
Sacramento Area Gas Field Selection Criteria 
 

Introduction 
 
The criteria utilized in the selection of the Florin Gas Field for storage are as follow: 
 

• Geological factors 
- Size 
- Depth 
- Formation issues 
- Permeability/Porosity 
- Btu rating 
- Type of drive 

• Well construction & abandonments 
• Location 
• Environmental Factors 
• Economic Factors 

 
Each of these criteria is discussed in general terms below. Their application to the seven 
alternative fields considered by Sacramento Natural Gas Storage, LLC is then presented 
in a field-by-field review. 
 
Geological Factors 
 

1. Size:  There is no industry standard or guideline that specifies a minimum or 
maximum volumetric size for development as a natural gas storage facility.   
Basically, the minimum size must be sufficient to generate storage service 
revenues that support the operating expenses and debt service, and provide an 
acceptable rate of return on the capital that is invested to develop the project.  
 
The maximum size that is feasible is driven by a number of factors as well. In 
general, larger capacity projects typically require more surface equipment and 
infrastructure. There also must be sufficient “take-away” pipeline capacity in the 
area such that all of the stored working gas can be transported to the end-users 
when they need it. More specifically, the size issue requires evaluation of the 
answers to a variety of questions: 

 
• How much cushion/pad gas is required to pressure up the reservoir for 

operations?  Cushion gas is expensive, currently about $7,000,000 per Bcf.  
A depletion drive reservoir requires cushion gas at about a ratio of 1 Bcf 
of cushion for each 2 Bcf of working gas.  Thus a 3 Bcf reservoir would 
require 1 Bcf of cushion gas and only be able to store about 2 Bcf of 
working gas.  It also means that the project would expend $7,000,000 of 
capital as an upfront cost.  At the other end of the continuum, a 20 Bcf 
project would require about 7 Bcf of cushion which means an upfront 
expenditure of about $49,000,000. 
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On the other hand, a water-drive reservoir requires much less or no 
cushion gas as the water drive maintains the reservoir pressure.  Some 
reservoirs are depletion drive with a small amount of water drive.  While 
this type of reservoir requires less cushion gas, the disadvantage of the 
water drive reservoir is that some of the water is produced with the gas on 
withdrawal. That water must be separated out of the gas and disposed of 
either by reinjection into the reservoir or by its removal to a proper 
disposal site. The equipment to accomplish either one of these tasks 
increases both the initial capital costs and the operating costs of the plant. 

 
• Although not as critical as the volumetric size of the field, the “footprint” 

or area of the field must be considered. As the area of the field increases, 
so does the number of wells and the miles of pipe needed to operate the 
field.  As these numbers increase, so do the capital costs and operating 
costs.  Therefore, the number of wells required to operate the field and that 
size of surface infrastructure required to support the operation are factors 
in the selection of a geologic formation for development.  

 
2. Depth: 

 
• The depth of the geologic formation will impact both capital costs and 

costs of operations. Deeper formations require more compression to inject 
the gas into storage.  Compression is costly in terms of capital, 
maintenance, and operating expenses (especially energy costs).  Typically, 
the project should be below the water table used for sources of our 
drinking water, but less than about 5,000 feet below the surface of the 
earth. 

 
• Drilling and operational costs.  The deeper the formation is under the 

surface, the deeper the wells. The cost of drilling and maintaining wells 
increases as the depth of the wells increases. 

 
3. Producing zone characteristics: 
 

• The producing zone characteristics are a prime consideration in choosing a 
gas reservoir for gas storage operations.  During the injection/withdrawal 
periods it is imperative that the operator be in a position to exercise the 
proper control over the movement of gas and water in the reservoir. The 
ideal gas reservoir for gas storage is either domal or anticlinal in shape and  
demonstrates  good continuity in porosity and permeability in the 
producing zone  throughout the structure.  Under those conditions, the 
wells are all in pressure communication with each other, and there are no 
isolated sand lenses or “sand pockets” containing gas that are disconnected 
from the main body of the reservoir.  As a result, the operator is able to 
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maintain effective control over fluid movement in the reservoir during the 
gas injection and withdrawal periods.  

 
A “dry gas” field is significantly preferred to an oil field utilized for 
storage.  An oil reservoir delivers liquids and other impurities along with 
the gas.  These impurities must be separated out after the gas is withdrawn 
from storage but before its return to the pipeline systems.  Gas fields in the 
Sacramento Basin are typically dry gas fields. 

 
4. Permeability/Porosity: 

 
• These are measures of the ability of the geological formation to accept and 

move gas in, through, and out of the formation. Industry standards are 
typically considered to be that porosity should be at least 28% and 
permeability should be at least 30 milidarcies.  
 

5. Btu rating/Pressure: 
 

• PG&E and SMUD each generally require gas to meet a minimum Btu rating 
of 1000 Btu’s per Mcf of gas before it can be accepted into their respective 
pipeline systems.  This is also a requirement for gas moving into California on 
the interstate systems.  Any locally-produced or “native” gas must also be of 
this Btu rating before it can be allowed to enter into the pipeline systems.  
Low-Btu-rated gas may be enriched with propane or butane to bring it into 
compliance; however, there are limitations as to how much may be used as 
these high-Btu-content “natural gas liquids” cause other problems when used 
in excess of very small quantities.  Because any gas remaining in a “depleted 
reservoir” will mix with the stored gas to some extent,  the closer the Btu 
content of the remaining gas is to the pipeline quality requirements, the better 
the depleted reservoir is for conversion into a storage facility. A gas field that 
produces low-Btu-content gas, and is only partially-depleted, i.e., still 
producing natural gas, is therefore not a favorable candidate for use as a 
storage facility.  
 

• A large differential between the pressures in the gas field at the time of first 
production versus the time the field is “abandoned” for production implies a 
depletion drive formation, which will require additional cushion gas and 
compression for operation.  An abandonment pressure above pressures in the 
pipeline used to carry the gas from storage to the customers allows for free-
flow of gas into the pipeline system, and is therefore by far the condition of 
choice. 

 
6. Formation & Type of Pressure Drive: 

 
• It is preferred to utilize a field that is free of faults.  Faults may be pathways 

for leakage, and typically cause some environmental and/or safety concerns. 
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• The structure should be shaped like an upside down saucer to hold the stored 

gas and keep it from migrating to areas outside the storage facility. 
 

• A thick and impermeable “cap rock” is required to prohibit any upward 
migration from the field to fresh water tables or to the surface. 

 
• A “dry gas” field is significantly preferred to an oil field utilized for storage.  

An oil reservoir delivers liquids and other impurities along with the gas when 
the gas is withdrawn for return to the pipeline systems.  These impurities must 
be separated out and properly disposed of before the gas can be returned to the 
pipelines for transport to the customers.  Gas fields in the Sacramento Basin 
are typically dry gas fields. 

 
• The drive mechanism of gas reservoirs in the Sacramento Valley is either 

straight pressure depletion drive with no aquifer support or depletion drive 
where water influx into the reservoir (partial water drive) provides partial 
pressure support during the production process. Partial water drive reservoirs 
exhibit less pressure depletion and require less cushion gas. Compression 
costs are also reduced 

 
7. Well Construction & Abandonment: 

 
• It is desirable that the production wells used to deplete the field(s) were drilled 

in accordance with the strict specifications of the DOGGR (Division of Oil 
Gas & Geothermal Resources1). These regulations include the requirement 
for DOGGR oversight of the drilling and operations of the wells.  Wells 
drilled within the last 20 – 30 years have been very closely regulated & 
supervised by the DOGGR.  

                                                

 
• Likewise, abandonment of wells should have been made in accordance with 

current specifications and with close oversight by Division personnel. (Note:  
Wells drilled and abandoned before about the 1930s were not carefully 
located and abandonments were frequently haphazard – thus, these are fields 
of significant concern and should not be considered as top prospects for 
development as new storage facilities. Such fields are subject to higher risks 
of leakage of gas from storage. 

 
8. Location: 

 
• A gas storage project requires the ability to receive and to deliver gas into the 

pipeline distribution system at acceptably high rates.  This requires access to 
pipelines with large capacity availability. 

 
1 The DOGGR was established by the Legislature in the early 1900s to protect the fresh water table and the 
environment. 
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• A storage project should be located as close as possible to the pipeline 

distribution systems that serve end-of-pipeline storage customers. As an 
example, with respect to the SNGS project objective, the storage facility needs 
to be in juxtaposition to the main SMUD and PG&E pipelines in the 
Sacramento area. This is because the reliability of the storage as an alternative 
source of fuel supply to an end-of-pipeline customer during a system 
disruption tends to decrease with pipeline distance from the storage facility.  

 
9. Environmental Factors: 

 
• The field characteristics should be such that the storage project can be 

developed without causing environmental impacts that cannot be mitigated to 
less-than-significant levels. 
 

• The field characteristics should be such that the storage project can be 
developed without posing a significant risk to public health or safety. 

  
10. Economic Issue: 
 

• The project must demonstrate a reasonable return on investment for the 
investors. 

 
Alternative Project Location Screening 
 
SNGS considered seven gas fields in Sacramento County for its proposed storage project.  
A matrix showing a summary comparison of the characteristics of the seven fields 
considered is provided on the next page.  Following that matrix is a map of the 
Sacramento area showing the SMUD Pipeline and the location of the fields considered as 
possible alternatives.  The seven fields are then discussed, beginning with the four 
smallest fields.  Those fields were eliminated from further consideration primarily on the 
basis of inadequate size, as they could not satisfy the basic project objective, although 
there were other factors impinging on their consideration that would eliminate them as 
possible storage sites.  A few comments are provided about each of these fields to 
elaborate on the chart.  DOGGR data sheets are appended for all of the fields except 
Snodgrass Slough for which DOGGR does not have any data sheets. 
 
Next, the three larger fields are arrayed.  The comment presentation on these fields is 
more extensive as each was given greater consideration as a possible viable project.  The 
first two were eliminated and the Florin project was selected.  The rationale is included in 
the discussion of each alternative. 
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Freeport Gas Field 
 

• The field was produced from 2 minor geologic formations known as “stringers,” 
which are thin, horizontal sandstone formations. The nature of the means of 
closure or trapping of the gas of the stringers is unknown. 

• The stringers are slightly over a mile subsurface (-5800+ feet). 
• The size of the 2 separate formations would permit about 1+ Bcf of working gas 

storage capacity. 
 

With an estimated capital cost of $60+ million and projected annual revenue of $2.2 
million, this field is not economically viable for development as a gas storage project. 
 
Stone Lake Gas Field 
 

• This field is set in the middle of the Stone Lake Refuge, an extremely 
environmentally-sensitive area.. 

• The field produced approximately 1.2 Bcf of natural gas and rapidly dropped in 
pressure.  This suggests that, if converted to storage, the field would likely be a 
depletion drive field and could perhaps accommodate ¾ Bcf of working gas 
storage. 
 

In addition to being located in an environmentally-sensitive area that would make 
development doubtful, at best, the project would carry an estimated capital cost of $65+ 
million and a projected annual revenue of $1.7 million; thus this field is not economically 
viable for development as a gas storage project. 
 
Poppy Ridge Gas Field  
 

• This field only produced 0.2 Bcf of natural gas 
• The field rapidly dropped in pressure during production, indicating a depletion 

drive formation. 
• A working gas storage capacity of less than 0.12 Bcf would be anticipated. 

 
With an estimated capital cost of $45+ million and projected annual revenue of less than 
$300 thousand, this field is not economically viable for development as a gas storage 
project. 
 
Snodgrass Slough 
 

• The Field produced 4.8 Bcf of gas and is reportedly a depletion drive.   
• Storage capacity is probably about 3.6 Bcf 
• The field is deep – The first well was over 8,000 ft sub sea. 
• The location is in an environmentally sensitive area and not close to any pipelines. 

 
The size of the field, location, environmental issues and cost make it unacceptable as a 
Storage facility. 
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Sacramento Airport Gas Field 
 
SNGS tasked two  independent consultants to provide their evaluations of the prospect of 
utilizing this field as a gas storage project.  John Matthews, a previous State Supervisor 
of DOGGR, and Robert Mannon, PhD, are both Reservoir Engineers with many years of 
experience in reservoir evaluation.  Their respective evaluations and resumes are 
appended to this report with salient features highlighted for the reader’s quick attention; 
both found the reservoir to be inappropriate for storage.  Mr. Matthews focused on the 
Btu quality of gas in place and Dr. Mannon gave his principle attention to the geologic 
characteristics of the reservoir. 
 
The following is a summary evaluation of the field taking into consideration the issues 
raised by Matthews and Manning. 
 
This Field covers an area of about 11 square miles centered under the Sacramento airport 
(see following figure).  Issues that militate against utilization of this field for gas storage 
include: 
 

• The quality and Btu content of the gas in this field is low, between 600 and 
800 Btu per Mcf.  Without further investigation of the volume of  gas 
remaining, it cannot be determined whether the mixture of remaining gas and 
injected gas would have a sufficient Btu level to be to meet the pipeline 
standards for either PG&E or SMUD after enrichment. 

 
• It is a complex field of “stringers” holding small quantities of gas separated by 

4 faults that are not contiguous in structure.  Thus, utilization of the field 
would involve the development and coordination of up to 5 small gas storage 
reservoirs.  This would require significant capital expense and is a major, and 
perhaps prohibitive, operational problem.   

 
• Separation of the stringers is questionable but must be determined prior to the 

development of the field into a storage project.  This would involve first 
locating and reentering the 16 abandoned wells.  Then, gas would have to be 
injected into wells within a given sector with studies done in the adjacent 
sectors to determine if gas is moving between stringers in one fault block and 
another.  This would require utilization of all 25 wells in the field to 
accomplish this study.  (At least one of these wells is located under the eastern 
runway and several are adjacent to runways [see well location map on next 
page]). 

  
• Each of the 5 fault blocks would require cushion gas to bring them up to and 

maintain them at operational pressure.  It is estimated that this would require 
perhaps 4+ Bcf of gas at a present cost of about $28,000,000.  A minimum 2 
additional Bcf of gas (for a total of 6 Bcf of “pad gas”) is estimated to be 
required to complete the field evaluation of the extent of communication 
between the fault blocks. 
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• This field would likely require the use of 4 of the 5 fault blocks or stringers to 
create 7.5 Bcf of working gas storage capacity. It is also likely that 4 drill sites 
would be required, in that the stringers are scattered over more than 10 square 
miles.  Each would likely require independent water separation facilities.   

 
• In that the field is along and straddles the Sacramento River, and is under  rice 

fields and the Airport, there would be major environmental issues to contend 
with in the location of drill sites and the construction of pipelines to the 
compressor station, probably south of the airport.  It is also likely that there 
would be a problem locating drilling and compression facilities close to active 
airport  runways. 

 
• After the evaluation of the “field”, which is 5 fault blocks or stringers, the 

nine un-abandoned but mostly inactive wells would require abandonment.  
The 16 abandoned wells should be located, re-opened for the field evaluation, 
and then re-abandoned, and monitored.   

 
• Use of the Airport Gas Field  would require 13+ miles of 16” pipeline through 

Yolo County to tie into PG&E and SMUD pipelines, in the Yolo Causeway.   
 
• A preliminary budget has been prepared for this project.  The total cost 

would be approximately $161,000,000., the budget being shown on the next 
page. As indicated in the letter from Wells Fargo Energy Capital, LLC, 
(attached), such a project is not economically viable, i.e., it cannot be 
financed.   

 
 

In summary, the geology of the field and associated reservoir engineering indicates it is 
extremely unlikely that this series of fault blocks could be successfully completed as a 
natural gas storage facility. In addition, the Btu quality of gas remaining in the reservoir 
is too low to mix with stored gas and produce pipeline quality gas that could be removed 
from storage and transported to its place of use.  Given all of the factors, he project is 
economically not feasible. 
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The Airport Field 
Facility 

Four 
Fault 

Blocks
    

     All Numbers 
in $1,000s 

Wells      

Injection/Withdrawal 18 @ $1,000 = $18,000 
             Monitoring wells 4 @ $600 = $2,400 

Water disposal wells 4 @ $600 = $2,400 
     $22,800 

Pipelines      

        Collection Pipelines 6 miles @ $500 = $3,000 
1 Plant/SMUD Interconnect 13 miles @ $1,500 = $19,500 
1 SMUD/PG&E Interconnect     $1,300 

     $23,800 

Compressor Station      

Same as Florin + escalation     $32,000 
       Wellhead Site             $1,300 

     $33,300 

Field Evaluation      

      15 Redrill     $9,000 
      3 P&As     $300 
      Temporary Compressor     $200 
      6 Bcf pad     $42,000 
      Pipeline     $3,000 

     $54,500 
      

Reservoir Engineering     $300 

       Phase I & II     $6,700 
     $7,000 

Leasing of Storage Rights      

      4800 acres x $2,000     $9,600,000 
      

Wetlands Mitigation      
WH 12 acres     
CS 5 acres     
MS 3 acres     

 20 acres @ $500 = $10,000 
      
    TOTAL $161,000 
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Thornton Gas Field 
 
The Thornton Gas Field is located on the Mokulumne River bridging Sacramento and 
San Joaquin Counties.  It is in a large conservation area, much of which is only accessible 
by wooden walkways.  The field is large and produced gas from the 1940s to the 1980s. 
 

• The field has 2 lenses that are in communication.  The tops of these lenses are at 
3300 feet subsurface, and located approximately one mile apart. 

 
• The field produced 54 Bcf of good quality gas.  It would require about 18 Bcf of 

cushion gas to develop the field into a viable storage project.  This would cost 
some over $126,000,000 for cushion gas. 
 

• Some of the good features of the field are that it has a good inverted lens shaped 
structure; it is at a reasonable depth; it appears to be a combination 
water/depletion drive reservoir; and there are no faults in the field. 
 

• The location is such that there are no pipelines that can supply or receive 
significant amounts of gas at this location.   It is also in the Mokulumne Natural 
Reserve, creating considerable risk that construction of the facilities and pipelines 
would be prohibited for environmental reasons.  
 

With an estimated capital cost of $186 million and projected annual gross revenue of less 
than $15 million; this field is not economically viable for development as a gas storage 
project. 
 
 
Florin Gas Field 
 

• 8.2 Bcf of gas was produced in this field.  The reservoir is estimated to have 
originally contained about 13 Bcf in total.  This means that the requisite cushion 
gas for operation is already is in place.  The field is thus of the “right” size for 
storage.  
 

• Production of gas ceased as water produced was being trucked to a disposal site 
and the cost of water separation and trucking was exceeding the value of the gas 
produced.  The gas was being utilized by Proctor & Gamble as they could use 
lower than pipeline standard gas in processing at their plant about a mile north of 
the field. 
 

• The structure of the field is a single lens (inverted saucer) under a thick 
impermeable cap rock (shale), from about 150 to 300 feet thick. 
 

• Pressure is maintained by a strong water drive so that when production was begun 
the pressure was 1518 Psi and when ended 1115 Psi.  The pressure is estimated to 
be 1200 to 1300 Psi at the present time, but may have reverted to its natural 
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pressure.  It would return to its original “natural” pressure under storage 
operations. 
 

• The reservoir depth is reasonable. 
 

• There are no faults in the field to contend with. 
 

• A small amount of enrichment may be required in the first cycle.  This enrichment 
would be accomplished at the compressor station by injecting a small spray of 
propane into the gas to bring it to the correct Btu rating. 
 

• There are no potential environmental impacts that cannot be mitigated to less-
than-significant levels at the field’s location. 
 

• The location of the field is such that the project requires only about a mile of 
pipeline to interconnect into a pipeline that has the capacity to transport gas both 
into and out of the project (the SMUD pipeline). 
 

• Both the well site and the compressor station are located within an enterprise zone 
designated for industrial projects and emphasizing energy efficiency in 
development.  This project meets those goals. 
 

• With an estimated project construction cost of approximately $40 million and 
projected revenues of $15 million, this is an economically feasible project. 
 

The Florin Gas Field has therefore been proposed by SNGS for storage development. 
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