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1.0 Offset Project Description

This quantification protocol describes the process for quantifying greenhouse gas emissions
reductions arising from a change in the energy source used to power drilling rig engines.
Emissions reductions are achieved through the electrification of diesel powered drilling
rigs in the baseline to high-line powered drilling rigs in the project condition based on rig
specific fuel switch curves.

Grid sourced electricity is assumed to be at 0.88 tCO,e per MWh. The project may be
eligible to use an alternate emission factor consistent with flexibility mechanism 3 if it can
be proven the electricity is a result of new electricity generation that is directly connected
to the project. Project developers wishing to use this flexibility option must have written
approval from Alberta Environment and Water.

Familiarity with and general understanding of drilling rig operations and the fuel
consumption of drilling rig engines and generators to produce rig electricity using electric
motors is required.

1.1 Protocol Scope

This protocol provides general requirements for measurement, monitoring, verification, and
greenhouse gas quantification requirements for greenhouse gas emission reductions
resulting from the conversion of diesel-generated electricity to high-line electricity
powered drilling rigs.

Diesel-electric drilling rigs rely on a diesel electric generator (genset) to provide electricity
to drive electric motors to allow rotation of the drill string. The drill string is essentially a
hollow metal shaft that allows the drill bit to be run into the borehole and rotated by either
direct means or by down-hole “mud motors”. These mud motors are driven by a portion of
the drilling fluids circulated through the hole to cool the bit and remove drill cuttings from
the hole. Drilling cuttings are material ground or chipped from rock by the drilling action.

Electric motors also provide motive energy to allow the drill string to be raised and
lowered in the hole and to drive the pumps circulating the drilling mud. Electric power is
also consumed in utility services on the rig including control systems, heating, and lighting.

Conversion to the high-line reduces the direct greenhouse gas emissions from the diesel
genset(s). Project emissions are shifted from direct emissions from diesel combustion to
indirect emissions from the Alberta electric power grid (Alberta grid). This protocol uses
an average Alberta grid electricity greenhouse gas emissions intensity per MWh as 0.88
tCO,e/MWh to account for these indirect emissions. Flexibility is allowed for project
developers that are using new electricity generation capacity that is directly connected to
the project and is explained further in Section 1.3.

The greenhouse gas reductions claimed in this project is then the difference between the
greenhouse gas emissions from the Alberta grid (or other documented source) and those
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from combustion of diesel for an equivalent kW demand for the time of operation of the
high-line. Note that this emissions reduction calculation is dependent on the kilowatts
required regardless of the work done by the kilowatt. This means that the type of work
done at the wellsite, whether drilling vertically or horizontally, or the density of the drilled
rock, is immaterial as long as the kilowatt demand is known.

On-site diesel usage for boilers, mobile equipment, and transport fuel not associated with
the drilling rig are excluded from the quantification. The protocol also excludes emissions

reductions from reduced transportation of diesel fuel to the site.

The CO,e emissions related to this protocol include carbon dioxide, methane and nitrous
oxide with global warming potentials (GWP) as noted in Table 1 below.

Table 1: Relevant Greenhouse Gases Applicable for the Conversion of Drilling Rigs

Specified Gas Formula 1(2\'}\//%“ ?(E)glrlg?gte
Carbon Dioxide CO, 1 Yes
Methane CH,4 21 Yes
Nitrous Oxide N>,O 310 Yes
Sulphur Hexafluoride SFs 23,900 No
Perfluorocarbons PECs Variable No
Hydrofluorocarbons” HFCs Variable No

* A complete list of perfluorocarbons and hydrofluorocarbons regulated under the Specified Gas Emitters Regulation is available in
Technical Guidance for Offset Project Developers.

1.2 Protocol Applicability

To demonstrate that a project meets the requirements under this protocol, the project
proponent must supply verifiable documentary evidence to demonstrate that:

1. Each diesel-electric powered drilling rig is equipped with the following:

a. diesel fuel flow measurement devices for each genset with measurement
inaccuracies of less than 2 per cent. If the rigs have a continuous flow loop
to each engine, the feed and return legs must each have temperature
corrected flow measurement devices with a calculator that measures the
difference in flowrates to get the fuel used by the engine.

b. kW demand measurement on the output of the generator from each genset.

c. high voltage, three-phase, power transformer kW demand measuring
devices, and required over-current sensing and disconnect devices to
provide electricity from a high-voltage power line. Note that the loads
connected to the power bus must be consistent between gensets and high-
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line operations; if the loads change, the genset Fuel Switch Curve will need
to be re-tested.

d. the Canadian Electrical Code must be followed in all respects, and
specifically prevents genset operations when the high-line is connected.

e. an electronic datalogger (data recorder) must be installed with sufficient
memory to record data to cover a rig’s typical operation on at least 10 wells.
This data must include descriptive titles, dates, the rig number, owner and
well identification data, and must be retained as part of the project’s
permanent data records.

2. The project must meet all requirements for offset eligibility as specified in the

Section 7 of the Specified Gas Emitters Regulation.

1.3 Protocol Flexibility

Flexibility in applying the quantification protocol is provided in the following ways:

1.

Depending on re-checks of the genset Fuel Switch Curves, a rig may begin
operation immediately on the high-line, and use a tested average Rig Fuel Switch
Curve.

If the rig is already connected to the high-line, the Fuel Switch Curve can still be
completed using the same methodology and level of rigour outlined in this protocol,
which will then be used to support emission reduction calculations based on kW
demand.

Project developers that have new electricity generation capacity that is directly
connected to the project may be eligible to use an alternate emission factor for
project electricity. Project developers wishing to use this flexibility mechanism
must receive written approval from Alberta Environment and Water in order to use
an alternate emission factor. Project developers wishing to apply to use an alternate
emission factor must demonstrate to Alberta Environment and Water that they meet
the following requirements:

e FElectricity results from new capacity that is being built to meet project
demand;

e Electricity is directly connected to the offset project and does not first go
onto the Alberta electricity grid; and

e The project developer has or has obtained access to necessary supporting
information to support electricity source quantification.
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1.4 Glossary of New Terms

Alberta Electric Power Grid

CAPP

Drilling rig

EIA

EPA

Flash/Flashed

Fuel Switch Curve

Genset

Electricity grid factor

High-line

Refers to the Alberta electricity grid. Electricity
sourced from the Alberta electric power grid is credited
at 0.88 t COze per MWh.

Canadian Association of Petroleum Producers

A drilling rig is a machine that rotates a drill bit at the
bottom of the string of pipe that creates a hole through
the rock layers in the ground. It can be mobile
equipment to drill any type of well, such as water wells,
oil wells or natural gas extraction wells.

Energy Information Administration is the official
energy statistics from the U.S. Government

The U.S. Environmental Protection Agency

Refers to the release or boiling of gases from a liquid
hydrocarbon as pressure is released or the temperature
is increased.

The Fuel Switch Curve is unique to a specific genset of
a drilling rig. It is established based on direct
measurement of the diesel flowrate per genset with the
corresponding measurement of the electrical kilowatts
for that genset.

The diesel-fueled generator used to provide power to
the drilling rig when it is not connected to the Alberta
power grid.

In this protocol, the intensity is for the Alberta grid as
averaged for all the greenhouse gas emissions from all
the power generators on the grid per megawatt-hours of
electricity produced and is set at 0.88 t CO,e per MWh.

Refers to electricity obtained by connecting to high
voltage electricity transmission or distribution cables.
Drilling rigs connect using a voltage of 2400 Volt and
3-phase power.
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Directly connected power
generation

Rig Fuel Switch Curve

Rig power bus

Rig release

Static factors

Wellsite

Refers to electricity produced within the offset project
boundary or immediately adjacent to it such that the
electricity used in the project can be direct sourced from
the power generator to the project.

The total fuel flowrate for all the gensets on the rig are
added together and plotted to form the Rig Fuel Switch
Curve. The Rig Fuel Switch Curve can be matched by
a polynomial equation that can then be used while on
the high-line to calculate the equivalent diesel flowrate
used in the baseline.

Is a device that connects the genset electricity delivery
cables, the high line cables, and the rig electrical loads
(motors, heaters, instruments, etc).

Is notice issued to the rig owner that confirms that
drilling is complete, the well is isolated, and that the rig
can be removed from the site.

Are common conversion factors such as feet to meters
and/or published factors relating units such as tonnes
CO,e per MWh for diesel combustion.

It is a geographical point where the land
owners/operators drill for underground resources such
as hydrocarbon and water.

11
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2.0 Baseline Condition

This protocol uses a rig-specific, dynamic, project based baseline. The baseline scenario
is the operation of a rig using the diesel-fired gensets as the source of electricity for drilling
operations connected to the rig power bus. The greenhouse gas emissions reported as CO,e
for diesel-fired gensets are determined based on kilowatt demand. Information for the
individual gensets is grouped to create the baseline kilowatt demand for the rig.

The kilowatt demand of a drilling rig can vary considerably between rigs. As such, it is
necessary to establish the diesel flowrate required for every kilowatt to create a Rig Fuel
Switch Curve for a specific rig.

The diesel consumption for each diesel genset is different from any other as it depends on
the engine, transmission, and generator design, the speed of operation, and the kilowatts
demanded by all of the drilling rig electrical loads. The instantaneous rig electrical demand
in kilowatts (kW demand) is supplied by a specific flowrate of diesel to each genset.
Accordingly, each genset must have accurate fuel flow and kilowatt power delivered
measurement devices installed and an electronic data recorder (datalogger) to allow the
Fuel Switch Curve to be calculated over the range of kilowatts that each genset can
provide. The total fuel flowrate for all the gensets on the rig are added together and plotted
to form the Rig Fuel Switch Curve of the rig.

If a genset has been removed and not replaced, or replaced by a different unit than the one
originally used to set the curve, the genset Fuel Switch Curve must be re-established and
the Rig Fuel Switch Curve must be re-calculated.

The Rig Fuel Switch Curve must then be matched to a polynomial equation. This Rig Fuel
Switch curve is used to calculate the equivalent diesel flowrate that would have been used
for each kilowatt demand provided by the high-line.

Figure 1 below provides a process flow diagram for the baseline condition of using diesel
gensets to create electric power for drilling rigs.

12
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Figure 1: Process Flow Diagram for the Drilling using Diesel Powered Genset Engines
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2.1 ldentification of Baseline Sources and Sinks

Sources and sinks for an activity are assessed based on guidance provided by
Environment Canada and are classified as follows:

Controlled: This classification indicates that the behaviour or operation of a
controlled source and/or sink is under the direction and influence
of a project developer through financial, policy, management, or
other instruments.

Related: A related source and/or sink has material and/or energy flows into,
out of, or within a project, but is not under the reasonable control
of the project proponent.

Affected: An affected source and/or sink is influenced by the project activity
through changes in market demand or supply for projects or
services associated with the project.

Sources and sinks were identified for the baseline condition by reviewing the technical
seed document, peer review, and considering relevant process flow diagrams pertaining
to the operation of drilling rigs. This process confirmed that the sources and sinks in the
process flow diagrams covered the full scope of eligible project activities under the
protocol.

Based on the process flow diagrams provided in Figure 1, the baseline sources and sinks
were organized into life cycle categories in Figure 2. Descriptions of each of the sources
and sinks and their classification as controlled, related or affected are provided below.

14
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Figure 2: Baseline Sources and Sinks for Conversion of Drilling Rigs
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Table 2: Baseline Sources and Sinks

Sources/Sinks

Description

| Controlled, Affected, Related

Upstream Sources and Sinks Before Baseline

B 10 Construction on Site

The process of construction at the site may require a variety of heavy equipment,
smaller power tools, cranes, and generators. The operation of this equipment will have
associated greenhouse gas emissions from the use of fossil fuel and electricity.

Controlled

B 11 Development of Site

The site may need to be developed. This could include civil infrastructure such as
access to electricity, gas and water supply, as well as sewer. This may also include
clearing (removing biomass), grading, building access roads, etc. There may also need
to be some building of structures for the facility such as storage areas, storm water
drainage, etc., as well as structures to enclose and house equipment. Greenhouse gas
emissions would be primarily attributed to the use of fossil fuels and electricity used to
power equipment required to develop the site such as graders, backhoes, trenching
machines, etc.

Controlled

B 12 Equipment Manufacture

Equipment may need to be built off-site. This includes all of the components of the
storage, handling, processing, combustion, air quality control, system control, and safety
systems. These may be sourced as pre-made standard equipment or custom built to
specification. Greenhouse gas emissions would be primarily attributed to the use of
fossil fuels and electricity used to power equipment for the manufacture of the raw
materials and processing of the equipment.

Related

B 13 Equipment Assembly

Equipment may need to be assembled either on-site or off-site. This includes all of the
components of the handling, processing, combustion, air quality control, system control,
and safety systems. These may be sourced as pre-made standard equipment or custom
built to specification. Greenhouse gas emissions would be primarily attributed to the
use of fossil fuels and electricity used to power equipment for the fabrication and
assembly work.

Related

B 16 Transportation of
Equipment

Equipment built off-site and the materials to build equipment on-site will all need to be
delivered to the site. Transportation may be completed by train, truck, barge, or other
means. Greenhouse gas emissions would be primarily attributed to the use of fossil fuels
to power the equipment delivering the equipment to the site.

Related

B 17 Testing of Equipment

Equipment may need to be tested to ensure that it is operational. This may result in
running the equipment in order to ensure that it runs properly. These activities will
result in greenhouse gas emissions associated with the combustion of fossil fuels and

Controlled
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the use of electricity.

Upstream Sources and Sinks During Baseline

B 2 Fluid Production/
Extraction from Wells

The mixture of oil, gas, drill cuttings, and mud collected from the well at the drilling rig.

Although drill cuttings are solids, they are suspended in the drilling mud while drilling
and are included in “fluids” for the sake of simplicity.

Related

B 3 On-Site Processing of
Produced Fluid

The mixture of oil, gas, drill cuttings and mud collected from the well is processed on-
site and may be stored in tanks before transportation and the flashed and produced gases
vented, flared or sometimes recovered to a gas-gathering system using temporary
piping. Greenhouse gas emissions result from the venting or flaring of the equipment
and fuel burned to operate the equipment that processes the fluids.

Related

B 14 Fossil Fuel Extraction

Greenhouse gas emissions would be primarily attributed to the use of fossil fuels and
electricity used to power the diesel-fuel gensets. The diesel comes from refining of oil
which is extracted from underground reservoirs at other locations. The oil extraction
process causes the emission of greenhouse gases due to extraction operations.

Related

B 15 Fossil Fuel Refining

Greenhouse gas emissions would be primarily attributed to the use of fossil fuels and
electricity used to power the diesel-fueled gensets. The diesel comes from the refining
of oil. This refining process causes greenhouse gas emissions due to combustion of
hydrocarbon fuels and usage of electricity. This does not include transportation of the
diesel to the wellsite.

Related

Onsite Sources and Sinks During Baseline

B 1 Drilling Operations — Diesel-
Electric Drilling Rigs

The diesel-electric drilling rig operation requires electricity from the diesel-fuelled
gensets.

Controlled

B 6 Electricity Supplied by
Diesel-Fueled Generator

Diesel is required for generating electricity to operate the drilling rig under baseline
conditions and may be sourced from connected facilities, such as the tanks on site. The
electricity is supplied by the diesel gensets to the power bus on the rig. The
measurement of the flowrate of diesel used by each genset for each measured kilowatt
produced per genset over the range of kilowatts that the genset can produce provides a
characteristic relationship called the Fuel Switch Curve. Converting the fuel used to the
CO,e emitted and then adding the emissions from each genset over all the kilowatts
used in a given duration gives the total greenhouse gas emissions over that duration.

Controlled

B 7 Liquid Fuel Delivery

The liquid fuel is delivered by trucks. The greenhouse gas emissions would be
primarily attributed to the use of fossil fuels by the trucks for transportation. This is
difficult to determine as it depends on the location of each supply depot relative to the

Controlled
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rig location and is determined and managed by the delivery service, not the rig owner or
lessee.

B 8 Diesel Storage

The diesel fuel delivered to the site will be stored in the fuel tank. Any diesel flashed
while the tank is in operation or being loaded releases diesel that currently is not
required to be included in any measurement of greenhouse gas emissions.

Controlled

B 9 Auxiliary Diesel Use

These activities will result in greenhouse gas emissions associated with diesel
combustion in the auxiliary equipment that uses the diesel stored in the fuel tank(s) on
site. Examples would be mobile equipment and boilers. These devices would not be
connected to the diesel gensets or the high-line.

Controlled

Downstream Sources and Sinks During Baseline

B 4 Downstream Fluid
Transportation

Waste materials from drilling (oil, drill cuttings and mud) are trucked to either an
approved processing or disposal plant. The types and quantities of fuels used and that
result in greenhouse gas emissions from transportation would be the same regardless of
sourcing of electricity for the Project.

Related

B 5 Downstream Fluid Processing

Each of the fluids produced throughout the project duration may need to be processed
downstream. Types and quantities of fluids used and that result in greenhouse gas
emissions would be the same regardless of sourcing of electricity for the Project.

Related

Downstream Sources and Sinks After Baseline

B 18 Well Site Rig Release

Once the drilling of the well is completed, the drilling rig may move to another well site
on the same drilling pad or to another area. Post-drilling clean-up may include disposal
of some materials, environmental restoration, re-grading, and transportation of materials
off-site. Greenhouse gas emissions would be primarily attributed to the use of fossil
fuels and electricity used to power equipment required to move the rig and conduct
these activities. The date of rig release from the site must be tracked in order to
establish the starting date for this operation.

Controlled
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3.0 Project Condition

The project condition is the connection to and operation of a high-line powered drilling
rig using electricity from a high-voltage power transmission or distribution cable (high-
line) near the rig operating site. There are economic, air-quality, safety, traffic
congestion, and greenhouse gas reduction benefits to making this connection.

Drilling rigs included in the project condition must be connect to high-line using the same
rig power bus as the genset used in the baseline condition and must be providing the same
kilowatt demand as the baseline operations.

Rig operational data describe in Section 1.2 and Section 5 must be tracked using
dataloggers and stored as part of the supporting documentation for the project. The power
demand and time are recorded and applied to the Rig Fuel Switch Curve to calculate the
diesel fuel that would have been used in the baseline. Flexibility is allowed for rigs to
create the Rig Fuel Switch Curve after the rig is connected to the high-line.

The COse calculation is completed for the high-line operation using the Alberta grid
average greenhouse gas intensity of 0.88 t CO,e per MWh (NIR 2008) or an Alberta
Environment and Water approved intensity factor for new, direct sourced electricity. The
COze calculation is completed for the diesel-genset operation and the difference between
the two modes is calculated to obtain the greenhouse gas emissions reductions. See
Appendix A for a sample calculation.

This calculation is completed over the entire duration of the high-line operation to obtain
the total tonnes CO,e reduced by not using diesel fuel during that operation.

Note these calculations use high-voltage, sales-grade, power meter with an accuracy of
within 0.1 per cent on the reading rather than relying on power data or billings from the

high-line operator, utility, or power suppliers.

The process flow diagram for the project condition is presented in Figure 3 below.

19



Conversion of Drilling Rigs from Diesel-Electric to High-line Electricity Sources February 2012

Figure 3: Process Flow Diagram for the Drilling Using High-line Electricity
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3.1 Identification of Project Sources and Sinks

Sources and sinks for the conversion of diesel-electric to high-line powered drilling rigs
were identified based on technical review. This process confirmed that source and sinks
in the process flow diagram (Figure 3) covered the full scope of eligible project activities
under this protocol.

These sources and sinks have been further refined according to the life cycle categories
identified in Figure 4, and are classified as controlled, related, or affected as described in
Table 3 below.

Sources and sinks were identified for the project by reviewing the technical seed
document and relevant process flow diagrams pertaining to the operation of processing
facilities.

Note: the sources and sinks are similar to the baseline except for the sources and sink
onsite during the project. Although the power source for the drilling rig is different in the
project condition, the metering requirements are similar.
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Figure 4: Project Conditions Sources and Sinks for Conversion of Drilling Rigs
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Table 3: Project Condition Sources and Sinks

Sources/Sinks

Description

| Controlled, Affected, Related

Upstream Sources and Sinks Before Project

P 11 Construction on Site

The process of construction at the site may require a variety of heavy equipment,
smaller power tools cranes, and generators. The operation of this equipment will have
associated greenhouse gas emissions from the use of fossil fuel and electricity.

Controlled

P 12 Development of Site

The site may need to be developed. This could include civil infrastructure such as
access to electricity, gas and water supply, as well as sewer. This may also include
clearing (including removing biomass), grading, building access roads, etc. There may
also need to be some building of structures for the facility such as storage areas, storm
water drainage, etc., as well as structures to enclose and house equipment. Greenhouse
gas emissions would be primarily attributed to the use of fossil fuels and electricity used
to power equipment required to develop the site such as graders, backhoes, trenching
machines, etc.

Controlled

P 13 Equipment Manufacture

Equipment may need to be built off-site. This includes all of the components of the
storage, handling, processing, combustion, air quality control, system control, and safety
systems. These may be sourced as pre-made standard equipment or custom built to
specification. Greenhouse gas emissions would be primarily attributed to the use of
fossil fuels and electricity used to power equipment for the manufacture of the raw
materials and processing of the equipment.

Related

P 14 Equipment Assembly

Equipment may need to be assembled either on-site or off-site. This includes all of the
components of the handling, processing, combustion, air quality control, system control,
and safety systems. These may be sourced as pre-made standard equipment or custom
built to specification. Greenhouse gas emissions would be primarily attributed to the
use of fossil fuels and electricity used to power equipment for the fabrication and
assembly work.

Related

P 17 Transportation of Equipment

Equipment built off-site and the materials to build equipment on-site will all need to be
delivered to the site. Transportation may be completed by train, truck, barge, or other
means. Greenhouse gas emissions would be primarily attributed to the use of fossil fuels
to power the equipment delivering the equipment to the site.

Related

23




Conversion of Drilling Rigs from Diesel-Electric to High-line Electricity Sources February 2012

Sources/Sinks

Description

Controlled, Affected, Related

P 18 Testing of Equipment

Equipment may need to be tested to ensure that it is operational. This may result in
running the equipment in order to ensure that it runs properly. These activities will
result in greenhouse gas emissions associated with the combustion of fossil fuels and
the use of electricity.

Controlled

Upstream Sources and Sinks During Project

P 2 Fluid Production/
Extraction from Wells

The mixture of oil, drill cuttings and mud collected from the well at the drilling rig.
Although drill cuttings are solids, they are suspended in the drilling mud while drilling
and are included in “fluids” for the sake of simplicity.

Related

P 3 On-Site Processing of
Produced Fluid

The mixture of oil, drill cuttings and mud collected from the well is processed on-site
and may be stored in tanks before transportation and the flashed and produced gases
vented, flared or sometimes recovered to a gas-gathering system using temporary
piping. Greenhouse gas emissions result from the venting or flaring of the equipment
and fuel burned to operate the equipment that processes the fluids.

Related

P 15 Fossil Fuel Extraction

Greenhouse gas emissions would be primarily attributed to the use of fossil fuels and
electricity used to power the diesel-fuel gensets. The diesel comes from refining of oil
which is extracted from underground reservoirs at other locations. The oil extraction
process causes the emission of greenhouse gases due to extraction operations.

Related

P 16 Fossil Fuel Refining

Greenhouse gas emissions would be primarily attributed to the use of fossil fuels and
electricity used to power the diesel-fueled gensets. The diesel comes from the refining
of oil. This refining process causes greenhouse gas emissions due to combustion of
hydrocarbon fuels and usage of electricity. This does not include transportation of the
diesel to the wellsite.

Related

Sources/Sinks

Description

Controlled, Affected, Related

Onsite Sources and Sinks During Project

P 1 Drilling Operations — Diesel-
Electric Drilling Rigs

The diesel-electric drilling rig is disconnected from the on-site gensets and the
electricity demand is being met by the high-line connection. The kW demand
measurement on the high-line transformer displays the total direct demand of the loads
on the rig. The connected devices will not change from those devices connected during
diesel genset operation.

Controlled
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P 6 Electricity from High-line to
the Drilling rig (various sources —
coal-fired; hydroelectric, gas
fired, wind, solar, geothermal,
nuclear, co-gen, etc.)

Electricity is measured as the total direct demand of the electrical loads on the rig that
are connected to the power bus. The greenhouse gas emissions intensity used to
determine the total greenhouse gas emissions tonnage is based on the Alberta grid
average, or the average greenhouse gas intensity of the independent power provider
supplying electricity to the rig.

Various types of power generation systems feed electricity into the Alberta grid. Each
has its own greenhouse gas emissions intensity (tCO,e/MWh). The annual average
Alberta grid greenhouse gas intensity is published each year by Environment Canada. If
an electric power provider agrees to provide electricity directly to the Protocol Project,
the greenhouse gas intensity for that provider can be used to determine the Project
greenhouse gas emissions.

A rig using the high-line as an electricity source is setting about a 1200 kW peak
demand in a month with most operations at a lower demand. This is a small fraction of
the mega-watts available on the Alberta grid at any time. Accordingly, the additional
rig demand will not impact the average Alberta grid greenhouse gas intensity.

Controlled

P 7 Electricity Supplied by
Diesel-fueled Generator

Diesel fuel may still be required for generating electricity to operate the drilling rig
during instances where electricity supply from the high-line is interrupted or during rig-
up and testing of equipment prior to high-line connection in the Project conditions.

Controlled

P 8 Liquid Fuel Delivery

The liquid fuel is delivered through trucks. The greenhouse gas emissions would be
primarily attributed to the use of fossil fuels by the trucks for transportation. This is
difficult to determine as it depends on the location of each supply depot relative to the
rig location and is determined and managed by the delivery service, not the rig owner or
lessee.

Controlled

P 9 Diesel Storage

The diesel fuel delivered to the site is stored in the fuel tank. Any diesel flashed while
the tank is in operation or being loaded releases diesel that currently is not required to
be included in any measurement of greenhouse gas emissions.

Controlled

P 10 Auxiliary Diesel Use

These activities will result in greenhouse gas emissions associated with diesel
combustion in the auxiliary equipment that uses the diesel stored in the fuel tank(s) on
site. Examples would be mobile equipment and boilers. These devices would not be
connected to the diesel gensets or the high-line.

Controlled
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Sources/Sinks | Description

| Controlled, Affected, Related

Downstream Sources and Sinks During Project

P 4 Downstream Fluid
Transportation

Waste materials from drilling (oil, drill cuttings and mud) are trucked to either an
approved processing or disposal plant. The types and quantities of fuels used and that
result in greenhouse gas emissions in transportation would be the same regardless of
sourcing of electricity for the Project.

Related

P 5 Downstream Fluid Processing

Each of the displaced fluids throughout the project may need to be processed
downstream. Types and quantities of fluids used and that result in greenhouse gas
emissions would be the same regardless of sourcing of electricity for the Project.

Related

Downstream Sources and Sinks Aft

er Project

P 19 Well Site Rig Release

Once the drilling of the well is completed, the drilling rig may move to another well site
on the same drilling pad or to another area. Post-drilling clean-up may include disposal
of some materials, environmental restoration, re-grading, and transportation of materials
off-site. Greenhouse gas emissions would be primarily attributed to the use of fossil
fuels and electricity used to power equipment required to move the rig and conduct
these activities. The date of rig release from the site must be tracked in order to
establish the starting date for this operation.

Controlled
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4.0 Quantification

Baseline and project conditions were assessed against each other to determine the scope
for reductions quantified under this protocol. Sources and sinks were either included or
excluded depending on how they were impacted by the project condition. Sources that
are not expected to change between baseline and project condition are excluded from the
protocol quantification. It is assessed that excluded activities will occur at the same
magnitude and emission rate during the baseline and project, so will therefore not be
impacted by the project.

Emissions that increase or decrease as a result of the project must be included and
associated greenhouse gas emissions must be quantified as part of the project
quantification.

All sources and sinks identified in Table 2 and Table 3 above are listed in Table 4 below.
Each source and sink is listed as include or excluded for protocol quantification.
Justification for these choices is provided.
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Table 4: Comparison of Sources/Sinks

Include or
Exclude from | Justification for Inclusion/Exclusion
Quantification

Identified Sources and | Baseline Project
Sinks (C, R, A)** (C, R, A)**

Upstream Sources/Sinks

B 2 Fluid Production/

Extraction from Wells R N/A Excluded Excluded as fluid production/processing is not impacted by the
implementation of the project and as such the baseline and the

P2 F1u¥d Production/ N/A R Excluded project conditions will be functionally equivalent.

Extraction from Wells

B 3 On-Site Processing of

Produced Fluid R N/A Excluded Excluded as fluid production/processing on-site is not impacted by
the implementation of the project and as such the baseline and the

P 3 On-Site Processing of N/A R Excluded project conditions will be functionally equivalent.

Produced Fluid

This is the oil production that results in diesel production. Both oil
B 14 Fossil Fuel Extraction R N/A Excluded and diesel production amount to millions of litres a day in North
America. The reduction in diesel usage from converting a rig to
high-line will remove about 4,500 litres per day of diesel demand
from the refineries and oil producers. Such a small reduction will be
P 15 Fossil Fuel Extraction N/A R Excluded absorbed through the storage tanks in the delivery system. Overall
the impact is negligible and is excluded in the calculation.

B 15 Fossil Fuel Production R N/A Excluded
No substantive differences between Baseline and Project Condition

based on anticipated adoption of portable chipping technology.

P 16 Fossil Fuel Production N/A R Excluded

Onsite Sources/Sinks
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Identified Sources and | Baseline Project EILEE £ . . .
Sinks (C, R, A)** (C, R, A)** Exclude from | Justification for Inclusion/Exclusion
Y Y Quantification
B 1 Drilling Operations —
Diesel-Electric Drilling Rigs C N/A Excluded The drilling operations and the associated power demands will not
be affected by the conversion of the electricity source to the high-
P 1 Drilling Operations — line.
Electric Drilling Rigs N/A C Excluded
B 6 Electricity Supplied by This is metered at the electricity output of the diesel generators
Diesel-Fueled Generator C N/A Included which is equivalent to the amount of electricity consumed by the
rigs. Diesel used to generate the electric output is also measured.
P 6 Electricity from High-
line to the Drilling rig
(various sources — coal-fired; N/A C Included The electrical demand is now provided through the high-line
hydroelectric, gas fired, connection. The kilowatt demand is measured and logged.
wind, solar, geothermal,
nuclear, co-gen, etc.)
Greenhouse gas reductions only occur during high-line operations
during the Project as recorded by the power meter and data logger.
Any electricity supplied to the rig by the diesel gensets requires the
. . physical disconnection of the high-line and is therefore not part of
P 7 Electricity Supplied by N/A C Excluded the Project. The measurement of the diesel used under these non-
Diesel-Fueled Generator Fuel Switch Curve test operations is not required.
The rig operator is expected to clearly mark the times of Fuel Switch
Curve testing and high-line operation in the datalogger or associated
records.
The diesel volume delivered to the site will decrease when the rig is
B 7 Liquid Fuel Deli C N/A Excluded on high-line. The reduction in greenhouse gas emissions from the
iquid Huet Heltvety xelude Project is difficult to determine as it depends the portion of diesel
still delivered for auxiliary services, and on the location of each
supply depot relative to the rig location. Finally, greenhouse gas
emissions changes are difficult to determine since the transport is
o ) managed by a delivery service, not the rig owner or lessee. By not
P 8 Liquid Fuel Delivery N/A C Excluded

including the reduction in transport emissions due to the Project, the
proponent demonstrates a conservative approach to the greenhouse
gas emissions claimed.
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Identified Sources and | Baseline Project Lt Lelaer A 8 8
Sinks (C, R, A)** (C, R, A)** Exclude from | Justification for Inclusion/Exclusion
Y Y Quantification

B 8 Diesel Storage C N/A Excluded Excluded, as the storage of the diesel fuel is not impacted by the

implementation of the project. Any diesel flashed while the tank is
) in operation or being loaded releases diesel that currently is not

P 9 Diesel Storage N/A C Excluded required to be included in any measurement of greenhouse gas
emissions.

B 9 Auxiliary Diesel Use C N/A Excluded Excluded as the diesel consumption of the auxiliary diesel powered
or fired equipment on site is not impacted by the implementation of
the project and as such the baseline and the project conditions will

P 10 Auxiliary Diesel Use N/A C Excluded be functiona}ly equi\./a.lent. The project only needs to account for
the change in electricity source greenhouse gas emissions for the
loads connected to the rig power bus.

Downstream Sources/Sinks

B 4 Downstream Fluid

Transportation R/A N/A Excluded Excluded as the transportation of the fluid is not impacted by the

: implementation of the project and as such the baseline and the

?riiggr{[l:gxm Fluid N/A R/A Excluded project conditions will be functionally equivalent.

B 5 Downstream Fluid

Processing R/A N/A Excluded Excluded as downstream fluid processing is not impacted by the

: implementation of the project and as such the baseline and the

grf) C]zss"i":llgs'fream Fluid N/A R/A Excluded project conditions will be functionally equivalent.

Other Sources and Sinks

B 10 Construction on Site C N/A Excluded Excluded as construction on-site is not materially impacted by the

P 11 Constructi Sit implementation of the project and as such the baseline and the

onstruction on site N/A C Excluded project conditions will be functionally equivalent.

B 11 Development of Site C N/A Excluded Excluded as development of the site is not materially impacted by

P 12 Devel t of Sit the implementation of the project and as such the baseline and the

cvelopment of site N/A C Excluded project conditions will be functionally equivalent

B 12 Equipment R N/A Excluded Excluded as equipment manufacture off-site is not materially

Manufacture impacted by the implementation of the project and as such the

P 13 Equipment Manufacture N/A R Excluded baseline and the project conditions will be functionally equivalent
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Identified Sources and | Baseline Project :Endlu%e c;r ification for Inclusion/Exclusi
Sinks (C R.A)** (C R A)** XClu _e_ ro_m Justification for Inclusion/Exclusion
Y Y Quantification
B 13 Equipment Assembly R N/A Excluded Excluded as assembly of equipment on the site is not materially
P 14 Eaui (A bl impacted by the implementation of the project and as such the
quipment Assembly N/A R Excluded baseline and the project conditions will be functionally equivalent
B 16 Transportation of
Equipment R N/A Excluded Excluded as transportation of equipment to the site is not materially
: impacted by the implementation of the project and as such the
P 17 Transportation of N/A R Excluded baseline and the project conditions will be functionally equivalent.
Equipment
B 17 Testing of Equipment C N/A Excluded Excluded as testing of equipment on the site is not materially
P 18 Testi fEqui " impacted by the implementation of the project as it is conducted
esting ot Equipmen outside of the test to produce the Rig Fuel Switch Curve. As such
N/A C Excluded the baseline and the project conditions will be functionally
equivalent.
B 18 Well Site Rig Release C N/A Excluded Excluded as the rig release and move of the rig offsite is not
o materially impacted by the implementation of the project and as such
P19 Well Site Rig Release N/A C Excluded the baseline and the project conditions will be functionally

equivalent

**Where C is Controlled, R is Related, and A is Affected.
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4.1 Quantification Methodology

Quantification of the reductions, removals and reversals of relevant sources and sinks for
each of the greenhouse gases will be completed using the methodologies outlined in
Table 5 below. These calculation methodologies serve to complete the following three
equations for calculating the emission reductions from the comparison of the baseline and
project conditions.

The general approach is to calculate the offsets as follows:

Where:

Emission Reduction = EmIissions gaseline — EMISSIONS project
Emissions gaseline = EMissions ge
EmIssions project = EMissions pg

Emissions Project Genset = Avoided Emissions Combusted Diesel Fuel

Emissions paseline = sum of the emissions included under the Baseline Condition.

Emissions gs = Emissions project Genset

Emissions project = sum of emissions included under the Project Condition.

Emissions ps = Emissions project High-line

Emissions project Genset are calculated using a Rig Fuel Switch Curve equation relating
kilowatts demand from the gensets on the rig to the fuel flowrate used to run the genset
engines calculated as follows:.

This data is collected during genset performance tests on the rig.

The Rig Fuel Switch Curve is calculated by adding together the kilowatts from
the generators over the capacity range of the gensets.

Fuel flowrates are added together for each of the totalled kilowatts.

Rig values are plotted and polynomial trend line is fit to the curve to get a Rig
Fuel Switch Curve equation. This establishes the fuel flowrate for the rig at
any kilowatt demand.

Flowrates are multiplied by the combustion emissions factor per cubic meter of
fuel burned to calculate the baseline greenhouse gas emissions for the rig.
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When the rig switches to the high-line, the gensets are shut-down and disconnected. The
volume of avoided emissions is determined by taking each high-line power demand and
using the Rig Fuel Switch Curve equation to calculate the avoided fuel flowrate. This is
then multiplied by the emissions factor to calculate the Avoided Emissions combusted Diesel
Fuel NOted in B6.

The kilowatt-hours are determined using the high-voltage, sales grade power meter, and
the high-line greenhouse gas emission factor used to determine the Emissions project High-line
noted in P6.
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Table 5: Quantification Methodology

Justify measurement or
. Parameter / . Measured/ .
Source/Sink . Unit . Method Frequency estimation and
Variable Estimated
frequency
Baseline Condition

For later usage, the greenhouse gas emissions intensity for combustion of diesel fuel in stationary engines is (per CAPP):
=2.744 tCO , /m* x GWP ,  + 0.0004 tN,O/m"* x GWP  , + 0.00014 tCH ,/m* x GWP

=2.744 tCO, /m* x 1+ 0.0004 tN,0 /m> x 310 +0.00014 tCH , /m* x 21 = 2.871 tCO ,e /m’

Testing of rig gensets.

1. Determine effective operating range of each genset;

B 6 Electricit 2. Break up the operating range into equivalent kilowatt groups;

y . . . . .

Supplied by 3. Totest ea}ch genset may require _the installation of a dynamometer or operation of groups of loads on the rig;

Diesel-Fueled 4. R.ecord diesel rov_vrate at each kilowatt output. .

Generator 5. Since the tested kilowatt values may not correspond for each genset, enter the_data into a spreadsheet a_lnd create an X-
Y plot of the flowrates versus the kilowatts for each genset and fit a polynomial equation to the resulting curve. Note
that this curve does not go through the origin point on the axes as an engine will have a small flowrate at no load
(idle);

6. Set up a table of equivalent kilowatt groups for each genset and use the polynomial curve for each genset to calculate
the fuel flowrate at that kilowatt output. Add the resulting flowrates and add the kilowatts together to get a rig diesel
flowrate column and a rig total kilowatts column. Using the X-Y plot, re-graph the totaled kilowatts and the flowrates
in the spreadsheet and fit a new polynomial curve. This is now the Rig Fuel Switch Curve Equation;

Calculated using the
Avoided Calculated measured kilowitt
Emissions t CO,e/m’ from N/A N/A demand and the Rig
A measured Fuel Switch C
Combusted Diesel Fuel ue witc urve
and EF equation.
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Justify measurement or

. Parameter / . Measured/ .
Source/Sink . Unit . Method Frequency estimation and
Variable Estimated
frequency
Each time a Engine and generator
genset is added operation will bp stable
. for most operating
Flowrate of . . to a rig, and once e
: . Direct metering .= conditions. Flowrate
Diesel Liters/second | Measured in winter and
. must be measured to
onee 1 summer | ,rovide adequate
and after accuracy.
maintenance
High-line Reference values
COqe adjusted annually as
Emissions tonnes CO,e . : part of Environment
Factor for per MWh Estimated | Alberta Environment (see below) Annual Canada reporting on
Diesel (EF iesel Canada’s emissions
c02¢) inventory.
Genset CO,
Emissions
Fgctor for tonnes C302 Estimated | From CAPP reference documents Per CAPP Timing is not under
Diesel per m schedules Proponent control.
Combustion (
EF Diesel coz)
Genset CHy
Emissions Timing is not under
Fgctor for tonnes C;H4 Estimated From EPA, AP-42 and CAPP reference Per EPA schedules Proponent control.
Diesel per m documents See Table 1 for the
Combustion GWP for CHa.
(EF Diesel CI—[4)
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Justify measurement or
. Parameter / . Measured/ .
Source/Sink . Unit . Method Frequency estimation and
Variable Estimated
frequency
Genset N,O
Emissions Timing is not under
Fz-lctor for tonnes I\?O Estimated From EPA, AP-42 and CAPP reference Per EPA schedules Proponent control.
Diesel per m documents See Table 1 for the
Combustion GWP for N,O.
(EF Diesel NZO)

Project Condition

P 6 Electricity
from High-
line to the
Drilling rig
(various
sources —
coal-fired;
hydroelectric,
gas fired,
wind, solar,
geothermal,
nuclear, co-
gen, etc.)

When operating on the high-line, for each recorded kilowatt demand taken at set intervals, use the Rig Fuel Switch Curve
Equation to calculate the diesel fuel volume not burned. If the recording duration is longer than 1 second, then use the
kilowatt value at the beginning of the period as the average demand for the period multiplied by the number of seconds
between readings. The sum of these calculations will result in the total liters of diesel burned. Divide by 1,000 to convert to
m® and multiply by the t CO.e per m® to get Emissions project Genser-

1. Emissions Project Genset (t CO2€) = [Z (A * high-line ij2 + B; * high-line kW; + C;); * duration;]J/1000 * EF fyei combustion/m3s
where (i) represents each genset and j represents the range of kilowatts used by the rig.

To calculate the high-line greenhouse gas emissions from the electricity consumption, use Equation 2.

2. Emissions Project High-line — z [hlgh-hne kWJ * durationj / 3,600]/1,000 * EF Electricity/ MWh
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Justify measurement or

. Parameter / . Measured/ L
Source/Sink . Unit . Method Frequency estimation and
Variable Estimated
frequency
Each time there is See'no‘Fes at the.
a genset unit beginning of this
Emissions Calculated change such as a | section. Whenever
' tonnes CO,e from Equation 1 above removal or there is a change in a
Project Genset measured addition or a genset, the rig Fuel
different type is | Switch Curve will
installed. likely change.
Egnss'lon's Calculated Fd (;irlf;dsv;’lviil See notes at the
Project High-line tonnes COze from Equation 2 above dtothe | Deginning of this
measured connectec fo the section
high-line ’
EF
Electr.icitx/MWh: .
Emission kg of CO2e Provided From Alberta Environment and Water
Factor for by : . Reference values
S per kWh . Offset Project Guidance Document. Annual . L
High-line Environme adjusted periodically.
generated nt Canada
electricity
/MWh
EF Fuel
Combustion/m :
Emission
F for ri D
actor for rig tonnes C3Oze Measured | From CAPP reference documents Per CAPP Timing is not under
for combustion per m schedules Proponent control.

of diesel / m’
of diesel fuel

37




Conversion of Drilling Rigs from Diesel-Electric to High-line Electricity Sources February 2012

Justify measurement or
. Parameter / . Measured/ .
Source/Sink . Unit . Method Frequency estimation and
Variable Estimated
frequency
A frequency that
is less than every
minute still
provides enough
accuracy to meet
the AENV Provides higher
) . ) requirements. accuracy of calculated
High-line kW | kW Measured Time-of-use meter q . Y
With electronic greenhouse gas
metering a emissions
frequency that
goes down to
every second is
available but not
necessary.
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5.0 Data Management

Data quality management must be of sufficient quality to fulfill the quantification
requirements and be substantiated by actual records for the purpose of verification.

The project developer shall establish and apply quality management procedures to
manage data and information. Written procedures and documentation must be established
for each measurement task outlining responsibility, timing and record location
requirements.

5.1 Project Documentation

The project developer must ensure the following documentation is obtained in order to
claim any emission reductions:

e Diesel and high-line kilowatt demand must be determined by actual metered data.
The diesel flowrate and power demand measurement systems must be accurate
within 2 per cent for the readings.

The sampling frequency depends on the speed and extent of power demand
variation, and on the data rate of the recording system installed. Each rig owner
should determine an appropriate to ensure accuracy in their measurements.

e Information must be inserted into the electronic record with the data to provide
dates, and start or stop of specific operations such as rig pre-test, Rig Fuel Switch
Curve testing, high-line operation and well site identification (well ID).

e If a genset is removed or replaced with another genset, the change must be
documented and added to the record. A new test must be run to establish the
genset Fuel Switch Curve. The results must replace the previous data from the
removed genset to re-establish the Rig Fuel Switch Curve.

e A record listing the specific drilling rig owner’s name and the rig number, with its
primary specifications including serial numbers of the gensets, status as a rig
convertible to high-line, and maintenance records. If the drilling rigs are owned
by another company, the rig owner and project developer must determine
ownership of greenhouse gas offset credits and provide documentation to ensure
any duplication of the carbon offset credits does not occur.

5.2 Record Keeping

Alberta Environment requires that project developers maintain appropriate supporting
information for the project, including all raw data for the project for a period of 7 years

39



Conversion of Drilling Rigs from Diesel-Electric to High-line Electricity Sources February 2012

after the end of the project crediting period. Where the project developer is different
from the person implementing the activity, as in the case of an aggregated project, the
individual projects and the aggregator, must both maintain sufficient records to support
the offset project. The project developer must keep the information listed below (in
addition to others that will support the project) and disclose all information to the verifier
and/or government auditor upon request.

Record Keeping Requirements:

e Raw baseline period data to determine the Rig Fuel Switch Curve, including,
diesel flowrates and electrical demand data, matching serial numbers of the
gensets, maintenance record/time data, ambient temperature, barometric pressure.

e A record of all adjustments made to raw baseline data with justifications
e All analyses of baseline data used to create mathematical model(s)

e All data and analysis used to support estimates and factors used for quantification
including?

e Expected end of life date of equipment removed or renovated under the project

e Metering equipment specifications (make and model number, serial number,
manufacturer’s calibration procedures)

e A record of changes in static factors along with all calculations for non-routine
adjustments

e All calculations of greenhouse gas emissions/reductions and emission factors
e Measurement equipment maintenance activity logs
e Measurement equipment calibration records

e [Initial and annual verification records and audit results

In order to support the third party verification and the potential supplemental government
audit, the project proponent must put in place a system that meets the following criteria:

e All records must be kept in areas that are easily located;

e All records must be legible, dated and revised as needed;

e All records must be maintained in an orderly manner;

e All documents must be retained for 7 years after the project crediting period;

e Systems for data collection, calculations and emissions estimates must include
accuracy checks by supervisors;

e FElectronic and paper documentation are both satisfactory; and
e Copies of records should be stored in two locations to prevent loss of data.

Note: Attestations will not be considered sufficient proof that an activity took place and
will not meet verification requirements.
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5.3 Quality Assurance/Quality Control Considerations

Quality Assurance/Quality Control can also be applied to add confidence that all
measurements and calculations have been made correctly. These include, but are not
limited to:

Ensuring that the changes to operational procedures continue to function as
planned and achieve greenhouse gas reductions

Ensuring that the measurement and calculation system and greenhouse gas
reduction reporting remains in place and accurate

Checking the validity of all data before it is processed, including emission factors,
static factors, and acquired data

Performing recalculations of quantification procedures to reduce the possibility of
mathematical errors

Storing the data in its raw form so it can be retrieved for verification. If in an
electronic format, store the data in non-volatile read-only storage such as a DVD
disc or other suitable long-term memory formats.

Protecting records of data and documentation by keeping both a hard and soft
copy of all documents

Recording and explaining any adjustment made to raw data in the associated
report and files.

Where possible, linking electronic data to reduce the possibility of transcription
errors.

A contingency plan for potential data loss.

5.4 Liability

Offset projects must be implemented according to the approved protocol and in
accordance with government regulations. Alberta Environment and Water reserves the
right to audit offset credits and associated projects submitted to Alberta Environment and
Water for compliance under the Specified Gas Emitters Regulation and may request
corrections based on audit findings.
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Appendix A: Sample Calculations
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Baseline Condition

The greenhouse gas emissions intensity for combustion of diesel fuel in stationary
engines is (per CAPP):

= 2.7441CO, /M’ x GWP,,_ +0.0004tN,0/m’ x GWP, , +0.000141CH,, /m* x GWP,,
= 2.7441CO, /m* x 1+ 0.0004tN,0/m* x310 + 0.00014tCH, /m* x 21 = 2.871tCO,e/m’

Rig Fuel Switch Curve

Baseline Project

i —()
Genset 1

@ Transformer and
i (E) — 1 disconnect switch

Genset 2

The instantaneous rig electrical demand in kilowatts (kW demand) is supplied by the sum
of the specific flowrates of diesel to each genset and these will be recorded by the data
logging system. Based on the total fuel flowrates to all of the gensets and the total power
output, it is expected that a Rig Fuel Switch Curve can be created and fitted with a
polynomial equation (Baseline) that can then be used while on the high-line to calculate
the equivalent diesel flowrate (L/s) not used for each kilowatt demand provided by the
high-line (the Project).

To establish the Baseline,

1. Each genset on the rig must have a flowrate of diesel tested for a number of different
kilowatts of demand provided by the genset covering the rated demand range for the
engine. Since we do not have data from an actual field test, the following example
will illustrate the process using the engine manufacturer’s data. Note that, although
the 3 genset engines are the same model in this example, in field testing each engine
needs its own Rig Fuel Switch Curve.

The rated brake horse power of each genset engine depends on the engine speed,
location altitude, and other factors. The Caterpillar Industrial Engine 3512 TA
specification attached in Appendix B is similar to the Caterpillar engine 3412 used
on Rig #9, as noted in the Ensign Drilling plant data diagram, also attached in
Appendix B. Cat 3512 TA is used because the fuel consumption for Cat 3412 is not
available and Cat 3512 has very similar characteristics and uses diesel fuel. This
specification provides a diagram of the fuel consumption versus brake horsepower
where the fuel axis is depicted in the form of Btu/horsepower-hour. This is also
called the brake specific fuel consumption curve and is available for all engines.
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For this example we can use this diagram for this Cat engine operating at 1,800 rpm
(assuming the generator’s efficiency is at 92%), and standard conversion factors, to
calculate a table of kW electric output and corresponding liters per second of diesel fuel
flowrate as shown below. Note that for an actual rig, this fuel to electricity relationship is
determined by testing the genset over the expected operating range of the engine.

This data is then plotted in the following chart and we used the spreadsheet curve-fit tool
to create a polynomial equation to match the curve as shown on the chart.

Engine Power Fuel Rate
bhp electric bkW electric kW electric L/s L/s
1280 954 877.68 0.06806 0.06806
1445 1077 990.84 0.07583 0.07583
1500 1118 1028.56 0.08028 0.08028
1750 1305 1200.6 0.09750 0.09750

Desel Fuel Rate (L/s) vs kWelectric output

0.12000

y=8E08¢ - 7E-05x+0.0712
0.10000 -

R=0.9985
0.08000 - /

0.08000 -

Diesd Fud Rate

0.04000

0.02000 -

0.00000 : : :
(0] 500 1000 1500 2000
kilowatt electric (kW)

2. For more than one genset, a test will be conducted on each genset to obtain the fuel
versus kW electrical relationship. The rig Fuel Switch curve can then be created in
the spreadsheet by picking a kilowatt output within the range of any of the gensets,
calculating the fuel usage using each of the genset polynomial equations and adding
the resulting flowrates and adding the kilowatts together to get a rig diesel flowrate
for the total kilowatts. The totaled kilowatts and the flowrates are re-graphed in the
spreadsheet and a new polynomial curve fitted.
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Rg Fud Howrate (3 gensets) vs rig kilonett demand
030 y=2667E-08¢ - 7.0005-05x+ 2136501
025
% M A . M
T 015
0]
=)
L 010
005
O.CD T T T T T T
0 500 1000 1500 2000 2500 3000 3500
kilowett

If the Ensign Rig #9 is then shifted to operating on a high-line, a sample data logging
system record may look like the information below:

Time High-Line High-Line Fuel Not-burned per
Demand | Consumption Rig Fuel Switch
Curve at the High
Line Demand Shown
second kW kWh Liters/second
1 1,350 0.375 0.16162
2 900 0.25 0.16950
3 240 0.067 0.19814
4 1,380 0.383 0.16143
5 1,290 0.358 0.16212
6 1,320 0.367 0.16185

3. The genset fuel not burned at each of the kilowatt demands is then calculated using
the rig Fuel Switch Curve fitted polynomial equation. This is shown in the third
column to the right in the above table. For example, at time 1, the flow rate is:

Rig Fuel Rate (L /s)=2.667 x 10~ x Demand (kW )*2 + 7.000 x 10> x Demand (kW) + 2.136 x10~"'

=2.667x107° x1350"2+7.000x107> x 1350 +2.136 x10™"
= 0.16162 L/s
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4. Then to determine the GHG reductions, we must first calculate the CO,e emissions
that would have happened if diesel had been burned to achieve the measured power
demands (Project Genset). This will be followed by calculating the Alberta grid
CO,e emissions for the same power demand (Project High-line). Therefore, within
the given duration, the difference is the GHG reduction achieved by using the high-
line power source.

Under baseline condition:
GHGy, st cense. = IAvoided FuelRate(L /s)dtx1m® /1000 L x 2.871tCO,e/m’

GHG project genset = [(0.16162 L/s x 1 sec) + (0.16950 L/s x 1 sec) + (0.19814 L/s x 1 sec) +
(0.16143 L/sx 1 sec) + (0.16212 L/s x 1 sec) +(0.16185 L/s x 1 sec)] x 1 m3/1000 L x
2.871 tCO,e/m*= 0.00291 tCO-e, over the 6 seconds duration.

Under project condition:
GHG = j EnginePower (kW )dt(hours) x IMWh /1000kWh x 0.88tCO,e / MWh

Pr oject High—line

15/3600s/h) + (1380 KW x 15/3600s/h) + (1290 KW x 1s/3600s/h) + (1320 kW x
1s/3600s/h)] x 1 MWh/1000 kWh x 0.88 tCO.e/MWh = 0.00158 tCO.e

Therefore, the greenhouse gas emissions reduction is:
AGHG =GHG — GHG =0.00133 tCO.e, over the 6 seconds duration.

baseline project
This may not look like much, but assuming that the rig sees 250 days of drilling
operations per year (24/7), this rig can reduce greenhouse gas emissions by 4,785
tCO,e/year.
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Appendix B: Caterpillar Engine Model 3512 Manufacturer’s
Data
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CATERPILLAR

3512 1119 bkW / 1500 bhp

1200 rpm

Industrial

Image shown may not reflect
actual engine

CATERPILLAR ENGINE
SPECIFICATIONS

V-12, 4-5troke-Cycle Diesel
RN e iy s i b i i

ceresinnsnes 170.0 MM {6.69 ind

Stroke... 1890.0 mm {7.48 in}
Displac nt i B1B L (216103 in)
Aspiration.. ...Turbacharged / Aftercooled
Compressio T e e o R b, D ¢
Rotation (from flywheal end).............. Counterclockwise

Capacity for Liguids
Cooling SYstam.. ... 1968 L (41.4 gal}
Lube il Systemn {rafill).. enssian. 3104 L {B2.0 gal)
Fhr{gina Weight, Net Dry (approximate)s, 078 kg (13,400

FEATURES

EMISSIONS FULL RANGE OF ATTACHMENTS

Mot Emissions Certified ‘Wide range of bolt-on systam expansion
attachments, factory designed and tested

SINGLE SOURCE SUPPLIER

Caterpillar UNMATCHED PRODUCT SUPPORT OFFERED

- Casts engine blocks, heads, cylinder liners, and
flywheal housings

- Machines critical componants

- Assambles complete engine

Ownership of these manufacturing processes
aenables Caterpillar to produce high guality,
dependable product.

Factory-designed systems built at Catenpillar 150
G001:2000 certified facilities

TESTING

Prototype testing on every modek:
- proves computer design

- varifies systam torsional stability
- functionality tests every modal

Every Caterpillar engine is dynamometer tested

THROUGH WORLDWIDE CATERPILLAR DEALER
NETWORK

Mora than 1,500 dealer outlets.

Caterpillar factory-trained dealer technicians service
avary aspect of your industrial engine.

99.7% of parts orders filled within 24 hours
worldwide.

Caterpillar parts and labor warranty.

Preventive maintenance agreaments. available for
repair before failure options.

Schaduled Oil Sampling program matches your il
sample against Caterpillar set standards to
determine:

- intarnal en?inﬂ component condition

- presence of unwanted fluids

- prasence of combustion by-products

WEB SITE
For additional information on all your petroleum

under full load to ensure proper engine parformance power reguirements, visit www.cat-oilandgas.com.

15 March 2009 6:48 AM
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WERHM‘ 3512 INDUSTRIAL ENGINE
1119 bkW (1500 bhp)

STANDARD ENGINE EQUIPMENT

Air Inlet System Instrumentation

Aftarcocler cora, corrasion resistant (air side)
Air cleaner, Regular duty with service indicators
Turbocharger, rear mountad

Control System

Governor, RH, 3161 with salf contained synthatic oil
sump

Air-fuel ratio control, mechanical speed control,

without torque control i
Governor control, positive locking

Cooling System
Thermostats and housing for conventional core

radiator, Jackat water pump, gear driven, centrifugal

Exhaust System
Exhaust manifold, dry

Flywheels and Flywheal Housings

Flywheal, SAE No. 00, 183 teeth
Flywheal housing, SAE No. 00

Fuel System

Fuel filter, with service indicators, cartridge type
with RH sarvica
Fuel transfer pump

Instrumeant Panel, RH

Engine oil pressure gauge

Fual Frgssura gauge

il filter differantial gauge
Jacket water temperatura gauge
Sarvice meter, electric
Tachometar

Lube System

Crankcase breather, top mounted

il cooler

0il filler and dipstick, RH

il pump

il filter, cartridge type with RH sarvice

Shallow oil pan

il pan drain valve, 2" NPT famalz connection
Lubricating oil, SAE T0W320, Caterpillar DEQ (CG4)
416L

Mounting System

Rails, mounting, enging langth, 254 mm (10 in},
industrial-type, C-channal.

Power Take-Offs

Accessory drive, upper RH
Front housing, single-sided

Starting System
Starting switch

General

Paint, Caterpillar yellow
Vibration damper and guard
Lifting ayes

2 15 March 2009
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CATERPILLAR 3512 INDUSTRIAL ENGINE

1119 bkW (1500 bhp)
PERFORMANMNCE CURVES
IND - C {Intermittent) - TM3378-07
AR
b1z
Enging 4444
Torgue
I 4376
1 L
1876
Engina
Powsrbhp 1252
112
36R
BSFC 385
Ib/bhp-hr S
]
1300 1400 1600 1600 1700 1800 1800
Engina Speed rpm
Engine Speed Engine Power Engine Torque BSFC Ib/bhp-hr  Fuel Rate
Sl g g et b P
1800 1500 4377 1] T4.9
1750 1475 4425 350 3.7
1700 1244 4451 351 T2.4
1650 1211 4430 351 T0.8
1600 1376 4518 382 68.2
1550 1340 4542 3562 67.3
1500 1302 4560 352 65.4
1450 1263 4574 381 B3.3
1400 1221 4580 352 61.3
1350 1178 4572 354 504
1300 1128 4556 368 516
3 15 March 20089 648 AM
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CAVERPILLAR

RATINGS AND CONDITIONS

3512

INDUSTRIAL ENGINE
1119 bkW (1500 bhp)

IND - C {Intermittent) Intermittent service whara
maximum power andior spaed are cyclic. The
power and spead capability of the engine can ba
utilized for ona uninterrupted hour followed by ona
hour of operation at or below IND - A. Time at full
load is not to exceed 50% of the duty cycle. Typical
service examples are; agricultural tractors,
harvesters and combines, off highway trucks, fira
pump application power, blast hole drills, rock
crushers and wood chippears with high torgue rise,
and cil field hosting.

CSA Certification Available

Engine Performance Engine performance is

COrr

ected to inlat air standard conditions of 99 KPA

{29.31 IN HG) dry barometer and 25 deg C (77 deg F)
temperature. These values correspond to the
standard atmospheric pressure and temperature as
shown in SAE J1985.

Performance measured using a standard fuel with
fuel gravity of 356 degrees AFI having a lower
heating value of 42,730 K/KG (18,290 BETU/LB) whan
used at 29 DEG (84.2 DEG F where the density is

B3g
The

9 G/L (7.001 LB/US GALL

corrected performance values shown for

Catarpillar engines will approximate tha valuas

obtained whean the observed
corrected to SAE J1955, IS0

arformance data is
-2 and 8665 and

2228 and 9249 and 1585, EEC B0y1269 and DIN 70020
standard referance conditions.

Nota: Do not use for installation design.

o
ju]w]wla]
I & 5=
Engine Dimensions
1) Length 105.35 in
2 Width 67.05in
3) Height 67.7 in

Seeo general dimension drawings for
datail {Drawing # 1728536 ).

Performance Number: TM3378-07
Feature Code: 5120002 Arr. Number: #¥Wo2az

Materials and specifications are subject to change without notica.

14023117

*Caterpillar ¥ellow,” and the POWER EDGE trade dress, as we

D 2008 Catarpillar
All rights reservad.
The International System of Units (51 iz used in this publication.

CAT, CATERFILLAR, SAFETY.CAT.COM their respective Ioﬂus.
as

corporate and praduct identity used herein, are trademarks of
Caterpillar and may not be usad without permiszion.

54



Conversion of Drilling Rigs from Diesel-Electric to High-line Electricity Sources February 2012

Mechanical
Control
System

3512

PROPULSION ENGINE

RATINGS AND FUEL CONSUMPTION

EPA EU
mhp bhp DbkW rmpm US.gh Ihr regs. regs.

1224 1207 300 1200  58.1 220 NC NC
1298 1280 954 1600 64.2 243  NC NC
1298 1280 954 1800 647 285 NC NC
1318 1301 970 1200 628 238 NC NC
1379 1360 1014 1600  68.3 259  NC NC
1465 1445 1077 1800 722 213 NC NC
1428 1408 1050 1200 686 260  NC NC
1430 1410 1051 1600 731 277 NC NC
1521 1500 1118 1800  76.3 289  NC NC
1775 1750 1305 1800 928 351 NC NC

These ratings do not meet the 2004 EPA emissions standards or
the IMO regulation on NOx emissions.

OO0 WmEDDI> D

LE H WE
min. 107 inf2715 mm 80.8 1n/2053 mm 7.1 in/1703 mm
max. 107 in/2715 mm B0.8 in/2053 mm 67.1 in/1703 mm
Vee 12, 4-Stroke-Cycle Diesel
Aspiration TA
Bore x Stroke 67x75in 170 % 190 mm
Displacement 3158 cu in 51.8 liter
Rotation (from flywheel end) Counterclockwise or clockwise
Engine dry weight (approx)  14398-144111b 6531-6537 kg

34
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