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Outline
› Cavern Thermodynamics

› New Gas Cavern/field Design (conversion or new caverns)
⁄ Cavern sizing

⁄ Well sizing

› Existing Gas cavern/field
⁄ Model calibration

⁄ Inventory verification/Integrity monitoring

⁄ Gas nominations

› summary
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Cavern Thermodynamic - Variables
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› State Variables
⁄ Temperature T
⁄ Pressure P

⁄ Density
volume

mass
=

› Values Either Known or Calculated
⁄ Knowns:  cavern gas density, injection/withdrawal rates, injection 

temperature

⁄ Calculated:  cavern gas temperature & pressure



Thermodynamic Equations
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› Changes Must Satisfy Conservation Equations
⁄ Mass (well and cavern)

⁄ Energy (well and cavern)

⁄ Momentum (well)

› State Variables Related by Equations of State
⁄ Natural gas

⁄ Water-Brine

› Thermodynamic Properties Depend on State Variables



Cavern Energy Balance

› Heat Gain/Loss due to Mass 
Flow in and out of Cavern

› Heat Transfer with 
Surrounding Salt

› Compression/ Decompression 
of the Gas
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Gas Equation of State

› The Mass of Gas, m, in a Cavern is Defined by the Equation of State 
for a Real Gas

Where:

V = Cavern volume

P = Gas pressure

M = Molecular weight of gas mixture
R = Universal gas constant
T = Absolute temperature of gas
z = Compressibility factor = f(temperature, pressure)
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𝑚 =
𝑉𝑃𝑀

𝑧𝑅𝑇



Compressibility Factor
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Thermodynamic Properties

› Specific Heat
⁄ Relates change in temperature to change 

in thermal energy (per unit mass)
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Thermodynamic Properties

› Specific Heat
⁄ Relates change in temperature to change 

in thermal energy (per unit mass)

› Thermal Conductivity
⁄ Relates conductive heat flux to 

temperature gradient
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Thermodynamic Properties

› Specific Heat
⁄ Relates change in temperature to change 

in thermal energy (per unit mass)

› Thermal Conductivity
⁄ Relates conductive heat flux to 

temperature gradient

› Dynamic Viscosity
⁄ Relates shear stress to velocity gradient 

in fluids
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Thermodynamic Properties
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Temperature Changes in the Surrounding Rock
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caVern design

› New cavern storage project
⁄ How much cavern volume is needed?

⁄ What well size is appropriate for desired flows?

⁄ How much compression is needed?

› Conversion of existing cavern to gas storage
⁄ How much gas can be stored?

⁄ What flow rates can be achieved?

⁄ How much compression is needed?
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example Cavern Conversion

› Baseline Parameters
⁄ 12 Turns per Year

⁄ 100°F Gas Injection Temperature

⁄ Minimum Pressure of 0.30 psi/ft of 
Depth at Casing Seat

⁄ Maximum Pressure of 0.85 pis/ft of 
Depth at Casing Seat

⁄ Top of Cavern Depth at 3,000 feet
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Example conversion project
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Example Working Gas Capacity
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Gas
Working Gas

(bcf)

Base Gas

(bcf)

Working 
Thermal 
Energy 
(MDth)a

Natural Gas 0.57 0.37 581.4

Hydrogen 0.45 0.32 146.3

Air 0.48 0.33 n/a

a) Assumes 1020 Btu/scf for natural gas and 325 Btu/scf for hydrogen



Effects of Various Parameters

› Turns per Year 

› Minimum Gas Pressure

› Maximum Gas Pressure

› Cavern Depth
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Effects of turns per year – Natural Gas
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Gas Capacity Versus Cycles per year
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Gas Capacity versus minimum pressure
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Gas capacity versus maximum pressure
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Gas Capacity versus cavern depth
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Well design

› New Cavern
⁄ How large should the casing be for desired flow rates?

› Existing cavern
⁄ How large can flow rates be in existing well?

› Design Constraints
⁄ Gas velocity (erosion, vibration, etc.)

⁄ Frictional pressure losses
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Casing Design – Erosion Velocity Constraints
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Casing Design – Frictional Pressure Loss
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Model Calibration

› Determining one or more unknown model parameters to best fit 
measured data

› measured data
⁄ Wellhead gas pressure
⁄ Wellhead gas temperature
⁄ Cavern gas pressure
⁄ Cavern gas temperature

› Unknown fitting parameters
⁄ In situ salt temperature
⁄ Cavern volume
⁄ Cavern closure rate
⁄ Salt thermal properties (thermal conductivity & specific heat)
⁄ Heat transfer coefficient between cavern gas and salt 
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Model calibration – Before Calibration
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Model calibration – After Calibration
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Inventory Verification/Integrity Monitoring

› Does the Cavern Behave the way it should?

› Does the model need recalibrating
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Inventory Verification/integrity monitoring
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Gas Nominations

› Typical Constraints
⁄ Minimum pressure

⁄ Depressurization rate

⁄ Wellbore velocity

⁄ Hydrate formation
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Gas Nominations – Minimum pressure constraint

32

Gas Withdrawal 
Rate (MMscfd)

Gas That Can 
Be 

Withdrawn

(bcf)

50 2.96

100 2.84

200 2.75

400 2.66

500

1,000

1,500

2,000

2,500

3,000

Feb Mar Apr May Jun Jul

C
a
s
in

g
 S

e
a
t 

P
re

s
s

u
re

 (
p

s
i)

History

50 MMscfd

100 MMscfd

200 MMscfd

400 MMscfd

Minimum Casing Seat Presssure



Summary

› Thermodynamics is important for both:
⁄ New Gas Cavern/field Design (conversion or new caverns)

» Cavern sizing

» Well sizing

⁄ Existing Gas cavern/field
» Inventory verification/Integrity monitoring

» Gas nominations
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