
 
 

CLEAN AIR ADVOCATES’ 
EXHIBIT 9 



1 

Don Schreiber 
Gobernador, NM | 505-320-0032 | vivarioarriba@gmail.com | 

SUMMARY 

Provide information to New Mexico Environmental Improvement Board regarding proposed 20.2.50 NMAC 

EXPERIENCE 

December 1998–Current 

Owner, Operator Devil’s Spring Ranch, Gobernador, NM 

— Member Lujan Grisham Energy Transition Team 

— Member EMNRD/NMED Methane Advisory Panel 

— Member State Land Office Oil Advisory Council 

— Board Member Western Leaders Network 

— Witness Subcommittee on Energy and  Mineral Resources, Natural Resources Committee, US 

House of Representatives field hearing on methane waste and pollution 

— Witness EPA DC on methane pollution 

— Declarant federal courts on methane waste and pollution 

* Wyoming v. Department of Interior (D.Wyo.)

*California v. BLM (N.D. Cal.)

*California v. BLM (N.D. Cal.)

*California v. Bernhardt (N.D. Cal.)

*Clean Air Council v. Pruitt (D.C. Cir.)

*California v. Wheeler (D.C. Cir.)

*New York v. Wheeler (D.D.C.)

— Testimony Office of Management and Budget on methane waste and pollution 

— Testimony Royalty Policy Committee, Interior Department on methane waste and pollution 

— Evidence presentations New Mexico Oil Conservation Commission hearings on methane waste 

and pollution 

— Developer Open Space Pilot Project (OSPP) w/Bureau of Land Management, ConocoPhllips 

and Holistic Management International for new drilling land conservation in San Juan Basin 

— Developer Green Completion Initiative w/Burlington and ConocoPhillips OSPP drilling program 

— Interface w/oil producers/contractors/regulators re: impacts of oil and gas drilling and production 

— 122 active gas wells w/i OSPP/ranch and grazing permit 

— Holistic management contract w/BLM for remediation of oil and gas surface damage using 

animal impact 

— Cow/calf, feeder operation using sustainable agriculture practice. 
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February 1976 – December 1998 

Owner, Schreiber Insurance Agency, Inc., Farmington, NM 

— Risk management services for oil and gas geologists, drillers, producers, transport, 

service contractors 

— Claims investigation and adjustment for oil and gas industry San Juan Basin 

— Rig inspection for drilling, completion and workover equipment San Juan Basin 

— Member national faculty for Oil and Gas, Certified Insurance Counselors 

 

 
 

REFERENCES 

https://nmpoliticalreport.com/2018/12/05/lujan-grisham-names-transition-team-for-environment-energy-

and-water-issues-en/  

 

https://www.env.nm.gov/new-mexico-methane-strategy/methane-advisory-panel/  

 

https://www.congress.gov/116/meeting/house/109319/documents/CHRG-116hhrg36076.pdf  

 

https://holisticmanagement.org/images/stories/Services/ospp_brochure_51.pdf  

 

https://www.westernleaders.org/staff-and-board  
 

 

EDUCATION 

1971 

University of New Mexico 

Bachelor of Science 

 
1982 

University of Texas 

Petroleum Production Technology 

Certified 
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STATE OF NEW MEXICO 
ENVIRONMENTAL IMPROVEMENT BOARD 

IN THE MATTER OF PROPOSED NEW REGULATION, 
20.2.50 NMAC – Oil and Gas Sector – Ozone Precursor Pollutants No. EIB 21-27 (R) 

DIRECT TESTIMONY OF DON SCHREIBER 

Q: Please state your name. 

A: Don Schreiber. 

Q: What is your educational background? 

A: I have a Bachelor’s of Science from the University of New Mexico. 

Q: Can you describe your work experience? 

A: For 22 years, from 1976 to 1998, I was the owner of Schreiber Insurance Agency in 

Farmington, New Mexico, where we provided risk management services for the oil and gas 

industry, including oil and gas producers, service contractors, drillers, and geologists. We 

investigated, evaluated, and adjusted claims throughout the San Juan Basin, including inspecting 

rigs for drilling, completion, and workovers, and processing claims arising from accidents 

associated with the drilling and production of natural gas. In the course of my work, I would be 

called to the scene of a rig fire or blowout while it was still in progress. Over my career, I 

witnessed tremendous property damage -- including entire drilling and completion rigs, workover 

rigs, and associated equipment burned to the ground – and, worse, terrible injuries and even 

death to field workers.  

Q: Do you have any certificates or educational experience related to the oil and gas 

industry? 

A:  Yes, in an effort to improve safety in drilling and production operations, I attended the 

University of Texas Permian Basin in Odessa, Texas and received an Elementary Drilling 
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Certificate that included instruction in well completions.  

Q: Were you involved in any industry associations? 

A: I was a member of the national faculty for Certified Insurance Counselors teaching oil 

and gas risk management. Certified Insurance Counselors is a national program that certifies 

insurance agents and brokers based on their expertise and commitment to the industry. At the 

time, it was the largest insurance education organization in the U.S., serving 65,000 agents. 

Q: What activities have you been engaged in since 1998? 

A: I retired from my insurance business that year and, since then, my wife and I have 

owned and operated Devil’s Spring Ranch, a 3000+ acre ranch in Gobernador, New Mexico, an 

old ranching community in northwest Rio Arriba County. Our objective was to create a scalable 

model for sustainable agriculture using non-traditional ranching methods. We wanted to help 

address decades’ long degradation from overgrazing and surface impacts from oil and gas 

drilling and production, and find a path to re-establish the once vibrant economy of the area that 

was based on agriculture. Today we lease our deeded land and federal grazing allotment for 

cattle operations when range conditions permit. 

Q: Is Clean Air Advocates’1 Exhibit 9 an accurate copy of your resume? 

A: Yes. 

Q: Mr. Schreiber, are there oil and gas wells in and around your ranch? 

A: Yes, currently there are about 122 gas wells on or around our ranch, including 33 wells 

within one mile of our home.  

                                                 
1 Conservation Voters New Mexico, Diné C.A.R.E., Earthworks, Natural Resources Defense 
Council, San Juan Citizens Alliance, Sierra Club, 350 New Mexico, and 350 Santa Fe. 
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Q: After you purchased the ranch, what did you begin to learn about the oil and gas 

operations there? 

A: In the early 2000’s, drilling pressures in the area were on the increase. ConocoPhillips 

Petroleum Co. (“ConocoPhillips”) leased the subsurface rights to our land, and wanted to drill 44 

new wells on and around our ranch. We were concerned about impacts to our land and health, 

including emissions from well completions, surface disturbances, and spills.  

Well completions and recompletions were a particular concern. Well completions – 

which is the process of taking a drilled well to a producing one – were still being done in 

essentially the same as they had been for over 50 years in the San Juan Basin. This process 

includes casing the hole, cementing the well, and perforating the casing and cement so the gas 

enters the well bore. Before production, flowback gases, water, and debris are pushed to the 

surface. Solid wastes are discharged into an earthen pit and gases are vented or burned via a line 

from the wellhead called a blewie line. Clean Air Advocates’ Exhibit 11 is a picture of a blewie 

line in operation in 1958 in the San Juan Basin. Clean Air Advocates’ Exhibit 12 has pictures of 

blewie line completions near our ranch around 2005 or 2006. 

Q: What impacts did you see from well completions on and around your land? 

A: The environmental impacts of blewie line completions were obvious to us -- given all the 

audio, visual and olfactory evidence before us -- as we lived and worked around our ranch. These 

impacts came into especially sharp focus when one time as the flared gasses cooled, black 

“snowflakes” were created and drifted onto our home from a blewie line completion about 1 1/4 

mile northeast of our ranch.  

Q: What actions did you take? 

CAA Ex. 10
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A: Moving away from blewie line technology and avoiding the harmful and toxic waste 

from completions became a priority as we began discussing the 44 well drilling program with 

ConocoPhillips, in 2008. Our concerns led us to the discovery that “reduced emissions 

completions” or “RECs” or “green completions” could help prevent the harmful emissions we 

worried about and were already being done in the San Juan Basin.  

Q: What are reduced emissions completions? 

A: According to the U.S. Environmental Protection Agency (“EPA”), reduced emissions 

completions “is a term used to describe an alternate practice that captures gas produced during 

well completions and well workovers following hydraulic fracturing.” See Lessons Learned from 

Natural Gas STAR Partners: Reduced Emissions Completions for Hydraulically Fractured 

Natural Gas Wells, EPA (2011) [Clean Air Advocates’ Ex. 13]. Reduced emissions completions 

means capturing emissions during completion or recompletion or combusting emissions instead 

of venting. These emissions include volatile organic compounds, including methane, and toxic 

air pollutants such as benzene. 

Q: How did you learn about reduced emissions completions? 

A: Actually, personnel from an oil and gas company, Devon Energy Corporation (“Devon”), 

introduced me to reduced emission completion equipment at their Navajo Dam yard, which is 

about 30 miles from our ranch. Devon had REC equipment onsite that was owned by Williams 

Companies, a pipeline service company. The Williams REC equipment at Devon was brought to 

our ranch, as was other REC equipment by ConocoPhillips, and used in the completion of wells 

in and around our ranch, beginning in 2008 and continuing until 2012. Before that, we didn’t 

know about REC technology, but came to learn it was widely used in the industry.  

As a matter of fact, the New Mexico Oil and Gas Association (“NMOGA”) and EPA had 

CAA Ex. 10
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put on a workshop for producers in Farmington in early 2006 on reduced emissions completions. 

During that workshop, presenters explained that REC equipment could process gas for sale and 

reduce venting and flaring, and that hundreds of millions of dollars could be recovered every 

year from the billions of cubic feet of gas that would otherwise be lost to the atmosphere. See 

Reduced Emissions Completions and Smart Automation, Producers and Processors Technology 

Workshop, NMOGA and EPA Natural Gas STAR Program (Feb. 21, 2006) [Clean Air 

Advocates’ Ex. 14]. Similarly, the New Mexico Environment Department (“NMED”) partnered 

with EPA, NMOGA, and ConocoPhillips in a 2010 workshop in Farmington promoting reduced 

emissions completions. Reducing Methane Emissions from Production Wells: Reduced 

Emissions Completions, Producers Technology Transfer Workshop, ConocoPhillips, NMED, 

and NMOGA (May 11, 2020) [Clean Air Advocates’ Ex. 15]. 

An example from that workshop is instructive. Weatherford International successfully 

completed three wells in the Fruitland coal formation in the San Juan Basin in Durango, 

Colorado, not far from our ranch. In just those three wells, Weatherford captured and sold two 

million cubic feet of gas. See id. The Williams Companies identify average household use of 

natural gas at 196 cubic feet per day. Williams Northeast Supply Enhancement, Natural Gas: The 

Facts [Clean Air Advocates’ Ex. 16. Therefore, those three REC well completions alone would 

provide year-round gas for 27.9, almost 28, households.2  

Q: You said you learned of RECs from Devon. Were RECs a common practice of 

Devon’s?  

Yes. Devon was using REC equipment, as were many others including ExxonMobil, 

ConocoPhillips, and British Petroleum, to name a few. In fact, Devon described its use of RECs 

                                                 
2 2,000,000 cu ft ÷ (196 cu ft x 356 days / yr) = 27.9 households / yr. 
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as “standard practice.” 

Green completions have been Devon’s standard practice in the Barnett Shale 
since 2004. The company uses the same process to complete wells in New 
Mexico, Wyoming, Oklahoma and south Texas. Using this process, Devon has 
reduced methane emissions by more than 15 billion cubic feet in the Barnett Shale 
area of north Texas. Not long ago, green completions were so uncommon that 
Devon had to look as far as Wyoming to rent the necessary filtering equipment. 
Now, more than 2,000 green completions later, that rental equipment is available 
readily and locally. 

 
“Natural Gas and Green Completions in a Nutshell,” Energy in Depth (Nov. 26, 2012) (emphasis 

added) [Clean Air Advocates Ex. 17].  

Q: You stated that REC equipment was used at your ranch between 2008 and 2012. 

How did that come about? 

A: We worked with ConocoPhillips and the U.S. Bureau of Land Management (“BLM”) to 

develop a program for drilling the 44 wells that would reduce impacts to the land, water, and air. 

In September 2008, we reached agreement with ConocoPhillips and BLM on the use of REC 

equipment, closed loop systems, well spacing, road construction, reclamation of surface damage, 

and other considerations that allowed the 44 well drilling program to begin in late 2008.  

Between 2008 and 2012, 22 of the 44 wells in the program were completed or 

recompleted. We visited each of the 22 drilling sites multiple times to make sure the agreement 

was being followed, which it was, and we observed REC equipment in use. There were no 

reported accidents or incidents from blowouts or uncontrolled methane emissions on any of the 

wells completed or recompleted during the entire period of the agreed drilling and 

completion/recompletion program. In 2012, natural gas prices declined and the drilling program 

stopped.  

Q: What happened after ConocoPhillips suspended the drilling program in 2012? 

A: In August of 2017, Hilcorp Energy Company (“Hilcorp”) acquired the assets of 

CAA Ex. 10
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ConocoPhillips in the San Juan Basin, including all of the wells on and around our ranch. 

Hilcorp first contacted us about new drilling through a notice we received on February 7, 2018 to 

recomplete a well -- San Juan 28-6 Unit 127 (“Unit 127”) – on our federal grazing permit land. 

Hilcorp set the onsite meeting for February 20. Onsite meetings were routine for my wife and 

me, having attended over 100 since coming to the ranch. However, we were shocked when the 

Hilcorp representative stated that he wasn’t sure that Hilcorp would use reduced emissions 

completion equipment for the well, telling us that Hilcorp didn’t have REC equipment, that it 

had no trained crews, and that formation pressures might be too low.  

 However, my wife and I knew that REC equipment was available and that highly skilled 

oil field labor was readily available. Also, we had evidence that formation pressures in the area 

were sufficient or, if not, gas pressure could be boosted.    

Q: What was your reaction to this news? 

A: We believed that Hilcorp should honor the agreement we had with ConocoPhillips to 

conduct RECs. And, since 2012, emissions from hydraulically fractured natural gas wells during 

completion/recompletion had been regulated by EPA under its OOOO rule, which was later 

expanded with EPA’s OOOOa rule.  

Q: What happened then? 

A: Hilcorp removed Unit 127 from the recompletion schedule, but proceeded with 

recompletion of another wellsite, San Juan 28-6 Unit 143 (“Unit 143”), approximately 1.4 miles 

from our home without even giving us the benefit of an onsite meeting. We learned that the well 

was to be fracked on March 7, 2018. We arrived that day, only to find out that the fracking operation 

was concluding and preparations for recompletion were in place -- with flowback gasses to be 

vented directly to the atmosphere, into the space where we lived and worked. Clean Air 

CAA Ex. 10
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Advocates’ Exhibit 18 has photographs of the Hilcorp Unit143 set up for flowback with no REC 

equipment in place, and the gases to be vented to the atmosphere. Hilcorp has continued to 

complete and recomplete wells without using REC equipment since that time. 

Q: What happened next? 

A: It was clear that Hilcorp was not going to comply with the intent of the 2012 EPA REC 

regulations or honor the agreement we had with ConocoPhillips. We looked more closely into 

EPA green completion language in its 2012 regulations. EPA’s reduced emissions completions 

rules were intended to stop venting and limit flaring during completion/recompletion operations. 

However, industry had exploited the regulatory language giving an out to industry if capture was 

“technically infeasible” to evade the requirements. In 2020, EPA amended its regulations, but the 

“technically infeasible” language remains.   

Q: What’s happened more recently? 

A: Hilcorp divides the San Juan Basin into five operating areas. In February 2020, we were 

notified that Hilcorp intended to recomplete 22 wells in our area alone. Applying the 

Weatherford gas capture ratio, using REC equipment for those recompletions would translate to 

the same amount of gas used in over 200 households for an entire year.3  

Q: Mr. Schreiber, you were appointed to Governor Michelle Lujan Grisham’s Energy 

Transition Team in 2018, correct? 

A: Yes, I was. I also served on the Methane Advisory Panel sponsored by NMED and the 

Energy, Minerals and Natural Resources Department. And I was proud to be present in January 

2019 when the one of the Governor’s first executive orders, Executive Order 2019-003, targeted 

climate change. That order acknowledged both the potency of methane as a greenhouse gas and 

                                                 
3 (22 wells ÷ 3 wells) x 27.9 households / yr = 204.6 households / yr. 
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that the oil and gas industry is the largest industrial source of methane emissions.  

The Governor has committed to passing the strongest methane rules in the nation. To 

keep that commitment, the Environmental Improvement Board (“EIB”) rules must require 

control of emissions during completions and recompletions. New Mexico’s rules should be at 

least as strong as Colorado’s. 

Q: What do you mean by that?  

A: Last fall, the Colorado Air Quality Control Commission – Colorado’s analog to the EIB -

- passed regulations on completions and recompletions that closed the loopholes in EPA’s 

regulations on reduced emissions completions, and generally require emissions during 

completions and recompletions to be captured, with some exceptions. See 5 CCR § 1001-

9:D.VI.D and Statement of Basis [Clean Air Advocates’ Ex. 19]. The Colorado Oil and Gas 

Conservation Commission – Colorado’s equivalent to New Mexico’s Oil Conservation 

Commission -- adopted those same requirements this year, incorporating the air quality control 

regulation by reference. See 2 CCR § 404-1:903.c and Statement of Basis for 2 CCR § 404-

1:903.c [Clean Advocates’ Exhibits 20 and 21, respectively].  

I strongly support New Mexico adopting Colorado’s approach, which would close the 

loopholes in EPA’s regulations and place New Mexico at the forefront of emissions control 

during completions and recompletions. This proposal to reduce emissions during completions 

and recompletions is set forth in the Joint Proposed Amendments from Clean Air Advocates, the 

Environmental Defense Fund (“EDF”), and the Center for Civic Policy and NAVA Education 

Fund, and is Clean Air Advocates’ Exhibit 1. This proposal will be supported with technical 

testimony by EDF expert Tom Alexander.   

There is now a gaping hole in New Mexico regulations that creates a serious issue that 

CAA Ex. 10
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has plagued my family and other families who live, work, and go to school close to where oil and 

gas wells exist or may be drilled in the future. 

 Standing on my ranch, I can see Colorado, less than 25 miles away. To know that the same 

operators that are allowed to vent ozone precursors, methane, and toxic pollutants from completions and 

recompletions in New Mexico are prohibited from doing so in Colorado is deeply troubling. These 

operators drill into the same formation. They vent pollutants into the same air shed. And they threaten 

communities in the same region of the country.  

If, unlike Colorado, New Mexico fails to adopt reduced emissions completion/recompletion 

requirements – requirements that are technically feasible, reduce waste, and protect our public health and 

environment – our state will have ignored, denied and discounted years of successful capture of 

emissions, verified by industry and its experts. We will failed to prevent the unnecessary waste 

of our natural resource and to maximize royalty and tax revenues to the State. Most importantly, 

the State will have missed an opportunity to reduce emission of ozone precursors – the primary 

purpose of this hearing; failed to prevent the unnecessary emission of harmful air pollutants that 

threaten public health; and failed to do all it can to take on the existential threat of our time -- 

climate change. And rural New Mexico families like mine will continue to suffer the harmful 

effects of unnecessary venting and flaring of toxic pollutants where we live and work and where our 

children and grandchildren play. I urge the EIB to close the loophole for completions and 

recompletions, and to require oil and gas producers to prevent unnecessary and harmful 

emissions during completions and recompletions.  

This ends my testimony, which is accurate to the best of my knowledge. 

 
/s/ Don Schreiber      July 26, 2021 
____________________________   _________________ 
Don Schreiber      Date 
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Lessons Learned 
from Natural Gas STAR Partners 

Reduced Emissions Completions for 
Hydraulically Fractured Natural Gas Wells 

Executive Summary 

In recent years, the natural gas industry has developed 
more technologically challenging unconventional gas
reserves such as tight sands, shale and coalbed methane. 
Completion of new wells and re-working (workover) of 
existing wells in these tight formations typically involve 
hydraulic fracturing of the reservoir to increase well 
productivity. Industry reports that hydraulic fracturing is 
beginning to be performed in some conventional gas
reservoirs as well. Removing the water and excess 
proppant (generally sand) during completion and well 
clean-up may result in significant releases of natural gas 
and therefore methane emissions to the atmosphere. The 
U.S. Inventory of Greenhouse Gas Emissions and Sinks 
1990 - 2009 estimates that 68 billion cubic feet (Bcf) of 
methane are vented or flared annually from 
unconventional completions and workovers. 

Reduced emissions completions (RECs) – also known as
reduced flaring completions or green completions – is a 
term used to describe an alternate practice that captures 
gas produced during well completions and well workovers
following hydraulic fracturing.  Portable equipment is
brought on site to separate the gas from the solids and 

liquids produced during the high-rate flowback, and 
produce gas that can be delivered into the sales pipeline.
RECs help to reduce methane, VOC, and HAP emissions
during well cleanup and can eliminate or significantly
reduce the need for flaring. 

RECs have become a popular practice among Natural Gas
STAR production partners. A total of thirteen different 
partners have reported performing reduced emissions 
completions in their operations. RECs have become a 
major source of methane emission reductions since 2000.
Between 2000 and 2009 emissions reductions from RECs 
(as reported to Natural Gas STAR) have increased from
200 MMcf (million cubic feet) to over 218,000 MMcf. 
Capturing an additional 218,000 MMcf represents 
additional revenue from natural gas sales of over $1.5
billion from 2000 to 2009 (assuming $7/Mcf gas prices). 

Technology Background 

High demand and higher prices for natural gas in the U.S.
have resulted in increased drilling of new wells in more
expensive and more technologically challenging
unconventional gas reservoirs, including those in low 
porosity (tight) formations. These same high demands and 

Method for 
Reducing 

Natural Gas 
Losses 

Volume of 
Natural Gas 

Savings 
(Mcf) 

Value of Natural Gas Savings ($) Additional 
Savings 

($) 

Implemen-
tation Cost 

($) 

Other 
Costs ($) 

Payback (Months) 

$3 per Mcf $5 per Mcf $7 per Mcf $3 per 
Mcf 

$5 per 
Mcf 

$7 per 
Mcf 

Purchased 
REC 
Equipment 
Annual 
Program  

270,000 per 
year 

$175,000 
per year $500,000 $121,250 

per year 
$810,000 
per year 

$1,350,000 
per year 

$1,890,000 
per year 6 4 3 

Incremental 
REC 
Contracted 
Service 

10,800 per 
completion 

$32,400 per 
completion 

$54,000 per 
completion 

$75,600 per 
completion 

$6,930 per 
completion $32,400 $600 per 

completion 
Imme-
diate 

Imme-
diate

 Imme-
diate 

General Assumptions: 
a Assuming 9 days per completion, 1,200 Mcf gas savings per day per well, 11 barrels of condensate recovered per day per well, and cost of $3,600 per well per day for contracted services. 
b Assuming $70 per barrel of condensate. 
c Based on an annual REC program of 25 completions per year. 

Economic and Environmental Benefits 
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Reduced Emissions Completions
(Cont’d) 

prices also justify extra efforts to stimulate production 
from existing wells in tight reservoirs where the down-hole 
pressure and gas production rates have declined, a process 
known as well workovers or well-reworking. In both cases,
completions of new wells in tight formations and 
workovers of existing wells, one technique for improving 
gas production is to fracture the reservoir rock with very 
high pressure water containing a proppant (generally 
sand) that keeps the fractures “propped open” after water
pressure is reduced. Depending on the depth of the well,
this process is carried out in several stages, usually
completing one 200- to 250-foot zone per stage.  

These new and “workover” wells are completed by
producing the fluids at a high rate to lift the excess sand to 
the surface and clear the well bore and formation to 
increase gas flow.  Typically, the gas/liquid separator
installed for normal well flow is not designed for these 
high liquid flow rates and three-phase (gas, liquid and 
sand) flow. Therefore, a common practice for this initial 
well completion step has been to produce the well to a pit
or tanks where water, hydrocarbon liquids and sand are 
captured and slugs of gas vented to the atmosphere or 
flared. Completions can take anywhere from one day to 
several weeks during which time a substantial amount of 
gas may be released to the atmosphere or flared. Testing of 
production levels occurs during the well completion 
process, and it may be necessary to repeat the fracture 
process to achieve desired production levels from a 
particular well.  

Natural gas lost during well completion and testing can be
as much as 25 million cubic feet (MMcf) per well depending 
on well production rates, the number of zones completed,
and the amount of time it takes to complete each zone. 
This gas is generally unprocessed and may contain volatile
organic compounds (VOCs) and hazardous air pollutants 
(HAPs) along with methane. Flaring gas may eliminate 
most methane, VOC and HAP emissions, but open flaring 
is not always a preferred option when the well is located 
near residential areas or where there is a high risk of 
grass or forest fires.  Moreover, flaring may release
additional carbon dioxide and other criteria pollutants 
(SOx, NOx, PM and CO) to the atmosphere. 

Natural Gas STAR partners have reported performing
RECs that recover much of the gas that is normally vented
or flared during the completion process. This involves 
installing portable equipment that is specially designed 
and sized for the initial high rate of water, sand, and gas 
flowback during well completion. The objective is to 
capture and deliver gas to the sales line rather than
venting or flaring this gas. 

Sand traps are used to remove the finer solids present in
the production stream.  Plug catchers are used to remove
any large solids such as drill cuttings that could damage
the other separation equipment. The piping configuration 
to the sand traps is critical as the abrasion from high
velocity water and sand can erode a hole in steel pipe
elbows, creating a “washout” with water, sand, 

Exhibit 1: Reduced Emissions Completion Equipment Layout 

Adapted from BP. 
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Reduced Emissions Completions
(Cont’d) 

hydrocarbon liquids and gas in an uncontrolled flow to the 
pad. Depending on the gas gathering system, it may be
necessary to dehydrate (remove water from) the produced
gas before it enters the sales pipeline. The gas may be 
routed to the permanent glycol unit for dehydration or a
portable desiccant/glycol dehydrator used for dehydration
during the completion process. 

Free water and condensate are removed from the gas in a 
three phase separator. Condensate (liquid hydrocarbons)
collected during the completion process may be sold for
additional revenue. Temporary piping may be used to 
connect the well to the REC skid and gathering system if
the permanent piping is not yet in place. Exhibit 1 shows a
typical layout of temporary REC portable equipment, and 

Energized Fracturing
Based on Natural Gas STAR partner experiences, RECs
can also be performed in combination with energized
fracturing, wherein inert gas such as CO2 or nitrogen is
mixed with the frac water under high pressure to aid in
the process of fracturing the formation. The process is
generally the same with the additional consideration of
the composition of the flowback gas. The percent of inert
gases in the flowback gas is, at first, unsuitable for
delivery into the sales line. As the fraction of inerts
decreases, the gas can be recovered economically. A
portable membrane acid gas separation unit can further 
increase the amount of methane recovered for sales after a 
CO2 energized fracture. 

Compression 
Two compressor applications during an REC have been
identified or explored by Natural Gas STAR partners. 

1) Gas Lift.  In low pressure (i.e. low energy) reservoirs
RECs are often carried out with the aid of compressors for 
gas lift. Gas lift is accomplished by withdrawing gas from
the sales line, boosting its pressure, and routing it down
the well casing to push the frac fluids up the tubing. The 
increased pressure facilitates flow into the separator and
then the sales line where the lift gas becomes part of the 
normal flowback that can be recovered during an REC. 

2) Boost to Sales Line. When the gas recovered in the 
REC separator is lower pressure than the sales line, some
companies are experimenting with a compressor to boost
flowback gas into the sales line. This technique is
experimental because of the difficulty operating a
compressor on widely fluctuating flowback rate. Coal bed
methane well completion is an example where additional
compression might be required. 

Exhibit 2: Alternate Completion Procedures 

Exhibit 2 explains some alternate, emerging, and/or 
experimental procedures for a well completion and REC. 

The equipment used during RECs is only necessary for the 
time it takes to complete the well; therefore, it is essential
that all the equipment can be readily transported from site 
to site to be used in a number of well completions. A truck
mounted skid, as shown in Exhibit 3, is ideal for 
transporting the equipment between sites. In a large basin
that has a high level of drilling activity it may be economic
for a gas producer to build its own REC skid. Most 
producers may prefer contracting a third party service to
perform completions. 

When using a third party to perform RECs, it is most cost 
effective to integrate the scheduling of completions with 
the annual drilling program. Well completion time is 
another factor to consider for scheduling a contractor for
RECs. Some well completions, such as coal bed methane, 
may take less than a day. On the other hand, completing
wells which fracture various zones, such as shale gas
wells, may take several weeks to complete.  For most wells, 
it takes about 3 to 10 days to perform a well completion
following a hydraulic fracture, based on partner 
experiences. 

Exhibit 3: Truck Mounted Reduced Emissions 
Completion Equipment 

Source: Weatherford 

Economic and Environmental Benefits 

Gas recovered for sales 

Condensate recovered for sales 

Reduced methane emissions 
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Reduced Emissions Completions
(Cont’d) 

Reduced loss of a valuable hydrocarbon resource 

Reduced emissions of criteria and hazardous air 
pollutants 

Emissions from well completions can contribute to a 
number of environmental problems. Direct venting of
VOCs can contribute to local air pollution, HAPs are
deemed harmful to human health, and methane is a 
powerful greenhouse gas that contributes to climate 
change. Where it is safe, flaring is preferred to direct 
venting because methane, VOCs, and HAPs are 
combusted, lowering pollution levels and reducing global 
warming potential (GWP) of the emissions as CO2 from 
combustion has a lower GWP than methane. RECs allow 
for recovery of gas rather than venting or flaring and
therefore reduce the environmental impact of well 
completion and workover activities. 

RECs bring economic benefits as well as environmental
benefits. The incremental costs associated with the rental 
of third party equipment for performing RECs can be offset 
by the additional revenue from the sale of gas and 
condensate. As this technology is being perfected and
equipment becomes commonplace, the revenues in gas and 
condensate sales often exceed the incremental costs. 

Decision Process 

Step 1: Evaluate candidate wells for Reduced 
Emissions Completions.  

When setting up an annual RECs program it is important 
to examine the characteristics of the wells that are going to
be brought online in the coming year. Wells in 
conventional reservoirs that do not require a reservoir 
fracture (frac job) and will produce readily without 
stimulation can be cleared of drilling fluids and connected 
to a production line in a relatively short period of time
with minimal gas venting or 
flaring, and therefore usually 
do not economically justify Decision Process 

Step 1: Evaluate candidate wells REC equipment. Wells that 
Step 2: Determine costs 

undergo energized fracture Step 3: Estimate savings 
using inert gases require Step 4: Evaluate economics 
special considerations because 
the initial produced gas
captured by the REC equipment would not meet pipeline 
specifications due to the inert gas content.  However, as 
the amount of inerts decreases, the quality of the gas will
likely meet pipeline specifications. In the case of CO2 

energized fracks, the use of portable acid gas removal 

membrane separators will improve gas quality and make it
possible to direct gas to the pipeline (see Partner 
Experiences section for more information). 

State and Local Regulations 
The States of Wyoming and Colorado have regulations requiring the 
implementation of “flareless completions”.  Operators of new wells in this 
region are required to complete wells without flaring or venting.  These 
completions have reduced flaring by 70 to 90 percent. 

For more information, visit: 
http://deq.state.wy.us 
http://www.cdphe.state.co.us 

Exploratory and delineation wells in areas that do not yet
have sales pipelines in close proximity to the wells are not 
candidates for RECs as the infrastructure is not in place to 
receive the recovered gas. In depleted or low pressure
fields with low energy reservoirs, implementing a RECs 
program would most likely require the addition of 
compression to overcome the sales line pressures–an 
approach that is still under development and may add
significant cost to implementation. 

Wells that require hydraulic fracturing to stimulate or 
enhance gas production may need a lengthy completion,
and therefore are good candidates for RECs. Lengthy
completions mean that a significant amount of gas may be
vented or flared that 
could potentially be 

Selecting a Basis for Costs and recovered and sold for 
Savings additional revenue to 
Estimate the number ofjustify the additional cost 

producing gas wells that will of a REC. If newly drilled be drilled in the next year 
wells are in close 
proximity, they could Evaluate well depth and 

reservoir characteristics share the REC equipment
to minimize transport, set Determine whether 

-up, and equipment additional equipment is 
necessary to bring recovered rental costs. 
gas up to pipeline
specifications 

Estimate time needed for 
each completion

Step 2: Determine the 
costs of a REC program.  

Most Natural Gas STAR partners report using third party 
contractors to perform RECs on wells within their 
producing fields. It should be noted that third party 
contractors are also often used to perform traditional well
completions.  Therefore, the economics presented deal with 
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Reduced Emissions Completions
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incremental costs to carry out RECs versus traditional
completions. 

Generally, the third party contractor will charge a
commissioning fee for transporting and setting up the 
equipment for each well completion within the operator’s 
producing field. Some RECs vendors have their equipment 
mounted on a single trailer while others lay down
individual skids that must be connected with temporary 
piping at each site. The incremental cost associated with
transportation between well sites in the operator’s field 
and connection of the REC equipment within the normal
flowback piping from the wellhead to an impoundment or 
tank is generally around $600/completion. 

In addition to the commissioning fee, there is a daily cost
for equipment rental and labor to perform each REC. As
mentioned above, when evaluating the costs of well 
completions, it is important to consider the incremental
cost of a REC over a traditional completion rather than
focusing on the total cost. REC vendors and Natural Gas
STAR partners have reported the incremental cost of 
equipment rental and labor to recover natural gas during 
completion ranging from $700 to $6,500/day over a
traditional completion. Equipment costs associated with 
RECs will vary from well to well. High production rates 
may require larger equipment to perform the REC and will
increase costs. If permanent equipment such as a glycol 
dehydrator is already installed at the well site, REC costs 
may be reduced as this equipment can be used rather than
bringing a portable dehydrator on-site, assuming the flow-
back rate does not exceed the capacity of the equipment.
Some operators report installing permanent equipment
that can be used in the RECs  as part of normal well  
completion operations, such as oversized three-phase 

separators, further reducing incremental REC costs. Well
completions usually take between 1 to 30 days to clean out
the well bore, complete well testing, and tie into the 
permanent sales line. Wells requiring multiple fractures of
a tight formation to stimulate gas flow may require 
additional completion time. Exhibit 4 shows the typical
costs associated with undertaking a REC at a single well. 

Exhibit 4: Typical Costs for RECs 

One-time 
Transportation and 
Incremental Set-up 

Costs 

Incremental REC 
Equipment Rental and 

Labor Costs 

Well Clean-up 
Time 

$600 per well $700 to $6,500 per day 3 to 10 days 

For low energy reservoirs, gas from the sales line may be 
routed down the well casing to create artificial gas lift, as
mentioned in Exhibit 2. Depending on the depth of the 
well, a different quantity of gas will be required to lift the
fluids and clean out the well. Using average reservoir
depths for major U.S. basins and engineering calculations, 
Exhibit 5 shows various estimates of the volume of gas 
required to lift fluids for different well depths.   

A REC annual program may consist of completing 25
wells/year within a producer’s operating region. Exhibit 6 
shows a hypothetical example of REC program costs based 
on information provided by partner companies. 

Exhibit 5: Sizing and Fuel Consumption for Booster Compressor 

Well Depth (ft) Pressure Required to Lift Fluids 
(psig) 

Gas Required to 
Lift Fluids (Mcf)a 

Compressor Size 
(horsepower)a 

3,000 1,319 + Sales line pressure 195 to 310 195 to 780 

5,000 2,323 + Sales line pressure 315 to 430 400 to 1,500 

8,000 3,716 + Sales line pressure 495 to 610 765 to 2,800 

10,000 4,645 + Sales line pressure 615 to 730 1,040 to 3,900 

a Based on sales line pressures between 100 to 1,000 psig. 

Compressor Fuel 
Consumption  

(Mcf/hr)a 

2 to 7 

3 to 13 

7 to 24 

9 to 33 
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Reduced Emissions Completions
(Cont’d) 

Exhibit 6: Hypothetical Example Cost Calculation of a 25 Well Annual REC Program 

Given 
W = Number of completions per year 
D = Well depth in feet (ft) 
Ps = Sales line pressure in pounds per square inch gauge (psig) 
Ts = Time required for transportation and set-up (days/well) 
Tc = Time required for well clean-up (days/well) 
O = Operating time for compressor to lift fluids (hr/well) 
F = Compressor fuel consumption rate (Mcf/hr) 
G = Gas from pipeline routed to casing to lift fluids (Mcf/well), typically used on low energy reservoirs 
Cs = Transportation and set-up cost ($/well) 
Ce = Equipment and labor cost ($/day) 
Pg = Sales line gas price ($/Mcf) 

W = 25 wells/yr 
D = 8000 ft 
Ps = 100 psig 
Ts = 1 day/well 
Tc = 9 days/well 
O = 24 hr/well 
F = 10 Mcf/hr 
G = 500 Mcf/well (See Exhibit 5) 
Cs = $600/well 
Ce = $2,000/day 
Pg = $7/Mcf 

Calculate Total Transportation and Set-up Cost, CTS 

CTS = W * Cs 

CTS = 25 wells/yr * $600/well 
CTS = $15,000/yr 

Calculate Total Equipment Rental and Labor Cost, CEL 

CEL = W * (Ts + Tc) * Ce 

CEL = 25 wells/yr * (1 day/well + 9 days/well) * $2,000/day 
CEL = $500,000/yr 

Calculate Other Costs, CO 

CO = W * [(O * F) + G] * Pg 

CO = 25 wells/yr * [( 24 hr/well * 10 Mcf/hr) + 500 Mcf/well] * $7/Mcf 
CO = $129,500/yr 

Total Annual REC Program Cost, CT 

CT = CTS + CEL + CO 
CT = $15,000/yr + $500,000/yr + $129,500/yr 
CT = $644,500/yr 

6 CAA Ex. 13



 

 

 

 
 
 

 

  
 

 
 
 
 

 
 

 
 

 

 

  

 

 

   

 
 
 
 

 
 

 
 

 
 

 

 

 

 
 

 
 

   

  

 

 

 

 

Reduced Emissions Completions
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Step 3: Estimate Savings from RECs.   

Gas recovered from RECs can vary widely because the
amount of gas recovered depends on a number of variables
such as reservoir pressure, production rate, amount of
fluids lifted, and total completion time. Exhibit 7 shows 
the range of recovered gas and condensate reported by
Natural Gas STAR partners. Partners also have reported 
that not all the gas that is produced during well 
completions may be captured for sales. Fluids from high 
pressure wells are often routed directly to the frac tank in 
the initial stages of completion as the fluids are often being
produced at a rate that is too high for the REC equipment. 
Where inert gas is used to energize the frac, the initial gas
production may have to be flared until the gas meets
pipeline specifications. Alternatively, a portable acid gas
membrane separator may be used to recover methane rich
gas from CO2. As the flow rate of fluids drops and gas is 
encountered, backflow is then switched over to the REC 
equipment so that the gas may be captured. Gas 
compressed from the sales line to lift fluids (by artificial 
gas lift) will also be recovered in addition to the gas 
produced from the reservoir. The volume of gas needed to
lift fluids can be estimated based on the well depth and
sales line pressure. Gas saved during RECs can be 
translated directly into methane emissions reductions 
based on the methane content of the produced gas. 

In addition to gas savings, valuable condensate may also
be recovered from the REC three-phase separator. The 
amount of condensate that can be recovered during a REC
is dependent on the reservoir conditions and fluid 

Nelson Price Indexes 
In order to account for inflation in equipment and 
operating & maintenance costs, Nelson-Farrar 
Quarterly Cost Indexes (available in the first issue of 
each quarter in the Oil and Gas Journal) are used to 
update costs in the Lessons Learned documents. 

The “Refinery Operation Index” is used to revise
operating costs while the “Machinery: Oilfield Itemized 
Refining Cost Index” is used to update equipment 
costs. 

To use these indexes in the future, simply look up the 
most current Nelson-Farrar index number, divide by 
the February 2006 Nelson-Farrar index number, and, 
finally multiply by the appropriate costs in the Lessons 
Learned. 

Exhibit 7: Ranges of Gas and Condensate Savings 

Produced Gas 
Savings  

(Mcf/day/well) 

Gas-Lift Savings  
(Mcf/well) 

Condensate 
Savings  

(bbl/day/well) 

500 to 2,000 See Exhibit 5 Zero to several 
hundred 

compositions. Condensate may also be lost if fluids are 
produced directly to the frac tank before switching to the 
REC equipment. 

Exhibit 8 shows typical values of gas and condensate 
savings during the REC process. 

Step 4: Evaluate REC economics. 

The example application of an REC program to 25 wells
within a producing field can yield a total theoretical
revenue of $2,152,500 based on the assumptions listed 
above from the sale of natural gas and condensate.
Equipment rental, labor, and other costs associated with 
implementing this program are estimated to be $644,500 
(see Exhibit 6) resulting in an annual theoretical profit of 
$1,508,000. To maintain a profitable REC program, it is
important to move efficiently from well to well within a 
producing field so that there is little down time when 
paying for equipment rental and labor. Other factors that
affect the profitability of an REC program include the 
amount of condensate recovery and sales price, the need
for additional compressors, the amount of gas recovered,
and gas sales price.  

Exhibit 9 shows a five year cash flow projection for 
carrying out a 25 well per year REC program. In this
example, the equipment necessary to perform RECs has 
been purchased by the operator rather than using a third 
party contractor to perform the service. The capital cost of 
a simple REC set-up without a portable compressor has 
been reported by British Petroleum (BP) to be $500,000. 

Producers with high levels of localized drilling and
workover activity may benefit from constructing and 
operating their own REC equipment. As illustrated above,
even though large capital outlay is required to construct a
REC skid, a high rate of return can be achieved if the 
equipment is in continuous use. If the operator is unable to
keep the equipment busy on their own wells, they may 

7 CAA Ex. 13
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Given 
W = Number of completions per year 
D = Well depth in feet (ft) 
Ps = Sales line pressure in pounds per square inch gage (psig) 
Sp = Produced gas savings (Mcf/day) 
Tc = Time recovered gas flows to sales line in days (days/well) 
Sc = Condensate savings (bbl/well) 
G = Gas used to lift fluids (Mcf/well), typically used on low energy reservoirs 
Pg = Sales line gas price ($/Mcf) 
Pl = Natural gas liquids price ($/bbl) 

W = 25 wells/yr 
D = 8000 ft 
Ps = 100 psig 
Sp = 1,200 Mcf/day 
Tc = 9 days/well 
Sc = 100 bbl/well 
G = 500 Mcf/well (See Exhibit 5) 
Pg = $7/Mcf 
Pl = $70/bbl 

Calculate Produced Gas Savings 

SPG = W * (Sp * Tc) * Pg 

SPG = 25 wells/yr * (1,200 Mcf/day * 9 days/well) * $7/Mcf 
SPG = $1,890,000/yr 

Calculate Other Savings 

SO = W * [(G * Pg) + (Sc * Pl)] 

SO = 25 wells/yr * [(500 Mcf/well * $7/Mcf) + (100 bbl/well * $70/bbl)] 
SO = $262,500/yr 

Total Savings, ST 

ST = SPG + SO 
ST = $1,890,000/yr + $262,500/yr 
ST = $2,152,500/yr 

Exhibit 8:  Savings of a 25 Well Annual REC Program 
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contract it out to other operators to maximize usage of the important to examine the economics of undertaking a REC 
equipment. program as natural gas prices change. Exhibit 10 shows an 

economic analysis of performing the 25 well per year REC
When assessing REC economics, the gas price may program in Exhibit 8 at different gas prices. 
influence the decision making process; therefore, it is 

Exhibit 9: Economics for Hypothetical 25 Well Annual REC Program with Purchased Equipment 

Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 

Volume of Natural Gas Savings 
(Mcf/yr)a 270,000 270,000 270,000 270,000 270,000 

Value of Natural Gas Savings 
($/year)a 1,890,000 1,890,000 1,890,000 1,890,000 1,890,000 

Additional Savings ($/yr)a 175,000 175,000 175,000 175,000 175,000 

Set-up Costs ($/yr)b (15,000) (15,000) (15,000) (15,000) (15,000) 

Equipment Costs ($)b (500,000) 

Net Annual Cash Flow ($) (500,000) 1,943,750 1,943,750 1,943,750 1,943,750 1,943,750 

Internal Rate of Return = 389% 
NPV (Net Present Value)d= $6,243,947 

Payback Period = 3 months 
a See Exhibit 8. 
b See Exhibit 6. 
c Labor costs for purchased REC equipment estimated as 50% of Equipment Rental and Labor costs in Exhibit 3. 
d Net present value based on 10% discount rate over five years. 

Labor Costs ($/yr)c (106,250) (106,250) (106,250) (106,250) (106,250) 

Exhibit 10: Gas Price Impact on Economic Analysis of Hypothetical 25 Well Annual REC Program with 
Purchased Equipment 

$3/Mcf $5/Mcf $7/Mcf $8/Mcf $10/Mcf 

Total Savings $985,000 $1,525,000 $2,065,000 $2,335,000 $2,875,000 

Payback (months) 7 5 4 3 3 

IRR 172% 280% 389% 443% 551% 

NPV 
(i = 10%) $2,522,084 $4,383,015 $6,243,947 $7,174,413 $9,035,345 

Gas Price 
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Partner Experience 

This section highlights specific experiences reported by Natural Gas STAR partners. 

BP Experience in Green River Basin 
Implemented RECs in the Green River Basin of Wyoming 

RECs performed on 106 wells, which consisted of high and low pressure wells 

Average 3,300 Mcf of natural gas sold versus vented per well 

– Well pressure will vary from reservoir to reservoir 

– Reductions will vary for each particular region 

– Conservative net value of gas saved is $20,000 per well 

Natural gas emission reductions of 350,000 Mcf in 2002 

Total of 6,700 barrels of condensate recovered per year total for 106 wells 

Through the end of 2005, this partner reports a total of 4.17 Bcf of gas and more than 53,000 barrels of condensate
recovered and sold rather than flared. This is a combination of activities in the Wamsutter and Jonah/Pinedale 
fields. 

Noble Experience in Ellis County, Oklahoma 
Implemented RECs on 10 wells using energized fracturing. 

Employed membrane separation in which the permeate was a CO2 rich stream that was vented and the residue was 
primarily hydrocarbons which were recovered. 

Total cost of $325,000. 

Total gas savings of  approximately 175 MMcf. 

Estimated net profits to be $340,000 

For more information, see the Partner Profile Article in the Spring 2011 Natural Gas STAR Partner Update 
available at: http://epa.gov/gasstar/newsroom/partnerupdatespring2011.html 

Partner Company A 
Implemented RECs in the Fort Worth Basin of Texas 

RECs performed on 30 wells, with an incremental cost of $8,700 per well   

Average 11,900 Mcf of natural gas sold versus vented per well 

– Natural gas flow and sales occur 9 days out of 2 to 3 weeks of well completion 

– Low pressure gas sent to gas plant 

– Conservative net value of gas saved is $50,000 per well 

Expects total emission reduction of 1.5 to 2 Bcf in 2005 for 30 wells 
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Lessons Learned 

Incremental costs of recovering natural gas and 
condensate during well completions following 
hydraulic fracturing result from the use of additional
equipment such as sand traps, separators, portable 
compressors, membrane acid gas removal units and
desiccant dehydrators that are designed for high rate 
flowback. 

During the hydraulic fracture completion process,
sands, liquids, and gases produced from the well are
separated and collected individually. Natural gas and 
gas liquids captured during the completion may be 
sold for additional revenue.  

Implementing a REC program will reduce flaring
which may be a particular advantage where open 
flaring is undesirable (populated areas) or unsafe 
(risk of fire). 

Wells that do not require hydraulic fracturing are not
good candidates for reduced emissions completions. 
Methane emissions reductions achieved through 
performing RECs may be reported to the Natural Gas
STAR Program unless RECs are required by law (as 
in the Jonah-Pinedale area in WY). 
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Reduced Emissions Completions
(Cont’d) 

United States 
Environmental Protection Agency 
Air and Radiation (6202J) 
1200 Pennsylvania Ave., NW 
Washington, DC 20460 

2011 

EPA provides the suggested methane emissions estimating methods contained in this document as a tool to develop basic methane emissions estimates only. As 
regulatory reporting demands a higher-level of accuracy, the methane emission estimating methods and terminology contained in this document may not conform to 
the Greenhouse Gas Reporting Rule, 40 CFR Part 98, Subpart W methods or those in other EPA regulations.  
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Lessons Learned 
from Natural Gas STAR 

Reduced Emissions Completions 
and Smart Automation 

Producers and Processors 
Technology Transfer Workshop 

New Mexico Oil and Gas Association and 
EPA’s Natural Gas STAR Program

Farmington, NM
February 21, 2006 
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Agenda 
Reduced Emissions Completions 

Methane Losses 
Methane Recovery 
Is Recovery Profitable? 
Industry Experience 
Discussion Questions 

Smart Automation Well Venting 
Methane Losses 
Methane Recovery 
Is Recovery Profitable? 
Industry Experience 
Discussion Questions 
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Methane Losses 
During Well Completions 

It is necessary to clean out the well bore and 

formation surrounding perforations


After new well completion 
After well workovers 

Operators produce the well to an open pit or tankage
to collect sand, cuttings and reservoir fluids for

disposal

Vent or flare the natural gas produced


Venting may lead to dangerous gas buildup 
Flaring is preferred where there is no fire hazard or 
nuisance 
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Methane Losses: 
Well Completions and Workovers 

An estimated 44.5 Bcf of natural gas lost annually
due to well completions and workovers1 

44,000 MMcf in losses from high pressure wells 
319 MMcf in losses from low pressure wells 
48 MMcf in losses from workovers 

An estimated total of 480,000 Bbl condensate  lost 
annually due to venting and flaring 
This amounts to over $455 million2 lost due to well 
completions and workovers 

1 - Percentage that is flared and vented unknown

2 - Value of natural gas at $10/Mcf, Value of condensate at $22/bbl


4 

2 CAA Ex. 14



5 

Wellhead Gas Prices 
Gas prices have increased sharply in recent years to
over $10/Mcf 

Wellhead Gas Price 
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Source: EIA “US Natural Gas Wellhead Price” 1990 – 2005 available at 
http://tonto.eia.doe.gov/dnav/ng/hist/n9190us3m.htm 

Reduced Emissions Completions (REC) 
REC or green completions recover natural gas and
condensate produced during well completions or workovers 
Use portable equipment to process gas and condensate 
suitable for sales 
Send recovered gas through permanent dehydrator and meter
to sales line, reducing venting and flaring 
An estimated 25.2 Bcf or $250 million of natural gas can be 
recovered annually using Green Completions 

25,000 MMcf from high pressure wells

181 MMcf from low pressure wells

27 MMcf from workovers
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Green Completions: Equipment 
Truck or trailer mounted equipment to capture produced gas 
during cleanup


Sand trap

Three-phase separator


Use portable desiccant dehydrator for workovers requiring 
glycol dehydrator maintenance 

Temporary, Mobile Surface Facilities 
Source: BP 7 

Green Completions: Preconditions 
Must have permanent equipment on site before

cleanup


Piping from well-head to sales line 
Dehydrator 
Lease meter 
Stock tank 

Sales line gas can be used for fuel and/ or gas lift in
low pressure wells 
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Green Completions:
Low Pressure Wells 

Can use portable compressors to start-up

the well when reservoir pressure is low 


Artificial gas lift to clear fluids 
Boost gas to sales line 

Higher cost to amortize

investment in portable

equipment


Portable Compressors, Separator and 
Other Equipment on a trailer 
Source: Herald 
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Is Recovery Profitable? 
Partners report recovering an average of 53% of total
gas produced during well completions and workovers 

Estimate an average of 3,000 Mcf1 of natural gas can
be recovered from each cleanup 

Estimate 1- 580 Bbl of condensate can be recovered 
from each cleanup 

1 - Values for high pressure wells 

10 
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Green Completions: Benefits 
Reduced methane emissions during completions and
workovers 
Sales revenue from recovered gas and condensate 
Improved relations with state agencies and public
neighbors 
Improved safety 
Reduced disposal costs 

11 

BP Experience 
Capital investment ~ $1.4 million on portable three-
phase separators, sand traps and tanks 
Used Green Completions on 106 wells 
Total natural gas recovered ~ 350 MMcf/year 
Total condensate recovered ~ 6,700 Bbl/year 

12 
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BP Experience 
Total value of natural gas and condensate recovered
~ $840,000 per year 
Investment recovered in 2+ years 

Three Phase Separator, Source: BP 

Note: 
- Value of natural 

gas at $1.99/Mcf 
- Value of 

condensate at 
$22/bbl 
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Weatherford Durango Experience 
Successfully completed pilot project in the Fruitland
coal formations in Durango, Colorado 

Well depth: 2,700 to 3,200 feet 
Pore pressure: estimated at 80 pounds per square inch
gauge (psig)

Well type: coal bed methane

Hole size: 5 ½ inches

No. of wells: 3 well pilots


Captured 2 MMcf of gas and sold by client 

14 
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Weatherford Portable Equipment 

Weatherford Green Completions 
Use pipeline gas with proprietary foaming agent as
compressible fluid to initiate cleanout 
System includes 

Wet screw compressor when well pressure is less than 80
psig 
Booster compressor, three phase separator and sand trap 

Estimate cleanup pressure of 300 to 400 psig at a
well depth of 8000 feet 
Suggest use in all kinds of completion and               


workover cleanup operations


16 
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Discussion Questions 
To what extent are you implementing this

opportunity?

Can you suggest other approaches for reducing well

completion venting?

How could this opportunity be improved upon or

altered for use in your operation?

What are the barriers (technological, economic, lack

of information, regulatory, focus, manpower, etc.)

that are preventing you from implementing this

practice?
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Smart Automation Well Venting 
Automation can enhance the performance of plunger
lifts by monitoring wellhead parameters such as: 

Tubing and casing pressure 
Flow rate 
Plunger travel time 

Using this information, the system is able to optimize
plunger operations 

To minimize well venting to atmosphere 
Recover more gas 
Further reduce methane emissions 

18 
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Methane Losses 
There are 360,000 natural gas and condensate wells
(on and offshore) in the US1 

Accumulation of liquid hydrocarbons or water in the 
well bores reduces, and can halt, production 
Common “blow down” practices to temporarily 
restore production can vent 80 to 1600 Mcf/yr2 to the 
atmosphere per well 
Estimate 7 Bcf/yr methane emissions from U.S.

onshore well venting1


1 - Inventory of U.S. Greenhouse Gas Emissions and  Sinks 1990 - 2003 
2 – Mobil Big Piney Case Study 1997 
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What is the Problem? 
Conventional plunger lift systems use
gas pressure buildups to repeatedly
lift columns of fluid out of well 
Fixed timer cycles may not match
reservoir performance 

Cycle too frequently (high plunger
velocity) 

Plunger not fully loaded 
Cycle too late (low plunger velocity) 

Shut-in pressure can’t lift fluid to top 
May have to vent to atmosphere to lift plunger 

Source: Weatherford 
20 
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Conventional Plunger Lift Operations 
Manual, on-site adjustments tune plunger cycle time 
to well’s parameters 

Not performed regularly 
Do not account for gathering line pressure fluctuations,
declining well performance, plunger wear 

Results in manual venting to atmosphere when 

plunger lift is overloaded


21 

Methane Recovery: How Smart Automation 
Reduces Methane Emissions 

Smart automation continuously varies plunger cycles
to match key reservoir performance indicators 

Well flow rate 
Measuring pressure 

Successful plunger cycle 
Measuring plunger travel time 

Plunger lift automation allows producer to vent well to 
atmosphere less frequently 

22 
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Automated Controllers


Low-voltage; solar recharged battery 
power 
Monitor well parameters 
Adjust plunger cycling 

Source: Weatherford 

Remote well management 
Continuous data logging 

Remote data transmission 

Receive remote instructions 
Source: Weatherford 

Monitor other equipment 23 

24 

Plunger Lift Cycle 
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Methane Savings 
Methane emissions savings a secondary benefit 

Optimized plunger cycling to remove liquids increases well 
production by 10 to 20%1 

Additional 10%1 production increase from avoided venting 
500 Mcf/yr methane emissions savings for average
U.S. well 

1 – Reported by Weatherford 
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Other Benefits 
Reduced manpower cost per well 
Continuously optimized production conditions 
Remotely identify potential unsafe operating
conditions 
Monitor and log other well site equipment 

Glycol dehydrator 
Compressor 
Stock Tank 
VRU 

26 

13 CAA Ex. 14



Is Recovery Profitable? 
Smart automation controller installed cost: ~$11,000 

Conventional plunger lift timer: ~$5,000 
Personnel savings: double productivity 
Production increases: 10% to 20% increased production 

Savings = 

(Mcf/yr) x (10% increased production) x (gas price)


+ (Mcf/yr) x (1% emissions savings) x (gas price) 
+ (personnel hours/yr) x (0.5) x (labor rate) 

$ savings per year 

27 

Economic Analysis 

Non-discounted savings for average U.S. Well = 

(50,000 Mcf/yr) x (10% increased production) x ($10/Mcf) 
+ (50,000 Mcf/yr) x (1% emissions savings) x ($10/Mcf) 
+ (500 personnel hours/yr) x (0.5) x ($30/hr) 
- ($11,000) cost 

$51,500 savings in first year 

3 month simple payback 

28 
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Industry Experience 
BP reported installing plunger lifts with automated
control systems on ~2,200 wells 

900 Mcf reported annual savings per well 
$12 million costs including equipment and labor 
$6 million total annual savings 

Another company shut in mountaintop wells

inaccessible during winter


Installed automated controls allowed continuous 
production throughout the year1 

1 - Morrow, Stan and Stan Lusk, Ferguson Beauregard, Inc. Plunger-

Lift: Automated Control Via Telemetry. 2000.
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Discussion Questions 
To what extent are you implementing this

opportunity?

Can you suggest other approaches for reducing well

venting?

How could this opportunity be improved upon or

altered for use in your operation?

What are the barriers (technological, economic, lack

of information, regulatory, focus, manpower, etc.)

that are preventing you from implementing this

practice?
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Lessons Learned from the 
Natural Gas STAR Program 

Reducing Methane Emissions from
Production Wells: Reduced 

Emission Completions 

Producers Technology Transfer Workshop 

ConocoPhillips Petroleum Company, 

New Mexico Environment Department, 

New Mexico Oil & Gas Association 

Farmington, New Mexico 

May 11, 2010 

epa.gov/gasstar 

Agenda 
Reduced Emissions Completions 

Methane Losses
 
Methane Recovery
 
Is Recovery Profitable?
 
Partner Experience
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U.S. Production Sector Methane Emissions (2007) 
Storage Tank Note: Bcf = billion cubic feet 

Other SourcesVenting 
5 Bcf27 Bcf 

and Pumps 29 Bcf12 Bcf 
3 Bcf 

EPA. Inventory of U.S. Greenhouse Gas Emissions and Sinks 1990 – 2007. April, 2009. Available on the web at: 

epa.gov/climatechange/emissions/usinventoryreport.html. Updated with revised emissions estimates for glycol 
2dehydrators, well venting, pneumatic devices, and storage tanks. 

Pneumatic 

Devices 

79 Bcf 

Dehydrators 

Meters and 

Pipeline Leaks 

8 Bcf 
Compressors 

Offshore 

Operations 

Well Venting 
and Flaring 

86 Bcf 

Methane Losses During Gas Well
Completions 

Gas wells in tight formations and coal beds require hydraulic 
fracture 

It is necessary to clean out the well bore and formation 
After new completion 

After well refracturing workovers
 

Operators produce to an open pit or  

tank to collect sand, cuttings, and                         

fluids for disposal
 
Vent or flare the natural gas produced
 
54 Bcf1 of methane is vented or flared
 
from completions and workovers      

in the U.S., 27 Bcf of methane is

emitted
 

Williams E&P, Glenwood Springs, CO 

1 – EPA estimate – well completions and workovers only.
 
Bcf = billion cubic feet 3
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Methane Recovery by Reduced
Emission Completions 

Recover natural gas and condensate produced during 

flow-back following hydraulic fracture
 
Portable equipment separates sand and water, 

processes gas and condensate for sales
 
Route recovered gas through dehydrator and meter to 

sales line, reducing venting and flaring
 

4
Portable REC Equipment Source: Weatherford 

Reduced Emission Completions: 
Preconditions 

Permanent equipment required on site before
cleanup 

Piping from well head to sales line 

Dehydrator 

Lease meter 

Stock tanks for wells producing significant amounts of 
condensate 

Sales line gas can be used for compressor fuel
and/ or gas lift in low pressure wells 

5 
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Reduced Emission Completions: Equipment 
Skid or trailer mounted portable equipment to capture 
produced gas during cleanup
 

Sand trap
 
Three-phase separator
 

Use portable desiccant dehydrator for workovers requiring 
glycol dehydrator maintenance 

6
Temporary, Mobile Surface Facilities, 

Source: BP 
Source: Williams 

Reduced Emission Completions: Low Pressure 
Wells 

Partners and vendors are perfecting the use of
portable compressors when pressure in reservoir is
too low to enter sales line 

Artificial gas lift to clear fluids
 
Boost gas to sales line
 
Manage slug flow
 
Adds cost to project
 

Source: Herald 
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Reduced Emission Completions: Benefits 

Reduced methane emissions during completions and
workovers 

Sales revenue from recovered gas and condensate 

Improved relations with government agencies and
public neighbors 

Reduced environmental impact 

Improved safety 

Reduced disposal costs 

8 

Is Recovery Profitable? 
Partners report recovering 2% - 89% (average of 53%) of total 
gas produced during well completions and workovers 

Estimate 7,000 – 12,500 thousand cubic feet (Mcf) of natural 
gas can be recovered from each cleanup 

$50,000 to $85,000 savings at $7/Mcf 

Estimate 1 – 580 barrels (bbls) of condensate can be 

recovered from each cleanup
 

Up to $30,000 additional revenue at $50/barrel 

Incremental contracted cost of typical REC is $700 to 

$6,500/day for 3 to 10 days of well cleanup
 
Purchase of REC equipment costs $500,000 

Payback in 3 to 5 months for 25 well/year drilling program 

Assuming gas prices of $7 and $3/Mcf, respectively 
9 
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REC Partner Experience: BP 
Capital investment of about $500,000 per skid on portable 
three-phase separators, sand traps, and tanks in the Rocky 
Mountain Region 

Used Green Completions on 106 wells 

Total natural gas recovered about 350 million cubic feet per 
year (MMcf/year) 

3.3 MMcf per well average 

Conservative net value of gas saved is $20,000 per well1 

6,700 barrels/year condensate recovered 

1.5 year payback based on British Petroleum’s prices for

natural gas and condensate
 

1 Natural gas valued by company to be $7/Mcf 
10 

REC Partner Experience: BP 
Through the end of 2005 British Petroleum reports: 

4.1 Bcf of gas and 

53,000 barrels of condensate recovered1 

Portable Three Phase Separator, Source: BP 

1 Combination of activities in Montana and Wyoming, U.S. 
11 
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REC Partner Experience: Williams 

Williams Fork Formation (Piceance Basin) – low permeability, 
tight, lenticular sandstone (10% porosity, permeability range 
of 1 to 10 microdarcies. 

Wells drilled to depths of 6,500 ft  to 9,000 ft 

Flow pressures range from 1,500 to 2,500 psi 

Fracture stimulation needed to make wells economical 

Frac about 5 to 6 stages per well 

BRECO flowback skids used to separate sand, water and gas
during initial flowback
 
BRECO flowback skid resides on typical 4 well pad for 32 

days
 

1 Natural gas valued by company to be $7/Mcf 12 

REC Partner Experience: Williams 
Piceance Well Completions 

Well Completion Type = Mechanical Isolation 

Perforate casing prior to Stage 1 – makes fracture stimulation 
possible 

Frac Stage 1 

Flow back well, first 12 hours is water, afterwards routed to 
BRECO skid 

Set plug to isolate frac stage 

REPEAT for each stage (avg. 5 to 6 stages/well) 

Plugs drilled out by workover rig 

Producing to flowback skid after frac’ing and before plugs 
drilled out 

13 
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REC Partner Experience: Williams 
BRECO Flowback Skid 

Sand Vessel Gas Vessel 

14 

REC Partner Experience: Williams 
How BRECO Works? 

Sand vessel separates sand from backflow fluids 

Gas vessel separates gas from water used for
hydraulic fracturing 

Gas routed to sales line
 
Sand is dumped to reserve pit manually
 
Water dumps to holding tanks automatically
 

Water is filtered and reused for future frac jobs 

Flowback skid operates at 20 to 40 psi greater than
gas gathering line pressure which is about 260 to
320 psi in Piceance Basin 

15 
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REC Partner Experience: Williams 
Flowback Skid – When Is It Used? 

Used after each zone is fracture stimulated (frac’d) 

Used when all zones are fractured and waiting for
workover rig to drill out plugs for final completion (Up 
to 10 days)
 
Production well must be located near gathering 

system
 
Wildcat and step-out wells are not completed with
Green Completion Technology
 
One Month = time wells at typical 4-well pad are

routed to flowback skid
 

16 
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REC Partner Experience: Williams 

Source: Williams 
Two rows of four wells closely spaced. 
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Estimated Mean Methane Concentration Gas:  89.043  vol. % 

Green Completion Economics 

$1.3 to $1.5 MMAverage Cost Drill/Complete Well ($) = 

$11,855 Average Cost Per Flowback ($) = 

$129,510 Average Net Saving Per Flowback ($) = 

5982 MMscf or 

16 MMscf/day 

CH4 recovered in 2005 = 

$139,941 Average Revenue Per Flowback ($) = 

0.71Average MMcf Gas Flowback Recovered/Day = 

23Average MMcf Gas Recovered During Flowback = 

32Average Number of Days of Flowback = 

AVERAGE PER WELL FLOWBACK STATISTICS 

Conclusions 
Reduces methane emissions, a potent greenhouse
gas (GHG) 

Well completion type determines viability of green
completion technologies 

Produced water and stimulation fluids from green
completions are recycled 

Eliminates emissions, noise and citizen complaints
associated with flaring 

Increases economic value added 

19 
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Discussion Questions 
What industry experiences do you have applying

these technologies and practices?
 

What are your limitations on applying these

technologies and practices?
 

Actual costs and benefits 

20 
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Natural Gas: The Facts 
2016 

 Natural Gas Customers 
 Natural gas serves nearly 66.7 million homes; 5.4 million 

businesses like hotels, restaurants, hospitals, schools and 
supermarkets; 192,000 factories; and 1,900 electric generating 
units. On a daily basis, the average U.S. home uses 196 cubic feet 
of natural gas. 

 Natural gas comprises almost one-fourth of all primary energy 
used in the U.S. and is directly linked to jobs and economic 
health. The natural gas industry supports the employment of 
nearly 3 million Americans in all 50 states. 

 Residential space heating and water heating cost analyses show 
that natural gas costs less to use than other major home energy 
sources. Households that use natural gas appliances for heating, 
water heating, cooking and clothes drying spend an average of 
$840 less per year than homes using electric appliances.  

 Fertilizer used to grow crops is composed almost entirely of 
natural gas components, so U.S. agricultural producers rely on an 
affordable, stable supply of natural gas. 

 Natural gas utilities do not earn a profit on the natural gas they 
deliver. They earn their revenues from the service and delivery 
fees they charge customers to transport the natural gas to them. 
This fee is directly linked to the volume of natural gas consumed, 
rather than the price of natural gas being delivered. 

Environmental Benefits 
 Washington State University conducted a nationwide field study 

in 2015 that found that as little as 0.1 percent of the natural gas 
delivered nationwide is emitted from local distribution systems.  

 Due to the higher efficiency of natural gas combined cycle 
generation compared with coal-fired boilers, natural gas emits 
52 to 56 percent less GHG than coal for the same amount of 
electricity.  

 Natural gas is the cleanest fossil fuel on the market today 
because it produces much lower emissions than those of other 
fossil fuels like coal or oil. It is also extraordinarily efficient. 

 

 

 

“Natural gas 

comprises almost 

one-fourth of all 

primary energy 

used in the U.S. 

and supports the 

employment of 

nearly 3 million 

Americans in all 50 

states.” 

 72 
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There are more 
than 72 million 
natural gas 
customers in the 
United States. 
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Natural Gas: The Facts 
2016 

Efficiency 
 The direct use of natural gas in America’s homes and businesses 

achieves 92 percent energy efficiency.  
 The average American home consumes 40 percent less natural 

gas than it did 40 years ago.  
 By funding natural gas efficiency programs, natural gas utilities 

helped customers save 175 trillion Btu of energy and offset 9.1 
million metric tons of carbon dioxide emissions in 2014. 
 

Domestically Abundant 
 Domestic gas production accounts for nearly 93 percent of all 

natural gas consumed in the United States and shale gas 
production now accounts for about 50 percent of gas produced.  

 According to the Energy Information Administration and the 
Potential Gas Committee, the U.S. estimated future supply of 
natural gas stood at 2,884 trillion cubic feet (Tcf) at year end 
2014 – enough to meet America’s energy needs for more than 
100 years.  

Safe and Reliable 
 According to the U.S. Department of Transportation, pipelines 

are the safest form of energy transportation. Safety is the 
number one priority for America’s natural gas utilities. 

 There are more than 2.5 million miles of pipeline that transport 
natural gas to more than 177 million Americans throughout the 
U.S. 

 Natural gas utilities spend more than $22 billion annually to help 
enhance the safety of natural gas distribution and transmission 
systems. 

 The dedicated efforts of natural gas utilities over the past decade 
have led to an approximately 40 percent decline in serious 
pipeline incidents throughout the natural gas distribution 
system.  

 There are nearly 1.3 million miles of plastic pipe – the leading 
edge of advanced utility pipeline materials. In the past decade, 
natural gas utilities have installed updated plastic lines at a rate 
of 30,000 miles per year. 

 
To Learn More Visit  
or connect with us on Twitter @AGA_naturalgas and 
facebook.com/naturalgas 

2.5 
MILLION 

There are more 
than 2.5 million 
miles of pipeline 
that transport 
natural gas to 
more than 177 
million Americans. 

“The U.S. 

estimated future 

supply of natural 

gas stood at 

2,884 Tcf at year 

end 2014 – 

enough to meet 

America’s energy 
needs for more 

than 100 years.” 

 

www.aga.org 
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