture project, V. 2: Geologic Storage of Carbon 

Dioxide with Monitoring and Verification, S.M. 

Benson (ed.), Elsevier Science, London, Pages 

897–924. 

61. Wo, S., Liang, J-T. and Myer, L.R., 2005, CO2 

storage in coalbeds: Risk assessment of CO2 and 

methane leakage, Carbon dioxide capture for 

storage in deep geologic formations—results 

from the CO2 capture project, v. 2: Geologic 

Storage of Carbon Dioxide with Monitoring and 

Verification, S.M. Benson (ed.), Elsevier Science, 

London. Pages 1263–1292. 

www.SID.irwww.SID.ir



Arc
hive

 of
 S

ID

Arc
hive

 of
 S

ID

 

 

11 

 

 
 

62. McGrail, B.P., Reidel, S.P. and Schaef, H.T., 

2003, Use and features of basalt formations for 

geologic sequestration. Proceedings of the 6th 

International Conference on Greenhouse Gas 

Control Technologies (GHGT-6), J. Gale and Y. 

Kaya (eds.), Kyoto, Japan, Pergamon, v.II, Pages 

1637-1641. 

63. Katzung, G., Krull, P. and Kühn, F., 1996, Die 

Havarie der UGS-Sonde Lauchstädt 5 im Jahre 

1988-Auswirkungen und geologische 

Bedingungen. Zeitschrift für Angewandte 

Geologie, 42, Pages 19-26. 

64. Piessens, K. and Dusar, M., 2004, Feasibility of 

CO2 sequestration in abandoned coal mines in 

Belgium. Geologica Belgica, 7-3/4. In press. 

65. Kheshgi, H.S. and Archer, D., 2004, A nonlinear 

convolution model for the evasion of CO2 injected 

into the deep ocean. Journal of Geophysical 

Research-Oceans, 109. 

66. Hoffert, M.I., Wey, Y. C., Callegari, A.J., and 

Broecker, W.S., 1979, Atmospheric response to 

deep-sea injections of fossil-fuel carbon dioxide. 

Climatic Change, 2(1), Pages 53-68. 

67. Kheshgi, H.S., Flannery, B.P., Hoffert, M.I., and 

Lapenis, A.G., 1994, The effectiveness of marine 

CO2 disposal. Energy, 19(9), Pages 967-975. 

68. Lotfalipour, M. R., Falahi, M. A., Ashena, M., 

2010, Economic growth, CO2 emissions, and 

fossil fuels consumption in Iran, Energy, 35, 5115-

5120 Pages. 

69. Human development report, fighting climate 

change: Human solidarity in a divided world, 

2007, United Nations development programme. 

New York: Human Development Report Office. 

70. Saeed, M., Roayaie, E., Jazayeri, M. R., Malaki, 

M. S., Minaie, M., Emadi, M. A., 2012, Database 

of CO2 emission sources and analysis of 

geological structures for a carbon sequestration 

project in iran, SPE 152578, SPE Middle East 

Health, Safety, Security, and Environment 

Conference and Exhibition, Abu Dhabi, UAE. 

71. BP statistical review of world energy June 2011, 

www.bp.com/statisticalreview. It was available on 

8.5.2012. 

72. Stöcklin, J. 1968, Structural history and tectonics 

of Iran: A review, American Association of 

Petroleum Geologists, Bulletin, v. 52(7), Pages 

1229-1258. 

73. Stöcklin, J. 1977, Structural correlation of the 

Alpine range between Iran and Central Asia. 

Mémoire Hors-Series No.8, de la Soc. Géologique 

de France 8, Pages 333-353. 

74. Nabavi, M. H. 1973, Tectonic map of Iran 

(1:250,000), Geological Survey of Iran, Tehran. 

 

www.SID.irwww.SID.ir



 

 

https://sid.ir/1791
https://sid.ir/1792
https://sid.ir/1793
https://sid.ir/1795
https://sid.ir/1794
https://sid.ir/1796
https://sid.ir/1702
https://sid.ir/1700
https://sid.ir/1699
https://sid.ir/1698
https://sid.ir/1787

