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1.0 INTRODUCTION

1.1. BACKGROUND

The U.S. Environmental Protection Agency’s Office of Research and Development (EPA-ORD) operates
a program to facilitate the deployment of innovative technologies through performance verification and
information dissemination. The goal of the Environmental Technology Verification (ETV) program is to
further environmenta protection by substantially accelerating the acceptance and use of improved and
innovative environmental technologies. The ETV program is funded by Congress in response to the
belief that there are many viable environmental technologies that are not being used for the lack of
credible third-party performance data. With performance data developed under this program, technology
buyers, financiers, and permitters in the United States and abroad will be better equipped to make
informed decisions regarding environmental technology purchase and use.

The Greenhouse Gas Technology Center (the GHG Center) is one of several verification organizations
operating under the ETV program. The GHG Center is managed by EPA’s partner verification
organization, Southern Research Ingtitute, which conducts verification testing of promisng GHG
mitigation and monitoring technologies. The GHG Center’s verification process consists of developing
verification protocols, conducting field tests, collecting and interpreting field and other data, obtaining
independent peer-review input, and reporting findings. Performance evaluations are conducted according
to externally reviewed verification Test Plans and established protocols for quality assurance.

The GHG Center is guided by volunteer groups of Stakeholders. These Stakeholders offer advice on
specific technologies most appropriate for testing, help disseminate results, and review Test Plans and
Veification Reports. The GHG Center's Executive Stakeholder Group consists of national and
international experts in the areas of climate science, and environmenta policy, technology, and
regulation. It aso includes industry trade organizations, environmenta technology finance groups,
governmental organizations, and other interested groups. The Executive Stakeholder Group is one such
group that helps identify industries where GHG verification is most needed. The GHG Center’s activities
are also guided by industry specific stakeholders comprising technology purchasers, manufacturers,
environmental regulatory groups, and other government and non-government organizations. The
Stakeholders help identify and select technology areas for verification, and support the planning, review,
and the wide distribution of verification results.

One technology of interest to some GHG Center’'s stakeholders was the use of microturbines as a
distributed energy source. Distributed generation refers to power generation equipment, typicaly ranging
from 5 to 1000 kilo-watts (kW) that provides electric power a a Site closer to customers than central
station generation. A distributed power unit can be connected directly to the customer or to a utility’s
transmission and distribution system. Examples of technologies available for distributed generation
include gas turbine generators, internal combustion engine generators (gas, diesel, or other),
photovoltaics, wind turbines, fuel cells, and microturbines. Distributed generation technologies provide
customers one or more of the following main services. stand-by generation (i.e., emergency backup
power), peak shaving capability (generation during high demand periods), baseload generation (constant
generation), or cogeneration (combined heat and power generation).

Microturbines coupled with heat recovery systems for cogeneration are a relatively new technology, and
the availability of performance data is limited and in demand. The GHG Center’s stakeholder groups and
other organizations have expressed interest in obtaining verified field data on the technical, economic,
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emissions, and operational performance of the microturbine-based combined heat and power (CHP)
systems. Mariah Energy Corporation (Mariah) has committed to participate in an independent
verification of their Heat PlusPowerO system (Mariah CHP) at the Walker Court condominium project in
Cagary, Alberta, Canada. The Mariah CHP system uses a Capstone MicroTurbined for electricity
generation. It also includes: (1) a specialy designed and insulated microturbine enclosure, (2) a turbine
exhaust waste heat recovery unit, and (3) an integrated building energy management system.  All three
components are designed, installed, and offered by Mariah. The Mariah CHP will provide most of the
electricity and hot water required by Walker Court. It will also provide al space heating requirements,
except during some of the coldest winter months in Calgary, during which 50 percent of the comfort
heating will be provided by a back-up gas-fired boiler. The overal energy conversion efficiency is
estimated to range from 70 to 80 percent, which is high enough to significantly reduce greenhouse gas
emissons (estimated by 50 percent) and provide end users with high quality energy services at
competitive prices.

The Mariah CHP a Walker Court is one of the first commercial installations of the Heat PlusPower™
System. According to Mariah, the system at Walker Court is representative of future applications the
company plans to market to hotels, restaurants, office buildings, and other condominiums. The eectricity
generated by the system will be used on-site, and excess electrical energy will be interconnected to the
Alberta electric utility grid for sale. The therma energy generated by the system will be used to heat
domestic hot water tanks and provide comfort heating for the facility. Mariah Energy has retained the
services of the Alberta Research Council as a technical resource for this study. The GHG Center will be
evaluating the performance of the CHP system at the Walker Court facility, in collaboration with Natural
Resources Canada (NRCAN) and the Canada Center For Mineral and Energy Technology (CANMET).
Field tests will be performed over a five week verification period to independently verify the electricity
generation and use rate, thermal energy recovery and use rate, eectrical power quality, energy efficiency,
emissions, and GHG emission reductions for the Walker Court site. GHG emission reductions will also be
estimated for CHP system installations at model sites in the U.S. and Canada.

This document is the Test/Quality Assurance Plan (Plan) for the Walker Court configuration. It contains
rationale for the selection of verification parameters, verification approach, data quality objectives, and
Quality Assurance/Qudity Control (QA/QC) procedures to be implemented. This Plan will be, or has
been, reviewed by Mariah, NRCAN/CANMET, the GHG Center's DG Stakeholder Panel, and the U.S.
EPA QA team. Once approved, as evidenced by the signature sheet at the front of this document, it will
meet the requirements of the GHG Center’s Quality Management Plan (QMP) and thereby satisfy the
ETV QMP requirements and conform with U.S. EPA’s standard for environmental testing (E-4). This
Plan has been prepared to guide implementation of the test and to document planned test operations.
Once testing is completed, the GHG Center will prepare a Verification Report and Statement, which will
be reviewed first by Mariah. Once all comments are addressed, the report will be peer-reviewed by the
Stakeholders, NRCAN/CANMET, and the U.S. EPA QA team. Once completed, the GHG Center
Director and the U.S. EPA Laboratory Director will sign the Verification Statement, and the final Report
will be posted on the Web sites maintained by the GHG Center and the ETV program.

The remaining discussion in this section provides a description of the Mariah CHP technology and the
Walker Court facility. This is followed by a list of performance verification parameters that will be
guantified through independent testing at the Walker Court site. A discussion of key organizations
participating in this verification, their roles, and the verification test schedule is provided at the end of this
section.  Section 2.0 describes the technical approach for verifying each parameter, including the
sampling procedures, analytical procedures, and QA/QC procedures that will be followed to assess data
quality. Section 3.0 identifies the data quality objectives for criticad measurements, and states the
accuracy, precison, and completeness goas for each measurement. Section 4.0 discusses data
acquisition, validation, reporting, and auditing procedures.

1-2
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1.2 MARIAH CHP TECHNOLOGY DESCRIPTION

Large- and medium-scale gas fired turbines have been used to generate electricity since the 1950s.
Recently they have become more widely used to provide additional generation capacity because of their
ability to be quickly deployed and provide electricity at the point of use. Technical and manufacturing
developments during the last decade have enabled the introduction of microturbines, with generation
capacity ranging from 30 to 200 kW. The Mariah CHP is one of the first cogeneration installations that
integrate the microturbine technology to produce electric power, heat, and hot water (Figure 1-1). Figure
1-2 illustrates a simplified process flow diagram of the CHP sytem, and a discussion of key components
is provided below.

Figure1-1. TheMariah Combined Heat and Power System
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Figure1-2. Mariah CHP Process Diagram

Natural Gas Fuel
410,000 Btu/hr

Fintube Heat Exchanger

Turbine Heat Recovery System

>

Exhaust Gas Exhaust Gas to Atmosphere

Capstone
MicroTurbine™
Model 330
480 Vac
3PH, 43 A
45,000 - 96,000 RPM Supply to Return from
Building Building
~20%
Propylene
Glycol
20 US GPM

Electric power is generated with a Capstone MicroTurbineO Mode 330 (76.5" high, 30" wide, 59.7"
deep, and 891 pounds), with a nominal power output of 30 kW (60 °F, sea level). Table 1-1 summarizes
the physical and electrica specifications reported by Capstone. The system incorporates an air
compressor, recuperator, combustor, turbine and permanent magnet generator. In the compressor section,
compressed air is mixed with fuel, and this compressed fuel/air mixture is burned in the combustor under
constant pressure conditions. The resulting hot gas is dlowed to expand through the turbine section to
perform work, rotating the turbine blades to turn a generator which produces electricity. Because of the
inverter based electronics that enable the generator to operate at high speeds and frequencies, the need for
a gearbox and associated moving parts is eiminated. The rotating components are mounted on a single
shaft, supported by patented air bearings that rotate at over 96,000 rpm (full load). The generator is
cooled by air flow into the gas turbine. The exhaust gas exits the turbine and enters the recuperator,
which captures some of the energy and uses it to pre-heat the air entering the combustor, improving the
efficiency of the system. The exhaust gas then exits the recuperator through a muffler and into Mariah’s
heat recovery unit. Mariah provides an optional muffler system to further reduce sound levelsin sensitive
installations.

The permanent magnet generator produces high frequency alternating current which is rectified, inverted,
and filtered by the line power unit into conditioned alternating current at 480 volts. The unit supplies a
variable electrical frequency of 50 or 60 Hertz (Hz), and is supplied with a control system which allows
for automatic and unattended operation. An active filter in the turbine is reported by the turbine
manufacturer to provide cleaner power, free of spikes and unwanted harmonics. All operations, including
start-up, setting of programmable interlocks, grid synchronization, operationa setting, dispatch, and
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shutdown, can be performed manually or remotely using an internal power controller system. The
Waker Court CHP system runs paralel with the local power utility. If the power demand exceeds the
available capacity of the turbine, additional power is drawn from the grid. In the event of a power grid
failure, the system is designed to automatically disconnect from the grid and run stand-alone, which
isolates the on-gite eectrical system from grid faults. Additionaly, the control system is designed to
automatically shed lower priority loads if necessary to ensure loca loads never exceed stand-alone
generator capacity. When grid failure does occur, Mariah's energy management control system alows
automatic shedding of low priority loads to ensure the load at Walker Court never exceeds the generator
capacity. When grid power is restored, the CHP system can either automatically reconnect, or await a
manual command. When excess power is available, it is exported back to the grid. A bi-directiond time-
of-use meter records energy feeding into the grid.

Table1-1. Mariah CHP Physical, Electrical, and Thermal Specifications
(Source: Mariah Energy Corp.)

Dimensions Width 30in.
(Walker Court Length 60in.
CHP system) Height 84in.
Weight Turbine only 891 Ib
. Power (start-up) Utility Grid or Black Start Battery
Electrical Inputs Communications Ethernet IP or Modem
. - o 30 kW, 400-480 VAC,
Electrical Outputs | Power at 1SO Conditions (59 "F @ sealevel) 50/60 Hz, 3-phase
. 55dBA at 10 m;
Noise Level Walker Court CHP system <70dBA at 1 min turbine room
Fuel Pressure w/o Natural Gas Compressor (Walker Court CHP) 52 to 55 psig
Required w/ Natural Gas Compressor 5to 15 psig
Higher heating value 420,000 Btu/hr
Fuel Flow Rate Volumetric flow rate 7.06 scfm at full load
g?ﬁgﬁy w/o Natural Gas Compressor (ISO Conditions) 27 % (+ 2 %)
(LHV basis) w/ Natural Gas Compressor (1SO Conditions) 26 % (£ 2 %)
Epf?::?;?]]c Walker Court CHP (derated for elevation and 59 o
(LHV ba;/' 9 ambient conditions) 0
w/o Natural Gas Compressor:
Heat Rate Electrical 12,600 Btu/kWh
Thermal 235,000 Btu/h
Nitrogen oxides (NOx) <9 parts per million volume (ppmv)
Emissions at15% O,
(full load) Carbon monoxide (CO) <40 ppmv @ 15% O,
Total hydrocarbon (THC) <9 ppmv @ 15 % O,

The turbine at the Walker Court facility uses natura gas supplied at about 52 to 60 psig. Capstone offers
an optional booster compressor which is not required at the test site due to availability of high pressure
gas. Based on manufacturer specifications, the use of a booster compressor can decrease overall eectrica
efficiency by about 1 percent. The Mariah CHP uses the Capstone Industrial Housing with modifications.
This supports the weight of an over-head heat recovery unit. The housing was modified to dter the
exhaust flow path, and for improved sound attenuation. The heat recovery system consists of a fin-and-
tube heat exchanger, which circulates a 10 to 20 percent Propylene Glycol (PG) mixture through the heat
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exchanger at approximately 20 gallons per minute (gpm). The primary heating loop is driven by the main
circulation pump, and no additional pumping is required. The recovered heat is circulated through the
building’s mechanical rooms, a domestic hot water system, and a secondary |oop which provides comfort
heat to the two L-shaped building structures. The resultant, cooler PG mixture is circulated back to the
fin-and-tube heat exchanger, energy is exchanged between the PG mixture and the hot turbine exhaust
gas, and the entire circulation loop is repeated. If the Walker Court heat load is significantly lower than
the heat transferred with the CHP system, such that overheating of the glycol l1oop could occur, the system
will automatically shut off.

The therma control system is programmable for individual site requirements. Minimum settings may
vary, but the maximum temperature may never exceed 203 °F. During the peak heating season, if
necessary, supplementary heat may be provided by natural gas fired hot water heaters and a backup boiler
(see Section 1.3 for further discussion). For periods when the heat generated cannot be consumed on site,
Mariah has developed a proprietary method for eliminating and discarding excess heat. This method is
currently undergoing interna testing, and will not be evaluated by the GHG Center. The exhaust gases
leave the heat recovery unit at less than 212 °F, and are vented through the turbine/boiler room roof and a
further acoustical damper. Future plans call for the warm air to be ducted to garages for more complete
heat utilization; however, this will not be implemented during the ETV testing.

1.3. WALKER COURT TEST FACILITY DESCRIPTION

The Waker Court condominium site, shown in Figure 1-3, is located in Inglewood, an inner city
community east of the downtown core of Cagary, Alberta, Canada. The site is a livelwork arrangement
consisting of 12 condominium units that combines a street-level retail or office space with basement, and
aone or two-level residence above. Mariah operates the CHP system as a service provider under contract.
Mariah retains all responsibility for operation and maintenance of the equipment. Condominium owners
receive monthly statements indicating the amount of heat and light consumed as well as an estimate of
emissions displaced in the previous month. Mariah has coined the term "Distributed Micro-Utility" to
describe this moddl.

Figure 1-3. TheWalker Court Condominium Project

i BE HAEEBE

in—n

The twelve unit condominium has two L-shaped buildings surrounding a courtyard. The back wall of the
courtyard is formed by the common garages joining the two buildings. The central unit of the common
garage block includes the main turbine/boiler room, electrical room, and garbage room. Each of the
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twelve units in the development have approximately 1800 square feet (ft*) of living space, plus 750 ft* of
commercial/storefront space and a full basement. Each unit aso includes a roof-top patio/garden area.

The Commercid and Residentia floors are heated using a hydronic radiant floor heating system
embedded in a 2 inch “light-crete” concrete dab. All exterior walls except the front of each unit is
constructed of “Blue-Maxx,” a system involving styrofoam blocks that create a form and are subsequently
filled with 6 inches of concrete. The result is a high therma mass wall with an R50 insulation factor.
The front walls of each unit are constructed using steel studs and are insulated to an R22 rating. All walls
between units are 6 inch poured concrete from foundation to parapet. This provides additiona insulation
between units, while contributing to the therma storage capacity of the building structure.

Each unit has three zone controls with manual balancing between rooms within each zone. An injection
pump draws heating fluid from the secondary loop to control the temperature of the water in each zone
loop. The secondary loops circulate a portion of the heating medium from the primary loop through the
length of each of the two L-shaped building structures.

Each of the two main buildings has a small mechanical room below the rear garage level. The primary
loop circulates heating medium through both mechanical rooms, to the secondary loops via manifolds,
and to the domestic hot water (DHW) systems. The DHW tanks are manifolded off the primary loop.
These tanks have an interna heating coil, through which the turbine-heated medium can heat the DHW.
When comfort heating is required, the dual-fired DHW tanks burn natura gas, freeing the heat from the
Mariah CHP to be used for comfort heating. The “Combi-CorQ” DHW tanks have a storage capacity of
61 Imperia galons (ga). There are three such tanks in each of the two buildings. Back-up and peaking
heat, for use during prolonged extreme cold periods, is provided by a Raypack natural draft boiler rated at
1 million British Thermal Units per hour (MM Btu/h).

The Walker Court facility islocated in an established inner-city community. Sensitivity to intrusion, such
as odor or noise, is very high. Mariah does not expect the backup boiler system to be operated often. As
aresult, costly forced draft or high efficiency condensing boilers were not selected. The selected natura
draft boiler required a 20 inch flue, resulting in substantial path for boiler room noise to reach the exterior
of the building. To minimize the impact of this, and to increase comfort while working in the boiler
room, substantial attenuation was added to the turbine housing and duct work. The air intake for both
combustion and electronics cooling is drawn from an acousticaly damped plenum. Further acoustic
damping was added to the exterior exhaust duct which also provides a small amount of attenuation as the
heat recovery unit itself acts as an acoustic damper. The sound level at the property line is required to be
below 55 dBA to meet night-time municipa bylaw restrictions. The CHP is located only 6 feet from the
line and easily meets this requirement.

1.4. PERFORMANCE VERIFICATION PARAMETERS

The verification test is scheduled to take place during the month of March 2001. It is expected that at
least four of the 12 residentia units will be occupied with three of the commercia spaces operationa. The
CHP system will be set to operate 24 hours per day at maximum electrical power output (30 KW). Excess
eectricity, not consumed by the site, will be exported back to the grid. The DHW loads are projected to
be less than the maximum heat recoverable with the CHP system. However, combined thermal loads are
expected to use al available heat. This is because the site will not be fully occupied during the test
period, and the second phase of the building will be under construction. The mgority of the heat
recovered by the CHP system will offset comfort heating normally supplied by the boiler.
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The verification factors selected for testing are intended to evaluate the performance of the combined heat
and power system only, and not the overall building integration or specific management strategy. The
factors are listed below, and detailed descriptions of testing and analysis methods are presented in Section
2.0.

Verification Factors

Power and Heat Production Performance
Electrical Power Quality Performance
GHG and Conventiona Air Pollutant Emission Performance

The verification test will include periods of load testing, in which the GHG Center will intentionaly
modulate the unit to operate at four eectrical loads: 50, 75, 90, and 100 percent of the maximum 30 kW
capacity. During load tests, simultaneous monitoring for power output, heat recovery rate, fue
consumption, ambient meteorological conditions, and exhaust emissions will be performed. Average
electrical power output, heat recovery rate, energy conversion efficiency (electrical, thermal, and net), and
exhaust stack emission rates will be reported for each load factor. The testing period for each load is
expected to be 30 minutes in duration, and the entire load testing period will take about two days to
complete. The turbine will be alowed to stabilize at each load for 15 to 30 minutes before starting the
tests.

Following the load testing, daily performance of the CHP system will be characterized for a four week
period. During this time, the GHG Center will continuousy monitor and record electric power
generated/consumed, heat recovered/used, fuel consumed, ambient meteorologica conditions, and power
quality. The continuous test results will report total electrical energy generated, total electrica energy
used on-gite, total thermal energy recovered, total thermal energy used on-site, GHG emission reductions,
and power quality. Actua GHG emission reductions for Walker Court will be based on measured GHG
emission rates, energy used on-site, and baseline GHG emissions for Alberta Power Pool and standard
heating equipment. The measured data will aso be used to report GHG emission reductions when
maximum energy generated/recovered is consumed on-site (e.g., future Walker Court). GHG emission
reductions will also be estimated for “model sites’ similar to the Walker Court facility to account for
emission reduction potentials across the U.S. and Canada. Further discussion of the verification strategy
is provided in Section 2.0.

It should be noted that verification testing will occur at high atitude (3700 ft. above sealevel) during late
winter and early spring months. Relatively cool air temperatures, ranging between -21 to 45 °F, are
expected. As a result, the test is not expected to provide information related to the system’s response to
higher ambient temperatures that may be encountered in other regions. Operating microturbines at higher
elevations and elevated temperatures can result in de-rating of these units, as efficiency levels decrease.
In addition, as the unit attempts to operate at lower efficiencies, it is likely that environmental emissions
introduced to the atmosphere may aso increase. The GHG Center will make every effort to provide the
reader with sufficient information to relate performance at site conditions relative to standard conditions.

15. ORGANIZATION

The project team organization chart is presented in Figure 1-4. A discusson of the functions,
responsibilities, and lines of communication between the organizations and individuals associated with
this verification test is provided below.
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Figure 1-4. Project Organization

NRCAN/CANMET
EPA Southern Resear ch Institute Canadian Verification
ETV GHG Pilot Manager ETV GHG Center Director Team Members
EPA - APPCD Stephen Piccot David Hajesz
David Kirchgessner Rob Brandon
ETV GHGEPQ M Southern Research Ingtitute DG Technical Panel
QA Manager ETV GHG Project Manager seelist at Appendix D
EPA - APPCD Sushma M
Nancy Adams ma Masemore
Mariah Energy Corp.
Southern Research Ingtitute Project Manager
ETV GHG Team Leader Richard Adamson
Bill Chatterton
Southern Resear ch Ingtitute
QA Manager Mariah Energy Corp.
Ashley Williamson Technical Lead
Entech Environmental L ouRosenfeld
Jackie Hudson

Southern Research Ingtitute’'s Greenhouse Gas Technology Center has overall responsibly for planning
and ensuring the successful implementation of this verification test. The GHG Center will ensure that
effective coordination occurs, schedules are developed and adhered to, effective planning occurs, and
high qudity independent testing and reporting activities occur. The GHG Center's Ms. Sushma
Masemore will have the overall responsibility as the project manager, under supervision of Mr. Stephen
Piccot, the GHG Center Director. She will be responsible for quality assurance at the test site, including
determination of DQOs prior to the completion of the test. Ms. Masemore will follow the procedures
outlined in Sections 2.0 and 3.0 to make this determination, and will have full authority to repeat tests as
determined necessary. Should a situation arise during the test that could affect the hedlth or safety of any
personnel, Ms. Masemore will have full authority to suspend testing. Ms. Masemore will be responsible
for maintaining communication with Mariah, EPA, and NRCAN/CANMET

Mr. Bill Chatterton will serve as the Field Team Leader, and will support Ms. Masemore's data quality
determination activities. Mr. Chatterton will provide field support activities related to all measurements
data collected (e.g., fuel gas sampling, heat transfer fluid sampling, emissions testing, and efficiency
determination). Mr. Chatterton has over 16 years experience in environmental testing with emphasis on
emissions testing, flow measurements, field verifications, and project management. He will manage the
emissions testing crew and ensure that QA/QC procedures outlined in Section 2.0 are followed. Mr.
Chatterton will be responsible for ensuring that performance data, collected by continuously monitored
instruments, are based on procedures described in Section 4.0 for data collection, storage, and retrieval
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practices. He will also coordinate with Mariah to ensure that the daily data stored by the Data Acquisition
System (DAYS) are submitted to the GHG Center’s RTP office, as described in Section 4.0.

The GHG Center’s Quality Assurance Manager, Mr. Ashley Williamson, will review and approve the
Test Plan, and test results from the verification test. He will conduct an Audit of Data Quality, as
required in the GHG Center's QMP.  Further discussion of these audits is provided in Section 4.4.
Results of the interna audits and corrective actions taken will be reported to the GHG Center Director,
and used to prepare the fina Verification Report.

As a member of the verification team, NRCAN will help ensure that the technical approach used to
evauate the CHP system performance and the methods used to verify carbon reductions are consistent
with standard practices used by the Government of Canada. NRCAN will assst in defining three model
sites in Canada for which emission reductions will be estimated, and will provide detailed review and
input on the Test Plan and Verification Report.

EPA’s APPCD is providing oversight and QA support for this verification. The EPA APPCD Pilot
Manager, David Kirchgessner, is responsible for obtaining final approval of the project Test Plan and Test
Report. The EPA QA Manager aso reviews and approves the Plan and Final Report. The EPA QA
Manager aso reviews the Plan to ensure that it meets the ETV program’s QMP requirements and
represents sound scientific practices. At the discretion of the EPA QA Manager, an externa audit of this
verification may be conducted.

Mariah will ensure the unit and host site are available and accessible to the GHG Center for the duration
of thetest. Mariah will ensure the safe operation of the unit and demonstrate necessary safety features, be
available to operate and adjust the unit’s operation as specified in the Plan, and provide on-site support as
needed to accomplish the goals of the verification testing. Mariah will review the Plan and will be
present during the pre-test site visit and field test.

To support the planning, review, and the wide distribution of the verification results, a specia Distributed
Generation (DG) Technical Panel has been formed (see Appendix D for a complete list). The Panel
members will advise on the selection of verification factors and provide guidance to ensure that the
performance evauation is based on recognized and reliable field measurement and data analysis
procedures acceptable to stakeholders associated with this technology. The Panel members include
members of trade organizations, potential purchasers, research groups, and regulatory organizations that
have a national and international distributed generation focus. Individuals selected to serve on this Panel
will be called upon to provide credible guidance and broad recognition of the verification, and will
support the wide distribution of the final verification results.

1.6. SCHEDULE OF ACTIVITIES

Figure 1-5 presents the schedule of activities for verification testing of the Mariah CHP. A sSite survey
visit has aready been completed. Field testing is scheduled to begin on March 26, 2001. Although not
expected, delays may occur for various reasons, including mechanical falures a the site, weather,
permitting, and operational issues. Should significant delays occur, the schedule will be updated and all
participants will be notified.
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Figure1-5. Verification Schedule

[ 0400 01'01 [ 0201 [ 0301
ID | Task Name Se Oct | Nov | Dec Jan Feb | Mar | Apr \ Mav| Jun | Jul | Aug | Sep Oct

Verification Strategy Development

Commitment Letter Development/Signature

Verification Test Plan Development

Conduct Site Visit

Baseline Specification (test site/other sites)

Internal Draft Development

Vendor Review/Revision

Stakeholder & NRCAN Review/Revision

USEPA QA Review/Revision

Final Draft Posted

Verification Testing & Analysis

Field Testing

Data Validation & Analysis

Verification Report Development

Internal Draft Development

Vendor Review/Revision

Stakeholder and NRCAN Review/Revision
USEPA QA Review/Revision

Final Draft Posted [ |

Outreach

Avrticles, Presentations, Announcements
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2.0 VERIFICATION APPROACH

2.1 OVERVIEW OF THE VERIFICATION STRATEGY

Microturbine CHP systems are a relatively new technology, and the availability of performance data is
limited and in great demand. The GHG Center's Stakeholder groups and other organizations with
interests in distributed generation have a specific interest in obtaining verified field data on the emissions,
and technical and operationa performance of microturbine systems. Performance parameters of greatest
interest include electrical power output and quality, thermal-to-electrical energy conversion efficiency,
exhaust emissions of conventional pollutants and greenhouse gases (GHG), GHG emission reductions,
operational availability, maintenance requirements, and economic performance. The test approach
described here focuses on assessing those performance parameters of significant interest to potential
future customers of CHP systems. Long-term evauations cannot be performed with available resources
so economic performance and maintenance regquirements will not be evaluated.

In developing the verification strategy, the GHG Center has applied existing standards for large gas-fired
turbines, engineering judgement, and technical input from the verification team. Electrical power output
and efficiency determination guidelines in the American Society of Mechanical Engineers (ASME) -
Performance Test Code for Gas Turbines (PTC22-1997) have been adopted to evaluate eectric power
production and energy conversion efficiency performance. Some variations in the PTC22 requirements
were made to reflect the small scale of the microturbine. The strategy for determining thermal energy
recovery was adopted from guidelines described in American National Standards Ingtitute / American
Society of Hesating, Refrigeration and Air-Conditioning Engineers Method of Testing Thermal Energy
Meters for Liquid Sreams in HVAC Systems (ANSI/ASHRAE 125-1992). Exhaust stack emissions
testing procedures, described in U.S. EPA’s New Source Performance Standards (NSPS) for emissions
from stationary gas turbines (40CFR60, Subpart GG), have been adopted for greenhouse gas and criteria
pollutant emissions testing. Power quality standards used in this verification are based on the Ingtitute of
Electrical and Electronics Engineers Recommended Practices and Requirements for Harmonic Control
in Electrical Power Systems (IEEE 519).

Tests a four operating loads (50, 75, 90, and 100 percent) and continuous testing at full load for four
weeks will be performed to address the following verification factors.

Power and Heat Production Performance
Electrical Power Quality Performance
GHG and Conventiona Air Pollutant Emission Performance

Figure 2-1 illustrates the measurement system to be employed. Following is a brief discussion of each
verification factor and their method of determination. Detailed descriptions of testing and analyses
methods and QA/QC procedures are provided sequentially in Sections 2.2 through 2.4.
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Figure 2-1. Schematic of M easurement System
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Power and Heat Production Performance

Power production performance represents a class of microturbine CHP operating characteristics that are
of great interest to purchasers, operators, and users of these systems. Key parameters that will be
characterized include:

Electrical power output at selected loads (kW)
Electrica efficiency at selected loads (%)

Heat recovery rate at selected loads (Btu/hr)
Thermal energy efficiency at selected |oads (%)
Combined heat and power production efficiency (%)
Total eectricity generated and used (kWh)

Total thermal energy recovered and used (Btu)

The GHG Center will ingtall a watt meter to measure the electrical power generated by the turbine.
Excess power not consumed by the site and exported to the grid or additiona power supplied by the grid
during peak demand will be monitored with an existing electric meter. This meter is a bi-direction time-
of-use revenue meter that is instaled by the local power utility which alows the CHP system to be
operated in paralel with the grid. Fuel input will be determined using a mass flow meter which monitors
the natural gas flow rate. Fuel gas sampling and energy content analysis (via gas chromatograph) will be
conducted to determine the lower heating vaue of the fuel.
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Therma heat recovery rate is defined as the amount of heat recovered from the turbine exhaust, and
therma heat use rate is defined as the amount of this heat that is actually consumed by the building.
Thermal hesat recovery and use rates will be verified by metering the flow, differential temperatures, and
physical properties of the heat transfer fluid. PG mixture flow rate and temperatures will be measured
with an existing heat meter (Figure 2-1). Manuad samples of the PG mixture will be collected and
analyzed to determine PG concentration. These results will be used to assign fluid density and specific
heats, such that heat recovery and use rate can be calculated at actual conditions. The heat recovery rate
measured at full load will represent maximum heat recovery potential of the CHP system. This rate will
be used to compute GHG emission reductions for sites which are able to fully utilize al energy
recoverable with the CHP system (discussed later in Section 2.4.2).

Fuel energy-to-electricity conversion efficiency will be determined by dividing the average eectrical
power output by the heat input. Similarly, therma energy conversion efficiency will be determined by
dividing the average heat recovered by the heat input. Combined heat and power production efficiency or
net system efficiency will be reported as the sum of eectrical and thermal efficiencies at each operating
load. Ambient temperature, relative humidity, and pressure will be measured throughout the verification
period to support determination of electrical conversion efficiency as required in PTC22.

To compute total electricity generated, the continuoudly logged power output data will be integrated over
the duration of the four week verification period. Tota eectricity supplied to the grid will be computed
in the same manner using the bi-directional meter. The difference between the eectricity generated and
transferred to the grid will represent the eectricity used by the building.

To compute total therma energy recovered by the CHP system, the continuously logged heat recovery
rates will be summed over the four week verification period. During this period, the sSite is expected to
use dl the heat that can be recovered with the CHP system, provided unreasonably high ambient
temperatures are not experienced in the field. The system will recover sufficient thermal energy to meet
the site' s load demands, and if the demand reduces significantly such that the system is unable to maintain
an optimum temperature difference in the glycol stream, the system will automatically shut down. Actua
thermal energy used at Walker Court will be equivaent to thermal energy recovered.

Detailed discussion of sampling procedures, anaytical procedures, and QA/QC procedures related to heat
and power production performance parametersis provided in Section 2.2.

Power Quality Performance

The monitoring and determination of power quality performance is required to insure compatibility with
the electrical grid, and to demonstrate that the electricity will not interfere with or harm microelectronics
and other senditive eectronic equipment within the facility. Power quality data is used to report
exceptions, which describe the number and magnitude of incidents that fail to meet or exceed a power
quality standard chosen. The Institute of Electrical and Electronics Engineers Recommended Practices
and Requirements for Harmonic Control in Electrical Power Systems (IEEE 519) contains standards for
power quality measurements that will be followed here. Power quality parameters will be determined
over the four week continuous test period using the electric power meter installed by the GHG Center.
The approach for verifying these parameters is described in Section 2.3. Power quality variables to be
examined include the parameters listed below.
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Electrical frequency (Hz)

Voltage transients (Volt)

Voltage and current total harmonic distortion (%)
Power factor (%)

Emissions Performance

The measurement of the emissions performance of the microturbine system is critical to the determination
of the environmental impact of the technology. Emission rate measurements for nitrogen oxides (NO,),
carbon monoxide (CO), volatile organic compounds (VOC), carbon dioxide (CO,), and methane (CH,)
will be collected in the CHP system exhaust stack over a two day-long load testing. Exhaust stack
emission testing procedures, described in U.S. EPA’s NSPS for stationary gas turbines, will be adapted to
verify the following verification parameters at the selected loads.

NO, Concentration (ppmv) and Emission Rates (Ib/hr, 1b/Btu, Ib/kWh)

CO Concentration (ppmv) and Emission Rates (Ib/hr, [b/Btu, 1b/kWh)

VOC Concentration (ppmv) and Emission Rates (Ib/hr, [b/Btu, 1b/kWh)

CO, and CH, Emission Rates (Ib/hr, [b/Btu, 1b/kwWh)

Estimated GHG emission reductions for Walker Court - Actua Conditions and
Maximum energy utilization (tonnes CO,)

Estimated GHG emission reductions for model sites (tonnes CO,)

For the conventiona pollutants listed above, emission rates (e.g., mass’hour, massheat input, and
mass/power output) will be measured and reported. CO, and CH, emission rates will also be measured.
CO, emissions from the system will be calculated for the verification period using measured GHG
emission rates, operating hours, and thermal/electrical generation and use data.

The verification will report two sets of GHG emission estimates: actual emissions and reductions for
Walker Court; and estimated emissions and reductions for future Walker Court operation and for sites that
can use al the energy produced with the CHP system. Mariah CHP emissions will be compared to
emissions from a basgline system. The baseline system is that which would have been installed to meet
the site’s energy needs in the absence of the CHP system. The baseline system defined for Walker Court
consists of eectricity supplied by the local utility grid and thermal energy supplied by a new standard
natural gas-fired boiler. Subtraction of the annual Mariah CHP emissions from the baseline emissions
yield an estimate of the emission reduction for the facility.

Emissions for the utility grid will be computed using methodology adopted by the KEFI-Exchange, and
will aso account for transmission and distribution line losses. Detailed procedures for estimating
emission reduction from electricity production is provided in Section 2.4.2.2. GHG emissions for a
standard gas-fired boiler will be determined by estimating fuel needed to generate equivaent amounts of
heat with a basdline boiler. The gas-fired boiler is assumed to be new, and provide heat at an 83 percent
efficiency. Detailed procedures for estimating annual emission reduction from thermal energy production
is provided in Section 2.4.2.3.

Different locations across the U.S. and Canada will experience emission reductions that could vary
significantly depending on the region’'s specific electrical and heat systems, mix of local power supplies
(i.e,, cod vs. hydropower), and other factors. To estimate the effect of these regiona differences,
emissions will be estimated for model regions across North America which use different electricity and
heat production strategies and technologies. The procedures used to select regions and estimate emission
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reductions relies on basdine systems and historical data described in U.S.EPA, U.S.DOE, and CANMET
publications and other input. This is discussed in Section 2.4.3. Extrapolation procedures and
assumptions used will be fully documented in the fina report, alowing readers to make aternate
assumptions and assessments for their regions as desired.

2.2. POWER AND HEAT PRODUCTION PERFORMANCE

The CHP system will be evaluated for the performance factors above at four operating loads. 50, 75, 90,
and 100 percent of the turbine's rated capacity (30 kW). The loads selected bound the range expected by
Mariah to occur at Walker Court. A step-by-step procedure for conducting the tests is provided in
Appendix A-1, and alog form associated with this activity is provided in Appendix A-2. The test period
a each load is expected to be 30 minutes in duration, and will be repeated 3 times. The triplicate
measurement design is based on U.S. EPA NSPS guidelines for measuring emissions from stationary gas
turbines.

Simultaneous measurement of electric power output, heat recovery rate, heat use rate, fuel consumption,
ambient meteorological conditions, and exhaust emissions will be performed during testing at each load.
The time-synchronized measurements data will be used to compute electrical efficiency as specified in
PTC 22. The PTC 22 mandates using electric power data collected over time intervals of not less than 4
minutes and not greater than 30 minutes (PTC 22, Section 3.4.3 and 4.12.3) to compute eectrica
efficiency. This restriction minimizes the uncertainty in electrical efficiency determination due to varying
changes in operating conditions (e.g., engine speed, ambient conditions). Within this time period, the
PTC 22 specifies the maximum permissible limits in power output, power factor, fuel input, and
atmospheric conditions to be less than the values shown in Table 2-1. The GHG Center will use only
those time periods that meet these requirements to compute performance parameters. Should the
variation in power output, power factor, fuel flow, or ambient conditions exceed the levels, the load test
will be considered invalid and the test will be repeated.

Table2-1. Permissible Variationsin Power, Fud, and Atmospheric Conditions
M easur ed Parameter Maximum Permissible Variation
Power output 2%
Power factor +2%
Fud flow +1%
Barometric pressure +05%
Ambient air temperature +4°F

Sections 2.2.1.1 through 2.2.1.5 provide descriptions of measurement instruments that will be used to
verify dectrica power output and efficiency. Also included in these sections are instrument sampling,
calibration, and QA/QC procedures that will be followed by GHG Center field test personnel.

The power production performance evaluation will verify:

Electrical power output at selected loads (kW)
Electrica efficiency at selected loads (%)
Tota eectricity generated and used (kWh)



Heat recovery and use rate will be measured with an existing heat meter that was installed by Mariah.
Manua sampling of PG mixture will be collected at a specialy installed sampling port. The samples will
be analyzed by a certified laboratory to report PG concentration in the mixture. Using the measured
concentrations, the density and specific heat of the PG mixture will be selected from published ASHRAE
tables.

The heat production performance evaluation will verify:

Heat recovery rate at selected loads (Btu/hr)
Thermal energy efficiency at selected loads (%)
Combined heat and power production efficiency (%)
Total thermal energy recovered and used (Btu)

2.2.1. Electrical Power Output and Efficiency Determinations

Electrica efficiency at the selected loads will be computed as shown in Equation 1 (per ASME PTC22,
Section 5.3).

341214 KW
HI

he (D

where :

he = electrical efficiency (%)

KW = averageelectrica power output, Egn. 2 (kW)
HI =averageheat input using LHV, Egn. 3 (Btu/hr)

Average electrical power output will be computed as the mathematical average of the one-minute average
readings over the sampling period (4 to 30 minutes), as shown in Equation 2.

i=nr
[¢]
a kw
w == ()

where :

KW = averageelectrical power output (kW)

KW =instantaneousreadingof thekW sensorat each minute (kW)
nr = number of oneminute readingslogged by the kW sensor
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Using the fud flow rate data and the LHV results, average heat input will be computed as shown in
Equation 3.

HI = 60 Fm LHV ©)

where :

HI = average heat input usng LHV (Btuhr)

Fm = average mass flow rate of natural gas to turbine (Ibmmin)
LHV = average LHV of natural gas (Btwlbm)

Corrections for Standard Conditions;

The above calculations reflect power output and efficiency results at actual site conditions (i.e.,
temperature, pressure, and relative humidity observed during testing and site elevation of 3000 ft above
sea level). To assess the performance of this technology in different geographic regions, it is useful to
correct the actual test data to rated or standard conditions. A standard temperature of 60 °F, barometric
pressure of 14.7 psia, and a relative humidity of 60 percent, as defined by the International Standards
Organization (1SO 2314: 1989), is often used to correct for standard conditions. For turbines, standard
conditions aso represent sea level eevation.

Because it is unlikely I1SO conditions will be encountered during the verification, directly verified
performance results will not be obtainable at standard conditions. For readers interested in such data,
Mariah will use derate performance curves to report the verified data to standard conditions. This data
will be presented in a separate section of the fina report, and because the charts were not developed by
the GHG Center readers of this section will be informed that the results have not been verified by the
GHG Center.

2211 The 7600 ION Electrica Meter

The dectric power output will be measured by a digitad power meter, manufactured by Power
Measurements Ltd. (Model 7600 ION). The 7600 ION will continuously monitor the kilowatts of redl
power at arate of one reading per second, averaged at one-minute intervals. It will be installed after the
280 volt transformer (Figure 2-1), such that the electricity measured is the electricity that is ultimately
used by the site or supplied to the utility grid. The power output measured with the 7600 ION will be
dightly less than actual power generated by the turbine, and will account for losses in the transformer.
The redl-time data collected by the 7600 ION will be downloaded and stored using Power Measurements
PEGASY S software. Further discussion of the communication and data acquisition is provided in Section
4.0. After ingtdlation the meter will continuoudy operate unattended, and will not require further
adjustments. QA/QC procedures associated with instrument setup, cdibration, and sensor function
checks are discussed below.

The meter will be factory calibrated to IEC687 SO.2 and ANSI C12.20 CAO.2 standards for accuracy. A
certificate of compliance will be issued which certifies the instrument met or exceeded published
specifications. Consistent with 1SO 9002-1994 requirements, the manufacturer will supply documents
illustrating calibration and traceability to national standards. The GHG Center will review the certificate
and traceability records to ensure that the £ 0.2 percent accuracy goa was achieved. The 7600 ION is
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manufactured for electric utility applications, and its calibration records are reported to be valid for a
minimum of 1 year of use, provided the manufacturer-specified ingtallation and setup procedures are
followed. QC checks related to this activity are listed in Appendix B-1, and will be performed by Center
personnel. Factory cdibration will be repeated at the end of the test to insure that instrument accuracy
has remained within the specified limits.

Reasonableness checks will be performed by comparing the 7600 ION power output readings with the
power generation output recorded by Capstone software. At full load, the power meter must read between
27 and 30 kW at Standard Conditions and after derated for elevation differences.

Due to the nature of the closed electrical system, independent field verification with a second meter
cannot be conducted to verify the accuracy of the 7600 power readings in the field. However, QC checks
will be performed in the field for two key measurements (voltage and current output) which are directly
related to the power output measurement. The sensor diagnostics will be performed at the beginning,
middle, and end of the verification period using a digital multimeter (DMM). The DMM will be used to
check that the phase and polarity of the AC voltage inputs are correct and measure each of the three-phase
voltage and currents and compare them to the readings obtained with the 7600 ION. The procedures for
conducting these checks are provided in Appendix B-2. A minimum of five individua voltage and
current readings will be obtained at the lowest recommended operational load (50 percent) and full load
(100 percent). The specified voltage and current accuracy for the 7600 ION is + 0.1 percent, while the
DMM is+1 percent. The percent difference between the DMM reading and the 7600 ION reading will be
computed to determine it is within + 1.1 percent. In these cases, the 7600 ION will be confirmed to be
functioning properly.

2.2.1.2. The Rosemount 3095 Mass Flow Meter

The mass flow rate of the fuel supplied to the Turbine will be determined using an integra orifice meter
(Rosemount Model 3095). The meter will contain a 0.150 inch orifice plate which will enable flow
measurements to be conducted at the ranges expected during testing (3 to 8 scfm natura gas). The meter
will be temperature- and pressure-compensated, providing mass flow output at standard conditions (60 °F,
14.7 psid). The meter will continuously monitor flows at a rate of one instantaneous reading per minute,
and will be capable of providing an accuracy of £ 1 percent of reading. The meter will be fitted with a
transmitter providing a 4 to 20 mA output over the meter’s range. This output will be wired to an A/D
module attached to a dedicated personal compuiter.

Prior to testing, the Rosemount meter will be factory calibrated, and a calibration certificate traceable to
the Nationa Institute for Standards and Technology (NIST) will be obtained and reviewed to ensure the +
1 percent accuracy was satisfied. The factory certified calibration data are reported to be valid for three
years, provided manufacturer-specified installation and set-up procedures are followed. The transmitter
electronics are programmed in the field to enable the meter to calculate mass flow from differentia
pressure across an orifice. Rosemount’s Engineering Assistant (EA) Software, which is interfaced to the
transmitter via a HART protocol serial modem, is used to input information about gas properties and
operating conditions. Specific setup parameters required in the EA and installation/setup checks and log
forms for this meter are provided in Appendix B-3. The GHG Center testing personnd will maintain field
logs of all data entered into the EA, and subsequently transmitted to the instrument. An electronic copy
of the configuration file will be maintained.

To validate the performance of the meter in the field, two forms of QC checks will be performed: sensor
diagnostic checks; and independent verification with a second meter. Sensor diagnostic checks consist of
zero flow verification by isolating the meter from the flow, equalizing the pressure across the differentia
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pressure (DP) sensors using a crossover valve on the orifice assembly, and reading the pressure
differential and flow rate. The sensor output must read zero flow during these checks. Transmitter
analog output checks will aso be conducted at the beginning, middle, and end of the test. In this loop
test, a current of known amount will be checked against a DMM to ensure that 4 mA and 20 mA signals
are produced. The procedures for conducting sensor diagnostic checks and log forms are provided in
Appendix B-4.

During testing, independent performance checks will be made using a secondary dry gas meter installed
in series with the Rosemount test meter. During this check, natural gas will flow through both meters
while the turbine is operating, and the resulting gas flow rates will be recorded by the DAS. The dry gas
meter is manufactured by American Meter Company (Modd AL800 - diaphragm type meter). The
ALB00 has a maximum allowable working pressure of 100 psig, and can meter natura gas flow rates up
to 1700 scfh. The meter visualy displays gas flow in units of actual cubic feet (acf). The meter will be
factory calibrated using a NIST traceable volume prover (primary standard).

In order to compare Rosemount 3095 readings with the dry gas meter readings, the acf values must be
converted to standard conditions. This will be accomplished by correcting the acf values for actual
temperature and pressure. Measurements of gas temperature will be obtained from the Rosemount 3095
RTD (Figure 2-1). Gas pressures will be measured with a Rosemount pressure transducer installed
upstream of the dry gas meter (Figure 2-1).

Both meters are certified with an accuracy of £ 1.0 percent (reading). Meter performance will be assessed
during testing by comparing a minimum of two one-hour flow readings collected by both meters during
the 50 and 100 percent load tests. For each hourly period, accuracy will be computed as the difference
between the dry gas meter reading and the test meter reading divided by the dry gas meter reading.
Average accuracy will be computed as the half-width of the 95 percent confidence interval of the mean,
divided by the mean. If the computed average accuracy is determined to be greater than £ 2.0 percent, al
testing will be stopped and the performance of each meter will be evaluated following procedures
outlined in Appendices B-3 through B-5.

2.21.3. Fud Heating Vaue Measurements

Fuel heating value measurements will be conducted to determine the actual lower heating value of natura
gas, such that electrical and thermal efficiency calculations can be performed. Fuel gas samples will be
collected no less than once per test load condition. Samples will be collected at an access port in the fuel
line located prior to the flow meter (Figure 2-1). The port is downstream of a ball valve and consists of
Yrinch NPT union. At this point, fuel pressure is regulated by the facility at approximately 55 psig. Gas
samples will be manually collected in stainless sted canisters provided by an andytical laboratory (Core
Laboratories, Inc. of Cagary, Alberta). The canisters are 600 ml vessels with vaves on the inlet and
outlet sides. Prior to sample collection, canister pressure will be checked using a vacuum gauge to
document that the canisters are leak free. Canisters that are not fully evacuated upon receipt from the
laboratory will not be used for testing. During testing, the connections between the canisters and the fuel
sampling port will be screened with a hand-held hydrocarbon analyzer to check for leaks in the system.
In addition, the canisters will be purged with fuel for approximately 5 seconds to ensure that a pure fuel
sampleis collected. Appendix A-3 contains detailed procedures that will be followed, and Appendix A-4
and A-5 contains sampling log and chain of custody forms.

A minimum of one gas sample will be collected during each of the 50, 75, 90, and 100 percent load tests.
Following EPA standard procedures, replicate samples will be collected during every third sampling
procedure to quantify potentia errors introduced by manual gas sampling. These samples will be
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collected smultaneoudly to diminate variability in results due to small changes in natural gas quality over
time. The canisters are designed such that they can be configured in series, alowing the replicates to be
collected simultaneoudly.

The collected samples will be returned to the laboratory for compositiona analysis in accordance with
ASTM Specification D1945 for quantification of methane (C1) to hexanes plus (C6+), nitrogen, oxygen,
and carbon dioxide. Sample gas is injected into a Hewlett Packard 589011 gas chromatograph (GC)
equipped with a silicon and molecular sieve column. Components are physicaly separated on the
columns and the resultant areas compared to the corresponding calibration data. Data acquisition is
handled by an HP 339611 integrator. The useful range of the detectable concentrations (mole percent) is
specified in Table 1 of the method (D1945). The GC is calibrated weekly as a continuing calibration
verification check using a certified natural gas standard. Instrument accuracy is 0.02 percent full scale,
but allowable method errors vary among gas constituents according to the following list.

Gas Constituent Repeatability (% Diff.)
nitrogen 20
methane 0.2
CO, 30
ethane 1.0
propane 1.0
isobutane, n-butane 2.0
isopentane, n-pentane 30

The instrument is re-calibrated whenever its performance is outside of any of the acceptance limits listed.
Cdlibration records will be obtained and reviewed by the GHG Center. Records of the natural gas
calibration standard will also be obtained. Sample collection canisters are leak checked at the laboratory
prior to shipment to the test site.

Compositiona data are then used in conjunction with ASTM Specification D3588 to calculate the gross
(HHV) and net (LHV) heating value, and the relative density of the gas. The accuracy of the LHV
determinations using the method is related to the repeatability and reproducibility of the anaysis.
Specification D3588 provides procedures for calculating repeatability for duplicate analyses that will be
used by Core Labs. The repeatability expected for duplicate samples is approximately 1.2 Btu/1000 ft?,
or about 0.1 percent.

As a quality assurance check on the fue gas sampling and analyses, a blind audit sample will be
submitted to the laboratory along with one lot of samples. The gas will be procured from a cdibration gas
manufacturer and will contain a certified concentration of methane in nitrogen (approximately 95 percent
CH, in Ny). The laboratory will be requested to conduct duplicate analyses on the audit gas, and the
reported values will be compared to the gas manufacturers certified methane concentration to determine if
the average difference is within 0.2 percent of the alowable level.

2.21.4. Ambient Conditions Measurements

Meteorological datawill be collected to determine if the maximum permissible limits for determination of
electrical efficiency are satisfied (Table 2-1). The ambient meteorological conditions (temperature,
relative humidity and barometric pressure) will be monitored using a pressure sensor and an integrated
temperature / humidity unit located in close proximity to the air intake of the turbine. The integrated
temperature / humidity unit uses a platinum 100 Ohm, 1/3 DIN RTD (resistance temperature detector) for
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temperature measurement. As the temperature changes, the resistance of the RTD changes. This change
in resistance is detected and converted by associated electronic circuitry which provides a linear DC (4-
20mA) output signal. The integrated unit uses a thin film capacitive sensor for humidity measurement.
The dielectric polymer capacitive element varies in capacitance as the relative humidity varies, and this
change in capacitance is detected and converted by interna electronic circuitry which provides a linear
DC (4-20mA) output signal. This sensor features electronic compensation to maintain accuracy over a
broad range of temperature conditions. The barometric pressure is measured by a variable capacitance
sensor. As pressure increases, the capacitance decreases. This change in capacitance is detected and
converted by interna electronic circuitry which provides a linear DC (4-20mA) output signa. The range
and accuracy of each sensor are given in Table 3-2. The response time of the temperature and humidity
sensors is 0.25 seconds and the response time of the pressure sensor is under 2 seconds. The output of
these units will be wired to an A/D module attached to a dedicated personal computer.

Electrical efficiency determinations require variability in ambient temperature and barometric pressure to
be less than + 4 °F and + 0.5 percent, respectively. The instruments selected for the verification are
capable of providing + 2 °F for temperature and + 0.06 percent and barometric pressure, which exceed the
PTC22 requirements for meteorological data. The measurement equipment will be factory cdibrated to
NIST traceable standards for accuracy. Calibration certificates indicating conformance to these standards
will be obtained from the laboratory, and reviewed to ensure the stated data quality indicator goa will be
achieved. QA/QC procedures for the installation and operation of this equipment in the field are provided
in Appendix B-6. In addition, reasonableness checks will be performed by comparing the test instrument
readings with the values reported by the nearest national weather station.

2.2.15. Rosemount Fuel Gas Pressure Sensor

Fuel gas pressure will be monitored with a pressure transducer at a rate of one reading per minute. The
readings collected by this instrument are used to correct dry gas readings from actual conditions to
standard conditions (60 °F, 14.7 psi). This datais aso a key indicator of fuel pressure required to operate
the CHP system (i.e., the turbine is specified to operate at 52 to 55 psig gas pressure). A Rosemount
model 3051 smart pressure transmitter will be used, which has a high degree of stability over time (0.25
percent in five years).

Prior to ingtalation in the field, the meter will be laboratory calibrated by the manufacturer, and the
calibration results will be reviewed to ensure the manufacturer specified accuracy goal is met. Similar to
other continuous monitoring equipment, the pressure transmitter is designed to operate continuously and
unattended. Manufacturer specified startup checks and reasonableness checks will be performed in the
fidd (eg., fud pressure should be about 55 psig during turbine operating periods). Routine quality
control consists of daily checks for reasonableness, trends, spikes, or other changes in operation that could
indicate a system or sensor problem.

2.2.2. Total Electricity Generated and Used

After the load testing, the turbine is expected to be operated at full load for the remainder of the test
period. The electrical power output data for the turbine will be continuously monitored and one minute
average readings will be recorded throughout this period. In addition to the one minute power output
measurements, the 7600 ION aso has the capacity to compute and store 15 minute average electrical
energy generation data. The 15 minute interval is the most common time period used in reporting
dectricity transfer records, and will be summed to develop hourly electricity generation rates for the
turbine, as shown in Equation 5.
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Actual dectricity used at Walker Court will be determined as the difference between electricity generated
and excess electricity supplied to the utility grid, as shown in Equation 4. The electricity supplied to the
grid will be assigned using ENMAX bi-directiona time-of-use meter. This meter logs 15 minute
electricity transfer records to the Alberta Power Pool. A positive value indicates the electricity transferred
from the grid to Waker Court, and a negative vaue indicates excess electricity supplied to the grid. An
hourly estimate of eectricity supplied to grid will be computed as shown in Equation 6.

Total Electricity Used (kWh) =Total Electricty Generated - Total Electricity Supplied to Grid (4
i=hr
Total Electricity Generated (kWh) = é kwhi )]
i=1
i=hr
Total Electricity Suppliedto Grid (kWh) = é KWhy i ; (6)

i=1
where:
kWh = average electricity generated at 15 minute intervals (kWh)
kWh = averagedectricity transferred between grid and Walker Court at 15 minute intervals (kWh)

hr = number of 15 minute records for the verification period

grid- i

It is recognized that variations in ambient meteorological conditions, specifically temperature, pressure,
and relative humidity, can significantly affect a gas turbine's ability to produce power and transfer heat.
The electrical and thermal energy output discussed above represent site conditions. A review of average
meteorological data near the test facility suggests that an average temperature of about 25 °F (range of 18
to 40 °F) is expected during the test period. Relative humidity ranges from 20 to 100 percent, with an
average value of about 60 percent. The barometric pressure remains relatively constant at about 13 psia.
The time series meteorologica data will be examined with corresponding power output and heat rate data
to identify potential trends in the data. Specifically, the data will be reviewed to determine the level of
increase or decrease in electrical power output and heat recovery rate at different temperature, pressure,
and relative humidity ranges.

Significant variations in fuel pressure or gas quality are not expected during the test because the fuel
source is based on a relatively consistent natural gas supply. However, continuous monitoring for fuel
pressure, fuel temperature, and fuel flow rate will be maintained to ensure that fuel inlet conditions are
consistent with manufacturer specified ranges. In addition, gas samples and liquid samples will be
collected a minimum of once per week to ensure correct values for LHV, PG-solution specific heat, and
density are incorporated into the calculations.

2.2.3. Heat Recovery and Use Rate and Thermal Efficiency Measurements

The heat meter monitors and records the volume of PG mixture circulated through the heat exchanger and
its temperatures at two locations. As shown earlier in Figure 2-1, the temperature readings at T1 and T2
can be used to compute heat recovered by the CHP system. The heat recovery rate will be computed
according to ANSI/ASHRAE Standard 125, as follows:
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Heat Recovery Rate (Btu/min) =V r Cp (T1-T2) (7

where:

V = total volume of liquid passing through the sensor during a minute (ft*)

r = density of PG solution (Ib/ft3), evaluated at the avg. temp. (T2+T1)/2
Cp = specific heat of liquid (Btw/lb F), evaluated at the avg. temp. (T2+T1)/2
T1 = temperature of heated liquid exiting heat exchanger, Figure 2-1 (°F)

T2 = temperature of cooled liquid entering heat exchanger, Figure 2-1 (°F)

The hest recovery performance of the CHP system will be a strong function of the building return water
temperature and a weak function of the building water flow rate. Although not expected in March, low
heat demand will result in a decrease in data across the heat exchanger significantly dropping the CHP
system heat recovery rate. |If the ambient temperatures are determined to be unseasonably high, a heat
load will be imposed by manually dumping hot water, thus imposing aload on the DHW system. Mariah
will aso intentionally increase the thermostatic temperature settings in the building to maximize comfort
heating demands. The maximum average heat recovery rate measured during full load testing will be
used to represent maximum heat recovery potential of the CHP system. The measured data will also be
used to report the performance of the heat recovery unit at different return water temperatures.

Maximum Heat Use Rate (Btu/min) = Maximum Heat Recovery Rate at 100 % Load Test 8

The heat rate equations require physical properties of the heat transfer fluid a actua operating
temperatures to be defined. To specify these properties, it is necessary to accurately characterize the
composition of the PG solution, and select published density and specific heat data from reliable sources
(ASHRAE publications). The fluid used in the heat recovery unit is a mixture of approximately 23
percent propylene glycol in water. Samples of this fluid will be collected and analyzed for propylene
glycol content. Appendix A-9 and A-10 contains PG mixture density and specific heat data as a function
of temperature, respectively. The GHG Center will use these ASHRAE published data to interpolate PG
properties at the conditions encountered during testing, and to compute heat recovery and use rates.

For reporting average heat recovered and thermal efficiency at the selected loads, the metered data
corresponding to time intervals used in computing electrical efficiency will be used to compute average
heat recovered (Qag). The following equation will be used to compute thermal efficiency:

hy =60* Q. / HI ©
where:
h; = thermal efficiency (%)

Qavg = average heat recovered (Btu/min)
HI = average heat input usng LHV, Equation 3 (Btu/hr)
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2231  Arigo Heat Meter

The heat meter, currently in operation at Walker Court, is manufactured by Arigo Software GmbH
(Moddl — Didog WZ LON Multistream Electronic Heat Meter). The meter has the capability to measure
PG solution temperature in the supply and return lines, with the use of two RTDs. The meter aso
measures volumetric flow rate with the use of a multi-impeller wheel contact water counter. It also has
the capability to compute and record cumulative amount of heat transferred. All data are continuoudly
monitored and recorded with a software supplied by the manufacturer. The meter is certified to meet
Europe's custody transfer standards (CEN 1434-1).

The meter was factory cdibrated prior to installation at Walker Court.  The manufacturer guarantees the
calibration validity period to be 5 years. The GHG Center does not plan to re-calibrate the meter prior to
verification testing. However, calibration records will be obtained and reviewed to ensure that the
manufacturer specified accuracy, precision, and other performance ratings are valid. The GHG Center
plans to independently verify the performance of the RTD sensor output using a calibrated Type K
thermocouple and readout device. The reference thermocouples will have an operating range of —300 to
800 °F and will be calibrated by the Center and documented to have an accuracy of 0.5 percent of reading
or better. The independent verification of the temperature readings will be performed at the beginning and
end of the test period. In this procedure, the RTDs will be removed from the fluid pipe and placed in an
ice water bath aong with thermocouples of known accuracy. Temperature readings from both sensors
will be recorded for comparison. The procedure will then be repeated in a hot water bath. If the average
differences in temperature readings are greater than 1.8 °F, the Arigo RTDs will be sent for re-cdibration.
Sampling procedures and QA/QC checks associated with this activity are provided in Appendix B-7.

The ANSI/ASHRAE Method 125 specifies requirements for the heat meter, which will be used as
additiona operationa specifications or QC checksin the field.

Instrument accuracy for temperature should be + 0.9 °F, and precision should be
+0.36 °F

Volumetric flow rate should be within + 1 percent over the test interval

Density and specific heat should be taken from reliable material properties sources

2.2.32. PG Solution Sampling and Analysis

Samples will be collected from a fluid discharge spout located on the hot side of the heat recovery unit
using pre-cleaned glass vias of 100 to 500 ml in capacity. Samples will be collected during each of the
50, 75, 90, and 100 percent load tests, and at least once per week during the extended verification period.
Each sample collection event will be recorded on fidd logs (Appendix A-4) and shipped to Philip
Analytical Laboratories along with completed chain-of-custody forms (Appendix A-5).

At the laboratory, samples will be analyzed for propylene glycol concentration (percent). The analyses
will be conducted using gas chromatography/flame ionization detector (GC/FID). The GC/FID is
calibrated with standards ranging from 10 to 1,000 ppm propylene glycol to establish instrument linearity
and a calibration curve. Because the instrument is calibrated to 1,000 ppm and sample concentrations of
propylene glycol are expected to be around 23 percent (230,000 ppm), appropriate sample dilution will be
performed prior to direct injection into the instrument.

Instrument accuracy is 0.02 percent full scale, or £ 20 ppm. However, the nature of propylene glycol
reactions in the GC column typically exhibit significant variability, and therefore the accuracy of the

2-14



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

glycol content analyses is limited to approximately + 10 percent (or = 2.3 percent for a mixture of
approximately 23 percent glycol). As a quality assurance check on the glycol fluid sampling and
analyses, two blind audit samples will be submitted to the laboratory along with one lot of samples. The
Center will procure pure ACS reagent grade propylene glycol from a qualified reagent manufacturer (J.T.
Baker or equivalent). ACS reagent grade propylene glycol is minimum 99.5 percent pure, with actual
purity reported per lot manufactured. Two mixtures of glycol in distilled water (in the range of 20 to 25
percent) will be mixed by Center personnel, recorded at the Center’s laboratory, and submitted to the
analytical laboratory for anaysis. The anaytica laboratory will be requested to conduct duplicate
analyses on the audit samples, and the reported values will be compared to the mixture recorded by the
Center to evaluate anaytical accuracy.

224, Total Thermal Energy Recovered and Used

After the load testing, the CHP system will be operated to meet the site's daily heating load. The heat
recovery rate will be continuously monitored and recorded throughout this period a a sampling rate of
one measurement per minute. Time series plots of measured heat recovery and use rates will be
generated, and analyzed to determine total thermal energy recovered, as follows:

Total Thermal Energy Recovered (Btu) = SHeat Recovery Rate (10)
Actual Thermal Energy Used at Walker Court (Btu) = Total Thermal Energy Recovered (12)
Where:

Heat Recovery Rate = amount of heat recovered by CHP system, Eqn. 7 (Btu/min)

During the four week continuous testing, it is expected the site will continue to consume al the heat that
can be recovered with the CHP system, unless ambient temperatures increase to unseasonably high levels.
In this case, the CHP system will strive to maintain a minimum temperature differential between the T1
and T2 locations to prevent the system from overheating. As the system operates to meet the actua
therma demands of the building, the use rate will be equivaent to the measured recovery rate. If the
thermal demand continues to decrease and the CHP system is unable to discard the excess heat, the
turbine will be forced to automatically shut off. Throughout the continuous test period, the GHG Center
will continuously monitor and record heat recovery rates, and assign these rates as the actual heat used at
Waker Court. Actud thermd energy used at Waker Court will smply be equal to the total thermal
energy recovered during the test, as shown in Equation 11.

2.3. POWER QUALITY PERFORMANCE

When an electrical generator is connected in parald and operated ssimultaneoudly with the utility grid,
there are a number of issues of concern. The voltage and frequency generated by the power system must
be aligned the same as the power grid. While in grid parallel mode, the turbine detects the utility voltage
and frequency to ensure proper synchronization before actua grid connection occurs. This is
accomplished by converting high frequency electrical output to match the grid frequency and voltage at
constant current. The turbine power electronics contain circuitry to detect and react to abnormal
conditions that, if exceeded, cause the unit to automatically disconnect from the grid. These out-of-
tolerance operating conditions include overvoltages, undervoltages, and over/under frequency. For the
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test situation, out-of-tolerance conditions are defined as grid voltage outside the range of 480 volts + 10
percent and electrical frequency of 60 Hz + 0.01 percent.

The power factor delivered by the turbine must be of sufficient quality to allow successful operation of
sengitive office equipment. Harmonic distortions in voltage and current must aso be minimized to reduce
damage or disruption to eectrica equipment such as lights, motors, and office equipment. Industry
standards for harmonic distortion have been established within which power generation equipment, such
as the turbine, must operate within.

Power quality parameters such as electrical frequency, power factor, and THD cannot be isolated from the
grid. The quality of power deivered by the turbine actualy represents an aggregate of disturbances
aready present in the utility grid, and is a measure of how the turbine works to reduce the disturbances by
compensating for extreme variations in power quality. In the case of the power factor, the turbine
electronics follow the demand load (i.e., if there is an inductive demand, the turbine will provide a lower
power factor). Similarly, THDs generated at the turbine represent improvements in THDs that are already
present in the grid.

The power quality evaluation approach has been developed to account for these issues, and will report
electrical frequency output, voltage output and voltage transients, power factor, and total harmonic
distortion. Each parameter provides an understanding of the quality of electrical power produced by the
turbine, and its ability to maintain synchronization with the power grid. To report power quality
performance relative to the grid, baseline measurement data will be collected by shutting the turbine off
each day for about 1 hour, and taking direct measurement of the grid power quality. The turbine will then
be turned on, and additional data will be collected to determine improvements in quality of power
generated by the turbine. The difference between before and after readings for a 1-week monitoring
period will represent actual power quality delivered by the turbine. The same electrical meter (7600 ION)
used for electrical power output measurements will be used to make these measurements. The methods
for determining and reporting power quality parameters are discussed below.

2.3.1. Electrical Output Frequency

Electricity supplied in the U.S. and Canada is typically 60 Hz aternating current. Electrical frequency
measurements will be monitored continuoudly, and average one-minute readings will be recorded. The
data collected by the electrical meter will be analyzed to determine daily maximum frequency, minimum
frequency, average frequency, variance, and standard deviation. In addition to daily results, the overal
maximum frequency, minimum frequency, average frequency, and standard deviation in frequency will
aso be reported for the entire verification period. These parameters will be calculated while the
microturbine is shut off for baseline data collection periods.

Equation 12 will be used to compute the average frequency.
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3 Fi
Fzi (12)
nr

where:

F = average frequency for basdine and turbine operating periods (Hz)
Fi =ingantane ous frequency reading of the eectric meter (Hz)

nr = number of one minute readings logged by the dectric meter

The variance and standard deviation are related measures of how widely values are dispersed from the
average value (the mean). The following equations will be used to compute the variance and standard
deviation:

i=nr 2
a k- )
Fva = '1—1 Fstd = ++/Fvar (3,14)
nr -

where:

F var = vaiaion in frequency for basdine and turbine operating periods (Hz)
Fstd = standard deviation in frequency for basdine and turbine operating periods
F = average frequency (H2)

Fi =ingantane ous frequency reading of the dectric meter (Hz)

nr = number of one minute readings logged by the eectric meter

The performance of electrica frequency output will be reported as the percent difference between
basdline averages and averages during turbine operation.

2.3.2. Voltage Output and Transients

An internal transformer will provide 480 volt output. Traditiondly, it is accepted that voltage output can
vary within £ 10 percent of the standard voltage (480 volts) without causing significant disturbances to
the operation of most end-use equipment. Deviations from this range are often used to quantify voltage
sags and surges. A voltage transient is a subcycle disturbance (typicaly an over-voltage) in the
aternating current (AC) waveform. As defined by ANSI Standard 1100-1992, a transient is a subcycle
disturbance that is evidenced by a sharp brief change in the system voltage. They are aso known as
spikes or surges that are normally on the line for only 1/1000" of a second or less (less than 1
millisecond). They can be from a few to 10,000 volts-peak above or below the voltage sinewave.
Voltage transients normally last only about 50 microseconds according to the ANSI C62.41-1991, which
is the standard for transients in facilities operating under 600 volts rys. Transient overvoltages can result
in equipment problems, and are caused by such events as electronic load switching, motor load switching,
and lightning strikes.
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Voltage output and voltage transients will be continuously monitored and recorded throughout testing
using the 7600 ION meter. The 7600 ION meter will be capable of measuring 0 to 600 Volts (AC) at a
rate of one reading per minute, and detecting surges up to 8 kV a a rate of one reading per 60
microseconds. All voltage readings will be reported as root mean square (RMYS) voltage, which is the
most common approach for measuring AC voltage. The total number of transient occurrences and its
magnitude (greater than 480 Volts + 10 percent ) will be analyzed to quantify the following disturbances.
All datawill be reported on adaily basis, as well as the cumulative results for the entire testing period.

Total number of voltage disturbances exceeding £ 10 percent

Maximum, minimum, average, and standard deviation of voltage exceeding = 10
percent

Maximum and minimum duration of incidents exceeding + 10 percent

The following equations will be used to compute the average, variance, and standard deviation of the
voltage output.

i=nr i=nr
[¢]

A Vi av-vy
— =1 Vvar =4zt Vstd = ++/V var (a5, 16, 17)
nr nr-1
where:

V = average voltage output (volts)

Vi = ingantane ous voltage reading from the eectric meter (volts)
nr = number of readings logged by the dectric meter

Vvar = vaiaion in voltage output (volts)

Vstd = standard deviation in voltage output

2.3.3. Voltage and Current Total Harmonic Distortion

Harmonic distortion of the voltage and current results from the operation of non-linear loads and devices
on the power system. Harmonic distortions can damage or disrupt the proper operation of many kinds of
industrial and commercia equipment. Voltage distortion is any deviation from the nomina sine
waveform of AC line voltage. A similar definition applies for current distortion; however, voltage
distortion and current distortion are not the same. Each affects loads and power systems differently, and
thus are considered separately.

In quantifying harmonic distortion, several parameters related to distortion are addressed, specifically the
definition of a harmonic and how it is quantified. Fourier analysis breaks down a distorted waveform into
a set of sine waves with two specific characteristics. The first characteristic deals with frequency of the
waveform. The distorted waveform repests itself with some basic frequency. The sine wave associated
with this frequency, which is usually 60 Hz, is caled the fundamental. Each successive sine wave, or
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harmonic, of this particular set has a frequency that is an integer multiple of the fundamental. So, the 2™
harmonic has a frequency of 120 Hz, the 3 is at 180 Hz, the 4" is at 240 Hz, and so on.

The second characteristic is the magnitude of the distortion, aso called the harmonic distortion factor.
Each of these sine waves may have a different magnitude from each other, depending on the actua
distorted signal. The magnitude is determined by a harmonic analyzer. Typically, the magnitude of each
harmonic is represented as a percentage of the RM S voltage of the fundamental, not the RM S voltage of
the distorted waveform. The aggregate effect of al harmonics is called the Total Harmonic Distortion
(THD). THD equals the RMS voltage of al harmonics divided by the RMS voltage of the fundamental,
converted to a percentage.

Based on IEEE 519 Standard, the turbine’'s specified values for total harmonic voltage and current
distortion, are as follows:

Maximum Voltage THD: 5 percent
Maximum Current THD: 5 percent

For the verification, harmonic distortion (up to the 63 harmonic) will be recorded for al voltage and
current inputs using the 7600 ION. The meter will report one minute average THD for voltage and
current, and are computed internally as shown below. The results will be analyzed to compute the
average, maximum, and minimum THD for the baseline period and during turbine operation. The current
and voltage harmonics present in the grid will be subtracted with the harmonics present during turbine
operation to determine true contributions from the turbine.

Ai=63rd glarmonic U
j =nré a VOlt l:l
o é i =1st Harmonic U
j:lé Volty U
€

u
VoltageTHD = —E& u (18, 19)
nr
A =63rd Harmonic N
j:mg & Current |
o] é i=1st Harmonic u
22€ Current: 0
e u
Current THD =—£E d
nr
where:
VoltageTHD = average voltagetotal harmonicdistortionfor baselineand turbineand operating
periods(%o)
Current THD = averagecurrenttotal harmonicdistortionfor baselineand turbineand operating
periods(%o)

Volt = RMSvoltage reading for each harmonicin aminute (V olts)
Currenti = current reading for each harmonicin aminute (Amps)
Valt, = RMSvoltagereading for first harmonicin aminute (Volts)
Current =currentreadingfor first harmonicin aminute(Volts)

nr = numberof oneminutereadingslogged by an electricmeter
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2.3.4. Power Factor

Power factor is the phase relationship of

current and voltage in AC dectrical Figure 2-2. Determination of Power Factor
distribution systems. Under ided
conditions, current and voltage are in
phase which results in a power factor
equal to 1.0. If inductive loads (eg.,
motors) are present, power factors are
less than this optimum value. Although it
is desirable to maintain the power factor
a 1.0, the actua power factor of the
electricity supplied by the utility may be
much lower because of load demands of
the different end users. Typica vaues
ranging between 0.8 and 0.9 are common.
Low power factor causes heavier current
to flow in power distribution lines in Power Factor =Cosineq
order to deliver a given number of

kilowatts to an electrical load.

@
5,

(kVAr)

(kW) (kw)

(KWAr)

Mathematically, electricity consists of three components which form a power triangle (Figure 2-2): Red
Power (kW), Reactive Power (kVAr), and Apparent Power (kVA). Real Power (kW) is the part of the
triangle which results in actual work being performed, in the form of heat and energy. This is the power
that is verified in Section 2.2. Reactive Power, which accounts for electromagnetic fields produced by
equipment, aways acts at right angle or 90° to Real Power. Reactive Power does not contribute to the
work for which eectricity was supplied, and the amount of current used to accomplish this work is
increased, causing increased energy losses. The greater the Reactive Power, the worse the losses.
Reactive Power can not be measured. Real Power and Reactive Powers create a right triangle where the
hypotenuse is the Apparent Power, measured in kilovolt-amperes (kVA). The phase angle between Real
Power and Apparent Power in the power triangle determines the size of the Reactive Power leg of the
triangle. The cosine of the phase angle is caled power factor, which is inversaly proportional to the
amount of Reactive Power that is being generated. In summary, the larger the amount of Reactive Power,
the lower the power factor will be.

The turbine is specified by the manufacturer to operate at a power factor setting of 1.0. One minute
average power factor measurements (before and after turning the turbine on) will be anayzed to
determine if the unit maintained this setting. Maximum, minimum, average, standard deviation, and
variance in the power factor will be reported for the test period.

2.4. EMISSIONS PERFORMANCE

2.4.1. Stack Emission Rate Determination

Exhaust stack emissions testing will be conducted to determine emission rates for criteria pollutants (NO,,
CO, and VOC) and greenhouse gases (CO, and CH,). Stack emission measurements will be conducted at
the same time as electrical power output measurements in the controlled test periods.
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Following NSPS guidelines for evaluation of emissions from stationary gas turbines, CHP system exhaust
stack emissions testing will be conducted at four loads within the normal operating range of the turbine,
including the minimum load in the range and the peak load. As discussed earlier, the loads selected are
50, 75, 90, and 100 percent of the normal full load capacity (30 kW). The turbine will be allowed to
stabilize at each load for 15 to 30 minutes before starting the tests. To verify testing precision, three
replicate test runs, each approximately 30 minutes long, will be conducted for each parameter at each |oad
selected. The average results of three valid replicates will be reported.

The average emission rate measured during each test run will be reported in units of parts per million
(ppmvd), for NOy, CO, CH,4, and VOC, percent for O, and CO,, pounds per hour (Ib/hr), and pounds per
kilowatt hour energy produced (Ib/kWh). Reported concentrations will be corrected to 15 percent O,
(using direct exhaust gas O, measurements). Appendix C-3 illustrates an example of the emissions test
results. As with the power production and efficiency performance testing, Mariah operators will maintain
steady unit operation and load for the duration of each emissions test. Variability in unit operation is not
specified in the testing methods, but the variability criteria presented in Table 2-1 will be used as a
guideline to verify that the tests were conducted during steady operation. Variability in fuel flow to the
turbine (limited to 1 percent variability for the efficiency measurements) may exceed the limits specified
in Table 2-1 dightly over the 30 minute test period, but small exceptions up to 2 percent are not expected
to affect the emission rate measurements. Entech, an organization specidizing in air emissions testing,
will be contracted to perform all stack testing. Entech will provide al equipment, sampling media, and
labor needed to complete the testing and will operate under the supervison of a GHG Center
representative.

All of the emission test procedures to be utilized in this verification are U.S. EPA Federad Reference
Methods. The Reference Methods are well documented in the Code of Federa Regulations, most often
applied to determine pollutant levels, and include procedures for selecting measurement system
performance specifications and test procedures, quality control procedures, and emission calculations
(40CFR60, Appendix A). Table 2-2 summarizes the standard Test Methods that will be followed.

The Reference Methods generally address the elements listed below:

Applicability and principle

Range and sengitivity

Definitions

M easurement system performance specifications
Apparatus and reagents

Measurement system performance test procedures
Quiality control procedures

Emission caculations

Bibliography

Each of the selected methods utilizing an instrumental measurement technique includes performance-
based specifications for the gas analyzer used. These performance criteria cover span, caibration error,
sampling system bias, zero drift, response time, interference response, and cdibration drift requirements.
Each test method planned for use is discussed in more detail in the following sections. The entire
Reference Method will not be repeated here, but will be available to site personne during testing, and can
be obtained and viewed using the Code of Federal Regulations (40CFR60, Appendix A).
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Table 2-2. Summary of Emission Testing M ethods
L oads
Air U.S EPA Proposed Tested
Pollutant | REference | Principleof Detection | Analytical | Accuracy | (% nominal '\FL"e ‘I)ifc;f‘st
u M ethod Range® caplflcit)y P
30kW
(O]} 3A PARAMAGNETIC 0-25% 5%
CO, 3A NDIR 0-20 % 5%
- - o
NO, 20° Cfl\lleg:lll? uglage:ﬁ?;ce 0-25 ppm +2% 50, 75,90, | 3 per load
o +50 1 min
CO 10 Corrdation 0-25 ppm +5% and 100 | (30 minutes)
CH, 18 GCIFID 0-25 ppm +5%
THC? 25A Flame ionization 0-25 ppm +5%
& VOC emissions will be determined as measured THC minus measured CH,.
P- Actual range will be determined prior to testing, with a portable analyzer.
“ Dueto the small stack diameter (12 inches), Method 20 will be modified to incorporate single point sampling.

24.1.1.  Gaseous Sample Conditioning and Handling

A schematic of the sampling system to be used to measure concentrations of CO,, O,, NO,, CO, and VOC
is presented in Figure 2-3. In order for the CO,, O,, NO,, and CO instruments used to operate properly
and reliably, the flue gas must be conditioned prior to introduction into the analyzer. The gas conditioning
system is designed to remove water vapor from the sample. All interior surfaces of the gas conditioning
system are made of stainless steel, Teflon™, or glass to avoid or minimize any reactions with the sample
gas components. Gas is extracted from the turbine exhaust through a stainless steel probe, and sample
line. The gas is then transported using a sample pump to a gas conditioning system that removes
moisture. A Permapure permeation tube type moisture remova system will be used. This system
exposes the extracted exhaust gases to a permeable membrane that has dried ambient air on the other side.
The small amounts of water vapor in the exhaust gases permeate through the membrane to the dry air.
This system eliminates the need to condense the moisture out of the gas and therefore minimizes the
chance of NO, scrubbing. The clean, dry sample is then transported to a flow distribution manifold where
sample flow to each andyzer is controlled. Calibration gases can be routed through this manifold to the
sample probe by way of a Teflon™ line. This allows cdibration and bias checks to include al
components of the sampling system. The distribution manifold aso routes calibration gases directly to the
analyzers, when linearity checks are made on each.

The THC analyzer is equipped with a flame ionization detector (FIDs) as the method of detection. This
detector analyzes gases on a wet, unconditioned basis. Therefore, a second heated sample line is used to
deliver unconditioned exhaust gases from the probe to the THC analyzer.
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Figure 2-3. Gas Sampling and Analysis System
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24.1.2.  Gaseous Pollutant Sampling Procedures

* Sample gas manifold

For CO, and CO determinations, a continuous sample will be extracted from the emission source and
passed through a California Anaytical Model CA-300P non-dispersive infrared (NDIR) analyzer. For
each pollutant, the NDIR analyzer measures the amount of infrared light that passes through the sample
gas versus through the reference cells. Because CO, and CO absorb light in the infrared region, the
degree of light attenuation is proportional to the CO,/CO concentrations in the sample. The CO,/CO
analyzer ranges will be set a or near 0 to 20 percent for CO, and 0 to 25 ppm for CO at full load (0 to 50
ppm at reduced loads).

Oxygen content will also be analyzed with the California Anaytical Model CA-300P analyzer using a
paramagnetic reaction cell. This analyzer uses a measuring cell that consists of a dumbbel of
diamagnetic material, which is temperature controlled electronically at 50°C. The higher the sample O,
concentration, the greater the dumbbell is deflected from its rest position. This deflection is detected by
an optical system connected to an amplifier. Surrounding the dumbbell is a coil of wire with a current
passed through the wire to return the dumbbell to its origina position. The current applied is linearly
proportiona to the O, concentration in the sample. The O, analyzer range will be set a or near 0 to 25
percent.
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Nitrogen oxides will be determined on a continuous basis usng a Monitor Labs Model 8840
chemilumenescence anayzer or equivaent. This analyzer catalytically reduces nitrogen oxides in the
sample gas to NO. The gas is then converted to excited NO, molecules by oxidation with O; (normally
generated by ultraviolet light). The resulting NO, luminesces in the infrared region. The emitted light is
measured by an infrared detector and reported as NO,. The intensity of the emitted energy from the
excited NO, is proportiona to the concentration of NO, in the sample. The efficiency of the catalytic
converter in making the changes in chemical state for the various nitrogen oxides is checked as an
element of instrument set up and checkout (Section 2.4.1.3). The NO, analyzer range will be operated on
arange of 0 to 25 ppm at full load and 0 to 50 ppm at reduced loads.

Concentrations of VOC will be determined as THC less the methane content in the gas stream. Tota
hydrocarbons in the exhaust gas will be measured using a Cdifornia Analytical Model 300 AD flame
ionization analyzer which passes the sample through a hydrogen flame. The intensity of the resulting
ionization is amplified, measured, and then converted to a signa proportional to the concentration of
hydrocarbons in the sample. Unlike the other methods, the sample stream going to the analyzer does not
pass through the condenser system, o it can be kept heated until analyzed. Thisis necessary to avoid loss
of the less volatile hydrocarbons in the gas sample. Because many types of hydrocarbons are being
analyzed, VOC results will be normalized and reported as methane equivalent. The calibration gas for
THC will be propane. Concentrations of methane will be determined by collecting integrated gas samples
in Tedlar bags and shipping samples to a certified laboratory for analysis. In the laboratory, samples will
be directed to a Hewlett Packard 5890 gas chromatograph (GC) equipped with a flame ionization
detector. Similar to the fuel sampling, the GC/FID will be calibrated with appropriate certified cdibration
gases. Sample collection bags will be leak checked prior to testing. In addition, one replicate sample will
be collected and one duplicate analysis will be conducted for each turbine load tested.

24.13. Cdlibrations and Quality Control Checks

Analyzer and sampling system calibrations, and other QC check criteria specified in the Reference
Methods for emissions determinations are identified later in Section 3.2.4 and Table 3-3. These QC
procedures will be used to determine if overall Data Quality Objectives for emissions (discussed in
Section 3.0), were met during the verification. All of these procedures are detailed in the corresponding
Reference Methods and will not be repeated here in entirety. However, the specific procedures to be
conducted during this test calibration ranges and other test specific data are outlined below.

NO, Analyzer Interference Test

In accordance with Method 20, an interference test will be conducted on the NO, analyzer once before the
testing begins. Thistest is conducted by injecting the following caibration gases into the analyzer:

CO - 500 £ 50 ppm in balance nitrogen (N,)
SO, —200 + 20 ppm in N,
CO,-10+1%inN,

0,-209+1%

For acceptable analyzer performance, the sum of the interference responses to al of the interference test

gases must be £ 2 percent of the analyzer span value. Analyzers failing this test will be repaired or
replaced.
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NO, Converter Efficiency Test

The NO, analyzer converts any NO, present in the gas stream to NO prior to gas andysis. An efficiency
test on the converter must be conducted prior to beginning the testing. This procedure is conducted by
introducing to the analyzer a mixture of mid-level cdibration gas and ar. The analyzer response is
recorded every minute for 30 minutes. If the NO, to NO conversion is 100 percent efficient, the response
will be stable at the highest peak value observed. If the response decreases by more than 2 percent from
the peak value observed during the 30-minute test period, the converter is faulty. A NO, analyzer failing
the efficiency test will be either repaired or replaced prior to testing.

Sampling System Cadlibration Error and Drift

The sampling system calibration error test must be conducted prior to the start of the first test on each day
of testing, it is performed on the NO, and THC sampling systems. The calibration is conducted by
sequentially introducing a suite of caibration gases to the sampling system at the sampling probe, and
recording the system response. Calibrations will be conducted on al anayzers using Protocol No. 1
calibration gases. Four calibration gases of NO,, and THC are required including zero, 20 to 30 percent
of span, 40 to 60 percent of span, and 80 to 90 percent of span. The maximum alowable error in
response to any of the calibration gasesis + 2 percent of span for NO, and £ 5 percent of span for THC.

At the conclusion of each test the zero and mid-level calibration gases are again introduced to the
sampling systems at the probe and the response is recorded. System response is compared to the initia
caibration error to determine sampling system drift. Drifts in excess of + 2 percent for NO, and £ 3
percent for THC are unacceptable and the test will be repeated.

Cadlibration Error, System Bias, and Calibration Drift Tests

These calibrations will be conducted to verify accuracy of CO, CO,, and O, measurements.  The
calibration error test is conducted at the beginning of each day of testing. A suite of calibration gases is
introduced directly to each analyzer and analyzer responses are recorded. EPA Protocol 1 calibration
gases must be used for these cdlibrations. Three gases will be used for CO, and O, including zero, 40 to
60 percent of span, and 80 to 100 percent of span. Four gases will be used for CO including zero and
approximately 30, 60, and 90 percent of span. The maximum allowable error in monitor response to any
of the calibration gasesis = 2 percent of span.

Before and after each test, the zero and mid-level calibration gases will be introduced to the sampling
system at the probe and the response recorded. System bias will then be calculated by comparing the
responses to the calibration error responses recorded earlier. System bias must be less than + 5 percent of
gpan for each parameter for the sampling system to be acceptable. The pre- and post-test system bias
calibrations will aso be used to caculate drift for each monitor. Drifts in excess of + 3 percent will be
considered unacceptable and the test will be repeated.

Appendix C-5 provides an example calibration records sheet.

NO, Audit Gas

The NO, andyzer will be operated on a full-scale range of 0 to 25 ppm. It is possible that turbine
emissions might be very low and on the low end of the analytical range (5 ppm or less). To evauate the
NO, sampling system accuracy at the low end of the range, an audit sample will be provided by EPA.

The audit gas will be introduced to the sampling system at the probe tip and a stable system response will
be recorded. System error will be calculated as follows:
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system error (percent full scale) = {(system response (ppm) / audit gas (ppm)) / 25} x 100

24.1.4. Determination of Emission Rates

The instrumental testing for CO,, O,, NO,, CO, VOC, and CH, provides results of exhaust gas
concentrations in units of percent for CO, and O, and ppmvd corrected to 15 percent O, for NO,, CO,
VOC, and CH,. The THC and methane results are as ppmv on a wet basis, but will be corrected to ppmvd
based on measured exhaust gas moisture measurements made in conjunction with the testing. No less
than once at each load tested, an EPA Reference Method 4 test will be conducted to determine the
moisture content of the exhaust gases.

To convert measured pollutant concentrations to mass emissions, exhaust gas flow rate determinations
will be conducted in accordance with each test run in accordance with EPA Method 2. Stack gas velocity
and temperature traverses will be conducted using a calibrated thermocouple, a calibrated S-type pitot
tube, and incline oil manometer. The number and location of traverse points sampled will be selected in
accordance with EPA Method 1. At the conclusion of each test run, stack gas velocity will be caculated
using the following equation:

Vo= 8549* Cy* [(Pag * T / (Ps* MJ)] (20)
Where: Vo= Stack gas veocity, ft/sec
C,= Pitot coefficient, unitless

g = Average velocity head (delta P), in. water
Average stack temperature, °R

A Absolute pressure in stack, in. Hg
Ms = Molecular weight of stack gas, Ib/Ib-mole

ol e
T

Mesasured gas velocities will be converted to volumetric flow rate in standard terms using the following
equation:

Qaa =Vs* A* (Ps/Pgg) * (Ts/ Tgq) * 60 (22)
Where: Q¢ = Volumetric flow rate, dscf/min
Vs= Stack gasvelocity, ft/sec
=  Stack cross sectiona area, ft
s = Average stack temperature, °R
Ps = Absolute pressurein stack, in. Hg
Taa = Standard temperature, 532°R
P«s = Standard pressure, 29.92 in. Hg

After converting measured pollutant concentrations to mass units of Ib/scf, emission rate values will be
calculated in units of pounds per hour (Ib/hr) using the standardized volumetric flow rates. Emissions
will adso be normalized to turbine heat input in units of pounds per million Btu (Ib/MMBtu) using
measured fuel consumption rates and fuel heating values. The emission rates will also be normalized to
turbine output and reported as Ib/kW-hr using measured turbine power output data collected during each
test.
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2.4.2. GHG Emission Reductions for Walker Court

This section presents the approach for determining GHG emission reductions for the Mariah CHP. The
methodology to be employed isillustrated in Figure 2-3. In the first step, emission estimates for the CHP
system will be developed using directly measured GHG emission rates, electricity generation/use rates,
and heat recovery/use rates. The CHP system emissions will be compared to emissions from a baseline
system. The basdline system is that which would have been used to meet the site's energy needs in the
absence of the CHP system. The basdine system is electricity supplied by the locd utility grid and
thermal energy supplied by a new standard natural gas fired boiler. Subtraction of the Mariah CHP
emissions from the baseline emissions will yield an estimate of net emission reductions.

GHG Emission Reductions(tonnesCOz2) = Mariah CHP Emissions- (Grid Emissions + Boiler Emissions) (22

Emission reductions will be reported for carbon dioxide because it is the primary greenhouse gas emitted
from combustion processes and reliable emission factors for eectric utility and natural gas boilers are
available for this greenhouse gas only. The following three subsections describe the approach for
computing emissions for the CHP system, utility grid, and the natural gas boiler.

Figure 2-4. Walker Court Emission Reduction Estimation M ethodology

Mariah CHP

Power Pool

Electricity Energy Offset
Offset From From
Utility Grid Standard

Heating
Equipmen

Emission
Reductions
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Electricity
Productiol

Emission
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24.2.1. Mariah CHP Emissions

During the verification, the Waker Court complex will not be fully occupied, and demand for electricity
and heat may be lower than what the unit is capable of producing. As such, the eectricity and heat used
may be lower than the eectricity generated and heat recovered (discussed in Sections 2.2.3). This
expected under-occupancy, combined with the unique energy efficient design of the complex, will result
in electricity and heat usage rates that are lower than the system’s potential. Consequently, full emission
reduction potentials of the CHP system are unlikely to occur during verification testing, even though they
will likely increase in the future, as usage rates increase as additiona tenants occupy the building. It is
recognized that many potential CHP applications (e.g., hotels, swimming pools, car/truck washing
facilities), have the electrical and therma demand to use al the energy produced with the CHP system. It
is also recognized that data to help such sites determine full GHG reductions would be a useful output
from the verification. Mariah intends to market these sites by operating the CHP system continuously
(i.e., base loaded), and use dl the energy that can be produced/recovered with the system.

To provide readers the flexibility to examine CHP system emissions with maximum electricity and heat
use rates, and to report emissions associated with actua conditions encountered at Walker Court, the
verification will report two sets of GHG emissions estimates. (1) actual emissions and reductions for
Walker Court and (2) estimated emissions and reductions for sites that can use al the energy produced by
the CHP system. The following paragraphs describe the approach that will be followed to compute CHP
system emissions for these two scenarios.

Total emissions over the verification period will be computed from hourly measurements data, as shown
below.

CHP System Emissions (tonnes CO,) = EMissionsgject + EMiSSiONSyeat (23)

Emissionsgie(tonnes CO,) = MWgenerated X 1 Hr X CO, Emission Factor
Emissions;eq (tonnes CO,) =0

Walker Court Actual:
MW generated = hOurly average power output measured with electric meter (MW)
CO, Emission Factor = measured emission rate corresponding to each hour’ s operating |oad (tonnesyMWh)

Maximum Energy Utilization:
MW generated = @VErage power output measured at full load (MW)
CO, Emission Factor = measured emission rate at full load (tonnessMWh)

Actual Walker Court emissions from electricity production will be computed as the hourly eectrica
energy generated times a load-specific CO, emission factor. The hourly electricity generated will be
determined from the power meter data collected during the verification period, and the CO, emission
factor will be assigned based on emissions test results that corresponds to the average electrical load at
which the turbine was operating. There are no GHG emissions associated with heat recovered from the
Mairah CHP, thus Emissions.e; Will be assigned O tonnes of CO,. Table 2-3 illustrates an example
caculation.

Emission estimates will aso be prepared assuming that the maximum energy output from the CHP system
isused a Walker Court or other sites. Maximum output will be based on the electrical power output and
heat recovery rates measured during 100 percent load testing at Walker Court (discussed in Sections 2.2.2
and 2.2.3). It should be noted that the Center is not verifying that the test site is capable of achieving this,
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but is smply extrapolating the measured data for sites which are able to utilize maximum energy outpuit.
To compute emissions from maximum electricity generation as shown above in Equation 23, the average
electrica power measured during full load testing will be multiplied with the CO, emission factor at this
load.

Table 2-3. Example Mariah CHP Emission Calculations

Walker Court - Actual

Hour Electricity Generation Heat Recovery Total
Electricity |Electricity| Emission |Emissions| Heat Recovered® | Heat Used'|[Emissions| Emissions
Generated®| Used® | Factor®®

(MWh) | (MWh) | (tonnes | (tonnes (Btu) (Btu) (tonnes | (tonnes CO,)
CO,/MWh) | CO;) COy)
1 0.029 0.015 0.60 0.0174 200,000 200,000 0 0.0174
2 0.029 0.015 0.60 0.0174 205,000 205,000 0 0.0174
3 0.029 0.016 0.60 0.0174 201,000 201,000 0 0.0174
4 0.028 0.015 0.60 0.0168 198,000 198,000 0 0.0168
5 0.030 0.015 0.60 0.0180 202,000 202,000 0 0.0180
Total 0.145 0.076 0.0870 1,006,000 1,006,000 0.0870

Maximum Energy Usage

Electricity Generation Heat Recovery Total Emissions|
Total | Maximum |Electricity| Emission [Emissions| Heat Recovered® |Heat Used®|Emissions
Oper- | Electricity | Used Factor®
Ating | Generated®
Hours [ (MWh) | (MWh) (tonnes (tonnes (Btu) (Btu) (tonnes | (tonnes COy)
CO,/MWh) | CO;) COy)

1 0.030 0.030 0.60 0.0180 235,000 235,000 0 0.0180

2 0.030 0.030 0.60 0.0180 235,000 235,000 0 0.0180

3 0.030 0.030 0.60 0.0180 235,000 235,000 0] 0.0180

4 0.030 0.030 0.60 0.0180 235,000 235,000 0 0.0180

5 0.030 0.030 0.60 0.0180 235,000 235,000 0 0.0180
Total 0.150 0.150 0.0900 1,175,000 1,175,000 0 0.0900

& Measured by Center during continuous testing

P Corresponds to electrical load at which the unit was operating

¢ Corresponds to average power output measured during 100 % load test, this examples assumes 30 kW

d Corresponds to emission factor measured during 100 % |load test

€ Corresponds to maximum heat recovery rate during 100 % load test, this example assumes 235,000 Btu/hr
" Assi gned as equivalent to actual heat recovered during continuous testing

During the verification, it is expected the CHP system will supply all the heat demand of the building. As
aresult, the natural gas fired boiler will not be needed, and will not operate to supply additional thermal
load. For these periods, the CHP system is displacing the heating boiler such that it is off for long periods
and the extra standby losses are zero. Emissions from the heat recovery unit will be assigned as 0 tonnes
CO..
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However, if unseasonably cold temperatures are encountered, the natural gas boiler will be operating in
conjunction with the CHP system to supply comfort heating. Under these circumstances, the boiler will
likely operate at a lower efficiency than its rated efficiency of 82 percent. The boiler operating at lower
duty cycle while the CHP system is operating will result in GHG emissions (i.e., more natural gas will be
used in the boiler at alower efficiency than if the CHP was switched off). Mariah expects this scenario to
be highly unlikely to occur during the March/April verification period. Nevertheless, the Center will
make every effort to monitor boiler operating hours and fuel consumption rates. Boiler emissions
associated with this fuel consumption will be computed, and subtracted from emissions at full load
(discussed in Section 2.4.2.3) to estimate actual emission reductions with the heat recovery system.
Computational procedures associated with this routine are not discussed in the Plan, but will be described
fully if the boiler is verified to be operating during the test.

24.2.2.  Utility Grid Emissions

For each kilo-watt hour of electrica energy produced and used with the Mariah CHP, an equivalent
amount of electricity is no longer required from the utility grid. The electricity offset is defined as the
energy used plus additional energy that must be generated at centra stations to account for transmission
and distribution line and transformer 1osses between the plant fence-line and the end-user. Based on data
reported by CANMET, the average line losses between power plant fence-line and end-user is 7.87
percent for the Alberta grid. This means that for every MWh electricity produced and used on-site with
the Mariah CHP system, 1.0787 MWh of eectricity will not be produced at central power plants.

When some of the eectricity generated with the CHP system is not used on site, the excess energy is
supplied to the distribution grid. CANMET has suggested that the excess electricity injected would be
such a small quantity (i.e., less than 30 kW) that it would likely be distributed to loca end-users, and
would not be transmitted long distances. As a result, step-down transformers would not be required as
needed for central power generation. Line losses between electricity generated on-site and distributed to
the power grid are estimated to be about 2 percent. This means that for every MWh excess eectricity
generated with the CHP system, 0.98 MWh will actually reach the grid. This means that 1.0375 MWh of
electricity will not be produced at central power plants.

The following equation will be used to compute utility grid emissions:
Grid Emissions (tonnes CO,) = MWt X L Hr X Grid CO, Emission Factor (24)

MWh gt = (MW ygeq * 1.0787) + (MW gyeest 1.0375)

Walker Court Actual:
MW gcess = hourly avg. power measured with existing grid meter (MW)
MW useq = hourly avg. power measured with electric meter minus power measured with grid meter
(MW)

Maximum Energy Utilization:
MW yseq = @verage power output measured with electric meter at full load (MW)
MW geess= O MW

1.0787 = average line losses between central power plants and end user

1.0375 = average line losses between central power plants and distribution grid

CO, Emission Factor = hourly average utility emission factor for electricity generated and imported in
Alberta, Figure 2-5a
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The approach for assigning hourly average utility grid CO, emission factor is based, in part, on guidelines
developed by the Emissions Quantification Working Group, which alows emisson estimates to be
developed for power generation plants operating in Alberta and importing power into the Alberta grid.
The Working Group, which consists of representatives from major production, marketing and distribution
utilities, independent power producers, Environment Canada, Alberta Energy, the Power Pool of Alberta
and a maor accounting firm, developed a protocol for quantifying CO, emissions from electrical
generation facilities in the Alberta pool (EQWG 1999). The Group aso recommended procedures for
quantifying emission reductions from initiatives undertaken by individua companies to lower emissions.
The protocol was prepared for the Power Pool of Alberta, the Federal and Alberta governments, the
Greenhouse Gas Emissions Trading Pilot (GERT) and other parties exploring mechanisms for emissions
trading. The Center has used components of this protocol to develop a procedure for computing
emissions for the utility grid. The methodology is illustrated in Figure 2-5a, and an example calculation
isshown in Table 2-4. The following describes key steps.

Figure 2-5a. Emissions For Electricity Utility Grid

CHP System U‘tl|/ll)/ Grid
AN — S—
Calculate Total Calculate Net Electricity
Electricity Generated Imported From Each Jurisdiction
MWhGen: sMWhP\anu MWmeF SMWhmPJ
Calculate Hourly CO2 Emissions Calculate Hourly Emissions Using
Emissions,..= S(MWh,... X E.F.pan. ) Emission Factors For Each Jurisdiction|

\ Emissions,.= S(MWh,,, ;X E.F.;.., ))

Calculate Grid Average Emission Factor
E.F¢.q= Emissions,,/ MWh,,.,

where, Emissions,,,= Emissions,,, + Emissions,,
and MWh,,= MWhg,, + MWh,,

MWh = electricity offset, generated, or
imported

E.F. = CO2 emission factor (tonnes/MWh)
Emissions = CO2 emissions (tonnes)
i = individual generating plants

j = jurisdiction from where electricity was
imported

Step 1. Calculate Emissions Associated with Electricity Generated

The Working Group recommended using publicly available electricity generation data from the Power
Pool of Albertato identify specific generation units that are operating during a given hour, and specify the
amount of electricity produced by each. The Power Pool is a not-for-profit corporation that was
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established under Albertas Electric Utilities Act of 1995. All dectricity that flows onto the Alberta
eectrica grid is dispaiched via the Power Pool. Over 95 percent of all electric energy transactions
occurring in the region are dispatched through the Power Pool, including the Mariah CHP system at
Walker Court.

The Power Pool maintains an on-line Energy Trading System (ETS) which is an internet based electricity
exchange system. The ETS contains hourly, plant specific electricity generation data (MWh) that is
derived from actua custody transfer electricity metering records. The Center plans to use the ETS
database to identify individual plants and their electricity generation rates for all hours corresponding to
Mariah CHP production periods. This task will be performed jointly with the KEFI-Exchange. KEFI-
Exchange is a privately owned, industry sponsored, commodity exchange, which operates under an order
from the Alberta Securities Commission. The KEFI-Exchange routinely processes the ETS data to offer
emissions reduction certificates, and has agreed to provide this data to the Center. The Center will quality
assure this data by selecting random electricity production periods, and verify the accuracy and
completeness of the submitted data with the on-line ETS reports.

z Table 2-4. Example Emission Reduction Calculations
m For Walker Court
z Hour CHP System Utility Grid Natural GasBoiler Emissions
: Reduced
Emissions |Emissions|Electricity] Average |Emissions| HeatUsed |Estimated Fuel| Emissions
u. From From | Offset Emission Needed To
Electricity Heat Factor Generate
o Prod. Prod. (generation + Equivalent
imports) Heat
n (tonnes CO,) (MWh) (tonnes (tonnes (Btu) (Btunatural | (tonnesCO,) | (tonnes
CO,/MWh) CO,) gas) CO,)
1 0.0174 0 0.0307 0.94 0.0290 200,000 268,000 0.0141 0.0257
m 2 0.0174 0 0.0307 0.95 0.0293 205,000 274,700 0.0145 0.0264
3 0.0174 0 0.0308 091 0.0281 201,000 269,340 0.0142 0.0249
> 4 0.0168 0 0.0297 0.90 0.0268 198,000 265,320 0.0140 0.0240
= 5 0.0180 0 0.0318 0.89 0.0284 202,000 270,680 0.0143 0.0247
: Total 0.0870 0 0.1416 0.0711 0.1257
u Maximum Energy Usage
“ Total CHP System Utility Grid Natural GasBoiler Emissions
Oper- Reduced
q ating Emissions [Emissions|Maximum| Average Emissions| HeatUsed |Estimated Fuel| Emissions
Hours From From |Electricity] Emission Needed To
Electricity Heat Offset Factor Generate
¢ Prod. Prod. (generation + Equivalent
imports) Heat
n (tonnes CO,) (MWh) (tonnes (tonnes (Btu) (Btunatural | (tonnes CO,) (tonnes
m 1 0.0180 0 0.0324 0.94 0.0305 235,000 314,900 0.0166 0.0291
2 0.0180 0 0.0324 0.95 0.0308 235,000 314,900 0.0166 0.0294
m, 3 0.0180 0 0.0324 0.91 0.0295 235,000 314,900 0.0166 0.0281
4 0.0180 0 0.0324 0.90 0.0292 235,000 314,900 0.0166 0.0278
: 5 0.0180 0 0.0324 0.89 0.0288 235,000 314,900 0.0166 0.0274
Total 0.0900 0 0.1620 0.1488 1,175,000 1,574,500 0.0831 0.1418
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To assign emission factors to each power generating plant, the Working Group recommended using
publicly available emission factors for each plant. A summary table listing CO, emission factors is
presented in the EQWG report (Appendix Item 2), and is not repeated here. These factors were
developed based on the latest publicly available data from the 1999/2000 Genera Rate Application to the
Alberta Energy and Utilities Board, which contained plant specific heat rate and heating value data. The
emissions factors presented in the EQWG protocol have been derived from these values, and used by
other organizations to estimate emission reductions from alternative power generation technologies
(GERT 1999). The KEFI-Exchange uses the same emission factors, given in tonnes CO, per MWh, and
when multiplied by eectricity generated, yield hourly CO, emissions for power stations in Alberta. The
sum of emissions from all plants represents the total CO, emitted from Alberta generation units.

Step 2. Calculate Emissions Associated with Electricity Imported

During 2000, net imports (imports minus exports) represented approximately 1.1 percent of the tota
consumption in the province, making imports a very small portion of the Alberta energy transactions. In
addition, due to changing market conditions and the availability of excess capacity, exports to the Pacific
Northwest and California, during January and February 2001, outweighed imports by 2.5:1. It is expected
that during the test period this net export situation will continue true and therefore imports will not be an
issue during the test.

However, if net imports do occur during the test, KEFI-Exchange will record the hourly net imports from
Saskatchewan and British Columbia and multiply them by the respective emissions factor for that
jurisdiction, as listed below:

British Columbia - Using published data from BC Hydro (1997) KEFI-Exchange has assumed that 7.5
percent of al BC Hydro generation is via a natural gas fired therma plant (Emission Factor = 0.59
tonnesMWh). The remaining 92.5 percent is from hydro generation (Emission Factor = 0 tonnessMWh).
KEFI-Exchange has therefore calculated a weighted-average CO, emission factor of 0.44 tonnesMWh
for the import of eectricity from B.C..

Saskatchewan - Using published data from SaskPower (1997) KEFI-Exchange has calculated that 70.9
percent of al Saskatchewan generation is via coal-fired thermal units, 5.4 percent via natural gas-fired
thermal units, and the remaining 23.7 percent is from hydro generation. KEFI-Exchange has therefore
calculated a weighted average CO, emission factor of 0.79 tonnesMWh for the import of electricity from
Saskatchewan.

Step 3. Calculate Average Hourly Emission Factor for the Utility Grid

The Working Group also recommended using the average or aggregate method for reporting emissions
for the grid on a hourly basis. In this method, an average emission factor for the grid is determined for
each hour electricity was generated and net electricity imported. As shown in Figure 2-4a, the average
emission factor for the utility grid is defined as the sum of hourly CO, emissions from generation plants
and imports, divided by the total electricity generated and imported. The average method was
recommended because it met the criteria set by the Canadian Environment Ministers for establishing the
Credit For Early Action program (simple to use, robust, transparent, predictable, and low cost).

The grid average emission factor will be computed for each hour the Mariah CHP was determined to be
generating electricity. This emission factor will be multiplied with electricity offset, discussed earlier, to
compute total emissions for the utility grid. Table 2-4 illustrates example calculations for Walker Court-
Actual scenario and maximum utilization scenario.



24.2.3. Natural Gas Boiler Emissions

For each Btu of thermal energy recovered and used with the Mariah CHP, equivalent amount of energy is
no longer needed from the baseline gas fired boiler. The approach for computing emissions associated
with a baseline natura gas boiler consists of first estimating the fuel that would have to be combusted to
produce an amount of heet that is equivalent to the heat recovered by the CHP system and used at Walker
Court. Figure 2-5b illustrates the approach, and an example calculation was illustrated in Table 2-4. GHG
emissions from baseline natural gas boiler will be computed as follows:

Boiler Emissions (tonnes CO,) = Fuel x Boiler CO, Emission Factor (25)

Fuel =Heat ,o4x 1.34

Walker Court Actual:
Heat yseq = hourly total heat used during continuous testing, see Equations 10 and 11 (Btu)

Maximum Energy Utilization:
Heat g = maximum heat recovery rate measured during full load testing times 60 minutes, see
Equations 7 and 8 (Btu)
1.34 = ratio of fuel consumed by the boiler divided by heat produced

Boiler CO, Emission Factor = estimated using measured fuel carbon content and estimated oxidation rates,
see Equation 26

Figure 2-5b. Walker Court Emission Reductions From Thermal Energy Production

CHF;.5yStem Natural Gas Fired Boiler

\ A
A r N

Hourly CO2 Emissions Are Calcu:gfiss?g:g coz
0
E = Fuel x E.F.

Boiler Boiler

Btu = heat recovered, used, or offset
Fuel = natural gas consumed, Btu
E.F. = CO2 emission factor (tonnes/MWh)
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E = CO2 emissions, tonnes
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The baseline comfort heating and hot water system is a new natural gas fired boiler system, manufactured
by Raypack (Model 1826). The boiler is sized for peak consumption, with heat output of 1515.2 MBtu/hr
and an efficiency of 83 percent. This standard system is consistent with a basgline gas boiler selected by
CANMET as representative of this region. Due to test site elevation of 3000 ft above sea level, the
manufacturer specifies the efficiency rating to be derated by 10 percent. As a result, the unit produces
1363.7 MBtu/hr heat with energy input of 1825.6 MBtu/h. The amount of fuel needed for the boiler to
generate an equivalent amount of CHP-based heat used at Waker Court is actua heat used times 1.34
(ratio of fuel in over heat out).

CO, emission factor for the boiler will be computed using measured fuel carbon content and published
oxidation rates, as shown below.

Boiler Emission Factor (tonnes CO4Btu Fuel) = (44/12) (CC) (FO) / (2204.6 tonne/lb) (26)

where:

CC = measured carbon content of the fuel (expected value is about 31.9 Ib C/10° Btu)

FO = fraction of initial carbon content oxidized during combustion, according to U.S. EPA’s
Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-1997, fraction oxidized is 0.995 for
natural gas

2.4.3. GHG Emission Reductions for Model Sites

Different locations across the U.S. and Canada will experience emission reductions that could vary
significantly from Walker Court. These locations are likely to employ alternative electrical energy and
thermal energy systems that are typical of locations in the U.S. and Canada. The verification methodology
will estimate emissions associated with the use of standard electricity and therma energy system and
Mariah CHP system at selected model sites in North America.  The emission estimates between the
standard and CHP system will be compared, and an estimate of the total CO, reduction potentia will be
reported for each model site. To enable this, model sites must be defined which include: the type of
building (e.g., office, restaurant, hotel), size (ft), geographic location, eectrical and therma demand
(base and peak), and end-use equipment. The Center has developed a preliminary list of modd sites
based on two comprehensive studies performed for the U.S. DOE Office of Building Equipment and
NRCAN. The following paragraphs discuss how these studies have been used to define modd sites for
this verification.

24.31. Mod€ SitesIntheU.S.

The DOE project estimated total heating and cooling loads in U.S. buildings which are attributable to
different shell components such as windows, roofs, walls, internal processes, and space-conditioning
systems. The study defined prototypical commercial and residential buildings for the U.S. The building
characteristics data were combined with Energy Information Administration residential and commercial
energy consumption surveys to execute the DOE-2 building energy simulation program (Winkelmann et
a., 1993). The prototypical building descriptions and DOE-2 input files, which consisted of hourly
building loads, were developed for 112 single-family, 66 multi-family, and 481 commercia building
prototypes. The commercia building prototypes were based on a previous GRI study which examined
the market applicability of cogeneration systems for 13 building types in 4 geographic regions (Huang et
al. 1991). The building types and regions were selected for their favorable factors for cogeneration (e.g.,



constant thermal loads and high ratio of eectricity to gas prices), and covered an estimated 24 percent al
U.S. commercia buildings. In a more recent study, whose results are not yet available, the DOE made
changes to the building types and added small offices, small retail, and warehouses which covered an
estimated 70 percent of al U.S. commercia buildings. The Center has elected to use the 1991 GRI report
because it specifically examined market potential of cogeneration systems.

Table 2-5 summarizes the regions and cities selected for the model sites. The GHG Center has selected
the Northeast (Boston), South (Houston), and West (San Francisco) as the locations for model sites.
These locations were selected because (1) their corresponding states have or are in the process of
undergoing electricity deregulation, (2) regulatory impetus exists for using distributed generation
technologies, and (3) region specific CO, emission factors are available.

Table 2-5. Locationsof Prototype Buildings
Region City Heating Cooling Deg. Selected As
Deg. Days Days Model Site
(base 65 F) (base 65 F) L ocation
Northeast Boston 5775 695 X
New York 5022 834
Philadelphia 4923 1065
North Central | Chicago 6151 1015
Detroit 5997 922
St. Louis 4860 1467
South Miami 185 4045
New Orleans 1392 2578
Houston 1346 2891 X
West Los Angeles 1494 472
San Diego 1275 662
San Francisco 3238 73 X
Phoenix 1382 3647

The GRI study ranked the market potentia of cogeneration systems for different buildings. Table 2-6
shows the building types identified with medium to high market potential. Based on this ranking, the
GHG Center has selected three model building types for the analysis of Mariah CHP system. These
include: multi-family residential building (smilar to Walker Court), restaurant, and hotel.
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Table 2-6. Cogeneration Market Potential For Commer cial Buildings
(Huang et d. 1991)

. . Selected As Model
Medium High Sites For Verification
RESIDENTIAL
Multi-family | X | | Yes
COMMERCIAL
Food Services
Supermarket X
Sitdown Restaurant X Yes
Fast-food Restaurant X
Hotel
<60,000 ft2 X
>60,000 ft2 X Yes
Office
20 to 60,000 ft? X
>60,000 ft2 X
Hospital X

Table 2-7 provides a description of the prototype hotel building. The hotel model is used as an example to
illustrate the verification approach. The methodology for the remaining two model building types will be
developed during the verification period, and is not discussed in the Test Plan.

Table 2-7. Description of the Hotel M odel
Building Parameter North-east / Boston South / Houston West /.San
Francisco

Floor Area (1000 ft?) 144 244 359
No. of Floors 6 7 10
ft%/person 200
Lights Watt/ft? 1.2
Equipment Watt/ft* 0.6
Hot Water Btu/ft*h 5.0
Process Btu/ft’h 0.8
Heat Schedule 70 F day, 65 F night
Cool Schedule 78 F all day
Electricity Supplied by grid Supplied by grid Supplied by grid
Heating Plant GasBoiler GasBoiler GasBoiler
Chiller Hermetic Centrif. Hermetic Centrif. Hermetic Centrif.
Hot Water Plant GasBoiler (TBD) Electric Boiler (TBD) GasBoiler (TBD)

Based on the building characteristics, the standard system for a hotel located in Boston is defined to have
electricity supplied by the utility grid and therma energy generated by an on-site gas fired boiler
(efficiency of 85 percent). The peak demand for hot water aone is about 720,000 Btwhr in Boston, and
the peak demand for eectricity is about 259 kW. Table 2-8 summarizes the hourly load profiles for
domestic hot water use and lights. This data shows that, on average, 40 percent of the heat demand is
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base loaded (i.e., 288,000 Btu/hr heat is needed on a continuous basis), and about 62 kW of eectricity is
needed on a continuous basis.

Table 2-8 Hourly Electricity and Hot Water Load Profilesfor Hotels
(% of Peak Demand)
Hour DHW Lights Hour DHW Lights

1 0.21 0.20 13 0.45 0.25
2 0.20 0.15 14 0.40 0.25
3 0.20 0.10 15 0.35 0.25
4 0.20 0.10 16 0.35 0.25
5 0.22 0.10 17 0.33 0.25
6 0.20 0.20 18 0.45 0.25
7 0.51 0.40 19 0.60 0.60
8 0.61 0.50 20 0.65 0.80
9 0.59 0.40 21 0.55 0.90
10 0.48 0.40 22 0.50 0.80
11 0.42 0.25 23 0.48 0.60
12 0.48 0.25 24 0.20 0.30

Mariah intends to operate the CHP system base loaded singly or in multi-packs with up to ten units.
Thus, installation of the CHP system at the hotel model building would offset daily electrical and heating
demands. As shown earlier, the load profiles for the hotel model reveal that constant demand for
electricity (lighting, fans, etc.) and therma energy exists for this building. Therefore, one CHP system
installed at this facility would offset GHG emissions associated with electricity supplied from the utility
grid, and heat generated with a gasfired boiler.

Annual emissions for the Mariah CHP will be calculated as the maximum electricity that can be generated
in a year multiplied with the unit's CO, emission factor at full load. The annual electricity generation
figure will require (1) efficiency derating to account for site elevation and average annual temperatures,
and (2) annual operating hours - 90 percent system availability will be assumed. For this example, power
output with the Mariah CHP will be about 29 kW in Boston, which equates to annua electricity
production of 228,636 kWh (29kW multiplied by 7884 hours per year). The annual heat recovered will
be computed using the same heat recovery rate assigned as maximum achievable with the CHP system.
For example, if the CHP system was verified to recover 235,000 Btu/hr therma heat, annual heat
generation will be computed as 235,000 Btw/hr times 7884 hours, or 1,853 MMBtu. The Center will
coordinate with Mariah to develop a reasonable estimate of electricity and heat generation potentials for
each mode building. Emissions for the Mariah CHP will be computed in the same manner as discussed
in Section 2.4.2.



Emissions associated with the standard system (utility grid and natura gas fired boiler) will be computed
asfollows:

Electricity Supplied By Grid:

. Select CO, emission factors for the model site (see Table 2-9 for U.S. DOE/U.S. EPA
published system average emission factors by census region)
Estimate transmission and distribution line losses for the modd region (see discussion
below)
Calculate CO, emissions for generating the same amount of electricity generated by the
Mariah CHP and consumed &t the Site
Emissions = (annual electricity generated) (CO, emission factor) (1+ percent line losses)

Therma Heat Supplied By Gas Fired Boiler:
Estimate natural gas fuel needed to generate the same amount of heat with an 85 percent
efficient natural gas boiler (Section 2.4.2.3, Equation 25)
Calculate CO, emissions (Section 2.4.2.3., Equation 26)

Net emission reductions will be computed as the difference between the standard system emissions
(electricity plus thermal heat) and Mariah CHP emissions.

w
E Table 2-9. CO, Emission Factorsfor U.S. Utility Grid
: (US EPA 2000)
National Average
U' CO,Emission Rate
(tonne/ MWh)

o Coal 0.960

Petroleum® 0.869
n Gas® 0.596
m Other Fuels’ 0.625
> Average | 0.624

Regional Average
-l CO, Emission Rate (tonne/ MWh)
.- New | Middie| E3t | WeSt 1 gy | East South | West South | Padific Pecific
England | Atlantic North | - North Atlantic | Central Central Mountain Contiguous |Noncontiguous

u- Central| Central

Coal 0.877 | 0935 [ 0.958 | 1.026 0.919 0.934 1.004 0.988 0.979 1.011
u Petroleum| 0.900 0.855 | 0.462 0.798 0.826 0.687 1.794 1271 1.087 0.744
q Gas 0.550 0.550 | 0.539 0.560 0.753 0.505 0.842 0.624 0.570 0.584

Other® 0.607 0.681 | 0.510 1.099 0.625 1471 0.068 0.002 0.971 0.753
¢ Total 0.480 [ 0.486 | 0.762 | 0.802 0.605 0.661 0.666 0.713 0.189 0.659
n & Includes natural gas, waste heat, waste gas, butane, methane, propane, and other gas

® " Includes munici pal solid waste, landfill gases, and other fuels that emit anthropogenic CO, when burned to generate
m electricity
m ° Includes petroleum, petroleum coke, diesel, kerosene, liquid butane, liquid propane, oil waste, and tar oil
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Transmission and Distribution Line L osses

The eectricity generated by central power station is delivered through electrical transmisson and
distribution system. Electric energy losses in transformers, transmission wires, distribution wires, and
other equipment are incurred as the eectricity is distributed from the power plant to the end-user.
Transmission lines and distribution lines are categorized by their voltage rating. Transmission lines
operate at the highest voltage (generally defined as 115 kV to 765 kV), and carry electric energy from the
power plants to the distribution system. Distribution systems operate between 25 to 69 kV and carry the
electricity to the residential, commercial, and industrial customers. Power transformers are used to
increase the voltage of the produced power from the generation voltage to transmission voltage, and in
distribution substations to reduce the voltage of the power delivered to the distribution system. These
system losses must be considered in calculating the true electricity savings and emission offset from the
CHP System.

To identify transmission and distribution losses, the “Annua Electric Utility Report, Form EIA-861",
published by the U.S. Department of Energy, Energy Information Administration will be used (EIA
2000b). Form EIA-861, completed by each electric utility in the U.S,, contains information on the status
of eectric utilities and their generation, transmission, and distribution of electric energy. Based on this
data, national average electricity loss from transmission, distribution, and/or unaccounted electricity
losses is estimated to be 5.1 percent (averaged from about 3100 electric utilities records).  For the
verification, the EIA data will be used to compute average line losses for the region in which model sites
are located.

24.3.2. Model Sites In Canada

Similar to the DOE and GRI studies, NRCAN/CANMET investigated the potential of packaged
cogeneration, microturbines, and fuel cells for applications in Canadian buildings. This study, whose
results are not yet publicly available, anayzed the performance of distributed generation technologies in
five commercial/ingtitutional building types in five cities. It aso examined environmental benefits
compared to central power plants using three scenarios (current average generation mix, short-term and
long-term generation mix on the margin). A total of 175 cases were analyzed using DOE-2 energy
anaysis program. The authors used dectricity demand as opposed to thermal energy demand to compare
different systems, because it was assumed that DG units would be sized to meet either the building base
or average electrical load. As a result, thermal heat demand data are not available. As part of this
verification, CANMET will be requested to provide estimates of therma demand for the building types
examined.

Five building types were selected in the NRCAN/CANMET study. These include long term care,
hospital, office, mult-unit residential, and hotel buildings. The study concluded that economics of DG
systems were best at hotels, followed by hospital, multi-unit residential building, and long-term care.
Based on this, the GHG Center has sdlected the following building types for the verification (office
building, hotel, and multi-unit residential units), located in Vancouver, Toronto, and Montreal. Table 2-
10 provides description of the buildings, and Table 2-11 summarizes each building's €electricity
requirements.



Table 2-10 Building Types Simulated In the CANMET Study
Building Type Size (ft?) HVAC System Selected As Model Sites For
Verification
Office Building 260,000 Central VAV hydronic zone/DX X
cooling, Heating system — gas
fired boiler
Hotel 113,000 Suites: PTHPs/elect X
Comm:  rooftop/hyd, Heating
system —gas fired boiler
Multi-unit residential 130,000 PSz/hydronic heating, Heating X
(130 units) [ system —gasfired boiler
Hospital 150,000 Central VAV/constant volume
reheat, Heating system — gas
fired boiler
Long term care 43,000 Packaged cooling with hydronic
heating, Heating system — gas
fired boiler

Table2-11. Standard System Electrical Energy Consumption
Building | Location Electricity L oad Electricity
Type (kW) Consumption
Peak Base (kwh)
Office Vancouver | 1,094 189 3,843,029
Building Toronto 1,197 189 4,028,309
Montreal 1,239 189 4,033,399
Hotd Vancouver 375 47 1,616,977
Toronto 502 47 1,899,768
Montreal 610 47 1,902,351
Multi-unit | Vancouver 281 45 945,692
residentia | Toronto 336 45 1,025,415
Montredl 302 45 987,491

The standard system is defined as electricity supplied by the utility grid and thermal energy supplied by a
gasfired boiler. The model site energy consumption data, shown in Table 2-11, indicate that a single
CHP system can provide between 15 to 65 percent of the building electrical needs. With CANMET and
Mariah's assistance, annual electricity and thermal energy production estimates will be developed for
each building type. Annua GHG emissions will be computed using the strategy discussed earlier in
Section 2.4.2.

Emissions associated with the standard system will be computed as follows:
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Electricity Supplied By Grid:
- Sdect CO, emission factors for modd sites (Table 2-12)
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Table 2-12. Emission Characteristics of Average Energy Mix

Average Energy Mix
% fossil CO, Emission Factor*
(Ib/kWh)
Vancouver 55 1.770
Toronto 13.7 2.180
Montreal 2.4 1.094

* |ncludes contributions from transmission and distribution line losses
Vancouver = 8.86 %
Toronto=7.71%
Montreal = 8.56 %

The GHG Center recognizes that baseline emission characterizations schemes are evolving in
Canada, and proposes to use the average system emission factor method. This method assumes
the power displaced is simply the average electricity generation in the region of interest, and is
consist with the approach selected for Walker Court.

Calculate CO, emissions for generating the same amount of electricity generated by the
Mariah CHP and consumed &t the site

Emissions = (annual eectricity generated) (CO, emission factor, corrected for line losses)
Thermal Heat Supplied With Gas Fired Boiler:

CANMET will be requested to provide heat demand for each modd facility. Based on this,
an estimate of heat recovery rate with the Mariah CHP will be generated, and its emissions
will be calculated. With CANMET's assistance, average combustion efficiency will be
assigned for the standard system. Fuel consumption and emission factor for the standard gas
boiler will be computed as discussed earlier.

Net emission reductions will be computed as the difference between the basdline system emissions
(electricity plus thermal energy) and Mariah CHP emissions.
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3.0 DATA QUALITY

3.1 DATA QUALITY OBJECTIVES AND DATA QUALITY INDICATORS

In verifications conducted by the GHG Center and EPA’s Office of Research and Development,
measurement methodologies and instrumentation are selected to ensure that desired level of data quality
occurs in the fina results. Data quality objectives (DQO) are stated for key verification parameters
before testing commences. These objectives must be achieved in order to draw conclusions from the
measurements with the desired level of confidence. This section presents the DQOs for critica
verification parameters, followed by a discussion of the Data Quadlity Indicators (DQIs) that will be used
to determine if the DQOs were met.

The process of establishing data quality objectives starts with determining the desired level of confidence
in the verification parameters. The next step is to identify al measured vaues which affect the
verification parameters, and determine the levels of error which can be tolerated. In most cases the error
associated with the measurement variable is also the error associated with the verification parameter (e.g.,
electrical power output). For a selected group of verification parameters, the errors associated with
multiple measurements must be accounted for to determine the cumulative effect of al measured
variables on the data quality objectives. For example, electrica efficiency determination requires
measurements for power output, fuel flow rate, and fuel heating value. The errors associated with each
measurement must be accounted for to satisfy the DQO for electrical efficiency. The technique used to
determine if data quality objectives are met is to satisfy the DQI goals. For this verification, DQI goas
have been established for accuracy and completion, where completeness is defined as the number of valid
determinations expressed as a percent of the total tests or readings conducted.

Quantitative DQOs are established for the verification parameters: electrica power output, electrical
efficiency, heat recovered, thermal efficiency, net efficiency, and exhaust stack emission rates. Table 3-1
lists the DQOs for these parameters. Table 3-2 summarizes the DQI goals corresponding to physica
measurements, which are be used to compute DQOs. All independent measurements specified with DQI
gods are consdered critical measurements, and are essential to forming valid conclusions about the
performance of the CHP system.

Table 3-1. Data Quality Objectives
Verification Parameter Accuracy

Electrica Power Output +02%
Electrical Efficiency + 0.38 %
Heat Recovered/Used +218%
Thermal Efficiency +1.86 %
Net CHP System Efficiency +111%
Concentration

NO, + 0.50 ppm

CO, CO,, and CH, + 1.25 ppm

VOC + 2.50 ppm
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Table 3-2. Measurement Instrument Specifications and Data Quality Indicator Goals

Data Quality Indicator Goals
Operating
. Range Instrument Type I nstrument Instrument Rated Frequency of How Verified /
Measurement Variable Expected in / Manufacturer Range Accuracy M easurements Accuracy* Completeness Deter mined
Field
Power 0to 30 KW 010260 KW | £0.20% reading ’-'ega.zo %
0to480V (3 once per min r 0 '1n03
k "~ 0 : +0.1%
Voltage phase) 0to 600V +0.1% reading reading
voltage | 600 to 8000 V 010 8000V not available onceper80 | ot defined _
Electrical ElectricMeter/ +0.01 % s
Frequency** 60 Hz Power 57 to 63 Hz +0.01 % reading =500 manufacturer
Power Output ; reading calibration
and Quality 0t 200 Meastrements . oneepermin. = 010 certificates,
Current** 7600 ION 0to 200 Amps +0.1% reading - Load tests— '
Amps reading 100 % Perform sensor
Voltage THD** 0to 100 % 0to 100 % +1%FS +1%FS . function checks
Continuous test infield ***
— 0,
Current THD** | 0t0 100 % 0t0 100 % +1%FS once per sec +1%FS 90 %
Power Factor** 0to1.0 0to1.0 +0.5% reading +0.5%
reading
Temperature TBD Arigo Thermal 3710356 ° F +0.1% reading . +09°F
- Meter once per min
Heat Recovery Liquid Flow TBD 3.53t05.89cfm | + 1% Timeoe +1%
Rate
. . load test, + 3% for 23 % Independent
PG Concentration | 10to 20 % GCIFID 10to 1000 ppm | +0.02% FS . check with
repeated PG mixture blind |
weekly ind sample
S Load tests- .
_I?!-Dlrefctljonal Electricity 0to20 Amps | Schlumberger 0to 20 Amps TBD 15 min TBD 100% Rte;\”taN ZNMAX
Imeot Use Suppliedto Grid | 120 Volts Type ST-Q300 120 Volts averages Continuous test | U1y MELer
Meter - 90% certifications
Ambient 0 RTD/Vaisda B 0 o o
Temperature* * 5010 110°F Model HMP 35A 410140°F £02F s02F Load tests Review
Ambient | Ambient 30to3linHg | SETRAModEl 41650 inHg | £011% Fs | £011%Fs | 100% manufacturer
Meteorological | Pressure** 280E or equiv. once per min Conti Slibrati
Conditions . ) +2% (0t090% ontinuoustest | cali _ r_atlon
Relative 010 100 % VaisalaModel 010 100 % - 0 + 30 —-90 % certificates
Humidity** 0 HMP 35A 0 RH,) £+ 3% (90to +3%
100 % RH)
(continued)
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Table 3-2. Measurement I nstrument Specifications and Data Quality Indicator Goals (continued)

Data Quality Indicator Goals

. Operating Range Instrument Type/ Instrument Instrument Frequency of " How Verified /
Measurement Variable Expected in Field Manufacturer Range Rated Accuracy M easur ements Accuracy Completeness Determined
Mass Flow Mass Flow Meter / . . +1.0%
0,
Rate 7 scfm Rosemount 3095 31010 scfm +1.0% reading | onceper min reading
. . . Review
GasPressure | 50t0 55 ps z;?mfuga;w“ﬁie\; !"| 0t 150 psig +0.075% FS once per min +0.075% FS manuf acturer
Gas RTD/ RosemoeL?nt . +0.09 % Loadtests—100 | cqipration
_ o o _ o 0, : . T U (1] 0, o
Fuel Input Temperature** 20 °Fto 80 °F Series 68 5810752 °F +0.09 % reading | twice per week reading é]ontinuous e certificates,
+ 0.2 % accuracy ] Perform sensor
min. 1 sample at -90% . .
0
9410 98 % CH4 Gas Chromatograph / for CHa4 each load test, £0.2% for fynctlon checksin
LHV (20,000 to 22,400 0to 100 % CHa +0.1% . field
Bu/lb HP 589011 v replicates every LHV
) repeatably for 3 collection
LHV
Chemilumunescene / 0to 25 ppm (full
NOx Levels 0 to 50 ppm Monitor Labs Model load), 0to50 ppm | £ 1% FS +2% FS
8840 (reduced loads)
. . . 0to 25 ppm (full
CO Levels 0t0 50 ppm califoraAnayical | |oa), 0to 50 ppm | £19%FS +5%FS
(reduced loads)
California Analytical . Follow EPA
O Levels 01025 % 0to 25 % +19 +59
2 6 CA-300P b t1%FS trggfiecztog;)g‘:te SN FS | | oad tests - Reference Method
Exhaust  Stack o California Analytical o 100 % calibration and QC
Emissions Oz Levels 01020% CA-300P 01020% *1%FS load 5% FS criteria
0 to 25 ppm (full
CH4 content 0 to 50 ppm Sgcgé) FID HP Model load), 0to50 ppm | £ 0.1 % FS +5% FS
(reduced loads)
. . . 0 to 25 ppm (full
THC Levels | 0to50 ppm % gg’o'flflrg'aA”a'y“ca' load), 0t0 50 ppm | +1%FS +5%FS
(reduced loads)
o Thermocouple / o o ) . +1%
Temperature 400 to 600 °F Omega Type K up to 2100 °F + 1 % reading twice per week reading
FS: full scale

* Accuracy goal represents the maximum error expected at the operating range. It is defined as the sum of instrument and sampling errors.
** These variables are not directly used to assess data quality objectives, but are used to determine if data quality indicator goals for key measurements are met. They are also used to form conclusions about

the CHP system performance.

*** Performance checks as a means of verification implies that we will use the manufacturer’s specification for accuracy unless guality control performance checks indicate a problem.
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Table 3-3. Summary of QA/QC Checks

M easurement QA/QC Check When Expected or Allowable Response to Check
Variable Performed/Frequency Result Failureor Out of
Control Condition
Power Output Instrument Calibration by Beginning and end of +0.20 % reading I dentify cause of any
Manufacturer test problem and correct,
or replace meter
Sensor Diagnosticsin Field Beginning and end of Voltage and current checks I dentify cause of any
test within+ 1 % reading problem and correct,
or replace meter
Reasonabl eness checks Throughout test Readings should range I dentify cause of any
between 27 and 30 kW at problem and correct
full load or replace meter
Mass Flow Rate | Instrument Calibration by Beginning and end of +1.0% reading Identify cause of any
Manufacturer test problem and correct,
or replace meter
Sensor Diagnostics Beginning and end of Pass I dentify cause of any
test problem and correct,
or replace meter
Independent performance Beginning and end of average accuracy between Identify cause of
check with adry gas meter test the two meters should beless | discrepancy, perform
than+ 1.0 % sensor diagnostics,
recalculate DQO for
electrical efficiency
Reasonabl eness checks Throughout test Readings should be about 7 Perform sensor
scfm at full load diagnostic checks
Fuel Heating Replicate samplescollected Onceduringeachload | Averageaccuracy between Recalculate DQO for
Value infield testing replicates should belessthan | electrical efficiency
+0.2%
Calibration with gas Prior to analysisof +0.2% for Repeat analysis
standards by laboratory each lot of samples CH, concentration
submitted
Independent performance Twotimes +0.2% for Recal culate accuracy
check with blind sample CH, concentration
Duplicateanalysesperformed | Every sample +0.1%for LHV Repeat analysis
by laboratory
Heat Recovery Review manufacturer’s Prior to testing Temp: £ 0.9°F Recalibrate heat
Rate calibration recordsfor heat Flow: £ 1% meter
meter
Independent performance Beginning and end of Differencein temperature I dentify cause of
check of temperature test readings should be< 0.18 F | discrepancy and
readings recalibrate heat meter
Independent performance Twotimes PG concentration shouldbe | Recalculate DQO for
check of PG analysiswith accurate to within £ 3 %. heat recovered and
blind sample thermal efficiency
Electricity Review ENMAX calibration | Prior totesting + 0.50 % reading Recalibrateelectric
Suppliedto Grid | records/certificates meter

Reasonabl eness checks

Prior to testing

Reading should be similar to

I dentify cause of

34

power output measurements | discrepency
by 7600 | ON meter when no
electricity isconsumed on
site
(continued)
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Table 3-3. Summary of QA/QC Checks (continued)

Response to Check
M easur ement When Expected or Allowable ;
. QA/QC Check Failureor Out of
Variable Per formed/Frequency Result Control Condition
Ambient Instrument calibration by Beginning and end of Temp: + 0.2°F I dentify cause of any
Meteorological manufacturer or certified test Pressure: + 0.11 % FS problem and correct,
Conditions |aboratory RH: + 3% or replace meter

Reasonabl eness checks

Throughout test

Recording should be
comparable with airport data

I dentify cause of any
problem and correct,
or replace meter

Fuel Gas Pressure

Instrument calibration by
manufacturer

Beginning and end of
test

+0.75%FS

Identify cause of any
problem and correct,
or replace meter

Reasonabl eness checks

Throughout test

Readings should be about 60
psig

Identify cause of any
problem and correct,
or replace meter

Emission
Rates

NO, [ Analyzer interference check Oncebeforetesting + 2% of analyzer span Repair or replace
begins analyzer
NO, converter efficiency 98 % efficiency
NO, Audit gas Oncebeforetesting Lessthan 30 seconds Modify or repair
begins + 0.5 ppm sampling system
Sampling system calibration | Beforeand after each + 2 % of analyzer span Repeat test
error and drift checks test run
CO, | Anayzer caibrationerror Daily beforetesting + 2% of analyzer span Repair or replace
CO,, | test analyzer
0O, System biaschecks Beforeeachtest + 5% of analyzer span Correct or repair
sampling system
Calibrationdrift test After each test + 3% of analyzer span Repeat test
THC | Systemcalibrationerrortest | Daily beforetesting + 5% of analyzer span Correct or repair
sampling system
System calibration drift test After each test + 3% of analyzer span Repeat test
CH, | Cadlibrationwith gas Prior to analysis of + 2% for Repeat analysis

standards by certified
laboratory

each lot of samples
submitted

CH, concentration

Achieving the DQI goals will require Center personnd to follow the QA/QC procedures discussed in
Section 2.0. A summary of QA/QC check list is provided in Table 3-3, and will serve as the basis for
determining if the DQI goas were met. Determination of completeness, accuracy, and precision
(emission testing only) calculations will be performed by the GHG Center Field Team Leader during load
testing. Completeness will be calculated as the number of valid determinations divided by the total
number of determinations. The GHG Center Field Team Leader will have the specific responsibility for
quality assurance of the on-site field testing. If the DQI goals are not met, the Field Team Leader will
have the authority to hat testing until the measurement system is corrected and proved to meet the
required DQI goals.
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3.2 DETERMINATION OF DATA QUALITY INDICATORS AND DATA QUALITY OBJECTIVES

3.2.1. Electrical Power Output and Electrical Efficiency

Precise determination of the electric power generated is required because it is a key performance
parameter for the turbine. The data quality objective for this parameter is set to be + 0.2 percent. Given a
rated maximum power output of 30 kW for the system, this will yield a maximum error of + 0.06 kW,
which is sufficient for determining the suitability of the unit for demand control, emergency power
backup, and other applications for which it may be considered. This level of accuracy will also exceed
the typical uncertainty as set forth in PTC22 (Section 1.3.2 — typica uncertainty for power output using
gas fud is 1.8 percent). It dso exceeds the maximum permissible variation (x 2 percent) alowed in
PTC22 to determine electrical efficiency (Section 2.2.1). The data quality indicator goal required to meet
the DQO will consist of assessing the accuracy of the electric power meter.

The data quality objective for electrical efficiency is to achieve an accuracy of + 0.38 percent. Given a
specified target efficiency of 28 percent for the microturbine, this will yield a maximum error of + 0.38
percent efficiency (i.e., for a caculated efficiency of 28 percent, the actual value could range from 27.62
to 28.38 percent). This level of accuracy will also meet the typical uncertainty as set forth in PTC22
(Section 1.3.1 — typical uncertainty for efficiency using gas fuel is 1.7 percent). The data quality indicator
godls required to meet the DQO will consist of achieving a + 0.2 percent accuracy goa for the power
meter (discussed above), + 1.0 percent accuracy goa for a mass flow meter, and £ 0.2 percent accuracy
goa for fuel heating value. The GHG Center will make every effort to meet these accuracy goals.
However, if unplanned circumstances or excessive variabilities in the measurements are encountered, the
DQO for electrical efficiency will be computed using Equation 1.

The 7600 ION electric meter accuracy determination will require that the instrument is factory calibrated
prior to instalation in the field. The GHG Center will review its cdibration certificate and NIST
tracability records to ensure that the = 0.2 percent accuracy goa was achieved. In addition, manufacturer
specified installation and set-up procedures and QC checks will be followed in the field. Sensor function
checks (discussed in Section 2.2.2.1) will be performed by comparing the meter’s voltage and current
output with digital multimeter readings. The specified voltage and current accuracy for the 7600 ION is+
0.1 percent, while the DMM is £ 1 percent. Thus, if the percent difference between the two meters is
computed to be within £ 1.5 percent, the two meters will be determined to be in agreement. During
testing, reasonableness checks will be performed by comparing the 7600 ION power output readings with
the output recorded by the turbine software. At full load, the power meter must read between 28 to 30
kW a Standard conditions. Routine quality control consists of daily checks for trends, spikes, or other
changes in operation that could indicate a system problem. The data quality indictor goals will be
determined to be met, provided the routine QC checks do not indicate sensor function failure.

Similar to the electric meter, the mass flow meter will be factory calibrated prior to installation in the
field, and its calibration record will be reviewed to ensure the instrument rated + 1 percent accuracy was
satisfied. The factory calibration is reported to be valid for three years, and thus will not require re-
caibration over the duration of the test, provided manufacturer-specified instalation and set-up
procedures are followed. These procedures, discussed in Section 2.2.1.2, consists of following specific
installation and software set up procedures, and maintaining written records of user-supplied input
parameters. In addition to these checks, QC checks will be performed immediately prior to testing; sensor
diagnostic checks; and independent verification with a second meter. Sensor diagnostic checks consist of
zero flow verification by isolating the meter from the flow, equalizing the pressure across the differential
pressure (DP) sensors, and reading the pressure differential and flow rate. The sensor output must read
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zero flow during these checks. A transmitter analog output check, known as the loop test consists of
checking a current of known amount against a DMM to ensure that 4 mA and 20 mA signals are
produced. Finadly, a dry gas meter, installed in series, will be used to independently verify the
Rosemount flow meter output. During this check, natural gas will flow through both meters while the
turbine is operating. For each paired reading, if the average accuracy is determined to be less than the
propagated error of the two meters (+ 2 percent), the data quality objective for eectrical efficiency will be
met. The accuracy achieved will be reported as the accuracy certified by the manufacturer.

QA/QC procedures for assessing data quality of lower heating vaues consists of extracting replicate
samples, reviewing Core Laboratories calibration records to ensure instrument errors are less than
Method D1945 specifications, and repeating the lab analysis to ensure the LHV repeatability is 0.1
percent. To compute accuracy achieved, replicate sampling results will be used (i.e., standard error of the
mean will be multiplied by the student-t value and divided by the mean). If the computed accuracy is
determined to be less than the DQI goa (x 0.2 percent), the data quality objective for electrica efficiency
will be satisfied. Conversdly, if the accuracy goa was not met, the DQO for electrical efficiency will be
recal culated using Equation 1.

The bi-directiona time-of-use meter is used to measure electricity supplied to the utility grid. This meter
was provided by the local electrica utility operator, ENMAX, and is consistent with meters used to
conduct electricity transfer transactions within the utility grid. The GHG Center will obtain and review
ENMAX's cdlibration records to ensure accuracy ratings were achieved. In addition, reasonableness
checks will be performed in the field by comparing the 7600 ION power output readings with the
ENMAX meter. The two meters should read the same eectricity vaues for a given 15 minute period,
corresponding to times when 100 percent of the electricity generated by the CHP system is supplied to the
utility grid.

3.2.2. Thermal Recovery Rate, Use Rate, and Efficiency

Precise determination of thermal heat recovery/use rate is required because it is a key performance
parameter for the CHP system. Based on accuracy ratings for PG solution flow rate, temperature, and
concentration measurement, the data quality objective for this parameter is set to be + 2.18 percent.
Given anominal heat recovery rate of 235,000 Btu/hr, this will yield a maximum error of + 5,123 Btu/hr.
The data quality indicator goals required to meet this objective consist of assessing Arigo heat meter’'s
temperature and flow rate accuracy. It also consists of assessing the accuracy of measured PG
concentrations.

Thermal efficiency is defined as the amount of heat recovered divided by heat input. With a 2.18 percent
error in heat recovery rate, 1 percent error in fuel flow rate, and 0.2 percent error in LHV, the maximum
uncertainty in thermal efficiency is expected to be + 1.86 percent.

To ensure the Arigo flow meter’s accuracy requirements are met, the GHG Center will obtain recent
calibration and traceability records from Mariah and determine if the accuracy of the RTDs and flow
sensor are within the specified limits. Quality assurance checks in the field will aso be performed. This
will consist of independently verifying the performance of the Arigo RTDs. In this procedure, the RTDs
will be removed from the fluid pipe and placed in an ice water bath along with thermocouples of known
accuracy. Temperature readings from both sensors will be recorded for comparison. The procedure will
then be repeated in a hot water bath. If the average differences in temperature readings are greater than
0.18 °F, the Arigo heat meter will be sent for re-calibration.

A fina quality assurance check consists of laboratory analysis of the propylene glycol mixture (see
Section 2.2.2.1 for further detail). The lab will quantify volume percent of PG and provide instrument
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calibration records. In addition, blind/audit samples of known PG concentration will be submitted to the
laboratory for analysis, and results will be used to determine errors between laboratory reported values
and the true concentration of the audit samples. The GHG Center will select density and specific heat
values from ASHRAE publications (Appendix A-9 and A-10). Interpolation between data sets may be
required, and procedures used to select density and specific heat will be transparent in the fina report.
The error associated with interpolating for density and specific heat is estimated to be about + 1 percent,
with a 3 percent error in PG content measurements.

3.2.3. Net CHP System Efficiency

Given a + 0.38 percent accuracy in electrical efficiency measurements and a + 1.86 percent accuracy in
thermal efficiency measurement, the net efficiency of the CHP system is expected to be accurate within +
1.11 percent. For example, if the electrical efficiency and therma efficiency are determined to be 27.09
percent and 54.36 percent, respectively, the CHP system net efficiency will be 81.45 + 1.11 percent. If
the accuracy goals for electrica efficiency or thermal efficiency are not met, actua system accuracy
achieved will be re-computed using equations shown in Sections 2.2.1 and 2.2.3.

3.2.4. Exhaust Stack Emissions

EPA Reference Methods, listed earlier in Table 2-1, will be used to quantify emission rates of criteria
pollutants and greenhouse gases. The Reference Methods clearly specify the sampling methods,
calibration methods, and data quality checks that must be followed to achieve a data set that meets the
required objectives. These Methods ensure that run-specific quantification of instrument and sampling
system drift and accuracy occurs, and that runs are repeated if specific performance goals are not met.
Based on the requirements of the Reference Methods, the DQOs for emission rate measurements are + 2
percent for NO,, + 5 percent for CO,, CH,, CO, and THC measurements, and + 10 percent for VOC. The
data quality indicator goals required to meet the DQO will consist of assessing the sampling system
accuracy, precision, and drift.

Assessment of the emissions data quality, integrity, and accuracy with respect to the DQOs and DQIs will
be performed using a series of measurement system calibrations and QC checks. The QC checks required
by the EPA Reference Methods, as summarized in Table 3-3, vary between methods and are pollutant
specific. Table 3-3 lists the QC procedures required for each pollutant, the frequency of the calibrations
and checks, the maximum alowable result, and corrective measures for failed checks. Satisfaction and
documentation of each of the calibrations and QC checks conducted will verify the accuracy and integrity
of the measurements with respect to the DQI’s listed in Table 3-2, and subsequently the DQOs for each
pollutant. QC requirements for each of the pollutants are described below. Section 2.4 of this plan
provides details regarding sampling system components, sampling procedures, and specific calibration
and QC check procedures.

In accordance with Method 20 for determination of NO, emissions, QC requirements include an anayzer
interference response check, an NO, converter efficiency test, system response time determination,
sampling system calibration error, and sampling system drift tests. The interference and NO, converter
efficiency tests are conducted once prior to the start of testing to verify proper analyzer function. The
response time test is conducted on-site and prior to testing to verify that the system response time (i.e., the
time required to route sample gas from the stack to the analyzer and obtain stable analyzer readings) is 30
seconds or less. The calibration error and drift tests are direct assessments of system accuracy conducted
before and after each test run using EPA Protocol 1 gas standards.
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In accordance with Method 25A for determination of THC emissions, QC requirements include sampling
system calibration error and drift tests before and after each test conducted. The calibrations are direct
assessments of sampling system accuracy using EPA Protocol 1 gas standards. Methane samples will be
collected and analyzed using a GC/FID following the guidelines of EPA Draft Method 0040. The GC
will be calibrated prior to sample analysis using certified methane standards, and the accuracy of the
methane analysis is £ 2 percent. The THC and methane test results for each test period will be used to
caculate VOC concentrations as THC less methane. Therefore, the DQO for VOC is 10 percent because
two separate measurements are involved. Actua cdibration data from the THC sampling system
calibrations and the GC/FID calibrations for the methane analyses will be used to propagate error in the
calculated VOC concentrations.

Emissions of CO will be determined in accordance with Method 10, and emissions of O, and CO, in
accordance with Method 3A. QC criteria for CO measurements are not well defined in Method 10.
Method 3A references EPA Method 6C (determination of sulfur dioxide emissions) for QC criteria, and
these criteria will be followed for this testing. The criteria specified in Method 6C include determination
of anayzer calibration error, sampling system bias, and calibration drift. The calibration error checks are
conducted once per day of testing to verify proper instrument function. The system bias checks are
conducted before and after each test run to determine overall sampling system accuracy. These pre- and
post-test system calibrations are also used to determine sampling system drift during each test period.

3.2.5. Power Quality Measurements

The DQI accuracy goa for voltage output is = 0.1 percent. Given a voltage output of 480 volts, an
uncertainty of + 0.48 volts is expected for readings ranging between 0 to 600 volts. This levd is
sufficient to determine when the turbine has exceeded the industry accepted + 10 percent threshold. The
accuracy for power factor is £ 0.5 percent, which is sufficient to meet the £ 2 percent maximum
permissible variation alowed for eectrical efficiency determination by the PTC 22 method. The
accuracy goal for totd harmonic distortion is + 2 percent, which is sufficient to meet the + 5 percent level
defined in the IEEE 519 standard. The 7600 ION electric meter, selected for electrica power output
measurement, is capable of meeting the above stated accuracy requirements. The same installation/setup
procedures, calibration checks, and sensor diagnostic checks discussed in Section 2.2.1.1 will apply here.

3.3. INSTRUMENT TESTING, INSPECTION, AND MAINTENANCE REQUIREMENTS

The equipment used to collect verification data will be subject to the pre-and post-test QC checks
discussed earlier. Before the equipment leaves the GHG Center or emission testing contractor
laboratories, it will be assembled exactly as anticipated to be used in the field and fully tested for
functionality. For example, al pumps, controllers, flow meters, computers, instruments, and other sub-
components of the entire stack testing measurement system will be operated and calibrated as required by
the reference methods. Any faulty sub-components will be repaired or replaced before being transported
to the test site. A small amount of consumables and frequently needed spare parts will be maintained in
the testing trailer. Major sub-component failures will be handled on a case-by-case basis (e.g., by renting
replacement equipment or buying replacement parts).

The instruments used to make electric power measurements are new, having been purchased for this
verification. They will be inspected at the GHG Center’s laboratory prior to ingtalation in the field to
ensure all parts are in good condition. The equipment used to make flow measurements and ambient
measurements are maintained by the Center’'s Environmental Studies Group. The mass flow meters,
temperature/humidity sensors, gas pressure sensor, and barometric pressure sensors will be shipped to the
manufacturer for calibration prior to being transported to the test site.
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3.4. INSPECTION/ACCEPTANCE OF SUPPLIES AND CONSUMABLES

EPA Protocol gases will be used to calibrate the gaseous pollutant measurement system. Cadlibration gas
concentrations meeting the levels stated in Section 2.4 will be generated from high concentration gases
for each target compound using a dilution system. Per EPA Protocol gas specifications, the actua
concentration must be within £ 2 percent of the certified tag value. Copies of the EPA Protocol gas
certifications will be available on-site.

The cdibration gases used to cdibrate the hydrocarbon analyzer used for lesk detection are instrument
grade gases including pure nitrogen for zero, pure methane for full scale, and methane in nitrogen
mixtures for mid-range checks (2.5 percent methane in N, and 50 percent methane in N,). All gases and
gas mixtures are analyzed and certified by the gas supplier.
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4.0 DATA ACQUISITION, VALIDATION, AND REPORTING

4.1. DATA ACQUISITION AND STORAGE

4.1.1. Continuous Meters

All sensors to be used for continuous monitoring will provide an electrical signal which can be interfaced
to a computerized data acquisition system (DAS). Figure 4-1 lists the instruments that will be employed,
and Table 4-1 summarizes the measurement that will be continuoudly logged.

Figure 4-1. Data Acquisition System Diagram
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Table 4-1 Continuous Data to be Collected for Turbine Evaluation
Sensor / Source Measurement Parameter Purpose® Significance
Natural gas flow rate (scfm) P System performance parameter
Rosemount 3095 Flow Meter Natural gas temperature (°F)
Rosemount pressure transducer Natural gas pressure (psi) P System performance parameter
. Ambient temperature (°F) P System performance parameter
Vaisala Model HMP35A Ambient relative humidity (% RH) P System performance parameter
Setra Model 280E Ambient pressure (in Hg) P System performance parameter
Voltage Output (Volts) P System performance parameter
Voltage Transients (Volts) P System performance parameters
Amperage (Amps) P System performance parameter
Power factor P System performance parameter
Electric Meter 7600 ION Power Output (kW) P System performance parameter
Kilovolt-amps reactive P System performance parameter
Frequency (Hz) P System performance parameter
Voltage THD (%) P System performance parameter
Current THD (%) P System performance parameter
- Power Command (kW) P User input parameter
h CHP Communication system (Input) Start / Stop schedule P User input parameter
Date, time D/S System operational parameter
z Engine speed (rpm) DIS System operational parameter
Compressor inlet temperature (°C) D/S System operational parameter
m Ambient pressure (psi) DIS System operational parameter
Power supply voltage (volt) D/S System operational parameter
E Fuel inlet pressure (psi) D/IS System operational parameter
Electrical frequency (Hz) DIS System operational parameter
Current — Phase A (amps) D/S System operational parameter
:’ L Current — Phase B (amps) DIS System operational parameter
CHP Communication System (Output)  [Eyrrent — Phase C (amps) DIS System operational parameter
U' Current — Neutral (amps) DIS System operational parameter
Voltage RMS - Phase A DIS System operational parameter
o Voltage RMS - Phase B DIS System operational parameter
Voltage RMS - Phase C DIS System operational parameter
a Average power - Phase A (kW) D/s System operational parameter
Average power - Phase B (kW) D/IS System operational parameter
Average power - Phase C (kW) D/S System operational parameter
m Total average power (kW) D/S System operational parameter
Temperature of heated liquid exiting heat
> exchanger (°F) P System performance parameter
Temperature of cooled liquid entering
H Arigo Heat Meter heat exchanger (°F) System performance parameter
: Liquid_ﬂow rate (f3/min) _ P System performance parameter
(1k5wrr3|n. average electricity transferred p System performance parameter
u‘ S - 15 min. average electricity transferred
u Bi-directional Grid Meter (kwh) P System performance parameter
! D - Documentation/Diagnostic
q P - Primary value, data points routinely evaluated
S - Secondary value, used as needed to perform comparisons and assess apparent abnormalities
n A dedicated Pentium-class computer will be made available at the test site, and used as the accumulation
m point for al of the data being continuously monitored. A storage directory will be assigned on the DAS
computer which will maintain delimited ASCII files. Three separate data files will store the following
m measurement groups of data. All data will be time synchronized with the computer clock. (Note: the
: electric meters have built-in features to synchronize clocks every 2 hours.)
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4 to 20 mA output (fuel flow rate, fuel pressure, fuel temperature, ambient
temperature, relative humidity, and barometric pressure)

7600 10N Pegasus software output (power, voltage, current, power factor, frequency,
and voltage/current THD)

CHP communication system output Arigo Heat Meter Output, and Grid Meter Power
reading

The natural gas flow meter, pressure, temperature, and meteorological sensors consist of a signa
conditioner/transmitter that produces a4 to 20 mA linear output over the full scale of the sensors. These
signals are transmitted to circuitry installed in the DAS computer which provides 12 bit andog to digita
(A/D) conversion of the 4 to 20 mA signas. Each minute, the software associated with the A/D interface
will log to the hard drive the input from each sensor. Raw data will be converted to actua measurements
as shown below.

natural gas mass flow: Ibm/hr = (MA - 4)/16 * FS
natural gas pressure: psig= (MA-4)/16* FS
natural gas temperature: °F = (mA-4)/16* FS
atmospheric pressure: in.Hg=(mA - 4)/16 * FS
amospheric temperature: °F=(mA-4)/16* FS
atmospheric relative humidity: %RH.= (mMA-4)/16* FS

where, mA isthe mA output from the meter electronics and FSis the full-scale reading

The remaining verification instruments (7600 ION electrical power) and the CHP communication system
will be connected to the DAS via an RS-232 line to three separate seria ports. Communication with the
7600 ION electrical power meter will be conducted via the PEGASYSa& software supplied by the
manufacturer. The software will convert, scale, and format the sensor inputs into the meter's
microprocessor and electronics. Therefore, the readings of voltage, amperage, power factor, kilowaitts,
kilovolt-amps reactive, current, frequency, and harmonics will be directly contained as such in a standard
data format file transferred from the electrical power meter to the computer DAS.  The 7600 ION has an
on-board data memory which stores about 48 hours of one minute data. The 1 minute collected data are
queried every hour and downloaded automatically to the DAS computer.

Daily performance data files will be retrieved and stored in the hard drive of a dedicated computer at the
GHG Center’s RTP office. The GHG Center staff will review, validate, and verify the data, and generate
summary statistics and trend plots to assess the CHP system performance as discussed in Section 2.0 and
check for unusual or changing conditions. The site will be notified for potentia mafunctions of
measurement instruments. Each week, hard copies of the daily data files will be stored onto a disk or CD.
Record keeping procedures, document control procedures, and data storage/retrieval procedures outlined
in the GHG Center’s QMP will be followed.

During field testing, the Field Team Leader will retrieve, review, and validate the eectronically collected
data at the end of each load testing. To determine if the criteria for electrica efficiency determinations
are met, time series power output, power factor, gas flow rate, ambient temperature, and ambient pressure
will be processed using the statistical anadysis tool in Microsoft Excela . If it is determined that maximum
permissible limits for each variable, calculated at a 95 percent confidence level, are satisfied, the electrical
efficiency measurement goa will be met. Conversely, the load testing will be repeated until maximum
permissible limits are attained. Data for this task will be maintained by computer and by handwritten
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entries. Observations and test run sheets will be recorded manually in a log form developed exclusively
for thistask (Appendix A-2). Disk copies of the Excel spreadsheet results will be made at the end of each
day. The Field Team Leader will report the following results to the Project Manager:

Electrical power generated at selected loads

Fuel flow rate at selected |oads

Electrica efficiency at selected loads (estimated until gas anayses results are
submitted)

Heat recovery and use rate at selected loads (estimated until PG analyses results are
submitted)

Thermal efficiency at selected loads

Net CHP system efficiency

Data quality assurance checks for the instruments illustrated in Figure 2-1 were discussed in Sections 2.0
and 3.0. Manua and eectronic records (as required) resulting from these checks will be maintained by
the Field Team Leader.

After the completion of the control test, the manually recorded information will be maintained in labeled
three ring binders. The binders and electronic copies of data output and statistical analyses will be stored
at the GHG Center’s RTP office per guidelines described in the GHG Center’s QMP.

4.1.2. Emission Measurements

Data measurement and collection activities will consist of initial pretest QA steps to the passing of the
data to the Field Team Leader. The emissions contractor may use software, such as the Strawberry Tree
STRATA Data Acquisition System (STRATAA) or equivalent system, to record the concentration signals
from the individual monitors. The data acquisition system records instrument output at one-second
intervals, and will average those signals into 1-minute averages. At the conclusion of a test run, the pre-
and post-test calibration results and test run values will be eectronically transferred from DAS into a
Microsoft Excel spreadsheet for data calculations and averaging.

The emissions contractor will report emission measurements results to the Field Team Leader as.

Parts per million by volume (ppmv)
ppmv connected to 15 percent O,
Emission rate (Ib/hr)

Upon completion of the field test activities, the emissions contractor will provide copies of records of
calibration, pre-test checks (stratification, system response time, and NO, converter), and field test datato
Fidd Team Leader prior to leaving the site. A formal report will be prepared by the contractor and
submitted to Center Field Team Leader within three weeks of completion of the field activities. The
report will describe the test conditions, documentation of al QA/QC procedures, including copies of
calibrations, certificates of calibration gases, and the results of the testing. Field data will be included as
an appendix and an eectronic copy of the report will be submitted. The submitted information will be
stored at the GHG Center’s RTP office per guidelines defined in the QMP.

4.1.3. Fuel Gas Sampling and PG Mixture Sampling

Fuel gas and PG solution sampling and QA/QC procedures are discussed in Section 2.0. The Field Team
Leader will maintain manual fuel sampling logs and chain of custody records. After the field test, the
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laboratory will submit results for each sample, calibration records, and repeatability test results to the
Field Team Leader. The information submitted will be stored in labeled three ring binders. The binders
and electronic copies of data output and statistical analyses will be stored at the GHG Center’s RTP office
per guidelines described in the GHG Center’'s QMP. The Field Team Leader will compute the actua
electrical and thermal efficiency at each load tested. The results will be reported to the Project Manager.

4.2. DATA REVIEW, VALIDATION, AND VERIFICATION

Data review and validation will primarily occur at the following stages:

On-site following each test run — by the Field Team Leader

On-site following completion of each load testing — by the Field Team Leader

After fue gas analyses results are submitted by Core Laboratories - by the Field
Team Leader

After PG liquid analyses results are submitted by laboratory - by the Field Team
Leader

At GHG Center Office each week — by the Field Team Leader

Before writing the draft verification test report — by the Project Manager

During QA review of the draft report and audit of the data— by Center QA Manager

Upon review, al data collected will be classed as either vaid, suspect, or invalid. The criteria used to
review and validate the data will be QA/QC criteria specified in Table 3-3 and determination of DQI
goals discussed in Section 3.2. In generdl, valid results are based on measurements meeting data quality
objectives, and that were collected when an instrument was verified as being properly caibrated. Often
anomalous data are identified in the process of data review. All outlying or unusua values will be
investigated in the field for load testing and weekly for continuous testing. Anomaous data may be
considered suspect if no specific operational cause to invalidate the data are found. All data, valid,
invalid, and suspect will be included in the final report. However, report conclusions will be based on
valid data only. The reasons for excluding any data will be justified in the report. Suspect data may be
included in the analyses, but may be given specia treatment as specificaly indicated. If the DQI goals
cannot be met due to excessive data variability (e.g., ambient temperature), the data will be presented to
the Project Manager and QA Manager. Based on this, a decision will be made to either continue the test
or collect additiona data or terminate the test and report the data obtained.

Those individuals responsible for onsite data review and vaidation are noted above. The QA Manager
reviews and validates the data and the draft report using the Test/QA Plan and test methods. The data
review and data audit will be conducted in accordance with Center’'s QMP. The procedures that will be
followed are summarized in Section 4.5.

4.3. RECONCILIATION WITH DATA QUALITY OBJECTIVES

DQOs were defined in Section 3.1. The reconciliation of the results with the DQO will be evaluated using
the DQI process. When the primary data is collected, the data will be reviewed to ensure that they are
valid and are consistent with what was expected. In addition, the data will be reviewed to identify
patterns, relationships, and potential anomalies. The quality of the data will be assessed in terms of
accuracy and datistical significance as they relate to the stated DQI goas. Attainment of the DQI
accuracy goas will be confirmed by analyzing the test data as described in Section 3.2. The statistical
analysis will be done by the Field Team Leader at the conclusion of each load testing as described in
Sections 2.2 through 2.4 and Section 3.0. If the accuracy gods were satisfied, it will be concluded that
DQOs are met. Conversdly, if the test is found to not meet the DQI goals, the DQO for electrical and
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thermal efficiency will be re-computed. Accuracy determinations for electrica and therma efficiency
will be based on accuracy of one of more measurement instruments used in reporting these verification
parameters. For example, electrical efficiency is computed using measured power output, fuel flow rate,
and fuel lower heating value (Equation 1). Section 3.0 identifies methods for determining accuracy
achieved for individua instruments (e.g., manufacturer calibrations, independent verification, and
reasonableness checks) used in reporting the performance of this verification parameter. If the accuracy
achieved is determined to be different than the pre-specified DQI goals, the DQO for electrical efficiency
will be recomputed using Equation 1. For example, independent performance check of the Rosemount
flow meter must be performed by comparing its readings with a dry gas meter. Accuracy achieved is
computed as the average of the percent difference between the two measurements. |If the computed
accuracy is determined to be less than the stated DQI goal for fuel flow rate measurement (+ 1 percent),
the DQO for electrical efficiency will be recomputed.

Emissions testing DQOs will be met because tests will be repeated until DQI goa's are achieved.

Results from verification testing of the CHP system will be presented in a Verification Statement and a
Verification Report as described in Section 4.5.4. All data and analyses performed will be transparent in
the Fina Report and the statement. Potentia limitations on the use of the data resulting from
reconciliation issues will be identified during the test by the Field Team Leader, and corrective actions
will be taken in the field after consultation with the Project Manager. Results of corrective actions and re-
computation of the DQOs will be made transparent in the Verification Report and the Statement.

4.4. ASSESSMENTS AND RESPONSE ACTIONS

The quality of the project and associated data are assessed within the project by the Field Team Leader,
Project Manager, QA Manager, Center Director, and technical peer reviewers. Assessment and oversight
of the qudity for the project activities are performed through the review of data, memos, audits, and
reports by the Project Manager and independently by the QA Manager.

The effectiveness of implementing the Test/QA Plan are assessed through project reviews, in-phase
ingpections, audits, and data quality assessment.

4.4.1. Project reviews

The review of project data and the writing of project reports are the responsibility of the Project Manager,
who aso is responsible for conducting the first complete assessment of the project. Although the
project’s data are reviewed by the project personnel and assessed to determine that the data meet the
measurement quality objectives, it is the Project Manager who must assure that overal the project
activities meet the measurement and data quality objectives. The second review of the project is
performed by the GHG Center Director, who is responsible for ensuring that the project’s activities
adhere to the requirements of the program. The GHG Center Director’s review of the project will also
include an assessment of the overal project operations to ensure that the Field Team Leader has the
equipment, personnel, and resources to compl ete the project as required and to deliver data of known and
defensible quality. The third review is that of the QA Manager, who is responsible for assuring that the
program management systems are established and functioning as required by the QA Manua and
corporate policy. The QA Manager is the fina reviewer within the Southern Research Ingtitute
organization, and is responsible for assuring that contractual requirements have been met.

The draft document is then reviewed by Mariah, followed by an independent review by
NRCAN/CANMET and selected Stakeholders (minimum of two industry experts). The external peer
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reviews are conducted by technically competent persons who are familiar with the technical aspects of the
project, but not involved with the conduct of project activities. The peer reviewers present to the Project
Manager an accurate and independent appraisal of the technical aspects of the project. Further details on
project review requirements can be found in the GHG Center’'s QMP.

The draft report will then be submitted to EPA QA personnel, and all comments will be addressed by the
project Manager. Following this review, the Verification Report and Statement will undergo various EPA
management reviews, including EPA Pilot Manager, EPA ORD Laboratory Director, and EPA Technical
Editor.

4.4.2. Inspections

Inspections may be conducted by the Field Team Leader, Project Manager, or QA Manager. Inspections
assess activities that are considered important or critical to key activities of the project. These critical
activities may include, but are not limited to, pree and post-test caibrations, the data collection
equipment, sample equipment preparation, sample analysis, or data reduction. Inspections are assessed
with respect to the Test Plan or other established methods, and are documented in the field records. The
results of the inspection are reported to the Project Manager and QA Manager. Any deficiencies or
problems found during the inspections must be investigated and the results and responses or corrective
actions reported in a Corrective Action Report (CAR). This report is discussed later in Section 4.5.3.

4.4.3. Audits

Independent systematic checks to determine the quality of the data will be performed on the activities of
this project. These checks will consist of a performance evauation audit and data audit as described
below. In addition, the internal quality control measurements will be used to assess the performance of
the analytical methodology. The combination of these audits and the evaluation of the interna quality
control data alow the assessment of the overal quality of the data for this project.

The QA Manager is responsible for ensuring the audits are conducted as required by the Test/QA Plan.
Audit reports that describe problems and deviations from the procedures are prepared and distributed to
the Field Team Leader. Any problems or deviations need to be corrected. The Field Team Leader is
responsible for evaluating corrective action reports, taking appropriate and timely corrective actions, and
informing the QA Manager of the action taken. The QA Manager is then responsible for ensuring that the
corrective action was taken. A summary report of the findings and corrective actions is prepared and
distributed to the Project Manager and Center Director.

4431. Peformance Evaluation Audit

The performance evauation audit (PEA) is designed to check the operation of the Entech emissions
testing analytical system. The method of performance will be based on interna audits performed by the
Field Team Leader. As discussed in Section 2.4, performance samples, obtained from the gas supplier,
will contain analytes at a known (determined) concentration and will be presented to the Entech analyst in
such a manner as to have the concentration of the PEA unknown (blind) to the analyst. Upon receiving
the andytical data from the anayst, the Field Team Leader will evaluate the performance data for
compliance with the requirements of the project. The PEA will occur on-site during the field test. The
specific measurement and data quality objectives for method performance samples have been described
earlier.
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The PEA will also require checking the operation of the mass flow meter (i.e., comparison of Rosemount
Integral Orifice meter with the dry gas meter). The natural gas heating value and PG concentration
measurements will also be audited by providing each laboratory with blind samples of natural gas and PG
solution with known quality.

4.4.3.2. Audit of Data Quality

The audit of data quaity (ADQ), an important component of a total system audit, is a critical evauation
of the measurement, processing, and evaluation steps to determine if systematic errors have been
introduced. During the ADQ, the QA Manager, or designee, will randomly select approximately 10
percent of the data to be followed through the analysis and processing the data. The scope of the ADQ is
to verify that the data-handling system is correct and to assess the quality of the data generated.

The ADQ, as part of the system audit, is not an evaluation of the reliability of the data presentation. The
review of the data presentation is the responsibility of the Project Manager and the technical peer
reviewer.

4.5. DOCUMENTATION AND REPORTS

During the different activities on this project, documentation and reporting of information to management
and project personndl is critical. To insure the complete transfer of information to all parties involved in
this project, the following field test documentation, QC documentation, corrective action/assessment
report, and verification report/statements will be prepared.

45.1. Field Test Documentation

The Field Team Leader will record all field activities. The Test Leader reviews al data sheets and
maintains them in an organized file. The required test information was described earlier in Section 6.1.
The Field Team Leader will also maintain afield notebook that documents the activities of the field team
each day and any deviations from the schedule, Test Plan, or any other significant event. This person will
also maintain documentation for the continuos operation of the turbine, after the field test is completed.
Any problems found during testing requiring corrective action will be reported immediately by the field
test personnel to the Field Team Leader through a Corrective Action Report. The Field Team Leader will
document thisin the project files and report it to the Project Manager and QA Manager.

Following each test run, the Project Manager will check the test results with the assistance of the Field
Team Leader to determine whether the run met the method QA criteria.  Following this review and
confirmation that the appropriate data were collected and DQOs were satisfied, the GHG Center Director
will be notified.

At the end of each test day, the Field Team Leader will collect al of the data from the field team
members, which will include data sheets, data printouts, back-up copies of eectronic files stored on
computer, and field notebook. A copy of the field test documentation will be submitted to the Project
Manager, and originals will be stored in the project records, as required by the QMP.

45.2. QC Documentation

After the completion of verification tests, test data, sampling logs, calibration records, certificates of
calibration, and other relevant information will be stored in the project file in Center's RTP office.
Cadlibration records will include information about the instrument being calibrated, raw calibration data,
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caibration equations, analyzer identifications, caibration dates, calibration standards used and their
traceabilities, calibration equipment, and staff conducting the calibration. These records will be used to
prepare the Data Qudity section in the Verification Report, and made available to the QA Manager
during audits.

4.5.3. Corrective Action and Assessment Reports

A corrective action is the process that occurs when the result of an audit or quaity control measurement is
shown to be unsatisfactory, as defined by the data quality objectives or by the measurement objectives for
each task. The corrective action process involves the Field Team Leader, Project Manager, and QA
Manager. In cases involving the analytical process, the correction action will aso involve the anadyst. A
written Corrective Action Report is required on all corrective actions (Figure 4-2).

Since the tasks of this study involve a validations process to ensure data qudlity for the technology being
verified, predetermined limits for the data acceptability have been established in the measurement and
data quality objectives. Therefore, data determined to deviate from these objectives require evauation
through immediate corrective action process. Immediate corrective action responds quickly to improper
procedures, indications of mafunctioning equipment, or suspicious data. The anayst, as a result of
calibration checks and interna quality control sample analyses, will most frequently identify the need for
such an action. The Field Team Leader will be notified of the problem immediately. The Field Team
Leader will then notify the Project Manager, who will take and document appropriate action. The Project
Manager is responsible for and is authorized to halt the work if it is determined that a serious problem
exists.

The Field Team Leader is responsible for implementing corrective actions identified by the Project
Manager, and is authorized to implement any procedures to prevent the recurrence of problems.

After technical assessments, the QA Manager will submit the Assessment Report to the Project Manager
and Center Director. The Project Manager will submit the Assessment Report to the EPA Pilot Manager
and QA Manager for information purposes.

The results of TSAS, inspections, PEAs, and ADQs conducted by the QA Manager will be routed to the
Project Manager for review, comments, and corrective action. The results will be documented in the
project records. The Project Manager will take any necessary corrective action needed and will respond
via the Corrective Action Report to the QA Manager. Inspections conducted by the QA Manager will be
reported to the Project Manager in the same manner as other audits. The results of all assessments, audits,
ingpections, and corrective actions for the task will be summarized and used in the Data Quality section in
the final report.
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Figure4-2. Corrective Action Report

Corrective Action Report

Verification Title:

Verification Description:

Description of Problem:

Originator: Date:

| nvestigation and Results:

| nvestigator : Date:

Corrective Action Taken:

Originator: Date:
Approver: Date:

Carbon copy: Project Manager, Center Director, Center QA Manager, Pilot Manager

4-10
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454, Verification Report and Verification Statement

A draft Verification Report and Statement will be prepared within 6 weeks of completing the field test by
the Project Manager. The Project Manager will submit the draft verification report and statement to the
QA Manager and Center Director for review. The fina Verification Report will contain a Verification
Statement, which is a 3 to 4 page summary of the Turbine system, the test strategy used, and the
verification results obtained. The Verification Report will summarize the results for each verification
parameter discussed in Section 2.0 and will contain sufficient raw data to support findings and alow
others to assess data trends, completeness, and qudity. Clear statements will be provided which
characterize the performance of the verification parameters. A preliminary outline of the report is shown
below.

Preliminary Verification Report Outline

Verification Satement

Section 1: Verification Test Design and Description
Description of the ETV program
Turbine system and site description
Overview of the verification parameters and evaluation strategies

Section 2: Results
Power production performance
Power quality performance
Operational performance
Emissions performance

Section 3: Data Quality
Section 4: Additional Technical and Performance Data (optional) supplied by Mariah

Appendices:  Raw Verification and Other Data

The report will then be submitted to Mariah for review, and after modifications are made, will be
submitted simultaneoudly to at least two representatives of the GHG Center’s DG Technical Panel and the
U.S. EPA Quality Assurance Team. When the final draft is prepared, officials from U.S. EPA’s Office of
Research and Development and the GHG Center will sign the Verification Statement. The report and
statement will be posted on the GHG Center’s and ETV web sites, and copies will be distributed to the
reviewers.

4.6. TRAINING AND QUALIFICATIONS

The GHG Center’s Field Team Leader has extensive experience (+15 years) in field testing of air
emissions from gas turbines, and the Field Support person has over +20 years experience conducting
power measurements. They are familiar with the requirements of al of the test methods and standards
that will be used in the verification test. The Project Manager has performed numerous field verifications
under the ETV program, and is familiar with requirements mandated by the EPA and Center QMPs. The
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QA Manager is an independently appointed individual whose responsibility is to ensure the GHG
Center’s activities are performed according to the EPA approved QMP. The participants working on
behalf of the GHG Center in support of this verification are selected by the GHG Center and evaluated by
EPA. Evauation criteria include relevant education, work experience, and experience in quality
management. These qualifications are documented in project personnel resumes and files, as required by
the GHG Center's QMP. Each field crew member will be thoroughly familiar with this Test Plan, the
measurement equipment, procedures, and method for their assigned jobs. All field test personnel will
receive a safety briefing by the GHG Center Field Team Leader.

The nature of the tests to be performed do not require forma certifications by state, federal, or loca
authorities.  However, specia software training was obtained from Rosemount, Power Measurements,
and Rochester to ingtal, configure, and operate their instruments. The GHG Center has used the
Rosemount mass flow meter in past verifications, and is familiar with its operation and QA/QC
requirements.

4.7. HEALTH AND SAFETY

This Section applies to Center personnel only. Other organizations involved in the project have their own
health and safety plans specific to their rolesin the project.

All work conducted as a part of this verification test will conform to applicable OSHA safety standards.
All contractors and sub-contractors which may be used to perform such work must agree to meet or
exceed these standards in their project work.

All dectrica ingtalations and connections will be performed by a licensed electrician. All eectrical
equipment and connections indalled, as a part of this test will be conducted in accordance with the
National Electrical Code (NEC) or state and local electrical codes, whichever are most stringent. Al
mechanical and gas instalation and connections will conform to applicable ASME and ANSI codes, or
applicable state and local codes, whichever are most stringent.
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APPENDIX A
Test Proceduresand Field Log Forms
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Appendix A-1. Load Testing Procedures
In the CHP System Communications Software, select 100 percent load in the Power
Command box. Record these user specified settings in the log form (Appendix A-2).

Coordinate with emissions testing personnel to establish a start time. Record this time in the
log form.

Continue operating the CHP system at the selected load for a minimum of 4 minutes.

Obtain a minimum of one gas sample from the fuel supply line. Follow procedures outlined
in Appendix A-3.

Obtain a minimum of one PG sample from the fluid return line. Follow procedures outlined
in Appendix A-6.

. After 30 minutes of data are collected, review power output, ambient temperature, and

barometric pressure to determine if all of the following criteria are satisfied:

Power output (kW) +2%
Power factor +2%
Fuel heating value +1%
Fuel flow +1%
Barometric pressure +05%

Ambient air temperature + 4 °F

If the above criteria are not satisfied, continue operating the turbine at the selected load.
After each 15 minute interval, repeat Step 6 until the uncertainty criteria are met. Record
the time intervals when valid data were obtained (minimum of 4 minutes and maximum of 30
minutes).

Repeat Steps 1 through 7 by changing the operating load to 90, 75, and 50 percent. Data

and calculations for each load test repetition will be maintained independently using the log
forms provided in Appendix A-2.
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Appendix A-2. Load Test Log

Date
Test technician name
Load Test Begin Time (from DAS)

Synchronize Emissions Test Equipment to DAS time (initial upon synchronization)

Beginning of test

Turbine Load Setting............... %
Turbine Power Factor Setting.. %
Power Output ..o kw
Power Factor %
Fuel Flow .........cccccoueeee. Ibm/min
h Barometric pressure ..........ccccoecvvveeeens in Hg
z Ambientair temp ......ccceeeeeeiiiiiineeees °F
Relative humidity .........ccccccooviieiiiiinnn. %
m Heat Recovery Rate Btu/min
=
: Emissions Test
First data point Date Time
U Final data point Date Time
@
a End of test
Turbine Load Setting............... kw
m Power Output  .......... kW (if > + 2% from beginning test measurement, test is invalid)
> Power Factor .............. % (if > + 2% from beginning test measurement, test is invalid)
H Fuel Flow .........ccccc..... Ibm/min (if > + 1% from beginning test measurement, test is invalid)
: Barometric pressure ... in Hg (if > £ 0.5% from beginning test measurement, test is invalid)
Ambient air temp ....... °F (if > £ 4°F from beginning test measurement, test is invalid)
u Relative humidity ........ %
ﬁ Heat RecoveryRate _ Btu/min
q HeatUseRate_  Btu/min
¢ Load Testing End Time (from DAQ system)
n Load Testing Duration Time minutes (if duration <4 or >30 minutes, test results are invalid)
m If for any reason the test is invalid, repeat the procedure.
7))
=
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Appendix A-3. Fud Gas Sampling Procedures

Attach a leak free vacuum gauge to the inlet of two pre-evacuated stainless steel sample
canisters. Open each canister inlet valve and verify that the canisters are fully evacuated.
Record the absolute pressures.

Close the inlet valves, remove the vacuum gauge, and attach a canister to the sample port
on the fuel line. Attach the inlet of the second canister to the outlet of the first to enable
replicate sampling.

Open the fuel line valve upstream of the canisters, and open the inlet and outlet valves on
the first canister and just the inlet valve on the second. Wait 5 seconds to allow the
canisters to fill with fuel.

Open the second canister outlet valve and purge the canisters for 5 more seconds. Close
the canister outlet valves, the canister inlet valves, and the fuel line valve.

Remove canister from port. Record date, time, canister ID number, and final canister
pressure (Appendix A-4) on proper chain-of-custody form (Appendix A-5).

Return collected samples to Core Laboratories along with completed chain-of-custody form.
Core Laboratories’ Analytical Procedures:

Samples are received with proper chain-of-custody form and logged into the laboratory
system for analysis.

Samples are injected and analyzed. The GC determines gas constituent concentrations
based on the areas of the chromatograph peaks relative to the gas standard.

Duplicate analysis is conducted on one sample per lot.

Fuel LHV is calculated using results of each analysis and equations provided in ASTM
D3588.

Hard copies of calibration records and LHV results will be submitted to the GHG Center.

Determine accuracy based on the replicates.
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Appendix A-4. Fud Sampling Log (Cont’d)

Project: Ambient Pressure:
Location: Ambient Temperature:
Source:
Sampler:
Initial Pressure Final Pressure
Sample ID Date Time Canister ID (psiq) (psiq) Comments
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Appendix A-5. Fuel Sampling Chain of Custody Record

Project: Mariah Energy Corp. Microturbine CHP Sampling Date(s):
Location: Calgary, Alberta Shipping Date:
Sampler: Laboratory: Core Laboratories
Source ID: Fuel Header Ship to:
Matrix: Natural Gas Caloary, Alberta
Initial Pressure Final Pressure
Sample ID Date Time |Canister I (psiq) (psiq) Analytes Method
Relinquished by: Date/Time:
Received by: Date/Time:
Relinquished by: Date/Time:
Received by: Date/Time:
Relinquished by: Date/Time:
Received by: Date/Time:
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1)

2)

3)

4)

Appendix A-6. Propylene Glycol Sampling Procedures

Connect pre-cleaned, 100 to 500 ml glass vials to the fluid discharge spout located on the
hot side of the heat recovery unit.

Open fluid discharge spout, collect sample until vials are at least 1/2 full.

Close the spout. Record date, time, and vial ID number (Appendix A-7) on proper chain-of-
custody form (Appendix A-8).

Return collected samples to Philip Analytical Laboratories along with completed chain-of-
custody form.

Philip Laboratories’ Analytical Procedures:

a) Samples are received with proper chain-of-custody form and logged into the laboratory
system for analysis.

b) Samples are injected and analyzed. The GC determines concentrations based on the
areas of the chromatograph peaks relative to the gas standard.

c) Duplicate analysis is conducted on one sample per lot.

d) Hard copies of calibration records, fluid concentration, and fluid density will be submitted
to the GHG Center.

e) Determine accuracy based on the replicates.
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Appendix A-7. Propylene Glycol Sampling Log

Project: Ambient Pressure:
Location: Ambient Temperature:
Source:
Sampler:
Sample ID Date Time Fluid Temp. (°C) Sample size (ml)
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Appendix A-8. Propylene Glycol Sampling Chain of Custody Record
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Appendix A-9. Density of Propylene Glycol (Ib/ft°)

Concentrations in Volume Percent Propylene Glycol
Source: ASHRAE 1997 (pg. 20.8)

Temp (F) 10% 20% 30% 40%
-30
-20
-10
0 65.71
10 65 65.6
20 64.23 64.9 65.48
30 63.38 64.14 64.79 65.35
40 63.3 64.03 64.69 65.21
50 63.2 63.92 64.53 65.06
60 63.1 63.79 64.39 64.9

70 62.98 63.66 64.24 64.73

80 62.86 63.52 64.08 64.55

90 62.73 63.37 63.91 64.36
100 62.59 63.2 63.73 64.16
110 62.44 63.03 63.54 63.95
120 62.28 62.85 63.33 63.74
130 62.11 62.66 63.12 63.51
140 61.93 62.46 62.9 63.27
150 61.74 62.25 62.67 63.02
160 61.54 62.03 62.43 62.76
170 61.33 61.8 62.18 62.49
180 61.11 61.56 61.92 62.22
190 60.89 61.31 61.65 61.93
200 60.65 61.05 61.37 61.63
210 60.41 60.78 61.08 61.32
220 60.15 60.5 60.78 61
230 59.89 60.21 60.47 60.68
240 59.61 59.91 60.15 60.34
250 59.33 59.6 59.82 59.99
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Appendix A-10. Specific Heat of Propylene Glycal (Btu/lb F)

Concentrations in Volume Percent Propylene Glycol
Source: ASHRAE 1997 (pg. 20.8)

Temp (F) 10% 20% 30% 40%
-30
-20
-10
0 0.855
10 0.898 0.859
20 0.936 0.902 0.864

30 0.966 0.938 0.906 0.868
40 0.968 0.941 0.909 0.872

50 0.97 0.944 0.913 0.877
60 0.972 0.947 0.917 0.881
70 0.974 0.95 0.92 0.886

80 0.976 0.953 0.924 0.89

90 0.979 0.956 0.928 0.894
100 0.981 0.959 0.931 0.899
110 0.983 0.962 0.935 0.903
120 0.985 0.965 0.939 0.908
130 0.987 0.967 0.942 0.912
140 0.989 0.97 0.946 0.916
150 0.991 0.973 0.95 0.921
160 0.993 0.976 0.953 0.925
170 0.996 0.979 0.957 0.929
180 0.998 0.982 0.961 0.934
190 1 0.985 0.964 0.938
200 1.002 0.988 0.968 0.943
210 1.004 0.991 0.971 0.947
220 1.006 0.994 0.975 0.951
230 1.008 0.996 0.979 0.956
240 1.011 0.999 0.982 0.96
250 1.013 1.002 0.986 0.965
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APPENDIX B
Quality Assurance/Quality Control Checksand Log Forms
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Date

Appendix B-1. 7600 ION Installation and Setup Checks

Lead installer name

Initial all items after they have been completed.

NOTE: In all events, conformance to applicable local codes will supercede the instructions

in this log sheet or the installation manual.

Prior to commencement of installation, obtain and read the 7600 ION INSTALLATION & BASIC
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SETUP MANUAL. The points outlined here were developed as a guideline using the instructions
in the 7600 ION INSTALLATION & BASIC SETUP MANUAL, but should any information or
instructions in the manual not be listed here, those steps should not be skipped or ignored. A
reference page number listed as [x] will be included for each point, as appropriate.

Verify that the meter enclosure is mounted in a location to provide ventilation around the case in
an area free of oil, moisture, excessive dust and corrosive vapors. All wiring will conform to
applicable NEC standards.

Connect to power supply to the 7600 ION (85 to 240 VAC) via a switch or circuit breaker using
AWG 12 to AWG 14 wire. Connect the line supply wire to the L/+ terminal and the neutral supply
wire to the N/- using a compatible plug. [7]

Connect the ground terminal of the 7600 ION to the switchgear earth ground using AWB 12 wire or

larger. [8]

Make voltage and current transformer (CT) connections to the 7600 ION according to the type of
electrical connection according to the directions in the Manual [pages 8-14]. To provide a
maximum input of 20 amps for a current flow of 200 amps, 10:1 ratio CTs should be used.

AWG 12 to 14 wire is recommended for all phase voltage and current connections.

Use a digital multimeter (DMM) to check that the phase and polarity of the AC voltage inputs are

correct.

Connect the DAS to the DB9 serial connector on the back of the 7600 ION via a null modem. [18]
Set-up the 7600 ION according to the instructions in the Manual [pages 24-29].

Verify the operation of the 7600 ION according to the instructions in the Manual [30].

Using a DMM measure each of the phase voltage and currents and compare them to the readings
on the display of the 7600 ION. The readings on the DMM should agree (within the tolerance of
the meters) with the readings from the 7600 ION. If they do not agree, modify the connections to
the 7600 ION until they are correct. Also check both readings for reasonability.

The readings of the 7600 ION agree with the DMM readings and are reasonable for this

connection.

Confirm that the readings on the 7600 ION agree with the corresponding readings on the DAS. If

they do not agree, troubleshoot the communications link until proper readings are obtained by the
DAS.

The readings of the 7600 ION agree with the DAS readings.
Verify that the readings are being properly stored on the DAS harddisk or other non-volatile

memory
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Appendix B-2. 7600 10ON Sensor Function Checks

Date
QA/QCTest leader name

Initial all items after they have been completed.

7600 ION calibration certificates and supporting data are on-hand.
Check power supply voltage with a DMM (should be between 85 to 240 VAC.)
Check the 7600 ION ground terminal connection for continuity with the switchgear earth ground.

Use a digital multimeter (DMM) to check that the phase and polarity of the AC voltage inputs are
correct.

Verify the operation of the 7600 ION according to the instructions in the 7600 ION INSTALLATION
& BASIC SETUP MANUAL [page 30].

Using a DMM measure each of the phase voltage and currents and compare them to the readings
on the display of the 7600 ION. The readings on the DMM should agree (within the tolerance of
the meters) with the readings from the 7600 ION. If they do not agree, note the readings from
each source on the back of this sheet, along with the date and time of the readings.

The readings of the 7600 ION agree with the DMM readings.

Confirm that the readings on the 7600 ION agree with the corresponding readings on the DAS. If
they do not agree, troubleshoot the communications link until proper readings are obtained by the
DAS.

The readings of the 7600 ION agree with the DAS readings.

Verify that the readings are being properly stored on the DAS harddisk or other non-volatile
memory.
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Appendix B-3. Rosemount 3005 I nstallation and Setup Checks/Log Form

Manufacturer’s installation checks: Field installation procedures are well documented in
Rosemount’'s “Model 3095 MV Product Manual”, and will not be repeated here in entirety.
Center testing personnel will follow all required procedures to ensure that checks for process
connections, leaks, field wiring, and ground wiring are conducted properly. The Product Manual
will be made available during installation. Following manual specifications, meter installation will
be conducted using the following considerations:

1. The meter will be installed vertically in the 1-inch diameter fuel line in a safe,
accessible, and vibration free section of pipe.

2. Installation will include sufficient straight run of pipe (no less than 20 diameters)
upstream and downstream of the meter.

3. Temperature sensors will be installed in the piping and wired to the transmitters
for continuous temperature compensation.

4. All mechanical connections will be leak checked.

5. All electrical connections will be made following manufacturer specifications and
tested.

Manufacturer’'s setup and start-up checks: In each flow sensor element, a transmitter calculates
mass from differential pressure across an integral orifice element. To perform this calculation,
the transmitter electronics must be programmed with information on the gas being metered and
the operating conditions. This is accomplished using Rosemount’'s Engineering Assistant (EA)
Software, which is interfaced to the transmitter via a HART protocol serial modem. Specific
setup parameters required in the EA are listed in the following pages. The GHG Center testing
personnel will maintain field logs of all data entered into the EA, and subsequently transmitted to
the instrument. An electronic copy of the configuration file will be maintained. Detailed
guidelines are provided in the Product Manual.
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Appendix B-3. Rosemount 3005 Installation and Setup Checks/Log Form

(Continued)
Rosemount Model 3085 MY i
MODEL 3085 MV DOB06-0100-4T16
CONFIGURATION English

DATA SHEET Rav. AA

Complete this form to define a Custom Flow Configuration for tha Modael 3095 MV.
Unless spacified, the Model 3095 MV will ship with the default vaiues identified by the * symbal.

Far technical assistance in filling out this CDS, call Rosemount Customer Central at 1-800-333-9307.

HOTE: Any missing information will be processed with the indicated default values.

Customes; ____ Ry

Customer PO Mo, s e e . i

Customer Line lem: __ e — -

| Model Mot S - A
Tag Type: [ SST Wire-on Tag (85 characiers masimum) [ Stamped on Nameplate (85 chamclers maxsmum)
Tag Information:  _ sxlrie! — e e e

Software
Tag: [ofie fooe aiten] T |
| (B characiers)
Descrplar: |- 1 1 | [ | D RO R SN Y o LSS [
{16 characiars)
| Message: FAPE R R, IS, R PO RN SO SN N (IO [EO [ - N

| e[ PRI [ I N LATN N R

|———1|
{32 characiers)

Diate: 0 ]! 1
(dd) {mmmj

TRANSMITTER INFORMATION {required)

Failurs Mada Alarm Dwachan {select one). T pgarm High % = Alarm Low

,-|;-.u| CompaEa moaw numbar s reguvid Sk ;?c-c;mnl ING. G EFCRES WS va'lm"mnw prelar
+ Indicates default value. For AMD infernal use onily:
House Order Mo S N S P
Lires Itesrm Mo e

Transmilbar Seral Mo o

REC Tech: S
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Options and Accessories

LC D Moter Conticpuration

Process Varables displayed on LCD:

] Absolute Pressure [ Fhow Todal

7 Analog Output Current [ Gauge Fressura

[ Differential Pressure ] Percent of Range

] Fhow [ Process Temperalure

! Humbaer of seconds to display sach variable:

| {available ranges from 2-10 seconds, in one Second incremants)

Select units for each Process Varisble, then enter sensor Lower Trim Value (LTV) and sensor Upger Trim Value (UTV).
Mote:; LT and LTV rmust be within the range Bmils stated in the Ranga Limits Tabhe (see page &-26).

| Diffarential Pressure;

OF Unils [ inHO-88 F4 [JinHg-0°C T HHGO-B8°F ] mmiH,0-68 *F [ mmHg-0 "C O psi

[ bar [ mbar O g'SqCm O Kg'Sqm OPa ClkPa
[ toer 1 Atm [J into0=60 F
Trim Values LTV [ 4] UTV: (LIBL inkiy Q-G8 F &)

Static Prassura:

Static Units [ inH,0—68 °F [T inkg-0 "G T RH;0—68 'F ] mmHyG-66 °F [l mmHg—0 *C [ psi #

| 7 bar [ mbar ] giSatm TKa/'SqCm  [Pa [kPa

| 1 b o Atm ] MPa I nH,0-60 °F

I Trim Values! 2 LTV (0] UTW: {URL psi%l |
|

| Process Temperature:

PTUnits  [J°F % mhl
| Trim Values LTV (=300 ) UTV: (1500 °F 4
|

! Flow Rates:
[ Flow Units: = StdCufy's O spscuymin D swcuh Dswowwd 2 SudCumn

O stdCumid O ipsisec L ihsdmin Oibgmeur & = osiday

U grams/sec 2 gramsimin gamsihour U kgisec 1 koggirnin

I kgihour Z MmicuMhour O MrmiCubdiday O Special (see Flow Fate Special Unas)

| Flow Rate Spacial Units {use if "Special” is checked in Flow Rate abova):
l MOTE: Flow Rate Specal Units = Base Flow Unil multiplied by Conversion Facior.

Base Flow Units select from abave Flow Rate units): i

| Comversson Facter:
Display &s:  {___|___|___{ _|___| javalable umits A-Z, (-8)

[
Flow Rate Qutput:

| Low FW (4 ma) (0,00 %) High PY {20 m&)

|
| _—
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Rosemount Model 3095 MV

HFHGURATION CONT. {rog

Flow Total: op -
Flow Units:  — Grams = Kilograms _ji'.-'lelm: Tons U Pounds I shor Tons
" Long Toms “ Gunces H Mmilcum I ppormal Liters = SadCud
O sidcuF T spacal (see Flow Total Specal Units)

| Flow Total Special Units (use this section if “Special” is checked in Flow Total above):

MNOTE: Fiow Rate Special Units = Base Flow Unit multiplied by Conwersion Factor.
Base Flow Units (sehict from abowe Flow Total units);

Cormersion Factaor:

Display As: {avadatie units A-Z_ (-8}

el F G H]
Flow Total Qutput;
Low PY {4 ma)

Damplng: Enter a damping vakee for each varable {vaid range: 0.1 — 29 seconds).
{Transmittar will round to nearest available damging value. )

Differental Pressure = [QAgda | Temperature = (D.B64%)

Slatic Pressare = (0564w

(&) it ahswude pressune moduie, e iower slatc pressure values must be = 0.5 psim (345 kFa),

* Indicates defaull value.
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Options and Accessories

MOTE The information an Pages 6-21-6-25 can be sent in en a floppy disk by creating a .MFL file with
the EA Software or EA Demo Disk. Call 1-800-899-9307 for more information.

PRIMARY ELEMENT INFORMATION

Salect Differantial Prodwucar {Salect One)
= 1185 Ink Crifica
= A Caamand 11+/Mass ProBar+

| 1 Mozzie, Long Radius Wall Tags, ASME

* Mozzle, Long Radius Wall Taps, |50
_—' Mozzle, 1S4 1932, 150

| I orifice, 2940 & B0 Taps

- Qrifice, Corner Taps, ASME

| — Crifice, Corner Taps, 150

Hgrifice, O & V2 Taps. ASME
| Orifice, D & DV2 Taps. IS0

= Onfica, Flange Taps, AGAS
— Orifice, Flange Taps, 150
— Small Bore Onfice, Flange Taps, ASME
— Ventun Mozzie, 150_
i — \enlur, Rough Cast/Fabnicated Inlet. ASME
*vgnduri, Rough Cast Inled, 150
_ — Wntun, Machead Inlat, ASME
L2 Vamuri, Machined [nlet, 150
L enturi, Welded Inlet, 150

| Salacting Area Averaging Meter or \-Cone® requirgs 2 constant value for discharge coefficlent ________
— hrea Aversging Meter VeCone
| Primary Elamant Minimum
! Diamater (d) 0 . Din.Omm a____________0O O in. Gl BBF &
ar
| Deamond || Sensor Series Mo, {see table on page 6-26)
Diffarential Producer _ _ .
Materal (Select One) = Carpon Steal I 58T 304 O ST 316w O Hastatoy C ! Moned
Pipe Tube Diameter (Prpe 10) (D ey i I at —['F 0% inatBa'Fe |
Pipe Tube Materiat: T camon Stesik - 55T 304 O'sgras P O o

ERATING CONDITIONS

Operating Pressure Range .- to Clpsia Clpsig ClkPalabsoluste) T kPa(gage)
O bar
Operating Temperatune Range o ______Or o«

For fixad process emparaturas iModel Code = 0, entar value e
valid range; —459 10 3500 °F {273 10 1927 °C)

NOTE: For steam applications, temporatures must be equal to or graater than the saturation lamparature
at the given pressures.

Aimospheric Pressure= __ ['psia ] kPajabsolute) [ bar 14 696 psia
b3

STANDARD REFERENCE CONDITIONS

NOTE: This information is enly required if any of the following flow units wera selecied:
StdCuftis, StdCuftimin, StdCufth, StaCufud, StdCumih, StdCumid

Standard Reference Conditions:

Standard Pressura = e e wxes O pesic Ibar 14696 paia
[pisigteam only} . kPalabsoluta)
i Standard Temperature = ___ 1%F % 'C 60°F % (For Steam, 212 °F ) |
* (ndicates default value.
621
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Rossmount Model 3095 li!'u'

FLUID TYPE [Solect One)

FLUID INFORMATION (Carmple

only)

" Steam [ASME) Saturated and/or Superheated

SANE= ==EEF= —=ssss s HNEE TS == RRENEENEESSS S SIS S SSS
[ Matural Gas

NOTE: If you selected Naitural Gas, complete the infarmation on page 6-23.

L ==NEF= SESARRSEEE ===z IEEE ==aFW¥==

~ Gas or Liguid from AICHE database: Circle ONE Fid name Balow:

ApabE Aod Cydopronang LA apanc r-Haplana T=-Dindecanal

| Aceions Dirwinyt Elhar Mathang =l emane 1-Heptanal
Acaionanbe Ethane Blmihanci n=Ciciane 1—Hagtana
Acatdans Ethanoi Malhid Acrylale “1-Faniae T=HEzpns
Arglongnke Ettndaming bdethy byl Ketone Cnopgen {-Hasacscano
Bir Ethyibenzeng Ity inyl Etes Paniafuorathane 1-Dicaancd
Al Alcohol Ethyans M= hiCreniiroDenzens Phersal 1=0ciane
] Ethyaree GhycolElbylans m=Dichionobenzens Prapans 1-rananal
Argon Dhade Pman Propadiens 1=Monanci
[Z e Fluorens MHeopenkans Pyrana f —Pamadscanol
Bengmoerydn Furan e Acid Propykens 1-Partanol
Banzyl Alcohol Helum— siiric Omide Hryrane 1 —Farians
Bliphanmd Hypdrazing Hilbanens Subes Digaiaia 1=Undecanal
Carbon Cecxadé oy g Hiroesdang Tolusna 1.2, 4=Trichlonoisanzers
Cafbon Monomde Hydrogen Chionde Hircgeen Trichicepatheienn 1.1, 2-Trichigroathana
Carbon Tatrachiorce Frptnagen Cyande Hitromathans Wyl Acelats 11,2, 2-Tetrafucrostheng
Chiring Eryrngen Paosa Hitrous Chede Winyd Chicnde 1,2-Butadmna
Chirpirfucroelhylecs Hydrogen Sulfice n=Bukaire “inyl Cyclohexans 1. 3-Banadiann
Chiareprena buane r-Butancl WWaber 1.3, 5 Trichiorgbangana
Cyoiohepkasss |nmindas ety idelyes T=Bulene 4, 4=Dioxang
Cyoighaxane Iscibnutyibanzens n-Butyroninia 1-Dacans 1, d=Haxadinng
Cycopectang IsapanlEng -Decans 1= Deecandl I-Mathyi-1 -Palann

| Cyriopenens Isoprens n-Dodecane 1—Dupared] I 2-Dimadrglbulane

i n-Headrcans 1-Dpdecans

]

i —oEEalEEEE —oEsEAEEEIT====S s=HEFSsS====== AREE=== =ESSEEESENEIEEET
[ Custem Gas or Liguid

| Erbar your custom fluid name ___

NOTE: If you are defining a custom fluid, complete the density and viscosity
i information on page &-25.

* Indicates default value.
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Options and Accessories

HOTE Only fill out this page if you selected natural gas.

:TOR INFORMATION:

Choose desired characienzabon mathod, and only enter values far thal method.

| = Detail Characterzaton Methed, (AGAS 1952) Mgl
| ZHA Mutharh mole parcent %
| 2 Milrggen mode peroen %
| coR Carhen Diooide mole percent e %
| CalE  Elhaes mol percess LA S R %
i CarE Fragana make percent AN st j‘u
| HID “Watar mole percent — 4
| HZ5 ydrogen Sulfide Mo paroani -
HZ2 Higdragen maole peroent
oD Carnan Monoude mole perisl
| 02 Cwygen mobe percent
| CAHIO  rBulars Mk parcant
| CAH10  p-Bartane mse parcen

CHHI2 1-FRitlane Mok pecent
CEH1Z  m-Paniano mole peroeni

CER1E Henars mole percent
(e SR 1] f-Haglang e peroen]
CEHIR r-Ociane mole peroen
TAHIN  nMNonane maks pEcent
CA0HZIZ  nDsecane moke peris
Ha Hetum moie persl
Ar Agpon ok R et e e e iy L]
i3] Tre stvmmanan of -Fudang and n-Bulang cannot @scasd § parcant,
121 T STAeTANGN oF (PETTane and n-Partans cananl geoeed 4 miroend

| — Gross Characierization Meihod, Option 1 (AGAB Gr-Hv-C02)
Sopoiic grawty at 14 7 pad and B °F

Yolumeirc Gross Hesting Yalue at Base Condions
Carbon comds Mo Jarient

Hyitrogen mole percenl

Carben monawde mak pacent SEE SR S L P %

—_BTWSCF

LT
a

Gross Charactenzation Method. Option 2 (AGAR Gr-CO2-MN2)
Smalic Gematy at 1473 psmana sl 'F
| Carpan Mignds make percerd

Hilnogen mole percent
Hydrogen meoe pescent A il
Carhion cnd il Mok peErcent

Yalid Range
0-100 percant
0-100 percant
0—100 percam
-100 parcent
0-12 peroem
O=Dew Point

0-100 percent

O=100 percent
0300 percin
0=21 percen

06 percant !
(-6 percant (7
0—4 percent <7
=4 percent <

O—Daw Poing
O—Diew Paing
D=Dew Pom
D=Dew Poant
D=-Deww Paim
0-3.0 percent
0=1.00 percemt

— Walid Range
0554087
ATT-1150 BTWSCF
0-30 peroent

0-10 parcent

(-3 parcent

Wald Bange
1554087
(=30 parcent
O-50 parcen
-1 paroen
Q=3 peroen

w Indicates defaull value.

6-23
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Ro:e@nunt Model 3095 MV

MOTE Only fill out this page (f you selected a custom gas.

GAS COMPR

| 1. Fill in e Tallowing operabng pressures and operating temperatures
{Min and mex values must match values enered on 6-21.)

R Sperating Presswes o Uperaling Temperatures
(¢ B— mn Sl min o Miimas-mnlemn |
i 12y | 'simaerin) emin [ [% (mas—minj[+min (99__ | [ Pric i | +-mun
i 13 [Framas-min)]+min R ma
 E - DRI R max
|
|

2. Tranafer the vaiues from the above section to the numbered lines below,

1. Chack ona Density'Comaressibility box, then enter the 12 values for each pressurefemparabure range

4. Check one Viscosity box, then enler values for each tamperature. (Al least one viscogily value is required.)
5. Enter values for moleculsr weight, sentropic exponent. and standard densily (or standard compressability .

_ Density in KgiCubd IVismosity in Centpoise
] Density in Lbs/CuFt _IWisoosity in Lba'Ft sec
Pressure Temp. _ Compressibilty Tarmp _ viscosity in Fascal sec
! 1 | R & ______ JE =
| _ 15 S : L= PR R Rl O e |
. | TR e e - AR S e BT By ma i o I
e i o 1) I ians e, T I
W_____ e
12__ BN |- | e e S & Molacwar Wenght _____ |
| 1| SRS TOE | | SRR fd i e i
| - I lzeniromc Exponent 1aw |
| S o
l {1 RGN e P [ T Ll A e |
| [h 1] |

— T |

Slangdard densiy’compressioiity ___ -
| {al standard reference conddions speclied on page 4) |

w Indicates defaull value.

NOTE: Custom Gas Configuration order will be delayed If any fields on this page are left blank.
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Options and Accessorias

NOTE Only fill out this page if you have selected a custom liquid.

LEUID DENSITY AND VIS ITY INFORRMATION

1. Fill in the fodowng operting lemperalunes.  (Min and mas values must match value: enterad on 6-21.)

! L T T

{2 N e faally]
| L1 I [ max—mini] + rmin :
i e, __ [ max—min}] = min

qd} max

I 2. Transfar the values from the above section (o the numbered lines balow,
1 Check one Density box, inen enter values for each temgeratre and the standand dansaty.
| 4, Check one Viscosity box, then anter values for each temperature. (Al least one viscosity value is required )
_ Wisoosily in Centipomse

| ] Density in Lbs/CuFt L \igeosity in Lba/FE sec !
I Temp. ] Denesity in KghCuh Temip O Wiscosity in Pascal sec
|
| {al e = s oy e e e e e
! {b) ceirnt L)) i -
)
| e ___ e rr————— e G fil
1) ittt e il TR EA

Standard dansty ______ . ______
(at standard reference conditions specdied on sage 4]

Mote: Custam Liguid Configuration order will be dalayed if any fields on this page are left blank.
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Appendix B-4. Rosemount 3095 Sensor Function Checks/Log Form

Sensor function checks: A series of meter and transmitter function checks will be conducted
before the verification period begins and again at the end of the testing. The following checks
will be included.

Power supply test to document that the facility DAS is supplying sufficient power (no less
than 11 vDC) to the tranmitter.

Analog output checks where a current of known amount will be checked against a
secondary device to ensure that 4 mA and 20 mA signals are produced.

Reasonableness checks will be performed by ensuring that the mA signal produced at the
transmitter is recorded correctly in the DAS.

Zero checks will be conducted by isolating the transmitter from the differential pressure taps
using valves built into the meter, and recording the transmitter output. The sensor output
must read O flow during these checks.

Procedures for performing these checks are documented in the Product Manual. All records will
be logged in the following form.
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Appendix B-4. Rosemount 3095 Sensor Function Checks/Log Form
(Continued)

SENSOR FUNCTION CHECKS
1) Analog L oop Test

Date

Time

Meter Output (mA)

Master Reading mA)

% Difference

Corrective Action

2) Analog Output to DASTerminal

Date
Time

Meter Output (mA)
Meter "raw data' reading at DAS termina (mA)
% Difference

Corrective Action

CALIBRATION CHECKS
1) Bench Calibration
Date Time

Absolute Pressure Offset Trim Point (psi)

Absolute Pressure Slope Trim Point (psi)

Absolute Temperature Offset Trim Point (°F)

Absolute Temperature Slope Trim Point (°F)
Corrective Action

2) Zero Check
Date
Time

2

Initial reading Ibs/hr

Reading after adjustment

2

Ibs/hr (should be O, enter n/aif no
adjustment)
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Corrective Action
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Appendix B-5. Rosemount 3095 Independent Performance Check

The Rosemount Model 3095 orifice plate gas flow meter will be compared to the American
Meter Model AL800 as an independent meter performance check. Gas flow rates measured by
each of the meters will be recorded during each of the load tests to determine if the meters
agree within 2 percent of reading. Data will be recorded on field logs such as the example on
the following page using the procedures outlined below.

10.

11.

Review current flow data to confirm functionality of both flow meters.

Confirm that the Rosemount metering data (flow in scfm) are properly logging on the DAS.
Identify and record the Load Testing start time.

Read and record the AL800 meter reading at the start of the test.

Manually record the line pressure and temperature from the Rosemount meter at 2-minute
intervals for the duration of the test on the field log.

Manually record the line pressure at the outlet of AL800 meter at 2-minute intervals for the
duration of the test on the field log.

Record the final AL800 meter reading at the end of the test period.

Calculate the total volume recorded by the AL800 in units of actual cubic feet.

Correct the meter volume to standard conditions (60°F and 14.78 psia) using the average
temperature and pressure recorded during the test, and calculate the average gas flow

during the test period as scfm.

Retrieve the Rosemount data and determine the average gas flow for the test period as
scfm.

Determine the percent difference between the two meters. If greater than 2 percent, take
corrective action to identify and correct the metering error.
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Appendix B-5. Rosemount 3095 Independent Performance Check
(Continued)

Flow Meter Independent Performance Test Log

Project: Ambient Pressure:
Primary Meter ID: Ambient Temperature:
Test Meter ID: Technician:

Date:

Control Test Start Time: Control Test No.

Initial Gas Meter Reading:

Gas Meter AL800 Rosemount 3095
Meter Inlet Gas Gas Gas
Time Reading (acf) | Pressure (psig) Temp. (°F) Pressure (psig
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Control Test Start Time:

Initial Gas Meter Reading:

B-16
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Appendix B-6. Ambient Monitor Installation, Setup, and Sensor Function Checks

Installation and Setup Checks:

Field installation procedures are detailed in the documentation provided for the integrated
temperature/ humidity unit by Vaisala and for the pressure sensor by Setra and will not be
discussed here. Center testing personnel will follow all required procedures to ensure that
checks for appropriate installation locations, length of cable, process connections, leaks, field
wiring and ground wiring are conducted properly, including:

1. All wires will not be located near motors, power supply calbles, or other
such electrically “noisy” equipment

2. No hand-held radios will be used near the instruments

In each of these sensors, the parameter monitored creates a small electrical change in
capacitance or resistance which corresponds to the variation in the monitored parameter. This
change is measured, amplified and converted by the electronics package associated with each
sensor. Unless catastrophic damage (which should be visible) has occurred to the sensors,
their accuracy at setup should correspond precisely to the initial factory calibration performed
before shipping. Visual checks for damage both before and after installation will be performed,
and appropriateness checks of the outputs will be performed at start-up.

The signal inputs into the A/D module in the data acquisition computer are scaled and converted
into the proper units and logged on the computer hard drive by a program provided by the A/D
module manufacturer. The GHG Center testing personnel will maintain field logs of all data
entered into this program. An electronic copy of the configuration file will be maintained.
Detailed guidelines are provided in the software Programming Manual.

Sensor function checks:

Analog output checks will be conducted a minimum of 2 times during the test. In this loop test,
a current of known quantity will be checked against a secondary device to ensure that 4 mA and
20 mA signals are produced. Reasonableness checks will also be performed by ensuring that
the signal produced at the transmitter is recorded correctly by the A/D module and the DAS
computer.

Reasonableness checks will be performed by examining the ambient temperature, pressure,
and relative humidity recorded by the test instruments with those reported by the nearest
national Weather Station at the Calgary International Airport. All suspect data will be flagged,
and the measurement instruments will be examined for damage or failure.
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Appendix B-7. Heat Exchanger RTD Performance Testing

The Arigo heat meter used at the test site to monitor heat recovery receives temperature signals
from two resistance temperature devices (RTDs), mounted upstream and downstream of the
heat recovery unit. The accuracy of the RTDs will be determined by comparing RTD signals to
temperatures measured by the Center using a calibrated Type K thermocouple. Prior to this
evaluation, the thermocouple will be calibrated in the laboratory using an ice bath and boiling
water at or near sea level conditions. A thermocouple that is determined to be accurate within
0.5 percent of reading or better will be used for the performance check. The performance check
will be conducted a minimum of three times during the verification period using the procedures
outlined below. Data will be recorded on field logs such as the example on the following page
using the procedures outlined below.

Laboratory calibration of reference thermocouple (TC):

1 Insert TC into ice bath while stirring the bath. Record the stable reading in degrees
Kelvin. Calculate the percent error as ((TC response (°K))/273.15] * 100.

2. Insert TC into boiling water while stirring the bath. Record the stable reading in degrees
Kelvin. Calculate the percent error as ((TC response (°K))/373.15] * 100.

3. Use the higher of the two errors to determine if the TC accuracy is within 0.5% of
reading.

Performance testing of Arigo RTDs:

1. Remove the two RTDs from the pipe and immerse in an ice-water bath.

2. Simultaneously immerse the reference thermocouple and, while stirring, obtain and
record stable readings from the three devices.

3. Repeat the process in a hot-water bath.

4, Compare the RTD readings to the reference reading at each of the two calibration

points. If the RTD readings differ by more than 1.8°F, the RTDs should be submitted for
recalibration.
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Project:

Inlet RTD ID:
Outlet RTD ID:
Reference TC ID:

Reference
Temp. CF)

Appendix B-7. Heat Exchanger RTD Performance Testing
(Continued)

Heat Exchanger RTD Performance Test

Inlet RTD
Reading (°F)

Difference (°F)

Date:

Ambient Temperature:

Technician:

Date of Reference Cal:

Outlet RTD
Reading (°F)

Difference (°F)
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Appendix C-1.
Appendix C-2.
Appendix C-3.
Appendix C-4.
Appendix C-5.

APPENDIX C
Example Test and Calibration Data

Page
Example of Core Laboratories Gas AnalySiS RESUILS.........ccvveveeiiiieee i, C-2
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Appendix C-1. Example of Core Laboratories Gas Analysis Results
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Appendix C-2. Example of CoreLaboratories Calibration Data

ML O - WARE L DA BT § L a1 | d- i 10 B ALV T A W DL SUD SIUD e &
- LeN B6\a g
24-Jul TRUE MEAS  MORMAL [A-8] %DIFF  ALLOWEDOK

HELIUM 0 546 0 545 0.548 0,000 MIA  NOT oK
OMYGEN 0001 0 0,000 0.001
MITROGEM 493 4493 4 310 0.000 oo 200K
METHANE 70414 TO4I4 T4 0001 0o 02 0K
cos 0857 0997 0697 0 000 aa 3,0 OK
ETHANE 3 008 2,008 9.008 0.001 an 1.0 DK
PROPANE & DEs & (S 5085 0000 oo 100K
ISOBUTANE 102 102 1000 0.000 0o 20 0K
N-BUTANE 2.082 2942 2992 0.000 0.0 2.0 OK
ISOPENTAMNE 1.005 1.005 1.00% 0.000 0.0 300K
4-PENTANE i D04 1.004 1.004 {000 a0 300K

100003 100.001 100.000

Na._#-'\-'\fu\ [;M Sl— l:lllj

Anelybcd Weekly a3 a Coa MiLiry oclibrmhim  (€CV)

chedk. Trgrnumest 13

Yen e e
| gutyids @cceptamst

I i
Limirs
e co Wk

~age 1

US EPA ARCHIVE DOCUMENT
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Appendix C-3. Example of Exhaust Stack Emission Rate Results

Example Summary of Results

Compuny: XYZ

Plant: Power Prodeation Facility
[ ocation: Florida

Technivions: LI RPO, DLD
Source: a Solur Centaur T-4300 Gas Turbine Generatior Set

Turbine Generator

| Test Number 1C-1 1C-2 1C-3
Date EETER T ERTER TS LT E
Start Time KALIKX ARIKE ALK
| Stop Time AT AR AKXK
| Power Turbine Operation Averages
!Ge nerator Output (kW kilowans) 2320 2830 2820 2823
|Percent Load (% of mfg.'s rated capacity of 2970 kW) 4.9 95.3 94.9 5.1
| Ammeter (AL Amperes) 186 386 390 87
Valtmeter (AC Valis) 437 433 433 434
|Frequency Meter (Hz, herz) o4 6.4 6.4 a4
|Power Factor Meter (Below 100 is lag) .4 Q6.6 96.4 6.5
Engine Speed (%, NGF) 1002 100,10 100, 1 1o
Engine Compressor Discharge Pressure (psia, PCDY 1300 129.5 13000 129.8
Mean Turbine Exhaust Temperature (°F, T-3) 1161 1 160} 1160 116
| Turbine Fuel Data {Landfill Gas)
|Fuel Heating Valee (Biw/SCE, HHV) f3l.6 631.6 6316 a3l.6
| Fuel Specific Gravity (LERIT 08817 0EBLT 08817
|0 "F-factor” {DSCFex/MMBiu @ 0% excess air) Q150 Q150 2150 4150
|CO, “F-factor” (DSCFex/MMBiu @ (1% excess air ) 15001 1501 1500 1501
|Fuel Flow (scfm, landfill gas) 1167.2 11643 1164.8 1165.4
|Heat Input {MMBrwhr, Higher Heat Value) 44.23 44,12 44.14 4407
i]—lcn[ Input { MM Btushr, Lower Heat Value) 0.8 397 39.7 £l
| Brake-specific Fuel Consumption {Biu/kW-hei 14,117 14,032 14,088 14,079
| Ambient Conditions
| Atmosphenc Pressure { "Hg) 20.93 2993 29.89 29.92
Temperature (°F): Dry bulb A34 831 &0.1 §1.2
| °F¥ Wet bulb 699 500 Ga.0 696
Humidity (lbs maisture/lb of air) 0.0122 0.0123 0.0123 0.0iz3
|Measured Emissions
|NOy, (ppmv, dry basis) 303 315 31.28 3115 |
|NOy (ppmiv, dry @ 15% O:) 46,1 472 46.3 46.5 |
|30, (ppmy, dry basis via EPA Method el 1.100 1.13 124 LI7
|50, (ppmy, dry @ 5% Oy) 1.63 1.7 |.8% LTS
|CO (ppmv, dry basis) 094 980 981 0.85
THC (ppmv, wet basis) 162 1.63 1.75 167 |
| Vigible Emissions (% opacity ) ] L] |
|H.0 (% volume, from Method 4 sample train) 555 33 5.30 541 |
10, (% volume, dry basis) 16,93 17.01 1691 16.95 |
|CO, (% volume, dry hasis) 3.26 339 325 327 |
[Stack YVolumetric Flow Rales ! !
|via EPA Method 2, pitot tube (SCFH, dry basis) 2.17TE+Db LI12E+06  2.22E+06 | 2I7E+0G
|via O, "F~factor" (SCFH, dry basis) 21 3E406 217E+D8 | 212E+06 | 2. 14E+M
|via OO “F_-factor” (SCFH, drv basis) 2IME+DE | 20IE+D6  204E+06 | 2.0IE+HMG
{Calculated Emission Rates { via M-19 O, "'F-factor)
| MOy, (Ibsfhr) R.OS T.90 .29 .08
{CO (Ibs/hr) .57 151 1.58 1.56
|THC (Ibsihe) 016 0.15 0.17 0.16
S0, (Ihsthr) (1400 0.40 (.47 .42
MOy (tons/yr) 353 3.6 36.3 354
CO (tonsfyr) A.ER f.63 7,93 682
THC itonsiyr) 68 F 0,00 0.75 .45
50, (tonsfyr) 1.74 1.75 .07 1.85

Testing Dy Cubix Corporaiion - Austn, Texas - Ganesville, Flonda
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Appendix C-4. Example of Exhaust Stack Raw Emission M easurements Data

Unit R-2, Logged Data Records

Fun Mumber | Diate | Time [ NGy o ] CO, | AVE Hixl AVED, [ AVE tnr.
[ | (ppmv) | (%6 veol) | (% vol) | (ppmv) | (% val) | (% vol) |
S1:57 FM B33 16.41 258 822 16.41 3.58
SL5TPM | 827 | 1642 | 260 822 | 1641 | 1.59
Fun 2C-3 [ TOVZ000 53:5/PM | B.10 | 1642 | 258 | BIE | 1641 | Z50
Run 2C-3 [4FTDVZ000 S457PM | B.22 | 1643 | [ 819 16.42 .58

START Run2C-3 [F1VZ000 |1
1:
E
1 ]: - - -+ 4 . +
Bun 2C-3 4TVZ000 [1:55:57 PM 826 16.43 8.21 16.42 2.58
1:
1:
1:
1:

Run 2C-3 [ TIVZ000

1 B b
242

Run 2C-3 [#/10/2000 | 1:56:57PM__ | 8.09 | 16.38 810 | 1641 | 258
Run 2C-3 4102000 [1:57:57 FM B.17 16.39 818 | 1641 | 258
Run 2C-3 [#TVZ000 (15857 PM | 834 | 163D BI9 | 1640 | 2.59
Run 2C-3 [#TV2000  [T:59:57PM | 830 | 1631 _B20 | 1639 | 259
Run 2C-3 [#1V2000  (3:00:57PM | D.68 16.08 835 | 1635 | 2AI
Run 2C-3 V000 20156 PM | 941 | 1607 543 1633 | 2.62
Run 2C-3 (412000 20256 PM | 1038 | 1607 B61_ | 1631 | 263
Run 2C-3 [#/1V2000 |2:03:56 PM__ | 10.29 | 16.07 874 | 1629 | 2.
Run 2C-3 [#IVZ000 20456 PM | 1068 | 1611 888 | 1628 | 264
Run 2C-3 |#1072000 20556 PM | 1001 | 1611 onZ | 1627 | 265
Run 2C-3 41VZ000 |[2:06:56PM_ | 11.53 | 1615 | 918 | 1626 | 2.65
END Run 2C-3 (#1000 (20756 PM | T1.87 | 1615 | 934 | 1625 | 265
START Run2C-4  |4/1072000 |2:17:36 PM 1532 | 1607 | 1532 | 1607 | 27
Run 2C-4 [#/10/2000 | M| 1496 | 1609 | 1504 | TR.08 | XAl
Run 2C-4~ [4/10/2000 [2:19:36PM | 15.01 | 16.09 5.0 | 1609 | 387
Run 2C-4 [#1072000  |2: | 14358 | 16.09 1497 | 1609 | 2.82
Run 2C4 |#TVZ000 |22 | 1446 | 1609 1487 | 1609 | 2.83
Run 2C-4 | TIVZ000 [3.85 | 1611 1470 | 1609 | 283
Run 2C4 [T IVZ000 1365 | 1611 | 1435 | 1609 | 283
Run 2C4 | TOV2000 1308 | 16.16 [ 3 | 1610 | 283
Run 2C4 [#/10V2000 (22536 PM | 12.95 | 16.17 4 | Il | 283
Run IC-4 |41072000  2:36:36 PM 1254 | 164 404 | 16.12 PR
Run IC4 : TITA6PM | 1227 | 1348 [6.14 | Z2.81
Run 2C4 3% | 1615 | 281
Run 2C-4 - : 1364 | 16.16 | 2.80
Run 2C4 1T 125 | 1o | 270 | 1355 | IaIB 275
Run 2C-4 1233 1 1637 | 273 | 1346 | 1619 | 279
Run 2C4 36 P 12.50 | 164l 2.70 340 | 1620 | 279
END Fun 2C-4 | HTOVE000 WPM_ | 1229 | 164l | 260 | 133 | 1622 | 278
START Run2C-5 _ [4/0/2000 (Z:4203PM | 1246 | 1640 | 2.74 | 1246 | 1640 | 2.74
Run 2C-5 |4/10/2000 {03 PM 1216 | 1640 | 276 | 1231 | 1640 | 475
Run 2C-5 |00 4604 PM | 1233 | 1641 | 275 | 1233 | 164D | 275
Run 2C-5 [#10/2000 | 2:45:03 PM 1238 | 1637 | 277 | 129 | 1640 | 278
Run 2C-5 [HIVI000 (34603 PM | 1230 | 1637 | 277 | 1233 | 1639 | 2.76
Run2C5  |4/10/2000 | 2:47.03 FM 1345 | 1654 i 1235 | 163% 276
Run 2C-3 (47102000 2:4803PM | 12.43 | 1634 | 276 | 1236 | 1637 | 276
Run 2C-5 [4/10/3000 2:45:03 PM 1276 | 1629 279 | 1241 | 16.36 176
Fun 2C-5 —[02000 (25003 PM | 1227 | 1629 | 201 | 1240 | 1636 | 276
Run IC-5 [&/IV2000  |2:5108 PM_ | 1347 | 1681 | 280 | 12350 | 16.34 177
Run 2C-5 [#1W2000 |2:52:03PM | 1347 | 1620 | 278 | 1259 | 1633 | 2717
Run 2C-3 [4710/2000 [2:53.03PM | 1457 | 1616 | 292 | 1276 | 1631 | 278
Run 2C-5 [4/10/20002:54:03 PM 1443 | 1614 281 | 1289 | 1630 | 278
Run 2C-5 [4/1072000  [Z:5508 PM_ | 1462 | 1604 | 287 1301 16.29 2.79
Run 2C-5 [/12000 |Z:56:03PM__| 14.59 | 1605 | 280 | 1301 | 16.8 | 279
Run 2C-5 [#T0Z000 | 2:57:03 PM 14.84 lo.lo | .79 1222 | 1627 | 279
END Run2C-5  |W1002000 |25803PM | 1535 | 1617 | 279 | 1335 | 1627 279

13 19{ 9] 191191 13 53] 13 13 03 03] 131 13( 13 1319 13 19 59/ 83) 13 13/ 13/ 1313 1
e | N - -1 { ]| = =
EHFFAIERERR NI 2RE2 2P B Re

Testing by Cubix Corporation - Austin, Texas - Gainesville, Florida R2-2
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Appendix C-5. Example of Exhaust Stack Emission M easurements Calibration Data
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DG Technical Panedl

Christian Fellner

Chemica Engineer

Energy Supply & Industry Branch

Climate Protection Partnerships Division

United States Environmental Protection Agency
1200 Pennsylvania Ave., NW

Washington, DC 20460

(T) 202-564-2664

(F) 202-565-2078

fellner.christian@epa.gov

Christopher F. Galati, PE

Acting Director, Conservation/Technology
NW Natural Gas

220 NW Second Ave

Portland, OR 97209

(T) 503-721-2472

(F) 503-721-2539

cfg@nwnatural.com

Masoud Almassi

Manager, Industrial Marketing
Enbridge Consumers Gas

P.O. Box 650

Scarborough, ON M1K-5E3
Canada

(T) 416-495-5694

(F) 416-753-4798

masoud.almassi @cgc.enbridge.com

Bhavesh Patel

Manager, Strategic Business Devel opment
ASCO Power Technologies

50 Hanover Rd.

Florham Park, NJ 07932

T (973) 966-2746

F (973) 660-3397

bpatel @asco.com

Robert D. Eck

Area Manager

National Fuel Gas Distribution Corporation
10 Lafayette Square, Room 800

Buffao, NY 14203

(T) 716-857-7711

(F) 716-857-7254

eckr@natfuel.com

William R. Taylor

Electrical Engineer

U.S. Army Corps of Engineers

Eng. Research and Development Center (ERDC)
Construction Engineering Research Laboratory
2902 Newmark Dr.

Champaign, IL 61822-1076

(T) 217-352-6511 x6393

(F) 217-373-6740
william.r.taylor@erdc.usace.army.mil

R. Neal Elliott

Sr. Associate

ACEEE

1001 Connecticut Ave. NW, Suite 801
Washington, DC 20036-5525

(T) 202-429-8873

(F) 202-429-2248

rnelliott@aceee.org

Anne-MarieBorbely

Manager, Technology, Policy and Planning

US DOE, Pecific Northwest National
Laboratory

902 Battelle Blvd.

Richland, WA 99352

(T) 509-372-4799

(F) 509-372-4370

am.borbely@pnl.gov

Patrick McL afferty

Vice President

Nextek Power Systems, Inc.

CA Alliance for Distributed Energy Resources
926-J St., Suite 1500

Sacramento, CA 95814

(T) 916-492-2445

(F) 916-492-2176

nextek3@msn.com

CharlesUnderhill

Manager

Vermont Public Power Supply Authority
5195 Waterbury-Stowe Rd.

Waterburg Center, CT 05677

(T) 802-244-7678

(F) 802-244-6889

underhil @vppsa.com




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

DG Technical Panedl

Ken Crowl

Dir. Controls and Electrical
Enron Corp.

P.O. Box 3330

Omaha, Nebraska 68103-0330
(T) 402-398-7962

kcrowl @enron.com

Michael Marvin

Executive Director

The Business Council for Sustainable Energy
1200 18" St. NW, 9" Floor

Washington, D.C. 20036

(T) 202-785-0507

(F) 202-785-0514

mmarvin@ase.log

Jerry Bernards

Director, Project Integration
Portland General Electric
121 SW Sdmon St
Portland, OR 97204

(T) 503-464-7032

(F) 503-464-234
jerry.bernards@pgn.com

Brock John

KEFI-Exchange Inc.

200, 1055 - 20th Avenue N.W.
Cagary, Albertay, CANADA T2M 1E7
(T) 403-251-0689

(F) 403-282-3323
bjohn@Kkefi-exchange.com

Paul Lynch

KeySpan Energy
445 Broadhollow Rd.

Melville, NY 11747
(T) 631-391-6135
(F) 631-391-6079

Joe lannucci

Principal

Didtributed Utility Associates
1062 Concannon Blvd.
Livermore, CA 94550

(T) 925-447-0604

(F) 925-447-0601
dua@ix.netcom.com

Greg Vogt

President

Eastern Power, Ltd.

304 The East Mall, Suite 100
Toronto, ON, Canada M9B6E2
(T) 416-234-1301

(F) 416-234-8336

estrnpwr @interlog.com

Mike Sefert

Manager of Support Services
Vero Beach Municipal Utilities
P.O. Box 1389

Vero Beach, FL 32961

(T) 561-978-5020

(F) 561-978-5090
ppmngr@corb.org

ErnieBouffard

Supervising Air Pollution Control Engineer
Connecticut Dept. of Environmenta Protection
79 ElIm St

Hartford, Connecticut 06106

(T) 860-424-3441

(F) 860-424-4064
ernest.bouffard@po.state.ct.us

David Weiss
Industrial Center

400 N. Capital Street, NW
Washington, DC 20001

(T) 202-824-7153

dwei ss@industrial center.org
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DG Technical Panedl

Gerry Lederer*

Vice President, Government and Industry
Affairs

Building Owner Management Association

1201 New Y ork Avenue, NW

Suite 300

Washington, DC 20005

(T) 202-408-2662

(F) 202-371-0181

glederer@boma.org

Robert Elliott*

Vice Presdent, Engineering, Codes and
Standards

American Hotd and Motel Association

1201 New York Avenue, NW #600

Washington, D.C. 20005-3931

(T) 202-289-3100

(F) 202-289-3185

relliott@ahma.org

Walter Johnston

Association of Energy Engineers — Cogeneration
Ingtitute

4000 Capital Ct.

Raeigh, NC 27613-2004

(T) 782-5729

Dr. Harmohindar Singh

ASHRAE member

Director of Center for Energy Research and
Technology

Architectural Engineering

NC A&T State University

437 McNair Hall

Greensboro, NC 27411

Nicholas Lenssen

Senior Director

Primen

1750 14th Street, Suite 200
Boulder, CO 80302 USA

(T) 303-545-0100

(F) 253-595-7044 / 303-545-0204
nlenssen@pri men.com

Tom Molinski

Manitoba Hydro

Chairman,

Canadian Association for Distributed Resources
P.O. Box 815

Winnipeg, MB, Canada R3C 2P4

(T) 204-474-3472

(F) 204-477-4606

tsmolinski @hydro.mb.ca

John Overall

Senior Technology Advisor
Market Knowledge Dept.
Union Gas Limited

joverall @uniongas.com

Dan Goldber ger

Senior Advisor

Canadian Electrical Association
dan.goldberger @sympatico.ca

Tim Farrdl
NWT Power
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Verification Team Members

Stephen D. Piccot
Director, GHG Center
Southern Research Institute
P.O. Box 13825

RTP, NC 27709

(T) 919-806-3456

(F) 919-806-2306
piccot@sri-rtp.com

Sushma S. Masemore
Deputy Director, GHG Center
Southern Research Institute
P.O. Box 13825

RTP, NC 27709

(T) 919-806-3456

(F) 919-806-2306
masemore@sri-rtp.com

David Kirchgessner

EPA Project Officer

U.S. Environmental Protection Agency
Office of Research and Development
ERC Building, MD-63

Research Triangle Park, NC 27711

(T) 919-541-4021

(F) 919-541-7885

kirchgessner @david@epa.gov

Paul Liddy

President

Mariah Energy Corp.

Walker Court

#12, 1922 — 9" Avenue SE.
Calgary, Alberta, Canada T2H 2L.3
(T) 403-264-2880

(F) 403-264-2881

pliddy @mariahpower.com

Richard Adamson

Vice President and C.O.0.

Mariah Energy Corp.

Walker Court

#12, 1922 — 9" Avenue SE.
Cdgary, Alberta, Canada T2H 2L3
(T) 403-264-2880

(F) 403-264-2881

radamson@mari ahpower.com
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Rob Brandon

Senior Project Manager

CANMET Energy Technology Centre
1 Haan€l Drive

Nepean, ON, Canada K1A 1M1

(T) 613-992-2958

(F) 613-947-0291
rbrandon@nrcan.gc.ca

David Hajesz

Natural Resources Canada
TEAM Operations Office

580 Booth St., 13" F.

Ottawa, ON, Canada K1A OE4
(T) 613-996-8734

(F) 613-947-1016
david.hajesz@nrcan.gc.ca

lan Potter

Alberta Research Council
Advisor to Mariah Energy Corp.
potter@arc.ab.ca




