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Dr
1.0 INTRODUCTION AF77
Environmental Science Services, Inc. (ESS) performed an emissions test program at the
Northeast Landfill Power-Joint Venture’s Johnston, Rhode Island facility. The objective of this
program was to conduct the required compliance tests on the emissions from Engine No. 5
(Serial Number 401451) at the Rhode Island Central Landfill powerhouse. The engine is fired
with landfill gas.

Testing included the measurement of a variety of emissions from the ;:ngine exhaust stack. The
following parameters were tested: carbon monoxide, oxides of nitrogen, and total nonmethane
hydrocarbons. All test methods were taken from 40 CFR 60 Appendix A and conformed to the
requirements of 40 CFR 86 Subpart D. All testing took place on May 25, 1994.

Engine No. 5 must be re-certified for carbon monoxide (CO) before it can be operated. The
Rhode Island Department of Environmental Management (RIDEM) requires, however, that
emissions of nitrogen oxides (NOy) and non-methane hydrocarbons (NMHC) must also be

determined in conjunction with emissions of CO.

An emissions test was performed on this engine on May 21, 1993. A roots meter was used to
measure engine fuel consumption. This method was employed because of the ease with which
fuel consumption can be measured in comparison to direct measurement because of test location
restrictions. However, calculating exhaust stack flow from fuel consumption relies on using
assumnptions in the calculation. For this test, an extension was added and exhaust flow was
measured directly using a type "S" pitot tube and inclined manometer. Moisture measurements
were also made using US EPA RM 4.

WO030147A Page 1
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DRAFT.

2.0 SUMMARY OF RESULTS

During this test, the engine was maintained at a load of 1,680 to 1,700 KW, which represents
. full load conditions (over 97% of design).

The emission limits are as follows:

1. NOy: the emission rate from each engine shall not exceed 1.25

grams/brake  horsepower-hour(g/BHP-HR) or a maximum of
6.6 Ibs/hr, whichever is more stringent.

2. CO: the emission rate from each engine shall not exceed 2.0
g/BHP-HR or a maximum of 10.58 Ibs/hr, whichever is more

stringent.

3. NMHC: the emission rate from each engine shall not exceed 0.5 g/BHP-HR or a

maximum of 2.6 Ibs/hr, whichever is more stringent.

All emission rates were found to be within these limits. Results of the test are summarized in
Table 2-1.

WO030147A ' Page 2
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Table 2-1 b’? ,q p
Summary of Measured Pollutant Emissions 7~
Engine No. §
Northeast Landfill Power - Joint Venture
Johnston, Rhode Island

May 25, 1994
o e e
Run No.: TEST - 1 TEST-2 TEST-3
Date: 5/25/94 5/25/94 5/25/94
Time: 0500-1000 | 1025-1125 | 1330-1430 Avg.
Sample Conditions
Volume (DSCF)* 42.370 42.528 39.220 | . 41.373 |
Impinger catch (g) 82.3 119.8 114.0 105.4
Stack Conditions o ﬂ
Flowrate (DSCFM)® 4,720 4,530 4,540 4,580
Temperature (°F) 681 684 687 684
Moisture (%) 8.4 11.7 12.0 10.7
Oxygen (%) 8.9 8.7 8.8 8.8
Carbon Dioxide (%) 10.6 10.7 10.7 10.7
Engine Load (KW) 1,680 1,680 1,700 1,686
Pollutant Emissions
Concentration (ppm)
CcO 393.6 383.2 389.4 388.7
NO, 64.8 65.8 66.7 " 65.8 .
NMHC < 1.0 5.6 <10 2.5
Emission Rate (Ib/hr)° '
6(0) 8.1 7.6 7.7 7.8
NO, as NO, 2.2 2.1 2.2 2.2
NMHC as C;H, < 0.03 0.17 < 0.03 0.008 -
Emission Rate (g/BHP.hour) '
co 1.5 14 1.4 1.4
NO, as NO, 0.41 0.39 0.41 0.40
NMHC as C,Hy < 0.005 0.032 < 0.005 0.014

") dry standard cubic feet (68°F, 29.92 in Hg)
®) dry standard cubic feet per minute _ ‘
©) pounds per hour = concentration (ppm) x molecular weight x DSCFM x 15.58 x 10*

¢ grams per brake horsepower hour = (Ib/hr)/(borsepower x 0.00225); horsepower = Xw)
X (1.4105) ‘
WO030147A Page 3
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.0 FACILITY

The Johnston, Rhode Island Central Landfill powerhouse contains eight engine/generator units
whose purpose is to convert the gas produced in the landfill into useful electrical energy. The
engine of concern is Engine No. 3. It is a Waukesha 12V-AT25GL lean combustion, low
emission engine with 9.8 inch bore x 11.81 inch stroke and 10784 cubic inches displacement.
This engine is rated at 1720KWe at 9500 RPM. At 96% generator efficiency this is 2400 BHP.
The engines are adjusted to run on landfill gas. Specified engine settings are 17 degrees BTDC
spark timing and 8.6% +/- 0.2% exhaust oxygen level. Crankcase breather gases are injected

into the exhaust stream using compressor bleed air.

Each engine drives a Kato Model A24862001 generator rated at 1700 kilowatts at 4160 volts.
Switchgear was manufactured by Point Eight and voltage regulators by Basler.

Fuel gas treatment is accomplished with a modified Bio Gas Development (BGD) and
refrigeration system. After leaving the building, each exhaust stream is directed upward through
a 60 inch O.D. silencer.

WO030147A Page 4
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4.0 TEST PROGRAM

The following Reference Methods from 40 CFR 60, Appendix A were used to determine the
compliance status of the engine. Both the engine and generator were operated at full load during
this test. The sampling duration for all tests was sixty minutes.

EPA Method 1 - Sample and Velocity Traverses for Stationary Sources.

EPA Method 2 - Determination of Stack Gas Velocity and Volumetric
Flowrate ('I‘ype S Pitot Tube, type K thermocouple).

EPA Method 3A -  Determination of Oxygen and Carbon Dioxide Concentrations in
Emissions from Stationary Sources (Insttumental Analyzer
Procedure).

EPA Mcthod 4 - Determinatiqn of Moisture Content in Stack Gases.

EPA Method 7E -  Determination of Nitrogen Oxide Emissions from Statiopary

v Sources (CEM technique).

EPA Method 10 -  Determination of Carbon Monoxide Emissions from Stationary
Sources (CEM technique). _

EPA Method 18 -  Determination of Non-methane Hydrocarbons E_.missionS Using an
Semi-Continuous Gas Chromatograph (FID) Technique.

EPA Method 25A -  Determination of Total Volatile Organic compounds (Continuous

FID Analyzer Method).

Contimuious monitoring and sample recovery for all testing was performed in the ESS mobile
laboratory which was maintained on site during the test.

WO030147A Page 5
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4.1 Samplin ions and Flow Rate ermination

Emission concentration measurements were made in the engine exhaust immediately below
(upstream from) the exhaust stack muffler. The exit velocity was measured by S type pitot
tube down stream from the muffler by adding a stack extension to the top of the stack with
two test ports.

The inside diameter of the stack is 24 inches. An extension was flanged to the top of the
stack for testing. The extension was made of 16 inch thin wall pipe. This size was used for
two reasons. the smaller diameter was used in order to reduce height requircments (in
comparison to using a 24" pipe). This size pipe was also used so as not to exceed the back
pressure requirements of the engine. The inside diameter of the extension was 15-1/2 inches.
The test ports were located 10-1/3 feet from the top of the existing stack which is 8 stack
diameters down stream from any flow disturbances. The total length of the added section
was 13.5 feet. The test ports were located two stack diameters upstream of any exit flow
disturbance. Traverse point locations are presented in Appendix A. Two 2-inch diameter
ports were located 90° from each other.

Flow measurements were made during each test run. Flow measurements were made at a
total of 12 points in the stack, 6 points per traverse. The test location was checked for
cyclonic flow conditions prior to the start of the first test. Cyclonic flow was pot present.

4.2 Molecular Weight (Fixed Gas) Determination

/ .
The composition of the engine exhaust was determined for oxygen and carbon dioxide during
each test run in accordance with EPA Method 3A. Oxygen concentrations were measured
!, using a Horiba Model PMA-200 O, analyzer. Carbon dioxide concentrations were made

\ ' using a Horiba Model PIR-200 CO, analyzer.

/W030147A Page 6
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4.3 Moisture

Stack gas moisture was determined in accordance with EPA Method 4 by drawing exhaust
gas through a series of chilled impingers using a Method 4 sampling train. The moisture
gain in the impingers was used to calculate the moisture concentration of the exhaust gas.

4.4 Emissions Testing (CO. NOy, NMHC)

The CEM sample system consists of an in-stack glass fiber filter and heated stainless steel
probe. A heated Teflon line connects the probe to the sample conditioner which removes
excess moisture and particulate matter for CO and NO, measurements. A separate sample
line heated to 150 °C is used for THC and CH, sampling. No moisture removal is performed
prior to THC analysis. An in-line particulate matter filter is used to protect the sampling
equipment and analyzer. A Teflon line connects the sample conditioner to a pump which
supplies the sample gas to the analyzers under positive pressure. The instrument readings
were recorded on a Data Acquisition System and strip chart recorder with start and stop
times ndted.  All instruments are housed in an environmentally controlled mobile laboratory
that was positioned as close as practical to the sampling location. A schematic of the CEM
sampling system is presented in Figures 4.1 and 4.2.

CO and NO, measurements were made with a TECO Model 48 NDIR Analyzer and TECO
Model 42H Chemiluminescent Anﬂyur respectively. These analyzers are mounted in the
mobile laboratory along with the other gas analyzers. All analyzers are guaranteed by the
manufacturer to meet applicable EPA performance specifications.

Total hydrocarbon concentrations were measured following EPA Method 25A. A Thermo
Electron Corp. (TECO) Model 51 Hydrocarbon analyzer equipped with a heated Flame
Ionization detector (FID) was used.

WO030147A Page 7
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Methane concentrations were measured following EPA Method 18. Periodic injections of
stack gas were made to an HNU Model 321 Gas Chromatograph equipped with a flame
ionization detector (FID).

Total non-methane hydrocarbons were determined by subtracting total methane determined
by Method 18 from total methane equivalents determined by Method 25A.

WO030147A Page 8
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5.0 OA/OC MEASURES

Environmental Science Services is committed to providing high quality testing services. To meet
this commitment, ESS follows EPA sampling procedures and implements QA/QC procedures
with all test programs. Each team member is qualified and has experience conducting the tests
assigned to him.

All reports undergo a two tier review. "The initial review of the report and calculations is
performed by the project manager or the originator of the calculations. A second detailed
review is then performed by 2 senior engineer or group manager not affiliated with the project.
The calibration of all applicable manual sampling equipment follows the QA/QC procedures in
40 CFR 60, the EPA "Quality Assurance Handbook", Volume ITl, APTAQ0576, and all

applicable equipment manufacturers procedures. Where sampling procedures differ from
standard EPA Methods, these variations are noted.

5.1 Test Methods

The sampling equipment associated with the manual source sampling methods are calibrated
- at the ESS equipment laboratory before transport to the field. Calibrations are checked in
the laboratory after the test at field operated rates and highest field operating vacuums.

Calibration documentation is provided prior to testing. The following specific Quality
Control measures are used:

CEM calibration gases are traceable to the NIST in accordance with EPA Protocol 1.

Orsat measurements for CO, and O, are made in triplicate. -
WO030147A Page 11
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S.2_DPata Reporting

All data is reported in clear easy to read tables. The results are reported in the units given
in the permit. Any variations from a test protocol are not made without proper authorization
from the Division.
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1.0 INTRODUCTION

Environmental Science Services, Inc. (ESS) was retained by Northeast Landfill Power Joint
Venture to perform an emission test program at their Johnston, Rhode Island facility. The
objective of this program was to conduct the required compliance tests on the emissions
from Engine No. 5 (Serial No. 401451) at the Rhode Island Central Landfill powerhouse.
The engine is fired with landfill gas.

The test program involved the measurement of a variety of emissions from the engine
exhaust stack. The following parameters were tested: oxygen, carbon monoxide, carbon
dioxide, oxides of nitrogen, methene, and total nonmethane hydrocarbons. All test methods
were taken from 40 CFR 60 Appendix A and conformed to the requirements of 40 CFR 86
Subpart D. A test protocol was submitted to the Rhode Island DEM on April 8, 1993 and
the protocol was approved on May 3, 1993. All tes'ting took place on May 21, 1993. Tests
were observed by Mr. Richard Evans of DEM.

Facility Description

The Johnston, Rhode Island Central Landfill powerhouse contains eight engine/
generator units whose purpose is to convert the gas produced in the landfill into
useful electrical energy. The engine of concern, Engine No. 5., is a Waukesha 12V-
AT25GL lean combustion, low emission engine with 9.8 inch bore x 11.81 inch stroke
and 10784 cubic inches displacement. This engine is rated at 1720 KWe at 900 RPM.
At 96% generator efficiency this is 2400 BHP. The engines are adjusted to run on ‘
. landfill gas. Speciﬁéd engine settings are 17 degrees BTDC spark timing and 8.6%
+/- 0.2% exhaust okyggn level. Crankcase breather gases are injected into the

exhaust stream using compressor bleed air.
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Each engine drives a Kato Model A24862001 generator rated at 1700 kilowatts at
4160 volts. Switchgear was manufactured by Point Eight and voltage regulators by

Basler.

Fuel gas treatment is accomplished with a modified Bio Gas Development (BGD)
unit and refrigeration system. After leaving the building, each exhaust stream is
directed upward through a 60 inch O.D. silencer.

Engine No. 5 must be re-certified for carbon monoxide (CO) before it can be
operated. The Rhode Island Department of Environmental Management (RIDEM)
requires, however, that nitrogen oxides (NOx) and non-methane hydrocarbons
(NMHC) also be monitored.

The emission limits are as follows:

1. NOx: = The emission rate from each engine shall not exceed 1.25 grams/brake
horsepower-hour(g/BHP-HR) or a2 maximum of 6.6 Ibs/hr, whichever
is more stringent.

2. CO: ‘The emission rate from each engine shall not exceed 2.0 g/BHP-HR or
a maximum of 10.58 Ibs/hr, whichever is more stringent.

3. NMHC: The emission rate from each engine shall not exceed 0.5 g/BHP-HR or

a maximum of 2.6 Ibs/hr, whichever is more stringent.

WO014148A Page 2



2.0 RESULTS

The emission test on engine No. 5 was conducted on May 21, 1993. The results for the test
are summarized in Table 2.1 and shows that the engine is in compliance with the permit
emission limits for the three specified parameters. The emission rate calculations are shown
- in detail in Appendix C along with a sample calculation. Table 2.2 shows the various

precursor data.
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TABLE 2.2

Summary of Engine No. 5 Emission Concentrations.
Rhode Island Central Landfill Powerhouse
Johnston, Rhode lsland

May 21, 1993
Parameters Test NO. 1 Test No, 2 " Test No. 3
Test Time: 9:20 - 10:20 11:20 — 12:20 13:00 — 14:00
Exhaust Conc _
CO (ppm) 390.9 385.4 370.8
NOx (ppm) 46.0 49.7 522
02 (%) , 10.2 - 9.5 9.0
CO2 (%) 9.9 9.9 10.1
THC (ppm) 10.6 53.4 871.9
NMHC (ppm) <5.0 <5.0 ' <5.0
Exhaust Flow (Ib/hr) 31810.4 30221.5 28950.7

[RNY

Note: CO and NOx Conc are quantified as ppm dry.
' THC and NMHC Conc are quantified as ppm wet.
CO2 and 02 Conc are quantified as % dry.
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3.0 SAMPLING AND ANALYSIS METHODS

The following Reference Methods from 40 CFR 60, Appendix A were used to determine
the compliance status of the facility. The sampling duration for each of the three tests

conducted was sixty minutes.

Positive ' - Determination of Inlet Gas Volumetric Flow Rate
Displacement '
Rootsmeter

EPA Method 3A - Determination of Oxygen and Carbon Dioxide

Concentrations in Emissions from Stationary Sources
(Instrumental Analyzer Procedure).

EPA Method 7E - Determination of Nitrogen Oxides Emissions from
Stationary Sources (Instrumental Analyzer Procedure).

)

EPA Method 10 - Determination of Carbon Monoxide Emissions from
Stationary Sources (Instrument techni_que).

EPA Method 18 - Measurement of gaseous organic compound emissions by
” Gas Chromatography '

Instrumentation for all tests was housed in the ESS mobile laboratory.

3.1 _ Sampling Locations and Flow Rate Determination

Emission concentration measurements were made in the engine exhaust 1mmed1ately
below (upstream from) the exhaust stack muffler. As in past tests on these engmes
volumetric flowrate measurements cannot be directly made at this location. The
exhaust gas flowrate was instead measured indirectly. A Rootsmeter was installed
in-line as during the June 4-7, 1991, test program to measure the fuel gas volumetric

flowrate. The exhaust flowrate was then calculated by mass balance, using the known

WO014148A Page 6



fuel gas composition and the measured exhaust concentrations of CO,, CO, O,.

These calculations are shown in Appendix C.

3.2 Molecular Weight (Fixed Gas) Determination

The composition of the éhgine exhaust was determined by analyzing continuous
- samples of stack gas for oxygen and carbon dioxide collected during each test run in
accordance with EPA Method 3A."

3.3 CEM Testing (CO, NOx, NMHC)

The CEM sampling system consisted of an in-stack glass fiber filter and heated
stainless steel probe. A heated Teflon line connected the probe to a sample
conditioner which removed excess moisture and particulate matter (the conditioner
was by-passed for NMHC measurement). A Teflon line connecting the sample
condirioner to a pump supplied the sample gas to the CO, NOx, and NMHC
analyzers under positive pressure. The instrument readings were recorded on a data

acquisition system and strip chart recorder with start and stop times noted.

CO and NO, concentrations Wer«_e‘ continuously measured during three 60-minute time

periods. Stack gas was withdrawn from the centroid of the stack.

NO, concentration was measured in accordance with EPA Method 7E. A Thermo
Environmental (TECO) Model 42H Chemiluminescent Analyzer measured the
concentration of nitric oxide (NO) and total oxides of nitrogen (NOx) in the gas
- sample, by the chemiluminescent reaction between NO and ozone. Instrument
calibrations were performed with EPA Protocol 1 certified gases at concentrations

of zero and approximately SO and 90 percent of a predetermined operation range.
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Carbon monoxide concentrations were measured in accordance with EPA Method
10. A TECO Model 48 CO analyzer which uses a non-dispersive infrared (NDIR)
method and a gas filter correlation (GFC) technique was used. Calibration of the
CO analyzer was performed as per the description for NOx Method 7E using EPA
Protocol 1 certified gases.

EPA Method 18 was used for the determination of non-methane hydrocarbons. With -
this method, a gas tight syringe was used to inject gas into a heated sample loop on
a HNU 321 gas chromatograph (GC). The column on the GC was a 5% SP-
+ 1200/1.75% Bentone 34 on 100/120 SUPELCOPORT. The injector/detector
temperature was 110°C and the teniperature of the column was 90°C. The carrier
gas used was nitrogen at a flowrate of 35 ml/min. Periodic (approximately every 5
minutes) injections into the GC were made from the CEMS continuous stream. The
GC was equipped with a heated‘injection valve and a flame ionization detector
(FID), and was calibrated with Protocol 1 propane-in-air compressed gas standards.
The methane concentration in the exhaust gas Was specifically quantified, and all
other peaks eluting from the GC column were summed together and quantified as
pﬁlﬂe. This calculation was done by using a multiplication factor of 3 for the peak |

concentration observed. Output from the GC went to a strip chart recorder and a

computer (for accurate integration of peak areas).

A schematic representation of the CEM sampling system is presented in f’igure 3.1.
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4.0 QA/QC MEASURES

Environmental Science Services is committed to providing high quality testing services. To
meet this commitment, ESS follows EPA sampling procedures and implements QA/QC
procedures with all test programs. Each team member is qualified and has experience

conducting the test(s) assigned to them.

All reports have undergone a three tier review. The initial review of the report and
calculations were performed by the project manager or the originator of the calculations and
a second detailed review was then performed by a second senior staff member not involved
with the project. A final review was then performed by the Air Group manager prior to
issuing this final report.

The calibration of all applicable manual sampling equipn;ent generally follow the QA/QC
procedures in 40 CFR 60, the EPA "Quality Assurance Handbook", Volume III, APTA0576,
and all applicable equipment manufacturers procedures. Where sampling procedures differ

from standard EPA Methods, these variations have been noted.

The sampling equipment associated with the manual source sampling methods were
calibrated at the ESS equipment laboratory before transporting them to the field.
Calibrations were checked in the laboratory after the tests at field operating rates and the
highest field operated vacuums. The following specific Quality Control measures were
followed: | -
CEM calibration gases are traceable to the NIST in accordance with.- EPA Protocol 1. All

instruments were calibrated in the field prior to and following the tests.

WO014148A Page 10



Calibration documentation for the Rootsmeter was provided by the supplier of the

Rootsmeter. The calibration document is provided in Appendix B.

Inlet gas analysis was performed by Atlantic Analytical Labs.
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A T LANTIC

A NALYTICAL

LABORATORY
Mr. Charles Zhang Report No. AAL-9194
Environmental Science Services Date Requested 05-24-93
532 Atwells Avenue- Date Reported 06-01-93
Providence, RI 02909 P.O. No. 01314

Material Submitted: One Landfill Gas Sample in a 500cc
Stainless Steel Cylinder

Information Requested: Gas Chromatography Analysis

Notebook:  SS101,p72-73;SS097,p132-133

Results are repbrted on the following page.

k0601 Brucé J. Gollob

" FAX: 401-421-5731

ATLANTIC ANALYTICAL LABORATORY, INC.
P.0. BOX 220 * SALEM INDUSTRIAL PARK * BUILDING #4 » WHITEHOUSE, N.J. 08888
PHONE 908-534-5600 » FAX 908-534-2017
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Environmental Science Services Report No. AAL-9194

Page 2 of 2

Results of Analysis

Constituent Concentration % by Volume
Methane 54.41c0 _ |
Ethane 0.012 = 0 ppm™
Propane 0.0083 = <3 7mM
Isobutane ND 0.0020

n Butane ND 0.0020
Isopentane ND 0.0020

n Pentane ND 0.0020

Hexane : 0.0078. = 7F pomp
Carbon dioxide 40.67

Nitrogen : 4.89

Net BTU/CuFt , 497

Gross BTU/CufFt ' 552

Specific Gravity 0.971

0037z asmed WNOC
BTU values at 60 F and 14.73 psia.

NMOC = Canne® ﬁﬁ-CLQZZMUQLJZfﬂﬁnyzé%(ﬁ§3&<—am&§#uo.

i ,””“
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ATLANTIC ANALYTICAL LABORATORY, INC. AT
P.O. BOX 220 - SALEM INDUSTRIAL PARK « BUILDING #4 « WHITEHOUSE, NJ. 03888 AN
PHONE 908-534-5600 - FAX 908-534-2017
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215-691-2474
FAX # 215-758-8384

LIQTID CARBONIC
SPECIALTY GAS CORPORATION

EAST COAST REGICN
145 SHIMERSVILLE RD., BEvHLZREM, 5413312

P.O NUMBER

CUSTOMER  S/T SLATERSVILLE
COMPONENT NIST SRM NO.
NITRIC OXIDE 16848

CYLINDER NO.
CLM-002033

CONCENTRATION
94.7 PPM

R=REFERENCE STANDARD

1. COMPONENT NITRIC OXIDE

- Z=ZERO GAS

C=GAS CANDIDATE

ANALYZER MAKE-MODEL-S/N  THERMO ENV 14A SN/14A-35387-250

ANALYTICAL PRINCIPLE CHEMILUMINESCENCE LAST CALIBRATION DATE 06/30/92
FIRST ANALYSIS DATE 6/16/92 ' SECOND ANALYSIS DATE 6/30/92
Z 0.0 PPH R 88.8 PPM C 79.2 PPM CONC. 87.5 PPH Z 0.0 PPM R 81.6 PP4 C 72.8 PPH CONC. 87.5 PPM
R 83.6PPM Z 0.0 PPM C 79.1 PPN CONC. 87.6 PPH R 81.3PPM Z 0.0 PPM C 72.5 PPM CONC. 87.5 PPM
_Z 0.0 pPM C 79.0 PPH R 88.6 PPM CONC_. 87.5 PPM Z 0.0 PPM C72.1 PPM R 80.9 M CONC. 87.4 PPM
UM PPM : MEAN TEST ASSAY 87.5 PPM UM PPM MEAN TEST ASSAY 87.5 PPN
THIS CYLINDER NO.  SA-1144 CERTIFIED CONCENTRATION =
HAS BEEN CERTIFIED ACCORDING TO SECTION 3.0.4 NITRIC OXIDE {  87.5 PPH
OF TRACEABILITY PROTOCOL NO. 1 NITROGEN BALANCE
PROCEDURE 61 '
CERTIFIED ACCURACY #+ 1.0 % NIST TRACEABLE
CYLINDER PRESSURE . 2000 PSIG - '
CERTIFICATION DATE  06/30/92
EXPIRATION DATE 12/30/93
ANALYZED BY CERTIFIED BY

KEVIN BRADY

BILL CAFFERTY




215-691-2474
FAX # 215-758-8384

LIQUID CARBONIC

SPECIALTY GAS CORPORATION

EAST COAST REGION .
=3 SrHIVERSVILLE RD,, BETHLEHEM, PA 18015

CUSTOMER  S/T SLATERSVILLE - P.O NUMBER
/ COMPONENT CYLINDER NO.’ CONCENTRATION
NITRIC OXIDE CLM000851 489 PPM.
R=REFERENCE STANDARD Z=ZER0O GAS C=GAS CANDIDATE

1. COMPONENT NITRIC OXIDE

~ ANALYZER MAKE-MODM THERMO ENV 14A SN:14A-35387-250

ANALYTICAL PRINCIPLE ~ CHEMILUMINESCENCE LAST CALIBRATIONDATE  07/09/92

FIRST ANALYSIS DATE 07/01/92 SECOND ANALYSIS DATE 07/09/92

Z 0.0 R 432.0 C 373.8  CONC. 428.3 Z 0.0 R 379.0 C 329.5  CONC. 430.3

R 431.0 Z 0.0 C 377.2  CONC. 433.2 R 378.6  Z0.0 C 328.8  CONC. 429.9 .

Z 0.0 C 376.8 R 429.9 CONC. 433.9 Z 0.0 € 329.5 R 378.8  CONC. 429.9 !

UM PPM MEAN TEST ASSAY 431.8 UM PPH MEAN TEST ASSAY 430.0

/
]
) % '
- *
/./""'- B _ .
- ./‘

THIS CYLINDER NO. . SA-3988 CERTIFIED CONCENTRATION . '~

HAS BEEN CERTIFIED ACCORDING TO SECTION 3.0.4 NITRIC OXIDE 430.9 PPN -

OF TRACEABILITY PROTOCOL NO. - 1 - NITROGEN BALANCE . |
PROCEDURE 61 ' N . ' )
CERTIFIED ACCURACY ¢ 1.0 % NIST TRACEABLE /
CYLINDER PRESSURE 2000 PSIG ‘ /-
CERTIFICATION DATE 7/ 9/92 N 4
EXPIRATION DATE 17 9/94 Sl L

/
ANALYZED BY CERTIFIED BY AL

BILL FE
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LIQUID CARBONIC

SPECIALTY GAS CORPORATION

) 5700 SOUTH Te (A 325 -
213 585-2154 tH ALAMEDA STREET » LOS ANGELES, CAI.JFORNH 3

FAX # 213 585-0582

CUSTOMER  ENVIRONMENTAL SCIENCE SvS .

COMPONENT
PROPANE

R=REFERENCE STANDARD

1. COMPONENT PROPANE

REFEREN CE ST A.NDARD
. NIST SRM NO. CYLINDER NO. . - CONCENTRATION
16670 CLH- 005042 47.3 prm
VZ=ZER0_ GAS C=GAS CANDIDATE

- ANALYZER MAKEMODEL—S/N HP 5890 Series Il S/N 3108434409

ANALYTICAL PRINCIPLE GC/ Thermal Conductivity LAST CALIBRATION DATE 06711792
FIRST ANALYSIS DATE 07/06/92 'SECOND ANALYSIS DATE

Z0 R 452 C 28 CONC. 29.9ppm  Z R c CONC.

R 454 zZ 0 C 285 CONC. 29.7ppm R z c CONC.

Z o0 C 28 R 451 CONC. 29.8pm 2 - c R CONC. ,

™M w 'MEANTEST ASSAY 29.8 pam UM w - ' MEAN TEST ASSAY §

]
H

THIS CYLINDER NO.  SA 5122 : CERTIFIED conczzmumon
HAS BEEN CERTIFIED ACCORDING TO SECTION 3.0.4 PROPANE 7 - 29.8 ppm
OFTRACEABHJTYPROTOCOLNO. 1 -

PROCEDURE 61 .
CERTIFIED ACCURACY
CYLINDER PRESSURE
CERTIFICATION DATE
EXPIRATION DATE

$17 . gwsT TRACEABLE
2000 PpsIG
107/06/92
01/06/94

2ERO AIR - BALANCE




213 285.215¢
FAX # 273 535-0582

TN e At

LIQUID CARBONIC
SPECIALTY GAS CORPORATION _
5700 SOUTH ALAMEDA STREET » LOS ANGELES, CALIFORNIA 90053 :

. CUSTOMER ENVIRONMENTAL SCIENCE Svs
COMPONENT NIST SRM NO. CYLINDER NO. CONCENTRATION
PROPANE 1668 CAL-4423 94.8 ppm
R=REFERENCE STANDARD C=GAS CANDIDATE
. COMPONENT PROPANE ANALYZER MAKE-MODEL-S/N  HP 5890 Series II S/N 3108434409
ANALYTICAL PRINCIPLE GC/ Thermal Conductivity N LAST CALIBRATION DATE 08711792
FIRST ANALYSIS DATE 06/15/92 SECOND ANALYSIS DATE
zZ 0 R 8&%5 c 821 CONC. 87.0 ppm yA R C CONC.
R 89 Z 0 C 820 CONC. 86.8 ppm R z - C CONC.
Z o C =20 R 894 CONC. 87.0 ppm z C R CONC.
'UM W MEAN TEST ASSAY 86.9 ppm UM W MEAN TEST ASSAY
THIS CYLINDER NO. - SA 4581 . . CERTIFIED CONCENTRATION
HAS BEEN CERTIFIED ACCORDING 'ro SECTION 3.0.4 PROPANE 86.9 ppm
OF TRACEABILITY PROTOCOL NO. 1 ' 2ERO AIR " BALAKNCE .
PROCEDURE . . g1 ' o :
| -CER'I'_IHED ACCURACY ¢ ‘I % ngr mcmm; .
CYLINDER PRESSURE 2000 PSIG SR
CERTIFICATION DATE  06/15/92 R
EXPIRATION DATE 12/15/93 o
w o ANALYZED BY -
ﬂqﬁ ,.&..— s v

" &ﬂu- o3

P 4‘1--)'- “




JUN 3 '93 12:28 FROM LIQUID CARBONIC L.A. TO 14@14212887 PAGE.0B2-002

LIQUID CARBONIC

SPECIALTY GAS CORPORATION
5700 SOUTH ALAMEDA STREET = LOS ANGELES, CALIFORNIA 92058

AT O AL T 357

COMPONENT

CONCENTRATION
PRCPAME 7.3 ppa
IANALYZERREX,
R=REFERENCE STANDARD Z=ZERQ GAS C=GAS CANDIDATE
1. comum PROPANE ANALYZER MAKE-MODEL-S/N ¥ 5890 Series 11 5/% 3108A34409 .
ANALYTICAL PRINCIPLE GC/ Therms! Conductivity LAST CALIBRATION DATE 88711792
FIRST ANALYSISDATE 97706/92 . SECOND ANALYSIS DATE
z 0 R 455 C &5 CONC. 49.% ppm Z R c CONC,
R 453 z 0 C 476 CONC, 49.7 ppon R Z c CONC.
Z o C R 452 CONC. 49.6 ppo A C ) S CONC.
UM uv MEAN TEST ASSAY 49.5 ppm ™ w MEAN TEST ASSAY
r
THISCYLINDERNO.  SA 4999 . CERTIFIED CONCENTRATION
HAS BEEN CERTIFIED ACCORDING TO SECTION 50.4 PROPANE . 49.6 ppom

OF TRACEABILITY FROTOCOLNO. 1 TERG AIR BALANCE
PROCEDURE 61 - ' - _
CERTIFIED ACCURACY ¢ } % NIST TRACEABLE

CYLINDER PRESSURE 3000 PSIG

CERTIFICATION DATE  07/06/92

EXPIRATION DATE 01/06/9%

——
—




Table No. B1 GC FID Calibration data

Calibration No. 1

ropane esponse “Regression
- Conc.ppm Peak Ht. Conc. ppm
0 0 0.0 106.3
208 1945 - 30.1 1929.6
49.6 3365 533 3141.0
86.9 . 5290 84.7 5423.1
Calibration No. 2 .
Propane GC Response Regression
Conc. ppm Peak Ht. Conc. ppm
0 0 0.0 —40.0
298 1720 28.8 1780.6
49.6 2990 49.6 2990.3
86.9 5290 87.2 5269.1
Calibration No. 3 .
Propane GC Response - Regression
Conc. ppm Peak Ht. Conc. ppm
0 0 0.0 204
29.8 1650 204 1675.0
49.6 2860 51.1 2774.3
86.9 4805 86.2 4845.3




Figure No. B1 GC. FID Calibraton Curves using Propane in air.

WPI Compliance Testing for Gen No. 5, 21st March 1993.

GC Calibration No. 1
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Table No. B2, Peak data with sample injection time and concentration

Test Run #1, starttime 9:20 AM

SI'No. Time of Peak Height ~_Conc. In PPM
Injection Methane NMHC
1 9:21 366 12.7 <5.0
2 9:26 408 14.8 <5.0
3 9:31 401 14.5 <5.0
4 9:36 268 7.9 <5.0
5 9:41 213 5.2 <5.0
6 9:45 329 10.9 <5.0
7 9:49 306 9.8 <5.0
8 9:53 311 10.0 <5.0
9 9:59 326 10.8 <5.0
10 10:03 284 8.7 '<5.0
11 10:09 326 10.8 <5.0
12 10:13 ' 335 11.2 <5.0
13 10:17 315 10.2 <5.0
Average Conc: 10.6
Test Run #2, starttime 11:20 AM
S No. Time of Peak Height Conc. in PPM as Methane
Injection Methane NMHC
1 11:23 105 7.1 <5.0
2 11:28 138 8.7 <5.0
3 11:35 <5.0 <5.0 <5.0
4 11:38 . 164 10.0 <5.0
5 y 11:43 131 8.4 <5.0
6 11:48 191 11.3 <5.0
7 11:58 <5.0 <5.0 <5.0
8 12:00 §770 285.3 <5.0
S 12:01 988 50.5 <5.0
10 12:06 183 109 <5.0
11 12:09 5560 275.0 <5.0
12 - 12:12 183 10.9 <5.0
13 12:17 252 14.3 <5.0
Average Conc: 53.3

Test Run #3, starttime 1:00 PM

ST No. Time of Peak Height _ Conc. in PPM as Methane
Injection Methane NMHC
1 1:01 149 6.9 <5.0
2 1:08 6100 328.5 <5.0
3 1:10 6310 -339.8 <5.0
4 -1:13 - 1410 75.1 <5.0
5 1:18 109 4.8 <5.0
6 1:24 1400 745 <5.0
7 - 1:28 186 8.9 <5.0
8 1:38 4610 248.0 <5.0
9 1:42 498 25.8 <5.0
10 1:45 48100 25978 = <5.0
11 1:47 34300 1852.2 <5.0
12 1:49 142 6.6 <5.0
13 1:58 61600 3327.2 <5.0
14 1:59 4140 2226 <5.0
15 2:01 73300 3959.4 <5.0
Avarage Conc: 871.9

Note: All concentrations reported are as methane equivalent



R 7o 8 Engine Dy S%tvice Operations i
Fax: 414-549-2804

To: Beb Wilson
Date. 08/09/93
From: Jeff Ralig

Subject: Roote Moter Calibration Report

CC: R P Jslinek

Co.. WP - Rhode Igland
Fax No.: 401-943.8188
File:

@ data shows the calibration aceuracy varied from 100.3%
10 100.7% aoroes the range of flow from 1000 CFH t0 10,000 CEH,

dim
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APPENDIX C

CALCULATIONS



EMISSION CALCULATIONS

1) Brake Specific Fuel Consumption (BSFC) (BTU/BHP-HR)

SLHV, FT3., Pg+Pg,c

BHP X MIN) ( Ty 5+460°

BSFC=1040.0( )

WHERE: ,

1040.0 Conversion factor for standard conditions of 60°F
and 29.92 inches Hg

SLHV Saturated low heat value - fuel analysis
(BTU/FT%)

BHP Average Horse Power - Process Data

FT°/MIN Measured cubic feet of fuel gas per minute
(Rootsmeter) r

Py Barometric pressure (inches Hg)

Pgas ’ Measured fuel gas pressure (inches Hg)

Tgas Measured fuel gas temperature (°F)

2) Fuel Flow (EF) (Ib/hr)

_ 1
FF=(BSF _C)(BHP)(__SLHV) (FGD)

WHERE:
FGD = Fuel gas density = SG x 0.0765 Ib/ft*

EMISSION



3) Air-Fuel Ratio (AFR)

1+ R/2 .,.Q) X 120F ,,

AFR= F[11492F( 35+R

)

Modified for fuels containing CO,

AFR=F,[(11.492F ;+3.136F O,)(“R/Z*Q) (2my 3 1365

3.5+R Feorl
WHERE
F, Carbon weight fraction in fuel
Fyy, ' Hydrogen weight fraction in fuel
Feos Carbon dioxide weight fraction in fuel
= %CO [/ %CO,
Q = %0, / %CO,
F, = (%CO + %CO,) / (%CO + %CO, +
% THC)
4) Air Flow (Ib/hr) _
AF=(FF)(AFR)
5) Exhaust Flow (lb/hr)
EF=AF+FF

EMISSION



6) Brake Specific Emission Rates (grams/BHP-HR)

(EF)(WMF)) _453.6grams
Ei=
Y T
WHERE:
WMEF, = Wet mass fraction of pollutant x

EMISSION
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APPENDIX D

CEM SPECIFICATIONS



TECO MODEL 42 NITROGEN OXIDES (NOy - NO, - NO) ANALYZER

SPECIFICATIONS

Ranges

Noise

Detectio.n Limit

Zero Drift (24 hour)
Span Drift (24 hour)
Rise, Fall Times (0-95%)
Linearity

Sample Flow Rate
Vacuum

Power Requirements

Physical Dimensions

- Weight

D&S

Outputs

: 0-10, 20, 50, 100, 200, 500, 1,000, 2,000

5,000 ppm

: 25 ppb

: 50 ppb

: 50 ppb

: +/- 1% Full Scale

: 2.5 seconds NO or NO, mode
: +/- 1% Full Scale f
: 25 cc/min.

: 28.5" Hg

: 500 Watts

: 115 % 10 Volts

: 220 * 20 Volts

: 50/60 HZ

: 17"Wx83/4"Hx23"D

: 70 Ibs. (including external pump)

: NO, NO,, NO_

Selectable Voltage
4-20 ma



0t ‘uoIIDA
e 10°1Z¢ [Ppop aemyog 1_rEMmljog
AMPIANDIR snq (1S pIeOq-uo m:gSopesnA sng

- ' MO UIL/|m 00E = @
‘Mog Um/w o = 2y'1sd 0f—sI0WWs

J3]lonuod0Io|

20 121 §/¢ 92718 wdas {s9z1s WMo R0
30} sIdepe ‘suamjos dw 3o ssed o
PY /1 siepommose spg PUe paesy

~33d 'Spm3 Syposu m sopoy wmdss 1000’

Z.._..MOp i Bfenuco weBapdy pue Je S9sed

2aE 3¥ne8 ik rjanies
= Mo ‘38ne pm JO)E]nS:Jl Joasd-vorsmynp iSeD Purey |
: Isd 001-0 9suey
_ - SOjBWN3ug
um/uw gog o3 dn ei mop umnds -

mMgadn uonssfuj sdwes o5 44z 5 Jeauy; 9poW ds
uumios-Ad paed 3o Jauy sseld Sjqesdedai
‘N1 mop Sumnds s1qmsnipe pue e

01 dn pue uogsafur |dwes 1o] 4z = reauy ‘uonssfuy inds

. o] ,

SSe[8 Sjqeoeidar i ¢ Lpede Jjdares xem ‘uonsofug ssopnds

) sspndsAnds _ AL

Joyaluy uwnjogy

. .. JuBidey ssapydsyidg

I nD 56 .

o1q patesy od UORS3(uy uwnos-uo 1anp AL
] J0308{u) uwnjon po)orgd
‘ 810103{u]
" O oI'0 F o oemoe R ’
- [WWARY} H 1 Ut jonuos euvonuodaud flenuo) amerduway,
ST 01 Ve SS9 5 5 07 61 5 +00¢ ‘uMoq-1oo)
S 21 yadde W S 000€ 01D 0§ ‘dn-esy |
................................ o T S SRS
""" uumcs Kiefjides | 36 posed 7 :Qpede)
FPRUALXTSIIM 59 T
- JOU} youl A1GNd 962 9218
S . UL Ye)
uojdiosag _juauodwon

_ -suoneoyloads weisks “i-y ajqel

suo!;eo!;gaads Lua;_sAs

ydeiBorewoiyg sey |ze [9poy

"0u] ‘swaysAg n NH




44|“¢ .
| ',

@Y ov)qrss ESSETT

(uD 0€°£T) SV SL°01 ‘tpdag

(1> 63°€T) YUl ST°6 PP
(uD L6°ED) PV 'S AERH

J9]]0J}U0J0J0IN

o [eIMs ILINDI P
3 1PIms NO SNV [itM paddmbe aid (2
Januod vowwmaod uo

[

(13 pu gId Yoq o) papraid armzony (1 RO

: &eiyase BTETY

(D 6°L7) et 11 apdsq

(15 6°y€) P!l SLET ppIM

- (uD £°97) ST 5701 AY3pH
deJboBWwoyD $8D

suojsuaw|q |821sAyd

amierdues usquIe MRUIXeW O O 03 dn

Apiumy 3AReRI JUSIGWE %08 O3 %0T QUIWUOIAUY
93e15AB SHEM GOE XRW SUEM 009 'SUEM 00F
'zH 09/05 "*3eatoa su1] pare Jo %01 F

'OYA 042/0€Z 021/S11 ‘001 PXH Jamod

sJUSWANNDIY . WBISAS

(orex3aut J0j) A 10 (€ \ )
PpiosuIoy AmT-0 (1 |W Ol - T i=nding
eSS MY %06 0] SPUCSIS £'0> : =y ssuodsy
. dwe $1-3X 50 . . $9sI0N
ye {(do1s Areuiq) yZot-1 ;UOHENUSY (J9PIOSAI) INANO
Seos [y dure ZT-I X § :QMRISUSS TMWTEN
001 ‘01 't :uogenua1Ty nduy
(qid 1o Qid) 8Jaj8W03T
‘uop60sag suodwo)

(Penupuod) suonedYyIoads WalsAS 1=} 9[qBL




	Untitled



