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Aeon Petroleum Consultants 
Quarterly Newsletter 

 

 

Aeon Petroleum Consultants is a professional engineering firm registered in 

the State of Texas. We specialize in estimating resources and reserves. Our 

intent on publishing this newsletter is to highlight topics of interest to those 

involved in estimating, reviewing, or reporting oil and gas resources and 

reserves. 

 

In this issue, we will discuss the following: 

• Aeon Petroleum Consultants website 

• CO2 Sequestration 

o Sequestration in an Abandoned Gas Reservoir 

o Sequestration in an Aquifer 

 

We hope to make this quarterly newsletter informative and useful. If there 

are any topics you would like us to discuss in future newsletters, please 

contact us on our website and let us know. 
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Aeon Petroleum Consultants Website 
 

The website for Aeon Petroleum Consultants can be found at: 

 

www.aeon-petro.com 

 

The website contains topics and items that should be of interest to those 

estimating, reviewing or reporting oil and gas resources and reserves. 

Besides listing the services that Aeon Petroleum Consultants can provide to 

the oil and gas industry, there are items available for download, software 

created by Aeon Petroleum Consultants available for download or demo, 

videos, and resource and reserve guidelines for viewing and download. 

 

Check out our offerings here: 

 

https://aeon-petro.com/supplement/shop/ 

 

Please feel free to contact us regarding our services, software, or items you 

would like us to discuss in these newsletters. 

 

  

http://www.aeon-petro.com/
http://www.aeon-petro.com/supplement/shop
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CO2 Sequestration 

 

Of particular interest lately is the idea of injecting CO2 created from the 

burning of fossil fuels into underground reservoirs. This is known as 

sequestration. 

 

At standard conditions, CO2 is a gas. Occasionally we see CO2 as a solid (dry 

ice) that is used in the food industry during transportation and storage. 

When dry ice changes phase it sublimes from a solid phase to a gas phase. 

Liquid CO2 is never present under atmospheric conditions.  The phase 

diagram for CO2 is shown below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It should be noted in looking at the diagram that in many sequestration 

projects, the phase of CO2 will be in the “yellow” area of the graph. This is the 

super-critical phase.  

 

Injecting CO2 into reservoirs is not a new concept. The oil and gas industry 

has been injecting CO2 into oil reservoirs for decades to increase recovery of 

oil. This is especially prevalent in the Permian Basin where gas plants have 

been built to separate the produced CO2 and purify it for reinjection. The CO2 
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for these projects did not come from fossil fuel burning however, but from 

natural CO2 reservoirs like Sheep Mountain, McElmo Dome, and Doe 

Canyon located in the Rocky Mountains. 

 

For the sequestration of CO2 from the burning of fossil fuels, there are two 

types of reservoirs of interest. The first is abandoned oil and gas reservoirs 

and the second are saltwater aquifers. The choice of which to use depends 

(or should depend) on the economics of the situation. The items to consider 

for the choice are as follows: 

• Reservoir volume available for CO2 sequestration 

• Volume of CO2 to be sequestered 

• Time over which CO2 is to be injected 

• Distance from source of CO2 to injection reservoir 

• Cost of drilling/completing/working over injection wells 

• Operating expenses of injection operations 

• Pipeline capital and operating expenses 

 

In the case of abandoned oil and gas reservoirs, CO2 is stored in the 

remaining hydrocarbon space in the reservoir and dissolved in the water 

saturated area of the reservoir. For aquifers, CO2 is merely dissolved in the 

water in the reservoir. Calculations of the potential CO2 storage must be 

made on each reservoir of interest to determine their viability for CO2 

storage. 

 

In this newsletter, we are going to show how to calculate the reservoir volume 

available to CO2 sequestration for both an abandoned gas reservoir and an 

aquifer. We will calculate the volume of CO2 that can fill these reservoirs at 

standard conditions. For the purpose of these calculations, we will assume 

fresh water in the gas reservoir and aquifer because data are available for the 

calculations. When water is to be stored in an aquifer, water samples should 

be taken and PVT analysis made to determine CO2 solubility. Salt content 

reduces the ability of CO2 to be dissolved and stored, and in some cases this 

reduction can be quite high. 
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CO2 Sequestration in an Abandoned Gas Reservoir 
 

Here are the data for the abandoned gas reservoir: 

 

Depth = 5,500 ft 

Initial pressure (Pi) = Sequestration Pressure (Ps) = 2,400 psia = 165 bars 

Current pressure (Pr) = 200 psia 

Reservoir Temperature (Tr) = 122 oF = 582 oR = 50 oC 

Gas gravity = 0.7 

Sequestration z (zs) = 0.757, Current z (zr) = 0.974 

Porosity = 18% (0.18) 

Sw = 25% (0.25) 

Reservoir thickness (h) = 22 feet 

Assumed area (A) = 640 acres (1 square mile) 

 

Step 1: Calculate reservoir volume 

 

𝑅𝑒𝑠𝑒𝑟𝑣𝑜𝑖𝑟 𝑉𝑜𝑙𝑢𝑚𝑒 = 43,560 ∗ ℎ ∗ 𝐴 ∗ ∅ = 43,560 ∗ 22 ∗ 640 ∗ 0.18

= 110.4 ∗ 106𝑓𝑡3 

 

Step 2: Calculate water volume 

 

𝑊𝑎𝑡𝑒𝑟 𝑉𝑜𝑙𝑢𝑚𝑒 = 𝑅𝑒𝑠𝑒𝑟𝑣𝑜𝑖𝑟 𝑉𝑜𝑙𝑢𝑚𝑒 ∗ 𝑆𝑤 = 110.4 ∗ 106𝑓𝑡3 ∗ 0.25

= 27.6 ∗ 106 𝑓𝑡3 
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Step 3: Calculate residual gas volume remaining in reservoir at 

standard conditions 

 

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐺𝑎𝑠 𝐸𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 = 𝐸𝑔𝑟 = 35.3 ∗
𝑃𝑟

𝑇𝑓 ∗ 𝑧𝑟
= 35.3 ∗

200

582 ∗ 0.974

= 12.5 𝑠𝑐𝑓/𝑓𝑡3 

𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝐺𝑎𝑠 𝑉𝑜𝑙𝑢𝑚𝑒 = 𝑅𝑒𝑠𝑒𝑟𝑣𝑜𝑖𝑟 𝑉𝑜𝑙𝑢𝑚𝑒 ∗ (1 − 𝑆𝑤) ∗ 𝐸𝑔𝑟

= 110.4 ∗ 106 ∗ (1 − 0.25) ∗ 12.5 = 1,035 𝑀𝑀𝑠𝑐𝑓 

 

Step 4: Calculate residual gas volume remaining in reservoir at 

sequestration conditions 

 

𝑆𝑒𝑞𝑢𝑒𝑠𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝐺𝑎𝑠 𝐸𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 = 𝐸𝑔𝑠 = 35.3 ∗
𝑃𝑠

𝑇𝑓 ∗ 𝑧𝑠

= 35.3 ∗
2400

582 ∗ 0.757
= 192.3 𝑠𝑐𝑓/𝑓𝑡3 

𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝐺𝑎𝑠 𝑉𝑜𝑙𝑢𝑚𝑒 𝑎𝑡 𝑆𝑒𝑞𝑢𝑒𝑠𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝐶𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑠 =
𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝐺𝑎𝑠 𝑎𝑡 𝑆𝐶

𝐸𝑔𝑠

=
1,035

192.3
= 5.4 ∗ 106𝑓𝑡3 

 

Step 5: Calculate free volume available for CO2 sequestration 

 

𝐹𝑟𝑒𝑒 𝑉𝑜𝑙𝑢𝑚𝑒

= 𝑅𝑒𝑠𝑒𝑟𝑣𝑜𝑖𝑟 𝑉𝑜𝑙𝑢𝑚𝑒 − 𝑊𝑎𝑡𝑒𝑟 𝑉𝑜𝑙𝑢𝑚𝑒 − 𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝐺𝑎𝑠 𝑉𝑜𝑙𝑢𝑚𝑒

= (110.4 − 27.6 − 5.4) ∗ 106 = 77.4 ∗ 106𝑓𝑡3 

 

Step 6: Determine CO2 density at standard conditions and 

sequestration conditions (sequestration pressure) 

 

The density of CO2 at standard conditions is 𝜌𝑠𝑐𝐶𝑂2 = 0.115 𝑙𝑏/𝑓𝑡3 
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The density of CO2 at sequestration conditions (original reservoir conditions) 

is found on a chart as shown on the following page. This chart is from 

Improved Oil Recovery by the Interstate Oil Compact Commission, 1983. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

At 50oC and interpolating to 165 bars (2,400 psia), we get 

 𝜌𝑠𝐶𝑂2 = 0.7292
𝑔

𝑐𝑐
= 45.5 𝑙𝑏/𝑓𝑡3 

 

Step 7: Determine the solubility of CO2 in water 

 

For a brine, the solubility should be determined using a water sample and 

performing PVT analysis. For the purpose of this example, we will use CO2 

solubility from a chart of data taken on fresh water solubility. The chart is 

shown on the next page and is from the same reference Improved Oil 

Recovery. 
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From the chart above it can be seen that the solubility of CO2 is 5.5 kg/100 

kg, which equals 5.5 lb/100 lb water at sequestration conditions at a pressure 

of 165 bars and 50oC. 
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Step 8: Calculate the mass of CO2 in the free volume of the 

reservoir 

 

𝐹𝑟𝑒𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 𝐶𝑂2 𝑀𝑎𝑠𝑠 = 𝐹𝑟𝑒𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 ∗ 𝜌𝑠𝐶𝑂2

= 77.4 ∗ 106𝑓𝑡3 ∗ 45.5 𝑙𝑏/𝑓𝑡3 

                                                              =  3,522 ∗  106𝑙𝑏𝑠 𝐶𝑂2  

 

Step 9: Calculate the CO2 mass of dissolved CO2 in water 

 
𝐷𝑖𝑠𝑠𝑜𝑙𝑣𝑒𝑑 𝐶𝑂2 𝑀𝑎𝑠𝑠 = 𝑊𝑎𝑡𝑒𝑟 𝑉𝑜𝑙𝑢𝑚𝑒 ∗ 𝑊𝑎𝑡𝑒𝑟 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 ∗ 𝐶𝑂2 𝑆𝑜𝑙𝑢𝑏𝑖𝑙𝑖𝑡𝑦

= 27.6 ∗ 106𝑓𝑡3 ∗ 62.4
𝑙𝑏

𝑓𝑡3
∗ 5.5

𝑙𝑏

100 𝑙𝑏
= 95 ∗ 106𝑙𝑏𝑠 𝐶𝑂2 

 

Step 10: Determine the total CO2 sequestered 

 

The total CO2 mass in the reservoir is: 

 

𝑇𝑜𝑡𝑎𝑙 𝐶𝑂2 = 𝐹𝑟𝑒𝑒 𝑉𝑜𝑙𝑢𝑚𝑒 + 𝐷𝑖𝑠𝑠𝑜𝑙𝑣𝑒𝑑 𝑉𝑜𝑙𝑢𝑚𝑒 = (3,522 + 95) ∗ 106

= 3,617 ∗ 106𝑙𝑏𝑠 𝐶𝑂2 

 
𝐶𝑂2 𝑉𝑜𝑙𝑢𝑚𝑒 𝑎𝑡 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐶𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑠 = 𝐶𝑂2 𝑀𝑎𝑠𝑠/𝜌𝑠𝑐𝐶𝑂2 =

= 3,617 ∗ 106𝑙𝑏𝑠/0.115 𝑙𝑏/𝑓𝑡3 = 31,450 ∗ 106𝑓𝑡3 = 31.45 𝐵𝑠𝑐𝑓 

 

Based on these calculations, this reservoir should be able to hold just over 31 

Bscf of CO2 up to the original reservoir pressure of 2,400 psia. 
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CO2 Sequestration in an Aquifer 
 

Let us assume the same reservoir as in the previous example, but assume the 

reservoir is completely filled with fresh water. Here are the data for the 

aquifer: 

 

Depth = 5,500 ft 

Initial pressure (Pi) = Sequestration Pressure (Ps) = 2,400 psia = 165 bars 

Current pressure (Pr) = 2,400 psia 

Reservoir Temperature (Tr) = 122 oF = 582 oR = 50 oC 

Porosity = 18% (0.18) 

Sw = 100% (1.00) 

Reservoir thickness (h) = 22 feet 

Assumed area (A) = 640 acres (1 square mile) 

 

This is much simplified from the prior problem as we only need to know the 

reservoir pressure, temperature, volume, and solubility of CO2 in water at 

reservoir conditions, and the density of CO2 at standard conditions. 

 

Step 1: Calculate reservoir volume 

 

This is the same as in the previous example: 

 

𝑅𝑒𝑠𝑒𝑟𝑣𝑜𝑖𝑟 𝑉𝑜𝑙𝑢𝑚𝑒 = 43,560 ∗ ℎ ∗ 𝐴 ∗ ∅ = 43,560 ∗ 22 ∗ 640 ∗ 0.18

= 110.4 ∗ 106𝑓𝑡3 

 

Step 2: Determine the solubility of CO2 in water 

 

From the previous example, the solubility of CO2 in fresh water at 

sequestration reservoir conditions of 50oC and 165 bars is 5.5 lb/100 lb 

water. 
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Step 3: Calculate the mass of CO2 in the aquifer 

 

For a brine, the solubility should be determined using a water sample and 

performing PVT analysis. For the purpose of this example, we will use CO2 

solubility from a chart of 

 
𝐷𝑖𝑠𝑠𝑜𝑙𝑣𝑒𝑑 𝐶𝑂2 𝑀𝑎𝑠𝑠 = 𝑊𝑎𝑡𝑒𝑟 𝑉𝑜𝑙𝑢𝑚𝑒 ∗ 𝑊𝑎𝑡𝑒𝑟 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 ∗ 𝐶𝑂2 𝑆𝑜𝑙𝑢𝑏𝑖𝑙𝑖𝑡𝑦

= 110.4 ∗ 106𝑓𝑡3 ∗ 62.4
𝑙𝑏

𝑓𝑡3
∗ 5.5

𝑙𝑏

100 𝑙𝑏
= 378.9 ∗ 106𝑙𝑏𝑠 𝐶𝑂2 

 

Step 4: Determine CO2 density at standard conditions 

 

From the previous example, the density of CO2 at standard conditions is    

𝜌𝑠𝑐𝐶𝑂2 = 0.117 𝑙𝑏/𝑓𝑡3. 

 

Step 5: Calculate CO2 volumes at standard conditions 

 

𝐶𝑂2 𝑉𝑜𝑙𝑢𝑚𝑒 𝑎𝑡 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐶𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑠 = 𝐶𝑂2 𝑀𝑎𝑠𝑠 ∗ 𝜌𝑠𝑐𝐶𝑂2 =

= 378.9 ∗ 106𝑙𝑏𝑠/0.115 𝑙𝑏/𝑓𝑡3 = 3,410 ∗ 106𝑓𝑡3 = 3.29 𝐵𝑠𝑐𝑓 

 

Please note that this volume is approximately 10% of the volume calculated 

in the previous example. For an aquifer to be considered as an injection 

candidate, it must have a huge volume! 


