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“The San Andres is the gift that keeps 
on giving.  The formation has produced billions 

of barrels of oil over several decades and it is not 
finished yet.” 

Natalie Brown

High during an economic downturn in the industry. 
 “With a significant drop in commodity prices in late 2014, it 
required conviction and major budget concessions to execute 
this project and continue to move it forward,” said Olson.
 Early on, Apache was limited in the amount of production 
data it could gather to evaluate well performance in Alpine High.  
The discovery area had very little infrastructure, so the company 
had to restrict its flow tests under a temporary flaring allowance.
 “In the classic chicken-and-egg scenario, we needed infra-
structure to keep our wells flowing longer, but we needed to 
know how our wells would perform, so we could design our 
infrastructure efficiently,” said Olson. 
 In addition to the Woodford and Barnett, Apache has also 
demonstrated productivity of the Penn, Wolfcamp and Bone 
Springs formations and confirmed its thermal maturity model 
through the entire sequence.
 Apache continues to conduct geological and stratigraphic 
delineation of all target zones, from Bone Spring through Wood-
ford.  By September, Apache had confirmed 10 separate landing 
zones over 4,000 to 5,000 ft of continuous stacked pay and was 
gearing up for additional well spacing and pattern tests.
 A major challenge to Apache is to conduct timely, extensive 
geographic and stratigraphic delineation of more than 1.5 billion 
acre-feet of prospective formations.  “With 4,000 to 5,000 feet of 
sediment over 500 square miles to evaluate, many answers will just 

  “Apache continues to apply a similar methodical approach to 
testing wellbore orientation, new landing zones, well 
spacing and completion design,” he remarked.
 Apache initiated  exploration and development of Alpine 

have to wait until we can gather enough information,” 
said Olson. 

Proving up Alpine High
 What information will Apache need to justify PUD 
locations?  What will it take to prove up the entire 
play?  From a statistical perspective, Olson referred to 
the SPEE Monograph 3, which provides guidance for a 
probabilistic methodology and the guidelines for nec-
essary sample size to achieve 90-percent confidence 
for a given geologic setting.
 Apache’s P10 to P90 ratio is about 4, which implies 
a minimum sample size of 60, said Olson.  
 “To achieve a statistically mature status, a geologic 
setting should have at least three times the sample 
size,” he said.  “Given the complexity of the Alpine 
High with five recognized geologic settings, five sepa-
rate formations each with multiple landing zones, and 
with fluid composition dependent on depth and ma-
turity, we thought it would be interesting to see how 
many wells would be required to statistically prove up 
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the play.”
 For just the Woodford, Barnett and Penn zones, Olson 
calculated that it would take 2,700 wells to consider the area as 
statistically mature and technically and statistically proved.
 “This assumes that the data supports predictable repeat-
ability over the area,” he said.  “At 200 wells per year, that would 
take 13-½ years to assess the area.”
 Olson also mentioned that in the early stages of statistical 
maturity, PUD locations are generally limited to direct off-
sets to producers.   The U.S. SEC limits PUD locations to those 
planned for development within five years of initial disclosure.  
Assigning two offsets per producer at a drilling pace of 200 
wells per year, Apache would have to cap its proved undrilled 
locations at 1,000 in 2 ½ years.  
 “We can identify more technically proved locations, but are 
still limited to 1,000 PUDs, until we accelerate drilling activity,” 
said Olson.   “This is just ‘fun with numbers,’ but it demonstrates 
just how long it will take to gather enough information in a 
new play to define recovery potential with any amount of 
confidence.”
 Olson showed various well logs, critical play parameters, 
paleontological information, basin geology and trend maps, 
historical drilling locations, initial performance of wells and 
other detailed material.  His presentation is posted at ryder-
scott.com/presentations.

Editor’s Note: Please see “A five-step version of the scientific 
method,” in Reservoir Solutions newsletter, October/December 
2016, Vol. 19, No. 4, Pages 11-12.

 Natalie Brown, reservoir engineering manager at Forge 
Energy LLC, presented the company’s “unconventional thinking” 
in developing the San Andres formation with low-risk, low-cost 
horizontal wells offsetting legacy vertical fields.  The company 
has drilled some of the most productive wells in the formation, 
including the Fisher 9-2H well in Andrews County, TX, that initially 
produced 899 BOPD in 2013. 
 “The San Andres is the gift that keeps on giving,” she said.  
“The formation has produced billions of barrels of oil over several 
decades and it is not finished yet.” 
 In 1929, a major oil find in Andrews County caused a rush, and 
by the 1950s, the oil business peaked with discoveries of more 
than 100 fields.  Drilling and production evolved through downs-
pacing, secondary and tertiary recovery and residual-oil-zone 
pilots.  
 Some 60 years after its heyday, the San Andres has experienced 
redevelopment through horizontal drilling and fracing, led by 
Forge, a privately held independent. The company began its San 
Andres horizontal-drilling campaign in 2012, applying lessons 
learned to advance its technical approach.

Keys to success: Understanding reservoir system and 
completion designs 
 “A single recipe does not fit this play type,” said Brown.  “The 
overall principles that apply to the horizontal San Andres across 
the northern Permian Basin are fundamental philosophies that 
can apply to a multitude of formations across many basins.” 
 The reservoir is characterized as a heterogeneous, low perme-
ability rock with widely pervasive stratigraphic trapping.  Brown 
said that historically, vertical development focused on high-qual-
ity grain stone at the top of structural highs. 
 Often, the economic limits of these fields are reached where 
reservoir quality degrades and porosity becomes more dispersed 
throughout the formation.
 “Vertical wells begin to struggle as it becomes a ‘hit-or-miss’ 
game to find good porosity units,” said Brown.  “Modern tech-
nology with horizontal wells and multistage completions can 
connect these good pockets of porosity and is more effective at 
stimulating the lower quality rock.”
Please see, Understanding the reservoir, page 8 
 

Pump jack at the Fisher 4-4H well.



A Forge 2013 case study indicated that increasing completion 
volumes 50 percent over earlier completions boosted average 
cumulative oil production 83 percent over 700 days of operations 
in Andrews County.

Price history of benchmark oil and gas in U.S. dollars 

Published, monthly-average, cash market prices for WTI crude at Cushing (NYMEX), Brent crude and Henry Hub and AECO gas.
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BOEM bond program to cover OCS P&A costs remains unsettled
 The U.S. offshore industry is waiting for further updates some 
four months after the Bureau of Ocean Energy Management 
(BOEM) indefinitely postponed implementation of a policy to 
increase financial assurance for decommissioning liabilities in 
the Gulf of Mexico. 
 The BOEM program requires lessees in the Outer Continental 
Shelf (OCS) of the gulf to post general lease surety bonds of up 
to $3 million and supplemental bonds for decommissioning 
obligations based on published criteria.  The 2016 notice, NTL 
2016-01, is posted at www.boem.gov/BOEM-NTL-2016-N01/.
  Obligations include costs for retirement of inactive wells, 
plugging and abandonment of wells and dismantling and 
removing platforms, risers and pipelines.
 Oil and gas lobbyists have argued that BOEM’s policy require-
ments proposed in NTL 2016-01 are “… drastic changes to the 
financial assurances and bonding required of offshore oil and 
gas producers.”  
 The bonding program comes at a time during a prolonged 

industry downturn, and when wells 
are increasingly shut in, but not 
decommissioned.
 The BOEM is targeting lessees 
with sole-liability properties.  The 
agency estimates that routine 
decommissioning liabilities in the 
OCS are about $40 billion, and sole 
liability represents the greatest risk 
to the American taxpayer. 
  At the Ryder Scott reserves 
conference in September, Robert P. 
Thibault, counsel at Haynes Boone 
LLP, presented, “An Update on BOEM’s 
Financial Security Requirements for 
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Please see, BOEM bond program, page 12  

 Forge formed a strategy to 
target the mid-points of porosity 
distributions with strong indica-
tions of oil saturation.  She added 
that the D&C design for each 
area had to evolve to account for 
reservoir heterogeneity.  Comple-
tion optimization trials in An-
drews County in 2012 indicated 
the following:

 Forge has found that in any area where vertical wells have 
produced any measurable quantity of oil, the success of 
horizontal development is fairly high.  Vertical production 
indicates moveable hydrocarbons.
 “These wells are fairly shallow with small completions, 
particularly compared to the modern completions we see in shale 
plays,” said Brown.  “The low drilling-and-completion (D&C) cost 
promotes experimentation which can quickly lead to optimized 
results for development.”

 •  Low-porosity, discrete pay lenses deliver strong production.

 •  Shale-style completions are not required.

 •  Visco-elastic surfactant frac fluid returned minimum uplift in  
  performance.

 •  Smaller fracs with hybrid slickwater-cross link fluids yielded  
  higher oil cuts while  keeping costs low.

 •  Large fracs are necessary to contact stratified pay where 
  porosity is less continuous.

 •  Five clusters per stage are effective while reducing cost.

Understanding the reservoir – Cont. from page 7  Brown summarized the findings of Forge in the 
San Andres as follows: 
 •  Reservoir characterization relies on an 
  understanding of depositional environments,   
  heterogeneity and porosity/permeability   
  distributions.  They are critical in identifying   
  target intervals and landing depths.

 •  Lateral landing decisions incorporate log   
  analysis, fracture-geometry modeling and   
  an understanding of local porosity and 
  saturation distributions.

 •  Regional variations require D&C design 
  adjustments.

 •  Any reduction in flowing bottomhole 
  pressure can impact performance significantly.

 “Innovative thinking is no stranger to the oil and 
gas industry.  We’ve achieved so much by pushing 

the envelope decade after decade,” said Brown. “Innovative 
thinking is a founding principle at Forge Energy.”
 Her presentation, with numerous charts and illustrations, is 
at ryderscott.com/presentations.

Robert P. Thibault

P&A and Decommissioning on OCS Leases: The 800 Pound Gorilla 
is Dormant . . . for Now.”
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