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Abstract: The underground storage of natural gas has historically been critical in assuring that overall 
demands and use specific requirements of natural gas customers are met. The second natural gas 
storage project in Iran is an aquifer which is located near Tehran, the northwest of salt lake in central 
Iran. This structure distinguished by geophysical exploration in 1980. Based on the geophysical data 
obtained in 1980, it is faulted aquifer. This paper investigated and determined the petrophysical and 
reservoir characteristics from core samples, logs data and pumping test, which needed to be taken into 
consideration from a reservoir perspective. The results showed that Yortshah is not a good candidate 
for the natural gas storage project. 
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INTRODUCTION 

 
 Gas storage reservoirs are used worldwide to store produced natural gas during periods of low demand for 
future use during times of high demand (Tabari, 2010; Blunt and King, 1991). Gas storage reservoirs generally 
consist of good to excellent quality formations which are often located spatially close to the ultimate demand 
source (i.e. major population centers) (Doughty et al., 2001). 
 One type of underground reservoirs that is used for gas storage is aquifer (Tabari, 2010). 
 Only aquifers having conditions of natural reservoirs can store and keep injection gas. These Conditions 
include (Tabari, 2010): 
1. Proper Cap rock that prevents the leakage of stored gas. 
2. An area with high porosity and permeability. This area must also have sufficient thickness. 
3. Proper water layer pressure under the of gas storage area. 
 

MATERIAL AND METHODS 
 

Geology: 
 The Yortshah aquifer anticline is located in the Northwest of Salt Lake, between Qum and Tehran cities. 
Upper red formation which has a thickness of 79 m, is the cap rock and composed of mudstone and anhydrite. 
Qum formation with a thickness of 370 m is the storage zone and is composed of limestone, dolomite and marls 
(Figure 1) (Tabari, 2010). 

 
Fig. 1: Study map of Yortshah aquifer (Tabari, 2010). 
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 Yortshah gas storage reservoir is located in the Qom Basin. Tectonic activities taking place in Qom Basin 
has produced certain changes in Yortshah structure which have prevented sedimentation in some members of 
formations of Qom Basin. Regional stratigraphic column of Yortshah Aquifer is described below (Tabari, 2010).  
 The Qum formation is mainly consist of marine limestone layers of upper Oligocene to lower Miocene age. 
The Qum formation is subdivided from base to top to 9 members, of which only four youngest members  are 
found in the Yortshah structure that include (Tabari, 2010): 
 C4: marl and limestone 
 D: gypsum and shale 
 E: marl and limestone 
 F: limestone 
 
 The c4 member transgressed directly onto the Eocene volcanic rocks and the lower red formation are not 
present on the Yortshah anticline (Tabari, 2010). 
 The Qum formation is covered by the upper Red formation (URF), a thick sequence of mudstones and 
sandstones with local conglomerates, anhydrite layers and gypsum layers of middle to upper Miocene age. 
These are deltaic river fan sediments and coarser detrital sediment laid down in an arid climate. The lower M1 
member of this formation, consisting of interbedded gypsum, anhydrite, siltstone and claystone, forms the seal 
(cap rock) of the potential Qum reservoir (Tabari, 2010). 
 Due to the presence of tectonic forces in the Yortshah region, existing faults and joint system of the region 
are expanding and new ones are being created. This phenomenon has had a great impact on Yortshah aquifer 
anticline. For example high porosity and permeability of reservoir is a result of regional tectonic activities 
(Figure 2) (Tabari, 2010). 
 

 
Fig. 2: location of existing fault in Yortshah gas storage aquifer (Tabari, 2010). 
 
 Existing faults in the region include: 
1. North Fault. 
2. South Fault. 
3. Other longitudinal and transverse minor faults. 
 
 These faults usually extend the fractures in the reservoir (Tabari, 2010). 
 
The Volume of Gas Storage: 
 The mean area multiplied by the thickness gives the volume. The total volume of the storage zone in 
Yortshah structure with 91 M closure is around 661.5 acre ft, so the total gas that can be stored in the aquifer at 
the reservoir condition, 220°f,4430 psi and 14.3% connate water is around 617 MMSCF. Aquifer storage 
facilities typically have high cushion gas requirements, a range between 50% - 80%. 
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Porosity and Permeability: 
 Porosity in the Qum formation is chiefly secondary include as, intercrystalline, vuggy and fracture. The 
amount of intercrystalline porosity is between zero to 15% and vuggy porosity is between zero to 19%. In the 
core samples, the average of porosity is 10.7% in storage zone and 7.83 % in cap rock. Permeability in the 
storage zone varied from 0.000117 to 12.03 md in core samples (Table 1). 
 
Table 1: Results of porosity and permeability measurement. 

 
 The pump tests were performed in the reservoir for calculation in-situ permeability and compressibility of 
the aquifer zone (Bachu, 2003). From build up test, in-situ permeability obtained 28.2 md and from drawdown 
test obtained 24.8 md. That is low for the gas storage project (Donaldson, 1964). However, gas storage 
reservoirs are generally high permeability sandstone or carbonates (1000-10000 md in situ permeability is 
common) existing at intermediate depths and temperatures. 
 
Compressibility of Aquifer: 
 Compressibility of water plus rock is very important in gas storage in the aquifer and it is showing how 
much water to be compressed to let storing the gas. According to lab test result of Qum formation water sample 
with 143000 ppm salinity, the compressibility of water is around 3.25* 10-6 psi-1 and rock compressibility is 
around 4.9 * 10-6 psi-1. 
 By pumping test, aquifer compressibility obtained 5.5971*10-6 psi-1 that is seen this result is of the same 
order as that obtained by core analysis. 
 However normal aquifer compressibility is around the 7*10-6 psi-1in gas storage project (Donaldson, 1964). 
 
Containment of Reservoir Gas Storage: 
 Seismic section of the reservoir shows some fault and fractures on caprock, so understanding the sealing of 
cap rock is necessary (Xu et al., 2003). 
 To verify the sealing of cap rock, the permeability tests were performed in the laboratory on core samples.  
 Absolute liquid permeability calculated for cap rock by pumping test was 4.3* 10 -4 md and the 
permeability of core samples was around 0.00057 md. 
 Threshold pressure was estimated by two methods, Pandey and Jacob` techniques. Threshold pressure 
measures the amount of gas pressure which water starts to move out from caprock layer. In first technique, the 
gas pressure has been increased until the water passes through the capillary tube (Adams  and Bachu, 2002). In 
the second technique, the gas was injected with high pressure. Afterwards, the injection was stopped and the 
dropping of gas pressure was recorded in different time to obtain a constant pressure (Adams  and Bachu, 2002; 
Buckley and Leverett, 1942). The results of first and second method for yortesha aquifer were 4430 psi. The cap 
rock of the aquifer reservoir in standard condition must have permeability less than 10-6.  
 Table 2 illustrates the results of typical 'satisfactory' and 'unsatisfactory' cap rock evaluations. According to 
the table, caprock permeability in Yort-e-shah at the threshold pressure is higher than the standard level. 
 
Table 2: Results of Threshold pressure tests. 

Threshold pressure(psi) Permeability(md) 
4456 0.000557 
4477 0.000433 
4619 0.00164 
4515 0.0013 
4011 0.0223 
4202 0.073 
3751 0.0207 
3890 0.056 
3680 112 
3341 152 
3354 146 
3732 172 
2930 21 
2985 231 
2702 238 

formation permeabilityPorosity %Location of sample No. 
Qum Formation 4.26.25Storage Zone 1 
Qum Formation 1.134.75Storage Zone 2 
Qum Formation 6.68.9Storage Zone 3 
Qum Formation 10.8214.5Storage Zone 4 
Qum Formation 12.0317.6Storage Zone 5 
Qum Formation 7.1 12.2Storage Zone 6 

Upper Red  Formation0.00072 11.2Cap Rock 7 
Upper Red  Formation0.000557 7.9Cap Rock 8 
Upper Red  Formation0.000433 4.4Cap Rock 9 
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 Gas storage reservoirs typically have high inherent permeability to allow for easy gas injection and rapid 
delivery of large gas volumes during peak demand. The greatest problem is often occurred in the gas storage 
reservoir is the reduction of injection/production rate due to the reduction of permeability (Xu et al., 2003). 
 Permeability usually reduced with solubility of water in natural gas. According to the Yort-e-shah reservoir 
condition (T=220°F, P=4430 psi and salinity of water=143000 ppm), the solubility of brine water in gas 
obtained around 0.286 bbl/MMcf. In this level, the solvent material is deposited and the reservoir porosity and 
permeability are reduced. For treatment of high solubility effects injection of acid or fresh water is useful (Wood 
and Comer, 1962). 
 

RESULTS AND DISCUSSION 
 

 Aquifers are the least desirable and most expensive type of natural gas storage because of the special 
situation of the reservoir. The geological characteristics of aquifer formations have not known such as the 
depleted reservoirs. A significant amount of time and money must spend for discovering the geological and 
reservoir characteristics. Furthermore, the cushion gas requirement for aquifers is higher than for depleted 
oil/gas reservoirs (Bachu and Adams, 2002). Water pollution is the main problem and usually, it is created after 
the several injection and production (Celia and Bachu, 2003). 
 The geological of Yortshah field shows a structure with the ability of gas storing. For evaluation, the 
feasibility of gas storing in Yortshah aquifer some critical point was calculated and examined. According to the 
results Yortshah aquifer is not a suitable candidate for the natural gas storage project. The results have been 
classified below: 
 Reservoir quantity and quality 
 Permeability of sealing caprock 
 Solubility of brine in natural gas  
 Gas storage in aquifer 
 
Conclusion: 
 Typical inherent permeability to allow injection and production at required delivery rate during peak 
demand in the gas storage project is 1000-10000 md but in Yort-e-shah aquifer, the in-situ permeability from 
pump test obtained about 28 md. 
 Normal aquifer compressibility is around 7*10-6 psi-1 in the gas storage project, but in Yort-e-shah aquifer 
compressibility obtained around C=5.5971*10-6 psi-1. 
 For an effective gas storage reservoir, the injected gas must obviously remain in place, without escaping 
through permeable channels. The measured brine permeability should be less than 10-6 md for the seal caprock, 
but the liquid permeability calculated for cap rock by pumping test in Yort-e-shah aquifer was 4.3*10-4 md and 
average permeability of lab core samples from caprock was around 0.00057 md. Furthermore, seismic section of 
this reservoir shows some fault and fractures on cap rock. 
 The greatest problem is the reduction of injection/ production rate due to the permeability reduction that 
usually caused by water solubility in natural gas. 
 Gas storage in aquifers is the least desirable and most expensive type of natural gas storage facility and this 
kind of project restricted in many countries. 
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