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1.0 INTRODUCTION

11 BACKGROUND

The U.S. Environmental Protection Agency’s Office of Research and Development (EPA-ORD) has
crested a program to facilitate the deployment of innovative technologies through independent
performance verification and information dissemination. The goa of the Environmental Technology
Verification (ETV) program is to further environmental protection by substantially accelerating the
acceptance and use of improved and more cost-effective 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 because of the lack of credible third-party performance testing. With performance data
developed under this program, technology buyers and permitters in the United States and abroad will be
better equipped to make informed decisions regarding environmental technology purchases.

The Greenhouse Gas Technology Verification Center (GHG Center) is one of 12 independent verification
organizations operating under the ETV program. The GHG Center is managed by EPA’s partner
verification organization, Southern Research Institute (SRI). The GHG Center provides a verification
testing capability to GHG technology vendors, buyers, exporters, and others that have a need for
independent performance data.  This process consists of developing verification protocols, conducting
field tests, collecting and interpreting field and other data, and reporting findings. Performance
evauations are conducted according to externaly reviewed test plans and established protocols for
quality assurance.

The GHG Center is guided by volunteer groups of Stakeholders. These Stakeholders offer guidance on
specific technologies most appropriate for testing, help disseminate results, and review test plans and
verification reports. The GHG Center’s stakeholder groups and/or externa reviewers consist of national
and international experts in the technology areas selected for verification. They aso include industry
trade organizations, environmenta technology finance groups, and various government and international
organizations. Based on stakeholder input, oil and gas industry technology areas have been targeted for
verification by the GHG Center.

To pursue verification testing in oil and gas technology areas, the GHG Center established an Oil and Gas
Industry Stakeholder Group. The group consists of representatives from the production, transmission,
and storage sectors, technology manufacturers, industry consultants and service providers, and
environmental regulatory groups. Individuals who are members of the Oil and Gas Industry Stakeholder
Group have voiced support for the GHG Center’s mission, identified a need for independent third-party
verification, prioritized specific technologies for testing, and identified technology performance
parameters of most interest to their industry.

In the natural gas industry, transmission pipeline operators use internal combustion (1C) gas-fired engines
to provide the mechanical energy needed to drive pipeline gas compressors. As such, owners and
operators of compressor stations are interested in the performance of these engines with regard to engine
fuel consumption, reliability, availability, and emissons. MIRATECH Corporation has developed a
technology that has the potentia to improve these engine performance characteristics. MIRATECH’s
GECO 3001 Air/Fud Ratio Controller (the Controller) is designed to balance lean-burn engine fuel
mixtures and improve fuel economy, maintenance requirements, and emissions performance.
MIRATECH has committed to participate in a verification of this technology. The test will be carried
out at a gas processing station operated by Conoco Incorporated (Conoco) of Houston, Texas. This Test
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Plan describes the technology to be tested, and outlines the GHG Center's plans to conduct the
verification in afield setting.

1.2 VERIFICATION PARAMETERS

Fidd testing of the GECO Controller will be conducted at Conoco’'s Conger Station gas processing
facility near Sterling City, Texas. The test is scheduled to begin in January 2001, and will continue for a
period of approximately 3 months. After completion of the test, a Verification Statement and Report will
be issued that documents the performance of the technology at test conditions. The specific verification
parameters to be evauated are listed below. Determination of each parameter is discussed in Section 2.2.

Changes in fuel consumption rates for primary engine operating conditions,
Changes in emissions of criteria pollutants and greenhouse gases,

GECO Controller installation and shakedown requirements, and
Lubrication oil degradation.

Evduation of these verification parameters will be achieved through observation, collection and analysis
severd critical measurements including direct fuel gas measurements, direct measurements of engine
emissions, direct measurement of engine power output, use of station monitoring data, and engine ail
analyses. These parameters will be used to determine if ingtalation and use of the Controller results in
changes in engine performance.

1.3 GECO 3001 CONTROLLER DESCRIPTION

As engine operations and conditions change over time, engine performance and emissions can be
impacted by these changes. Variables such as engine speed and load, fuel gas quality, and ambient air
conditions can have significant effects on engine operation and the air/fuel ratio in the cylinders. The
GECO Controller is an air/fuel ratio controller designed to improve performance of natura gas-fired,
four-cycle, lean-burn reciprocating engines by optimizing and stabilizing the air/fue ratio over a range of
engine operations and conditions.

This device was first introduced in 1997 and currently there are about 25 units in operation in the gas
transmission industry. The technology uses a closed-loop feedback system to automatically and
continuoudly optimize the air/fuel mixture introduced to the engine. This function provides the potentia
to improve engine fud consumption and reduce engine emissions, particularly when changes in engine
load, fuel quality, or ambient conditions occur. Optimized and stabilized air/fud ratios can improve
engine performance, reduce lubrication oil degradation, and help minimize wear to maor engine
components and therefore, the Controller aso has the potentia to reduce engine maintenance. The
Controller can be configured to operate based on engine exhaust oxygen (O,) feedback, or generator
output (kW) feedback for engines used to drive electrical generators. Using either approach, the
controller monitors the O, or kW sensor inputs and controls the air-to-fuel ratio generated by the
carburetor. This verification will address only the exhaust oxygen feedback system because the test
engine will not be driving a generator.

The Controller uses relationships between excess air in the combustion chamber, measured exhaust gas
O, concentrations, and engine emissions to calculate optimum air/fuel ratios a various engine loads.
Typica relationships between excess air and emissions in lean-burn gas-fired engines are illustrated in
Figure 1-1. Using exhaust gas O,, intake air manifold pressure (MAP), intake air manifold temperature
(MAT), and engine speed (MAG-pickup) as primary indicators of engine operation, the Controller
continuoudly adjusts air/fuel ratios in the engine by adjusting and controlling fuel flow to the carburetor.



Fuel flow is adjusted using a full authority fuel valve that is supplied by the vendor and installed directly
into the engine fuel line, upstream of the carburetor/mixer. Figure 1-2 presents a schematic of the GECO
Controller. Table 1-1 summarizes the components that are included in a typical Controller installation
and their function.

Figure 1-1. Relationship of Excess Air and Exhaust Gas Characteristics

The GECO#3001 AFR contreller uses excess air ratios for calculations.
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Figure 1-2. Schematic of the GECO 3001 Controller
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Table1-1. GECO Air/Fuel Controller System Components

Component

Function

ECU Control Board

Includes the microprocessor controller and all electronics associated with
power regulation, signa inputs and filtering, controlled outputs, and
communications. Also includes the closed-loop enable switch.

Keyterm

A communication terminal useful for communication with the Controller
in applications where a PC is not available.

User Interface Module

Allows the user to view Controller status using three LED displays
including Controller power, shutdown relay, and fault relay

Full Authority Fuel
Vave

An dectronically actuated, full authority valve used to control fuel flow to
the air/fuel carburetor/mixer.

Manifold Temperature
Sensor

A thermal resistor used to monitor intake manifold absolute temperature
(MAT) to determine M-dot air and calculations (M-dot air is a default air
temperature set-point used during engine startup).

Manifold Pressure
Sensor

A 5-volt reference pressure sensor used to monitor intake manifold
absolute pressure (MAP) from 0 to 43 psig, used as an indicator of engine
load.

Engine Speed Sensor A magnetic pickup (MAG) sensor used to determine engine speed (RPM)
by counting pins on the flywhedl.

Exhaust Oxygen Sensor | A universal exhaust gas oxygen (UEGO) sensor used to continuously
monitor the oxygen concentration in the exhaust gas.

GECO Diagnostic Provides advanced troubleshooting capabilities using diagnostic fault

Software codes, oscilloscope plotting, and data-logging.

1-4




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

Figure 1-2 and Table 1-1 show that the four input variables to the Controller during operation are exhaust
gas O, content, MAP, MAT, and MAG-pickup. The O, signa indicates the excess air level, the MAP
signd is used by the Controller to estimate engine load, the MAT signa is used to caculate the M-dot air
breakpoint (a pre-programmed exhaust gas O, threshold level that disables the Controller during engine
startup), and the MAG-pickup sensor monitors engine speed. After all system components are installed
on an engine and confirmed to be functiona, the Controller must then be programmed to control air/fuel
ratios to levels most desirable for a specific engine and application. During programming, the engine
air/fuel ratios are varied while monitoring emissions to determine the optimum ratios with respect to
engine NO, emissions. The optimum air/fue ratio value is identified as Phi-desired. The engine is then
operated at a range of loads and, while monitoring the three input variables (O,, MAT, MAP, and MAG-
pickup) to the Controller, the fuel valve is adjusted to achieve Phi-desired at each load. The valve
positions and input variables at each operating point are stored by the Controller as the Phi-target table.
When in operation, the Controller produces a continuous valve command that controls valve position, and
subsequently, the air/fuel ratio.

The Controller can be used in three different modes of operation including open-loop, closed-loop, and
manual modes. When the engine is started, the Controller sets the fuel valve to a crank default vave
position that can be set a any postion. The valve remains in this position until the engine reaches 400
rpm, a which point the Controller goes into open-loop mode and sets valve positions according to a vave
learn table. The vave-learn table uses the O, and MAT sensor input values to caculate the mdot_air
(mass air flow rate to engine) and mdot_fud (mass fuel flow rate) values.

The Controller will operate in open-loop mode (using the valve-learn table) until the mdot_air reaches a
value higher than the mdot_air breakpoint value. The mdot_air breakpoint value is determined during
Controller programming as the point where the Controller will go into closed-loop mode of operation.
Once in closed-loop mode, the Controller uses input signals for engine speed and air pressure (the MAG-
pickup and MAT sensors) to look up the Phi-target vave positions from the pre-programmed vave table,
and set the valve a that position to optimize the air/fuel ratio. Manua mode is primarily a
troubleshooting tool that alows the user to disable the Controller and manualy control the fuel valve to
observe the sensor and emissions responses and program the controller during system installation and set-

up.

14 TEST FACILITY DESCRIPTION

This verification will be hosted by Conoco, Inc. at their Conger Plant near Sterling City, Texas. This
facility is an extraction plant where natural gas is extracted and processed for subsequent transport and
sde. The plant recovers hydrocarbons of C, and heavier from the natura gas, then compresses the
methane for sde. The plant has a capacity of approximately 25 million cubic feet per day, and is
equipped with five internal combustion engines including two Caterpillar Model 3516-Sl re-compressors,
two Caterpillar Model 3406 generator sets, and one Caterpillar Model 3508 refrigeration unit.

The two Caterpillar 3516-Sl lean-burn re-compressor engines will be used to conduct this verification.
Unit No. CM-101 will be equipped with the Controller and be designated as the Test Engine. Unit No.
CM-102 will be the Control Engine used for comparison of engine oil conditions. Both units were
exchanged during a scheduled overhaul with zero-hour units (engine with no run time) the first week of
August 2000. Both engines have a rated power output of 1,085 BHp and consume approximately 5,200
cubic feet per hour (cfh) natura gas from a common fuel header during normal operation. The engines
are lean-burn design and no additional emission controls are employed. Current permissible emission
rates for the engines as mandated by the State of Texas are 1.9 grams per brake horsepower-hour (g/BHp-
hr) for NO, and 1.5 g/BHp-hr for CO (corresponding concentrations are expected to be in the range of
200 to 300 ppm for NO, and CO).
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Both engines drive reciprocating gas compressors that elevate pipeline gas pressure from approximately
250 to 850 psig. The compressors are Ariel Modd JGK two-stage units. The two engine/compressor sets
operate on the same schedule and load during normal station operation. Engine speed may vary
somewhat between the engines depending on inlet gas volumes. Under normal operations, the engines
run a or near full capacity with an average annua utilization of approximately 96 percent. Reduced
operating loads can be achieved on the engines for short periods in order to facilitate the testing planned
for this verification. The station monitors engine operations continuoudly, but has limited data acquisition
capabilities. Therefore, engine operating parameters that are key to this verification will be monitored by
the GHG Center using procedures described in Section 2.2.1 of this Plan.

15 ORGANIZATION

The project team organization chart is presented in Figure 1-3. A discussion of the functions,
responsibilities, and lines of communication between the organizations and individuals associated with
this verification test is provided below.

Figure 1-3. Project Organization

EPA .
ETV GHG Pilot Manager Southern R reh I_nsmute Southern Resear ch I nstitute
ETV GHG Center Director
EPA - APPCD X QA Manager
David Kirch Stephen Piccot .
a cngessner ETV GHG Center Deputy Director Ashley Williamson
Sushma Masemore
EPA
ETV GHG QA Manager
EPA - APPCD
Nancy Adams
N Miratech
iratecl
Southern Research I nstitute Conoco _ _
ETV GHG Verification Leader Project Coordinator Project Coordinator
Bill Chatterton Terry Clingan Bill Clary
Technical Staff
John Sartain
Cubix Corporation Technical Compression Services
Emissions Testing Power Analysis
Leonard Brenner Noah Kennedy

Southern Research Institute’ s Greenhouse Gas Technology Verification Center has overall responsibly for
planning and ensuring the successful implementation of this verification test. Mr. William Chatterton
will have the overal responsbility as the project manager. He will be responsible for quality assurance at
the test site, including determination of DQOs prior to the completion of the test. Mr. Chatterton will
follow the procedures outlined in Section 3.0 to make this determination, and will have fully authority to
repeat tests as determined necessary. Should a Situation arise during the test that could affect the health or

1-6



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

safety of any personnel, Mr. Chatterton will have full authority to suspend testing. Mr. Chatterton will be
responsible for maintaining communication with MIRATECH, EPA, and Conoco.

Mr. Chatterton will also serve as the Field Team Leader, and will provide field support related to all
measurements data collected, including fuel measurements, 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 the power measurement contractor to ensure that QA/QC procedures outlined
in Sections 3.0 and 4.0 are followed.

Conoco will provide the engines where al testing will be conducted. Conoco technicians will operate the
engines, maintain manual operations log, and submit data recorded by the DAS. Conoco will be available
on-site to perform instrument checks if the GHG Center determines data collected by measurements
instruments are suspect. Mr. Terry Clingan will have the full authority over the activities performed by
Conoco technicians, and will coordinate with Mr. Chatterton throughout the test.

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 internal Technical Systems Audit
and an Audit of Data Quality, as required in the GHG Center’s QMP.  Further discussion of these audits
is provided in Section 5.3.3. Results of the interna audits and corrective actions taken will be reported to
Mr. Steve Piccot, the GHG Center Director, and included in the final Verification Report.

EPA’s APPCD is the sponsor of this ETV GHG Center, and is providing broad oversight and QA support
for this verification. The EPA Pilot Manager, David Kirchgessner, is responsible for obtaining fina
approval of project Test Plan and reports. The EPA QA Manager reviews and approves the Test Plan and
final reports, and has the authority to conduct an external audit of this verification.

MIRATECH and the GHG Center have signed a forma agreement specifying details of financia,
technical, and managerial responsibilities. These details are not repeated here. MIRATECH will provide
technical guidance and assistance during the installation and programming of the Controller. MIRATECH
may participate as an observer during testing, but will not collect any verification data

1.6 SCHEDULE OF ACTIVITIES

Figure 1-4 presents the schedule of activities for verification testing of the Controller. A site survey visit
has aready been completed. Field testing is scheduled to begin in February 2001, but the exact date of
start-up will depend on ingdlation and programming schedules, and engine availability for these
activities.

The first set of performance tests should occur the day after Controller installation and programming is
complete and is expected to take 3 days to complete. The Controller will then be alowed to operate
normally for the next 3 months during normal Test and Control Engine operations. The second set of
performance tests will occur after about 3 months of operation, in April 2001.

A draft verification report is scheduled for completion and review by June 2001. A finalized report and
verification statement will be ready for distribution by the end of August.

Although not expected, delays may occur for various reasons, including mechanica failures at the site,
weather, and operational issues. Should significant delays occur, the schedule will be updated and all
participants will be notified.
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Figure1-4. Verification Schedule
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2.0 VERIFICATION APPROACH

21 OVERVIEW OF VERIFICATION STRATEGY

This verification is designed to quantify changes in engine fuel consumption rates, criteria pollutant and
greenhouse gas (GHG) emissions, and oil degradation rates of the engine while employing the GECO
Controller. The GECO Controller is scheduled to be installed on one Caterpillar 3516 lean burn engine at
the Conger Plant in January 2001.

The evauation will characterize, via measurements and other means, the following verification
parameters:

Changes in fuel consumption rates (Btu/BHp-hr)

Changes in emissions of criteria pollutants and GHG emissions (g/BHp-hr)
Lubrication Oil Degradation Rates

Controller Installation Requirements (labor and capital)

The evaluation will be conducted over a 3-month period after GECO Controller installation, shake-down,
and start-up activities are completed. To verify improvements in engine performance caused by use of
the Controller, each of the parameters will be evaluated with and without the use of the Controller. The
verification parameters will be evaluated using the following comparisons:

1) Evduations of fuel savings, engine fuel consumption rate, emissions performance, and
emissions reductions will be accomplished by conducting a series of tests with the
Controller enabled, and this will then be compared to the performance measured when
the engine is operated with the Controller disabled. These evaluations will be conducted
twice; once near the beginning of the 3-month verification period and again near the end.
During both evaluations, testing will be conducted at three engine operating loads.

2) Evauation of lubrication oil condition will be conducted by comparing the oil
characteristics of the engine equipped with the Controller (Engine CM-101) to the oil in
an identical engine (Engine CM-102) that is not equipped with a Controller. These
evaluations will be conducted periodically throughout the 3-month verification period.

Table 2-1 summarizes the verification approach. More detail regarding evaluation of each of the
verification parameters is presented in the following sections.
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Table2-1. Verification Strategy

Verification
Parameters

Data Used to Deter mine Changes Due to Controller

Test Enginewith
Controller Enabled

Test Enginewith
Controller Disabled

Control Engine

Fudl Consumption Rates| Fuel/power metering Fuel/power metering --
Changes to Criteria --
Pollutant and GHG Emission Testing Emission Testing

Emission Rates

Installation
Requirements

Station Records

Lube Qil Degradation

Oil Sampling

Qil Sampling

2.2 DETERMINATION OF VERIFICATION PARAMETERS

Fuel consumption rates and emissions performance will be evaluated on the engine equipped with the
Controller by comparing results of a series of tests conducted with the Controller enabled and disabled.
The Controller's closed-loop mode of operation will be used for al of the tests conducted with the
Controller enabled. During these tests, fuel flow to the engine will be regulated by the full authority fuel
valve according to O,, MAP, MAT, and MAG-pickup sensor feedback.

The Controller will be disabled to smulate an engine that is not equipped with a Controller. At Conoco,
air/fuel ratios are set to meet NO, emission regulations by manualy adjusting the carburetor while
monitoring emissions. Typically, these adjustments are made during scheduled engine maintenance or
overhauls. Air/fuel ratio will not be adjusted or atered during installation of the Controller. Air/fud
ratios then remain static (but not necessarily optimized) until the carburetor is again manualy adjusted.
To smulate this during the testing, the Controller will be placed into manual mode and the full authority
fuel valve (installed as a component of the Controller) will be placed in full open position. With the
Controller disabled, air/fuel ratios will be satic, controlled by the carburetor only, and will not be
optimized after changes in engine operation, fuel quality, ambient conditions, or any other conditions that
might affect engine performance. This will represent operation of the engine without a Controller.
Conversely, the Controller (when enabled) is designed to detect changes in engine performance and adjust
the air/fue ratios (using the full authority fuel valve) to optimize engine operation. These two operating
conditions provide the basis for conducting an unbiased evaluation of the effectiveness of the Controller.

The pressure drop created by the presence of the open valve is about 0.07 to 0.14 psig. This represents
approximately 0.4 percent of the normal fuel pressure of around 20 psig, and is not expected to affect
engine operation. Immediately after instalation of the Controller and during initial Controller
programming, the fuel line pressure will be increased just enough to provide fuel to the carburetor at the
same pressure that was observed prior to instalation of the full authority fuel valve.

The Controller is designed to stabilize engine performance during normal operation and after engine
operating or environmental changes occur. The performance evauations will be conducted while
operating at full load, and after varying engine load, which is the only operationa parameter that is fully
controllable. Changes in engine performance will be evaluated by changing engine load, alowing the
engine to stabilize, and collecting data with the Controller enabled and disabled for comparison. This
step-by-step approach is summarized in Table 2-2.



Table 2-2. lllustration of Testing Sequence

Step Operating Condition _ Test Type Evaluation
1 Full load, Controller dissbled Baseline condition, conduct 1-hour Comparefuel
test consumption
rates and
2 Maintain full load, Enable Controller Conduct 1-hour test emissions
performance
3 Reduce engine load to 75 percent, maintain Conduct 1-hour test after stabilization Comparefuel
Controller enabled consumption
o . rates and
4 Maintain 75 Fg)%?r]élllzrad and dissble Conduct 1-hour test after stabilization emissions
performance
5 Reduce engine load to 50 percent, maintain Conduct 1-hour test after stabilization Compare f_uel
Controller disabled consumption
Maintain 50 percent load and enable rates and
6 %e:)ntroller Conduct 1-hour test after stabilization emissions
performance

During al of the test periods presented in the table, important engine operational parameters including
engine speed, horsepower, fuel pressure, ambient air temperature and humidity, and the fuel lower heating
value (LHV) will be monitored using the procedures described in Section 2.2.1 to ensure that they remain
relatively constant during each test period, and as the Controller is enabled or disabled. Following
guidelines provided in ASME Performance Test Code (PTC) 17 for Reciprocating Internal-Combustion
Engines, deviations in these parameters that exceed the limits presented in Table 2-3 during a given test
period will necessitate repeating the test.

Table 2-3. Maximum Variability in Operating Parameters During Test Periods

Maximum Deviation of Individual
Engine Operating Parameter Observations From Average Value During
Test Period

Engine Power Output (BHp) +3%
Engine Speed (rpm) +1%
Ambient Air Intake Temperature (°F) + 10 °F
Ambient Air Intake Relative Humidity (%) n/a

Fudl Heat Value (Btu/scf) +2%
Fuel Gas Pressure (psig) +2%

" ASME PTC 17 does not specify amaximum deviation for humidity. However, relative humidity will be
monitored for informational purposes.
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Before conducting each test, Center personnel will confirm that the engine is under steady operations at
each of the desired operating set-points by documenting that the engine operating parameters listed in
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Table 2-3 are stable (within the deviation criteria listed) for a period of at least 15 minutes. At each test
condition, approximately one hour of data will be collected after engine stabilization to determine engine
emissions and engine fuel consumption rate with the Controller enabled. The Controller will then be
placed in manual mode with the fue valve fully open (disabled), and another 1-hour test will be
conducted.

More detail regarding these tests is provided in Section 2.2.1 through 2.2.3. Equipment calibrations and
quality assurance/qudity control (QA/QC) procedures for al of the measurements described in these
sections are presented in Sections 3.0 (Data Quality) and 4.0 (Sampling, Anaytical, and Quality Control
Procedures) of this plan.

The full and reduced load testing described above and in Table 2-2 will be conducted in January 2001
soon after Controller installation and shakedown, and again in April to evaluate the effects of ambient
conditions (air temperature and humidity) on engine performance. The same engine operating set points
used for the initial verification testing will be duplicated as closely as possible for the final test. Historical
meteorological data for the Sterling City area, summarized in Appendix B-4, indicate that average
temperatures range from 48 °F in January to 65 °F in April. Average relative humidity is less variable
averaging about 47 percent in January and 41 percent in April. Changes in both of these parameters
(ambient temperature and relative humidity) could affect the air/fuel ratios, and subsequently impact
engine fuel consumption rates and emissions. Therefore, these parameters will also be monitored and
recorded during the test periods to document conditions during each test. Periods when significant
changes in ambient temperatures are anticipated (such as early or late in the day) will be avoided for
testing to minimize the impact of the temperature changes on engine operation during test periods.

221 Engine Operation and Power Output

Important engine operating parameters will be recorded throughout the testing to verify stable engine and
station operations during the tests, determine net engine power output, and to assist in post-test data
analysis. These parameters and the logging frequencies for each variable during the test periods are
summarized in Table 2-3.

A primary indicator of engine load and performance is power output as brake-horsepower (BHp). Direct
measurement of engine power output can be a difficult and expensive parameter to determine accurately.
It is typically conducted by installing a strain-gauge on the engine crankshaft. Instead, gas transmission
facilities normally estimate engine BHp mathematically by caculating the work performed by the
compressor that the engine is driving. However, this estimation procedure doesn’t provide the level of
accuracy that is needed for this verification. During this testing, a balanced pressure compressor
performance analyzer will be used to make direct and accurate measurements (+1 percent) of the
indicated power (i.e., work being conducted by the compressor), and relate the measured indicated power
to net engine power output.



Table2-4. Summary of Engine Operating Parameters L ogged During Testing

Engine Operating

I nstrumentation

Data L ogging Method

Frequency of Readings

Parameter
Speed GECO Controller Logged by Controller :

(rpm) MAG-pickup sensor internal software Once per minute
Power (BHp) Dynalco Model 9240 Logged by anayzer 1-minute averages, and

P Compressor Analyzer internal software averaged over test period
Air Manifold Pressure | GECO Controller MAP | Logged by Controller Once per minute
(psig) sensor internal software
Air Manifold GECO Controller MAT | Logged by Controller :
Temperature (°F) sensor internal software Once per minute
Exhaust Gas O, (%) GECO Controller O, !_ogged by Controller Once per minute
sensor internal software
Meter .

Fuel Pressure (psig) Rosemount 3095 mass transmiitter/persondl 1-minute averages, and

flow meter

computer interface

averaged over test period

Fuel Flow (scfm)

Rosemount 3095 mass
flow meter

Meter
transmitter/personal
computer interface

1-minute averages, and
averaged over test period

Piplene Gas Station temperature : Once every 5-minutes,
Temperature (°F) gauge Manuel gauge readings manually

Suction and Discharge . : Once every 5-minutes,
Pressures (psig) Station pressure gauges | Manual gauge readings manualy

Ambient Temperature VaisdaMode HMP Logged by Campbdll .

and Humidity 35C data logger Once per minute

During each of the tests, engine BHp will be monitored by Technical Compressor Services, Inc. using a
Dynalco Recip-Trap Model 9240 Engine/Compressor Analyzer and following guidelines provided by
ASME PTC 19.8 titled Measurement of Indicated Power. PTC 19.8 provides guidance for determining
indicated engine power as a direct measurement of pressures into and out of the gas compressors. The
Dynaco analyzer, coupled with Dynaco's RT software, determines the indicated power using the
balanced pressure approach defined in PTC 19.8. The anayzer includes pressure sensors that are
mounted on the suction and discharge sides of each compressor cylinder (2 cylinders for the test engine
compressor) and then continuously monitors the pressures. The software then calculates the total work
performed by the compressor and reports this work as BHp (Appendix A-1). The data will be monitored
continuoudly over each test period, provide real time BHp, and be stored and averaged for each test
period. The BHp vaues will aso be used to confirm stable engine load during each test, determine fuel
consumption rates, and to normalize measured engine emissions to engine power output.

Engine operating parameters logged by the Controller include exhaust gas O,, intake air temperature, and
intake air manifold pressure. These data will be recorded and stored during each test period using the
oscilloscope plotting function built into the Controller software. Pipeline gas temperature and compressor
suction and discharge pressures will be logged manually by Center personnel during the test periods at 5
minute intervals on data logs. These data will be used to further document the stability of engine
operations during the test periods.
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Ambient temperature and humidity will be monitored using a Vaisala Model HMC 35C temperature and
humidity probe interfaced with a Campbell data logger. The monitor will be positioned near the engine
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air intake and will record and store temperature and humidity readings at 1-minute intervals.
Meteorological data will not be used in determining the verification parameters, but will document the
stability of ambient conditions during each of the test periods. The probe will be factory calibrated to a
NIST traceable standard prior to use in this verification, and reasonableness checks will be conducted
with a hand held thermocouple and psychrometer.

2.2.2 Fuel Consumption Rate

Evduation of the Controller’s ability to reduce fuel consumption will be a ssimple comparison of the fuel
consumed at each of the operating regimes with the Controller enabled and disabled. Fuel flow to the
engine will be monitored continuously during each test period using a Rosemount Model 1195 orifice
meter equipped with Model 3095 transmitter. The meter will be mounted in the 1% -inch inside diameter
fud line a a point in the line upstream of the Contraller, and in accordance with Rosemount ingtallation
guidelines.

The meter is equipped with a resistance temperature device (RTD) to monitor fuel temperature and a
pressure sensor to monitor absolute pressure of the fuel. Fuel flow is continuously temperature and
pressure compensated by the meter, providing mass flow output at standard conditions (60 °F, 14.7 psia).
Anticipated fuel flow rate at full engine load is approximately 312,000 standard cubic feet per minute
(scfm). The meter is specified for a detection range of 120,000 to 360,000 scfm with a rated accuracy of
1percent of reading within the range.

The response time is 1 second, and the 3095 Tranamitter provides 4 to 20 mA output over the meter’s
range. Output will be wired to a Hart modem (also provided by Rosemount), and using Rosemount’s
Engineering Assistant software package, interfaced with a portable persona computer where data will be
logged and stored. The meter reading in scfh (at calibrated conditions) is given by:

scfm = (A - 4)/16 * 360,000

where, mA is the eectronic output from the meter electronics and 360,000 is the full-scale reading in
scfm. Quality assurance procedures used to confirm meter accuracy are discussed in Section 3.0 of this
plan.

Individual 1-second meter signals will be stored in the computer as 1-minute average scfh values. The 1-
minute averages will be used to plot engine power and emissions against fuel consumption in the report.
The total volume of gas consumed during each 2-hour test period will also be recorded as total standard
cubic feet so that the average fuel flow during each test can be calculated.

Fuel consumption rates will be determined as described in ASME PTC 17. Heat input to the engine and
engine power output must be determined to verify this parameter. The measured fud flow rates will be
used in conjunction with the lower heating value (LHV, wet basis) of the fuel to determine heat input to
the engine during each test period. Fuel composition analyses are conducted by Conoco at the Conger
Pant on an hourly basis using an on-site gas chromatograph/mass spectrometer (GC/MS). Conoco has
indicated that the LHV of the fuel gas typically does not vary more than 1 percent (approximately 990 to
1,000 Btu/scf) during normal plant operation. However, to evaluate and document small variability in
fuel quaity that may exist during testing, the fuel will be sampled for LHV at 15-minute intervals during
the tests. PTC 17 specifies that the individual LHV values cannot deviate more than 2 percent from the
overall average LHV during atest period.
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Gas compositional analyses are conducted in accordance with ASTM Specification D1945 with
quantification of methane (C1) to hexanes plus (C6+), nitrogen, oxygen, carbon dioxide, and hydrogen
aulfide. Sample gasisinjected into a gas chromatograph equipped with a flame ionization detector (FID),
where gas components are physically separated on the columns and the resultant areas compared to the
corresponding calibration data. The useful range of the detectable concentrations (mole percent) is
specified in Table 1 of the method (D1945). These data are then used in conjunction with ASTM
Specification D3588 to calculate the LHV in units of British therma units per standard cubic foot
(Btu/scf). The 15-minute LHV's will be multiplied by the corresponding fuel flow rate values for that
time period to calculate engine heat input in units of Btu/hr.

Fuel consumption rates will be determined in units of Btu/BHp-hr using the engine heat input results
(Btu/hr) and the measured engine power output (BHp). Determination of BHp on a continuous basis was
previously described in Section 2.2. In accordance with PTC 17, the following equation will be used:

Fuel Consumption Rate (Btw/BHp-hr) = [Hesat input to engine (Btu/hr) / indicated power (BHp)]

Since both fuel flow rates and engine BHp determinations will be recorded as 1-minute averages, fud
consumption rate will aso be reported on a 1-minute basis for each of the test periods (resulting in
approximately 60 data points per test). Engine fuel consumption rate data collected with the Controller
enabled and disabled will be plotted as Btu/BHp-hr to observe trends in the data sets and to identify any
anomalies (see example as Figure 2-1). Anomalous or suspect data points will be discarded, and the data
sets will then be tested for normality. The mean of normal data sets will represent the average engine
fuel consumption rates for specific test conditions. The standard deviation of each data set will adso be
reported to indicate data set dispersion.

Figure 2-1. Example Fuel Consumption Rates
1300 5500
Controller Disabled
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-+ 3500
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600 3000

The Controller is designed to maintain engine power output while potentialy reducing fuel consumption.
Fuel flow rate to the engine is the only parameter in the fuel consumption rates equation that is expected
to change as a result of enabling or disabling the Controller. Anticipated reductions in fuel consumption
as observed on other engines equipped with the Controller are in the range of 3 to 10 percent. This engine
normally consumes about 5,200 scfh natural gas while operating at full load. If use of the Controller
resulted in areduction in fuel consumption of 5 percent, for example, the engine would be consuming fuel
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a arate of 4,940 scfh. This creates a sensitivity issue because the accuracy of the flow meter is +1
percent of reading, or in this example, about 50 scfh. In this case, the uncertainty in the reduction of fuel
consumption (the difference between the two fuel flow rates) would be 260 +50 scfh. This level of
uncertainty was considered in development of the data quality objectives for this verification that are
discussed in Section 3.0 of the plan.

2.2.3 Pollutant Emissions Performance

Testing will be conducted to determine emissions of criteria pollutants including nitrogen oxides (NO,),
carbon monoxide (CO), tota hydrocarbons (THC), and greenhouse gases (GHGs) including methane
(CH,) and carbon dioxide (CO,). Emissions of each pollutant will be determined in units of Ib/hr and
then normalized to engine power output measured in conjunction with each test to report as g/BHp-hr.
Emission rates will aso be reported in units of mg/m® corrected to 5 percent O,. The emissions testing
will be conducted during each of the 1-hour fuel consumption rates test periods described in the previous
section to evaluate emission rates at the three engine loads with the Controller enabled and disabled.
Engine BHp, heat input, and operational parameters will be logged during al of the test periods as
previoudly described and will be used to relate engine operations to engine emissions. As with the fuel
consumption rate testing, the entire emissions testing sequence will be repeated near the end of the 3-
month verification period to evaluate if engine performance is affected by ambient conditions.

The GHG Center intends to contract Cubix Corporation, a qualified emissions testing firm, to conduct the
emissions testing. Cubix will provide dl test equipment, sampling media, and labor needed to complete
the testing and will operate under the supervision of a Center representative. All of the test procedures to
be utilized in this verification are U.S. EPA Federa Reference Methods. The Reference Methods are well
documented in the Code of Federal Regulations, include detailed procedures, and generally address the
elements listed below (40CFR60, Appendix A).

Applicability and Principle

Range and Sensitivity

Definitions

Measurement System Performance Specifications
Apparatus and Reagents

Measurement System Performance Test Procedures
Emission Test Procedures

Emission Calculations

Each of the selected methods utilizing an instrumental measurement technique includes performance-
based specifications for the gas analyzer used. These performance criteria cover span, calibration error,
sampling system bias, zero drift, response time, interference response, and calibration drift requirements.
An overview of each test method planned for use is summarized in Table 2-4 and discussed in more detall
in Section 4.0
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Table2-5. Summary of Emission Testing M ethods
Pollutant/ Reference P : Proposed
Parameter Method Principle of Detection Analytigal Range
0O, 3A Electrochemica Cell 0-25%
CO, 3A NDIR 0-10%
NOy 20 Chemiluminescence 0-500 ppm
CcO 10 NDIR-Gas Filter Correlation 0-500 ppm
CH, 18 GCIFID 0-1,000 ppm
THC 25A Flame ionization 0-1,000 ppm

The instrumental testing for CO,, O,, NO,, and CO result in exhaust gas concentrations in units of parts
per million by volume, dry (ppmvd). The THC and methane results are quantified as ppmv on a wet basis,
but will be corrected to ppmvd based on measured exhaust gas moisture cal culations made in conjunction
with the testing.

The pollutant concentrations of CO,, O,, NO,, THC, and CO are recorded with a data acquisition system
every 5 seconds during testing, averaged at intervas of 1-minute, and stored on a computer. Composite
samples will be collected in pre-cleaned stainless steel canisters during each test and shipped to an
analytical laboratory for methane analyses. The laboratory will provide one methane result for each 2-
hour test period as the average methane concentration in the exhaust gas during each test.

EPA Method 19 provides procedures for converting the ppmvd concentration values of the exhaust gas
pollutants to emission rate values in units of Ib/hr. For this testing, the Ib/hr emission rates aso will be
normalized to engine output using the corresponding 1-minute engine BHp values and reported as g/BHp-
hr. The fundamenta principle of this method is based upon “F-factors’. F-factors are the ratio of
combustion gas volume to the heat content of the fuel. F-factors are calculated as a volume/heat input
value, (eg., standard cubic feet per million Btu). The F-factor will be caculated on a dry basis from
measured exhaust gas O, vaues and the gas compositional analyses conducted by Conoco that correspond
to each test period (average of the two analyses conducted during the test period).

Changes in emission rates and GHG emissions resulting from Controller operation will be evaluated
separately for each pollutant using the g/BHp-hr data only (to account for engine power output). The 1-
minute average emission rates generated during each test will result in approximately 60 data points per
test. Engine emissions measured with the Controller enabled and disabled will be plotted to observe
trends in the data sets and to identify any anomalies (see example as Figure 2-2). Anomalous or suspect
data points will be discarded, and the data sets will then be tested for normality. The mean of normal data
sets will represent the average pollutant specific engine emissions for each test condition, and the mean
values will be compared to identify emission rate reductions resulting from use of the Controller. The
standard deviation of each data set will aso be reported to quantify data set dispersion.
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Figure 2-2. Example NOx Emisson Rates
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By stabilizing and optimizing air/fud ratios in lean-burn engines, NO, emissions in some applications
have been reduced by 25 percent or more. Emission reductions for other pollutants being measured in
this verification have not been previoudy anadyzed. The same measurement sensitivity issue discussed in
Section 2.2.2 becomes an issue in evaluating emission rate reductions. NO, concentrations in the engine
exhaust are normally around 300 ppmvd during full load operation. If use of the Controller resulted in a
10 percent reduction in NO, emissions, concentrations would be approximately 270 ppmvd. Therefore,
the analyzer must be operated on an analytical range above 300 ppm, but pollutant reductions might be on
the order of 30 ppm. This level of uncertainty was considered in development of the data qudity
objectives for this verification that are discussed in Section 3.0 of the plan.

224 GECO Controller Installation Requirements

The GHG Center will document installation requirements by verifying the total labor hours expended in
the installation, programming, shakedown, and start-up of the GECO controller. The cost of the
Controller and components will also be documented. The controller system will be installed by an
installation contractor (1SC, Inc.), with supervision and guidance provided by a MIRATECH engineer and
Conoco personnel. Labor records and hourly rates will be obtained from ISC, Inc. to document the cost
of Controller installation. Center personnd will be on-site throughout the installation and shakedown
process, and will document any modifications made or difficulties encountered. The GHG Center will
also document key decisons made regarding placement of equipment or adjustments made for site-
specific conditions.

MIRATECH will provide an Operator's Manual that provides instructions on start-up activities and
routine monitoring and maintenance requirements. For the start-up instructions, the manual lists step-by-
step instructions for: initiating controller startup, obtaining and verifying optimum air/fuel ratio, and
verifying functionality of integral monitoring sensors. The GHG Center will document any problems
encountered or changes made to the start-up and shakedown activities, and report the fina procedures in
the Verification Report.
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2.2.5 Lubrication Oil Analysis

Users of IC engines typicaly collect oil samples from the engines at routine intervals and anayze the
samples for compounds that can corrode and degrade combustion equipment. These analyses are a useful
preventive maintenance tool for operators and can help to evaluate the performance and condition of the
engines. Conoco performs these oil analyses every 45 days. Poor fuel quality, excessive fue blow-by
(unburned fuel passing the piston rings and entering the crankcase), unstable air/fuel ratios, and fuel
mixtures that are too rich or lean can al accelerate the rate of oil degradation. In support of this
verification, oil samples will be collected and analyzed for both the Test and Control engines to evaluate
if use of the Controller on the Test engine reduces oil degradation and contamination as claimed by
MIRATECH.

Both engines were equipped with fresh oil in August 2000 as part of the pre-test overhaul and will receive
another oil change prior to the verification period. The first set of samples will be collected prior to
installation of the Controller. After commissioning the Controller, samples will be collected on a monthly
basis for the duration of the 3-month verification period to enable the development of oil degradation
profiles. Engine operators will collect the samples from a sampling port in each engine oil system |located
at a point between the oil filters and the oil cooler. Each month, duplicate samples will be collected from
both the Test and Control Engines. Duplicate analyses will be conducted on each sample collected by a
certified laboratory (Petroleum Products Monitoring, Inc. of Athens, GA) to quantify the parameters listed
in Table 2-6. Station operating logs will be procured and reviewed to document the operating hours of
both engines during the verification period. In order to make a meaningful comparison of oil degradation
rates on the two engines, operating hours will need to be similar. Typically, the engines operate on the
same schedule so long as equipment malfunctions do not occur.

Table2-6. Lubrication Oil Analyses
Reference o . Reporting
Analyte M ethod Principle of Analysis Units
: angstrom per
_ I - Fourier-Transform Infra- .
Oxidation and Nitration Not Specified Red Spectroscopy centimeter
(Alcm)
Viscosity @ 40°C ASTM-D445 Kinematic centistokes (cSt)
Total Acid Number ASTM-D2896-88 | Potentiometric Titration mg KOH/g
Total Base Number ASTM-D664-959 | Potentiometric Titration mg KOH/g

The analytes listed in the table are indicators of oil condition and often times related. Qil nitration,
quantified in units of angstrom per centimeter (A/cm), occurs when piston blow-by occurs and fuel and/or
combustion products mix with the engine oil. The products of nitration are highly acidic and therefore
have an obvious impact on total acid and base numbers, but also can increase or accelerate the effects of
oxidation, and increase the oil viscosity. Oxidation, also quantified as A/cm, is a chemical change in oil
composition caused by nitration and high temperature operation. Oxidation can aso increase oil viscosity
and reduce the oil’ s ability to lubricate.

Viscosity, quantified as centistokes (cSt) is a measure of the thinness of the oil and is used as a primary
indicator of the oil’s lubricating abilities. Abnormally high or low oil viscosity can be caused by dilution,
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contamination, or oxidation and can be damaging to engine components. Tota base and total acid
numbers are aso indicators of oil condition and contamination. Most oils contain akaline additives to
help neutralize the effects of acidic products that accumulate in the oil over time. In an engine
experiencing excessive blow-by, improper air to fuel ratios, or poor fuel quality, the total acid number can
increase dramatically over time, thereby reducing the base number, or the ability of the oil to maintain
neutral pH.

Samples will be collected from a tap installed by the facility specificaly for oil sampling. The tap is
located at a point in each engine system that is between the ail filters and the oil coolers. Samples will be
collected in pre-cleaned containers provided by the laboratory and expressed shipped on the day of
collection and analyzed for the above listed parameters on the following day.

The trends observed in the viscosity, oxidation, nitration, total acid, and total base levels between the ail
in the two engines will be used to develop degradation profiles, and identify differences that may develop
between the Test and Control Engines. The GHG Center recognizes that, in a 3-month period, oil
degradation may not be severe enough to observe conclusive trends regarding how use of the Controller
impacts the condition of the oil, or reduces oil degradation. However, the host facility normally changes
oil after approximately 2,000 hours of operation, when nitration levels in the oil are elevated. Providing
the Test and Control engines operate according to normal utilization rates (around 96 percent), the 3-
month verification test period should be sufficient to observe changesin oil quality.

It is possible that changes in oil characteristics may be dight during the 3-month verification period.
Although the analyses outlined in Table 4-3 are highly precise, duplicate samples will be collected during
each sampling event to minimize uncertainty and increase the size of the data set. In addition, duplicate
analyses will be conducted on each sample collected. All of the QA/QC procedures specified in the
above referenced analytical methods will be followed by the laboratory, including instrument calibrations
and performance checks. Copies of the QA/QC results from the laboratory will be reviewed by Center
personnel for integrity. Any analyses not meeting the method specifications will be repeated.
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3.0 DATA QUALITY

3.1 DEFINITION OF DATA QUALITY OBJECTIVES

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. To help ensure the data are of sufficient quality to support conclusions
reached from the measurements. Section 2.0 presented the approaches that will be used to evaluate each
of the verification procedures. The section aso introduced the sampling and analytical methods that will
be used, required instrumentation, and data reduction and reporting procedures. For some verification
parameters such as fuel flow monitoring and emissions testing, additional details regarding the
installation and use of test instrumentation is provided in Section 4.0. This section presents the DQO's
for each verification parameter, followed by a discussion of the Data Qudity Indicators (DQIs) for each
of the critical measurement variables 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 primary verification parameters (e.g., fuel consumption and engine emission rates). The next step
isto identify all measured values that impact the primary verification parameters and estimate the level of
error that can be tolerated. Error propagation is used to estimate the cumulative effect of all measured
variables on the data quality of the verification parameters. This allows individua measurement methods
and instruments to be chosen which perform well enough to satisfy the DQO for each verification
parameter. The technique used to determine if data quality objectives are met is to identify DQIs. The
DQIs define the accuracy and completeness goals for each measured variable.

In this verification, the primary quantitative objectives are to verify the performance of the Controller
with respect to savings or reductions in engine fuel consumption and NO, emissions. Based on input
from MIRATECH, reductions are anticipated to be in the range of 3 to 10 percent for fuel consumption
and 10 percent or greater for NO, emissions. DQQO’s were developed based on these anticipated levels of
reduction, and quantifying reductions lower than these values may result in higher levels of uncertainty.
Uncertainty will vary depending on the magnitude of reductions measured and this is illustrated in the
examples presented in Table 3-1. As the reductions in fuel consumption or NO, emissions improve, the
level of uncertainty decreases as a percent of the total reduction. Table 3-1 shows that the uncertaintiesin
the rate of reduction are much greater than the uncertainty in the actua measured values.

The examples of uncertainty presented in Table 3-1 were developed by propagating the maximum error in
each of the measurement used to determine the reductions. A datistical t-test was used to caculate the
variance in each of the measurements based on the cumulative errors inherent with each of instruments
used to perform the measurements. For example, the uncertainties presented in the table for engine fuel
consumption rate improvements were propagated using the maximum error expected for fue flow, gas
heat content, and engine power output measurements (the DQI’ s for each of these measurements).
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Table 3-1. Examplesof Overall Uncertainty in Fuel Consumption and Emission Rate Reductions

e Uncertainty in Uncertainty at Various L evels of Reduction
\l/jzrr'm;n |2$é£32€ﬂt Individual Through Use of Controller
% | Measured Values | 3% Reduction | 5% Reduction | 10% Reduction
Fud : 170 +58 scfh 260 +48 scfh 520 +47 scfh
Consumption +1% of reading | 5200 +52 scfh (1%) (54% ) (18% ) (—9% )
Engine Fuel +1% of reading 167 +60 255 +52 510 +56
. - 5006 +102 Btu/Hp- T T T
Consumption for fuel flow hr (2%) Btu/Hp-hr Btu/Hp-hr Btu/Hp-hr
Rate and horsepower (36%) (20%) (11%)
+1% of span
Emission for NOx, +1% 0.06 +0.022 0.10 +0.022 0.17 +0.022
Rates(NO) | o reading for | -0 X004 OBHP-N | ppintor (379) | giBhp-hr (229%) | g/Bhp-hr (13%)
horsepower

Based on the examples provided in Table 3-1 and assuming a 5 percent reduction in fuel consumption and
a 10 percent reduction in emissions, the data quality objectives listed in Table 3-2 are targeted for these

parameters.
Table 3-2. Data Quality Objectives
Verification Parameter Units DQO
Changes in Fuel Consumption Rates Btu/BHp-hr +20 %
Emission Reductions (NO,) o/BHp-hr +13%
Emission Reductions (CO,, CO, THC, CH,) o/BHp-hr +24 %

Actual uncertainties in each of the verification parameters will be calculated at the end of the verification
and presented in the fina report. The GHG Center has not included a DQO for oil degradation
parameters because typical degradation rates vary widely for specific engines and, being that the test
engines were recently overhauled, expected degradation rates are unknown. Instead, the GHG Center will
report DQIs for each of the oil analysis parameters to ensure that the measurements are accurate.

Table 3-3 summarizes the DQIs for each critical measured variable that will be used to determine the
measurement uncertainty in each test result. Achievement of each DQI will ensure that the DQOs can
also be achieved. A discussion of the DQIs for each verification parameter is provided in the following
sections.
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Table 3-3. Measurement Instrument Specifications and Data Quality Indicator Goals

Instrument Specifications Data Quality Indicators _
M easurement Variable Instrument Type/ Instrument Accuracy Frequency of Accuracy Complete How Ver]fled/
Manufacturer M easurements -ness Deter mined
Review manufacturer
Engine Power Dynalco Recip-Trap ' . i calibration certificates,
Output Compressor Analyzer % 1.0% reading 1-minutereadings | +1.0% 100% Perform function checksin
fidd.
Mass Flow Meter / .
Rosemount 3095 Integral , . . Review manufacturer
_ Fuel Flow Rate - o + 1.0% reading once per min +1.0% of reading calibration certificates,
Engine Orifice (0.748in. dia.) or Perform function checksin
Operation equiv. .
field before and after
Fuel Pressure Pressure Transduc_er / * (.)'15% FS(FS=100 once per min +0.15% FS 90% verification period.
Rosemount or equiv. psig)
FGT - Dua Column Daniels .
Chromatograph 0 ' ) h . Review Conoco and
+ +
Fuel LHV Certified Laboratory — HP + 0.2% reading wWo per hour +0.2% Irzgg:gmsry calibration
Gas Chromatograph
Chemilumunescense / TECO | + 1% FS (FS = 500 * 1% FS (includes
NO, Levels sampling system bias
Model 10 ppm) )
corrections)
0 _ + 2% FS (includes
CO Leves NDIR/TECO Model 48 * 1% FS (FS =500 sampling system bias

ppm)

Engine THCLevels | FID/JUM Mode 3-100 +1%FS(FS=1000 | l-minutereadings
Emissions ppm)

+ 0.5% FS (FS=

corrections)

Follow EPA Method
+5% FS 100% calibration and system
performance check criteria.

+ 2% FS (includes

CO, /0, Levels | Servomex 1400 NDIR 20%/25%) aampling system bhias
corrections)
CH,content | GC/FID HP Model 5890 ;p?ﬁl)% FS (FS=1000 + 2% FS
H,0 content Gravimetric / NA + 0.2% FS (FS=100%) | Daily + 5% FS
. : Kinematic Capillary
V . +0. +0. .
Iscosity Viscometer 20.05¢% 0.05¢3t Review laboratory
) O?<|da_t| on/ Nicolet FTIR Spectrometer +1A/cm +1A/cm calibration records.
Lube Qil Nitration Monthly 90%
Analyses Total Acid : : o 3 Replicates within 5%
Number Automatic KF Titrator $0.5% of mean Review laboratory replicate
Total Base | A tomatic KF Titrator +0.5% 3 Replicates within 5% titration records.
Number of mean
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3.2 DETERMINATION OF DATA QUALITY INDICATORS

The following subsections describe the DQIs that will be used to evaluate the accuracy and completeness
of each of the key verification measurements. The sections discuss the methods to be used to document
DQIs and procedures for operation and calibration of measurement instrumentation. Table 3-4
summarizes the calibration procedures and QC checks that will be used to evaluate the DQIs for each of
the key measurements. Additional detaill regarding QC procedures for each of these critica
measurements is presented in Section 4.0 of this plan.

Table 3-4. Summary of Calibrationsand QC Checks
M easur ement Calibration/QC Check When Expected or Responseto Check
Variable Performed/Frequency Allowable Result Failureor Out of
Control Condition
Fuel Flow Rate Instrument Calibration by Beginning and end of + 1.0% reading Identify cause of any
Manufacturer test problem and correct, or
replace meter
h Sensor Diagnostics Beginning, middle, and | Pass Identify cause of any
z end of test problem and correct, or
replace meter
m Fuel Heating Calibration with gas Prior to analysis of + 0.2% for Repeat analysis
Vaue standards by certified each lot of samples CH, concentration
E laboratory submitted
Engine Operating | Sensor diagnostics Prior to initial testing No error conditions Identify cause of error
:‘ Parameters and request host and/or
MIRATECH to
U correct
Indicated Power Calibration of pressure Before and after each No error condition Identify cause of any
o Sensors intensive sampling problem and correct
n period
Emission | NO, | Analyzer interference check Once before testing +2% of analyzer span | Repair or replace
Rates begins analyzer
