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State of Kansas
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o
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Azzie Young, Ph.D., Secretary
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May 11, 1992

Michael Chan

Acurex Environmental

555 Clyde Avenue

Mt. View, California 94043

Dear Mr. Chan:

In response to your telephone conversation with L. C. Hinther,
enclosed is a brief summary and results of the Chanute Power Plant
emissjons test. If this information does not suffice, contact me
with any additional data/information you may need.

incerely,
;ﬂl é&o,ﬂg

Michael J. Parhomek
Environmental Technician
Bureau of Air and Waste Management

tam:Chan

Forbes Field e Building 740 ® Topeka, Kansas 66620-0001 e (913) 296-1500
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Introduction

This report presents the results of the gaseous emission compliance testing
performed for the city of Chanute, Kansas at their Power Plant No. 3 facility

located in Chanute, Kansas.

The purpose of the testing was to determine the NO, emission rates from one
of the three Fairbanks-Morse Colt Piekstick - duel fueled engines and one of
the two Fairbanks-Morse Colt Pilestick - diesel fueled engines at Chanute's

Power Plant No. 3.

The testing was performed by Burns and McDonnell Engineering Company whose
main office is located at 4800 East 63rd Street, Kansas City, Missouri 64141.

On September 4, 1991 the NO, emission testing was performed on Engine No. 12,

operating at 50%, 75% and 100% loads, conducting three tests for each load.

On September 5, 1991 the Noxemission testing was performed con Engine No. 11,

operating at 60%, 75% and 100% loads, conducting three tests for each load.
The testing was performed in accordance with EPA Reference Methods 3A, 7E, 10
and 20 as published in the July 1, 1990 Code of Federal Regulations, Title
40, Parts 53 to 60 and Subpart FF "Standards of Performance for Stationary

Internal Combusticon Engines".

The testing equipment, sampling and analytical procedures are described in
section IV of this report. The raw field data, equipment calibrations, lab
analysis reports and equations used in determining the final results are

presented in the Appendix,
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The emission testing was coordinated by Mr. Fred Diehl - City Engineer and
Mr. Jim Hutchison - Chief Operator. Burns and McDonnell's test crew
consisted of: Russell Fowler (crew chief) and Luke Corkill (technician}.
Mr. Lynn Ranabargar from the State of Kansas Department of Health and

Envircnment witnessed the compliance testing.
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Summary of Test Results

The testing program for Chanute's Power Plant No. 3 consisted of performing three
30 minute test runs at each load point on Unit No. 11 and on Unit Be. 12, On
Unit No. 11, the established load points tested were: 4173 KW (60% load), 5216
KW (75% load) and 6955 KW (100% load). On Unit No. 12 the established load
points tested were: 2763 KW (50% load), 4144 KW (75% load) and 5525 KW (100%

load).

During the first part of the full load test on Unit No. 11, the cooling system
for the turbo exhaust was not in operation, resulting in a steady increase in NOx
concentrations. After the cooling system was put into operation, a reduction of
NOI concentrations was recorded. Even though the NOx emissions were slightly
higher compared to normal operation, the unit was st;ll .in compliance.

Therefore, retesting at this load point was not necessary.

While testing Unit No.llz,'&ﬁring Run 1 and Run 2, the CC monitor was not sending
data to the computer data logger. There was a problem with an electrical
connection and was resolved. Although, there are no charts plotted for CO during

the test for Run 1 and Run 2, the data was recovered from the strip chart,

The following are tables summarizing the results of the gaseous emission tests

performed on Chanute's Power Plant No. 3.
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Plant
Load

4173 KW
4173 KW
4173 KW
AVERAGE

5216 Kw
5216 KW
5216 Kw
AVERAGE

6955 Kw
6955 KW
6955 KW
AVERAGE

Plant
load

2763 KW
2763 KW
2763 Kw
AVERAGE

4144 KW
4144 KW
4144 KW
AVERAGE

5525 KW
5525 Kw
5525 Kw
AVERAGE
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Emissions Test Results for Unit No, i1l

493
NO; (ppm}

s prispeted.
NEPS afnd s

~" NO;(ppm}

300
307
312
306

312
311
325
316

599
616
598
604

Emigsiong Test Results for Unit No.

15% Q; —" @ Ref Amb Cond

332
340
345
339

339
337
352
343

639
658
638
645

12

NO, (ppm)
@ Ref Amb Cond

551
556
568
558

572
582
582
579

569 -
566
577
571

0 Co
(%) {ppm)
12.4 698
12.4 664
12.3 653
12.4 672
12.3 513
12.3 582
12.3 555
12.3 550
12.0 347
11.9 369
11.8 388
11.9 368
iada
0; co
&3] {ppm)
12.6 "134
12.7 146
12.7 163
12,7 148
11.7 224
11.7 225
11.7 217
11.7 222
11.0 300
11.0 285
11.1 296
11.0 294

Following are the charts plotted from the computer data logger, listing the

actual emission concentrations used in the calculations.
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Q, SAMPLING AND ANALYTICAL PROCEDURES METHOD 34

Sampling Equipment

A Beckman Corporation portable compliance meonitor Model 755 02 analyzer as shown

in the exhibit, was used for the sampling of oxygen in the exhaust gas.

The sampling of the flue gas takes place via a porous filter connected to a T-
type stainless steel heated probe. The sample is then transported to the
analyzer via a self-regulating sample line constructed of reinforced tygon
tubing. The sample is pulled by means of a Thomas diaphragm pump with the gas

flow being regulated by a Dwyer flow rate meter.

Certified calibration gases are used to calibrate the analyzer. One span gas
along with'ambient air was used for the 0; analyzer. The 0; Bases were ‘based on
a span value of 20.9 percent and were 80-100 percent range for the high level

gas, 40-60 percent range fof'fhé‘ﬁid level gas.NOx calibration gas was used to

zero the 0 analyzer.

Interference gases were introduced into the analyzer prior to use in the field.

Three interference gases were used, NO,, CO and SOZ, for this particular test.

Sample Preparation

The sampling and conditioning portion of the system is designed to prevent los
of 0y from the sample gas as follows:
The sample is drawn through a heated, filtered probe to remove any particulate

and condensation from reaching the monitor. A teflon sample line conveys the




sample gas to a sample conditioner at a temperature above the dew point of the
sample, thereby preventing condensation and subsequent losses of scluble sample
components. An ice bath sample conditioner, which is a simple form of a heat
exchanger, completes the sampling conditioning. The object of this device is to
reduce the temperature of the sample to a low enocugh level to allow the moisture
in the sample to be regenerated in droplet form and to prevent condensation in

the monitor.

The Beckman oxygen analyzer.Model 755 provides a continuous readout of the oxygen
content of the flowing gas sample. The determination is based on measurement of

the magnetic susceptibility of the sample gas. Oxygen 1s strongly paramagentic;

_other common gases, with only a few exceptions, are weakly diamagnetic. With the

Model 755, the volume magnetic susceptibility of the flowing gas sample is sensed
in the detector/magnet assembly, which in turn displays the front panel reading

on the analyzer, the output for the strip chart recordings and the output for the

computer data logger.

Sampling Procedures

Sampling was conducted from the test port located in the stack. Prior to any
sampling, the analyzer was set up by introducing the calibration gases one at a
time and setting the appropriate span and zero values. This data was recorded

on the corresponding strip charts and the computer data logger.

The probe was then positioned in the gas stream, heated at a controlled

temperature (248°F +/- 25%F) and the sample pump turned on. Sampling time for




each run was 30 minutes (10 minutes at each point) including the system response
time. The average steady-state concentrations of 02 at the sample points was
recorded on field test forms, recorded on the strip charts and recorded on the
computer data logger. These data sheets can be found in the appendix. A post-
test zero and calibration drift test was performed on the analyzer after each

test run.
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Acurex
Environmental

CORPORATION April 22, 1992

’

Mr. Glenn Keller, Executive Director
Engine Manufacturers Association
401 N. Michigan Avenue

Chicago, [llinois 60611

Dear Mr. Keller,

Acurex Environmental Corporation is currently engaged in an update of Chapters 1
and 3 in the document Compilation of Air Pollutant Emission Factors (AP-42’s Volume L
Stationary Point and Area Sources) for the US EPA’s Office of Air Quality Planning and
Standards (OAQPS). I am responsible for sections 3 and 4 of Chapter 3, entitled "Gasoline
and Diesel Industrial Engines" and "Stationary Large Bore Diesel and Dual Fuel Engines”
respectively. An emission factor is the quantity (mass) of pollutants emitted divided by a
unit of activity (e.g., g/hp-hr of NOy). The emission factors are used in making estimates
of areawide emissions, emission estimates for a specific facility, and evaluation of emissions
in relation to ambient air quality.

The primary emissions of interest are uncontrolled criteria pollutant emissions that
are already listed in AP-42 (I have enclosed a copy of the current sections 3.3 and 3.4 of
AP-42). EPA’s OAQPS would also like to include any available data on Speciated VOC's,
Air Toxics, Greenhouse Gases, Fugitive Emissions, and Particulate Sizing (PM,,) in this
current update. As I mentioned, the current emission factors in AP-42 are based on
uncontrolled data, but I would like to include a new table of emission factors that would be
based on controlled data.

The data needs to include as much detail as possible to enable the rating of the data
quality by EPA pguidelines (I also enclosed a copy of the page on data quality rating).
Preferably, the data would include the actual source tests and data sheets.

Currently, the stationary internal combustion reciprocating engines are divided by fuel
used (gasoline, diesel, and dual fuel), rated power (20 to 250 hp for gasoline engines and
45 to 600 hp for diesel engines) in section 3.3, and bore size (greater than 560 cubic inch
displacement per cylinder for diesel and dual fuel engines) for in section 3.4, It has been
suggested to me that the engines should be sorted by the rated power and fuel used to make
AP-42 easier to use. Therefore, I would like to be able to sort the data by fuel and
horsepower (I have a preference for data on engines greater than 600 hp due to the scarcity
of the data). I am open to any suggestions on improving the sections 3.3 and 3.4 in AP-42.

555 Clyde Avenue, P.O. Box 7044, Mountain View, CA 94039 (415) 961-5700 FAX: (415) 964-6523/5145
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I am aware of the confidentiality of the data to the individual engine manufacturers,
and if requested, I would reference the source of the data as from the Engine Manufacturers
Association. The data for each rated power range (maybe grouped by 100 hp increments
and fuel) will be averaged and weighted by the estimated market share before being
published in the revised AP-42. Therefore, I am also interested in what the estimated
existence or market share of stationary internal combustion reciprocating engines by rated
power and fuel in the Unites States.

Because this phase of the update needs to be completed and published by June 1,
1992 for compliance with the Clean Air Act, I need to submit a draft of the revisions and
supporting calculations by May 15, 1992. This puts a severe time constraint on my efforts,
and any data that you can provide would be appreciated. If I can be of any assistance in
collecting the information, please call me at (415) 961-5700, extension 3700.

Sincerely,

AL/

Michael J. Chan
Project Engineer
Acurex Environmental Corporation

-
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Acurex
Environmental

CORPORATION April 27, 1992

Mr. Steve Hill

Bay Area Air Quality Management District
939 Ellis Street

San Francisco, CA 94109

Dear Mr. Hill,

This is a request for a date and time in which Carolyn Rushforth and myself can
come up to Bay Area AQMD to find some emissions data. Acurex Environmental

Corporation is currently engaged in an update of Chapters 1 and 3 in the document

| Compilation of Air Pollutant Emission Factors (AP-42’s Volume I: Stationary Point and
Area Sources) for the US EPA’s Office of Air Quality Planning and Standards (OAQPS).
Chapters 1 and 3 of AP-42 deals with stationary external and internal combustion sources.

The primary emissions of interest are uncontrolled criteria pollutant emissions that
are currently listed in AP-42. EPA’s OAQPS would also like to include any available data
on Speciated VOC’s, Air Toxics, Greenhouse Gases, Fugitive Emissions, and Particulate
Sizing (PM,,) in this current update. The current emission factors in AP-42 are based on
uncontrolled data, but a new table of emission factors that would be based on controlled
data is desirable.

The data needs to include as much detail as possible to enable the rating of the data
quality by EPA guidelines. Preferably, the data would also include the actual source test
data.

In regard to Chapter 1, any air toxics data for any sized oil, coal, and/or LPG fired

boilers is being requested.

555 Clyde Avenue, P.O. Box 7044, Mountain View, CA 94039 (415) 861-5700 FAX: (415) 964-6523/5145




In summary, the data that are being requested for a visit by Carolyn and myself is:
(1) any emissions data (Criteria, Speciated VOC’s, Air Toxics, Greenhouse Gases, Fugitive
Emissions, and Particulate Sizing (PM;,)) for all stationary internal combustion engines
running on gasoline, diesel, or dual fuels; and (2) any air toxics data for any sized
oil/coal /LPG fired boilers.

Because this phase of the update needs to be completed and published by June 1,
1992 for compliance with the Clean Air Act, I need to submit a draft of the revisions and
supporting calculations by May 15, 1992. This puts a severe time constraint on my efforts,
and any data that you can provide would be appreciated. Please call me at (415) 961-5.700,

extension 3700, to confirm a date and time for our visit to Bay Area AQMD.

Sincerely,

ALl

Michae!l J. Chan
Project Engineer
Acurex Environmental Corporation

D




Acurex

Environmental | FAX COVER SHEET

CORPORATION

555 Clyde Avenue

P.O. Box 7044

Mountain View, CA 94039

(415) 961-5700

FAX Numbers: (415) 964-6523, 964-5145

Io | -
Name: O\O N]S\r\ TANVANAN FAX No.: @Hg) I -5 oRO
Organization: > iy A\Fc:« A XM D _
Number of Pages Including Cover Sheet: 2

Date: L\'/l%’/oll Time: 6’:005,”'
Name M Onael C/\/\CM’\ Ext: _ 2 7 00
MESSAGE

Tk

2

% »{oa\(',ﬁ‘?}ra: y{{ﬁ( w'ﬁ/[ M
sonf Fo Showe HI pfoley.

Al
et

(\ :-,) FORM 4058 A 3102




Acurex
Environmental
CORPORATION April 27, 1992

Mr. Steve Hill

Bay Area Air Quality Management District
039 Ellis Street

San Francisco, CA 94109

Dear Mr. Hill,

This is a request for a date and time in which Carolyn Rushforth and myself can
come up to Bay Area AQMD to find some emissions data. Acurex Environmental
Corporation is currently engaged in an update of Chapters 1 and 3 in the document
Compilation of Air Pollutant Emission Factors (AP-42’s Volume I: Stationary Point and
Area Sources) for the US EPA’s Office of Air Quality Planning and Standards (OAQPS).
Chapters 1 and 3 of AP-42 deals with stationary external and internal combustion sources.

The primary emissions of interest are uncontrolled criteria pollutant emissions that
are currently listed in AP-42. EPA’s OAQPS would also like to include any available data
on Speciated VOC's, Air Toxics, Greenhouse Gases, Fugitive Emissions, and Particulate
Sizing (PM;,) in this current update. The current emission factors in AP-42 are based on
uncontrolled data, but a new table of emission factors that would be based on controlled
data is desirable.

The data nee'ds to include as much detail as possible to enable the rating of the data
quality by EPA guidelines. Preferably, the data would also include the actual source test
data.

In regard to Chapter 1, any air toxics data for any sized oil, coal, and/or LPG fired

boilers is being requested.

" . 555 Clyde Avenue, P.O. Box 7044, Mountain View, CA 94039 (415) 961-5700 FAX: (415) 964-6523/5145
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In summary, the data that are being requested for a visit by Carolyn and myself is:
_(1) any emissions data (Criteria, Speciated VOC’s, Air Toxics, Greenhouse Gases, Fugitive
Emissions, and Parlicﬁiate Sizing (PM,)) for all stationary internal combustion engines
running on gasoline, diesel, or dual fuels; and (2) any air toxics data for any sized
oil/coal /LPG fired boilers.

Because this phase of the update needs to be completed and published by June 1,
1992 for compliance with the Clean Air Act, I need to submit a draft of the revisions and
suﬁporting calculations by May 15, 1992. This puts a severe time constraint on my efforts,
and any data that you can provide would be appreciated. Please call me at (415) 961-5700,

extension 3700, to confirm a date and time for our visit to Bay Area AQMD.

Sincerely,

HLSOL

Michael J. Chan
Project Engineer
Acurex Environmental Corporation




Acurex
Environmental -
CORPORATION : April 22, 1992

Mr. Clair Fancy

Buerau of Air Regulations

Department of Environmental Regulations
2600 Blairstone Road

Tallahassee, Florida 32399

Dear Mr. Fancy,

Acurex Environmental Corporation is currently engaged in an update of Chapters 1
and 3 in the document Compilation of Air Pollutant Emission rs (AP-42’s Volum
Stationary Point and Area Sources) for the US EPA’s Office of Air Quality Planning and
Standards (OAQPS). I am responsible for sections 3 and 4 of Chapter 3, entitled "Gasoline
and Diesel Industrial Engines” and "Stationary Large Bore Diesel and Dual Fuel Engmes
respectively. An emission factor is the quantity (mass) of pollutants emitted divided by a
unit of activity (e.g., g/hp-hr of NOy). The emission factors are used in making estimates
of areawide emissions, emission estimates for a specific facility, and evaluation of emissions
in relation to ambient air quality.

The primary emissions of interest are uncontrolled criteria pollutant emissions that
are already listed in AP-42 (I have enclosed a copy of the current sections 3.3 and 3.4 of
AP-42). EPA’s OAQPS would also like to include any available data on Speciated VOC's,
Air Toxics, Greenhouse Gases, Fugitive Emissions, and Particulate Sizing (PM,,) in this
current update. As I mentioned, the current emission factors in AP-42 are based on
uncontrolled data, but I would like to include a new table of emission factors that would be
based on controlled data.

The data needs to include as much detail as possible to enable the rating of the data
quality by EPA guidelines (I also enclosed a copy of the page on data quality ratmg)
Preferably, the data would include the actual source tests and data sheets.

Currently, the stationary internal combustion reciprocating engines are divided by fuel
used (gasoline, diesel, and dual fuel), rated power (20 to 250 hp for gasoline engines and
45 to 600 hp for diesel engines) in section 3.3, and bore size (greater than 560 cubic inch
displacement per cylinder for diesel and dual fuel engines) for in section 3.4. It has been
suggested to me that the engines should be sorted by the rated power and fuel used to make
AP-42 easier to use. Therefore, I would like to be able to sort the data by fuel and
horsepower (I have a preference for data on engines greater than 600 hp due to the scarcity
of the data). I am open to any suggestions on improving the sections 3.3 and 3.4 in AP-42.

555 Clyde Avenue, P.O. Box 7044, Mountain View, CA 94039 (415) 961-5700 FAX: (415) 964-6523/5145
A
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I am also interested in the estimated existence or market share of stationary internal
combustion reciprocating engines by rated power and fuel in the Unites States. I would
appreciate any information on where I can find any sources for this type of information.

Because this phase of the update needs to be completed and published by June 1,
1992 for compliance with the Clean Air Act, I need to submit a draft of the revisions and
supporting calculations by May 15, 1992. This puts a severe time constraint on my efforts,
and any data that you can provide would be appreciated. If I can be of any assistance in
collecting the information, please call me at (415) 961-5700, extension 3700.

Sincerely,

‘Michael J. Chan
Project Engineer
Acurex Environmental Corporation
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3.3 Gasoline and Diesel Industrial Engines

3.3.1 General — This engine category covers a wide variety of industrial applications of both gasoline and diesel
internal combustion power plants, such as fork lift trucks, mobile refrigeration units, generators, pumps, and
portable well-drilling equipment. The rated power of these engines covers a rather substantial range—from less than
15 kW 1o 186 kW (20 to 250 hp) for gasoline engines and lrom 34 kW 10 447 kW (45 1o 600 hp) for diesel engines.
Understandably, substantial differences in both annual usage (hours per year) and engine duty cycles also exist. It
was nctl:csaty. therefore, 1o make reasonable assumplions concerning usage in order to formulate emission
factors.

3.3.2 Emissions — Once rezsonable usage and duty cycles for this category were ascertained, emission values
from each of the test engines ! were aggregated (on the basis of nationwide engine population statistics) to arrive at
the factors presented in Table 3,3-1,Because of their aggregate nature, data contained in thls table must be
applied 1o a population of industrial engines ralher than to an individual power plant.

The best method for calculating emissions is on the basis of “brake specific” emission factors (g/kWh or
1b/hphr). Emissions are calculated by taking the product of the brake specific emission factor, the usage in hours
(that is, hours per year or hours per day), the power available (rated power), and the load factor (the power
actually used divided by the power available).

Table 3.3-1. EMISSION FACTORS FOR GASOLINE
AND DIESEL POWERED INDUSTRIAL EQUIPMENT
EMISSION FACTOR RATING: C

_ Engine category®
Pollutant® Gasoline Dieset
Carbon monoxide
g/hr 5700. 197.
ib/hr 12.6 : 0.434
9/kWh 267. 4.06
g/hphr : 199. 3.03
kg/10? liter 472. 12.2
ib/10* gal 3940. 102.
Exhaust hydrocarbons
a/hr 191, 728
Ib/hr : 0.421 0.160
gkWh - 8.95 1.50
g/hphr 6.68 1.12
kg/10° liter 15.8 4.49
/10 gal 132. 315
Evaporative hydrocarbons .
g/hr : 62.0 . © -
" lb/hr " 0.137 . -
- Crankease hydrocarbons ) o )
g/r. 383 -
ib/hr 0.084 . -
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Table 3.3~1 {continued}. EMISSION FACTORS FOR GASOLINE
AND DIESEL POWERED INDUSTRIAL EQUIPMENT
EMISSION FACTOR RATING: C

Engine categoryb
Pollutant® Gasoline Diesel
Nitrogen oxides :
g/hr 148. 910.
Ib/hr 0.326 2.01
o/kWh 6.92 18.8
g/hphr 56.16 14.0
kg/10° liter 12.2 56.2
15/10° gal 102. 469,
Aldehydes
g/hr 6.33 13.7
tb/hr - 0.014 0.030
g/kWh 0.30 0.28
g/hphr 0.22 0.21
kg/10? liter 0822 0.84
1b/10? gal 4.36 7.04
Sulfur oxides
g/hr 7.67 60.5
tb/tr 0.017 0.133
g/kWh ) 0.359 125
g/hphr 0.268 0.931
kg/10? liter 0.636 3.74
1b/10° gat 5.31 31.2
Particulate
g/hr 9.33 65.0
Ib/hr 0.021 0.143
9/kWh . 0.439 1.34
g/mphr 0.327 1.00
kg/10? liter 0.775 4.01
1b/10° gal _ 6.47 338

BReferences 1 and 2.

bAs discussed in the text, the enpines used 10 determine the results in this
table cover a wide range of uses and power. The listed values do not,
however, necessarily apply 10 s0me very iarge ststionary diesel engines.

References for Section 3.3

1.

Hare, C. T. and K. J. Springer. Exhaust Emissions from Uncontrolled Vehicles and Related Equipment Using
Intemnal Combustion Engines. Final Report. Part 5: Heavy-Duty ‘Farm, Construction, and Industrial Engines.
Southwest Rescarch Institute. San Antonio, Texas. Prepared for Environmental Protection Agency, Research
Triangle Park, N.C., under Contract No. EHS 70-108. October 1973. 105 p

2. Hare, C. T. Letter to C. C. Masser of the Environmental Protechon Agency conceming fuel-based emission

rates for farm, construction, and industrial engines. San Antonio, Tex. January 14, 1974,
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3.4 STATIONARY LARGE BORE DIESEL AND DUAL FUEL ENGINES <:;;£;;>
3.4.1 General

The primary domestic use of large bore diesel engines, i.e., those

* greater than 560 cubic inch displacement per cylinder (CID/CYL), is in oil

and gas exploration and production. These engines, in groups of three to
five, supply mechanical power to operate drilling (rotary table), mud pump-
ing and hoisting equipment, and may also operate pumps or auxiliary power
generators. Another frequent application of large bore diesels is elec~
tricity generation for both base and standby service. Smaller uses include
irrigation, hoisting and nuclear power plant emergency cooling water pump
operation.

Dual fuel engines were developed to obtain compression ignition
performance and the economy of natural gas, using a minimum of 5 to 6 perceamt
diesel fuel to ignite the natural gas. Dual fuel large bore engines (greater
than 560 CID/CYL) have been used almost exclusively for prime electric power
generation.

3.4.2 Enmissions and Controls

The primary pollutant of concern from large bore diesel and dual fuel
engines is NOx, which readily forms in the high temperature, pressure and
excess air environment found in these engines. Lesser smounts of cafbon
monoxide and hydrocarbons are also emitted. Sulfur dioxide emissions will
usually be quite low because ‘of the negligible sulfur content of diese_‘l
fuels and natural gas.

- The major variables affecting NOx emissions from diesel engines are
injection timing, manifold air temperature, engine speed, engine load and
ambient humidity. In general, NOx emissions decrease with increasing
h‘midity.

Because NOx is the primary pollutant from diesel and dual fuel engines,
control measures to date have been directed mainly at limiting NOx emig-
sions. The most effective NOx control tecimique for diesel engines 15 fuel
injection retard, achieving reductions (at eight degrees of retgrd) of up to
40 percent. Additional ROx reductions are possible with combined retard and
air/fuel ratio change. Both retarded fuel injection (8°) and air/fuel ratio
change of five percent are also effective in reducing NOyx emissions from
dual fuel engines, achieving nominal NOx reductions of about 40 percent and
maximum NOx reductions of up to 70 percent.

Other NOx control techniques exist but are not considered feasible
because of -excessive fuel penalties, capital cost, or maintenance or opera-
tional problems. These techniques include exhaust gas recirculation (EGR),
combustion chamber modification, water injection and catalytic reduction.

8/82 . 3.4-1




TABLE 3.4-1. EMISSION FACTORS FOR STATIONARY LARGE BORE DIESEL
AND DUAL FUEL ENGINES?®

EMISSION FACTOR RATING: C

K Nitrogen Carboun vocd Sulfur
- Engine type Particulated oxides® | monoxide { Methane | Nommethans | dioxide®
Diesel
- 15/107 hph 2.4 24 6.4 0.07 0.63 2.8
-g/hph 1.1 11 2.9 0.03 - 0.29 1.3
g/kWh 1.5 15 3.9 0.04 0.4 1.7
1b/103 gaif 50 500 130 1 13 60
g/l 6 60 16 0.2 1.6 7.2
Dual fuel R
1b/10% hph NA 18 5.9 4.7 1.5 0.70
g/bph HA 8 2.7 2.1 0.7 0.32
g/xih NA 11 3.6 2.9 0.9 0.43

4Represontative uncontrolled Jevels for each fuel, determined by weighting data from
scveral manufacturers. Weighting based on I of total horsepower sold by esch manu~
facturer during a five year periocd. RA = not available.

sion Factor Rating: K. Approximation based on test of a medium bore diesel.
Raissions are minimum expected for engine operating at 50 ~ 100X full rated load.
At 0 losd, emissions would increase to 30 g/l. Reference 2.
CMeasured as NO,. Factors are for engines operated at rated losd and speed.

VOC is S0% of total VOC from diesel engines but oaly 25X of total VOC
enissions from dual fuel engines. Individual chemical species within the non~
wethane fraction are mot identified. Molecnlar weight of nonmethans gas stresm is
assumed to be that of methans.

€Basad on assumed sulfer content of 0.4 weight X for dfesel fuel and 0.46 g/sca
(0.20 gr/scf) for pipeline quality matural gas. Dual fuel 502 emissfons based on
5X 011/95% gas mix. - Emissioas should be adjusted for other fuel ratios.
factors calculated from the above factors, assuming beating values of A0
MJ/1 (145,000 Bru/gal) for ofl and 41 MI/scm (1100 Btu/scf) for natural gas, and
-an aversge fuel consumption of 9.9 MI/Kih (7000 Btu/hph). -

References for Section 3.4

1.

Standards Support And Envirormental Impact Statement, Volume I:
Stationary Internal Combustion Engines, EPA-450/2-78-125a, U. S. -~
Envirommental Protection Agency, Research Triangle Park, NC, July 1979.

Telephone communication -between William H. Lamason, Office Of Air
Quality Planning And Standards, U. S. Envirommental Protection Agency, .
Regearch Triangle Park, NC, and John H. Wasser, 0ffice Of Research And
Development, U. S. Envirommental Protection Agency, Research Triangle
Park, NC, July 15 1983.

)
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When tests are performed by a sound methodology and are reported in enough
detail for adequate validation. These tests are not necessarily EPA reference
method tests, although such reference methods are preferred and certainly to be
used as a guide.

B - When tests are performed by a generally sound methodology, but they lack enough

C -

D -

detail for adequate validation.

When tests are based on an untested or new methodology or are lacking a
significant amount of background data,

When tests are based on a generally unacceptable method but the method
may provide an order-of-magnitude value for the source.

The author uses the following criteria to evaluate source test reports for sound

methodology and adequate detail:

l.

2.

4.

urce o jon. The manner in which the source was operated is well
documented in the report. The source was operating within typical parameters
during the test.

Sampling procedures. If actual procedures deviated from standard methods, the
deviations are well documented. Procedural alterations are often made in testing
an uncommon type of source. When this occurs, an evaluation is made of how
such alternative procedures could influence the test results.

Sampling and process data. Many variations can occur without warning during
testing, sometimes without being noticed. Such variations can induce wide
deviation in sampling results. If a large spread between test results cannot be
explained by information contained in the test report, the data are suspect and are
given a lower rating.

Analysis and calculations. The test reports contain original raw data sheets. The
nomenclature and equations used are compared with those specified by EPA, to
establish equivalency. The depth of review of the calculations is dictated by the
reviewers’ confidence in the ability and conscientiousness of the tester, which in
turn is based on factors such as consistency of resuilts and completeness of other
areas of the test report.
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BIONETICS 5516 Nichalson Lane. Kensington, Maryland 20795 301 881-5600 - Telex 89-8368

December 10, 1980

Mr. Roy Belletto ' R R
Acurex Corporation : T
485 Clyde Avenue

Mountain View, CA 94042

ACUizA

Dear Mr., Belletto:

Enclosed are five copies of the final reports for the compound sampie #1452
submitted for evaluation in the Ames/Salmonella and the In Vivo Rodent
Quantal Toxicity Assays. All studies were conducted and evaluated under
EPA Level 1 guidelines. The final reports have been reviewed by the Litton
Bionetics Quality Assurance Unit to ensure compliance with GLP regulations.
These final reports supersede the two draft reports sent on December 3,
1980. There are no significant changes between the draft and final versions
of the reports.

If you have any questions or comments concerning the reports, please feel
free to contact me at (301)881-5600, extension 527. I hope we may be of
service to you in the future.

wicerely,

Ly

David J. Brusick, Ph.D.
Director

Department of Genetics
and Cell Biology

Ck~::3Q (:;gfu»\94~c/

DJB/mg

Enciosures: 5364 -~ Ames
5394 - Rodent Quantil
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BIOASSAY SUMMARY TABLE

LBI Project No. 20933

Technical Directive or Project No.

Contract No.Acurex Subcontract RB59178A, Release No. 1

Health Effects Testis

Ecu-logical Etfects Tests

Aquatic | Terrestrial |
py : T
& o/ Fresh Water/ Marine /'&c
S/e/ &/ &/ 5/ a
e F /® @ ) &/ o/
§ o N A T b & o =
& /S 3 & o 5 o /& a
&y Ky N AL A A o o 5
/S & g S/ /8
;Z’ o o ~ Pl .f? Pl
S S/ 0/ &)/ e/ &/ s/ 8/ 8/ 5/ /&
ege . < '2‘ (=] N & ey 2 & LS @ S éq
Sample Identification v/ o/ ¢/ )/ / S/ ]/ S/ N/ R/ Notes

1533 (CMEA M H

Beloit No.. 1

XAD-2 Extract)

1534 (CMEA 1M H/M

Beloit No. 2

XAD-2 Extract)

D = No Detectable Toxicity
L = Low Toxiclty

M = Moderate Toxicity

I-l = High Toxicity

Evaluation of Ames Salmonelia test is based upon
LBI-0468 R 11/80

5-124

mutagenicity and not toxicity.

T




621-9

DEFINITION OF TOXICITY CATEGORIES FOR HEALTH EFFECTS ASSAYS

"y

a b mmav,m d Range of Concentration or Dosage
Assay Activity Measured Type MAD Units High Moderate Low Not Detectable
(ND)
Ames MEC s 5 mg/plate <0.05  0.05-0.5  0.5-5  ND at >5
{mutagenesis) AL,NAL 200 pul/plate <2 2-20 20-200 ND at >200
E 5000 L/plate <50 50-500 500-5000 ND at >5000
RAM ECso S 1 mg/m1 <0.01 0.01-0.1 0.1-1 ND at >1
(1ethality) AL 600 p1/ml <6 6-60 60-600 ND at >600
NAL 20 p1/ml <0.2 0.2-2 2-20 ND at >20
. E 1000 L/ml <10 10-100 100-1000 ND at >1000
- 4
CHO ECso S 1 mg/m1 <0.01 0.01-0.1 0.1-1 ND at >1
(Tethality) AL 600 pl/ml <6 6-60 60-600 ND at >600
NAL 20 pi/mi <0.2 0.2-2 2-20 ND at >20
. E 1000 L/ml <10 10-100 100-1000 NO at >1000
WAT LDso S 5 gm/kg <0.05 0.05-0.5 0.5-5 ND at >5
(1ethality and AL,NAL 5 ml/kg <0.05 0.05-0.5 0.5-5 ND at >5
toxic signs)
dstandard test abbreviations are as follows:
Ames: Ames Salmonella/microsome mutagenesis assay .
RAM: Rabbit alveolar macrophage cytotoxicity assay
CHO: Rodent cell clonal toxicity assay
WAT: Acute in vivo test in rodents (whole animal test)
cmwm:ammn abbreviations for measured endpoints are as follows:
MEC: Minimum effective concentration
ECgo: Calculated concentration expected to produce effect in 50 percent of uoucdmn*oz
LDeo: Calculated dose expected to kill 50 percent of population

€5 = Solid, AL = Aquecus liquid, NAL =

d

MAD = Maximum applicable QOmm

zoamncmocm 1iquid, E =

Extract and/or concentrate of unknown organic content
(use equivalent volume of SASS train gas)




TABLE :

HEALTH EFFECTS CRITICAL DATA SUMMARY _uOI_Sn

Contract No, Acurex Subcontract Technlcal Directive or Project No, LBI Project No. 20933 site sampled wmdo._n
RB5I1/5R, Release 1 )

RAM Cytotoxiclty: (EC50)C - Rodent Toxlelty
- Ames OIOO_E.E__ . _ _ _
Mutagenicity  Toxicity . Viability ATP!Per
Sample Identlfication [MECb [ECsplc " Viabilily Index ATP 108 Cells LDsod :. Toxic Signs®

1533 (CMEA Beloit No. 1 | 13.0 ug  |4.29 g/ - o ]

XAD-2 Extract) o . ]

1534 (CMEA Beloit No. 2 302.5 ug 13.3 ug/nl

%XAD-2 Extract)

921-G

N"The assays, observed parameters and evaluation criterla are presented In IERL-RTP Procedures Manual; Level 1 Environmental Assessment
Blological Tesls, |[EPA Coniract No, 68-02-2681, Litlon Bilonelics, Inc., Kensinglon, Md., September 1980, Iin press.]

bMEC: Minimum Effective Concentratlon - Lowest concentratlon for any lester strain glving a mutagenic response,

nmomcn Effective concentration ihat reduces the observed parameler lo 50 percenl of the appropriate negative control.

dLDgg: The dose lethal 1o 50 percent of treated animals.

2Toxic signs are Identitied in a numbered hst in the Level 1 manual. Only the number 1s reported here.

LDI-0798 1781 : _ . ’ ‘
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Match 1 DB Recf - 2,335 Dataset-Voc Emission Factor Tables

VOC EFACTOR Profile Number 0008
VAT EFACTOR Profile Descr. : Reciprocating Diesel Fuel Engine
».. EFACTOR Profile Quality : C

VOC EFACTOR Profile Source

Composite profile developed using data based on GC/MS
analysis of fuel combustion exhaust.

¥OC EFACTOR Profile Control ; Uncontrolled

VOC EFACTOR Profile Date :+ 01/05/89
VOC EFACTOR Profile Refs :58 | 60
YOC EFACTCR Units : LBS PER 1000 GALLONS BURNED

VOC EFACTOR CAS numbers :
71-43-2 | 74-82-8 | 74-84-0 | 74-85-1 | 74-86-2 | 106-98-9 | 106-99-0 |
115-07-1 |

VOC EFACTOR sCC : 20200401

VOC EFACTOR SCC Description : INTERNLCOMBUSTION INDUSTRIAL LARGE

GINE DIESEL

VOC EFACTOR SCC Assignment : Original

VOC EFACTOR Table :

VOC Speciated Emission Factor Profile

CAS Number Name Emmision

71-43-2 BENZENE 1

74-B2-8 METHANE 1

74-84-0 ETHANE 0

74-85-1 ETHYLENE 3

74-86-2 ACETYLENE 1.

106-98-9 BUTENE 1

T T-98-0 1,3-BUTADIENE 0
a7-1 PROPENE 2

BORE EN

.027000
. 508000
.364000
.731000

469000

742000
.910000
.249000 .




Match 10

°C
.C

vocC
vocC

vocC
vocC
vocC

PROFILE
PROFILE

PROFILE
PROFILE

PROFILE
PROFILE
PROFILE

DB Rec# - 32,674

Number

Description

Quality
Control

References

Date
Source

Dataset-Voc Profiles

0008
Reciprocating Diesel Fuel Engine

: C
Uncontrolled

58 | 60
01/05/89

Composite profile developed using data based on GC/MS
analysis of fuel combustion exhaust.

VOC PROFILE Original ScCC
20200401 | 20400402 |

VOC PROFILE CAS numbers
71-43-2 | 74-82-8 | 74-84-0

115-07-1

VOC PROFILE Table

VOC Profile Speciation Report

|.74—85—1 | 74-86-2 | 106-98-9 | 106-99-0 |

Control Device Uncontrolled
CAS Number Name Spec_MW Spec_WT Peak
-43-2 BENZENE 78.11 7.90
74-82-8 METHANE l16.04 11.60
74-84-0 ETHANE 30.07 2.80
74-85-1 ETHYLENE 28.05 28.70
74=-86-2 ACETYLENE 26.04 11.30
106-98-9 BUTENE 56.10 13.40
106=-99-0 1,3~-BUTADIENE 54.09 7.00
115-07-1 PROPENE 42.08 17.30
TOTAL 100.00




Match 1 DB Rec# - 2,356 Dataset-Voc Emission Factor Tables

€ EFACTOR Profile Number
+-C EFACTOR Profile Descr.

: 0008

: Reciprocating Diesel Fuel Engine
VOC EFACTOR Profile Quality : C

VOC EFACTOR Profile Source :

Composite profile developed using data based on GC/MS

analysis of fuel combustion exhaust.

VOC EFACTOR Profile Control : Uncontrolled

VOC EFACTOR Profile Date : 01/05/89
VOC EFACTOR Profile Refs :58 | 60
VOC EFACTOR Units : LBS PER 1000 GALLONS BURNED

VOC EFACTOR CAS numbers :
71-43-2 | 74-82-8 | 74-84-0 | 74-85-1 | 74-86-2 | 106-98-9 | 106-99-0 |
115-07-1

VOC EFACTOR SCC s 20400402

VOC EFACTOR SCC Description : INTERNLCOMBUSTION ENGINE TESTING RECIPROCATING
DIESEL/KEROSENE

VOC EFACTOR SCC Assignment ¢ Original

VOC EFACTOR Table :

R T I A e S ————— — ——— T ——————————— —— . ——————————————————————————————— " " . -

3 Number Name Emmision Factor
71-43=-2 BENZENE 2.535900
74-82-8 METHANE 3.723600
74-84-0 ETHANE . 0.898800
74-85-1 ETHYLENE 9.212700
74=-86~2 ACETYLENE 3.627300
106-98-9 BUTENE 4.301400
106-99-0 1,3-BUTADIENE 2.247000

115-07-1 PROPENE 5.553300



Match 6 DB Rec# - 38,042

urce Classification Code
. .C Description
DIESEL/KEROSENE
Emission Factor Units
Tot Susp Part Emm Factor
Volatile Org Comp Emm Factor

Dataset-Sources

:20400402
: INTERNLCOMBUSTION ENGINE TESTING

:LBS PER 1000 GALLONS BURNED
:33.50000000
£32.10000000

RECIPROCATING




Match & DB Rec# - 38,041 Dataset-Sources

urce Classification Code 2120400401

. -C Description : INTERNLCOMBUSTION ENGINE TESTING
GASOLINE

Emission Factor Units :LBS PER 1000 GALLONS BURNED

Tot Susp Part Emm Factor :6.47000000

Volatile Org Comp Emm Factor :148.00000000

RECIPROCATING




Match & DE Rec# - 38,029

urce Classification Code
. .C Description
RECIPROCATING
Emission Factor Units
Tot Susp Part Emm Factor
Volatile Org Comp Emm Factor

Dataset-Sources

:20300301
: INTERNLCOMBUSTION COMMERCL-INSTUTNL GASOLINE

:LBS PER 1000 GALLONS BURNED
:6.47000000

:147.70000000




1

Match 6 DB Rec# - 38,003

. .urce Classification Code
SCC Description

FL RECIPROCATING
Emission Factor Units
Tot Susp Part Emm Factor
Volatile Org Comp Emm Factor

Dataset-Sources

£20100902
: INTERNLCOMBUSTION ELECTRIC GENERATN KERONAPTHA JET

:LBS PER 1000 GALLONS BURNED
$33.50000000
:32.10000000




Match 12 DB Rec# - 38,016 Dataset-Sources

urce Classification Code £20200402
. .C Description :INTERNLCOMBUSTION INDUSTRIAL
INE DUAL FUEL(OIL/GAS
Emission Factor Units :LBS PER 1000 HORSEPOWER-HOURS
Tot Susp Part Emm Factor £2.20000000

Volatile Org Comp Emm Factor :1.50000000

LARGE BORE ENG




Match 6 DB Rec# - 38,017 Dataset-Sources

urce Classification Code $120200403
. -C Description : INTERNLCOMBUSTION INDUSTRIAL LARGE BORE ENG
INE COGNTRN-DUAL FUEL
Emission Factor Units :LBS PER 100000 BRAKE HORSE-POWER HOURS
Tot Susp Part Emm Factor :.03500000 \

Volatile Org Comp Emm Factor :1.32000000

P




Match 12 DB Rec# - 38,015 Dataset-Sources

urce Classification Code £20200401
~ -C Description + INTERNLCOMBUSTION INDUSTRIAL
INE DIESEL
Emission Factor Units :LBS PER 1000 GALLONS BURNED
Tot Susp Part Emm Factor :50.00000000

Volatile Org Comp Emm Factor :13.00000000

LARGE BORE ENG
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% AMTBYSAS/B. LAMASON/cb 2 Ext. 5585

umrsb‘.-,res ENVIRONMENTAL Pnirscnoréﬂﬂ'
& ; -

DEC 18 196t

‘*Mr. Alan P, Whaerry

 Diesel Engine Mamufacturer's Aasociaqg%n _ __!e‘:.

712 Lakewood Centég*™ b @ .w?
14600 Detroit Avenue 7 e
Cleveland’,“Ohio 44107 % : ’
‘ £ 4,
AT

Dear Mr. Whaerry: e

Enclosed is an update ef a section that we propose to publidh in a
supplement to AP-42, Compilation of Air Pellutant Emission Factors, in early
1982. Also included are background materials that show how the emission
factors in this section were derived. As mentioned in Bill Lamason's earlier
telephone coatact with you, we would like your organization's comments en the
technical basis for the factors and the approach used in deriving them.

As you probably know, AP~42 is widely used by the U.S. Envirenmental
Protection Agency (EPA), State and local air pollution agencies and industry
for developing emission inventories and emission estimates for particular
sources. It is increasingly used as a tool inyﬁ yvariety of alr quality manage-
ment applications, including modeling, new sourte review and enforcement.
Bence, 1t 13 1nportant thet AP-42 have as sothd a technical basis as possible.

" We are targeting publication @f’&his section for qgrhy,1982. To meet
ﬁﬁhis

is :deadline, we #ould appreciate receiving your comments by March 1, 1982,
which-allows approximately two months for your review. Unfertunately, because
of printing limitations in effect at EPA, we are unable to provide more than
one copy of the proposed section and background document. Please direct all
review comments (er any questions) to James H. Southerland who is Chief of the
Source Analysis Section within my Divisien and directly respeiisible for the
publication of AP-42, We thank you for your time and consideration en this
matter. :

Sincerely yours,
Slgned

Richard G. Rhoads
Director
Monitoring and Data Analysis Division

*@htlosures

ce: J. 0'Connor ‘ £
J. Southerland
B, Lamason

. CONCURRENCES

sYMBOL E;éf5.".“ 1 .".".u.u."..;..".".“.".n.u P OO UPSU
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UNITED.STATES ENVIRONMENTAL PROTECTION AGENCY

3
7 & Office of Air Quality Planning and Standards
N @3 Research Triangle Park, North Carolina 27711

‘ DEC 18 1381

Mr. Richard Ayres

Natural Resources Defense Council
1725 I Street, NW

Suite 600

Washington, BC 20006

Dear Mr. Ayres:

n Enclosed are updates of several sections that we propose to publish as
supplements to AP-42, Compilation of Air Pollutant Emission Factors, in early
1982. Also included are background materials that show how the emission
factors in these sections were derived. As mentioned in my earlier telephone
contact with you, we would like your organization's comments on the technical
basis for the factors and the approach used in deriving them.

As you probably know, AP-42 is widely used by the U.S. Environmental
Protection Agency (EPA), State and local air pollution agencies and industry
for developing emission inventories and emission estimates for particular
sources. It is increasingly used as a tool in a variety of air quality manage-
ment applications, including modeling, new source review and enforcement.
Hence, it is important that AP-42 have as sound a technical basis as possible.

We are targeting publication of these sections for early 1982. To meet
this deadline, we would appreciate receiving your comments by March 1, 1982,
which allows approximately two months for your review. Unfortunately, because
of printing limitations in effect at EPA, we are unable to provide more than
one copy of each proposed section and background document. Please direct all
review comments (or any questions) to James H. Southerland who is Chief of the
Source Analysis Section within my Division and directly responsible for the
publication of AP-42. We thank you for your time and consideration on this
matter.

Sincerely yours,

(””:;7—7}c%’
/ - 2
Richard G. Rhoads
Director
Monitoring and Data Analysis Division

Enclosures
ce: J. O'Connor

J. Southgrland
B. Lamason b//
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L2 IR UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
N7 Office of Air Quality Planning and Standards

St Research Triangle Park, North Carolina 27711
44 prolt

' ' DEC 1 g 1981

Mr. Carl Pope

Sierra Club

530 Bush Street

San ‘Francisco, California 94108

Dear Mr. Pope:

Enclesed are updates of several sections that we propose to publish as
supplements to AP-42, Compilation of Air Pollutant Emission Factors, in early
1982, Also included are background materials that show how the emission fac-
tors in these sections were derived. As mentioned in Bill Lamason's earlier
telephone contact with you, we would like your organization's comments on the
technical basis for the factors and the approach used in deriving them.,

As you probably know, AP-42 is widely used by the U.S. Environmental
Protection Agency (EPA), State and local air pollution agencies and industry
for developing emission inventories and emission estimates for particular
sources. It is increasingly used as a tool in a variety of air quality manage-
ment applications, including modeling, new source review and enforcement.
Hence, it is important that AP-42 have as sound a technical basis as possible.

We are targeting publication of these sections for early 1982. To meet
this deadline, we would appreciate receiving your comments by March 1, 1982,
which allows approximately two months for your review, Unfortunately, because
of printing limitations in effect at EPA, we are unable to provide more than
one copy of each proposed section and background document. Please direct all
review comments (or any questions) to James H. Southerland who is Chief of the
Source Analysis Section within my Division and directly responsible for the
publication of AP-42. We thank you for your time and consideration on this
matter,

Sincerely yours,

A -,

Richard G. Rhoads
Director
Monitoring and Data Analysis Division

B Enclosures
cc: B, Lamason, AMIB “//
- J. Southerland, AMTB
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: DEC 18 1981

Mr, Thomas C. Young, Executive Director
Engine Manufacturers Association

111 E. Wacker Drive

Chicago, Illinois 60601

Dear Mr. Young:

Enclosed is an update of a section that we propose to publish in a
supglement to AP-42, Compilation of Air Pollutant Emission Factors, in early
1982, Also included are background materials that show how the emission
factors in this section were derived. As mentioned in Bill Lamason's earlier
telephone contact with you, we would like your organization's comments on the
technical basis for the factors and the approach used in deriving them.

As you probably know, AP-42 is widely used by the U.S. Environmental
Protection Agency (EPA), State and local air peollution agencies and industry
for developing emission inventories and emission estimates for particular
sources. Tt is increasingly used as a tool in a variety of air quality manage-
ment applications, including modeling, new source review and enforcement.
Hence, it is important that AP-42 have as sound a technical basis as possible.

We are targeting publication of this section for early 1982. To meet
this deadline, we would appreciate receiving your comments by March 1, 1982,
which allows approximately two months for your review. Unfortunately, because
of printing limitations in effect at EPA, we are unable to provide more than
one copy of the proposed section and background document. Please direct all
review comments (or any questions) to James H. Southerland who is Chief of the
Source Analysis Section within my Division and directly responsible for the
publication of AP-42. We thank you for your time and consideration on this
matter.

Sincerely yours,

”":;Z;;E?:;ﬁ%f:/;:ﬁ;__

Richard G. Rhoads
Director
Monitoring and Data Analysis Division

Enclosure

cc: B, Lamason, AMTB V//
J. Southerland, AMTB
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! DEC T & 1981

Mr. Alan P. Whaerry

Diesel Engine Manufacturer's Association
712 Lakewood Center

14600 Detreoit Avenue

Cleveland, Ohio 44107

Dear Mr. Whaerry:

n Enclosed is an update of a section that we propose to publish in a
supplement to AP-42, Compilation of Air Pollutant Emission Factors, in early
1982. Also included are background materials that show how the emission
factors in this section were derived. As mentioned in Bill Lamason's earlier
telephone contact with you, we would like your organization's comments on the
technical basis for the factors and the approach used in deriving them.

As you probably know, AP-42 is widely used by the U.S. Environmental
Protection Agency (EPA), State and local air pollution agencies and industry
for developing emission inventories and emission estimates for particular
sources. It is increasingly used as a toel in a variety of air quality manage-
ment applications, including modeling, new source review and enforcement.
Hence, it is important that AP-42 have as sound a technical basis as possible.

We are targeting publication of this section for early 1982. To meet
this deadline, we would appreciate receiving your comments by March 1, 1982,
which allows approximately two months for your review. Unfortunately, because
of printing limitations in effect at EPA, we are unable to provide more than
one copy of the proposed section and background document. Please direct all
review comments (or any questions) to James H. Southerland who is Chief of the
Source Analysis Section within my Division and directly responsible for the
publication of AP-42. We thank you for your time and consideration on this
matter.

Sincerely yours,

R

Richard G. Rhoads
Director
Monitoring and Data Analysis Division

Enclosures
ce: J. 0'Connor

J. Southerland
B. Lamason
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. ENGINE M FACTURERS ASSOCIATION

712 LAKEWOOD CENTER NORTH - 14600 DETROIT AVENUE
CLEVELAND, OHIO 44107
{216) 226-7700 - TELEX 98-5b59

A. P. WHERRY & ASSOCIATES INC., Managers

June 23, 1982

Mr. Richard G. Rhoads, Director
Monitoring and Data Analysis Division
U.S. Environmental Protection Agency
Office of Air Quality Planning and Stds.
Research Triangie Park, NC 27711

SUBJECT: Section 3.3.4 Stationary lLarge Bore Diesel & Dual Fuel Engines
Supplement to AP-42

Dear Mr. Rhoads:

On March 9, 1982 we wrote to you with our comments on the subject docu-
ment. At a recent meeting of our Technical Committee, we were requested
to determine the current status of this project. HWe would appreciate
knowing its current status and whether or not our comments were accepted.

We are also enclosing for your information a marked up copy of 3.3.4
which contains additional comments received at our recent meeting. Look
forward to hearing from you.

Very truly yours,

ALLEN P. NhERn;/{24:;;/’

APW:mjp
dema
Enclosure

ccs: B. M. Chrisman, Cooper Energy
L. D. Evans, Dresser-Waukesha

ok 1o PDiesel and Gas Engines ror rowe
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3.3.4 STATIONARY LARGE BORE DIESEL AND DUAL FUEL ENGINES

3.3.4.1 General '

The primary domestic use of large bore diesel engines, i.e.,

those greater than 560 cubic inch displacement per cylinder (CID/CYL),

is in oil and gas exploration and production. These engines, in
groups of three to five, supply mechanical power to operate drilling
(rotary table), mud pumping and hoisting equipment, and may also

operate pumps or auxiliary power generators. Another frequent

application of large bore diesels is electricity generation for both
base and standby service. Smaller uses include {irrigation, hoisting
and nuclear power plant emergency cooling water pump operation.

Dual fuel engines were developed to obtain compression ignition

performance and the economy of natural gas, using a minimum of

5 to

6 percent diesel fuel to ignite the ratural gas. Dual fuel large
bore engines (greater than 560 CID/CYL) have been used almost exclu-

sively for prime electric power generation.

3.3.4.2 Emissions and Controls

The primary pollutant of concern from large bore diesel and

dual fuel engines is NOx, which readily forms in the high temperature,

pressure and excess air environment found in these engines. Lesser

amounts of carbon monoxide and hydrocarbons are also emitted.

Sulfur dioxide emissions will usually be quite low because of the

negligible sulfur content of diesel fuels and natural gas.

do they

mean load fuel ratio change of five percent are also effective in|reducing NOx F)depends on the

e

o

load and ambient humidity. In general, N0y emissions decrease
increasing humidity.

Because NOy i{s the primary pollutant from diesel and d
engines, control measures to date have been directed mainly at

p ~, The major variables affecting NOx emissions from diesel engines
injection / are[ignition] timing, manifold air temperature, engine speed, engine €—turbocharging?

with

fauel

limiting NOx emissions. The most effective NOx control technique
for diesel engines is fuel injection retard, achieving reductioms

(at eight degrees of retard) of up to 40 percent. Maximum NOx

reductions of about 65 percent are possible with combined retard and
ratio change. Both retarded fuel injection (8°) and air/

emissions from dual fuel engines, achieving nominal NOy reductioms
of about 40 percent and maximum NOx reductions of up to 70 percent.

Other NOy control techniques exist but are not considered
feasible because of excessive fuel penalties, capital cost, or
maintenance or operational problems. These techniques include

Internal Combustion Engine Sources

3-3.4-1
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III ENGINE M FACTURERS ASSOCIATION 31M7€9‘

Ie se 712 LAKEWOOD CENTER NORTH « 14600 DETROIT AVENUE

CLEVELAND, OHIO 44107
(216) 226-7700 - TELEX 98-5559

A. P. WHERRY & ASSOCIATES INC., Managers

March 9, 1982

Mr. Richard G. Rhoads, Director
Monitoring and Data Analysis Division
U.S. Environmental Protection Agency
Office of Air Quality Planning and Stds.
Research Triangle Park, NC 27711

SUBJECT: Section 3.3.4 Stationary Large Bore Diesel & Dual Fuel Engines
Supplement to AP-42

Dear Mr. Rhoads:

On December 18, 1981 you sent us an update of a section which you pro-
posed to pubiish in a supplement to AP-42, Compilation of Air Pollutant
Emission Factors. Our members have reviewed the document, and we submit
the following comments:

"In paragraph 3.3.4.2, implication is made that diesel emissions can be
reduced by 40% using injection retard, and an additional 25% (to 65%
reduction) by air/fuel ratio change. The sentence, 'maximum NO, reduc-
tions of about 65 percent are possible with combined retard and air/fuel
ratio change,' should be deleted.

The following points are relevant to this request. Data is taken from
the July, 1979 SSEIS,

1. Figure 4-30, page 4-99 (A/F effect, diesel}, shows two favor-
able responses to A/F ratio changes (engines 77 and 60) but
fails to show three unfavorable responses (engines 5, 15 and
75). Further, engine 60 had A/F reduced in order to reduce
NOy which increased opacity from 1.4 to an unacceptable 3.6
Bosch.

2. Figure 4-34, page 4-110, (AMT effect, diesel) shows four en-
gines with s1ight favorable response. Data from engine 55
is questionable since opacity went from 12 to 18 with AMT
reduction,

wok o piesel and Gas Engines ror rowss




Mr. Richard G. Rhoa, .

Page 2
March 9, 1982

Not shown are engines 15 and 18 which show a reverse NO, re-
sponse to AMT reduction.
Unlike the gas and dual-fuel engines, the diesel is quite unresponsive to
- available NO, control techniques other than injection retard, and legisla-
tion must reflect this."

I trust that our comments will be helpful to you.

Very truly yours,

ALLEN P. WHERRY

APW:mjp
dema

ccs: B. M. Chrisman, Cooper Energy
L. D. Evans, Dresser-Waukesha




GEOMET, INCORPORATED + 15 FIRSTFIELD ROAD + GAITHERSBURG, MARYLAND 20760
301/948-0755 » CABLE ADDRESS: GEOMETINC

November 22, 1974

Mr. Charles C. Masser

Technical Development Section

National Air Data Branch

U.S. Environmental Protection Agency

0ffice of Air Quality Planning & Standards
Research Triangle Park, North Carolina 27711

Dear Chuck:

Here is the latest and we hope final version of the Stationary
Diesel/Electric Power section. In that connection I would 1ike to bring up
a number of points:

1. On the organization of Section 3.3: Sections 3.3.1 and 3.3.3
are already at the printers as you told us; it seems to us that,
since utilization of the engine is the determinant, the enclosed
section should be a subsection of 3.3.1. Hence the numbers
appearing on our draft are only suggestions, temporary, and you
will change them as you see fit,

2. To get the emission factors into the units you required, we had
to assume an average capacity per unit diesel. You, of course,
recognize that an arithmetic average in a sample population with
a large capacity range is potentially misleading; in the text; we
therefore caution the reader to be careful when he uses this
section. If you believe that any of the values are not represen-
tative, we will be happy to discuss them with you and if necessary
revise the emission factor.

3. With respect to a section on stationary gas turbines and stationary
diesels for National Gas Transmission (Section 3.3.2), we hold our
previously expressed opinion in our letter of July 31, 1974, which
is in agreement with your comments in your letter of September 30,
1974: the available information does not warrant the replacement
of Section 3.3.2.

I'm glad that you and Demetri have had such a useful conversation
in resolving the difficulties on this section. Finally, still no word from
Dennis Naugle since my conversation with John Shipe at Kirtland, in which
he said the material should be out in a few days. I plan to call Dennis,
unless you want to.

Sincerely,

S~

Scott D. Thayer
Senior Consulting Scientist

SDT:Tr
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GEOMET, INCORPORATED . 15 FIRSTFIELD ROAD - GAITHERSBURG, MARYLAND 20760
301/948-0755 » CABLE ADDRESS: GEOMETINC

January 6, 1975

Mr. Charles Masser
National Air Data Branch
Office of Air Quality Planning
and Standards
Environmental Protection Agency
Research Triangle Park, North Carolina 27711

Dear Mr. Masser:
Enclosed is one copy of the Background Documentation under

Contract 68-02-1094, Task 8. I-am anxious to hear your comments and
wish to continue until the final product meets your total satisfaction.

Sincerely,

s —
D. J. Moschandreas, Ph.D.
Research Scientist

DJIM/js

Enclosure
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ACUREX
/(\ Corporation

Energy & Environmental Division

March 20, 1981

Bil1l Lamason (MD-13)

0AQPS/MDAD

U.S. EPA

Research Triangle Park, NC 27711

Dear Bill:

Enclosed find a revised draft of the AP-42 section on stationary large-
bore diesel and dual fuel engines along with a draft of the background support
document justifying the emission factors noted. These, I believe, address

your comments relayed to us at our meeting of March 10. Please relay any
further comments you have either to Jim Laughlin of HMM Associates (782-0824),

or to Henry Modetz of Acurex.
Sincerely;ﬁa//// T

Larry-R. Waterland
Project Manager

Encl. :

cc: Doug Bell (OAQPS/SDB, MD-13})

ACUREX CORPORATION: AEROTHERM GROUP, SOUTH/EAST REGIONAL OPERATIONS
AIRPORT ROAD AT LUMLEY ROAD, RTE. 1, BOX 423, MORRISVILLE, N.C. 27560 PHONE (919) 781-9704




3.3.4 Stationary Large-Bore Diesel and Dual-Fuel Engines "
3.3.4.1 Generall - The primary high usage domestic application of 1arge-bofe
(i.e., greater than 560 cubic inch displacement per cylinder, CID/CYL) diesel
engines is 0il and gas exploration and production. These engines, in groups
of three to five, supply mechanical power to operate the drilling (rotary
table), mud pumping, and hoisting equipment. In other instances, these
engines may operate pumps or generator sets for auxiliary power. A secondary
high usage application of large-bore diesels is for electrical generation,
both base and standby service. Other various small usage applications include
jrrigation, hoisting, and nuclear power piant emergency cooling water pump
operation.

Dual-fuel engines were developed to take advantage of both compression
jgnition performance and inexpensive natural gas. These engines require a
minimum of 5 to & percent diesel fuel to ignite the natural gas. Dual-fuel
large-bore engines (greater than 560 CID/CYL) have been used almost
exclusively for prime electric power generation.
3.3.4.2 Emissions and Controlsl - The primary pollutant of concern from
large-bore diesel and dual-fuel engines is NOy, which readily forms in the
high temperature, pressure, and excess air environment found in these engines.
Lesser amounts of carbon monoxide and hydrocarbons are emitted. Sulfur
dioxide emissions are proportional to the sulfur content of the fuel and will
usually be quite low because of the negligible sulfur content of diesel fuels
and natural gas.

The major variables affecting NOy, emissions from diesel engines include
ignition timing, manifold air temperature, engine speed, engine load, and
ambient humidity. In general, NO, emissions decrease with increasing

humidity.




Because NO, is the primary pollutant of significance emitted from diesel
and dual-fuel engines, control measures to date have been directed mainly at
Timiting NO, emissions. The most effective NOy control technique for diesel
engines is fuel injection retard, achieving nominal NO, reductions (at eight
degrees of retard) of 40 percent. Maximum NOy reductions of about 65 percent
are possible with combined retard and air-to-fuel ratio change. Both refarded
fuel injection, eight degrees, and air to fuel ratiq change, five percent
change, are also effective in reducing NOy emissions from dual-fuel engines,
achieving nominal NO, reductions of about 40 percent, and maximum NO,
reductions of about 70 percent.

Other NOx'control techniques exist but are not considered feasible
alternatives because of excessive fuel penalties, capital cost, or maintenance
or operational problems. These techniques include exhaust gas recirculation
(EGR), combustion chamber modification, water injection, and catalytic
reduction.

Emi;sion factors for stationary large-bore diesel and dual-fuel engines

are presented in Table 3.3.4.1.

References for Section 3,3.4

1. Standards Support and Environmental Impact Statement Volume I - Stationary
Internal Combustion Engines, EPA 450/2-78-125a. Office of Air Quality
Planning and Standards, Research Triangle Park, NC. July 1979.



TABLE 3.3.4-1 Emission Factors for Stationary Large-Bore
Diesel and Dual-Fue! Engines?

Nitrogen Carbon VOG Sulfur
Oxides Monoxide (as &€ Dioxided
(as N02)b Methane Nonmethane
Diesel En?iiii/,/””tfé4 6.4 0.07 0.63 7.0 <L
1b/103hp-hr 11 2.9 0.03 0.29 3.2
g/hp-hr 15 3.9 0.04 0.39 4.3
q/kW-hr 500 130 1 13 150
1b/103ga1e 60 16 0.2 - 1.6 18

9/1¢ \/—:;!7‘— — . L o —57

Dual Fuel Engines

1b/103hp-hr 18 5.9 4,7 1.5 0.70
Q/hp-hr 8.0 2.7 2-1 0-7 0.32
q/kW-hr 11 3.6 2.9 0.9 0.43

8Representative uncontro]led levels for each fuel are determined by weighting
data from several manufacturers. Weighting is based on the percentage of
total horsepower sold by each manufacturer during a five year period.

bThese factors are for engines operated at rated load and speed.

CNonmethane VOC accounts for 90 percent of total VOC from diesel engines but
only 25 percent of total VOC emissions from dual fuel engines.

dBased on an assumed sulfur content of 1 percent by weight for diesel fuel
and 0.46 g/scm (0.20 gr/scf) for pipeline quality natural gas. Dual-fuel
S0, emissions based on 5 percent oil-firing and 95 percent gas-firing.
Emissions should be adjusted based on fuel ratio.

€These factors are calculated from the above factors assuming a heating value
of 40 MJ/1 (145,000 Btu/gal) for o0il, 41 MJ/scm (1100 Btu/scf) for natural
gas, and an average fuel consumption of 9.9 MJ/kW-hr (7000 Btu/hp-hr).




BACKGROUND INFORMATION FOR DEFINING * --
EMISSION FACTORS FOR STATIONARY LARGE-BORE
DIESEL AND DUAL-FUEL ENGINES

Uncontrolled emission factors for NOy, CO, and VOC {both total and
nonmethane} for stationary large-bore diesel and dual-fuel engines were
derived from engine manufacturer-supplied data. These data exhibited some
variability in emissions from engines of different designs. To account for
this variaﬁility, a sales-weighted average approach was used. The procedure
adopted was to compute a weighted average uncontrolled emission level for
engines in the diesel and dual-fuel categories. The weighted levels are based
on sales of engine horsepower during the past 5 years for domestic
applications, Sales of horsepower to standby services were excluded from the
computation.

Figures 1 through 6 show uncontrolled emission levels for NOy, CO, and
VOC (with nonmethane VOC noted where measured), taken from engine
manufacturer's data. On each figure the data are differentiated by engine
design type. Engine types noted are two-stroke, blower scavenged (2-8S),
two- and four-stroke turbocharged (2-TC, 4-TC), and four-stroke naturally
aspriated (4-NA). NOy emission data were corrected for ambient temperature
and humidity where sufficient data existed.

Also noted in the figures are the sales-weighted average emissions
factors calculated. These emission factors for NO,, CO, and VOC are
summarized in Table 1., Note that the sales-weighted average VOC emission
factors shown in Figures 5 and 6 are for total VOC emissions. These are split
into methane and nonmethane VOC in Table 1 by noting that 90 percent of the
VOC emitted from diesel engines and 25 percent of the VOC from dual-fuel

engines is nonmethane.
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TABLE 1. Sales-Weighted Average Emission Factors for Stationary
Large-Bore Diesel and Dual-Fuel Engines (g/hp-hr)

NOy . co VoC (as C)b S0,¢
Fuel (as NOp)a Methane Nonmethane -
Diesel 11 2.9 0.03 0.29. 3.2

Dual-Fuel 8.0 2.7 2.1 0.7 . 0.32

a8At rated load and speed.

bNonmethane VOC accounts for 90 percent of total VOC from diesel engines and
25 percent of total VOC from dual-fuel engines.

CBased on: sulfur content of 1 percent by weight for diesel fuel, 0.46 g/scm
(0.20 gr/scf) for natural gas; heating value of 40 MJ/1 (145,000 Btu/gal)
for diesel fuel, 41 MJ/scm (1100 Btu/scf) for natural gas; average fuel
consumption of 7.4 MJ/hp=hr {7000 Btu/hp-hr); and dual-fuel firing 5 percent
diesel and 95 percent natural gas.




Table 1 also shows SO» emission factors. SO0y -emissions are solely a
function of fuel sulfur content. The emission factors in Table 1 assume the
sulfur content of diesel fuel {s one percent by weight, and of natural gas is
0.46 g/scm (0.20 gr/scf). The heating value of diesel is assumed to be
40 MJ/1 (145,000 Btu/gal), and of natural gas to be 41 MJ/scm {1100 Btu/scf).
Average fuel consumption is assumed to be 7.4 MJ/hp-hr (7000 Btu/hp-hr), and
dual-fuel engines are assumed to burn 5 percent diesel and 95 percent natural

gas on a heat input basis.
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3.3.4 Stationary Large-Bore Diesel and Dual-Fuel Engines 6}7/[-:——3@&
3.3.4.1 Generall - The primary high usage domestic application of large-bore 7EQ4;LH
(i.e., gfeater than 560hﬁubic inch displacement per cylinder, CID/CYL) C;>Hwb_;$\
diesel engines is oil and gas exploration and production. These engines, in

groups of three to five, supply mechanical power to operate the drilling

(rotary table), mud pumping, and hoisting equipmen£. In other instances, these

engines may operate pumps or generator sets for auxillary power. A secondary

high usage application of Targe-bore diesels is for electrical generation, both

base and standby service. Other various small usage applications include

irrigation, hoisting, and nuclear power plant emergency cooling water pump |
operation,

Dual-fuel engines were developed to take advantage of both compression
ignition performance and inexpensive natural gas. These engines require a
minimum of 5 to 6 percent diesel fuel to ignite the natural gas. These
large-bore engines (greater than 560 CID/CYL) have been used almost
exclusively for prime electric power generation.
3.3.4.2 Emissions and Controls! - The primary pollutant of concern from
large-bore diesel and dual-fuel engines is N0y, which readily forms in the

high temperature, pressure, and excess air environment found in these engines.

Lesser amounts of carbon monoxide and hydrocarbons are emitted. Sulfur
dioxide emissions are proportional to the sulfur content of the fuel and will
usually be quite low because of_the negligible sulfur content of diesel fuels
and natural gas.

The major variables affecting NO, emissions from diesel engines include
ignition timing, manifold air temperature, engine speed, engine load, and
ambient humidity. 1In general, NOy emissions increase with increasing

humidity,




Because NUX is the primary pollutant of significance emitted from diesel
and dual-fuel engines, gpntrol measures to date have been directed mainly at
limiting NO, emissions. 'The most effective NO, control technique for diesel
engines is fuel injection retard, achieving nominal NO, reductions {at eight
degrees of retard) of 40 percent. Maximum NO, reductions of about 65
percent are possible with combined retard and air-to-fuel ratio change, Both
retarded fuel injection, eight degrees, and air to fuel ratio change, five
percent change, are also effective in reducing NO, emissions from dual fuel
engines, achieving nominal NO, reductions of about 40 percent, and maximum NOy
reductions of about 70 percent,

Other NO, control techniques exist but are not considered feasible
alternatives because of excessive fuel penalties, capital cost, or maintenance
or operational problems. These techniques include exhaust gas recircd]ation
(EGR), combustion chamber modification, water injection, and catalytic
reduction. -
Emission factors for stationary large-base diesel and dual-fuel engines

are presented in Table 3.3.4.1.

References for Section 3.3.4

1. Standards Support and Environmenta]hlmpact Statement Volume I -Stationary
Internal Combustion Engines. EPA 450/2-78-125a, Office of Air Quality
Planning and Standards, Research Triangle Park, NC. Ju]g 1979.
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Nitrogen Carbon rﬁnﬂ L 4] Sulfur
\EN Qfgu Oxides . Monoxide ' Hydrbcarbons Dioxided Particulate®
(as NO2) (as C)¢
Diesel Engines 3'
1b/103hp-hr 24 6.4 0D 7.0
. g W o st AT e
g/hp-hr [11] omﬁ. 0.3 ":;, | 3.3
T j /(p,v%‘;pu‘f 5
g/k¥W-hr 14,7/ 3.9 0.4 gmiet 4.4
- V"\ﬁ}-f qu(.ﬂ
1b/103ga1f 500 g%? 132 13.7 g 151
T
kg/103 1iter 60 1.6 Gomt™ 18,1

Dual Fuel Engines

1b/103hp-hpr

18
‘J
4 ‘ 5!

g/hp-hr Wg;u?”‘) 2.70%%, @/ wo?
g/kW-~hr A0. 7) e 3.6 3.8
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@ Representative uncontrolled NOy Tevels for each fuel are determined by

weighting data from several manufacturers.

Weighting is based on the percentage

of total horsepower sold by each manufacturer during a five year period,

These factors represent total hydrocarbons.
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200 gr/10°SCF for pipeline quality natural

5 percent oil-firing and 95 percent gas-firing.

based on fuel ratio.
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145,000 BTU/gallon oil and an average fuel
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These factors are for engines operated at rated load and speed.,.g OEP

onmethane hydrocarbons are
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ACUREX
{"\ Corporation

Energy & Environmental Division

June 2, 1981

Bi11 Lamason (MD-13)

OAQPS /MDAD

U.S. Environmental Protection Agency
Research Triangle Park, NC 27711

Dear Bill:

Enclosed find the final draft of the AP-42 section on stationary large
bore diesel and dual fuel engines including the latest revisions and format
changes. Please relay any further comments you may have to either Jim
MacQueen or myself.

Sincerely,

‘@\ac@»m ko

ry R. Waterland
oject Manager

Enclosure

cc: Doug Bell (0AQPS/SDB, MD-13)

ACUREX CORPORATION: AEROTHERM GROUP, SOUTH/EAST REGIONAL OPERATIONS
AtRPORT ROAD AT LUMLEY ROAD, RTE. 1, BOX 423, MORRISVILLE, N.C. 27660 PHONE (919) 781-9704
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3.3.4 Stationary Large-Bore Diesel and Dual-Fuel Engines

3.3.4.1 Generall - The primary high usage domestic application of ]arge-bofe
(i.e., greater than 560 cubic inch dispTacement per cylinder, CID/CYL) diesel
engines is 01l and gas exploration and production. These engines, in groups
of three to five, supply mechanical power to operate the drilling (rotary
table), mud pumping, and hoisting equipment. In other instances, these
engines may operate pumps or generator sets for auxiliary power. A secondary
high usage application of large-bore diesels is for electrical qeneration,
both base and standby service. Other various small usage applications include
irrigation, heisting, and nuclear power plant emergency cooling water pump
operation.

NDual-fuel engines were developed to take advantage of both compression
ignition performance and inexpensive natural gas. These engines require a
minimum of 5 to 6 percent diesel fuel to ignite the natural gas. Dual-fuel
large-bore engines (greater than 560 CID/CYL) have been used almost
exclusively for prime electric power generation.
3.3.4,2 Emissions and Controlsl - The primary pollutant of concern from
large-bore diesel and dual-fuel engines is NOy, which readily forms in the
high temperature, pressure, and excess air environment found in these engines.
Lesser amounts of carbon monoxide and hydrocarbons are emitted. Sulfur
dioxide emissions are proportional to the sulfur content of the fpe] and will
usually be quite low hecause of the negligible sulfur content of diesel fuels
and natural gas.

The major variables affecting NOy emissions from diesel engines include
ignition timing, manifold air temperature, engine speed,.engine load, and‘
ambient humidity. In general, NO, emissions decrease with increasing

humidity.




i

Because NO, is the primary pollutant of significance emitted from diesel
and dual-fuel engines, control measures to date have been directéd mainly at
limiting NOy emissions, The most effective NOy control technique for diesel
engines is fuel injection retard, achieving nominal NO, reductions (at eight
degfees of retard) of 40 percent. Maximum NO, reductions of about 65 percent
are possible with combined retard and air-to-fuel ratio change. Both refardéd

fuel injection, eight degrees, and air to fuel ratio change, five percent

change, are also effective in reducing NOy emissions from dual-fuel engines, fo”
' r

achieving nominal NOy reductions of about 40 percent, and maximum NO, }ﬁf }

reductions of about 70 percent, , ole Ve 4;4 *wb >0

Other NO, control techniques exist but are notﬁt;asidaned_fzggible
atlternatives because of excessive fuel penalties, capital cost, or maintenance
or operational problems. These techniques include exhaust gas recirculation
(EGR), combustion chamber modification, water injection, and catalytic
reduction.

Emi§sion factors for stationary large-bore diesel and dual-fuel engihes

are presented in Table 3.3.4.1.

References for Section 3.3.4

1. Standards Support and Environmental Impact Statement Volume I - Stationary
Internal Combustion Engines. EPA 450/2-78-125a. Office of Air Quality
Planning and Standards, Research Triangle Park, NC. July 1979.




Emission Factors for Stationary Large-Bore
Diesel and Dual-Fuel Engines?

TABLE 3.3.4-1

i odive ™

Nitrogen Carbon voc Sulfur

Oxides Monoxide (as C)¢ Dioxided

(as NOo)b Methane Nonmethane
Diesel En?iiii,,/f"fjf24 - 6.4 0.07 0.63 7.0 il:
1b/103hp-hr 11 2.9 0.03 0.29 3.2
g/hp-hr 15 3.9 0.04 0.39 4.3
g/kW-hr 500 130 I 13 150
1b/103gale 60 16 0.2 - 1.6 18

g/1¢ ‘/,//////ﬂﬂ—_i:;grf _ . _ L :;1

Dual Fuel Engines

1b/103hp-hr 18 5.9 4.7 1.5 0.70
g/hp-hr 8.0 2.7 2.1 0.7 0.32
g/kW-hr 11 3.6 2.9 0.9 0.43

4Representative uncontrolled levels for each fuel are determined by weighting
data from several manufacturers. Weighting is based on the percentage of
total horsepower sold by each manufacturer during a five year period.

BThese factors are for engines operated at rated load and speed.

CNonmethane VOC accounts for 90 percent of total VOC from diesel engines but
only 25 percent of total VOC emissions from dual fuel engines.

dBased on an assumed sulfur content of 1 percent by weight for diesel fuel
and 0.46 g/scm (0.20 gr/scf) for pipeline quality natural gas. Dual-fuel
S0p emissions based on 5 percent oil-firing and 95 percent gas-firing.
Emissions should be adjusted based on fuel ratio.

€These factors are calculated from the above factors assuming a heating value
of 40 MJ/1 (145,000 Btu/gal) for oil, 41 MJ/scm (1100 Btu/scf) for natural
gas, and an average fuel consumption of 9.9 MJ/kW-hr (7000 Btu/hp-hr).
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BACKGROUND INFORMATION FOR DEFINING W
EMISSION FACTORS FOR STATIONARY LARGE-BORE
DIESEL AND DUAL-FUEL ENGINES

Uncontrolied emission factars for NOy, €O, and VOC (both total and
nonmethane) for stationary large-bore diesel and dual-fuel engines were
derived from engine manufacturer-supp1ied data. These data exhibited some
variability in emissions from engines of different designs. To account forA
this variaBility, a sales-weighted average approach was used. The procedure
adopted was to compute a weighted average uncontro11¢d emission level for
engines in the diesel and dual-fuel categories. The weighted levels are based
on sales of engine horsepower during the past 5 years for domestic

applications. Sales of horsepower to standby services were excluded from the

computation.

Figures 1 through 6 show uncontrolled emission levels for NO,, CO, and |
VOC (with nonmethane VOC noted where measured), taken from engine
manufacturer's data. On each figure the data are differentiated by engine
design type. Engine types noted are two-stroke, blower scavenged (2-BS),
two- and four-stroke turbocharged (2-TC, 4-TC}, and four-stroke naturally
aspriated (4-NA}. NO, emission data were corrected for ambient temperature
and humidity where su¥7icient data existed.

Also noted in the figures are the sales-weighted average emissions
factors calculated. These eﬁission factors for NOy, CO, and VOC are
summarized in Table 1. Note that the sales-weighted average VGC emission
factors shown in Fiqures 5 and 6 are for total VOC emissions. These are split
into methane and nonmethane VOC in Table 1 by noting that 90 percent of the
VOC emitted from diesel engines and 25 percent of the VOC from dual-fuel

engines is nonmethane.
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TABLE 1. Sales-Weighted Average Emission Factors for Stationary
Large-Bore Diesel and Dual-Fuel Engines (g/hp-hr)

NOy co voCc (as C)b $0,¢
Fuel (as NODp)a Methane Nonmethane ‘
Diesel 11 2.9 0.03 0.29 3.2
Dual-Fuel 8.0 2.7 2.1 0.7 0.32

At rated load and speed.

bNonmethane VOC accounts for 90 percent of total VOC from diesel engines and
25 percent of total VOC from dual-fuel engines. .

CBased on: sulfur content of 1 percent by weight for diesel fuel, 0.46 g/scm
(0.20 gr/scf) for natural gas; heating value of 40 MJ/1 (145,000 Btu/gal)
for diesel fuel, 41 MJ/scm (1100 Btu/scf) for natural gas; average fuel
consumption of 7.4 MJ/hp-hr (7000 Btu/hp-hr); and dual-fuel firing 5 percent
diesel and 95 percent natural gas.
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Table 1 also shows SOz emission factors. SOp emissions are solely a
function of fuel sulfur content. The emission.factors in Table 1 assume the
sulfur content of diesel fuel is one percent by weight, and of natural gas is
0.46 g/scm (0.20 gr/scf). The heating value of diesel is assumed to be
40 MJ/1 {145,000 Btu/gal), and of natural gas to be 41 MJ/scm (1100 Btu/scf).
Average fuel consumption is assumed to.be 7.4 MJ/hp-hr (7000 Btu/hp-hr), and
dual-fuel engines are assumed to burn 5 percent diesel and 95 percent natural

gas on & heat input basis.




/\ ACUREX
C \ Corporation

Energy & Environmental Division

April 29, 1981

Bi11 Lamason (MD-13)

QAQPS/MDAD

u.S. EPA

Research Triangle Park, NC 27711

Dear Bill:

Enclosed find the final draft of the AP-42 section on stationary large-
bore diesel and dual fuel engines along with a draft of the background support
document justifying the emission factors noted. Please relay any further
comments you have either to Jim Laughlin of HMM Associates (782-0824}, or to
Henry Modetz of Acurex.

Sincerely,

Larry R. lm!ateﬂ%ayd?%Z

Project Manager

Encl.

cc: Doug Bell (0AQPS/SDB, MD-13)

ACUREX CORPORATION: AEROCTHERM GROUP, SOUTH/EAST REGIONAL OPERATIONS
AIRPORT ROAD AT LUMLEY ROAD, RTE. 1, BOX 423, MORRISVILLE, N.C. 275660 PHONE (919} 781-9704




s

BACKGROUND INFORMATION FOR DEFINING
EMISSION FACTORS FOR STATIONARY LARGE-BORE
DIESEL AND DUAL-FUEL ENGINES

Uncontrolled emission factors for NO,, CO, and VOC (both total and
nonmethane) for stationary large-bore diesel and dual-fuel engines were
derived from engine manufacturer-supplied data. These data exhibited some
variability in emissions from engines of different designs. To account for
this variability, a sa1e§-weighted average approach was used. The procedure
adopted was to compute a weighted average uncontrolled emission level for
engines in the diesel and dual-fuel categories. The weighted levels are based
on sales of engine horsepower during the past 5 years for domestic
applications. Sales of horsepower to standby services were excluded from the
computation.

Figures 1 through 6 show uncontrolled emission levels for NOy, CO, and
VOC {with nonmethane VOC noted where measured), taken from engine
manufacturer's data. On each figure the data are differentiated by engine
design type. Engine types noted are two-stroke, blower scavenged (2-BS),
two- and four-stroke turbocharged (2-TC, 4-TC), and four-stroke naturally
aspriated (4-NA). NO, emission data were corrected for ambient temperature
and humidity where sufficient data existed.

Also noted in the figures are the sales-weighted average emissions
factors calculated. These emission factors for NO,, CO, and VOC are
summarized in Table 1. Note that the sales-weighted average VOC emission
factors shown in Figures 5 and 6 are for total VOC emissions. These are split
into methane and nonmethane VOC in Table 1 by noting that 90 percent of the
VOC emitted from diesel engines and 25 percent of the VOC from dual-fuel

engines is nonmethane.
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TABLE 1. Sales-Weighted Average Emission Factors for Stationary
Large-Bore Diesel and Dual-Fuel Engines (g/hp-hr)

NO, co VOC (as CHq)P S0,C
Fuel (as NOp)@ Methane Nonmethane
Diesel 11 2.9 0.03 0.29 3.2

Dual-Fuel 8.0 2.7 2.1 0.7 0.32

dAt rated load and speed.

bNonmethane VOC accounts for 90 percent of total VOC from diesel engines and
25 percent of total VOC from dual-fuel engines.

CBased on: sulfur content of 1 percent by weight for diesel fuel, 0.46 g/scm
(0.20 gr/scf) for natural gas; heating value of 40 MJ/1 (145,000 Btu/gal)
for diesel fuel, 41 MJ/scm (1100 Btu/scf) for natural gas; average fuel
consumption of 7.4 MJ/hp-hr (7000 Btu/hp-hr}; and dual-fuel firing 5 percent
diesel and 95 percent natural gas.

e
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Table 1 also shows SOp emission factors. SO02 emissions are solely a
function of fuel sulfur content. The emission factors in Table 1 assume the

sulfur content of diesel fuel is one percent by weight, and of natural gas is

- 0.46 g/scm (0.20 gr/scf). The heating value of diesel is assumed to be

40 MJ/1 (145,000 Btu/gal), and of natural gas to be 41 MJ/scm (1100 Btu/scf).
Average fuel consumption is assumed to be 7.4 MJ/hp-hr (7000 Btu/hp-hr), and
dual-fuel engines are assumed to burn 5 percent diesel and 95 percent natural

gas on a heat input basis.
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3.3.1 Stationary Diesel Engines for E]ectrica1'UtiIity Power Plants

3.3.1.1 General - Stationary diesel engines find appiication in the
electric utility industry, in natural gas transmission, and in various~
process industries. Diesel engines used in the electric power plants
usually operate under constant and continuous conditions. There is,
however, a smaller number of diesels for peaking or standby power ser-
vice. The liquid fuel diesels generally use a 1ight distillate oil,
such as No. 2; the gas diesels, or dual-fuel diesels, use a combina-
tion of natural gas {between 80 to 95 percent of the heat input) and
liquid fuel which is used to initiate ignition,

3.3.1.2 Emissions - Emission data on stationary engines for electrical
utility power plants have been gathered and analyzed in references 1 and
2. The information provided on emissions from diesel engines shows a
considerable range in terms of absolute values, and varies in terms in
which the emissions are expressed. In this section the data is reorganized
and converted to uniform units, The emission factors given indicate a
representative value based on a series of assumptions on the type of
engine, on the average power capacity per engine (average from a sample
population of 446 engines), and on the relationship between unit power
capacity and emission rates (a Tinear relationship is utilized). The
emission rates refer to four-cycle engines for both the liquid and the
gas diesels; more data is required in order to obtain the emissions as
functions of the charging mechanism and the number of cycles per engine.

In continuous power installations, diesel engines usually operate at
80 to 90 percent of their rated power for about 6,000 to 8,000 hours per
year. In the relatively few peaking installations, the unit operates for
several hours per day near full load. The standby units generally run
for 1 to 3 hours per week. The emission factors provided in this section
refer to constant conditions. Table 3.3.1-1 lists the emission factors
for diesel engines. The average power capacity per engine is assumed to
be 1678 Bhp and 2585 Bhp, for oil and gas diesels respectively. The gas
low-heat value utilized for conversion purposes is: Gas - LHY =
950 Btu/SCF; the heat value for distillate oil No. 2 is 141,000 Btu/gal.
Finally we assume an 80 to 20 percent distribution of dual fuel diesels
to liquid diesels,

The emission factors provided in Table 3.3.1-1 should be used with

caution since they are based on the indicated average power capacity per
unit engine.

GENER




A\

Iy
[

"

TABLE 3.3.1-1. EMISSION FACTORS FOR ELECTRIC UTILITY DIESELS

Emission Factors {1bm/hr) at Constant Conditions

Pollutant Entire Population Gas Diesel 0j1 Diesel -.
NOx 43.44 46.74 30.22
co 10.55 11.40 7.14
HC 14.24 17.67 0.51

Composite Factors, Fuel Basis

Pollutant (1bm/10% £t gas)* (1bm/10° gal oi1)**
NO,, 2,850 338
co 703 81
HC 1,045 5.5

* Emissions for dual fuel diesels (95 percent natural gas).

** Emissions for 1iquid fuel diesels.

References for Section 3.3.1

1.

McGowin, Charles R. Stationary Internal Combustion Engines in the
United States. Shell Development Co. Prepared for the Environmental
Protection Agency - Technology Series. April 1973.

Roessler, W,U., A, Muraszew, and R.D. Kopa. Assessment of the Appli-
cability fo Automotive Emission Control Technology to Stationary
Engines. The Aerospace Corporation, Urban Programs Division. Prepared
for the Environmental Protection Agency - Technology Series. July
1974,




A. D. Little, Inc. (EPA Contract 68-02-2664) and subcontractors, Cooper Energy

Catalyst Tests Completed on Large-Bore
Stationary I.C. Engines

Services and Fairbanks-Morse, have recently completed tests on exhaust

catalyst NO, control technology for both natural gas and diesel engines,
following conclusions were drawn from the results of the experimental program:

1.

2.

Under ideal conditions {adequate space velocity and control of

exhaust temperature, NH3 level, and particulates), 97-98 percent
NOx reduction could be obtained with three different base metal

catalysts.

NO, reduction of diesel exhaust was comparable to gas engine
exﬁaust, with small amounts of accumulated soot enhancing the
catalyst performance at higher temperatures.

Diesel soot must, however, be reduced to small amounts for
the exhaust to be treated by NH3 reduction. Accumulation
of substantial soot layers impairs catalyst performance.

Different catalysts exhibited space velocity thresholds
for operation, '

NH3/NO, ratio should be controlled between 1.0 and 1.1 for

best results. Higher values give increased NH3 emissions and
lower values leave N0y reduction incomplete.

Extended runs on two catalysts and two engines indicate that
realistic long-term catalyst performance will be in the 75-85
percent NOy reduction range.

A special dispersive infrared analyzer for NH3 was developed
for this study and offers promise as a real time-measuring
device for feedback control of NH3 addition.

(J.H. Wasser, FTS: 629-2476)

The
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T\ Corporation

Energy & Environmental Division

April 29, 1981

Bi1l Lamason (MD-13)

OAQPS/MDAD

U.S. EPA

Research Triangle Park, NC 27711

Dear Bill:

Enclosed find the final draft of the AP-42 section on stationary large-
bore diesel and dual fuel engines along with a draft of the background support
document justifying the emission factors noted. Please relay any further
comments you have either to Jim Laughlin of HMM Associates (782-0824), or to
Henry Modetz of Acurex.

Sincerely,

Larry R. wateHW%z )

Project Manager

3\

Encl.
cc: Doug Bell (OAQPS/SDB, MD-13)

ACUREX CORPORATION: AEROTHERM GROUP, SOUTH/EAST REGIONAL OPERAT!ONS
AIRPORT ROAD AT LUMLEY ROAD, RTE. 1, BOX 423, MORRISVILLE,N.C. 27560 PHONE {919) 781-9704




3.3.4 STATIONARY LARGE-BORE DIESEL AND DUAL-FUEL ENGINES
3.3.4.1 Generall

The primary high usage domestic application of large-bore (i.e.,
greater than 560 cubic inch displacement per cylinder, CID/CYL) diesel
engines is o0il and gas exploration and production. These engines, in
groups of three to five, supply mechanical power to operate the drilling
{rotary table), mud pumping, and hoisting equipment. In other instances,
these engines may operate pumps or generator sets for auxilliary power. A
secondary high usape application of large-bore diesels is for electrical
generation, both base and standby service. Other various small usage
applications include irrigation, hoisting, and nuclear power plant
emergency cooling water pump operation.

Dual-fuel engines were developed to take advantage of both
compression ignition performance and inexpensive natural gas. These
engines require a2 minimum of 5 to 6 percent diesel fuel to ignite the
natural gas. Dual-fuel large-bore engines (greater than 560 CID/CYL)
have been used almost exclusively for prime electric power generation.

3.3.4.2 FEmissions and Controls!

The primary pollutant of concern from large-bore diesel and dual-fuel
engines is NOy,, which readily forms in the high temperature, pressure, and
excess air environment found in these engines. Lesser amounts of carbon
monoxide and hydrocarbons are emitted. Sulfur dioxide emissions are pro-
portional to the sulfur content of the fuel and will usually be quite low
because of the negligible sulfur content of diesel fuels and natural gas.

The major variables affecting NO, emissions from diesel engines
include ignition timing, manifold air temperature, engilne speed, engine
load, and ambient humidity. In general, No, emissions decrease with
increasing humidity.

Because NO, is the primary pollutant of significance emitted from
diesel and dual-fuel engines, control measures to date have been directed
mainly at limiting NO, emissions. The most effective NO, control tech-
nigue for diesel engines is fuel injection retard, achieving nominal NOx
reductions (at eight degrees of retard) of 40 percent. Maximum NO, Treduc~
tions of about 65 percent are possible with combined retard and air-to-
fuel ratio change. Both retarded fuel injection, eight degrees, and air-
to—fuel ratio change, five percent change, are also effective in reducing
NO_, emissions from dual-fuel engines, achleving nominal NO_ reductions of
about 40 percent, and maximum NO, Teductions of about 70 percent.

Other NO_ control techniques exist but are not considered feasible
alternatives because of excessive fuel penalties, capital cost, or main-
tenance or operational problems. These techniques include exhaust gas
recirculation (EGR), combustion chamber modification, water injection,
and catalytic reduction.

.

Emission factors for stationary large-bore diesel and dual-fuel
engines are presented in Table 3.3.4.1.

Internal Combustion Engine Sources 3.3.4




Reference for Section 3.3.4

1. Standards Support and Environmental Impact Statement Volume I -
Stationary Internal Combustion Engines, EPA 450/2-78-125a, Office of
Alr Quality Planning and Standards, Research Triangle Park, NC, July
1979.

3.3.4 EMISSION FACTORS
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A STATEREN t RE
¢ O "y TS T g NGB AT, AL RATION REERE
% § WASHINGTON, D.C. 20460
P4t poreS Emission Factor Rating: C
OFFICE OF
Nitrogen Carbon VOC ~ AIR AND WARIH PNAGEMENT
Oxides Monoxide " (as CHg)C Dioxided
(as NOz)b Methane Nonmethane
Diesel Engines
1b/103hp-h 24 6.4 0.07 0.63 7.0
g/hp-h 11 2.9 0.03 0.29 3.2
g /kH-h 15 3.9 0.04 0.39 4.3
1b/103ga1e 500 130 1 13 150
g/1e 60 16 0.2 1.6 18
Dual Fuel Engines
1b/103hp-h 18 5.9 4.7 1.5 0.70
g/hp-h 8.0 2.7 2.1 0.7 0.32
g/kW-h 11 3.6 2.9 0.9 0.43

8pepresentative uncontrolled levels for each fuel are determined by
welghting data from several manufacturers. Weighting is based on the
percentage of total horsepower sold by each manufacturer during a five
year period.

brhese factors are for engines operated at rated load and speed.

CNonmethane VOC accounts for 90 percent of total VOC from diesel engines
but only 25 percent of total VOC emissions from dual fuel engines.

dgased on an assumed sulfur content of 1 percent by weight for diesel
fuel and 0.46 g/scm (0.20 gr/scf) for pipeline quality natural gas.
Dual-fuel SO; emissions based on 5 percent oil-firing and 95 percent
gas—firing. Emissions should be ad justed based on fuel ratio.

€These factors are calculated from the above factors assuming a heating
value of 40 MJ/1 (145,000 Btu/gal) for oil, 41 MJ/scm (1100 Btu/scf)
for natural gas, and an average fuel consumption of 9.9 MJ/kW-h (7000
BTU/hp-h). ’

Internal Combustion Engines 3.3.4






