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Oxygen 0-0.2%
Nitrogen 0-5%

Hydrogen
sulfide 0-5%

Carbon Dioxide
o-8% Rare gases -

Propane 0-20% trace

Methane 70-
90%
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Wetlands, 20%

Ocean Water,
2%

Fresh Water, 1%

Ruminants, 15%

Methane
Hydrate, 1%
Gas Production,
8% Rice Paddies,
Coal Mining, 8% 19%

Biomass

Landfills, 8% Burning, 9%
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The Greenhouse Effect

Some sunlight that hits
the earth is reflected.
Some becomes heat.

5 C0O:z and other gases
in the atmosphere
4 trap heat, keeping

the earth warm.




Most radiation is absefbed
by the Earth’s surfa »
and warms i '

Infrared radiation
is emitted by the
. Earth’s surface.
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Economics of Methane Emissions Recovery

» Benefits of turning emissions into sales are real.
* We vent or flare 133 Bcf of gas every year.

* This is $389 million of gas at $3 per Mcf.

* Increasing gas sales requires various tools.

* The savings may not always be immediate.

* Recouping a technology investment may require
1 to 3 years.

20
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Potential Revenue Generating Methane

Processing 33 Bef
Oil Downstream 2 Bcf FOCE(E;-S(;TO'II%)JJ :
(1%])
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45 o5 Oil & Gas Production
S, 22 o
Transmission & s 133 Bef (41%)

0| Storage 94 Bef (29%) |
“ Distribution 61 Bef

(19%)
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Increased Sales Potential of Produced Gas

» Best to put surplus gas through sales meter.
» Selling more gas is the subject of this training.

 If we vent only 20 Mcf per day per well, this is
$60 per day at $3 an Mcf.

e In a year this is $21,900 a year per well.

* We need consider both time-proven low tech
and new technology alternatives.

22
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Recovering Methane from Wells (1)

Fayetteville Shale Wells —

* Dry gas wells

* Gas and produced water wells
Other areas of Arkansas —

* Gas and condensate wells

* Gas and oil wells.

» All are ideal for enhanced methane recovery
due to existing sales meter.

23

Recovering Methane from Production

» Consider innovative ways to turn
recoverable methane into gas sales.

e Consider modifying practices and
procedures to help make additional
revenues a possibility.

» Consider implementing new technology
to aid in recovery of surplus natural gas.

24
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Free Plunger Lift and Methane Emissions

* Free plunger lift maybe installed when water
builds up in a gas well.

* Plunger serves as a barrier to gas breaking
through liquids as it travels to the surface.

» Should excess liquids build up in the well, it is a
common practice to vent gas to atmosphere
through the tanks until well will cycle normally.

25

Free Plunger Lift and Methane Emissions

» Bypassing the gas meter by venting gas to
atmosphere releases large volumes of methane
into the atmosphere and reduces gas sales.

» Cost effective solutions to this problem includes
intelligent intermitters based on time and
pressures, choosing the best plunger design,
and training field personnel.

26
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Recovering Gas during Flowback Operations

Following a well stimulation, produced gas is
sometimes vented to atmosphere or flared since a
point of sale may not yet be available.

In addition, gas separation, processing, and metering
equipment may not yet be in place.

In the Fayetteville Shale, planning and green flowback
equipment may help turn this gas into revenue.

27

Flaring Issues

* Used as the only alternative to rid a
wellbore of natural gas when alternative
transportation is unavailable.

* The lesser of two evils. If 90% of gas was
flared and 10% vented, the amount
vented would have more than twice the
effect on the atmosphere as the amount
flared.

28
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Global Venting and Flaring

Central and South
Furope America
) 3% 9%
Aliics AsiafOceania
o
North America
11%
Former Soviet Middle East
Union 15%
18%
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What Is a Green Flowback Unit?

There is no one ideal green flowback unit.

Typically a trailer-mounted high volume and high
pressure gas separation device.

Usually higher volume than permanent gas
processing equipment on a lease.

Remove sand, separate gas and liquids, and
conditions gas for sale (possibly dehydration).

30
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Weatherford Green Flowback Units

» Well Testing and Production Services
Division of Weatherford International.

May have 2, 3, or 4 phase separators
based on nature of the flowback.

Available in 220, 675, 1,440, or 2,000 psi.
Vessels up to 54 inches by 15 feet.
Designs possible for up to 300 MMcf/d.

31

A Weatherford Green Flowback Unit

An example of one of many versions of a Weatherford Green Flowback
Unit. May include equipment such as a dehydrator and/or a
compressor package based on the needs of the operating company.

32
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A Cold Weather Green Flowback Unit

An example a Weatherford Green Flowback Unit designed for cold climates
such as in the Dakotas and Rocky Mountain states. Weatherford's Green
Flowback service includes both equipment and crews trained in handling
green flowbacks.

Photo courtesy of Well Testing and Production Services Division of Weatherford International.
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Profitability of Green Flowbacks

Given a flowback averaging 2,000 Mcf per day for 6 days:
» Total gas vented or flared would be 12 MMcf.

» Gross market value: $36,000. ($3 per Mcf)

» Significant amount of revenue for a well.

» Revenue lost from venting or flaring could be $60,000 for
well averaging 2 MMcf/d and a 10 day flowback.

34
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Revenues Lost without Green Flowback

e Gas STAR partners in 2007 reported $648
million in additional revenues from GFBs.

 Profitability based on cost of a unit (varies by
complexity of the application) and volume of
gas that can be produced.

» 2 to 89 percent recovery during green
flowback (average 53%).

35

Methane Emissions and TEG Dehydrators

» Triethylene glycol (TEG) provide several ways to
increase gas sales while reducing methane
emissions.

— Gas venting pneumatic glycol pumps may be
replaced with solar powered pumps.

— Flash tank separators are being used to recover gas
from the TEG rather than venting it to atmosphere.

36
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General Flow with Flash Tank Separator
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Use VRU for gas from flash tank

* Vapor
Recovery
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Economics of Optimized Production

Reducing TEG 50% to 200%
) ; over $1,379 to $137,970, Negligible Immediate
circulation rates ) ’
circulation,
150 $12,506.50, $4,168.50, $6,500 - $7,600 4-11
Flash Tank
Separators 450 $37,509.50, $12,434.50; | $9,500 - $18,800 4-5

1. Optimal circulation rates ranged from 30 to 750 gal TEG/hr.
2. At $3.50/Mcf.

3. Includes recovered natural gas liquids sales revenue.
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Alternatives to TEG Dehydrators

Solid Desiccant Dehydrators
* Regenerative — Commonly uses silica gel.
» Expendable — Commonly uses calcium chloride.

More environmentally friendly because it is a closed system,
and quite feasible for Fayetteville Shale wells since there
are no paraffin hydrocarbons present.

40
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Regenerative Desiccants
» Solid desiccant system that uses silica gel to
remove water vapor.
* Less O&M because has no moving parts.
* Requires two or more towers.

» Has larger footprint than TEG or expendable
desiccant tower.

« Efficient operation reduces methane emissions.

41

2-Stage Renewable Solid Desiccant Dehydrator

42
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Expendable Desiccant Tower
Filler Hatch ~

Maximum Desiccant Level — —Dry Gas Outlet

Minimum Desiccant Level —

Drying Bed

Wet Gas Inlet—

CacCl, Water Out

43
Expendable
. pel Glycol
Type of Costs and Savings Desiccant ly)
(Siyr) Y
Implementation Costs
Capital Costs
Desiccant (includes the initial fill) 16,097
Glycol 24,764
Other costs (installation and engineering) 12,073 18,573
Total Implementation Costs: 28,169 43,337
Annual Operating and Maintenance Costs
Desiccant
Cost of desiccant refill ($1.50/pound)
Cost of brine disposal 2,556
Labor cost 20
Glycol 2,080
Cost of glycol refill ($4.50/gallon)
Material and labor cost 206
6,240
Total Annual Operation and Maintenance Costs: 4,656 6,446
Based on 1 MMcf per day natural gas operating at 450 psig and 47 F.
Installation costs assumed at 75% of the equipment cost. 44
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Surface Equipment as Sources of Methane

Gas powered pneumatic valves and controllers.

Vapors from tanks and other surface vessels.

The use of Vapor Recovery Units (VRUS).

Methane emissions from gas compressors.

Pipelines as a source of methane emissions.

45

2008 Potential for Surface Operations

Propriety Presentation Prepared for IOGCC by AWAC, LLC 46
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Alternatives to Pneumatic Pumps

e Pneumatic Pump and Gas $9,722
e Beam Injection Pump $1,200
 Solar Injection Pump $2,800
» Solar Instrument Air $3,000

Note: Prices vary with
size of pump, quantity,
manufacturer,

and vendor.

Propriety Presentation Prepared for IOGCC by AWAC, LLC 47

Pressure Safety Pilot Valves Save Gas

» Heaters frequently flame out due to wind gusts.

» Given a heater consuming 30 Mcf per day, that
flames out only once a month but continues to
vent gas for 24 hours after flameout, gas vented
in one year is 360 Mcf ($1,040/year at $3/Mcf.)

» A pilot safety valve with thermocouple can turn
off the gas for less than $100 for several years.

Propriety Presentation Prepared for IOGCC by AWAC, LLC 48
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How Much Gas Do Controllers Vent?

« Cemco 6800 Liquid Level 614 scf/d $672/yr
 Fisher 2500 Liquid Level 842 scf/d $922/yr
 Fisher 2502 Liquid Level 842 scf/d $922/yr
» Fisher 4100 Gas PSI 1,029 scf/d  $1,126/yr
» Fisher 4150 Gas PSI 842 scf/d $922/yr
» Fisher 4160 Gas PSI 842 scf/d $922/yr
* Norriseal 4300 Gas PSI 1,029 scf/d  $1,126/yr
* Norriseal 4750 Gas PSI 842 scf/d $922/yr
¢ Invalco 415 Liquid Level 717 scf/d  $785/yr
¢ Invalco 215 Liquid Level 717 scf/d  $785/yr
Propriety Presentation Prepared for IOGCC by AWAC, LLC 49

Solutions to Continuous Bleed

* Pilot Valve Reduces Emissions by 90%.

— Average costs $500 and pays pack in 5 to 8 mo.

— Easy installation in the field. (Occidental Oil & Gas)
» Solar Instrument Air Stops Emissions.

— Can cost less than $1000 depending of number of
devices operated.

* Mechanical Controller Stops Emissions.
— Cost less than $1000 & $100/yr O&M. (Exxon-Mobile)
— May not have equal pressure rating, safety concern.

50
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Solutions to Intermittent Bleed

* Many newer intermittent values have lower
bleed rate than older valves, check with vendor.
— Replacement costs $700 to $3,000 each.
— Payback typically within a year.

e Solar Powered Electric Valves.
— Dependable.
— Cost less than $1000 and $100/yr O&M.
— May not have equal pressure rating, safety concern.

— Estimated cost for new installation is virtually the
same as pneumatic when gas savings is considered.

Propriety Presentation Prepared for IOGCC by AWAC, LLC 51

Increasing Sales from Producing Wells

» Conserving methane (natural gas) from existing
wells is cheaper than drilling new wells
regardless of ones convictions about
greenhouse gases.

» Turning vented or flared gas into a revenue
stream whenever possible can be a win-win
situation for everyone.

52
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Cogeneration of Electricity

Cogeneration units are commercially
available that run on natural gas and have
controls to safely sell surplus electricity to
the utility company servicing the lease.

The utility company can serve as a backup
provider of power and as a point of sale for
surplus gas in the form of electricity.

53

Methane Power for Lease Vehicles

» Salvaged gas can be used to fuel lease operator
trucks and vehicles.

» Operator driving 1,000 miles a week at 18 mpg
will burn $7,200 of gasoline in 1 year.

* In less than 2 years the savings will pay for the
dual fuel conversion and 2 composite tanks for
the vehicle.

54
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Things to Consider Before Using Gas

Quality and BTU content of Natural Gas.

Volume of recoverable gas available.

Type of filling station to be installed.

Strategic location of wells with sufficient
guantity of surplus gas.
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Alternative to Gasoline or Diesel

» Schools have economically, successfully, and
safely run entire fleets of buses on natural gas.

— New Lexington city schools ran their buses on natural
gas to save money on their fuel bill.

— Hocking College pioneered dual fuel use during the
80’s using their fleet of buses, maxi-vans, and the
president’s Mercury Marquis.

56
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Alternative to Gasoline or Diesel

» Hocking College drilled and produced their own
wells to not only provide gas heat to its
dormitories and gas cooking for its culinary arts
training but primarily to power vehicles.

* Natural gas proved to give:
— Superior performance over gasoline.
— Less engine wear than gasoline.
— And of course, the cost per mile was zero.

57

Alternative to Gasoline or Diesel

* Natural gas is a proven alternative to both
gasoline and diesel fuels.
— Conversion kits for diesel engines are run $2,200.
— 4 cylinder gasoline conversion runs $3,180.
— 6 and 8 cylinder conversions run $3,530.
— Natural gas tanks for cars run $2,200.
— Larger tanks for trucks run $2,980.

58
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Alternative to
Gasoline or Diesel

* Natural gas fueling stations can be purchased for as
little as $5,000 before alternative fuel tax breaks.

* CNG filling stations are available not only in OK and TX
but in New York City and the rest of Long Island.
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SANGEA™ Emissions System Software

In 2002, Chevron created the SANGEA software.

Used to calculate methane emissions and other
GHGs from oil and gas operations.

SANGEA is available through the API to the
entire oil and gas industry at no cost.

Go to www.api.org to get your copy of the
SANGEA software and Users Manual.

60
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SANGEA™ Emissions System Software

Anadarko
Petroleum
reports that it
uses SANGEA
to calculate
GHG emissions
from its oil and
gas production
operations. .

61

SANGEA™ Emissions System Software

API member companies have volunteered to:
* Reduce methane venting or flaring.

» Expand the use of cogeneration units in refining and gas
production.

* Reduce methane and CO, emissions.
» Expand CO, capture and storage.
» Improve energy efficiency in operations.

» More participation in voluntary federal programs.

62
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Summary

» Marketing gas is better than venting or flaring.
* New plunger lift technology increases gas sales.
* Green flowback can improve company revenues.

* Pneumatic devices, dehydrators, and
compressors can be a source of more revenue.

» Vehicles run better on natural gas than on
gasoline or diesel.

63

Summary

Environmental concerns with methane include:
* May be a significant GHG.

» Advances in technology makes gas leak
detection easier us infrared detection.

* APl makes SANGEA Emissions System
software available at no charge.

64
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