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PURPOSE Gas Storage Operations monitors, verifies, and reports the gas inventory in 

underground Storage Reservoirs by following the methods identified in this gas 

standard. The Process describes inventory verification’s role in helping to affirm 

overall Reservoir integrity. 

 

1. POLICY AND SCOPE 

1.1. This standard applies to all gas Storage Reservoirs, gas 

injection/withdrawal/observation Wells which are completed in the storage zone area 

of review, and non-storage zone Observation Wells that are used to monitor 

Reservoir integrity. 

1.2. Storage Operations require monitoring and inventory verification for safe long-term 

management of Underground Gas Storage operations. While no single method can be 

used to precisely monitor and verify the gas inventory in underground Storage 

Reservoirs, the three engineering methods in general use are summarized in Section 

4.4, herein. By combining and analyzing available field data – specifically Wellhead 

pressure data, metered injection and withdrawal volumes and other data, verification 

of storage gas volume is possible. Based on the analysis outlined in this standard, gas 

volume changes or losses are recognized, estimated and reported.   

1.3. Work performed under this standard will, at the minimum, meet the standards set 

forth in the pertinent regulations and industry standards including, but not limited to: 

State Codes:  

 •California Code of Regulations, Title 14. Natural Resources, Division 2. 

Department of Conservation, Chapter 4. Development, Regulation, and 

Conservation of Oil and Gas Resources, Subchapter 1. Onshore Well 

Regulations, Article 5. Requirements for Underground Gas Storage Projects. 

Federal Codes: 

 Code of Federal Regulations (CFR) Chapter 49, Part 192, Subpart 

192.12, Underground Natural Gas Storage Facilities.  

Recommended Standards: 

 American Petroleum Institute (API) Recommended Practice (RP) 1171: 

Functional Integrity of Natural Gas in Depleted Hydrocarbon Reservoirs 

and Aquifer Reservoirs 
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2. RESPONSIBILITIES AND QUALIFICATIONS 

2.1. Responsibilities 

Underground Storage periodically conducts Reservoir shut-ins to obtain Wellhead 

shut-in pressure data for inventory verification and for facilities modification, 

maintenance, and repair. Shut-in periods are scheduled to allow Reservoir pressures 

to begin to stabilize so that Wellhead shut-in pressure data may be obtained for 

inventory verification analysis.  

2.1.1. Reservoir Engineering Team Lead 

2.1.1.1. Overall responsibility for the policy regarding Reservoir integrity 

and the inventory assessment. 

2.1.1.2. Review and interpret adopted rules and regulations related to 

Reservoir integrity monitoring and field inventory verification. 

2.1.1.3. Review and approve contractor qualifications. 

2.1.1.4. Oversees the preparation of the field inventory verification report. 

This report summarizes the Total Inventory which is the sum of the 

estimated  remaining gas at the time of conversion, cushion gas, and 

working gas. 

2.1.1.5. Oversees corrective action resulting from discrepancies identified in 

the field inventory verification report. 

2.1.1.6. Submit on a yearly basis reservoir integrity and material balance 

support data to DOGGR.  

2.1.2. Storage Field Engineer 

2.1.2.1. Coordinates shut-in scheduling with Gas Control and Aboveground 

Storage. 

2.1.2.2. Obtains the required information during the shut-in period.  

2.1.2.3. Analyzes the pressure data, determines Average Reservoir Pressure, 

and prepares the field inventory verification report. 

2.1.3. Gas Storage Specialist 

2.1.3.1. Responsible for conducting bottom hole pressure surveys as 

directed by the Storage Field Engineer. 
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2.1.4. Measurement, Regulation and Control (MRC) Group 

2.1.4.1. Where applicable, provides the Storage Field Engineer with 

recalculated inventory volume for inventory verification. 

2.1.4.2. MRC Group conducts an audit of the measurement systems when 

there is a discrepancy as described in Section 4.5.4.1. 

2.1.5. Sempra Energy Audit Services periodically requests to witness data 

gathering procedures during reservoir shut-ins for inventory verification. 

Audit Services notifies the Reservoir Engineering Team Lead, who then 

provides a schedule of reservoir shut-ins planned to Audit Services and a 

contact for each of the shut-ins. Audit Services Manager notifies the 

Reservoir Engineering Team Lead which of the shut-ins they wish to 

witness, and the Reservoir Engineering Team Lead notifies the responsible 

Storage Field Engineer. 

2.2. Qualifications 

Details concerning qualifications of personnel supporting this standard are more fully 

described in the Manual SIMP.8, Quality Assurance Plan. 

3. DEFINITIONS 

See definitions in Manual SIMP.A, Terms, Definitions and Acronyms for the defined terms 

listed in this section. 

This volume is categorized as follows: 

3.1. Area of Review (AOR) 

3.2. Blowdown 

3.3. Buffer Zone 

3.4. Cushion Gas 

3.5. Key Indicator Well 

3.6. Native Gas 

3.7. Total Storage Inventory [Total Inventory] 

3.8. Underground Gas Storage Project 

3.9. Working Gas 

http://doclib.sempra.com/Dla/doclibapi/file/doc/SIMP.8
http://doclib.sempra.com/Dla/doclibapi/file/doc/SIMP.A
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4. PROCEDURE 

SoCalGas follows a four-step process for assessing reservoir integrity: Pre-assessment, 

Inspection, Validation and Post-assessment, as shown on flowchart below. 
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Pre-assessment includes a review of the data acquired by both active and passive monitoring 

methods at the storage field.  The inspection consists in a field shut-in, during which 

bottomhole well pressures are acquired, and a pressure-inventory relationship is determined 

by SoCalGas Reservoir Engineering group.  For each field, the validation step consists in a 

review of the shut-in data and pressure calculations by a 3rd party SME, taking place no less 

than every 2 years, or at times when Measurement Audits are triggered (Section 4.5.4).  

Finally, the post-assessment step is accomplished by releasing a final report on inventory 

assessment (Appendix B) and communicating the report to DOGGR. 

When gas storage operations are initiated in a depleted oil or gas reservoir, there is an initial 

gas content in the reservoir prior to injection which consists of remaining native gas. This 

native gas content is generally composed of any remaining native gas in dry gas reservoirs, 

and both free gas and solution gas in the case of a depleted oil reservoir, which functions as 

base, or cushion gas. Additional gas is added to the cushion gas by injection, and the 

combination comprises the Total Cushion Gas.  Working Gas is then injected into the 

reservoir and this combined total is defined as Total Storage Inventory.  

Each storage field shall conduct a semi-annual low and high inventory shut in to obtain a 

representative reservoir pressure at low and high inventories.  The reported inventory for each 

storage field is evaluated by conducting a shut in and using the methodologies outlined in this 

gas standard. Reservoir injection and withdrawal operations are suspended to achieve a high- 

or low-inventory shut-in.  High or low-pressure shut-ins will typically be performed semi-

annually on all active or operational storage fields, for the purpose of tracking and 

determining the extent of gas volume changes, if any, from the storage reservoirs.  Shut-ins 

may be performed more frequently at the request of the responsible Storage Field Engineer, 

the Reservoir Engineering Team Lead and/or the Director of Underground Storage.  

A report is prepared that summarizes the results of the inventory verification process, any 

recommended adjustments to gas inventory accounting records, and any recommended 

corrective actions.  This report may be used as supporting documentation for submittal of 

material balance data to DOGGR (See Appendix B for report template). Once the field is 

shut-in for inventory purposes, it may only be interrupted by a formal authorization 

from the Vice President of Gas Transmission and Storage. The report is prepared under 

the direction of the Reservoir Engineering Team Lead and approved by the Underground Gas 

Storage Director.  

4.1. Reservoir Integrity  

4.1.1. Geological Characterization 

4.1.1.1. Reservoir Engineering reviews and updates reservoir geological 

characterizations and mapping as new data become available or if 

there is evidence of changes in the location of gas or in the level of 

pressure in the reservoir to identify the limits of the gas and any 

spill points.  
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4.1.2. Buffer Zone 

4.1.2.1. Reservoir Engineering should review both the lateral and vertical 

components of the buffer zone as additional geologic or operational 

data become available, to determine if the boundaries continue to 

protect the integrity of the reservoir. 

4.1.3. Third-party Activity 

4.1.3.1. Reservoir Engineering should monitor for third-party activity that 

could compromise the integrity of the storage reservoir. Such 

activities can include drilling, completion, plugging and 

abandonment, production, mining, or other site-specific activities. 

Reservoir Engineering should determine P&M measures and contact 

the third-party or regulatory agencies to foster implementation of 

those P&M measures. 

4.1.3.2. New third-party wells located within the lateral and vertical buffer 

zone should be drilled and completed in a manner to isolate the 

storage reservoir as recommended by Reservoir Engineering. 

4.1.3.3. Third-party wells located within the lateral and vertical buffer zone 

being plugged and abandoned by the third party should be plugged 

in a manner to isolate the storage reservoir and protect its integrity. 

NOTE A written agreement stating Reservoir Engineering's 

requirements for protecting the storage reservoir is sometimes 

negotiated with third parties actively drilling or producing within 

the reservoir area and buffer zone. 

4.1.4. Observation Wells 

4.1.4.1. Reservoir Engineering uses observation wells around, above, or 

below the reservoir to monitor pathways of potential 

communication and/or migration. 

4.1.5. Injection and Withdrawal Volumes 

4.1.5.1. Reservoir Engineering monitors injection and withdrawal volumes 

at each storage reservoir to assist in evaluating reservoir integrity. 

4.1.6. Gas Composition analysis is performed per GS 224.113 Gas Sampling – 

Underground Storage. 

http://doclib.sempra.com/Dla/doclibapi/file/doc/224.113
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4.2. Monitoring 

4.2.1. Monitoring of the storage reservoir inventory helps ensure the reservoir 

functions according to design. The semi-annual reservoir shut-in data and 

material balance analysis verify whether the gas inventory is present and 

available for delivery. Effective monitoring requires a thorough 

understanding of the reservoir system. This system is defined as the reservoir 

rock and wellbores, which respond to pressure changes as a result of gas 

injection and withdrawal. 

4.2.2. Reservoir integrity monitoring is conducted in both storage and non-storage 

zone wells and at surface observation points. 

4.2.2.1. Storage Zone Wells 

4.2.2.1.1. Surface pressures on each well are measured 

electronically in real time, using permanently 

installed pressure transmitters. These include tubing 

pressure, casing pressure and annuli pressures. The 

mode of well operation (injection, withdrawal or 

shut-in) is also noted in real time. Note that the 

DOGGR requires a monthly well pressure reading 

be submitted as part of the monthly production 

report.  

4.2.2.1.2. Pressure thresholds are set on tubing casing and 

annulus in each storage field to enable detection of 

anomalous pressure per GS 224.119, Pressure 

Monitoring – Storage Wells and Reservoirs.  

4.2.2.1.3. Wellhead inspections are performed monthly. Leaks 

detected are reported and resolved appropriately per 

GS 224.110, Wellsite Security and Safety. 

4.2.2.1.4.  SoCalGas conducts daily leak inspections of all 

storage gas wells.  Leaks detected are reported and 

resolved appropriately per GS 224.110, Wellsite 

Security and Safety. 

http://doclib.sempra.com/Dla/doclibapi/file/doc/224.119
http://doclib.sempra.com/Dla/doclibapi/file/doc/224.110
http://doclib.sempra.com/Dla/doclibapi/file/doc/224.110
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4.2.2.1.5. Subsurface noise/temperature surveys are conducted 

on each well of the Underground Gas Storage 

Project in accordance with DOGGR issued Project 

Approval Letter for each of the storage fields.  

4.2.2.1.6. Key indicator wells are used to monitor reservoir 

pressure. When practicable, one or more wells 

completed in the gas storage zone are selected for 

key indicator well purposes. These wells are not 

used for injection and may be put on withdrawal 

only for peak load conditions. Surface pressures on 

each well are measured electronically in real time 

using permanently installed pressure transmitters. 

The pressure data from the key indicator wells are 

maintained in a database (PI) and are available for 

trending and further analysis. 

4.2.2.2. Non-storage Zone Wells 

These non-storage zone wells are separate from the storage zone and 

do not impact storage operations. 

Non-storage zone wells monitored include both Company wells and 

wells owned by others in overlying and underlying zones within the 

Area of Review of the storage reservoir and observation wells, where 

applicable. These wells are categorized as follows: 

4.2.2.2.1. Non-storage zone pressure observation wells are 

located in overlying and underlying permeable 

formations, or adjacent to the storage reservoir but 

across assumed confining boundaries, such as faults, 

permeability pinch-outs, below the gas-liquid 

contact or beyond the spill point of the storage 

zone’s confining structure. Although normally static, 

these wells may have artificial lift mechanisms for 

removal of gas and fluids. 
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4.2.2.2.2. Non-storage zone gas collection wells are located 

where known gas migration from the storage zone is 

intercepted and collected. These wells are normally 

equipped with operating artificial lift mechanisms so 

that both liquids and gas can be produced, causing a 

pressure sink in the reservoir near the wellbore. 

4.2.2.2.3. If pressure communication in non-storage zone wells 

is suspected, a review of the production records of 

wells operated by other producers in either overlying 

zones or in adjacent fields shall be made by 

reviewing production reports from these operators.  

4.2.2.2.4. Non-storage Zone Observation Wells 

 Surface pressures on each non-storage zone 

observation well are measured electronically in 

real time, using permanently installed pressure 

transmitters. These include tubing pressure, 

casing pressure and annuli pressures. 

 The pressure data from the non-storage zone 

observation wells are maintained in a database 

(PI) and are available for trending and further 

analysis. 

 If pressure thresholds are exceeded, 

notifications are issued per GS 224.119, 

Pressure Monitoring – Storage Wells and 

Reservoirs, and an attempt may be made to 

produce the well. Produced gas is sampled and 

analyzed for both hydrocarbon and helium 

content. Compositional monitoring shall be 

performed on the production from non-storage 

zone observation wells.  

http://doclib.sempra.com/Dla/doclibapi/file/doc/224.119
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4.3. Bottom-hole Pressure Determination 

4.3.1. Each of the three major methods used to verify gas storage inventory, as 

explained in Section 4.4., requires the determination of bottom-hole 

pressures. The method used to determine bottom-hole pressure must be 

consistent from year to year. The bottom-hole pressure is calculated from the 

shut-in wellhead pressure. In instances where standing liquid is suspected in 

the wellbore, a bottom-hole survey may be run. For wells completed in the 

storage zone and having full gas columns, the bottom-hole pressure is 

calculated from the equation: 

 

 

Where: 

PBHP  =   Bottom-hole pressure, psia. 

PWH 
  = Wellhead pressure, psia. 

SG    = Gas specific gravity. 

D      = True vertical depth in feet. 

Tavg  = Average wellbore temperature between surface and bottom-hole, 

degrees Rankine. 

Zavg  = Average gas compressibility factor from charts, tables or computer 

programs (dependent on Pavg, Tavg and gas gravity). 

 Pavg = Average pressure between surface and bottom-hole, psia or  

 Pavg = (PBHP + PWH) / 2 

NOTE: The above equation could yield incorrect results if the well exhibits a 

significant fluid level.  







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
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4.4. Inventory Verification – Shut In 

4.4.1. The three methods listed below may be used for inventory verification 

purposes.  

4.4.1.1. Method 1: Calculation of gas content based on volumetric data and 

Average Reservoir Pressure. Volumetric Determination is explained 

in Applied Petroleum Reservoir Engineering by Craft, B. C. and 

Hawkins, M. F.; Englewood Cliffs, N.J.: Prentice- Hall, 1959. 

4.4.1.2. Method 2: Calculation of effective gas content using the simple gas 

material balance, hysteresis curve, and P/Z curve methods. Material 

Balance is explained in Natural Gas Engineering by Ikoku, C. V.; 

Tulsa, Oklahoma: Penn Well Publishing, 1980. 

4.4.1.3. Method 3: Verification of storage inventory by comparing measured 

reservoir pressures with calculated pressures obtained using the 

single cell material balance or reservoir simulation methods. 

Numerical Simulation or Reservoir Modeling is explained in 

Modern Reservoir Engineering —A Simulation Approach by 

Crichlow, H. B.; Englewood Cliffs, N.J.: Prentice- Hall, 1977 and 

the Intercomp Beta II User Manual.  

4.4.2. The most common inventory verification method used in mature gas storage 

projects that are known to have effective geologic closure is the hysteresis 

curve or P/Z versus inventory plot. Where applicable, it is important for the 

Storage Field Engineer to obtain the inventory volume recalculated by 

Measurement, Regulation and Control (MRC).  This inventory number will 

be used in the P/Z vs. Inventory plot.  Typically, it is adjusted biennially for 

known gas losses and liquid production. A deviation from the expected P/Z 

vs. inventory relationship may warrant further investigation. 

4.4.2.1. Gas blowdowns for maintenance work, instrument gas, gas used as 

fuel and other associated gas losses are tracked and recorded as they 

occur and inventory is adjusted accordingly.  

4.4.2.2. Recommended shut-in time durations for effective reservoir 

stabilization are listed below. There may be times when these 

recommended shut-in times might not be achieved due to demands 

on the gas system. 

4.4.2.2.1. Aliso Canyon - 14 days 

4.4.2.2.2. Honor Rancho - 12 days 
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4.4.2.2.3. Goleta - 5 days 

4.4.2.2.4. Playa del Rey - 4 days 

4.4.3. Data collected during a shut-in period includes wellhead pressure 

measurements which are converted to a bottom-hole or reservoir pressure. 

Shut-in wellhead pressure readings are obtained electronically in real time, 

using permanently installed calibrated pressure transmitters, calibrated 

electronic hand gauges, or in some instances, calibrated dead-weight gauges. 

Sempra Energy Audit Services or a designated representative can witness the 

gathering of data when a shut-in is conducted.  If wellbore liquids are 

suspected to be present in the wellbore of a well, an adjustment to the 

wellhead pressure may be made to account for same.  Gas gravity and 

composition is determined using gas samples collected from the field 

withdrawal meter runs. 

4.4.4. Wellhead pressure data collected is used in the methods described below.  

4.4.5. Method 1: Calculation of gas content based on volumetric data and Average 

Reservoir Pressure from shut-in.  

4.4.5.1. Average Reservoir Pressures used in this calculation are obtained 

during shut-in periods.  Reservoir pore volume available for gas 

storage is calculated from either geologic information, material 

balances using production and pressure information obtained during 

primary field production, or in some cases from pressure and 

production data obtained during gas storage operations.  Elements 

of these calculations are described below. 

4.4.5.2. Average Reservoir Pressures are calculated according to set criteria 

for each storage reservoir. The method for each field shall remain 

consistent from year to year. The method of calculation specific to 

each field are as follows: 

4.4.5.2.1. The Average Reservoir Pressure for Honor Rancho, 

La Goleta, and Playa del Rey are determined by 

calculating the arithmetic average of the bottom-hole 

pressure in the storage zone wells. In these fields the 

pressure of each well is measured or computed at a 

specified subsea datum approximately at the 

midpoint of the zone. The datum and reservoir 

temperature used for these fields are as follows: 

 Honor Rancho - 8,300 feet subsea, 190°F 
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 La Goleta - 4,200 feet subsea, 150°F 

 Playa del Rey - 6,100 feet subsea, 210°F 

 A volumetrically weighted Average Reservoir 

Pressure is used for Aliso Canyon. The 

pressures in this field are computed at a 

specified subsea depth approximately at the 

midpoint of the zone. The datum depth for this 

field and the reservoir temperature are as 

follows: 

 Aliso Canyon - 5,400 feet subsea, 180°F 

4.4.5.3. Reservoir pore volume calculated from geologic information uses 

data obtained during the drilling and completion of the well, such as 

electric logs or core information along with the estimated areal 

extent of the reservoir to calculate the total pore volume of the 

reservoir. These calculations are based on the following equations: 

4.4.5.4. Gas reservoirs 

4.4.5.4.1. Equation:  V = Ahø (1-Sw) 

Where: 

V = Reservoir gas pore volume in cubic feet 

A = Gas zone area in square feet 

h = Average gas zone thickness in feet 

determined from electric logs or cores 

ø = Porosity fraction determined from porosity 

logs or core analysis 

Sw =Water saturation from log, core analysis 

4.4.5.5. Oil reservoirs 

4.4.5.5.1. Equation: V = Ahø (1-Sw) + A1hlø (1- S1w-So) 

Where: 

A = Primary storage zone area in square feet 
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A1 = Secondary storage zone area in square feet 

h1 = Average secondary gas zone thickness in 

feet 

So = Residual oil saturation 

4.4.5.5.2. In most portions of an oil zone storage reservoir, oil 

saturation is determined from core analysis or can be 

considered equivalent to residual oil saturation and 

can be estimated from the 16" normal resistivity 

curve using the following relationships. 

Equation: Residual oil saturation = (1-Sxo) 

𝑆𝑥𝑜 = √
𝑅𝑚𝑓

𝑅𝑥𝑜 × ∅
2
 

Where: 

Rxo = Resistivity of 16" normal or resistivity of 

flushed zone. 

Sxo = Water saturation of mud filtrate within the 

flushed zone. 

ø = Porosity 

Rmf = Resistivity of mud filtrate. 

4.4.5.6. Gas reservoir pore volume calculated using material balance 

equations: 

These calculations utilize production and pressure data in the 

following equations: 

4.4.5.6.1. Equation for constant volume gas reservoirs using 

primary production: 

𝑉 =
𝑃𝑠𝑐𝐺𝑝𝑇

𝑇𝑠𝑐
×

(

 
1

𝑃𝑖
𝑍𝑖
−
𝑃𝑓
𝑍𝑓)
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Where water production and influx are assumed 

negligible and where: 

V = Gas pore volume in reservoir cubic feet. 

Psc = 14.7 psia 

Gp = Gas produced in standard cubic feet. 

T = Reservoir temperature in degrees Rankin 

(°R). 

Rsc = 520°R 

Pi = Initial pressure, psia. 

Pf = Final pressure, psia. 

Zi = Initial gas compressibility factor. 

Zf = Final gas compressibility factor. 

4.4.5.6.2. Equation for constant volume gas reservoirs using 

storage production 

𝑉 =
𝑃𝑠𝑐𝐺𝑝𝑇

𝑇𝑠𝑐
× (

1

𝑃1
𝑍1
−
𝑃2
𝑍2

) 

Where water production and influx are assumed 

negligible 

Gp =  SCF of gas produced or injected 

between pressure points P1 and P2. 

P1 and P2 = The first and second stabilized 

Average Reservoir Pressures 

bounding the production or injection 

period considered. 

Z1 and Z2 = Gas compressibility factors for P1 

and P2. 

T =  Reservoir temperature in degrees 

Rankine 
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4.4.5.7. Method 2: Oil reservoirs pore volume calculations 

4.4.5.7.1. Equation: The ‘Reservoir Gas Pore Volume’ is equal 

to the ‘Original Storage Zone Pore Volume’ plus the 

‘Secondary Storage zone Pore Volume’ plus the 

‘Space created by Water Production’. 

Or: 

𝑉 = 𝐺𝐵𝑔𝑖 = (𝑁𝐵𝑜𝑖 − (𝑁 − 𝑁𝑝)𝐵𝑜) +𝑊𝑝𝐵𝑤 

Where: 

G = Original gas volume, standard cubic feet 

(determined from either geologic data or an 

appropriate form of the material balance 

equation). 

Bgi = Gas formation volume factor in reservoir 

cubic feet per standard cubic feet at 

discovery pressure. 

N = Initial oil in place in stock tank barrels 

(determined from either geologic data or an 

appropriated form of the material balance 

equation). 

Np = Cumulative oil production in stock tank 

barrels. 

Boi = Oil formation volume factor in reservoir 

cubic feet per stock tank barrel at discovery 

pressure. 

Bo = Oil formation volume factor at existing 

pressure in reservoir cubic feet per stock 

tank barrel. 

Wp = Water production in stock tank barrels. 

Bw = Water formation volume factor, reservoir 

cubic feet per stock tank barrel 

(approximates 5.615). 
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4.4.5.7.2. Simplifying assumptions used in the above equation 

are that no storage gas goes into solution in the oil 

and that there is no water influx into the storage 

reservoir. These simplifying assumptions are seldom 

true. However, the equation can be modified based 

on a judgment of the volume of gas which may go 

into solution in the reservoir oil and a judgment of 

aquifer activity surrounding the storage reservoir. 

When modified by these judgment factors, the 

equation provides a method for approximating a 

limit for the reservoir gas pore volume available for 

storage operations. An upper limit is established 

when it is assumed that all the residual oil is re-

saturated with gas. Generally, only a fraction of the 

oil becomes saturated and so the calculation has 

little usage beyond setting limits. 

4.4.5.7.3. The values of G and N are not generally expected to 

be obtained with an accuracy greater than +/- 20%. 

However, this is not a major drawback since the 

methods are used to establish guidelines and set 

limits. 

4.4.5.8. Calculation of gas content. 

4.4.5.8.1. After the gas pore volume has been calculated, or 

approximated, by one of the methods indicated 

above, the gas content at the measured reservoir 

pressure is determined using the gas law as follows:  

PV = ZNRT 

Where: 

P = Average Reservoir Pressure, psia 

V = Pore volume in cubic feet 

T = Temperature of reservoir, (°F + 460) degrees 

Rankine 

Z = Compressibility factor, dependent on P, T, 

and gas gravity, from charts or tables. 
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N = pound moles (where one pound mole 

=379.41 cubic feet @ 60°F and 14.7 psia). 

R = 10.735 universal gas constant for above 

units. 

Solving for gas content; 

 

4.4.6. Method 2: Calculation of effective gas content using the simple gas material 

balance and hysteresis curve (P/Z curve) methods. 

4.4.6.1. Pressure changes, with rapid gas injection or withdrawal during 

selected operating periods, can show the relationship between 

effective gas content and the storage inventory. Effective gas 

content is the gas which, within a given time, causes a measurable 

pressure response to injection or withdrawal operations. Not all gas 

in the reservoir yields such a response within the confines of a 

typical storage operating cycle. The difference between effective 

gas content at a given pressure (P1) and the metered inventory is 

non-effective gas. Part of this non-effective gas can be due to the 

lack of pressure equilibrium within the reservoir. Any gas migration 

out of the storage reservoir, any operational losses attributable to 

blow-downs, vents, or minor leaks that are not estimated and 

accounted for, and measurement error contribute to non-effective 

gas. Either one of the two equations, or the graphical solutions 

presented below are used to calculate the effective gas content. 

4.4.6.1.1. Calculations with negligible water movement are 

made using the following equation: 

Effective Gas Content at P1, 

𝑄1 = (
∆𝑄

𝑃1
𝑍1
−
𝑃2
𝑍2

) ×
𝑃1
𝑍1

 

 

Where: 

P1 = Pressure at the first operational point 

considered. 

 
ZT

PV
mscfVolume

03533.0
)( 
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P2 = Pressure at the second operational point 

considered. 

Q1 = Net storage volume at the first operational 

point considered. 

Q = The net change in gas inventory between the 

two operational points considered. 

4.4.6.1.2. Calculations with significant water movement of a 

known rate are made using the following equations: 

𝑄1 = (∆𝑄 − (𝑊𝑒 ×
𝑃2
14.7

×
520

𝑇𝑅
×
1

𝑍𝑅
))

𝑃1
𝑍1

(
𝑃1
𝑍1
−
𝑃2
𝑍2
)

 

 

Where terms are defined as above, and where: 

We = Water influx in cubic feet. 

TR = Reservoir temperature, degrees Rankine. 

ZR = Z at TR and P2. 
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4.4.7. Graphical solutions 

4.4.7.1. The hysteresis curve is a plot of reservoir pressure versus storage 

inventory. This curve utilizes the compressibility factor of non-ideal 

gas. It is most effective in a constant volume reservoir since it 

assumes no water movement into or away from the storage 

reservoir; and no movement of gas into or out of solution in the 

reservoir oil. The hysteresis curve is a qualitative/quantitative tool 

for inventory verification when a storage field is operated in a 

consistent manner and storage cycle volumes are relatively 

consistent over time. Under these conditions, aquifer movement and 

movement of gas into and out of solution is relatively constant and 

effectively drops from the equation. When a new storage field is 

developed and placed into service or the capacity or maximum 

pressure of an existing field is increased, a plot of the storage 

reservoir pressure versus inventory relationship shall be compared 

to reservoir pressure versus gas-in-place (or equivalent gas-in-place) 

conditions at the time the reservoir was discovered to assess 

whether all of the metered storage inventory is contained and 

accounted for in the reservoir. 

4.5. Reporting Gas Inventory Losses 

4.5.1. Calculated operational losses 

4.5.1.1. Gas losses due to compressor, piping system, well blowdowns, and 

wireline surveys are calculated by Storage Operations personnel. 

Gas losses due to well kills and well work overs are calculated by 

the Storage Field Engineers 

4.5.1.2. Gas losses determined above are gathered by Storage Operations 

and reported to Measurement monthly, who makes the appropriate 

adjustments to inventory. 

4.5.2. Fugitive losses from well and surface facilities. Some small losses from 

valves, compressors, field piping, threaded well casing connections and well 

casing mechanical devices such as cementing stage collars, and some small 

casing leaks are inherent to Storage Field Operations. Fugitive emissions 

from each field are calculated monthly by the Air Quality Specialist who 

reports to Operations for inclusion in the inventory reports sent to 

Measurement. 

4.5.3. Reservoir losses 

4.5.3.1. Reservoir losses are categorized as those associated with wells 

completed in the storage reservoir and general reservoir losses. 
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Quantification of reservoir losses utilizes industry accepted methods 

of inventory verification. Estimates are made using engineering 

judgment and reporting is made as losses occur. 

 

4.5.3.1.1. Losses associated with the wells completed in the 

storage reservoir include losses through failures in 

the cement between the cap rock and well casing.  

4.5.3.1.2. General reservoir losses include losses through 

abandoned wells or breakdown of some portion of 

the trapping mechanism.  

4.5.4. Gas storage field measurement audits 

4.5.4.1. When Storage Engineering identifies a consistent discrepancy in the 

pressure or P/Z versus Inventory relationship of 5% of the working 

gas volume or more at a storage field that cannot be explained by 

known leaks such as gas vented to the atmosphere, liquid production 

or other reservoir changes, they request an audit of the gas 

measurement systems at the storage field by the Measurement, 

Regulation and Control (MRC) group of Gas Engineering (see 

Appendix A for Audit Process Workflow). If no issues are found 

with measurements, additional diagnostic investigations will be 

undertaken to determine whether there are any integrity issues with 

the storage injection, withdrawal and observation wells in the field. 

These investigations may include but are not limited to pressures on 

individual wells including annulus pressure, downhole integrity 

logs, tracer surveys, pressure tests, monitor 3rd party drilling, gas 

production, and wellhead pressure readings. 

4.5.4.2. MRC investigates the following parameters with assistance from 

Storage personnel. 

4.5.4.2.1. MRC Design Team obtains the most current 

drawings and block flow diagrams for the storage 

field. 

4.5.4.2.2. MRC Design and Storage Field personnel inspect 

the facility to determine the accuracy of current 

drawings. 

4.5.4.2.3. MRC Design and Storage Field personnel identify 

any changes in metering or gas processes that have 

occurred since the drawings were last issued. 
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4.5.4.3. MRC reviews Storage Field Ledger calculations in order to verify 

they agree with updated drawings and block flow diagrams. MRC 

documents any errors found in the Ledger formulas and advises 

Measurement Data Operations (MDO) of any required Ledger 

formula revisions. 

4.5.4.4. MRC in conjunction with the drawing confirmation prepares a list 

of the meters, instrument configuration and associated transducer 

ranges. 

4.5.4.4.1. MRC compares this listing to information in the 

Measurement Collection System (MCS) for those 

sites that MCS re-calculates the volumes and notes 

any discrepancies and impact of those discrepancies 

on measurement accuracy. 

4.5.4.4.2. MRC compares information in the Instrument 

Configuration for those site where the Scada Pack 

calculates the volumes and notes any discrepancies 

and impact of those discrepancies on measurement 

accuracy. 

4.5.4.5. MRC Measurement Technology reviews Storage Field calibration 

and meter inspection results to verify adherence to the Gas 

Standards and System Instructions listed below. Any discrepancies 

or errors will be documented and impact on measurement noted.  

 Standard 223.0360, Instrument Maintenance and 

Metering Devices – Storage Field and Transmission 

Facilities 

 Standard 185.0455, Flow Measuring Devices – Field 

Maintenance 

 Standard 185.0475, Orifice Meters and Orifice Plates - 

Field Inspection and Maintenance 

 Form 4682-B, Orifice Meter Order 

 Standard 185.0452, Daniel Ultrasonic Meter - 

Operation and Maintenance  

 Standard 185.0425, Rotary Meters – Installation, Field 

Maintenance, Inspection and Repair  

 Standard 185.0530, Turbine Meters - Operation, 

Maintenance  

 Standard 185.0474, Control Microsystems 

SCADAPACK  

http://doclib.sempra.com/Dla/doclibapi/file/doc/223.0360
http://doclib.sempra.com/Dla/doclibapi/file/doc/185.0455
http://doclib.sempra.com/Dla/doclibapi/file/doc/185.0475
http://doclib.sempra.com/Dla/doclibapi/file/doc/4682-B
http://doclib.sempra.com/Dla/doclibapi/file/doc/185.0452
http://doclib.sempra.com/Dla/doclibapi/file/doc/185.0425
http://doclib.sempra.com/Dla/doclibapi/file/doc/185.0530
http://doclib.sempra.com/Dla/doclibapi/file/doc/185.0474
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 Standard 185.0457, Totalflow Inspection and 

Calibration Requirements for 6610, 6413, 6713 & X-

Series  

 Standard 185.0458, Totalflow Inspection and 

Calibration Requirements for 6611, 6414, 6714 & X-

Series  

 Standard 185.0515, Temperature Devices – 

Maintenance 

 

4.5.4.6. Storage Field Orifice Meter or Ultrasonic Meter (USM) inspections 

will be witnessed by MRC Measurement Technology to confirm 

conformance to applicable Gas Standards listed in Section 4.5.4.5. 

A borescope inspection may be recommended if metering 

inspection results warrant further investigation. 

4.5.4.7. MRC Measurement Technology to review the last 12 months of 

MCS Hourly data for each Storage Field Meter on the Ledger to 

verify meters are operating within their minimum and maximum 

ranges. 

4.5.4.7.1. Verify operating Orifice Differential Pressure (DP) 

are 9” w.c. or greater on average, Beta ratio within 

the range of 0.2 to 0.6 and orifice plate thickness and 

bevels in accordance with AGA 3.  

4.5.4.7.2. MRC Measurement Technology will also review 

borescope inspection results. Impact on 

measurement accuracy will be noted for any 

negative findings. 

4.5.4.8. MRC Measurement Technology to issue final report to Storage 

Field, MRC and MDO summarizing all findings, quantifying all 

measurement errors and detailing any revisions required to MCS 

Ledgers or Company Drawings.  

4.5.4.8.1. Report will also recommend any follow-up actions 

required by Storage Field, MRC Design or MDO. 

4.5.4.9. The final report results are sent to the following individuals: 

 Director of Aboveground Storage 

 Director of Underground Storage  

 Reservoir Engineering Team Lead  

 Storage Operations Manager 

http://doclib.sempra.com/Dla/doclibapi/file/doc/185.0457
http://doclib.sempra.com/Dla/doclibapi/file/doc/185.0458
http://doclib.sempra.com/Dla/doclibapi/file/doc/185.0515
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 Measurement Regulation and Control (MRC) Manager 

 Measurement Data Operations (MDO) Supervisor 

 Storage Technical Services Manager (TSM) 

 

5. EXCEPTION PROCEDURE 

(See GS 182.0004, Exception Procedure for Company Operations Standards) 

5.1. An exception to this standard shall be considered only after practical solutions have 

been exhausted.  Safety issues shall be given primary consideration, while adhering 

to governing codes before an approval of an exception is granted.   

5.2. An exception from a standard shall not be allowed unless GS 182.0004, Exception 

Procedure for Company Operations Standards, is followed and approval is given by 

those as required by 182.0004. 

6. RECORDS 

6.1. SoCalGas shall maintain storage inventory assessment records for the life of the 

facility plus five years.  

6.1.1. Inventory Assessment and Verification Report 

 

 

  

http://doclib.sempra.com/Dla/doclibapi/file/doc/182.0004
http://doclib.sempra.com/Dla/doclibapi/file/doc/182.0004


 

Company Operations Standard 

Gas Standard 

Gas Operations 

 

Reservoir Integrity and Inventory Assessment SCG: 224.070 

   

 

Copyright ©2010, 2012, 2014, 2017-2019 Southern California Gas Company. All rights reserved. Page 25 of 34 

Appendix A. Gas Measurement Audit Process Workflow 
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Appendix B. Inventory Verification Report Template
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NOTE: Do not alter or add any content from this page down; the following content is automatically generated. 

Brief:  SECTION 1.3 Revised with reference to the new DOGGR regulations. 

SECTION 2.1.1.6 - Added responsibility for the Reservoir Engineering Team Lead to submit on a yearly 

basis reservoir integrity and material balance support data to DOGGR. 

SECTION 2.1.4 - Added responsibility for the MRC Group where applicable, to provide the Storage Field 

Engineer with recalculated inventory volume for inventory verification. 

SECTION 3 - Added the terms "Blowdown" and "Underground Storage Project".  

SECTION 4 - Added introduction paragraph and Integrity Assessment and Mitigation Process Work Flow to 

address recommendations from the 2018 SIMP mock audit. Changed shut in frequency to be performed 

semiannually. Added statement to use the shut in report to be used as supporting documentation for submittal 

of material balance data to DOGGR (to address 1726.7(b)(1)). 

SECTION 4.2.1 - Changed shut in frequency to be performed semiannually. 

SECTION 4.2.2.1.5 - Revised to include "..of the Underground Gas Storage Project in accordance with 

DOGGR issued Project Approval Letter for each.." 

SECTION 4.3.1 -  Replaced "..from shut in to shut in.." with "..from year to year..". 

SECTION 4.4.2 - Added statement "Where applicable, it is important for the Storage Field Engineer to 

obtain the inventory volume recalculated by the Measurement, Regulation and Control (MRC).  This 

inventory number will be used in the P/Z vs. Inventory plot." 

SECTION 4.4.5.2 - Replaced "..from shut in to shut in.." with "..from year to year..". 

SECTION 4.5.4 - Replace "..1 BCF or 3%.." with "5%"; added reference to Appendix A. 

SECTION 5.2 - Revised to be aligned with the most currrent version of the gas standard template. 

SECTION 6.1.1 Added Inventory Assessment and Verification Report to the records section. 

APPENDIX A - Added Gas Measurement Audit Process Workflow. 

APPENDIX B - Added Inventory Verification Report Template. 
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