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SECTION 1
INTRODUCTION

The Air Managemént Technology Branch (AMTB) of the U.S. Environmental
Protection Agency (EPA) has the responsibility for maintaining the document
Compilation of Air Pollutant Emission Factors, AP-42. AP-42 is widely used by
industry and government (including EPA, Department of Defense, and State and
local air pollution control agencies) for developing emission inventories and
emission estimates. It is increasingly used as a tool in a variety of air
quality management applications, including modeling, new source.review and
control strategy development.

It was brought to the attention of EPA that existing factors (January
1975) for steam and motorships were inadequate for newer vessels and that addi-
tional emission data were available on "Inboard Powered Vessels" that warranted
an AP-42 revision. Accordingly, the marine vessel combustion emission factors
provided in AP-42 were revised incorporating recently acquired combustion emis-
sion testing data. This background document provides the methodologies used to
expand the existing emission data base and compile the revised marine vessel
emission factors. The document concludes with the rationale used to assign a
qualitative rating to the emission factors. Raw data summaries are supplied as
Appendices.

1=1



SECTION 2
DATA COMPILATION METHODOLOGY: STEAMSHIPS AND MOTORSHIPS

The data acquisition required a two phase approach. During the first
phase of the effort, literature searches were conducted by both EPA and
Engineering-Science, Inc. (E-S). A search of the National Technical Infor-
mation Service (NTIS) data base was performed by EPA. Concurrently, E-S
searched the Lockheed DIALOG, Information Retrieval Services, Inc. DIALOG has
more than 170 data bases available on the system and contains in excess of 75
million records or units of information. Using key word indicators to search
each system, potential titles were identified and their abstracts screened.
Technical documents considered relevant were subsequently obtained.

The second phase of the data acquisition effort involved direct contact
between E-S and potential information sources. Governmental sources were the
Maritime Administration within the U. S. Department of Transportation and the
U. S. Navy. Private sector sources contacted were oil company affiliated
research groups, marine surveyors, marine engine manufacturers, select marine
vessel owners and operators, and the American Petroleum Institute (API).

Acquired information was categorized as either operational or emission
related data. Operation factors included: vessel activity modes, traffic,
and classifications necessary to apply the resultant emission factors. (An
expanded discussion of operational practices and modes are presented in the
main text Section 3.2.3.2.) Emission related data consisted of actual combus-
tion emission measurements and corresponding vessel powerplant performance
information. For the data base to be useable, both elements were considered
necessary to express or transform emission results from each data source into
the same units of measurement. Only results of actual emission measurements
were incorporated into the data base.

Criteria pollutant types obtained from the sources presented in this
document include oxides of nitrogen (NO,) expressed as NOj, carbon monoxide
{CO), volatile organic compounds (VOCs), oxides of sulfur (sox) expressed as
S0,, and total suspended particulate matter (TSP).

Emission results from each data source were reported in terms of concen-
tration and/or by mass. In certain cases, pollutant concentrations were pro-
vided but the exhaust gas flow rate was unknown. Two methods were developed to
estimate an exhaust flow rate in order to convert concentration data to a mass
emission rate.

The first method utilized tabulated combustion data found in Table D6,
Appendix D, of Air Pollution Engineering Manual, AP-40, page 947.1 This table
quantifies the exhaust gas volume produced when combusting wvarious grades of
fuel o0il. The values are expressed in cubic feet of exhaust gas per pound of
fuel o0il and are adjusted for combustion with air 40 percent saturated at 60°F
(i.e., less than 1 percent moisture by volume) and were thus considered to
represent dry standard conditions. The exhaust gas flow rate in dry standard
cubic feet per minute is then calculated using the fuel consumption rate,




percent excess air used during combustion, and the appropriate combustion
volume from Table D6.2

In instances where the excess air or exhaust gas Oy content was unknown or
higher than values listed in Table D6, a second method based on the fuel sulfur
content and exhaust gas SO; concentration, was used to calculate the exhaust
gas flow rate. 'This method assumes that all the sulfur within the fuel is com-
busted to SO and that no additional sulfur is introduced into the combustion
process. Using these assumptions, the following relationship was derived to
calculate the exhaust gas flow rate (dscfm):

(118,356) (1b/hr fuel rate) (% S content)
dscfm = 60

ppm 50,

The resultant mass emission rate (in 1lb/hr) can thus be calculated from
the pollutant molecular weight, exhaust gas flow rate, and a conversion con-
stant based on the Ideal Gas Law and standard conditions.DP

The purpose of the AP-42 emission factor compilation is to provide poten-
tial users assigned the responsibility to generate emission estimates with a
document applicable to data in their presence. Therefore, whenever the data
allow, emission factors should be presented in commonly understood units.
These units should be the most common values expected to be encountered by the
user.

The emission rate data from each source were subsequently converted into
the following identical units for compilation:

diesel engines - grams per liter (pounds per 1000 gallons) of fuel

or, grams per kilowatt (pounds per horsepower) hour
of output.€

steam propelled - grams per liter (pounds per 1000 gallons) of fuel
or, milligrams per kilojoule (pounds per million
BTU) of heat input.©

Evaluation of the SO, measurement data indicated that the measured and
theoretical SO, emissions are essentially equivalent. Therefore, the main text

S0x emission factors were presented in terms of the fuel sulfur content or the
theoretical emission rate.

2 The excess air used during combustion may be determined from the exhaust gas

O, content using the relationship defined in Figure 9 of Reference 2.

Standard conditions are for dry gases at 60°F aﬁd one atmosphere. The VOC
molecular weights used in the calculations were based on VOC speciation
results tabulated in Table 1.04-04, 1.04-004, and 2.01-003, of Volatile
Organic Compound (VOC) Species Data Manual, Second Edition EPA-450/4-80-015
(Reference 3). »

In many cases emission data were only provided in terms of fuel consumed or in
terms of power. For those cases, the emissions were converted into both units
of measure only if fuel efficiency test data were provided. Data assumptions
were minimized in order for the data base to reflect actual measured values.
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Subsequent to converting all data to similar units, the emission data were
classified according to steamship or motorship, entered into the ES computer,
and arranged in order of decreasing size and load.d

With the data loaded into the E-S computer, the next step involved select-
ing appropriate powerplant size and load ranges necessary for final emission
data groupings and emission factor determination. The range selection criteria
included evaluation of emission data trends and number of test results and
powerplants in a given group. This procedure allows for easy identification of
substantial changes in emission levels and data base gaps. A minimum of four
data points per pollutant (two points for Residual 0il Fired Motorships, Table
3.2.3-5) were required to establish an emission factor for each grouping. If
this was not possible, the emission factor was not developed or the data points
were averaged as part of an adjacent grouping.

Programming the range selections resulted in data base arrangement by
category, calculation of the mean and standard deviation for each category,
and a printout of the complete data population and results for each selection
range.

TABLE 2.1

EMISSION FACTOR SELECTION CRITERIA

Rated Load
Powerplant (or Engine) Capacity (HP) (% Full Power)

Motorship (Distillate or 0-300 0-15, 15-45, 50-~-75, 75-100

Diesel Fuel Fired Diesel 300-900 0-10, 15-35, 45-75, 75-100

Engines) 1000-3600 0-25, 35-55, 75-100
Motorships (Residual or 0-5000 100

Bunker "C" Fuel Fired ‘ 5000-10,000 100

Diesel Engines) 10,000-15,000 100

15,000-20,000 60-100
20,000-30,000 60-100

Steamships (Residual All capacities| 10-60
Fuel Fired Boilers) 75-100+
Steamships (Distillate or All capacities| 11, 20-30, 35-60, 95-100

Diesel Fuel Fired Boilers)

d1t should be noted that the emission rate data on pleasure craft (see
Section 3) were handled separately from the motorship and steamship data.



The resulting motorship and steamship information was statistically
analyzed for data exclusion using a log normal probability approach.4 This
approach establishes an acceptability range (expressed as a constant [K] multi=-
plied by the population standard deviation) whereby outliers may be excluded.

It is based on selection of an appropriate confidence level (i.e., percent pro-
bability that valid data will not be excluded) and use of Table A-2 in Reference
4. A confidence level of 90% was selected for the data sets.

The "final" population (i.e., minus the outliers) was subsequently
averaged again to produce the tabulated emission factors.

See Document Appendix A for an example statistical calculation and Append-
ix B for motorship and steamship data population results. The steamship emis-
sion factors in terms of pounds per MM BTU were in some cases calculated using
fuel heating values of 150,000 BTU/gal for residual oil and 140,000 BTU/gal
gal for distillate oil.

2.1 DATA SOURCES

The following sections describe the individual emission data sources and
present sample calculations used to compile the expanded motorship and steam-
ship data base. Sections 2.1.1 through 2.1.8 present the diesel engine sources
while Sections 2.1.9 through 2.1.14 present the steam boiler and generator
sources.

In order to calculate the steamship emissions in terms of fuel consumption
and heat input, it was assumed that the thermal conversion efficiency is con-
stant over load for a given steam boiler or generator. For ease in presenta-
tion of data and methodologies, all sample calculations were performed in the
reported English units. _ :

The referenced data sources provided organic emission data in terms of
total hydrocarbons (i.e., total VOC) only. Therefore, the document entitled
Volatile Organic Compound (VOC) Species Data Manual, Second Edition, EPA-450/
4-80-015 was used to estimate the methane and nonmethane portion of the total
compiled VOC.3 This document provided volume and weight prcentages associated
with each organic constituent produced during residual and distillate fuel oil
combustion. It was also used to establish a carbon composite molecular weight
necessary to calculate mass emissions from measured concentration.

In each case, the total VOC emissions were compiled prior to computation
of the methane/nonmethane fraction. The following organic parameters were
assigned to calculate mass emissions and compile the emission factors:

1) Distillate fuel fired boiler: molecular weight per carbon atom
= 19.320 g/g-mole, 100% nonmethane VOC

2) Residual fuel fired boiler: molecular weight per carbon atom
= 20.556 g/g-mole, 1ll% methane VOC

3) Distillate (Diesel) fuel fired reciprocating engine (also

assumed for residual fuel fired reciprocating engine): molecular
weight per carbon atom = 14.012 g/g-mole, 1l1.6% methane VOC
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Particulate size data were not provided by the data sources. Therefore,
the revised Section 3.2.3 in AP-42 references generic size specific particulate
information compiled in other AP-42 sections.>

Following compilation of the information, each data source was assigned

a quality rating. Criteria for assignment are defined on page 33 of the AP-42
preparation document.® A complete data summary for each data source is provided
in Appendix D.

2.1.1 Caterpillar Tractor Company

Caterpillar supplied combustion emission data on select industrial diesel
engines which may be considered representative of marine diesel engine applica-
tions.’ Fuel consumption and emission rate data (VOC, NO,, SO,, CO, and parti-
culate) were provided in units of gallons/hour and grams/hour respectively, at
rating (full load), thus allowing a direct calculation to convert the emission
rate to pounds per 1000 gallons and grams/HP/hr. The diesel engines in the

. data set range in size from 90 - 900 HP.

2.1.1.1 Testing Methods

The data used in this effort from Caterpillar were the result of certi-
fication runs performed on actual industrial engines. Test methods for each
pollutant were:
VOC - measured using a heated FID (Horiba or Beckman) calibrated with
propane. Calculations used carbon balance technique as described in
40 CFR 86 Subpart D

CO = NDIR (Horiba)

NO, - NDIR (Horiba) plus converter

Dry particulate matter - Opacity meter and a correlation curve from smoke
to particulate mattex

2.1.1.2 sSample Calculation

A sample calculation demonstrating the direct conversion of the emission
rate from reported units to desired emission factor units is provided below.

Given: One 850 HP engine at full load consumes 45.7 gallons/hr of #2
diesel fuel

VOC emissions = 60 g/hour

60 g/hr = 0.07 g VOC/HP/hr
850 HP

60 g/hr = 0.13 1b VOC/hr
453.6 g/lb



0.13 1b VOC/hr = 2.84 -1b VOC/103 gal at 850 HP (100% load)
45.7 gal/hr

2.1.1.3 Data Source Rating

The industrial diesel engine emission data were gathered using approved
EPA methodologies for engine emissions certification. However, documentation
of tests was limited with most support information provided via telecommuni-
cations. Therefore, the data were assigned a B rating.

2.1.2 Colt Industries, Fairbanks=-Morse Engine Division

Fairbanks-Morse provided exhaust emission data in terms of grams/HP/hr at
full load on three marine diesel engine classifications, a four stroke 520 RPM
650 HP/cylinder engine class, a two stroke 900 RPM 320 HP/cylinder engine
class, and a two stroke 900 RPM 180 HP/cylinder engine class.8 The VOC, NO,,
CO, SO,, and particulate emission rates provided were reported to be applicable
to all size engines within the specified engine classification.

2.1.2.1 Data Source Rating

The methodology used to test the Fairbanks-Morse diesel engine class was
essentially consistent with EPA methodology. However, because the emission

results were averages over the entire engine classification and not verifiable
from the information obtained, a C rating was assigned.

Since C rated data may not be compiled with B rated data, the Fairbanks-~
Morse information was excluded from the data base.®

2.1.3 American MAN Data

There are two sets of data provided by American MAN (manufacturer of large
diesel engines). One data set was submitted to Scott Environmental Technology
as part of the Appendix to their emission study of California Coastal Waters.?2
This set provided VOC, WO, NO,, CO, SO,, and particulate emission data in terms
of kg/KW/hr for two, four stroke and two, two stroke engine classifications at
100%, 85%, and/or 60% of full power.

The second set of data was provided by a representative of American Man10
NO,, VOC, and CO exhaust gas concentrations (in ppm) were provided at maximum
load for five engine classifications in current production. These data apply
as in the case of Fairbanks—-Morse to several engine sizes within each classifi-
cation. Using the same arquments as in the Fairbanks-Morse case, the provided
emission rates were applied to each engine type in the class.

2.1.3.1 Testing Methods

The American MAN diesel engine emission data measurements were performed
at the manufacturing plant in Germany. Company contacts in the U. S. were
unable to obtain information on test methodology and instrumentation without a
formal request to German personnel. This process is expected to be too time
consuming for this project effort. Emission data provided by the other engine



manufacturers have basically been consistent with EPA mobile source testing
methodology. Since American MAN performance test results are compared to U. S.
manufacturers, it appears reasonable that the testing instrumentation (engine
dynamometer, gaseous analyzers, etc.) are consistent with the U. S. standards.

2.1.3.2 Sample Calculations

Mass emission rates from each currently produced engine were calculated
from exhaust gas mass emissions (in kg/KW/hr) provided at full load for each
engine classification and a measured exhaust gas emission concentration (in
kg/m3) from a 14,770 rated HP engine provided in the American MAN supplement
to the Scott Environmental Technology study. Per discussions with American
MAN personnel, it was assumed that measured concentrations would be represent-
ative of the exhaust gas concentrations from these currently produced engines.

American MAN also provided the fuel consumption data for projected oper-
ation (propulsion) data in terms of g/KW/hr necessary to calculate emission
data in 1b/103 gallons or kg/103 liters. American MAN diesel engine burners
have the capability of being fired with #6 fuel oil or #2 diesel fuel.

Scott Environmental Technology American MAN Input:

Engine Classification KSZ 70/125B
(2065 HP/cylinder sizes, four to ten cylinder engines)

Given: at 100% load CO emissions = 2.28 g CO/KW~hr
2.16% S heavy fuel oil #6

Example: four cylinder engine = 2065 x 4 = 8260 HP engine (rated
capacity)

2.28 g/KWw-hr CO = 1.67 g CO/HP=hr
1.361 HP/XW .

NOTE: Fuel consumption values not provided in this case, therefore
1b/103 gal emission factor not calculated

American MAN Current Production Data

Conversion from ppm to g/hr/cylinder:

Assume the 1.2937 kg/m3 (at 0°C and 1 atm. dry) exhaust gas density
from a 14,770 HP engine (Scott Environmental Technology) applies to
the other currently produced diesel engines.

Convert to standard conditions (i.e., 60°F and 1 atm)
1.2937 kg/m3 ,492°R, = 1.2240 kg/m3

(——)

520°R

kg/KW/hr (exhaust gas quantity) x rated KW/cylinder
(1.2240 kg/m3 @ 60°F dry)




x 35.31 f£3/m3 x 1 hr/60 min

3.445841 x 1072 (kg/KW/hr exhaust mass emissions)(rated Kw/cyl)

dscfm/cyl

measured concentration (ppm) x MW x dsfm x 1.58 x 10~7 x 453.6 g/1lb
cyl

= g/hr/cylinder (where 1.58 x 10~7 = ideal gas constant)

Example: Engine classification 20/27 (100 XKW/cylinder for 4 to 9,
12, 14, 16, and 18 cylinder engines)

Given: 120 ppm (actual VOC emissions), 7.4 kg/KW/hr exhaust gas
and 212 g/KW/hr fuel consumption at 100% load

120 ppm VOC x 14.012 MW x 7.4 kg/KW/hr x 100 KW/cyl
x 3.445841 x 10-° g VoC/hr/cylinder = 42.88 g VOC/hr/cylinder

(Molecular weight assumed for heavy fuel oil reciprocating engine
combustion, Reference 3)

The emission rate per cylinder applies to each size engine within the
engine classification.

Therefore a four cylinder engine (100 KW/cyl x 1.3613 HP/KWa) x 4
cylinders = 545 rated HP engine) at full (100%) load would have the

following VOC emission rate:

42.88 g/hr/cylinder x 4 cylinder = 0.31 g VOC/HP/hr
545 HP

212 g/KW/hr fuel rate x 1 KW = 155.7 g/HP/hr fuel rate
1.3613 HpP*

Using a fuel oil #6 density of 8.1 lb/gal

155.7 g/HP/hr x lg X 1l gallon
453.6 1b 8.1 1b fuel.

= 0.0424 gal/HP-hr fuel rate

0.31 g VOC/HP-hr . __ 1 1b  x 1000 = 16.1 1b/10% gal VOC emissions
0.0424 gal/HP/hr  453.6 g

2,1.3.3 Data Source Rating

Due to limited documentation of testing and analytical procedures, a
rating of C was applied to the American MAN data base.

a) This conversion factor is based on specific metric hp and kw engine
designations by American MAN sales brochures.
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2.1.4 Cummins Engine Company

The Cummins Engine Company, a manufacturer of marine diesel engines,
provided EPA certification data (i.e., emission rates in g/HP/hr and diesel #2
fuel consumption rates in 1lb/hr) for a series of automotive engine models. 1!
While the data were for automotive tests, the information was reported to be
applicable to marine engines.

Total hydrocarbon, NOy, and CO data were provided for 6 engine models at
2, 25, 50, 75, and 100% of full rated power. Emissions in terms of fuel con-
sumption were calculated using a diesel #2 density value of 7.12 lb/gal.
2.1.4.1 Testing Methods

The Cummins engines were tested for EPA certification in 13 different
modes and 13 different load cycles. Test procedures and analytical techniques
are as follows:

VOC - measured with a FID (Scott) calibrated with propane. Values
were expressed as carbon using the carbon balance calculation
procedures presented in 40 CFR 86, Subpart D.
NOy - measured using NDIR (Horiba)
CO - measured using NDIR (Horiba)
2.1.4.2 Sample Calculation
Engine model VT-225

Rated HP = 225

Given: ©NO, at 75% power = 7.10 g/HP/hr NOy
Fuel consumption rate = 70.5 lb/hr at 75% power

70.5 1b/hr = 0.0587 gal/HP-hr
(225 HP)(0.75)(7.12 1lb/gal diesel #2 density)

7.10 g/HP/hr <« Ll 1b _ 1000 gal = 266.7 1b/103 gal (NO.)
0.0587 gal/HP-hr 453.6 g = 10° gal

2.1.4.3 Data Source Rating

The diesel engine emission results supplied by Cummins were taken from
current EPA certification tests of automotive diesel engines. While the tests
were reported to follow standard procedures, the necessary information to
verify the results was unavailable. Therefore, the data were assigned a B
rating.

2.1.5 Detroit Diesel, Allison Division of General Motors

Detroit Diesel, a manufacturer of diesel engines for marine propulsion and
electrical generation, provided emission testing data for several electrical
generation and propulsion units. 12
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Data applicable to the existing data base consisted of NO and CO emission
test results from six engine types. Emissions in terms of fuel consumption
were calculated using a #2 diesel density value of 7.02 1lb/gal supplied by the
manufacturer.
2.1.5.1 Testing Methods

The Detroit Diesel engines were tested using methodology in alignment with
the Federal Register. Modal testing was performed on engine dynamometers util-
izing non-dispersive infrared continuous analyzers.
2.1.5.2 Sample Calculation

Engine #12V-149T1 at 1900 RPM
Rated HP = 1150, Fuel Consumption = 0.397 lb/HP-hr

Given CO emissions at 100% load (or power) = 6397 g/hr

6397 g/hr = 5.563 g/HP-hr CO
1150 HP
5.563 g/HP-hr CO x 7.02 1b/gal fuel density
0.397 1b/HP-hr (fuel consumption)
x 11b x 1000 gal = 216.9 1b/103 gal cO
453.6 g 103 gal

2.1.5.3 Data Source Rating

The diesel engine emission results supplied by Detroit Diesel were taken
from engine dynamometer modal testing of marine engine and generator set appli-
cations. While the tests were reported to follow procedures consistent with EPA
methodology, complete data verification was not possible utilizing the supplied
data. Therefore, the data were assigned a B rating.

2.1.6 Emission Testing of U.S. Coast Guard Cutters

‘Scott Research Laboratories, Plumsteadville, PA, conducted emissions tests
at various loads on Coast Guard Cutter power plants, and auxiliary generators
and boilers.13 A total of 14 vessels were tested, 13 were propelled with diesel
powered engines and one was propelled with fuel oil fired boilers and steam
turbines. This section will discuss the 13 diesel engines. The loads were
presented in terms of mode of activity (i.e., cruise, idle, full, 2/3, or slow)
and/or in some cases, in terms of horsepower output. For entries where only
activity modes were presented, assumptions were made as to the percent of rated
horsepower per activity mode. These assumptions were based primarily on Table
2.1.6=1 extracted from a U. S. Coast Guard abatement program report.14 Emis-
sions are presented in terms of 1b/1000 pounds of fuel and, in some cases, in
terms of lb/hour. The steamship testing was excluded from the data base
because load percentages during testing was unknown.



2.1.6.1 Testing Methods

The testing instrumentation and methodology used by Scott are described
below:

Particulate matter - EPA Method 5
VOC (Total) = Heated FID (Scott Model 215)

NO and NO; -~ Chemiluminescence (Scott Model 125) analyzer and
thermal normal converter '

CO - NDIR analyzer (Beckman 315)
TABLE 2.1.6-1

REPORTED COAST GUARD VESSEL DUTY CYCLES?®

Type of Vessels Mode Horsepower (%)
I WHEC, WMEC, WAGB Slow 15

2/3 25
Cruise 55
Full 79

II WPB 95 Slow 32
Cruise 72

III WLB, WPB 82 Idle 3
2/3 22
Cruise 60

v WHEC 327 Idle Boiler
Cruise
Bull

Areference 14.

2.1.6.2 Sample Calculation
Vessel: USCGC Chase Class WMEC
Given: Main diesel engine #1 rated at 3600 HP during cruise mode CO
emissions = 5.04 1b/1000 pound Navy distillate fuel or 3.87 1b
CO/hr
5.04 1b/103 1b fuel x 7.12 1lb/gal (assumed distillate fuel density) =

35.88 1b C0/103 gal
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Cruise mode represents 55% of full power from Reference 15
= 3600 HP x 0.55 = 1980 HP output

3.87 1b/hr x 453.6 g/lb = 0.89 g (CO)/HP/hr
1980 HP output

2.1.6.3 Data Source Rating

The thirteen diesel engine powered Coast Guard. Cutters were tested follow-
ing EPA methodology. The field data sheets and calculation procedures were

provided to document test results. Therefore, the data source was assigned an
A rating.

2.1.7 U. S. Department of Transportation Exhaust Emission Estimates from Water
in Fuel Emulsions

A study prepared for the U. S. Department of Transportation evaluated the
impact on emissions of increased water in fuel emulsions.1® Serving as a refer-
ence point in each evaluation was a measurement of zero percent water in fuel.

These zero water tests were included in the emission factor data base.

2.1.7.1 Test Methods

A series of water in fuel tests were conducted on a Cummins four stroke
engine and a Detroit Diesel two stroke unit by Southwest Research Institute.
Desgcriptions of the two engines are presented in Table 2.1.7-1.

The engines were installed in a test cell and connected to an engine dynamo-
meter. The emission tests were conducted using the continuous monitoring
systems and methods presented in Table 2.1.7-2. A total of 13 zero percent
water emission tests respectively were performed on the Cummins and Detroit
Diesel engines.

TABLE 2.1.7-1

ENGINE SPECIFICATIONS FOR
DIESEL ENGINE WATER IN FUEL EMULSION STUDYa

General Motors Corporation

Cummins Engine Company, Inc. Detroit Diesel Allison Division
Model: VTA-1710-C800 (VT12-900M) Model: 12V-149TI (16V-149TI)
Type: Four Stroke Cycle Type: Two Stroke Cycle

Bore and Stroke: 5.5 x 6 Bore and Stroke: 5.75 x 5.75
No. of Cylinders: 12 No. of Cylinders: 12 (16)
Displacement: 1710 cubic inches Displacement: 1788 cubic inches
Rated Horsepower: 800 at prop shaft Rated Horsepower: 900 (1200)
Rated Speed: 2300 RPM Rated Speed: 1800 RPM

aReference 16.



2.1.7.2 Sample Calculation

Information provided as a result of the test program included:

1. fuel density
2. test run number

3. Dbrake horsepower during test
4. fuel flow (1lb/hr)

5. mass emission rates for total hydrocarbons, carbon monoxide,
oxides of nitrogen (NO,)(presented as both g/hr and g/bhp/hr)

Data for g/hr were converted to 1lb/103 gal by the following two step
calculation:

Step 1 - conversion of fuel consumption from lb/hr to 103 gal/hr

(1b/hr) = gal/hr
(1b/gal density)

gal/hr x _103 gal = 103 gal/hr
1000 gal

Step 2 - conversion of g/hr to 1b/103 gal

lb/hr = 1b/103 gal
103 gal/hr

Test Application

Given: Test Run #171
436 HP output
182 1b/hr diesel fuel flow
7.12 1lb/gal assumed #2 diesel density
0.28 g/HP/hr total hydrocarbon emissions

182 1b/hr diesel = 0.026 x 103 gal/hr
(7.12 1b/gal) (107)

0.28 g VOC/HP/hr x 436 HP = 122 g VOC/hr

122 g/hr = 10.3 1b VOC/103 qgal
(454 g/1b)(0.026 x 103 gal/hr)
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TABLE 2.1.7-2
TESTING METHODS AND INSTRUMENTATION FOR DIESEL ENGINE

WATER IN FUEL EMULSION STUDYa

Detection l Nominal
Emission Method Instrument Range Concentration
Carbon Monoxide NDIR Horiba OPE-15| 1 0-1000 ppm CO
(S/N AIA-23) 2 0-3000 ppm CO
3 0-6000 ppm CO
Carbon Monoxide NDIR Horiba OPE-15 1 0-16% CO»
(S/N 15395) ‘
2 0-6% CO,y
3 0~2% COy
Oxides of Nitrogen CL TECO 10 1l 0-250 ppm
(S/N LOAR-9691-110) 2 0-1000 ppm
3 0-2500 ppm
Hydrocarbonsb FID Beckman 402 1 0-500 ppm C
(s/N 10010) 2 0-1000 ppm C
3 0-5000 ppm C
Oxygen Polaro- Beckman 1 0-25% O
(S/N 271001) graphic OM-11EA 2 0-5% O,

areference 16.

bHydrocarbon analyzer calibrated with propane. H/C ratio in mass emission
calculation was 1.8 to 1.

2.1.7.3 Data Source Rating

The two diesel engines used in the fuel emulsion study were tested
according to methods consistent with EPA continuous analyzer methodology. The
referenced document thoroughly discusses the emission calculation and analyzer
calibration procedure. Based on testing methodology and documentation, a
rating of A was assigned to these data.

2.1.8 U.S. Coast Guard Pollution Abatement Program: A Preliminary-Report on
the Emissions Testing of Boat Diesel Engines

Data were taken from the mass emission rate summaries of a report prepared
by the Transportation Systems Center.17 Reported information taken from the
table included the engine horsepower at the time of the test and the emission
rates for oxides of nitrogen and total hydrocarbons reported as grams per
brake horsepower per hour (g/bhp/hr). Data were reported for tests performed
on four different engines, each rated at 200 HP. Since the rated engine size



was known, engine horsepowers at specific test conditions were converted
to percent of load. A total of 26 emission data points for a 200 HP diesel

engine operating at a variety of load conditions was entered into the data
base.

2.1.8.1 Test Methods

The emission tests were conducted on three General Motors (GMC-71) and a
Cummins (VT=-330) diesel engines. Tests were conducted using an engine dynamo-
meter as a function of engine load. The GM engines. were rebuilt prior to
testing while the Cummins engine was in a used condition.

Each engine was tested in six operating modes ranging from idle (600 rpm,
zero bhp) to full rated capacity (2,000 rpm, 185 bhp). Two test runs were
conducted at each engine load for a total of 12 test runs per engine. The
following continuous monitoring systems were used to perform these emission
tests.

Pollutant Continuous Testing Method

Carbon Monoxide and Nondispersive infrared
Carbon Dioxide

Total Hydrocarbons Total hydrocarbon analyzer
(carbon balance technigue used
to calculate VOC mass emission

rate)

Oxides of Nitrogen Chemiluminescence

Oxygen Paramagnetic

Smoke Ringelmann chqrt and opacity
meter

Each continuous analyzer was zeroed and calibrated both before and after
each test run.

Reported in the summary of information but not included in the evaluation
was mass emission rates for the same pollutants in units of pounds per hour.
The data source did not adequately report fuel consumption during tests so no
calculation was made of corresponding pounds of pollutant per unit fuel usage.

2.1.8.2 Data Source Rating

The diesel engine emission data were obtained from engine dynamometer
tests consistent with EPA mobile testing methodology. However, only minimal
documentation of tests data was available. Therefore, a B rating was assigned
to this data source.



2.1.9 Nitrogen Oxide Monitoring on a British Petroleum Tanker

Scott Environmental Technology conducted NO, emission testing during cargo
offloading of a British Petroleum tanker. '8 The tanker was equipped with two
oil fired main boilers which supply steam to power the cargo unload operation.
The maximum steam production rate and steam heat rate output from each boiler
is 6395.8 kg (141,000 1b) per hour of steam and 102.2 x 102 J (96.9 x 108 BTU)
per hour respectively.

2.1.9.1 Test Methods

Emission tests were conducted on the starboard boiler using a Scott Model
125 chemiluminescent nitrogen oxide analyzer. The analyzer was connected to
the sample point by a 30.5 m (100 f£ft) temperature controlled, teflon sampling
line. The temperature was regqulated to 383°K (230°F) to maintain the sample
above the moisture dew point through the entire sampling system up to the NO,
converter. At the converter a valve assembly provided the option of running
the sample through the converter to convert NO; to NO giving total NO, or
bypassing the converter to measure only NO (NOj by difference). Emission data
were averaged on a time weighted basis and tabulated hourly and, in some cases,
every half hour over a cargo unloading period of 27 hours. Emissions were
recorded in terms of ppm and 1b/bbl of fuel.

2.1.9.2 Sample Calculations

The following two step calculation procedures demonstrates the technique
used to arrive at NO, emission rates.

l. Boiler Heat Input Calculation

Given: Fuel 0il heat content by analysis: 18,450 BTU/lb Boiler
Boiler thermal efficiency: 70% (reported in reference)
Maximum boiler heat output: 96.9 x 10% BTU/hr

(96.9 X 106 BTU/hr heat output max.
70% thermal efficiency

= 138.5 x 10° BTU/hr Maximum Heat Input per Boiler

2. NO, Emission Calculation

Given: Total Fuel Rate = 89 bbl/2 hr,
NO, emission = 3.01 1b NO,/bbl 3
(3.01 1b NOx/bbl) x (_1 bbl) x (1000 gal) = 71.67 1b NO, /10" gal
(42 gal)



18,450 BTU/1b (heating value) x 8.1 1lb/gal (assumed fuel oil #6
density from Reference 7) x 1000 gal/106 BTU = 149.445 x 10°
BTU/103 gal

71.67 1b/10> gal = 0.48 1b N0, /10° BTU
149.445 x 10° BTU/10° gal

2.1.9.3 Data source Rating

The British Petroleum data were derived by EPA approved testing methodol-
ogies, including Method 7 validation runs. Raw NOy data were also provided in
the form of strip charts with calibration curves. As a result, these data were
assigned on A rating.

2.1.10 stack Gas Analysis of Steamship Boiler Propulsion Plant

CE-Power Systems of Windsor, CT, conducted shipboard emission tests of a
two boiler propulsion unit rated at 23,863 KW (32,000 hp). The port boiler
rated at 156 x 102 J (148 million BTU) per hour was tested over a five day
period. During the testing, the boiler was fired on No. 6 fuel oil at various
loads (percentages of full power) and excess air levels.

2.1.10.1 Test Methods

A summary of test equipment and procedures are presented in Table 2.1.10-1.
Actual test conditions are presented in Table 2.1.10~2. Test results of all
pollutants were recorded measured in actual ppm and ppm corrected to 3 percent
0y.

2.1.10.2 sample Calculations

To calculate the pollutant mass emission rate in lb/hr from the ppm
calculation, the excess air calculation method (See Section 2) was employed.

Given: 10/27/76 test date
Boiler load 109%
Excess air 17%
Average fuel oil heating value = 18,445 BTU/lb
CO concentration = 5 ppm actual
Boiler rated (at 100% load) = 148 x 106 BTU/hr

148 x 106 BTU/hr x 1.09 = 161 x 106 BTU/hr heat input @ 109% load

161.32 x 10% BTU/hr = 8746 lb/hr fuel rate
18,445 BTU/1b

8746 lb/hr fuel = 145.8 lb/min fuel rate
60




SUMMARY OF TEST EQUIPMENT AND PROCEDURES FOR A
32000 HP STEAM PROPULSION PLANT2

bcode of Federal Regulations, Title 40, Chapter 1, Part 60.

SUMMARY OF ACTUAL TEST CONDITIONS FOR A 32000 HP STEAM PROPULSION PLANTa

TABLE 2.1.10-2

Measured

Quantity Description of Test Equipment Method Employed
0y Teledyne Os Analyzer Electrochemical Cell
co Ecolyzer CO Analyzer Electrochemicai Cell
NO, Dynasciences NO, Analyzer Electrochemical Cell
S0, Scott Gas Sampling Train EPA Method 6P
SO3 Scott Gas Sampling Train EPA Method 8P
Hy0 Scott Gas Sampling Train EPA Method 4b

dReference 2.

Test Actual Boiler Actual

Condition Load at Full Excess Sample
Number Power Air % Numbersb, Test Date
1 11 192 8,9,10,11,12 10/26/76

(In Port)

2 27 40 40,41,42 10/29/76
3 29 98 43,44,45 10/29/76
4 44 17 38,39 10/29/76
5 46 24 34,35,37 10/29/76
6 44 33 36 10/29/76
7 79 10 28,29,30 10/28/76
8 78 16 31,32,33 10/29/76
9 95 5 13,14,15 10/27/76
10 95 9 5,6,7 10/25/76
11 94 16 1,2,3,4 10/25/76
12 94 22 16,17,18 10/27/76
13 111 5 25,26,27 10/28/76
14 110 9 22,23,24 10/28/76
15 109 17 19,20,21 10/27/76

4reference 2.
b4s5 total samples.



5 ppm CO x 28 MW x 216.2 dscf/lb :
(Table D6 of AP-40 interpolated for 17% excess air and # 6 fuel oil)

x 1.58 x 107 (ideal gas law constant) x 145.8 lb/min (fuel rate)

= 0.697 1b CO/hr or 316.2 g CO/hr

8746 lb/hr fuel rate
8.1 1lb/gal (assumed fuel density from Reference 20)

= 1079.75 gal/hr fuel rate

0.697 1b CO/hr  x 1000 = 0.646 1lb CO/103 gal
1079.75 gal/hr fuel

0.697 1b CO/hr = 0.004 1b CO/108 BTU
161.32 x 106 BTU/hx

2.1.10.3 Data Source Rating

The marine boiler used in the reliability study followed methodologies
consistent with EPA procedures. However, complete data validation was not
possible due to limited documentation in the reference. The information source
was therefore assigned a rating of B.

2.1.11 Scott Environmental Technology 0Oil Tanker Testing

Scott Environmental Technology conducted No,, CoO, SOZ, and total hydrocar-
bon emission tests on boilers from three tanker steam powerplants during cargo
offloading.9 In addition, one of these vessels (ARCO Sag River) was testing at
various operating modes while in transit from Long Beach to San Francisco, CA.

2.1.11.1 Test Methods

Both the cargo offloading and intransit tests were performed using con-

tinuous analyzers for NO,, CO and total VOC, along with EPA Method 8 testing
for SO, and H,SO4. Test procedures utilized are presented in Table 2.1.11.
Figure 2.1.11 illustrates the instrumentation system used to analyze the
gathered sample. No. 6 fuel consumption and O3 content measurements were taken
during the testing period.

2.1.11.2 Sample Calculations

To calculate emissions in terms of 1b/103 gal or 1b/106 BTU required use
of one of the methods discussed in Section 2. The sulfur content method was

used if the boiler excess air was higher than 100% while the method utilizing
Table D6 of AP-40 was used if the excess air was less than 100%.



TABLE 2.1.11

SUMMARY OF TEST PROCEDURES OIL TANKER EMISSION TESTINGa

Gas Constituent Test Procedure
302 and H2304 EPA Method 8
NO and NO, Philco-Ford Chemiluminescent

continuous analyzer

Cco Ecolyzer Electrochemical
continuous analyzer

Hydrocarbons ' Scott Heated Flame Ionization
continuous analyzer

Oxygen Beckman Polarographic
continuous analyzer

COy Orsat

AReference 9.

In transit testing of Arco Sag River Tanker

Given: 18000 HP steam turbine (2 boilers)
Transition mode (harbor to sea lane)

6.6% 0,, 4% excess air, 227.5 ppm NO at 59.9% load

Two boiler Propulsion unit, 106.8 tons No. 6 fuel oil/day rated capacity
15.71 bbl/hr (660 gal/hr) fuel consumption rate at 59.9% load

8.1 1b/gal, 18408 BTU/lb (No. 6 fuel oil density and heating value
Reference 20)

Rated capacity of boiler in terms of BTU:

106.8 T/day fuel x 2000 1lb/T x 1 day/24 hours
= 8900 1lb/hr fuel rated capacity

18408 BTU/l1b (heating value) x 8900 1lb/hr fuel
= 163.83 x 10% BTU/hr rated capacity propulsion unit

Calculation of NO, mass emission rate
227.5 ppm NO, x 46 MW (NO, as NO,) x 1.58 x 10~7 (ideal gas constant)

X 268.3 dscf (No. 6 fuel oil at 44% excess air, Table D6, AP=-40)
1b fuel
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FIGURE 2.1.11.
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x 660 gal/hr fuel
x 8.1 lb/gal fuel density x 1 hx/60 min = 39.53 1lb NOy/hr

39.53 1b NoO_/hr = 0.403 1b/NO, 10® BTU
163.83 x 10° BTU/hr rated capacity x (0.599 load)

39.53 1b NO_/hr x 1000 = 59.9 1b NOX/103 gal
660 gal/hr Tuel

2.1.11.3 Data Source Rating

A review of submitted information indicated that the oil tanker boilers
were sampled utilizing essentially EPA approved methodology. However, a B
rating was assigned to this data source due to the lack of complete trace-
bility. '

2.1.12 Land Based Naval DLG-9 Steam Generator Testing

Emissions testing of a land based DLG-9 (naval destroyer) steam generator
was conducted by three Naval laboratories within the Naval Ship Research and
Development Center.” ™ NO_, SO, and particulate emissions were tested using
electrochemical type continuous analyzers in addition to EPA wet chemistry.
Particulate emissions were also measured using EPA wet chemistry. Tests were
conducted while the steam generator fired Navy Distillate (ND) or Navy Special
Fuel 0il (NSFO) at full power, 35% load (simulating maneuvering or harboring),
and 11% load (simulating hoteling). Results were tabulated in terms of 1b
pollutant per million BTU.

2.1.12.1 Test Methods

Selection of site and preparation of DLG-9 were performed according to EPA
Method 1. Site location was approximately eight equivalent diameters beyonad
any major disturbance, such as a bend, flange, etc. This location was selected
to ensure a stable flow pattern. A prototype air pollution monitoring system
for source emissions was assembled for use in obtaining the shipboard air pol-
lutant emission measurements. Elements of the prototype system included flow
meters and a heated sample line maintained at 394°K (250°F). Test procedures
included EPA wet chemistry Method 6 for SO; and EPA Method 7 for NO.

2.1.12.2 Sample Calculations
The following calculations present the methodology used to estimate

emission factors from this data base using both Navy Distillate and Special
Fuel Oil.

dror specific test run where a pollutant was measured simultaneously using both
testing methods presented above, the resultant emissions were averaged and
allocated as a single entry to the data base.



1. Generator firing Navy Distillate Fuel
Given: Rated power 257 x 10® BTU/Nhr
0.29 1b NOx/106 BTU @ 100% load (full power) Navy Distillate
heating value = 19,300 BTU/lb
7.12 1b/gal (assumed distillate or #2 diesel fuel density)

19,300 BTU/1b x 7.12 lb/gal x _ 1000 gal = 137.74 x 10% BTU
1 x 105 BTU =~ 1000 gallons

0.29 1b No, 10° BTU x 137.74 x 10° BrU/10% gal = 39.9 1b No_ /103 gal

2. Generator Firing Navy Special Fuel 0il

Given: Rated power = 249 x 106 BTU/hr
Emissions = 0.6103 1lb TSP/10° BTU @ 11% load
NSFO heating value = 18,700 BTU/lb
Assumed NSFO or fuel oil #6 density (Reference 20)
= 8.1 1b/gal

18,700 BTU/1b x 8.1 1lb/gal x 1000 gal 151.47 x 105 BTU
1 x 10° BTU 1000 gallons

0.6103 1b TSP/10® BTU x 151.47 x 105 BTU
1000 gallons

92.4 1b TSpP/103 gal

2.1.12.3 Data Source Rating

The land based naval steam generator was tested using methods consistent
with EPA continuous analyzer and wet chemistry methodologies. However, the
reported results in pounds of pollutant per million BTU were not completely
verifiable from the reference document and thus a B rating was assigned.

2.1.13 Naval Shipboard Testing of the USS Kawishiwi, USS Juneau, USS Forrest
Sherman, and USS L.Y. Spear

Shipboard emission tests were conducted on the Navy distillate fired steam
propulsion boilers on these vessels. 19/22-23  7The Juneau and Kawishiwi were
tested for NO,, SO;, CO and particulate matter while the latter vessels were
tested for total hydrocarbons in addition to the other four pollutants. Results
were presented in terms of ppm lb/MMBTU and, in some cases, lb/hr.

2.1.12.1 Test Methods
The test methods varied between ships and are listed below for each ship.
a. USS Kawashiwi and Juneau
S0, and NO, - Theta Sensors, Inc. continuous analyzer

CO and COp - MSA NDIR analyzer
Particulate matter - Method 5
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b. USS Forrest Sherman
Particulate matter - Method 5 for one hour
Total VOC - heated probe to FID, results reported as ppm carbon
S03, NO,, CO - "continuous gas analyzers" of unknown type

¢c. USS L.Y. Spear

Particulate matter - EPA Method 5

SO2 = Pulse fluorescence detector

NOy; - Chemiluminescence , ‘

VOC (total) - heated FID, values reported as ppm methane
CO and CO5 = NDIR '

2.1.13.2 sample Calculation

For cases where only ppm values were tabulated, the corresponding mass
emission rates were determined using the fuel sulfur content method presented
in Section 2.

Given: Emissions = 40 ppm SO and 20 ppm NO, @ 20% load (hoteling)
Navy Distillate heating value = 19,300 BTU/lb (Reference 21)
Navy Distillate sulfur content = 1.02% sulfur
Fuel burning rate = 26.9 x 10% BTU/hr @ 20% load
Assumed Navy Distillate density = 7.12 lb/gal

Exhaust gas volume at 60°F, dry, 1 atm

118,356 ) x (_26.9 x 10% Btu/hr, x ,1.02% S fuel
60 min/hr 19,300 BTU/1lb 40 ppm SO,

70,109 dscfm exhaust volume @ 20% load

20 ppm NOy, x_46 (MW NOp) x 70,109 dscfm
x 1.58 x 1077 (ideal gas constant) = 10.19 1b NO_/hr

10.19 1b NO,/hr = 0.38 1b NO_/10° BTU
26.9 x 10° BTU/hr at 20% load b

19,300 BTU/1b fuel heating value x 7.12 1lb/gal fuel density x 1000
1 x 100

= 137.42 10% BTU /1000 gals'

0.38 1b/10° BTU x 137.42 10% Btu = 52.2 1b NO_/10° gal
1000 gal -




2.1.13.3 Data Source Rating

The use of Method 5 for particulate matter'sampling and the various
continuous analyzers for the gaseous pollutants are consistent with EPA method-
logies. However, the information provided was insufficient to allow for valid-
ation of test results. Therefore, all the data were given a B rating.

2.1.14 Shoreside Boiler Demonstration of Fuel Water Emulsions

Particulate and oxides of nitrogen (NO,.) emissions were measured during a
series of onshore tests of marine boilers.ZE The purpose of the tests were to
determine the effect of different water-to-fuel emulsions on engine performance
and subsequent emissions. To serve as a base reference in the test program, a
series of tests were performed using oil with no water. These tests of 0%
water in were considered appropriate for use in the emission factor data base.

Operational information and fuel characteristics were taken from ASME test
forms presented in report document Appendix E. See Appendix D of this document
for data summaries. Items included:

°Calculated total heat input (10% BTU/hr)
°Percent of load
°Fuel consumption (lb/hr) and density (specific gravity)

Emission rates were taken from Appendix H (of the source report), Summary
Tables of Emission Test Results. Table values were presented in units of
1b/10® BTU. Conversion of this value to 1b/103 gal is achieved as follows:

Step 1 - (1b/106 BTU) (106 BTU/hr) = lb/hr emissions
Step 2 - (sp. gr.)(8.33 1lb/gal water) = 1lb/gal fuel
Step 3 - 1b/hr fuel = 1000 gal/hr fuel

1000 1b/gal fuel
Step 4 - _lb/hr emission = 1b emissions/1000 gal fuel

1000 gal/hr fuel
2.1.14.1 Test Methods

Tests were conducted using the following sampling procedures:

Particulate matter - EPA Methods 1 through 5

Oxides of Nitrogen - continuous monitoring using a Monitor Labs Model
8430 NO, Chemiluminescent analyzer

2.1.14.2 sample Calculations

Given: 13.15 x 10% BTU/hr heat input to boiler
711.4 1b/hr fuel rate
36.8% load

0.201 1b/10° BTU NO,
0.9567 specific gravity

2=25



Emissions = 0.201 1b NOx/lo6 BTU x 13.15 x 106 BTU/hr
= 2.64 1b NOy hr

Fuel Density = (0.9567)(8.33 1lb/gal water) = 7.97 1lb/gal fuel
711.4 1b/hr fuel = 0.089 x 103 gal/hr fuel rate
(1000)(7.97 1b/gal fuel)

2.64 1b NO_/hr = 29.6 1b NO_/10° gal -
0.089 x 10° gal/hr N

2.1.14.3 Data Source Rating

The Shoreside boiler tests were performed using EPA Referenced procedures
as a guideline. However, a B rating was assigned because the reference did
not contain enough field data to sufficiently document test results.



SECTION 3
DATA COMPILATION METHODOLOGY: PLEASURE CRAFT

Essentially two data sources were utilized to provide the emission data
base for gasoline powered pleasure craft.25,26 The data sources provide emis-
sion data for 2-stroke outboard motors.? The original diesel powered pleasure
craft emission factors were not revised. Information used to develop the
initial diesel factors were an extrapolation of Coast Guard data. With no
additional information available on diesel combustion, these factors remain
basically unchanged. Two changes were made in the format of the diesel pleasure
craft emissions factors.P Using the original compilation, emission factors
were presented by mode of operation. Also, VOC emission factors were developed
for both methane and nonmethane emissions using chemical species data contained
in Table 9-07-021 of Reference 3. '

For gasoline powered pleasure craft, as in the case of steamships and
motorships, data were converted to the same units (pounds per 1000 pounds fuel
and grams per horsepower hour) for emission factor computation. Emission fac-
tors were presented in terms of percent load due to distinct trends in emis-
sions as a function of engine load. A species breakdown of 7.6% methane, 92.4%
nonmethane by weight (gasoline combustion in reciprocating engines) was assigned
for VOC emission factor development. This was based on Table 9-06-021B from the
document entitled Volatile Organic Compound (VOC) Species Data Manual, Second
Edition, EPA-450/4-80-015.3

The following section provides a detailed discussion of the data sources
and calculation methodology used to determine combustion emission factors for
pleasure craft. Each data source was evaluated per the AP-42 emission factor

preparation guidelines and assigned a rating. 27

3.1 DATA SOURCES

3.1.1 Exhaust Emissions from Uncontrolled Vehicles and Related Equipment
Using Internal Combustion Engines, Part 2 - Outboard Motors

Emission data for carbon monoxide, total hydrocarbons, and oxides of
nitrogen used from this source were tests conducted on four outboard engines

operated over a variety of horsepower ranges.25 Conversion of mode values to
horsepower settings for each test utilized reference document Table 2. Total

4TIt is recommended that Section 3.2.5 of AP~42 entitled "Small General Utility
Engines" be utilized in lieu of this section (3.2.3) for 4-stroke gasoline
pleasure craft engines. The 4-stroke gasoline engines constitute the vast
majority of inboard pleasure craft applications.

brable 3.2.3-6 (Diesel Powered Inboard Pleasure Craft Emission Factors) from
the main text Section 3.2.3.3 presents the unrevised composite emission fac-
tors in addition to the emission factors by % load originally used to develop
the composite factors. These factors are based on 200 HP diesel engine Coast
Guard vessel data. The user should refer to Table 3.2.3-4 (Emission Factors
for Distillate and Diesel Fuel Fired Motorships) for inboard diesel powered
pPleasure craft powerplants well in excess of 200 HP.
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mass emissions in g/hr were taken from Table 3 (both tables located in the
referenced document). Horsepower settings were then converted to percent of

load based on the rated engine size. These tables are presented in Appendix
D.

As with the previous set, the emissions measured from the combustion of
gasoline in the four engines were converted from g/hr to g/HP/hr by dividing
the mass emission rate by the horsepower setting measured during the test.
Fuel consumption figures were reported in the appropriate document appendix

in 1b/hr. Conversion to 1b/103 gal based on fuel density of 6.17 1lb/gal was
achieved similarly to the previous data source discussion.

Step 2 - 1b/hr fuel = 103 gal/hr fuel
(6.17 1b/gal) (1000)

1lb/hr pollutant = 1lb pollutant/103 gal fuel
103 gal/hr fuel

Emission testing of these outboard engines are consistent with testing
procedures and instrumentation approved by EPA. It is difficult to trace
the mass emission rates presented in the reference document for purposes of
verification. Therefore, a B rating was assigned.

3.1.2 U.S. Coast Guard Pollution Abatement Program, Two Stroke Cycle Outboard
Engine Emissions

Data were utilized from a study prepared by the Transportation Systems
Center, Cambridge, MA.26 Emissions were reported for total VOC oxides of
nitrogen, and carbon monoxide. The total VOC were converted to mass guantities
using the carbon balance technique. The procedure used was consistent with the
equation presented in 40 CFR 86, Subpart D.

Emission values are reported in engine modes for each of the five engines
tested. Translation from modes to engine performance was accomplished in Table
2, while emissions are taken taken from Table 7 {both located in the referenced
document). Three measurements in grams per hour (g/hr) were reported for each
test: (1) mass emissions, (2) emissions retained in water, (3) emissions
vented to air. Results indicated a high variation in emissions scavaged in
water due to engine design. Therefore, total mass emissions were utilized for
the data base. Values were for outboard engines burning gasoline. It was
assumed that inboard engines would be of similar size and design and exhibit
similar emission characteristics.

The conversion of g/hr to grams per horsepower hour (g/HP/hr) was achieved
by dividing the mass rate by the horsepower achieved during that particular
test. Fuel consumption was provided for only one test series (1962 Mercury, 70
HP rated). Gram per hour emissions for this data set were converted to pounds
per thousand gallons of fuel in the following 2 steps.

Step 1 - g/hr = 1b/hr
454 g/1b

Step 2 - 1b/hr = 1b/103 gal
(gal/hr) (1000)
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Estimates for emission losses in water were obtained from Table 8 of the
reference and are included in Appendix D. Losses in water as a percent of
total mass emissions varied significantly. Averaged values over all modes
ranged from 14.3 percent (carbon monoxide from the 1959 Johnson, rated at 50
HP) to 58 percent (total hydrocarbons from the 1964 Mercury, rated at 65 HP).
While individual engine averages varied considerably, in general carbon mon-
oxide losses in water were the lowest with total hydrocarbons the highest, and
oxides of nitrogen ranging between the two.

Continuous analyzer testing consistent with EPA referenced methodology was
performed on the outboard engines. Although the carbon balance technique used
to calculate mass emissions was thoroughly discussed in the document, data
traceability was difficult and thus a B rating was assigned.

3.2 EMISSION FACTOR CALCULATIONS

The data from the two sources indicated distinct trends in emissions based
on percent of load. Therefore, it was decided that engine grouping would be
based not on size, but on load condition. Data availability made the groupings
somewhat different for g/HP/hr and 1b/103 gal factors. Values are presented in
the emission factor summary tables in Appendix C. Assembled values were aver-
aged to arrive at final emission factors for each percent of load. Composite
emission factors presented in Table 3.2.3-7 (GasolinePowered Inboard Pleasure
Craft) of the main text were derived-on a time weighted average basis using the
following time in modes (or loads):25

1. 1In idle 12% of time;

2. Less than 10% full load 29% of time;
3. 10-50% full load 12% of time;

4. 50-90% full load 41% of time; and

5. 100% full load 6% of time.



SECTION 4
SUMMARY

4.1 EMISSION FACTOR EVALUATION

Each data source for steamships, motorships, and pleasure craft provided
emission testing data using testing methodologies consistent with EPA method-
ology, however, complete data validation in most cases was not possible.

Distillate (diesel) powered motorship emission factors were grouped and
compiled from A and B rated data in such a way as to minimize the population
variability. Therefore, an overall rating of C was assigned to these factors.
Residual powered motorship emission factors were developed from C rated data
and may not represent a random sample from the industry. In this case, an
overall rating of D was assigned.

Due to the small number of data sources (all A and B rated) used to
compile the steamship emission factors, an overall rating of C was assigned.

Gasoline powered inboard pleasure craft emission factors were developed
from B rated data covering a wider industry sampling than the previous AP-42
revision. In addition, distinct trends appeared within the load ranges
selected for inboard pleasure craft emission factor compilation. However, the
assumption that inboard and outboard engine emissions are similar is tenious,
and an overall rating of D was thus assigned to these factors.

4.2 CONCLUSION

The revision to Section 3.2.3 of AP-42 provides emission factors based on
an expanded data base more representative of the overall industry. Power plant
size and load ranges selected for factor compilation along with vessel classi-
fication tables (Tables 3.2.3-1 and 3.2.3-2 of the main text) provide the user
with a tool for effective emission factor application.

Table 3.2.3-4 (Residual Fuel Fired Motorship Emission Factors) of the main
report is considered the most significant addition to this AP-42 section, in
that it supplies the user with emission data on large diesel engines (>2680 KW,
3600 HP) not previously developed.
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APPENDIX A

MOTORSHIP AND STEAMSHIP EXAMPLE STATISTICAL ANALYSIS



APPENDIX A

Sample Statistical Calculation for Motorships

Given: Diesel engines at 0-300 HP rated capacity and 0-15% load
There are 16 VOC data entries in 1b/103 gal for this selection
criteria
Avg. Value = 310.30 1b v0C/103 gal
Std. Dev. = 316.37 1b/103 gal
Confidence level selected was 90% (i.e., 10% risk of excluding
valid THC data) and a is therefore equal to 0.10

(1 - a)1/" = p (input to Table a-2)
where n = the number of data points
(1 -0.1)"/16 = 9.9934 = p
In Table A-2 (Reference 27) Zp is the multiplier (K]
Using this table and interpolating, Zp (or K) = 2.50
The acceptability range is equal to the Avg. Value * X Std. Dev. or 310.30
1b voc/103 qal + (2.50)(316.37 1b voc/103 gal) = 310.3 + 790.93 1b/103
gal for a range of 0 to 1101 1b voc/103 gal

All data entries outside this range would be excluded prior to
reaveraging. The data base had a VOC entry of 1312.2 1b/10° gal which was
therefore excluded. The subsequent data population consisting of 15 data
points was reaveraged which resulted in a WOC emission factor of 243.50

1b/103 gal.

The identical procedures were used for steamships.



Note:

APPENDIX B

MOTORSHIP AND STEAMSHIP DATA

Diesel or distillate fuel is represented on the computer
printouts as ND or D, where ND = Navy Distillate fuel, and D
= distillate fuel from other than naval sources. Residual or
No. 6 fuel oil is represented by F06 or "neat"” where "neat”
refers to residual fuel with 0% water added during a water in
fuel emulsion study.

-9.00 means there is no data entry in that position.

Load is in percent.



B-1. Steam Boiler/Generator Data for AP-42
Section Table 3.2.3-3

Methane-nonmethane fractions taken from
Reference 3, Table 1-01-004 for Residual Oil

and Reference 3, Table 1-01-004 for Distillate 0il



$%% STEAM BUILERS *x»
ResiovaL o F\RED
RANGE g= —— e - — et e —_—
MMRTU/HR 0,00« 400,00
LOAD 10,00~ 60,00
RATED L0AD LB POLLUTANT/10%%3 GaL LR PULLUTANT/MMBTU FUEL feFere e
___CBPACITY_ (%) . TYPE #___
" MMBTU/HR voC co NOX PART voC co NOX PART
. 36,00 _ 31,40 9,00 _ 9,00 26,70_ _ 1,37 9,00 _ =9,00_ 0,18 0,05 __NEAT — .
36,00 3Y,80 -9,00 «9,00 22.890 4,02 -9,0u “9,00 0,16 0.03 NEAT
36,00 3y,90 9,00 -9,00 22.1v 7.05 9,00 =9,00 0,15 0,05 NEAT
. 36,00 33,40  _~=9,00 _ _~=9,00 25,60 __ 7,56 _ __=9,00__ =9,00___ 0,17 .__ 0,05 _NEAT __ e en "
36,00 30, s0 -9, 00 9,00 23,00 4,89 =9,00 «5,00 0,16 0,03 NEAT
36,00 32.80 -9,00 -9,00 22,70 11,50 -9,00 -9,00 0.15 0.08 NEAT 23
______ . 36,00 _.,_‘)_Q._‘?O_.‘_tQJ_QD,,__ *9,00___.21,80__ 19,30 =9.00__ _ -9,00__0 15 ___ 0,13 _NEAT . T ...
36,00 32,80 -9.00 «9,00 20,20 9,89 -9,00 «9,00 0,14 0.07 KEAT
35,00 346,80 .00 -9,00 29.60 -9,00 =9,00 -9.00 o.zo ~9,00 NEAT ///(
. _3s,00___35,40___ -9‘22__.-° 00 ___ 21,80 12,40 =9.0v 9,00 0.15 0,08 NEAT -
36,00 39,30 «9,00 -9,00 23,00 =-9.,00 =-9,00 -9,00 0,16 =-9,00 NEAT
34,00 385,40 9,00 9,0V 27,20 -9,00 -9,00 9,00 0,19 =-9,00 NEAT
36,00 . 36,80 29,00 _ 9,00 2R,30___ 9,00 __ =9,00 __«%,00 ___0,19 __=9,00 _NEAY. ____ . ..
63,70 26,70 3,90 0.19 89.98 -9,00 0,03 0,00 0,60 -9,00 FO
138,40 49,60 «9,00 -9,00 39,30 =3,00 -9,00 9,00 0,26 -9,00 Fo:\\\\\\
J13R,40 49,60 =9,00_ _ _=9,00 17,6y =9,00 =9,00 =9.00 0,12 =9,00 _EQ6 ~— -
138,40 34,00 -9,00 -9,00v 15,20 9,00 “9.00 -9,00 0,10 «9.00 FO6 17
139,40 30,60 -9,00 9,00 13,10 =-9,00 -9,00 9,00 0,09 5,00 FO6
136,40__ 34,00 _ «9,00 _ «9,00. __16.70 =9,00____ =9,00 __=9.00__ 0.,13_._ =9.00._ FO6._ .
138 40 34,00 9,00 =-0,00 10,70 -9,00 “9,00 9,00 0,07 -9,00 FU6
13:,30 30,60 -9,00 «Q,00 35,70 -9,00 -9,00 9,00 0,24 «9,00 FO&
.. 148,00 29,00 _ =9,00_  «9,00 _ 35,65__ 5,00 =9,0u 9,00 Q.24 __ =9,00_ FO6 -
148,00 44,00 -9,00 3,00 43,20 -9,00 9,00 «9,00 0,29 «9,00 FO06
148,00 44,00 «5,00 1,29 39,24 -9,.00 9,00 0,01 0,26 =9,00 FO6
. 148.09,___46,.0.0.__.:94.QQ___-949.9__.41-5._0,___._:2.99___.-9.00 . =9.,00__ 0,286 _=9,00_ FO6____ » _____ ___.
145,00 44,00 9,00 1.94 39,24 -9,00 -9,00 0,01 0.26 -5,00 FO§
149,00 29.00 =%,00 -9,00 35,30 3,00 -9,00 9,00 0,24 -9,00 FOS6 ///
— 148,00 27,00 =9,09 =9,00 40,40 __ -9,00 =9,00 =9,00 0.217 =9,00 __FO6
148,00 46,00 9,00 0,96 42,62 5,00 =9,00 0,01 0,29 9,00 FO06
148,00 46,00 «-9,00 0,27 41,72 -%5.00 -9,00 ¢,00 0,28 -$5,00 FO6
. 14%.,00__ 29,00 _ ~9,00_ _ =9,00__ 35,30 __~9,00___ =9,00 _ =9,00___ 0,24 _=9,00__FO6_ ———— . -
148,00 27,70 =9,00 ~9,00 40,40 9,00 ~9,0u  =9,00 0,21 «9,00 FO6
148,00 11,90 -9,00 0,77 40,40 -9,00 -9,0v 0,01 0,27 -9,00 Fué
163,83 28,90 1,93 __=9,00___ 15,05 _ =9,00 0,01 __=9,00___0,10___=9,00 FOé~___ .
163,83 41,70 0,24 9.12 44.62 =9,00 0,00 0,06 0,30 -9,00 F06
163,83 S4,80 2.25 76,78 58,50 =9,00 0,02 0,51 0.39 -5,00 FO6
..163,83_ _ S59,90 _ 0,35 _ 15,37 59,90 _ =9,00 __ _ 0,0u_ 0,10 0,40 __ =9,00_ FD6 s
163,43 48,60 0 2o 6,75 44,90 -9,00 0,00 0,01 0,30 -9,00 FO6
1A3,83 26,70 0,82 0.19 90,00 -9,00 0,00 0,00 0.60 -5,00 FU6
o __ 249,00 11,00 =9,00 =9,00 _ =9,00 _=9,00 =9,00___ *3,00 _=9,00 =9,00_ |
249,00 35,00 «9,00 =9,00 78.80 -3,00 =9,0v 5,00 0,52 -9,00 Fogh\\\\\ip
249,90 10,00 -9,00 -3,00 S9,10 -9,00 9,00 -9,00 0,39 -3,00 FO6
. ._._249,0D 10,00 __=9,00 9,00 _=9,00 _=5,00 __ =9,00__=9,00 _ =9,00 _ =9,00__FO06 .
249,00 10,00 9,00 “<9,00 38,60 =-9,00 -9,00 -9,00 0,26 -9,00 Foe
257,90 35,00 -9,00 =-9,00 9,00 44,30 “9.00 9,00 -9,00 0.29 FU$§
349 48,50 2,30 0,75 44,87 =9,00 y 0,00 __0,30__ =9,00 _FU6 9
oAgklEo. . 060% [X-1-° N
AVG 132,68 34,86 l a7 ¥ 9.03 36,33 12,83 0,n6 0,24 0,09
I %41_ _ (N 4% 5. 0.026_ 0-)% 0.037 —_—
sTH 75.347 1t 7 20,90 18,31 11,29 0,14 0.12 0,07
8 e 28 43 (o (£ 43 lo
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andt

[

«

115,00

LOAD 75,00, e e . R e e
RATED LOAD LB POLLUTANT/10%%3 GAL LB POLLUTANT/MNBTU FUEL
CAPACITY (%) . i _ TYPE
mqg'ru/'.m e a2 VDC B  « 8 .HOX © PART..~. . ¥0C ... €O . .NOX . PART . . .
— 35, Qﬂ__lp_Jiﬁ___:3JOQ____S,QD___jo,JO - T.20 - =800 . «$,00 - - 0,29  "D.05 NEAT
36,00 95,60 =9,00 «9,00 35,60 20,00 9,00 =9,00 0,24 0.14 NEAT
36,00 97.80 9,00 -9.00 30,60 16,20 9,00 9,00 0.21 0.11 NEAT
_ 36,00 95,60 -9._0_9_-_9_&9__}5_.20 17,70 =900 -9, QL.__Q.ZB 0,12 NEAT
36,00 99,40 ---»9,00 --»§,00 29,00 - 7,01 - 44-9 00 - w9,00 0,20 --. 0,05 NEAT .
36,00 94,80 9,00 .=5,00 ° 28,00 ° -9 00 *9,00 9,00 0,19 «9,00 NEAT z3
36, _Q___LLO 9_0 -1.10._-3_.90_.34,39_1mn__3m =9,00 0,23 0,07 NEAT ”
36,00 108,10 «9.00 9,00 29,90 6,33 “9,00 =9,00 0,20 0.04 NEAT
36,00 110,90 «9,00 -9.00 34,30 9,22 5,00 «9,00 0,23 0,06 NEAT
36,00 97,80 _=§,00 =9,00 27,00 14,90 9,00 =9,00 018 0,30 NEAT
36,00 94,80 -=9,00 - «9,00 35,10 20,50 - =8,00 .- «9,00 .24 0,14 .ucn://
36,00 99,40 9,00 - 9,00 28,00 - 6,98 *9,00 =9,00 ~-0,19 6,05 NEAT '
138,40 - 63,30 9,00 w9,00 57,60 _=9,00 . . *5,00 «9,00 0.39 «9,00 FQO&,
138,40 100,90 =9,00 «9,00 75.00 «9,00 “9.,00 =9,00 0,50 =9,00 FO6
138,40 65,00 =9,00 9,00 37,90 5,00 9,60 =9,00 0,25 =9,00 FO6
138,40 86,00 9,00 9,00 56,40 =9,00 »9.,00 9,00 0,36 =9,00 FO6
138,40 89,00 9,00 9,00 51,20 9,00 *9,00 '=9,00 0.34 +9,00 FO6
. 138,40 87,40 *9,00 9,00 . 50,50 9,00 .  *9,00 w9,00 ‘0,34 *9,00 FO6
138,40 10L29__2‘_0.__9_.99___6_.70 =9,00 - =9,00  w-9,00 ' 0,41 ©9,00 FO6
138,40 83,30 «9,00 <«9,00 58,30 9,00 9,00 9,00 0,39 =9,00 FD6
136,40 100,20 =9,00 -9.00 47,90 =9.00 9,00 «9,00 0,32 -9,00 FO6 17
138,40 84,30 9,00 »9,00 50,50 _«%,00 =9.00 _=9,00 0,34 _=9,00 FOS h
138,40 95,40 =9,00 =5,00 631,00 -=9,00 =9,00 «9,00 0,41 «5,00 FO6
138,40 86,40 =9,00 =9,00 59,50 «9,00 9,00 «9,00 0,40 =9,00 FD6
.- 138,40 . 85,00  «9,00 . «9,00 17,80 _ =9,00. .. .*9.00 . =$.00 ‘0,12 =9.00 _FO6 .
138,40 99,40 5,00 ] 9,00 63,80 9,00 9,00 9,00 0,43 =9,00 FO6 /
138,40 100,20 «9,00 =9,00 14,50 =9,00 9,00 9,00 0.10 =9,00 FO6
138,40 €9,N0 =9,00 =5,00 49,80 =9,00 9,00 9,00 0,33 __=9,00 FO&
138,40 86,00 <9,00 «9,00 46,70 =9,00 =9,00 -«9,00 0,31 =9,00 FO6 - -
138,40 B7,40 =9,00 =9,00 58,80 =9,00 9,00 =9,00 0,39 «9,00 FO06 j/
138,40 84,30 =9,00 «9,00 52,40 9,00 9,00 _«9,00 10,35 =9,00 F06
138,40 98,00 9,00 «9,00 37,90 9,00 =9,00 «9,00 0,25 ~=9,00 FO6
138,40 86,40 «9,00 «9,00 70,00 =9,00 9,00 «9,00 0,47 =9,00 FO6
136,40 100,530 9,00 =9,00 76,40 =9,00 9,00  =9,00 0.51 =95,00 FD6
138,40 83,30 .00 «9,00 34,80 9,00 “9,00 =9,00 0,23 9,00 FO0O6
138,40 100,90 «00 9,00 T1,70 «5,00 “9,00 «9,00 0,48 =5,00 FO6
138,40 B6,00 ~=9,00 9,00 34,30 =9,00 =9,00 =9,00 0,23__ =9,00 FQ6
138,40 100,90 9,00 9,00 19,30 9,00 «5,00 9,00 0,53 *9,00 FO6
138,40 968,00 «9,00 «9,00 «9,00 43,60 9,00 =$,00 =9,00 0.29 FO6
138,40 83,30 ~-9,00 9,00 30,50  ~9,00 9,00 =9,00 0,20 =9,00 FQ6
148,00 111,00 «5,00 9,00 41,97 =9,00 9,00 1,60 ‘0,28 =9,00 FO06
146,00 109,00 =9,00 0.65 59,21 9,00 9,00 0,00 0,40 *9,00 ros\
148,00 95,00 ~9,00 40,74  44.51 _ =9,00 =9,00 0,27 0,30 =9,00 FO0é
148,00 94,00 =9,00 1,92 52,09 9,00 =9,00 0,01 0.35 ~=9,00 FO6
148,00 109,00 =-9,00 0,65 59,21 9,00 9,00 0,00 0,40 9,00 FOS6
148,00  95,0u =9,00 36,80 44,51 9,00 =9,00 0,25 0,30  =9.,00 FO6
148,00 131,00 =9,00 _ ~9,00 41,97 =9,00 -9,00 1,60 0,28 =9,00 'FO6
- 148,00 95,00 =9,00 - 40,74 43,51 «9,00 9,00 0427 - 0,30 - ~~9,00-- £06 -
148,00 94,00 9,00 1,92 52,09  =9,00 =9,00 0,01 0,15 =9,00 roé
148,00 79,00  =9,00 17,04 39.44 _=5.00 *§.00 .__D0.11__. 0.26 =9.00 FO6 __\ _ _
146,00 111,00 =9,00 219,84 41,97 9,00 9,00 1,60 0,20 +9,00 FoO6
148,00 79,00 «$,00 4,87 39,44 =9,00 9,00 0,03 0,26 =9,00 roé6
__148,00 __79,00__ 9,00 =9,00 39,44 ~9,00_ ___ =9,ne-—n_05_. 0,26 . =9.00 _FO6 ___
148,00 7¢,00 9,00 9,00 45,07 -9,00 9,00 *9,00 0,31 -9,00 FO6
148,00 130,00 9,00 1.23 52,60 =9,00 9,00 0,01 -0, =9,00 P06
148,00 94,00 9,00 =9,00 59,19 =9,00 =9,00 =9,00 0,40 9,00 FOS6 ¥
149,00 109,00 9,00 0,65 59,21 =9,00 =9,00 ¢,00 0,40 =9,00 FO6 /
148,00 95,00 =9,00 36,80 44,51 -9,00 =9,00 0,25 0,30 <=%,00 FO6 //
148,00 95,00 =9,00 36,80 44,51 _ _=9,00 9,00 0,29 0,30 _ =9,00 FQ6
148,00 78,00 «9,00 ~9,00 45,07 «9,00 5,00 9,00 0.31 «9,00 FO6
148,00 94,00 «9,00 1,92 52,09 =9,00 -9.,00 0,01 0,35 9,00 FO6
148,00 110,00 «9,00 4,83 52,60 =9,00 =9,00 0.03 0,35 ___=9.00_ rO06
148,00 94,00 -9,00 9,00 59,19 «9,00 =-9,00 ~y,0u 6,40 =9,00 FO6
148,00 95,00 =9,00 40,74 44,51 -9,00 “9,00 0,27 0,30 =9,00 FO6
148,00 94,00 =9,00 =9,00 59,19 =9,00 =9,00 __ =9,0Q 0,40 =9,00 FO6
148,00 78,00 «9,00 9,00 45,07 =9,00 =9,00 «9,00 0,31 9,00 Fo6
148,00 11C,00 «9,00 4,83 52,60 9,00 =5,00 0,03 0,35 «9,00 FO6/ "
148,00 94,00 =9,00 1,92 _ 52,09 =9.00 =9.00 0,01 0,35 «9,00_ Frp§
163,63 86,60 9,58 9,61 60,37 =9,00 0,06 0,06 0,41 ~=9,00 FO6
163,63 100,00 0,11 46,05 58,07 9,00 0,00 0,31 0,39 =9,00 FO6
163,83 91,50 0,26 10,29 56,92 *9,00 0,00 0,869 0,38 =9.00 FO e
163,83 105,80 0,07 37,90 60,50 9,00 0,00 0,25 0,41 =5,00 FO6
163,83 102,60 0,14 21,46 62,70 =§,00 0,00 c.14 0,42 =-9,00 ros//,/”’
249,00 100,00 =9,00 =95,00 $2,40 =9,00 =9.00 «9,00 0.61 =9,00 FO6
249,00 100,00 «9,00 «=9,00 95,40 «9,00 “9,00  =9,00 0,63 =9,00 FO6 20
257,00 100,00 =9,00 «9,00 =9,00 =9,00 *9,00 . =9,00 =9,00 =9,00 FO6 20
aom*
AVG 131,91 95,34 2,03 3:25 34 49,13 14,99 %.01 0,30 .33 0,10
' /L 5.9 1.8 gfés s o130l 0l043
STD 46,87 9,4 w17 43 75 5,25 10,01 0.2 0,48 0,10 0.07
h> 24 94 1z k) 3 24 12~

K ConTD Fom Tobl Lok BatEd Eimsseel AT ASIomume  /592%0 Ve o,

C ey ——Hwmvos

*5 vc"a.—( ozl .8 FRowa Ri{'sj T i-ol-ooh
5 | £ I X- A YA
& oS o.012

L —

n




*s* STEAM BUILERS *%8
“DrsTwurte Ow. Fees

RANGE t=
. MMBTU/HR _ 0,00= 400,00 e e e - —
‘ LOAD 11,00 11,00
T 7T U7 patep LOaD | LB POLLUTANT/10%%3 GAL LB POLLUTANT/MMBTU FUEL  RerFEREmcE
CAPACITY (W) TYPE
O e MMBTU/HR . e - ¥DC . _..CO - .NOX . PART ... YOC—__.CO - ...- NOX .. _.. PART .~ ... - e
257,00 11,00 9,00 9,00 =9,00 16,40 “9,00 9,00 =9,00 0,12 ND
. . 257.00..—.141,00-..29,00 . «9,00...24,70._-#9,00 — __ #9,00_ 29,00.— 0,18-—998,00._ND N —-— - --—
. 257,00 33,00 =9,00 =9,00 9,00 158,30 “9,00 «9,00 <=9,00 1,15 ND
| 257,00 11,00 «9,00 =9,00 «9,00 273,90 -9,00 9,00 =9,00 1,99 ND 20
L meeems 257,00 11,00 =9,00. 9,00 22,00 =9,00.....9,00. «9,00... 0,316. ©9,00 ND.. c- -
: 257,00 11,00 =9,00 «9,00 *9,00 71,10 9,00 9,00 =9,00 0,52 ND
L 257,00 11,00 «9,00 9,00 20,60 =9,00 9,00 «9,00 0,15 #9,00 NO
257,00 11,00 .#9,00.. 9,00, 22,00 . 9,00 ___=0,00 9,00 . 0,16.__.»9,00._NDZ — e
; (x:.,n«h_ QX‘IHJ(
I AVG 257,00 11,00 =9,00 =9,00 22,33 129,93 =9,00 =9,00 0,16 0,94
| I _ - . = 2.7 1.6 - -— . w0069 . OYC .
: S0 0,00 0,00 [ =9,00 «9,00 1,49 97,32 9,00 =9,00 0,01 0,7
! hae . 0o e A % o o 4 v
: 3/,. ’/"“LT L
*xx STEAM BOILEKS ®»%
“DASTULATE ol FRED
RANGE t=
MMBTU/HR 0,00« 400,00 — . . - -
LOAD 20,00- 30,00
RATED  LOAD LB POLLUTANT/10%%3 GAL L8 POLLUTANT/NNBTU FUEL Qe ceremce
CAPACITY (%) TYPE *
e e MMBTU/HR . --.vac - co NOX ... PART .- VOC — .QU-. ----NUX. — PART G e e
139,40 20,00 =9,00 =9,00 9,00 8,98 *9,00 9,00 =9,00 0,07 ND 2\
—_-—-145,70.— 27,00 -— 29,00 —15,30— §,40.——-9,08.- —-9,00—._0,11.—--0,06 --—0,06- ND  ---- -8 -
J 145,70 27,00 =9,00 =9,00 12,60 6,98 «9,00 9,00 0,09 0,05 ND 8
: 197,66 20,00 2,07 S.,56 34,70 5,00 0,01 0,04 0,25 0,04 ND
e eemm e e 197,66 20,00 . 1,45 . 4,17 34,70 . 3,89 0,01. .0,03 .. 0,25 ..0,03.ND R
197,66 26,00 0,62 0,62 29,20 5,42 *9,00 0,00 0,21 0,04 KD 22
197,66 20,00 1,03 16,70 33,30 2,22 0,01 0,12 0,24 0.02 ND
— -197.66..26,00 —-1,03 .. 2,78__32,00. . 8,5 .— . 0,08 _._.0,03 —_-0,23.—~— 0,04 ..ND: e o
! ¢q [o-ceta ¥ 5050
g AVG 177,39 23.77 1,24 “1-¢82 26,41 5,89 L <0401 0,0 0,19 0,042%
S - . _alfls o0l5 .9.33 31 o 3lifr0.ee38 alorzopee - 0OISe
STD 26,23 3,27 0,49 5,19 10,27 2,22 0,00 0,05 0,07 0.01
: hy - 6 . 2____8 __ & _ 6 ... 8 -
|
! - FutL V6
e e e Flom T 1=0l= 608 —m e — e e ConekTH) Row Gaismm onT.
; Ree. 3 1-el . PaS (s M0, 000 BT foar
- _____Qadkﬁuuz&+kthoé)

7' AVcr.xjcj w,'1LA 35- LO’/A [oa'J



4%% STEAK BOILERS *»%
“OVWSTULATL oL FRED

RANGE 1=
.—. ..HMBTU/HWR .. 0,00~ 400,00. - ... . . .. . e e e e e e e e
; L0AD 35,00 60,00
; RATED  LOAD LB POLLUTANT/10%%3 GAL LB PULLUTANT/MMBTU FUEL REFERENCE
i CAPACITY (%) TYPE "y
e .o JMMBTU/HR. . . NOC.. . _C0._— _NOX..._PART ... .. VUG . ——CO— .. .NDX v PART oo e
110,00 50,00 «9,00 =9,00 9,00 51,40 “9,00 =9,00 =9,00 0,37 WD 21
p——— 139,40 40,00 w9,00 _ 9,00 — #5,00— 6,73 _#9,00___29,00--—=%,00——0,05_. ND. —_n
i 145,70 57,00  =9,00 3,53 3,50 4,89 *9,00 0,03 0,25 0,04 ND e
i 257,00 35,00 =9,00 =9,00 22,00 ©9,00 *9,00 =9,00 0,16 =9,00 N
feree mmm e 257,00 35,00 - _#9,00. . _ 8,00 _ 23,30 —.*9,00.. . =y,00...9,00. . 0,)6.-. -9,oon.ugt\\\\\\\\ e
257,00 35,00 =9,00 =9,00 =9,00 .18,90 =G,00 *9,00 9,00 0,14 ND
257,00 35,00 +9,00 9,00 28,90 9,00 *9,00  =9,00 0,21 *9,00 ND 20
____._________257.nn___Js.on___.s.no___;e,oo___,g.no___‘9.oa_____gg,oo__m.gvoo___.9,ou____s,oo_.un:’/,¢:::_______~__
257,00 35,00 9,00 =9,00 26,10 =9,00 *9,00 -9.0; 0,19 *9,00 No
6,95
—— e AY¥G L 235,23.-39,67._»9,00 3,53 _20,3b-—20,48 —---#9.00 o, 03..__0 19- D15
31 2.4 25 ;/,g- £ 0g2 0,065
§TD 59,15 1,73 «9,007" 0,00 5.87 18,65 -9, ;00 0,00 0.03 0,13
n~ o \ s 4 o I s “
% wed | uereforte. o Dam
AVERGID o 20-20%h G.0AQ_ AaNGE.
DA
) *s3 STEAM BOILERS %%
DASNUATE oL FIRED
RANGE 1= ,
MMBTU/HR 0,00= 400,00 S - e .
L0AD 95,00= 100,00
RATED  LOAD LB POLLUTANT/10%%3 GAL LB POLLUTANT/MMBTU FUEL ReFEREAKE
CAPACITY (%) TYPE =
MMBTU/HR . yoc _.co NOX PART _ ... voc . . CoO- _NOX . . PART
110,00 100,00 =9,00 9,00 =9,00 34,60 »9,00 «9,00 9,00 ~9,00 KD 2\
e e eee 139,40 . 95,00.. #9,00 . 9,00 _ #9,00 - 3,99 . 9,00 .«9,00 — =9,00 0,03- . ND 2l - -
14%,70 100,00 9,00 =9,00 =9,00 4,7s ©9,00 =9,00 0,20 0.03
. 257,00 100,00 «9,00 =~9,00 39,90 =9,00 ©9,00 =9,00 0,29 «9,00
A . 257,00 100,00 ~9,00 9,00 44,00 . 9,00 “9,00 ©9,00 . 0,32...49,00
257,00 100,00 =9,00 9,00 49,30 =9,00 ©9,00 =9,00 0.36 #9,00
257,00 100,00 .=9,00 =9,00 27,50 «9,00 “9,00 9,00 0,20 =9,00
.. 257,00-100,00_— =9,00 29,00 _—.41,20.._=9,00 *9,00.._«9,00 0,30 «9,00
257,00 100,00 9,00 9,00 =9,00 63,70 “9,00 =9,00 9,00 0,46
x 257,00 100,00 9,00 =9,00 9,00 309,60 *9,00 9,00 «9,00 0,80
b o ...._..257,00 .100,00_. »9,00...99,00. .=§,00..10,00 . - .+9,00._.#9,00- =9,00—--.0,07
; 257,00 100,00 =9,00 =9,00 42,60 9,00 *9,00 9,00 0,31 9,00
i
b —AVG_ 225,68 99,58 29,00 29,00 40,78 34,44 __..=9,00 9,00 _0,28 0,28
—_ —_ 4.9 4 Qliey — — 0.l Cuz
STD 54,818 1,38 «9,00 9,00 6,67 139,38 =5,00 =9,00 0,06 0.

ne o o [ 6 o =] ) S

e -
P
1
'




B-2. Diesel Engine Data for AP-42
Section Table 3.2.3-4

Methane-nonmethane fractions taken from
Reference 3, Table 2-01-003 for Diesel

or Distillate 0il and Reference 3,
Table 2-02-001 for Residual 0Oil



RANGE -~

0,00~ 299,90

HP
Loan 0,00-
RATED LIIAR
np (%)
26,80 n,no
26,80 0,00
26 ,R0 0,00
2A, R0 0,00
2k ,R0 0,00
53,A0C 0,00
53,60 0,00
69,70 0,00
200,00 0,00
200,00 1,50
200,00 1,50
200,00 11,00
200,00 1,50
200,00 11,00
200,00 9,00
200,00 10,00
200,00 10,00
225,00 2.00
260,20 0,00
268,20 0,00
268,29 0,00
269,00 ®,00
290,00 2,00
AVG 160 ,8% 2.913
sSTN 93,72 4,19
N/M-vor_
M-Yoc
(570 =vaes)
17771
mYo

14,90

$xe DIESE], EHGTNES sy

Lh
vug

240,90
169,50
294.50
726R,4(
62,40
484, A0
A6H 20
-9.,00
-9,00
I3, 40
426,10
-9.00
In3, 70
-9,00
=9,00
=9.00
-0,.0nn
131,40
32.20

6.12
96,30
-9,00
24,230

243,50
188,10
25.254

8. 246

19.1711
25.787
3.3%4

POLELNTANEZJO6%3 GAL

co

23%,60
103,20
120,50
208 10
91,30
162,20
129,30
492,20
-9,00
-9,00
54,90
-9,00
71.70
-9,00
-9,0u
-9,00
0,00
232,00
122,70
H6 60
149,70
204,50

119,80,

163,96

100,77

19,8492

HOA

447.R0
h34,90
30,40
549,70
3715.10
238.70
183,50
245,70
-9,00
-9,00
.90

-9,00.

5,90
9,00
-9,00
=9.00
=9,00

123,50
139,80
167,80
122,00
3R5.00
190,40

254,19

175,68

Jo. Hs2

PART

-9,00
«9,00
-9,00
-9,00
~9,00
-9,00
-9.00
-9,00
-3, 00
=q,00
-9,00
9,00
-9,00
-9,00
«9,00
-2,00
-9,0n
-9,00
-9.00
-9,00
-9,00
-q,00
-9.00

-9,00

«9,00

M YoC
Mlayoc

MVO C
N/avoc

vuc

-9,00
-9,00
=9.00
-9,00
-9,00
-9, 00
~-9,00
-9,00
-4,00
-q 04y
-9,00
22.00
-q,00
23,20
1,00
7,40
10,80
40,00
-9,00
-9 ,00
-9,00
-9, 00
5,02

17.17

11.41

15,180
1990

23025

z.tm
Qo354

37.3¢0

9312
3L

G/HP~HR
Cco

9,10
«9Q,00
-9,40
-9 .60
9,40
-9,060
9,00
9,450
-9, 060
-9,00
-9.,%0
17,30
-9, 00
16,90
22,10
38,50
22,0
-0 ,60
-, 040
«9.,50
=9.60

1.%90
24 .60

21,11

H,76

2911

41.20%

1T 3

SLI5)

PART

9,00 Pry

-9,00 N
9,00 NO
-9,00 M 13
-9,00 ND
=9,90 ND
-9,00 MD
=9,00 WD
~9.,00 D . 17

=9,0¢0 NU\“~—-._§|3
-9,00 N

-9,00 n V7
=-9,00 ND 3

-9,00 ”\
=9,00 D "

-9.,00 n
.y 00 “u"‘,,f//J—

-9,00 D2 )
9,00 MDT——___
~9,00 WD ]
-a,00 Ny —
-9.,00 D )2
-9,00 D2 1
-9.,00

-9,00

(9hew-na = x1.341)

Obbgnnuaz xmiv{)



RANGE 3«

HP o,
LOAD i,

RATED
np

25 .80
26 RO
26,460
26,80
69,70
£9,T70
49,70
60,70
69,70
A4,50
84,50
107,30
107,30
107,30
107, 20
107,230
107,30
200,00
200,00
200, 00
200,00
200,00
200,00
200,00
200,00
200,00
200,00
225,00
268,20
2RR, 21
269,00
290,00

AVG 143,40

STD 79,73

Mmyec

Nhavac

(gi=¥.139)

0=
M)

LYAP
(%)

30,00
30,90
49,10
315,79
35,
20,00
35,00
45,00
a45,M
20,00
20,90
25,90
25.00
25,00
25,.n0
25,00
25,00
36,00
34,00
30,10
30,10
34,00
30,10
5,00
36,00
n, 1o
Ja.n0
25,90
30,00
40,00
25,00
725,90

30,41

6,57

Mvocl
Ninvec

299,490
45,00

&% DIFSFKL,

LR PALLUTANT/10%%3

vace

93,30
56,10
342,170
357.30
RH1T,00
=9,00
RAT,50
~-9,00
Ta0,70
106,30
140,80
523,50
511,30
429,10
525.30
486,60
123,10
-9,00
-3,00
t231,n0
115,70
-4, 00
147,10
-0.00
-0, 00
55,70
-‘).00
25,40
14,710
13,99
-a,00
172.40

Juf S0

273,43

35718 L

L7274

3658
4. 287
32.¢71

cn

41.70
42 .60
T3.80
77,00
247 .80
129,00
227.60
94,70
194,50
145,20
175,70
98,90
97.90
58,20
99,60
108,40
56,00
-2,00
-9,00
11,10
205,10
=-9,00
242,90
«9,00
-9,00
44,70
=4,00
9R 70
B6h, 00
29.70
77,50
38.40

113,02

bh, 84

13.540

noy

-9.00
46k .30
325,50
342.50
332.00
214,70
311.90

217,60

322,70
160,40
73.90
243,40
27R, 70
240.80
229,00
213,80
228,40
-9,00
3,00
130 00
3712.20
=9,00
-9.,00
=9,00
-9,.00
71.40
-9,00
135.00
155,20
163,50
366,70
16k, 70

242,61

98,05

27.06.5

ENGINFS *%s

GAbL
PART

-9,00
-9,00
-9,00
=-9,00
-9,00
-9,00
~9.00
-9,00
-9,00
=9,00
-9,00
~9,00
-9,00
~9,00
~9,00
-9,00
-9,00
=-9,00
~9,00
~9,00
-9,00
-9q,00
-9.,.00
«9,00
-9.00
-9,040
-9 ,00
-9,00
9,00
-9,00
«9,00
-q,00

~9,00

-9,00

MVac
Nluvoc

e
ahave C

vng

33,40
28,20
-4,00
-a,00
-9,.00
-9,00
-9,00
-9,00
-9,00
-9,00
=0 _ng
29,00
23,20
23,10
3a,07
22,00
22,70

3. v
13.%0
9,00
-9, 0y
1.3
-9,.00
4,10
13,10
-9,00
HL.HO

1.0Y
=-9,0u
-9,00
-9,00
0,43

16,490

11,24

22.6(3
2,029

20034

3725
v.323

32,592

G/HP=IIR
Cu

=-9,40
16,90
-4 60
-9 .90
=49,H4
~9,00
-9 .60
=9,40
-Q.f‘o
=9.40
=49,00
5,%0
4,40
3. 19
6,%2
4,74
3,nl
3,90
4,20
-9 .n0
-9 Gy
3,90
-9 60
3,70
3,650
9,490
4,40
4,58
=9.1h0
-Q_fHuy
2.42
1,33

ve 3

PART

-9,00
-9,00
9,00
=-a,00
~=9,00
-9,00
=-9,00
-9,00
-9,00
=9.00
-9,00
‘9.00
-9,00
-9,00
9,00
-9.00
«9,00
~9.00
-9.00
=9,00
=9.00
-9,00
-9,00
=9,00
=9.00
~9,00
«9,00
-9,00
-9,00
=-9,00
~9.00
-9,00

=-9,00

=-9,00

tukl, R €
TYPF 3t
MDD

M)

N

(A1)

Ny

NI

ND

(4] i3
LI}

ND

M)

Mo

ND

MD

(2]

D

ND

] "
) 7
N 13
ND 13
D (]
ND '3
D (5]
0 7
ND 3
n 1
02 "
ND 13
ND 13
n 12
n2 1}

(9/50-re= x1341)

(“>/u.-‘up—ux =X 3ur)



RANGFE $=-
HP H,00=- 299 _490
LUOAD 50,00= 74,90

% DIFSEL ENGINES %%%

RATED LD LB POLLUTANT/10%%3 GAL G/HpP~HR FUFL g ¢
Hp (%) TYPE s
vuc. cn NiVX PART g cu NOX PART
26,80 50,00 25%7,.80 42,60 391,74 =9,00 «9,00 =9,00 -9, 00 «9,00 MO~
26,80 50,00 3IH4,20 64,60 390,90 -9,00 -9,00 =2 40 -9, 00 -9,00 MNOD
26.80 80,00 222.60 50,50 426,20 ~9.00 -9,00 «9, 49 -9,00 =9,00 Wb
26.PQ 70,00 47,70 30,90 549,00 -9,00 -9,00 -9,00 16,20 =9,00 N 3
53,60 50,00 272,90 69,20 236,50 =9,00 =4,00 -9 40 -9 00 =9,00 NOD
53,60 50,00 303,30 68,60 211,30 «9,00 -9 ,00 -9,00 -9 ,00 =~9,00 WD
53,60 50,00 264,00 71,00 22R,7v «9,00 -9,00 =-9,00 -9,00 =9.00 ND
200,00 71,00 -9,00 -9,00 -9,00 -9,00 4,20 6,60 14,10 =9,00 DT~
200,00 95,00 -9,00 ~a,00 -9,00 -9,00 7.40 2.40 14,60 -9,00 b
200,00 51,00 -9.00 =-9,00 -9,00 -9,00 2.70 2,70 11,80 -9,00 n////
200,00 527,50 211,80 121,70 =9,00 «9,00 -9,00 9,00 -9,00 =9,00 np 13
200,09 68,00 -9,00 =9,00 -9,00 -9,00 S.30 ?.60 13.20 -9,00 U Ul
200,00 67,50 113,90 129,40 422,90 -9,00 =9,00 9,00 ~9.,00 -9.00 KD 13
200,00 54,00 -4,00 «9.00 -9,00 =9,00 4,30 2,70 13,30 -9,00 n
200,00 %2,.00 -9,00 -9,00 -9,00 -9,00 2.H0 2,60 10,50 -9,00 D
200,00 54,00 -9,00 -9,00 -9,.00 ~0,00 7,30 2.40 15,20 «9,00 n .
200,00 71.00 -9,00 ~9,00 -9,00 -9,00 4,10 6,10 13,70 -9,00 D
200,00 54,00 -9,00 -9,00 =-9,049 ~9,00 5,49 2.70 13,10 -9,00 O
200,00 70,00 ~9,00 -9,00 =9,00 =9,00 5.70 3.00 12,20 «9,00 0
200,00 67,50 143,60 132,70 =9,00 =9,00 =9,00 ~-9,00 9,00 =9,00 WD '3
228,00 50,00 13.10 17,80 195.%0 -9, 00 0,40 2,30 5,96 9,00 ) 1"
260,20 73,00 29,40 TO,10 143,30 9,00 0,7? 1,60 3. 69 -9,00 Mh
264,20 63,00 20,70 97,90 117,80 -9,00 R Y 9,00 -Q, 00 9,00 MD;} 3
260,20 55.00 14,80 43,60 117,20 -9,00 -9,00 -9.n0 -9,00 =-9,00 wmD
264,00 50,00 -0,00 41,90 463,50 =-9,00 -9.00 1,10 12,10 «9,00 D 12
290,00 50,00 T.9% 33,00 276,70 -9,00 0,22 0,91 T.63 -2,.00 D2 "
AVG 171,41 54,60 155,19 72,07 297,95 -9,00 3,89 2.98 11 82 -9,00
sSTh AR, 8y R,86 124,34 31,82 13%,22 -9,00 2,32 1,58 3,39 -9 00
myocC {1.002
muvoe 137188
(3/}:;(.”%) 18572z =634 35,94 1A 3,462 15,851 (j/yw-nr“: x’l.?‘n)
uvec 2.157 Myee  0.LO5 )
niuvoe 16435 mimvee  Y.CI1HT
s5717 6350 SOl (h/07e -nz= ¥2.205)
ryVOC 0.1%%

vhivoo 1512



RANGE -
HpP 0
LOAD 1%

RATED
"y

26,80
53,60
3,60
§1,60
#0,50
RS, 00
10G,00
125,00
140,00
165,00
20¢,00
200,00
200,00
200,00
200,00
200,00
200,00
200,00
200,00
200,00
200,00
210,00
225.00
225,00
256,00
260,20
269,00
269,00
270,00
290,00
290,00

AVG  182.724

sSTD 74,40

(3“: X.1198)

00~ 299,90
L0 Q00 00

1L.OAD
(%)

B, 00
15,00
75,00
TS, 00
99,00
100,00
100,00
100,00
100,00
100,00
91,00
76,00
79,00
79,00
749.00
79,00
15,00
931,00
93,00
79.00
79,00
100,00
15,00
100,09
100,00
S N0
100,00
15,00
100,00
100,00
715,00

27,61
10,04

MmyocC
wimvo L

Mioc
Nvec

*¥% NIEGEL

FHGINES $$%

LB PNLLOTANT/10%¢3 GAL

voce

34,40
206,20
2HK,10
242,40
13,00

3.90
A.20
3,90
3,60
2.90

«9.00

-9.00

21.90

15,00

23,50
114,00

-9,00

-9,00

-9.,00

9S.70
133,10

1.70
.01
6,47
2.20
2,63
-3,00
«0_00
7.60
S.h4
547

hh, 64

51.63

LS5
sotlq
.71
0.7¢9
€003

co

18,90
59,60
69 RO
12,90
278,70
43,10
35,50
41,60
45,R0
42,130
-9,00
-9,00
93,50
349,10
77.10
59,30
-9,00
-9,00
-9,00
69,40
73,14
211,30
66,50
66,60
13,10
16,70
-9,00
67,60
76,90
39,90
2R, 50

18,617

10,41

25

wnx

469,70
251,50
216,70
235,70

77,70
149,00
133,90
184.40
216,90
201400

-9,00

-9.00
109,30
214,70
199,80

-9,00

-9,00

-2,00

-9,00
476,80

=9,00
262,60
266,70
324,00
241,60
138,60
522,80
$70.00
170,50
463,50
371,70

267,45

132,32

32,044

PART

-~9,00
9,00
-9,00
=9.,00
-0,00
3,92
3,23
6,49
7.73
9,62
-9,00
-9,00
-9,00
-9,00
-9,00
-9,00
-9,00
-9,00
=-9,00
-9,00
9,00
-9,00
-9 00
-9,00
5.11
-9,00
=9,00
=9,00
2.56
-9,00
=9.00

0.453
MV o

vihavir .

MO
feIngtae

vacg

-9,00
-9,00
=0, 00
-9 ,00
A,12
0,10
010
0,10
0,10
o,t10
1,20
1.70
“9,00
-9,00
~9,00
=9.,0U
1.10
5.10
4,10
-9.00
9,00
0,08
0,24
0.1
0.1v
0,12
-9,0u
-“9.00
0,10
0,14
0,14

1.32%
0,154
1Ly

FALE]
0.25 3
130

G/IHP=HR
Cu

5.97
“9.00
Y- UTH
9,40

6,499

1.20

1,490

1,20

1,20

1,20

9030

1.70
-Y,00
=9,.40
9,40
-9,40

6,50

8,70
11,20
-3,00
=-9,90

5,20

1.77

1,75

0,32

0,76

9,40

1.68

0,70

0,99

0,73

31,92

5257

g.L9Y

18.765

PART

9,00
«9,.00
-9,00
-9,00
«9,00
0.12
0,10
0,17
0,20
0,27
=9,00
-9,00
=-9,00
-9,00
-9,00
-Q,00
-9,00
-9,00
-9,00
-9.00
-9,00
-y.00
-9,00
-9,00
0,12
=9,00
-9,00
-9,00
0,06
-9.00
-9, 00

¢g.20¢

[N E]

FUEL
TYPE

ND
ND
[ ]
L)
ND

n?
n2
n2
N2
D2

N

ND
ND
ND
ND,

o/

L}
h2
n2
n2
D2
ND

n
n2
n2
D2

R<£
t

"7
(e

(f]IKw-HR X {,)q')

(’Lﬁ07 NE-HE T X 2. 1-".)



RAMGE, -

HP 3004, 00-
LOAD 0. 00-
RATED 1AL
ne )
310, 60 10,00
e, 00 2,00
340,090 2.0¢
AN, 00 2.00
37¢,00 2,00
200,00 2.00
408,00 7.00
420,00 3,00
472,00 2,00
450,00 2.n60
AS1,00 7,00
480,00 4,00
500,00 1.50
522,00 3,00
600,00 5,00
AN0_,00 2,00
600,00 000
A0D, 00 0,00
00,00 0,00
AQ0,00 0,00
679,50 0,00
611,50 o 00
700,00 3,00
100,00 1,10
A00.90 700
9N, 00 3.90
900,00 3,00
AVG 543,43 2.43
STD 164,53 2,17
MV
Mimvoc
(3/12 Xdlqg)
Mvoc
nMimvoc

940,00
16,00

LR X

DIFSEL

ENGINFS #¥»

LB O IMLLUFANT/Z10% %3 GAL

vaie

=0,00
-0, 00
-9,Nn0
109,30
-4, 00
224,80
-9,.n0
=4a,00
-9.,00
aF 40
-9,00
-9,00
118,10
-9,00
-Q_0n0
5240
60,40
9,50
1,490
50,60
168,130
249,70
ql,00
100,70
7.40
300,40
197,70

121,26

80,68

w.otl
1e1.094d

14.527
1,635
[ER TP

cn

144,40
319,90
739,20
139,90
249,60
161,60
152,20
-9,00
168,30
HS,20
137.R0
231,10
282.50
~9.00
220,30
46,20
142,.8v
16%,00
148,00
191,00
75,50
41,90
259,60
126,70
%5.90
358,60
¥R ,70

178 A4

87,34

21430

nox

336,70
236.70
130,30

45,20
3R] RO
298,40
30K, 10

-9,00
249,50

4s,50
221,90
749,90

99,40

=-9.00
hT15,60

19,50

-9,00
317.00
276,30
318,10
153.90
147,70
270,50
221,40
147,560

94,10
121,00

252,92

172,14

330 o

PART

-9, 00
-9, 00
-9,.00
-9,00
-9,00
-y _00
-9, 00
~-9,00
-Q,00
-9,00
-9,00
-9, 00
-9,00
=9.09
-9,00
-",0‘)
=9,00°
-9,00
-9.00
-9 ,00
-9,00
=9,00
-9,00
-9,00
-9,00
-9,00
=9.00

-9,00

=9,00

hvne

Mhavoe

Myoe
Pl ¢

vacg

=-9,00
=9,00
-, 00
29,7
-9,00
20,10
9,00
=9,00
-9,00
10.9G
-4, 04
-9, 00
=-9,00
9,00
2,00
8,34
=-0,0q
-9,00
-9,00
-9,00
Q00
=9,00
-9, 00
-9,00
0,23
-Q, 00
-9,00

15,45

11.5%4

2018
avo3
18.35

24,067
3952
Jons

G/HpP~itR
(W]}

6,16
17,60
26,90
=D 00
17,90
20,20
15,60
22,%
13,20
19,19
12,40

9,7
-9,00
22,70

9,39

7,36
-a,00
=9,00
-9.00
-9,00
-9,00
=9,00
-9.40
-9,00

1.75
=-9.00
-4,10

14,95

6.99

11,914

F2.144

HOX

14,40
13,00
3t 0
12,249
27,40
37,30
31,70
54,70
19,50
10,02
20,50
31,50
-9,00
$4,60
4,00
2,94
=9,00
-9, 00
-9,00
-9,00
=-9,00
-9,00
-9,00
-9,00
4,61
-9,00
-9,00

25,02

15.33

33552

PART

=-a,00
~9,00
- .0“
-9,.00
-9.,00
-9,00
9,00
-9,00
-9,00
-9,00
-9,00
~-9,00
-9,00
-9,00
-49,00
~9,00
~9,00
-9.00
-9,00
~9,00
~9,00
-9,00
~9,00
~9,00
-9,00
-9,00
-9,00

-9,00

-9,00

FUEl
TYPE ﬁ;f

n
H
3]

02
L
nz

n-
>
oD
ny
M)

n

Nb

n2
N
ND
LA
ND
N
ND
NO
NI

I
ND

H
"n
"

12

g/ews-nR = x 1.397)

(’%»’m'-u R=TY2 ;za;,)



RAHGE -

HP 300,00-

LOAD 15,00«
RATFD LAVAD

ne (%)
300,00 3o, 10
310,00 25,00
310,00 25,00
140,00 25,00
340,00 25,00
378,00 25,90
AQD .00 25,00
408,00 25.00
40,09 25,00
428,00 25,00
450,00 25,00
151,00 25.09
480,00 25,00
522,00 25,00
600,00 25,00
00,00 30,10
600,00 30,10
500,00 25,00
600,00 30,10
600,00 30,10
a0n,00 22,00
9ne,00 22,00
900,00 22,00
900,00 22,0
AVG 530,71 25.56
STD 102,73 2,57
Mvoc
Nimvo e

(3 f2=x.19g)

Mvoc
Wimvec

aue, 00
35,00

tex

bIFLED,

ENGINFS 3%

LW FOLVOTANT/Z10%%3 GAL

viic

-90,00
-9.00
-9.00
-49,00
3n a0
=-9,n0
15,60
9,00
-','o(i
=-9,n0
1.0
-9,00
-9,n0
-9.00
-9,00
21,00
13.00
10,70
31,20
14,40
-4, 00
-9,00
6,30
27,30

1R,10
R,40

2.100

itooo
2.0¢8
0.25/
1997

cn

59,00
54,20
111.80
17,10
S6 .80
91,60
31,20
65,50
70,90
13,50
47,40
0,00
54,90
69,70
85,20
69 .80
5%,130
19.5v
108,40
59,90
5,90
5% .80
63,A0
64,40

65,27

20,0%

2.911

Hrx

337.50
374.10
3716.20
455,10
107,00
359.60
223,20
417.50
432.72v
320,00

131.70

288,80
288,90
423,90
2711.20
179,20
118,10
172,40
181,40
159,80
140,80
191,60
165,30
185,30

264.82

10R, N1

31,725

PART

3,00
-9,00
-9.00
-y,n0
-9,00
-9,00
-9,00
9,00
-9,00
-9_,00
-9,00
-9,00
-9,00
-9,00
=-9,00
-Q.oo
-9,00
-9,00
-~9,00
-9,00
~9,00
-9,00
-9,00
-9,00

-9,00

-9,00

-—

M voc

Vg

-9,00
-9,00
-9,00
9,00
1.14
9,00
0,43
-9,00
-9,00
-9,00
0,39
-9.00
-9Q,00
=-9,00
=-9,00
-9,00
-9, 00
0,33
-9,00
=9.00
-9,00
-9,00
-9, 00
-9,00

0.57

0,34

0.1
0089

thpvec- 0.6715

l.2s 7

Mvoc ~0.14L

Himvoc

rul

G/HP=HR

cn

=-9,.00
1,92
.34
2,2}
2,13
2,50
0,80
2,02
2.14
2,41
1,49
3. 14
1.41
2,19
t.h1
=9,04
-9,90
0,50
-9,00
-9,00
-9.40
-9,00
-9.50
=9,00

2,06
0,71

2762

4592

PART

~9,00
=9,00
«9,00
-9,00
-9,00
-9.00
-9,00
-9,00
9,00
-9,00
-9,00
-9,00
“9,00
-9,00
-9,00
~9,00
-9,00
~9,00
-9,00
-9,00
-9,00
~9,00
-9.00
-9,00

-9.00

~9,00

FOElL. €
TYPE 1t
ND 13
D

0 T
o_—"
n2 "
) 31
n2 n
)
n\\\\\‘lt
D/”/,
N2 "
D

b n
n//”—‘

o]

N ———— 13
NP
n2 "
N

ND

ND 13
N

Ny

L)

Y/

(s nr-nRr=x2.205)



300,
45,

RATED
HE

Jon,00
3gn. 00
ign,0n
AN, 0y
340,00
340,00
178,00
400,00
e, o
420,N00
428,00
150,00
451,00
180,00
540,09
527.00
6Cr, N0
€00, "0
enn,ny
60N, 00
&, nn
.20
en,on
&un,an
&nnt,oc
Q3N 00

[aEs)
NN '(‘Q
870, %9
ran 00
TAan, an
Tyn 00
TAf %0
HOJA T
G, 0
g0, 00
YAl IT)
PRl
g, o0
g, o
q AN

"/yr‘.\,r

gon, o

gnf‘.uf\
gor, e
gao, 00
RN

VT, 3%

‘j ,i W "2\

90= Q900,00
QD= 74,930

10a0
(%)

47,50
67,50
S0 ,N0G
9M,170
57,19
50,00
50,00
50,00
51,70
S0,.0C
5/, N0
50,10
50,00
50,00
57,50
s0,00
50, NG
73,00
AT,%0
74,20
AT ,5¢C
a0, A0
af, 0
AT,.50
45,00
37,00
47,10
ah,a0¢
17,10
a7.%0
TA0¢
n0,N0
57,%¢
39,7)
~5
EYUMTo}
=0,
n} 0
XA D)
a5 N
In A
9,00
Be .00
Sn, 00
a5,
LRI
LN
558,00
R
85,04

Q& N0
N, 0y
LXYIRTY!
a0 nu
XA T]

an,.C

7,94
MvVSe

Navas

RN

MQL:;

*%3 DIFSEL ENGINES »*x

LR BALLYUTANT/10%%3 GAL

voe

66420
36,50
-9,00
«3,00
-a,00
16,70
-9,00

2,79
-2,00
«0,0C
-q,00
10,96
=9,00

=9.00

14,5¢C
-93,00
«3.10
9,50
38,90
11.20
4,70
472,90
11,70
37,00
13,50
=0,00
10,
11.390
1.80
3&.9C
q,80
q,an
27.10
-3, 09
HelQ
10,70
2,60
7.7¢C
.80
410
5440
13.192
S.H¢
7.90Q
1410
~.Q9
S.h0
12,30
7.20
S.1C

cn

54,70
39,90
40,40
03,00
51,40

37,70

s1,70
23,80
42,00
$R8,20
46,50
3n, 30
52.90
40,00
49,40
5%, 79
35,70
24,60
91,61
23,140
113,10
S4,H0
-3,490
45,10
22,90
135,49
20,70
29,30
27,90
52,99
26,0¢C
te,5¢
128,74
39,4¢
37,09
55,90
19,90
31,30
15,80
At , 39
24,20
121,20
51,59
53,50
33,40
12,2V
4R ,40
59,70
54,20
27,860

W8, 10
18,99
n5,90
Té, 80
£5,49

52.36

18 4%

NCX PART

383,50 =9,00
395.10 =9,00
9,00 -3 ,00 "
375,00 3,00
535,10 9,00
184,90 «9,00
18/ ,00 9,00
316,70 -9,00
541,10 «3,00
300,30 9,00
390,5v 9,00

. 223,40 =9,00

398,80 3,00
419,20 «9,00
338,60 -9,00
494,80 9,00
379,10 3,00
327,00 «9,00
415,40 9,00
329,130 «9,00
315,50 =3,00
347,60 9,00
?291.10 3,00
493,50 «9,00
431.00 3,90
390,40 -9,00
387,720 -9,00
391,30 -9, 00
360,30 9,00
463,40 9,00
327.00 =9,00
269,3¢C -9,00
120,00 =3,00
223.10 3,00
422,40 3,00
=9,00 -9,00
358,10 -3,00
+55.00 =-q,00
487,40 -9,0u
249,40 -9,
259.9¢0 =9,00
315.10 3,00
230,80 -9 ,00
201,00 -9,20
333,40 =9,00
282,99 =-3,00
218,80 -9,00
298,50 9,00
297,00 =3,00
219,20 9,00

196,70 =9,00
350,50  =3,00
465,70  =9,00
279,00  =9,00
344,00 =9,00

Jana, A7 =9,00

Yh,?8 -q GO

41791 -
vyse
~myv sz

My

hﬁqvai

voc

-9,00
=9,00
=9,%0 "
=9,00
«9,00
0,47 ~
=9.70
0.21
-, 00)
=9.00

~=9,00

0.3v
«9,00Q
9,00
=9,00
9,00

9,00

0,30~
-0,00
n,30
9,00
«9,00
9,00
«9,00
-9,00
-9,00
0,30
N, 30
n,t1¢
~9,00
N .3y
0,21
9,00
2.10
«9,00
«2,00
-9 ,00
9,00
9,00
D.i0
o,21
0,3%
U.15
G,0n
(LR
0,1y
9.14
0,28
V21
2.14

0,24
~9,00
=-Q _0Q
-Q.ﬂo
0,20

N,

GLAL

G/HP=HR
co

=9,50
=9,49
1,10
1,61
1,30
1,06
1,33
0,57
1,08
1,45
1.24
0,83
147
1,69
=9,%0
1,90
1,06
0,70
-9,00
.00

T e9,00

L3 T

=9,40

=9,%0
0.%0
9,450
0.50
0,99
0,50
9,70
0,70
0.42
«9,40
1.10
8,40
=9,96
L BT
«9.%0
-9,00
1.25
0.62
3.22
1.27
-9 .90
0,57
2,78
1.25
1,/2
1,41
1,25

1,35
2,04
-9 .40
2,10
2,04

NOX

-9,00
=9,00
=9,00

9,50

13,60
T 5,207

9,90
7.57
14,00
12.50
10,40
6,12
11.10
10.99
-9, 00
13,00
10,40
8,50
=-9,00
g§,6C
«q,00
=4,00
-q,00
=9,00
11,70
9,00
9,50
9.90
2,80
=9,00
2,50
84,73
9,00
5,%n
=3,09
3,00
9,00
=9,0¢
«9,00
5,7n
R,b1
f,3.
6,36
5,30
3,588

$.63
2.09
7,73
5,85

_ PART

=-9,00
-9,00
-9,00
=9,00
=8,00
-9,00
-9,00
=9.00
«9,00
=9.00
=9,00

T e9,00

=-9,00
=9,00

C =9,00

«9,00
«9,00
-9,00
-9,00
«9,00
-9,00
-9,00
9,00
-9,00
=9,00
-9,00
-9,00
=2,00
«9,00
-9,00
-9,00
=9,00
«9,00
-9,00
=6,00
=9,0v
-9,00
=9,00
«9,00
-9,00
-9,00
=Q_NQ
-2.,00
«9,00
-9.00
~9,00
-9,00
=9,00
-9,00
-4,00

=0,00
-0'00
-a,00

9,00

—

(> Ro it Ro R N RS R o ]
~
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RANMGE
HpP
LOAD

3

RATED
"p

nn 00
300,00
300,00
ann 00
10,00
310,00
310, 00
31n,n9
125.00
140,00
249,00
340,00
340,00
36%,00
318,00
3rn, 00
400,09
400,00
408,00
408,00
420,00
420,00
429,00
A2R,00
450,00
450,00
451,00
451,00
475,00
480,00
ARO 00
500,00
522,90
$22,90
550,00
600,00
600,00
600,00
600,00
hOO, 00
600,00
600,00
600, N0
600,00
KON, 00
ADND 00
600, 00
670,50
670,50
670,50

no,00-
75.00-

LOAR
(%)

79,00
79,00
79,00
19.0n0
100,0u
15,00
100,00
75,00
1ud 00
100,00
IS, 00
15.00
100,00
100,00
toa,0g
75,00
75,00
100,00
100,00
75,00
100,00
15,00
100,00
15,00
75.N0
100,00
100,00
15,00
100,00
100,00
75,09
719.09
to0,00
15,00
190,00
100,00
75,00
18,00
75,00
15,00
100,00
15,09
15,00
19,00
50,00
79,00
16,00
d0, N0
an_ 0o
an ny

©0n, 00
100,00

$3x DIESE| ENGINES #3%%

LB POLLYTANT/ZJ0%63 GAL

V¢

17,30
11.50
23,10
27,80
9,00
-7,00
=-9.00
9,00
H, 60
9,00
=9.nQ
1n.80
R.H6
6,53
-9.00
=-9,00
7,50
8.84
=~9.90
=-9,00
=9.00
-9,00
-4,00
-q,00
9,97
6,19
=9,00
-9,00
6,64
-9.00
-9,.00
22,80
=-0.00
-9,n0
3.83
-9,00
~9,00
12.00
11,60
11,20
hat?2
h,04
11.90
12,10
12,50

10,80

15.50
49,50
9,00
11,60

co

46,90
43,50
a3, 20
A0 ,30
206,20
36,90
-q.,00
137.%0
58,10
-9,.00
107,40
A5.60
64,40
60,80
456,80
73.80
25,60
44,20
219,90
62,60
413,90
~1,00
215,00
%4,30
27,10
32,720
123,20
50,130
60,990

HNx

326.80
258,130
213.480
01.20
583.60
S46,20
274,10
405,60
3sg.10
45%, 30
S3,70
281,70
396.90
309,00
376,00
428,50
407,00
472,70
670,10
675,50
538,60
579,30
417,90
437,30
343,70
459,90
458, 50
464,70
198,490
607.30
530,60
269,20
Sud, v
577,60
253,70
AO00D,00
484,20
340, t0
50,40
325,00
so08,20
39K,50
NN, 30
30K, TV
9.0
317.60
294,40
44n h0
-9,00
460,90

PART

-9,00
=-9,00
9,00
-9,00
=-9,00
-9,00
-9,00
=-q, 00
17,724
-9 00
-9,00
=9.00
=9,00
14,00
-9,00
-9_00
-9,00
-9,00
-9,00
=9.00
-9,00
-9.00
=9,00
-9,00
-9,00
-9,00
-9,00
-9,00
13,70
-9,00
=9,00
-9,00
-9,00
~-9,00
3.R3
-9,00
-0."()
-9.00
-9,n0
-3, 00
-9, 00
-9 .00
-9,00
-9,00
-9,.00
-9,.00
-9, 00
-9 _ng
3?2.50
-0.1”)

voce

-9,.,00
-9,00
-9, 00
-9q,00
=9.,00
-0, 00
-9.00
-9.,0v
0.20
«-9,00
-9.00
0.?7
n.21
0,20
-Q 0
-9.0v
0,17
0,20
-9,00
9,00
-9,00
«q,00
-9,00
-9,00
0,2
0,15
-, 00
-q,00
6.20
-9,00
-9,00
-9,00
-9 ,0u
-9, 00
0,10
9,00
-9,00
0,30
n, 0
0,30
0.14
0,14
0,30
0,30
n,3on
0.30
0,40
-9 ,N0
-9,0u
1.1

G/HP=HK
[y}

-9,h0
9,00
=9,00
_Q.uo
5,05
0,73
9,00
3.45
.40
9,040
2.0
0,459
1,98
1,%0
11,500
1,92
0,98
1,00
5,49
1.9
9,9%
1.%0
9.4%
1,37
0,68
0,78
3. 14
1.31
1,60
4,50
0,91
“9,00
8,05
1,%1
1.40
3. 54
0,%4
0,70
0,70
(LRUY)]
0,74
0,36
0,70
0,50
n.70
0,70
n.ho
-9 .00
-9,0)
1.9

Nux

-9 00
-9,.00
-9 00
-9,00
14,49
13,190
T.49
10,20
R, 7uv
11,90
14,50
7.04
Q.74
7,60
9,517
10,60
9.23
10,70
16,70
16,80
13, 00
13,90
10,60
11.60
R,57
11,14
11,70
12,10
%.20
14,70
12,60
«9,00
14,40
t4,.40
6,50
14,80
12,20
r,7T0
9,40
H, %0
11,602
9.19
9,480
T,80
A0
7,80
T.50
-0,00
-9,00
172,40

‘

PARY

-9,00
-9,00
«-9,00
~9.00
-9,00
-9,00
-9,00
-9,00
0,41
-9,00
=-9,00
=-9.00
-9,00
0,36
-9,00
-9,00
-9,00
-9,00
9,00
=9,00
=9,00
=9,00
«9,00
-9,00
-92,00
-9,00
=9,00
=9.00
0,36
-9,00
-9,00
-9.00
=9,00
-9,00
0,10
-9,00
-9.00
-9,00
-6,00
-9,00
-9,00
-9,00
-9,00
-a,00
-9, 00
-9,00
-9,00
0,72
0.79
-9,00

FUEL Q.0
TYPE M
NP
ND\\\\‘3
ND
NU/////
0 —
v 2
n////,/’
n
ny -7
n "
0 12
D2 n
L) "
P2 7
H 2
D 1z
nz [
02 1
n
;\\\\\
1z
b
0
D
D
n2 LN}
D2 [
2 uj::ll
0 X
DTt~
n__—
Nb (X3
n .o
oo 1
ny 4
] \IL
0 —
Nl)‘\
N 13
“L////
ng——
n').//ll
ND
Nh\\\\\
Ny
() 3
(3N
[HA]
Ny
(U}

(' CoNTINIET)



f70,50
670,50
825,00
RSN, 00
AVG 483,.k4

sTP 13,73

(9/8=y.1199

q0,_n0
HO, 00
100,00
100,00

HH 0

11,34
Mo C
Nlmvoc

rMvac
wimVvoc

-9,00
48,40
7,40
7.80

14,61

12,15

1.635
2915

1752

0,293

{547

32.80
51,70
32.60
48,10

B9 51

94,53

399,20
-9Q,00
288,40
25,70

408 , A3

130,486

re. 723 ¥%.980

32.%0 -9,00
~9,00 1,37
1.97 0,10
3.9 0,10
195,04 0,31
11,380 0,29
1Lgo o.ulé

myoe 0.04%
Himvse 0,349

0.4
mvec 0,079
Niuvoe o405

2,25
L.47
0,%2
1.20
2,29

2.4

3.071

S.o49

9,.h7
=9,00
7.25
6,19
10,64

?.87

14,263

EER T

0,79 WM~ )z
=-9.00 Np—
0.0 D2~ 7
0.09 n2.

0,41
0.28

o0 (3houn=xisu)
9,304 (”"/n’n PHR=X2.20%)



RAHGE 2~
Hp 1000,00= 3600,00
LA 0,00= 25,00

¥4% DIESEL ENGINES %*%

RATED  LOAD LB PULLUTANT/10%%3 GAL G/HP=HR FUEL
e () TYPE
v c NUX PART vuc cu NUX PART
LO{A, 00 25,00 =9,00 33,80 387,90 =9,00 -9.00 1,08 12,40 =9,00 D 11
1150,00 25,00 =9,00 20,50 388,20 =9,00 -9,00 0,71 13,40 ~9;00 p L
1200,00 25,00 103,90 32,90 487,60 =9,00 2,60 0,85 12,60 =9,00 D
1200,00  §4,00 107,50 39,70 553,50 =9,00 2,92 1,08 15,10  =9,00 D
1200,00 15,00 136,80 47,80 532,60 =9,00 3:506 1,30 14;50-- =9,00- D
1200,00 4,00 =9,60 190,90 698,20 ~9,00 -9,00 5,91 21,60 =9,00 D
1200, 00 8,00 130,70 74,20 565,70 =9,00 3.95 2,24 17,10 =9,00 U ™
1200,00  29.00 107,20 33,90 484,40 -9,00 2,71 0,67 12,50 - =9;00 D
1200,06 24,00 113,20 32,10 492,40 -9,00 2,92 0,83 12,70 =9,00 D
1260,00 8,00 142,40 73,10 583,00 ~9,00 4.30 2,28 17,60 =9,00 O
1200,00 - 24,00 102,70 32,20 505,60 =9,00 265 0,63 13,10 - =9,00 D
1580,00 15,00  =9,00 135,60 366.60 ~=9,00 “9,00 =9,90 =9,00 2,30% N
1580,00 15,00 =9,00 109,10 376,00 ~9,00 ~9,00  =9,00 =9,00 =9,00 ND
2500,00 25,00 14,90 108;3u 303,80 =9,00 0,40 - 3,20 8,60 - -9,00 ND
2500,00 25,00 15,40 128,90 357,40 ~9,00 4,50 4,% 12,60 =9,00 MD
2500,00 25,00 23,10 113,40 295,10 =9,00 0,70 3,30 8,60 =9,00 ND
-2500,00 © 25,00 — 12;50 - 155;80 348,80 --=9,00 - 04405350~ —1 2430 ——29 00— WDk 3~ - o
2500,00 15,00 36,10 65,00 473,30 «9,00 0,50 U,b0 5,90 =9,00 WD
2500,00 15,00 13,70 58,50 320,00 ~9,00 0,30 1.0 7,00 =9,06 ND
2500,00  15;00 16,70 58,60 556,40 =9,00 - 0,20 - 0,70 - 6,90 - -=9,00 ND- - -
2500,00 15,00 23,60 59,60 328,80 =9,00 0,50 1,30 7,10 =9,00 ND
3600,00 15,00 55,40 141,50 331,60 71,20 1,70 3,20 1,50 1.61% No
3600;00 15,00 65,40 155,60 -402440 - =9,00 ———1460— 33509, d0-—29400 N | — e . T
3600,00 25,00 23,90 21,00 363,10 =9,00 0,70 0,50 10,5  =9,00 ND
3600,00 25,00 27,10 35,10 354,20 =9,00 0,90 1,10 11,10 <=9,00 N
AVG 2021,12 18,68 63,31 78,28 434,26 i 1.7 2,08 11,74 456
50,5 .37
STD 895,06 6,46 46,71 49,04 - 104,36 - 0,00 - -~ 1338 - ~2y%T -~ ~348L - 0434 ——— .. . S
W-vol g 0,47
WANG (e S L T T T e e
(3 I = v.nag) 7414 g nw.ew  boso 230 476 174> 1837 (G/un-wm e x1.341)
WG b o C » T
wAn-vee {1l Y.l

374§ J.4a§ K41 3021 ( ‘b/&r-ld- < 2.W7)
n-voo b.lx .

. VIN-VO L 33y
¥ To be Combm<J wr”1 35-557% and 75-100% 'n!‘ dota ’

TER AT SNE TTANIAND SLSITOR CONPANY T 3. 4.

rare

roum 143




RANOE 1=

HP 1000, 00~ 3600,00

Luan

RATED
Hp

101H,00
1150,00
1200,00
1200,06
158000
1580,00
2500,00
2500,00
36060,00
3600,00
3600,00

AVG  2134,91

STD 1012,98

* T be tcle‘hﬁJ w'.”\ O*RS./- anJ ')5'-:00"/-: ’utl(l Jq‘lq

35,00~

<8/L.rx.|\q.g)

55,00

$x% DIESEL ENGINES *%%

v

1B POLLUTANL/10%%3 GA),

LAY
)

: vuce
50,00  ~9,00
80,00 ° =9,00
38,00 1ul.10
33,00 86,10

- 55,00 © =9,00
55,00 =9,00
55,00 12,10
55,000 16,80
55,00 48,20
55,00 31,70
55,00 25450
51,00 45,93

6,41 32,24

W AR T S O V1
V-V G 4o, ey
1

— Kt 6,609
Vir-vuc A, §eq

cu

26,80
26,00
54,00
56,40
44,60
44,60
69,80
74,30
20,90
72,80

35;90 -

48,19

18,95

£n

NUX

462,90
495,40
508,90
523,30
625,10
621,10
389,30
391570
394,60

-9,00
308,70

470.10

102,00

RS

PART

“9,00
-9,00
-9,00
-y,00
-9,00
«9,00
9,00

- *9,00

-9,00
30,10
.9509

5o.50
0,00

4os0

e

G/HP~HR
yuc (41 NOX
-9,00 0,59 12,40
- =-9,00 0,1t 13,50
2,64 1,39 13,10
2,22 1,49 13,50

- .gi00 - =9.060 - =9,0y

9,00 =9,00 9,00

1,26 1,00 12,79

0,60 3,30 18,10
- 0480 3;70 - 18;30
1.21 0,52 8,90
0,80 1,50 9.70
Ugbl - 0,90 - 1,60

0,76 1,49 3,82

- -o"db . mmmm— e

11\ 4
L.¢%0
\.494

ymg
0.%Y

WIM-We-  Nuyp

agq ma VBT

2180 WMWY ens

PART

-9,00
-9;00
-9,00
-9,00
-9,00 -
-9,00
-9,00
‘9500
-9,00
0,75%
.-9.00 -

PTET Y
1,37
0,00

FUEL
TYPE

v (k3

4] (]

D o

1} e

[{1H] R A
Np

ND

8D 13 - -
ND

ND

‘ND

(3 lew-nR = x 1,%41)

“(|bﬂqumﬂ= ¥ ¥ ()

PRINTCE KY€ tAn -l Ak, L4 CINRREE Y 4 a4

et

soaw



RANGE &=

Hp 1000,00~ 3600,00
LOAD 75,00= 100,00
$¢% DIESEL ENGINES #%¥
RATED LUAD LH PULLUTANL/10%%3 GAlL G/HP~HR FUEL
Hp (%) TYPE
vue cy NOX PART vOC cu NOX PART
10168,00 100,00 =Y,00 294,40 368,00 -9,00 9,00 =9,00 9,85 -9,00 b
1018,00 -~ 75,00 =9,00 84,90 486,50 -9,00 “9,00 2,10 12,00 -9;00 D i
1150,00 100,00 -9,00 216,90 454,00 -9,00 =9,00 5,56 11,60 -9,00 D
1150,00 15,00 -3,.00 68,90 503,50 -9,00 -4,00 2,30 13,00 =9,00 D
- 15680.00 —79;00— 19,00 231,60 =9,00 =9,00 - =~9,00- - =9,060 - ~9,00 - - 1,30% Np - ‘
1580, 0u 79,00 22,70 226,30 523,60 -9,00 9,00 -9,00 «9,00 -9,00 NP
1580, 00 79,00 13,30 255,80 449,80 -9,00 ~9,00 -4,60 9,00 -9,00 ND
1580,00 79,00 - 13,20 254,50 442,50 -9,00 =9,00 «9,60 «9;00 -=9,00 ND | -
2500,00 79,00 24,50 137,60 375,40 =-9,00 0,60 4,490 12,20 -9,00 MD
2500,00 79,00 26,80 717,40 413,30 -9,00 U,90 2,50 13,50 ~9,00 Np4§ 13
2500,00 - 79;00 14,00 76,10 402,40 - - =9,00 0,50 2,5 13,10 - -=9,00 -ND | - oo -
2500,00 79,00 19,50 90,40 407,00 -9,00 0,60 2,90 13,20 -9,00 ND
3600,00 79,00 27,60 68,80 287,80 39,30% 0,70 1,60 6,80 0,93% M0
3600,00 79,00 24,R0 69,60 295,60 39;30% 0,60 - 1;70 7:00- - -0;93% N0 | - - -
3600,00 79,00 36,00 46,90 337,50 72,00 % 0,90 1,20 8,30 1.79% NO
AVG  2097,07 H1,27— 28,97 148,27 -411;94 — -S040 g TR 256930596 — T S e
50.90 . 1,377
STD 317,17 7,47 6,73 83,717 69.1? 15,70 0,18 1,29 2,42 0,35
Wave Y 4f G, 04V
WAM -V Mgy Q.Lvd
- 6,052 -
@/L = x.1M4) Yoay MWD 4950 0 6.9Cy MW M@ 1537 (g/r-w-m! =%.341 )
- - “;Voa . o'y‘( . e e e P PR otiia oy U0 G UG O e e
(7 TIS R A LINT IV
- — WM -VO - —olw««— T e e TR T -

# To be combined

/-0 '.‘(d

w.'“‘ 6-25% and 35'-557' I"'J Ja{'a

SRINTID BY INC T MSAAT SUIITILR COMPART, B, 5 4

coam 1471



B-3. Residual 0Oil Fired Motorships Data for

AP~-42 Section Table 3.2.3-5

Note:

Computer data are in terms of g/metric Hp-hr
as

opposed to English Horsepower units for
residual oil fired motorships.

This is due to the data source's use of metric
units (Reference 10). The conversion factor for
metric HP is 1.361 KW/metric HP as opposed to

1.341 KW/HP (English).

B=-17



RAHGE ¢=-
HP
LOAD 100,00~ 100
RATED LUAD
Hp (%)
545,00 100,00
680,00 100,00
815,00 100,00
950,00 100,00
1090,00 100,00
1225,00 100,00
1630,00 100,00
1800,00 100,00
1900,00 100,00
2180,00 100,00
2400,00 100,00
2450,00 100,00
2700,00 100,00
3000,00 100,00
3500,00 160,00
3600,00 100,00
4000,00 100,00
4500,00 100,00
4500,00 100,00
4800,00 100,00
_AVG  2413,25 100,00
STD 1334,19 0,00
Il',’y l:}i‘;f :/;:
(3 L - ~auw)
M. unt,
TR R TY

LU0

244 DIESEL ENGIUES *%3%

0.00- 4999,90 \///

LB POLLUTANT/10%%3 GAL

vuc

16010
16,10
16,10
16,10
16,10
16,10
16,30
431,80
16,30
16,30
43.80
16,30
43,80
20,00
20,00
44,00
2v,00
25.80
20,00
44,00

24,35

11.52
283

2.9y

0.3%f
KRR &L

co

48,90
44,90
48,90
48.90
48,90
48,90
49,30
58,40
49,30
49,30
58,40
49,30
58,40

100,20

100,20
58,60

100,20
37,30

100,20
58,60

61,06

20,21

2.315

{11}

268,30
268,30
268,30
268,30
268,30
268,30
270,b0
553,00
270,80
270.80
553,80
270,80
553,60
417.00
417.00
556,60
417.00
498.90
417,00
556,60

381,73

121.47

N (mv-METIM/vl?

43734

G/hp=HK
PARYT vucg Cu PieX
-9,00 0,31 0,94 S5.10
9,00 0.3 0,94 S.1b
-9,00 0,31 V.94 S5.16
=-9,00 0,31 0,94 S.16
-9,00 0.31 .94 5,16
-9,00 0.31 0,94 S.16
-9,00 v, 3 0,4 5,16
-9,00 0,81 1,44 10,30
-9,00 0,31 0.94 5,16
-9,00 0,31 [VL] 5.16
-9,00 0,81 1.8 10,30
-9,00 0.3% 0,94 S5,16
9,00 U.H1 1.08 10,30
-9,00 0,306 1.0 7.49
9,00 0,306 1,60 7.49
-9,00 V.41 1,04 10,30
-9,00 0,30 .50 7,49
=-9,00 0,45 0,65 8,69
-9,00 G, 30 1,60 7.49
-9,00 0.8} 1.48 10,30
-9,00 0.8 1.13 1,09
«9,00 0,21 0,35 2.14
5.9y
6. 394
9.01% 1. (3% 9.0112
TR g_g‘”
vent . AL
100k 2120 .40
M.yoe  0-hA
YR UL A o.‘go'

Fink

-, ()
CA S H T
-4, 00
-y, 00
-9y,00
-9%,00
9,00
-y,00
-9.060
-4, 00
-4, 00
-9,00
-9,00
-9,00
~9.00
=Y 00
-9,00

. =9,00

-9,00
-9,00

~9,00

-9,00

[ XITH R
TYPE

Frin
r b
FlLib
Y13
Fuh
t b
Fub
Fub
tub
Flib
Fib
Fub
Fub
Fub
tub
Fub
Fub
ro6
106
Fub

AN
Amevican
Mawn
DATA

(ﬂ/k,w mios X "3‘4'3)

(W/oPup-o2 - x2.238)



RAHGF.
P
LOAD

v
1

Y000, V0= 9949 ,90
100,00~ 100,00

¥+ DIESEL

EHGIHES 3%

RATED LIJAD Lh PULLUTANT/10%%3 GAL G/HP=HR
HP (%)
vuc Cu NUX PARYT vuc v NOX PART

5250,00 100,00 25,80 37,30 498,90 -4,00 0,45 0,065 8,69 -9,00
3400,00 100,00 44,00 58,60 550,6u =-9,00 0,41 1,68 10,30 -9,00
6000 ,006 100,00 29.80 37,30 498,90 «“9,00 0.45 0,05 5,69 -49,00
6000,00 100,00 20,40 101,80 423,40 =9,00 0,3b 1,50 1,49  =9,00
6330,00°--100,00 - ay,30 34,20 650,40 -9,00 Vel5----0,%9 —181;,20----9;00--
6750,00 100,00 29,80 37,30 498,90 =9,00 0,45 0,69 8,69 -9,00
7000,00 100,00 20,40 101,80 423,40 ~9,00 0,36 1,80 7.49 -9,00
7385,00 100,00 49,30 34,20 650,40 9,00 - - U,85 0;%9 11,20 - --9;00
8000,00 100,00 20,40 10U} ,B0 423.40 =9,00) 0,306 1,50 1,49 -9,00
8260,00 100,00 ~9.00 -9,00 =9,00 «9,00 0,53 1,70 8,43 -9.00
8260,00 -300;00 - =9;00 =95;00- - =9,00 9,00 0453 .- -2;70 -~ B;4) =900
8440,00 100,00 49,30 34,20 65v,40 =9,00 . 0,89 0,59 11,20 -9,00
000,00 100,00 26,40 38,10 509,50 -9,00 0.45 0,068 8,69 -9,00
9000,00 100,00 20,40 103,80 423,40 -9,00 0,36 1,60 7:49 - =9,;00
9495,00 100,00 39,30 34,20 650,40 9,00 0,85 U,5%9 11,20 -9,00

AVG 7371333 - 1005003282~ 57;89—527:%¢ --=9;00 — 0557 - — ;11— 9514——

STD 1333,46 0,00 12,46 29,90 90,89 -9,00 0,20 0,55 1,44 -9,00

‘M-vac - 3807 ’ . T Mmoavoe « 0,060 T T
W-M-voo - 29017 S-Mewe - 004
(g/L = <omag) 2. 992 693  63)9Y 0.776 (B{]] 12,201
N wovee - 0.4§C ) : Movie v 0.090 -
(VALY S NS T [T TR TY S A 14
w274 2.4pr 206!

KR AT
[TEY ¥ SREVT TSR PR A 1A

AL

T AmERICAN

mAapy
DATA

G /rw-upt z ¢ A

WP weun = x

YA

2.213%

se..aTre cewRant, 0 K 4.

FEINTCD T TAZ TTanZent

roaw 14Ty



RANGE 1~
HP 10000,00~14999,90
LOAD 100,00~ 100,00

%% DIESEL ENGINES »o»

RATED LUAD LB POLLUTANT/10%%3 GAL G/Hp~UIK Fukl
HP %) 1y
voc co NUX ‘PART vuc ch MUX t AR
10325,00 100,00 =9,00 <=9,00 =9,00 =9,00 0,53 1.70 .43 =9.00 Fun
10325,00 100,00 «9,00 -9,00 -9,00 -9,00 0,53 1,70 Y,41 *«G, 00 Fuh )
10500,00 100,00 26,40 38,10 509,50 =-9,00 0,45 0,h5 8,69 =Y, 00 Fub
10550,00 100,00 50,40 35,00 664.30 =-9,00 0,85 0,59 11,2v 9,00 Fub ﬁ
12000.00 100,00 26,40 38,10 509,50 -9,00 0,45 0.h5 8,69 “Y,00 Fu»s /l
12390,0¢ 100,00 =9,00 =~9,00 =9,00 =9,00 0,53 1,70 8,43  =9.006 Fub v
12390,00 100,00 9,00 =9,00 =9,00 =9,00 0,53 1.70 4.43  ~9,00 Fuo AmeRien
12660,00 100,00 50.4Q 35,00 664,30 -9,00 [( %11 0,59 11,20 ~4,00 Fub h*ﬂh/
13500,00 100,00 26,40 38,10 509,%0 -9,00 0,45 [UY) 8,69 =9,00 Fub .
14455,00 100,00 -9,00 -9,00 -9,00 -9,00 0,53 1,70 5,43 =-9,00 FfOUb DATH
14455,00 100,00 -9,00 «9,00 =-9,00 -9,00 UeH3 1.70 .43 “9,00 Fab
14770,00 100,00 50,40 35,00 604,30 -9,00 0,65 4,59 11,2¢ -9,00 Fub
14770,00 100,00 37.90 29,00 296,00 33,9u 0,67 [Ty S, 20 hyhi Fub
AVG 12545,38 100,00 38,33 35,47 545,34 335,40 0,60 1,11 6,8H Hybr
STD 1675,32 0,00 11,11 3,01 124,49 0,00 0,15 .55 1,5%4 0,00
m-voe . AL 6.970
- M -voo ). ped 0.120
( g/t =« noL) 409\ 4209 LEMY “;‘)“' 0.8\ L 12. 0% G'f” Coalvew »¥13GD)
Oefa + a Dq“q +
"ETI R & ;) exelidd  WWY o009 exel J':.
W P-4 089 lees Hhom UL 60112 Jess Hon 7”*‘
th .94
1% .28\ Q.94 1340 ( Vofvo et w2250
a0 00 Data l'
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RAHGE 3= .
HP 15000 ,00-19999, 90
Loap ~ AD,00- 100,00

2446 DIFKSEL ENGINES #8%%

RATEL  LUAD LB PULLUTANT/10%%3 GAlL G/HP=HR Fury,
P %) TYPE
vucg Cou NUX PARY vucC Cu NUX PARY
15990,00 60,00 =9,00 =9,00 =9,00 =9,00 0,40 0,90 8,89 =9,00 Fub
15590,0¢ 85,00 =9,00 =9,00 =9,00 =9,00- 0,50 2,60 8,%9 =~9,00 FUb
15990,00 60,00 =%,00 =$.,00 =9,00 ~=v,00 V.50 1,50 8,74  =9,00 Fub
15990,00 35,00 -4, vl -4,00 -9 4,0v =~9,00 0,40 1.20 8,74 =-9,00 Fub ALL
15990,00 - 60,00 =9;00 =9,00 - =9,00 =9,00 - - U;40 0,90 - - 8389 - - =Y, 00  Fub - - i
15990,00 65,00 =9,00 =9,00 =9,00 =9,00 0,50 2,060 8,59 =9,00 FO6 AMELICAN
15990,00 60,00 9,00 =9,00 =~9.,00 =9,00 0,50 1,50 6,74 =9,00 {06 : MAN
15990,00 - 85,00 =9;00 =9,00- =~9;00 =9,00 - 0,40 1,20 ;74  =9,00- FOb -
16520,00 100,00 =9,00 =9,00 =9,00 =9,00 V.53 1,70 #,43 =9,00 FuUb DATA
16520,00 100,00 =9,00 =9,00° =9,00 =9,00¢ 0,53 1,70 B,43  =9,00 FO6
168HO.0U 100,00 - 50,40 35,00 664,30 =900 TR U9 11540 — @900 — FUBS ~- o oo o e e
18585,00 100,00 =9,00 «9,00 =9,00 =9,00 Ueb3 1,70 8,43  =9,00 Fue
18585,00 100,00 =9,00 =9,00 =9,00 =9,00 0,53 1,70 8.43 =9,00 Fub
18990,00 100,00 50,40 35,00 664;30 «9,00 0,85 0% 11,20 -=9,00 F¥FO6
AVG 16685,71 84,29 51,40 35,00 664,30 =9,00 " 0e53 1,%0 9,00  =9,00
STD 1108,60 16,57 0,00 0,00 0,00 +=9,00 V.14 0,062 0,91 «9,00
Towal {sdl ’ 0.0CV - o - - - N
VWl g (04 0.463
( g/ =) . 0)% 9193 MSE3 027 2087 Tiz.22 C g/Ku-wt e x1.3¢13 )
. Mg 0400 S N AR ; e e ;
CWemeveL (.93 VBt 0.63¢ T -
1080 (2 201 ( VoA urm = x2.29€ )
wevbe  8.%) ToTTTo o T s o

MoBeOls ) 04¢

PUINTED §7 THE 3TANDAND S14IETEN SORBRNT, B, 4. &
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LOAD

RATED
HP

20650,00
20650,00
21320,00
21320,00
21320,00
21320,00
21320,00
21320,00
21320,00
21320,00
29440,00
29440,00
29440,00
29440,00
29440,00
294490,90
29440,00
29440,00

AVG 24854,45

3TD 4106,31

LOAD
(%)

100,00

100,00
85,00
85,00
85,00
v0,00
60,00
60,00
80,00
85,00

C 60,00 -

¥5,00
65,00
60,00
85,00
60,00

85500

60,00
75:56 -

14,01

100,00

4% DIESEL ENGINES ¥x#

(At
vuc

“9.00
«3.,00
9,00
=-3,00
-Y,00
9,00
9,00
=%,00
-, 00
=-9,00
=Y,00
=9,00
=9,00
-9,00
=9,00
=-9,00
=-9,00
-9,00

-9400

=Y,00

RANGE =
Hp 20000,00-30000,00

60, 00=

co

9,00
-9,00
-9,00
-9,00
=9,00
-9,00
=-9,00
-9,00
=9,00
«9,00
-9:00
-9,00
-9,00
=9,00
-9,00
-9,00

«9,00 -

-9,00

=9;00

POLLUTANT/Z10%%3 GAL

rurg,
TYPE

Fue
Fue
Fue
Fub

FuUb- -

Faeé6
FOb
Fueé
FOb
Fuo

-FUb —— - -

Fuo
Fub
Fob - -
Fub
Fub

FO6

G/HP=~HR
HOX PAK'T yug (4] NUX PART
9,00  =9,00 0,53 1,70 8,43 =9,00
-9,0U -9,00 0.53 1,70 8,43 -9,00
9,00 -9,00 [V P 17] 2,50 8,59 -%,00
-9,00 =9,00 0,4V 1,20 8,74 =Y,00
“9,00 =9,00 0,40 - 1,20 - d;74 — =9;00-
9,00 -9,00 0,40 0,%0 8,89 -9,00
=9,00 9,00 0,5v 1,50 v,74 -9,00
-9,00 -9,00 0,50 1,60 8,74 «9;00
“Y,00  =v,00 0,80 0,90 BBHY =9 ,00
Y, 00  =9,00 U, 5u 2,60 8,59 =9,00
-9;00 9,00 0420-- 1500 - 9397 -——=9,00-
“4,00 «9,00 0,10 1,20 9,97 -9,00
-“9,00 9,00 0,10 1,20 9,97 -9,00
=-9,00 - =9,00 0;20 1;00 9,97 — =9,00 -
“9,00  =v,00 v.20 1,10 9.97  =9,00
“9,00 =9,00 0,2v 1,00 9,97  =9,00
“9400-- 29,00~ 0320~ A;10 ~-9597 —-—=9300 —FU6---- --
-9,00 =-9,00 0,20 1,60 9,97 =9,00
9,00  =9;00 - - 0;34- -1;39 — 9,25
-9,00  =9,00 0,15 P! 0,65  =9,00
e e _,aksg_“m__“_ .
0.>0)
0.463 189y iy
e MW B e -
v-kevot.  G.409
0.760 3347 M. 674
M-VOC Q.08 )
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APPENDIX C

GASOLINE POWERED INBOARD PLEASURE CRAFT FOR AP-42

TABLE 3.2.3-7
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TABLE C-1

GASOLINE POWERED PLEASURE CRAFT EMISSION FACTORS

Idle Mode?
Engine Size voc Cco NOxk
HP (1b/103 gal) (1b/103 gal) (1b/103 gal)
4 2,796 3,417 0
9.5 3,140 2,851 0.78
35 3,104 3,043 1.81
65 . 3,349 2,883 0.90
AVG 3,097 3,049 0.87
(235/2862)b

AReference 25. Each emission value represents multiple tests on a single
engine.

bMethane/nonmethane VOC split derived from Table 9-06-021B, Reference 3.

) Metric Units J Chy ) NMVOC l co J NO, ,

i a/l ‘ 28.2 ' 342.9 ' 365 , 0.10 )

Cc~-2



TABLE C-2

GASOLINE POWERED INBOARD PLEASURE CRAFT EMISSION FACTORS
Less than or equal to 10 percent of load

Value vVOC co NOx

(% Load)|{(g/HP/hxr)|(1b/103 gal)|(g/HP/hr)|(1b/103 gal)|(g/HP/hr) | (Ib/10> gal)
1.3a 3,520 2,364 5,500 3,693 2.00 1.34
5.82 730 1,869 1,317 3,371 0.87 2.22
1.8a 2,429 2,765 2,776 3,160 0.59 0.67
10.0a 672 2,189 1,001 3,263 0.74 2.40
1.42 1,492 2,375 2,160 3,468 1.20 1.91
8.3a | 359 1,818 797 4,038 0.59 2.97
1.43 2,411 2,779 2,878 3,317 0.89 1.02
8.02 381 2,248 556 3,281 0.15 0.91
2.3b 2,759 c 3,879 c 0.46 c
1.6b 1,476 c 667 c 0.95 c
9.2b 299 c 126 c 0.20 c
1.3b 1,814 2,774 1,281 1,960 0.80 1.22
8.0b 412 2,068 358 1,798 0.20 0.99
2.3b 817 c 1,022 c 0.65 c
1.8b __420 c 769 c 0.28 c
AVG. 1,3334 2,325d 1,672 3,132 0.70 1.60

4Reference 25.
breference 26.

CNot Available.
dMethane is 101 g/HP/hr or 177 1b/103 gal and NMVOC is 1232 g/HP/hr or

2148 1b/103 gal as derived from Table 9-06-021B, Reference 3.

Pollutant
Conversions CHy NMVOC CO NO,
g/kw/hr 135 1652 2242| 0.94
1/103HP/hr 223 2717 3688| 1.54
g/1 21.2 257 375] 0.19




TABLE C-3

PLEASURE CRAFT EMISSION.FACTORS
Greater than 10 percent but less than or equal to 50 percent of load

Value vOC co NO,,

(% Load)|(g/HP/hr)|(1b/103 gal)|(g/HP/hr)|(1b/10° gal)|(g/HP/hr)|(Tb/10° gal)
18.8a 283 1,501 632 3,357 0.80 4.25
43.52 186 1,637 337 2,965 0.75 6.57
27.32 319 1,846 587 3,392 0.73 4.24
22.6a 196 1,716 509 4,450 0.44 3.87
46.02 115 1,471 358 4,580 0.43 5.49
20.0a 163 1,692 373 3,871 0.25 2.51
44.9a 93.5 1,503 172 2,776 0.66 10.6
36.3b 339 c 551 c 0.47 c
25.3b 137 c 82.2 c 0.15 c
22.0b 244 2,511 286 2,946 0.16 1.67
45.1b 120 2,135 238 4,214 0.14 2.53
13.2b 180 c 133 c 0.32 c
36.3b 74.1 c 121 c 0.43 c
10.1b 185 c 111 c 0.21 c
27.9P 67.3 c 112 0.34 c
AVG. 180.14 1,7794 307 3,616 0.42 4.6

‘iReference 25.
bRreference 26.
CNot available.
d13.7 g/HP/hr or 135 1b/103 gal methane and 166 g/HP/hr or 1644 1b/103 gal
nonmethane VOC as derived from Table 9-06-021B,

Reference 3.

[ Pollutant
Conversions CHy NMVOC coO NO5
g/Xw/hr 18.4 223 412 0.563
1b/103HP/hr 30.2 366 677 0.926
g/l 16.2 197 433 0.551




TABLE C-4

GASOLINE POWERED INBOARD PLEASURE CRAFT EMISSION FACTORS
Greater than 50 percent but less than or equal 100 percent of load

Value VOC co NO,.

(% Load)| (g/HP/hr) [(1b/103 gal)|(g/HP/hr)[(1b/103 gal)|(g/EP/hr)]|(Ib/103 gal)
68.3a 211 2,282 256 2,764 2.01 21.7
56.2a 152 1,505 316 3,128 0.71 7.03
83.22 109 1,332 294 3,598 0.86 10.6
8l.la 101 1,510 328 4,882 0.34 5.09
70.23 102 1,697 135 2,246 1.83 30.4
82.24 119 1,869 167 2,627 1.53 24.0
74.5b 156 c 204 c 0.50 c
51.9b 80 c 147 c 0.13 c
90.7P 55.2 c 113 c 0.20 c
78.8b 55.3 1,263 172 3,933 0.20 4.47
74.5b 65.4 c 193 c 0.37 c
57.2b 63.3 c _201 c 0.24 c

AVG. 106 1,637 211 3,311 0.74 14.8
(8.1/97.9)4]|(124/1513)4

aReference 25.
breference 26.
CNot available.
dMethane/nonmethane VOC splits derived from Table 9-06-02B, Reference 3.

| Pollutant |
Conversions CHg NMVOC Co NOx
g/Kw/hr 10.9 131 283 0.99
1b/103HP/hr 17.9 216 465 1.63
g/l 14.9 181 397 1.77




TABLE

C-5

GASOLINE POWERED INBOARD PLEASURE.CRAFT EMISSION FACTORS
100 percent of load2

Engine Size voC co NO,
(HP)R (g/HP/hr) (g/HP/hr) (g/HP/hr)
50 93 153 c
65 69.2 143 0.42
70 52.9 180 0.30
40 62.5 156 0.48
40 51.3 105 0.52
AVG. 65.8 147.4 0.43
(5.0/60.8)4
@Reference 25.
brests conducted for five different engines.
CNot available.
Pollutant
Conversions CHy NMVOC co NO,
g/Kw/hr 6.7 81.5 198 0.58
1b/103HP/hr 11.0 134 325 0.95




APPENDIX D

EMISSION DATA SUMMARIES FROM REFERENCED DATA SOURCES

NOTE: Pollutant concentration, emissions and table numbers are
expressed in terms as reported in the referenced document.
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l. American MAN Heavy Fuel Fired Diesel Engine Data

References 9 and 10

D-2



AMERICAN MAN 1978 DIESEL ENGINE DATA2

Engine Fuel Sulfur
Classification Full Load Content Load S09 NO ASH NO,. CcO HC Consumption
(%) (%) gm/KW/hr (kg/KW/hr)
14v 52/55A 10850 Kw 2.16 100 8.5 - 0.8 7.129 .698 .913 0.196
(four stroke) (14770 HP)
KSz 70/125B 1520 KW/cyl 2.16 100 9.2 7.44 - - 2.28 0.72
(two stroke) (2065 HP/cyl) 1.0 100 4.3 7.44
4-10 cyl
KSZ 78/155B 1960 KW/cyl 2.5 85 11.1 7.7 - - 1.7 0.6
(2665 HP/cyl) 4.0 85 17.7 7.7 - - 1.7 0.6
(6 + 8 cyl) 2.5 60 11.2 7.9 - - 1.2 0.6
4.0 60 17.9 7.9 - - 1.2 0.6
KSzZ 78/155BL 1960 KW/cyl 2.5 85 11.2 7.6 - - 3.5 0.7
(2665 HP/cyl) 4.0 85 17.8 7.6 - - 3.5 0.7
(6 + 8 cyl 2.5 60 11.2 7.8 - - 2.5 0.7
4.0 60 18.0 7.8 - - 2.5 0.7
KSZ 90/160B 2700 KW/cyl 2.5 85 10.9 8.8 - - 1.5 0.3
3680 HP/cyl 4.0 85 17.5 8.8 - - 1.5 0.3
8 cyl 2.5 60 11.0 8.9 - - 1.4 0.3
4.0 60 17.7 8.9 - - 1.4 0.3
KSz 90/160BL| 2700 KW/cyl 2.5 85 11.1 8.8 - - 1.6 '0.2
3680 HP/cyl 4.0 85 17.7 8.8 - - 1.6 0.2
8 cyl 2.5 60 11.2 8.9 - - 1.4 6.3
4.0 60 17.9 8.9 - - 1.4 0.3

dReference 10 (information originally provided in an Appendix to Reference 9).




AMERICAN MAN FOUR STROKE DIESEL ENGINE DATA

(Current Production as of March 1983)2

Rate Exhaust Fuel Consumption

Engine Capacity HC NO_ Cco Load }(Gas Mass L Engine V Engine

Fuel Type |Classifcation Kw/cyl ppm ppm Ppm % Kg/KW/hr g/KW/hr g/Xw/hr
Heavy FuelP L and V 20/27¢€ 100 120 600 180 100 7.4 212 210
Heavy Fuelb L and V 25/309 220 300 1160 200 100 7.6 204 203
Heavy Fuel? L and V 32/36% 370 120 760 300 100 8.4 198 195
Heavy FuelP L and V 40/45¢€ 550 150 890 110 100 8.4 192 188
Heavy FuelP L and V 52/55€ 775 290 1160 100 100 8.3 190 186

areference 10.

bHeating value (lower) = 42700 KJ/kg.

CL engine configuration
V engine configuration
dr, engine configuration
V engine configuration
€L engine configuration

consists
consists
consists
consists
consists

of 4-9 cylinder engines.

of 12,

of 6, 8 and 9 cylinder engines.
16 and 18 cylinder engines.
of 6-9 cylinder engines.

of 12,

14, 16 and 18 cylinder engines.

fExhaust gas density estimated to be 1.2240 kg/m3 at 60°F an 1 atm. (std. conditions).
(This value obtained from measurement on a 14 cylinder V 52/55 engine is considered representative of
exhaust densities from the engine classifications).




2. Fairbanks-Morse Diesel Engine Emission Data?

Reference 8

NOTE: These data were excluded from the data base due to a C rating

which cannot be averaged with the A and B rated data



Below is listed the anticipated exhaust emissions with engines burning

#2 diesel fuel.

DIESEL ENGINE EXHAUST EMISSION DATAZ

Fairbanks-Morse Engine Division

Colt-Pielstick, 520 RPM, 650 HP/cylinderP (four stroke)

NO4

Co

HC

509
Particulates

9.0
.8
.2
.9
.1

g/BHP/hr
g/BHP/hr
g/BHP/hr
g/BHP/hr
g/BHP/hr

Fairbanks-Morse 38TD8-1/8, 900 RPM, 320 HP/cylinder® (two stroke)

NOx

CO

HC

502
Particulates

8.0
1.0

3
1.0
2

g/BHP/hr
g/BHP/hr
g/BHP /hr
g/BHP/hr
g/BHP/hr

Fairbanks-Morse 38D8-1/8, 900 RPM, 180 HP/cylinderd (two stroke)

NO,

Cco

HC

309
Particulates

17.0
.8
.3

1.1
.2

g/BHP/hr
g/BHP /hr
g/BHP /hr
g/BHP/hr
g/BHP/hr

4Data provided are average results over the engine classification range.
bThis engine classification consists of 14, 16 and 18 cylinder engines.
CThis engine classification consists of 6, 9, and 12 cylinder engines.
dThis engine classification consists of 4, 5, 6, 8, 10, and 12 cylinder

engines.




3. Caterpillar Tractor Company Industrial Diesel Engine
(four stroke) Emission Data at Full Load (100%)

Reference 7



CATERPILIAR TRACTOR COMPANY INDUSTRIAL DIESEL ENGINE
{ four stroke)

EMISSION DATA AT FULL LOAD (100%)

100%
Rating at gal/hr g/hr Pollutant
Sales Model| HP or RPM | in fuel HC co NO, | SO, DPME

D348 670 | 1800 35.1
D348 850 | 2000 45.7 60 | 1000 | 5200 | 570 80
D379 500 | 1225 28.6
D379 540 | 1300 31.3
D379 550 | 1225 31.3 55 746 | 3601 | 404 55
D379 545 | 1225 31.2 '
3304 140 | 1800 8.3 14 171 818 | 102 28
3304 165 | 2200 10.4 15 200 950 | 130 45
3304 125 | 2000 7.7 15 145 646 94 22
3304 90 | 2100 15 90 421 73 10
3304 100 | 2200 6.2 10 100 375 85 10
3304 85 | 2000 5.1 8 100 347 65 10
3306 195 | 2200 20 90 960 | 146 25
3306 270 | 2200 15.6 19 191 | 1208 | 196 17
3306 250 | 2200 13.7 15 80 | 1500 | 190 30
3306 150 | 2200 20 125 530 | 120 10
3306 180 | 2200 20 90 900 | 137 6
3306 198 | 1950 20 90 | 1290 | 150 25
3306 225 | 2200 16 82 | 1380 | 165 27
3306 165 | 2200 20 90 960 | 146 25
D348 900 | 2000 65 | 1100 | 5500 | 610 | 110
D398 825 | 1200 45,7 50 675 | 5980 | 600 43
D398 912 | 1200 50 730 | 6400 | 640 55
D379 570 | 1200 55 692 | 3694 | 412 54
D379 600 | 1200 55 758 | 3870 | 435 57
3208 120 | 2800 60 200 980 96 42
3208 130 | 2800 60 190 | 1070 | 102 38
D399 1215 | 1200 50 480 | 6100 | 850 | 160
3208 210 | 2800 11.5 10 | 1100 | 1370 | 150 | 175
3406 325 | 2100 17.4 70 460 | 2828 | 224 | 134
3406 285 | 2100 30 220 | 1683 | 209 32
3408 365 | 1800 19.9 60 550 | 2790 | 240 | 133
3408 475 | 2100 27.1 80 750 | 2447 | 317 | 170
3408 410 | 2100 40 620 | 3000 | 300 30
3408 450 | 2100 40 250 | 2279 | 330 83
3412 575 | 1800 60 680 | 3790 | 380 | 186

AppM = dry particulate matter




4. Cummins Engine Company Diesel Engine Data

Reference 11



DIESEL ENGINE EMISSION DATA CUMMINS ENGINE COMPANY?2

Emissions NO, HC co Air Fuel Rate
(g/HP/hr) {1b/hr) (1b/hr)
- Engine Model VT-255 (555 cu. in.)
Rated HP 225 @ 3000 RPM
100% Power 8.51 0.17 1.75 2415 92.7
75% Power 7.10 0.24 1.77 2203 70.5
50% Power 5.96 0.40 2,36 2061 53.8
25% Power 5.58 1.05 4.08 1861 36.5
2% Power 37.60 40.00 70.60 1770 21.5
Engine Model VT-350 (903 cu. in.)
Rated HP 340 @ 2400 RPM
100% Power 9.74 - 0.21 1.58 3400 131
75% Power 7.04 0.27 0.89 3163 100
50% Power 5.20- 0.47 1.06 2969 75
25% Power 3.82 1.14 2.13 2764 50
2% Power 12.29 29.70 38.00 2616 29
Engine Model NTC-290 (855 cu. in.)
_Rated HP 290 @ 1900 RPM
100% Power 11.50 , 0.14 0.99 2979 112.9
75% Power 9.51 - 0.14 0.73 2585 87.4
50% Power 7.63 0.22 0.9 2370 62.8
25% Power 5.77 0.43 1.33 201° 39.4
2% Power 30.90 5.02 24.60 1854 18.7
Engine Model NTC-400 (855 cu. in.)
Rated HP 400 @ 1900 RPM
100% Power 10.70 0.20 1.00 3845 142.2
75% Power 9.23 0.17 0.58 3308 106.9
50% Power 7.57 0.21 0.57 2776 75.0
25% Power 6.42 0.43 0.86 2245 43.2
2% Power 37.30 28.10 20.20 1925 15.7




(Continued) DIESEL ENGINE EMISSION DATA CUMMINS ENGINE COMPANY2

Emissions NOy HC co Air Fuel Rate
(g/HP/hr) (1b/hr) (1b/hr)

Engine Model XT-450 (1150 cu. in.)
Rated HP 450 @ 2100 RPM

100% Power 11.14 0.15 0.78 4357 171.2
75% Power 8.57 0.25 0.68 3885 132.9
50% Power 6.12 0.30 0.83 3395 96.7
25% Power 4.63 0.39 1.49 2949 62.1

2% Power 10.02 10.90 19.19 2538 31.8

Engine Model KTA-600
Rated HP 600 @ 2100 RPM

100% Power 11.62 0.14 0.79 5694 215.2
75% Power 9.19 0.14 0.36 5131 163.7
50% Power 6.73 0.21 0.42 4360 117.8
25% Power 5.31 0.33 0.60 3497 72.5

2% Power 2.94 8.34 7.36 2728 30.0

aThe above emission data (Reference 4) are current (as of March 1983)
EPA certification data of automotive diesel engines. Marine engines
are not emission tested. The manufacturer, however, stated that these
data "provide a close estimate of the emissions expected from marine
engines”.



5. Detroit Diesel Allison Division of General Motors

Reference 12



ENGINE TYPE:

12V-149TI PROPULSION UNIT

COMPUTED DATA

Date: 3/22/74
RPM Load BHP BSFC F/C PPM PPM BOSH Air Flow A/F GM/HR % GM/HR %
% (1b/BHP~hr) NO CcO CFM Mass NO NO CO cO
1900 100 1150 .397 183.3 1133 889 1.4 3903 266 34.9 8734 20 6397 32
1900 75 862 .401 138.9 1089 316 .7 3420 233 40.4 7334 17 1985 10
1900 50 575 .423 97.6 854 74 .4 3035 207 51.0 5077 12 409 2
1900 25 287 .533 61.4 478 42 .3 2687 183 71.8 2502 6 203 1
1900 2 0 186.1 27.0 134 126 .3 2297 159 142 605 1 533 3
1600 100 1018 .393 190.7 1042 1300 1.6 3175 216 32.4 6541 15 7610 38
1600 75 749 .382 136.6 1112 319 .7 2679 182 38.2 5866 14 1570 8
1600 50 509 .396 96.1 901 82 .4 2324 158 47.0 4102 9 349 2
1600 25 255 .494 60.0 507 73 .3 2084 142 67.6 2059 5 275 1
1600 2 0 157.2 22.8 106 150 o2 1858 128 160 383 1 508 3
650 0 0 95.5 13.9 89 165 .2 155 11 64 27 0 47 1




ENGINE TYPE: 8V-71T PRIME POWER GENERATOR SET
COMPUTED DATA

Date: 9/9/80

RPM Load BHP BSFC F/C PPM PPM BOSH Air Flow A/F GM/HR % GM/HR %
% {(1b/BHP-hr) NO co CFM Mass NO NO co co
1800 100 310 0.381 73.6 1220 702 0.3 82.8 1178 42.1 2918 22 1566 27
1800 75 232 0.389 56.3 1018 113 0.2 70.8 1008 47.1 2077 16 215 4
1800 50 155 0.420 40.6 696 102 0.2 61.9 880 57.0 1236 9 170 3
1800 25 77.0 0.519 24.9 386 92 0.1 57.2 814 85.9 630 5 140 2
1800 10 31.5 0.660 13.0 197 139 0.1 52.7 849 152 295 2 194 3
1500 100 269 0.380 76.5 1245 1561 0.9 62.5 889 36.7 2252 17 2635 45
1500 75 202 0.384 58.0 1150 225 0.6 56.2 799 43.4 1863 14 339 6
1500 50 135 0.405 40.9 757 113 6.4 49. 1 699 53.9 1068 8 148 3
1500 25 67.0 0.483 24.2 396 137 0.1 44.2 629 81.9 500 4 162 3
1500 8 22.7 0.590 10.0 177 163 0.1 41.0 584 184 206 2 177 3




ENGINE TYPE: 8V-71TI PROPULSION UNIT

COMPUTED DATA

_Date: 1/27/77 .
RPM Load BHP BSFC F/C PPM PPM BOSH Air Flow A/F GM/HR % GM/HR %
% (1b/BHP-hr) NO co CFM Mass NO NO Cco co
2100 100 428 .392 90.1 1144 967 .6 88.8 1257 31.8 2955 23 2331 18
2100 75 321 .392 67.7 1070 209 .3 78.3 1108 37.4 2425 19 411 3
2100 50 214 .412 47.5 712 139 .2 70.8 1002 48.2 1451 11 265 2
2100 25 107 .508 29.2 396 150 .1 64.7 916 71.6 733 6 258 2
2100 2 25 1.21 16.4 285 205 .1 60.5 856 119 318 2 329 3
1500 100 310 .418 97.6 884 4758 2.3 57.9 819 26.8 1497 12 7513 58
1500 75 233 .388 67.9 1071 597 .7 49.6 702 33.0 1545 12 803 6
1500 50 155 .396 46.2 731 202 .2 46.0 652 45.1 970 8 250 2
1500 25 77 .468 26.9 460 225 .1 42.9 607 72.2 564 4 257 2
1500 2 23 .85 14.5 165 367 .2 41.5 588 130 195 2 404 3




ENGINE TYPE: 8V-71TI PROPULSION UNIT

COMPUTED DATA

Date: 1/26/77

RPM Load BHP BSFC F/C PPM PPM BOSH Air Flow A/F GM/HR % GM/HR L

% (1b/BHP~hr) NO CO CFM Mass NO NO CcO CO
2300 100 451 .395 87.6 1160 512 .4 102 1447 34.4 3442 22 1418 16
2300 75 316 .404 63.1 970 173 .2 89.3 1263 42.0 2500 16 415 5
2300 50 226 .430 47.8 694 151 2 81.9 1159 50.6 1633 1 332 4
2300 25 a0 .608 27.0 326 148 o2 71.7 1014 78.3 666 4 283 3
2300 2 26 1.39 17.7 178 178 o2 68.4 968 114 347 2 322 4
1800 100 378 .394 93.4 1122 2241 1.0 72.1 1081 29.0 2360 15 4396 50
1800 75 284 .381 68.0 1047 296 .3 64.4 912 35.7 1954 13 516 6
1800 50 190 .397 47.2 730 161 .1 58.3 825 46.5 1227 - 8 252 3
1800 25 95 .473 28.1 434 182 .1 54.9 777 73.4 681 4 266 3
1800 2 21 1.11 14.6 261 280 .1 50.6 716 131 375 2 376 4




ENGINE TYPE: 8V-71T GENERATOR SET

COMPUTED DATA

Date: 11/1/76 !
RPM Load BHP BSFC F/C PPM PPM BOSH Air Flow A/F GM/HR % GM/HR %
% (1b/BHP-hr) NO CcO CFM Mass NO NO CO CO
1800 100 408 .386 99.4 1653 892 .1 92.7 1320 35.4 4447 24 2238 20
1800 75 305 .384 74.0 1439 219 .1 80.2 1142 41.0 3334 18 474 4
1800 50 204 .399 51.4 967 123 .1 66.7 949 49.2 1856 10 221 2
1800 25 102 477 30.7 517 134 .1 57.9 824 71.8 856 5 206 2
1800 2 14 1.59 14.4 194 158 .1 52.5 751 138 289 2 219 2
1500 100 340 .405 104.5 1254 3132 .4 72.4 1030 31.5 2642 14 6154 56
1500 75 254 .384 73.6 1367 414 2 60.6 862 37.3 2399 i3 677 6
1500 50 169 .392 50.2 986 156 .2 52.6 749 47.7 1494 8 220 2
1500 25 85 .456 29.2 561 156 .1 46.3 659 72.0 744 4 193 2
1500 2 9 1.74 12.0 188 224 .0 40.9 585 151 218 1 242 2




ENGINE TYPE: 12V-71T PRIME POWER GENERATOR SET
COMPUTED DATA

Date: 9/9/80

RPM Load BHP BSFC F/C PPM PPM BOSH Air Flow A/F GM/HR % GM/HR %
% (1b/BHP-hr) NO co ' CFM Mass NO NO co co
1800 100 480 0.375 74.9 1342 720 0.3 119 1689 39.6 4606 23 2305 26
1800 75 360 0.368 57.0 958 101 0.2 107 1529 48.7 2962 15 291 3
1800 50 240 0.405 40.4 617 97 0.2 96.9 1379 59.8 1713 9 251 2
1800 25 120 0.510 25.4 297 93 0.1 87.8 1248 86.0 745 4 217 2
1800 4 20.3 0.650 13.0 187 95 0.1 79.0 1124 359 417 2 197 2
1500 100 420 0.372 78.0 1264 1596 0.9 96.9 1379 37.2 3546 18 4178 47
1500 75 315 0.371 58.3 1159 201 0.6 85.3 1214 43.8 2853 14 461 5
1500 50 210 0.386 40.5 796 152 0.4 74.8 1064 55.4 1709 9 305 3
1500 25 105 0.468 24.5 455 123 0.1 68.8 979 84.1 895 4 225 3
1500 3 12.0 0.595 10.0 246 168 0.1 61.5 874 516 428 2 272 3




ENGINE TYPE: 16V-71T PRIME POWER GENERATOR SET
COMPUTED DATA

Date: 9/9/80

RPM Load BHP BSFC F/C PPM PPM BOSH Air Flow A/F GM/HR % GM/HR %
% {1b/BHP-hr) NO co CFM Mass NO NO CO co
1800 100 600 0.381 71.3 1199 513 0.3 167 2378 43.9 5780 23 2306 24
1800 75 450 0.391 54.9 888 101 0.2 140 1997 47.9 3590 14 380 4
1800 50 300 0.424 39.7 577 97 0.2 123 1748 57.9 2032 8 318 3
1800 25 150 0.525 24.6 277 93 0.1 114 1618 86.7 900 4 281 3
1800 5 28.0 0.660 13.0 177 95 0.1 105 1498 342 526 2 263 3
1500 100 522 0.380 74.2 1303 1200 0.9 130 1848 39.3 4892 19 4204 44
1500 75 391 0.385 56.3 1160 201 0.6 110 1558 43.7 3664 14 592 6
1500 50 261 0.407 39.8 796 147 0.4. 96.8 1378 54.7 2215 9 382 4
1500 25 130 0.487 23.7 455 123 0.1 87.0 1238 82.5 1131 4 285 3
1500 3 16.0 0.599 10.0 245 168 0.1 82.2 1169 514 570 2 363 4




6. Scott Environmental Technology Oil Tanker Emission Testing Data

Reference 9



Fuel Boller
Test | Fuel DT Load | S0, 0, Co, HC | NO, co Cons. | Ratingd
Date Type Powerplant Rated HP Mode .4 ppm 3 4 ppn | ppm ppa gal/hr | MMBTU/hr
9/6/78 |No. 6 |Turbine (elec)| 7,000 | 27,000|0ffloading 26.7(562.6 8.8 9.3 3.1 | 304 1.0 294 -
10/4/78 [No. 6 |Steam Turbine [18,000 { 70,000|0ffloading 41.71747.8 5.25 {12.7 2.3 | 188 63P 1265-554 163.8
11/8/78 |{No. 6 |Steam Turbine {18,000 | 70,000|0ffloading 28.9(963 16.5 - 23 80 728 318 163.8
11/8/78 |[No. 6 |Steam Turbine |[18,000 | 70,000|Harbor Standby| 14.9 - 14.9 - 21 a3 699 164 163.8
11/8/78 |No. 6 |Steam Turbine |18,000 | 70,000|Harbor Standby] 15.8 - 16.1 - 22 81 681 174 163.8
11/8/78 [No. 6 |Steam Turbine 18,000 | 70,000 |Harbor Transit| 37.5 - 13.5 - 15.1 | 115.4} 491 413 163.8
11/8/78 [No. 6 |Steam Turbine {18,000 { 70,000|Sealane Trans.| 59.9 - 6.6 - 3 227.5| 96.8 660 163.8
11/9/78 |No. 6 [Steag Turbine 18,000 | 70,000 Full 102.6)809 ° 4.4 - 1.4 | 227.5{ 156.6 | 1130 163.8
11/9/78 |No. 6 |Steam Turbine |[18,000 | 70,000 Full 105.8(809 4.5 - 0.7 | 267.6} 279 1164 163.8
11/9/78 No. 6 [Steam Turbine {18,000 | 70,000 Full 100}809 4.5 - 1.1 | 260.6] 337.2 | 1101 163.8
11/9/78 |No. 6 ]Steam Turbine [18,000 | 70,000|Reduced Power 91.5(796 4.2 - 2.5 | 257.4) 759.6 | 1007 163.8
11/9/78 |No. 6 |Steam Turbine |18,000 | 70,000|Reduced Power 89.6|796 5.3 ~ 0.9 | 253 65.7 986 163.8
11/9/78 |{No. 6 |Steam Turbine |18,000 | 70,000|Sealane Trans.| 74.6 - 7.9 - 3.5 | 214.4] 114.5 821 163.8
11/10/78|No. 6 {Steam Turbine [18,000 | 70,000|Transit 54.8|726 10.2 - 14.8 | 175.5] 373.1 603 163.8
10/7/78 [No. 6 |Steam Turbine |26,000 [120,000{0ffloading 48.6(706.3 4.8 |[13.5 2.5 | 194 5.3 j441-630€ -
Footnotes

8Reference 9.

PInstrument interference.

€Fuel consumption averaged used for calculation.
dpoiler ratings based on fuel value of 18,408 BTU/1b, fuel density of 8.1 lb/gall9 and a rated boiler fuel

consumption of 106.8 tons/day.




6. NOy Monitoring of an 0il Tanker
Scott Envirommental Techmology

Data table was taken from Reference 17.

Testing was conducted on the British
Renown 0il Tanker during offloading.

The tanker has two oil fired boilers that
are designed for a max. evaporation of
141,000 1bs/hr.

Tests were conducted December 3, 1976.



7. NOx Monitoring of an 0Oil Tanker
Scott Environmental Technology

Data table was taken from Reference 18.

Testing was conducted on the British
Renown 0il Tanker during offloading.

The tanker has two o0il fired boilers that
are designed for a max. evaporation of
141,000 1bs/hr.

Tests were conducted December 3, 19276.

The NO, concentrations (in ppm) are
uncorrected.



TABLE 1 E
AVERAGE mx CONCENTRATIONS BY CHEMILIMINESCENCE ANALYZER

T Time | Misutes Av;;;ge Av;;;ge Av-‘;‘“
- Bagin | End Data NOx 1b/bb1. 02 Notes
1700 | 1730 15 231.5 3.21 7.6 Scott-Converter Bypass
1710-1715
1730 | 1830 2 260.5 | 3.33 7.6
1830 | 1915 5 237 3.0 8.3 Scott-Instrument Drift
) and Filter Leak '
1915 | 2000 [ 30 248.5 | 3.18 8.3
2000 | 2036 [} - - 10.0 Scott-Ingtrument Drifc
' and Filter Leak
2036 | 2100 18 254 2.68 10.0 Scott=Probe Span Chk.
@ 2000
2100 | 2200 50 243 2.56 10.0 Ship-Blower Changes
2200 | 2232 26 232 2.55 9.6
2232 | 2314 36 56 0.61 9.6 Ship~Air/Fuel Change
4dn Boiler
2314 | 2400 42 183 2.01 9.6
26400 | 0100 52 165.5 1.%9 11.0
0100 | 0200 54 191 1.83 11.0 .
0200 | 0300 a8 157 1.59 10.4 | Ship~Changing Pumps/
Scott-Filter Change
0300 { 0405 34 71.68| 0.73 10.4 .| Scott-Moisture in Lines
Chg. Condenser
0405 | 0440 25 107 1.28 8.8 | Ship-0y Alarm, Fans
Shut Off @ 0440
0440 | 0500 18 202 2.42 8.8
0500 | 0520 18 205 - 2.45 8.8
0520 | 0600 30 122 1.46 8.8 Ship-Fans on @ 0520
0600 | 0636 32 139 1.44 10.2 | ship~Chg. Reading
0636 0700 2% 229 2.37 10.2
0700 | 0800 56 190 1.96 10.2 Ship-Chg. to 2 Pumps
. on Balast 8 0718
0800 | 0900 54 201 .12 10.0 Scott-Conv. out 0810-
0825
0900 | 1000 56 208.5 2.20 10.0
1000 { 1100 57 214 2,15 10.5 -
1100 | 1200 L 208 2.09 10.5
1200 | 1300 42 211 2.12 . 10.5 Scott-Pen Malfunction,
Converter bypass 1206-
‘ 1240
1300 | 1600 56 246 2.47 10.5
1400 | 1500 48 251 2.50 10.6
1500 | 1600 58 296 2.94 10.6
1600 {1620 8 153 1.65 9.8 Ship-Concentration
Dropping, Fans Off
1620 {1700 40 69 0.74 9.8 .
1700 " | 1800 56 66 0.70 10.0 Ship-One Small Pump
Operating
1800 | 1840 30 61 0.64 10.0 Scott-Instrument
Sensitivity Increased
1840 {1900 20 43 0.45 10.0 Ship-Hotelling Started
1840.
1900 |[1920 16 45 0.55 8.7 .
1920 | 1943 12 124 1.50 8.7° |Ship-Fans Turned on @
. 1920/Scott Probe Chk.
1940




TABLE 3. BOILER FIRING RATE, % CO, and O

2 2
Start - Stop f§§i7§~§§§§> - % €0, % 0,
1800 2000 89.0 8.3 -
2000 _ 2200 87.7 . 10 ' 7.0
2200 2400 . 88.4 9.6 7.3
2400 , 0200 86.5 11 6.2
0200 0400 . ' 75.1 10.4 6.1
0400 0600 73.5 8.8 6.2
0600 | 0800 75.9 10.2 6.4
0800 1000 | 74.4 10.0 7.5
1000 1200 78.5 10.5 7.5
1200 1400 77.1 10.5 7.0
1400 1600 76.2 10.6 6.4
1600 11700 43.8 9.8 - 6.2
1700 1900 , 30.0 10.0 6.5
1900 2000 27.0 8.7 7.5
*Stopped purging at 0630 - Took on ballast 8.24 Ave. 6.75 Ave.

Note: CO analysis was negligible at each of these sample times



Ultimate Analysis

Carbon, %
Hydrogen, %
Nitrogen, %

Sulfur, %
Oxygen, %
Ash, %

Ash Analysis
Na - 70 ppm
V - 70 ppm
Ni - 8 ppm
Fe = 3 ppm
Ca - 2 ppm
ug - 2
Si - 1
Al - 1
As - 1

Physical Analysis

API1 grgvity
Pour, F
Flash P.M.,

Carbon, Residue, Ramsbottom

B.S&W

BTU content, BTU/#
Viscosity, SUS @

Distillation
See page 15

BRITISH RENOWN - NOy STACK TEST-

(o]

F

TABLE 4
FUEL ANALYSIS

84.40
11.48
0.29
2.56
0.40
0.03

Minors(.1l .9 ppm)
Zn = .7
Pb - .4
Co - .4
Ba - .3
Mn - .3
Cu - .2
Mo - .2
P - .15
Sn - .1
i - .1
w -.1
Cr - .1
15.9
30
182
4,723
0.8
18,450o
100°F

2200

Trace(<.l ppm)
Ag
Be
Cd
Se
B

210°F
110



Emission Testing Data for Fourteen U.S. Coast Guard

Cutter Vessels [13 Diesel Engine'Powered, One (USCG

Campbell) Steam Powered]

Reference 13

Notes Per Vessel:

10.

11.

12,

13.

14.

USCGC
USCGC
UscecC
UscGC
UsSCGC
UsCGC

USCGC

Vankton Tests Conducted 6/28, 6/29 and 7/8/72
Convslip Tests Conducted 7/10-7/12/72
Campbell - Data not used - % load unknown
Active Tests Conducted 8/3-8/4/72

Relief Test Conducted 8/8/72

40538 Tests Conducted 8/11 and 8/14/72

White Heath Tests Conducted 8/16, 8/17, and

9/18/72

USCGC

USCGC

UsCGcC

USCGC

UsSCGC

USCGC

UsCGC

Chase Tests Conducted 8/23, 8/24 and 10/31/72
Spar Tests Conduct;d 8/29-8/31/72

Cape Horn Test Conducted 9/6/72

Point Jackson Tests Conducted 9/11-9/12/72
Shackle Tests Conducted 9/14-9/15/72

Decisive Tests Conducted 10/3-10/4/72

Boat 44318 Test Conducted 10/12/72



SCOTY RESEARCH LS8ORATORIES
QASELINE STACK EMISSICN JATa « COAST GUARD VESSELS

vESSEL NAME 3 USCGC YANKTON
VESSEL TYPE & CLASS : wyTM™ - 1184

PONERPLANT OESCRIPTION 0aTa FOR 3aMPLEQ VESSEL ¢

SAL 1392<#18-937)

PAGE

VESSEL REG # ¢t 72

TOT.ENG. TSMOW

OATE 23,98/73
vESSEL #

3
13

CO0E POWERPLANT OESCRIPTION £NG6.MOOEL ENGe MFGR, SERIAL » . TIME-nRS mnS$ RATED QurPuT
81 S0ILER 792348 NAY=wllpF a
31 ST80 3S GENERATOR 6912 GENERAL MQTORS GA=37168 18418 182% 82 v a
G2  PORT S$S GENERATOR 6911 GENERAL MOTQRS GA-=17183 16857 3631 52 Ke @
M1 STBO maln DIESEL ENG TveE § INGERSOL Y ~RAND 4306 22018 5919 s30 n® 3 729 AP
2 PORT MAIN OIESEL ENG TYPE S INGER 3O L =RAND 4337 22993 6991 639 m# 3 720 RPm
£emaysT SMISSIAN JaTa Qv 4 waSS AASTS ¢
- FUgL s/ 1908 o FU
ENG wQ0€  ENG SwAFT PROA 1P0R0X, RAlZ e ' €L o N * / mQUR
. apm .ﬂn- PITCh  LOAD s/mR co e “3x SOX SMOXE  PART co TrC NOX 50x
3120 % 183 12 <w 18.12 31.15 3.5
Gl 48 % 1168 L2 13.32 37.56 5ed
G2 0% 1260 [ L] "69.411 184430 2451 add
52 35 % 1228 18 Xw 33.4d 121435 61363 oS
32353 1230 17 % 3.38 126485 <).a1 o3
62 «3 ¥ 1238 23 xw ] 27432 106.36 35.33 [9%:1
¥l CAUISE sde 223, ' 7.37  5.18  65.49
w1 CRYISE  §50 235 73 il o o )
w2 CRUISE  Sé8 229 6.33 S.20 53478 (3%
SCOTT RESEARCH LABORATORIES SRL 1392~¢16-4373 *OATE 33/9%/73
BASELINE STACK EMISSION DATA = COAST GUARD VESSELS VESSEL s @ 2
PAGE 1
VESSEL NAME : USCOC COwSLIP VESSEL REG » : 277
VESSEL TYPE & CLASS 1t wid - 1884
POWERPLANT QESCRIPTION 0aTa FOR SamdLgn VESSEL @
TOT.ENG, TSMON
EOEE POWERPLANT QESCRIPTION ENG.#00EL ENGe MFGR, SERIAL 8 TIME=HRS “mRS RaTED OuTAYT
81 B0ILER FAM=64038nM] VAPOR CLARKSON 1292% 125d0¢ 449930 B8TU 3
Gt STBO 33 GENERATOR 571 GENERAL MOTORS 6=71<146=-983 40231 <388 19 @ 3
G2  PORT SS GENERATOR [ 2341 GENERAL NOTORS 3=71=144-913 78638  laas 190 W D
M1 STHO ™alm QlESEL ENGINE GND=3 COOPER-AESSENER 1894 17679 2949 6 mP P 6de RPM
2  PORT maln OIESEL ENGINE GNO-8 COOPER=-9ESSEMER 1891 37883 2317 6dd NP 8 698 RPw
EXMAUST EVMISSION OaTA ON A wASS SASIS @
FUEL ¢ / Lae8 o SUEL * / =O0UR R
ENG WQODE  ENG  SwaFY  PROP aAPRROX. RalE o . .
N RPN aPw  PITcm LOAD o/mR €0 ™C NOR 50% SMOXE PaRrT co A1 NOX sox
31 NORMAL 2.2 .62 149 2.2 4.5 ] 5 .18
3t 25 % 1240 18 e 29.3 7.87  $9.43 32,38 Ged .16 .21 <85
31 25 % 1242 13 Xw 20.] d.18  63.26 13.32 bod 7 1.23 89
G2 25 3 1298 1o Xw 19.4 13.88 73.78  32.16 bed 27 ledl .51
G2 25 % 1299 16 Xw 1943 13e47 7353 a3 6e5 25 lewd 85
32 2% % 1209 23 Xw 19.3 13475 71.81 19418 &8 .26 1.37 .75
G2 29 %, 1220 20 Xw 19.4 10066 68036 38,465 YY) .29 1.32 73
“l I0LE J28 ) a ne 26.32 Teld  whed?
M OISLE 329 4 PR 20441 1233 1e.81
“t SLQW w32 179 282 WP 10842 3.22 .56 %3058 35 .88 Sesb
4l 3LOw “dd 1483 291 =B 13344 2.9 leisds 52038 31 .l Se37
M1 SLOW «38 169 212 P 12844 2.94 138 5%.33 .32 Y Sede
“t CRULSE 328 298 w72 =P 1aleé sl 1.9 wisbl Sed .75 .27 8.49
“} CRYISE S28 233 57 P 1315 3.3a 2418 wlubl Sed .03 vod 7.51
“l CRUISE  S28 132 44) MR 1816 3.63 1+33  wS.92 .56 -2 3,33
«t CRYLSE saa 181 akl NP 1élede .56 1.33 w3.52 od6 26 3.23
! CRUISE  S33 IS¢ se) MR 131.% lead 1.37 ol e 25 62 28 3.19
Ll CRUISE 532 19 8 nP 13lee Jewd 1.57  45.78 82 W23 3.38
M2 (DLE 20 ] g nP 20036 B.4d aid
“2 [DLE J2e 4 8 nP 23.19 9076  wheS52
“2 SLow “30 128 272 ne 1162 J.22 le96 0053 Sed $37 .23 Tedo
N2 CRUISE S29 192 a72 WP 189.2 4edt 178 =337 .31 .32 3.1S
2 CRUISE  $3e 192 473 P 189.2 J.87 1e786 wo.dl .72 .3 3.3
¥2 CRUISE  S37 196 .89 RP 189.2 3.58 1489 wTl76 .68 .32 F.dae
w2 CAulsSE Sed 194 el P 189.2 3.66 1,87 =9.29 S8 69 32 .31
2 CAUISE S4d 194 nd HP 189.2 3459 1463 6942} .63 31 3.31



SCOTY RESEARCH LABQRATQRIES

NESSEL NAME t ySCGC CAMPBELL
VESSEL TYPE & CLASS 1 *nEC

- 227

SRL 1392-416-9273
JASELINE STACK EMISSION QATA < COAST GUARD VESSELS

POWERPLANT OESCRIPTION OATA FOR SAMPLED VESSEL }

0ATE 23/9%/M)
VESSEL » :

vESSEL REG # t 2

TOT.ENG. TSMOM

PAGE

3
1

COOE  AOWERALANT OESCRIPTION  ENG.MODEL ENGe MFGR. SERIAL 9 TIME-RAS xS AATED QuTRUT
Ml 5TSD MAIN ENG-SP € FTeae6 848CACK & WwILCIX 13858 w2 4
w2  PORT MAIN ENG=SP A FToaed 8A8COCK & «ILCOX 1389 ¢ @
N3 STBD MAIN ENGeSP F Fladed 9ABCOCK & wiLCOX 1588 3
ma  PORT MAIN ENG=SP 8 FTeaes SA8COCK & WILCOX 1589 =@ 2
MS  3TBD NAIN ENG=SP G Fleaes 3ABCOGK & wILCOX 1530 %% 2
Mg  PORT MAIN ENGeSR C Fled=d 9ABCOCK ¢ wllCOX 1580 n@ 3
M7 STED MAIN ENGeSP M FTeacs 9A8COCK § wiLCOX 1550 m@ 3
M8  PORT MAIN ENG=SP O Fleaws 348COCK & WwILCOX 1554 » 9
ZXMAUST EMISSTON OATA ON A MaSS BASIS @
FUEL s /7 19080 » FUEL & / nOUR
&G ook E:s 3:3:7 P:‘;g: ‘tg:g!‘ :::s * ce ™C NOX sox SMOKE PARY <o ™he NOX SOI.
- toLe ] YIS wal S.62 1.4 .28 l.e8
~1 ZRULSE 189 1248.9 o3 16 487 2.5 .52 a1 5.37
1 FULL 229 a2 .79 JA7 e 2.5 .78 AT 18030
w2 IoLE ‘ Sdb,b 1.28 6.32 2.5 .78 3.82
w2 CRYiSE 189 TSN ol 49 Sl 1.5 .58 3 T8
“2 FULL 229 2112.2 .36 33 5.59 3.4 o7 W37 11432
vl toLE ] Y2y w7 Se4S led .28 3429
“) CRULSE 189 129949 .38 18 SelS 3.2 o6 W2 622
“3 FuLL 220 2112.2 2.48 .11 -1 2.5 “ebed 23 18.22
“e [SLE i bibede 1.79 Sel13 1.8 1.28 3.8
we CRUISE 189 161149 s} 235 S.28  23.89 Sed 61 AT Tees 38.e2
ve FULL 22e 2112.2 .80 131 S.79 1.5 1.6% 2.76 12.23
¥s 1DLE ] sd6.o .78 Ses1 1.5 ol 3.39
“§ caylse 19¢ 1205.9 .29 «39  $.98  36.12 3.5 18 .11 Tol2  43.36
“§ PULL 228 2.2 1ed9 32 %87 27,52 2.d 2.1 «d5  18.29  57.92
8 1OLE [ Y TN 1.93 6418 2.3 1.17 3.7
w8 CAUISE 189 telle? le 8 .27 Sed .81 S TR VA
ve FULL 229 2112.2 «31 - ode S.02  28.13 243 +85 38 Lle%6 59442
w7 I1OLE ? LY 798 Y] $.37 2.4 .39 3.25
“? CRUISE 180 128%.9 *.28 W86 Sedd .33 7 681
“7 FULL 229 2112.2 l.gs ST 1 3.3 2.19 23 18N
“s [0LE i T Se02 Sed9 2,5 .38 .38
w8 CRyISE 189 lelle® ledt 3%} 2.26 . ©eS el .18 SeThe
ve FULL 228 212.2 36 s 5,23 2.2 .73 W37 11ed6
AVERAGE SMISSION RATES
FUEL
SATE £/.1000# cue L SouR
3TARQQARD 3QILER 1oLE £01.4 .58 - $.51 - .35 - 1.33 -
cRUISE 1235.9 .33 .094 5.6 37.5¢ 3.283 L4 §53 5.46 45.19
suLL 1112.2 1.49 .10 4.92 29.02 17,131 1.5 .21 10.29 §1.29
30RT 30QILER {OLE §Q4.4 .35 - 3.63 1.7 - 1.4)
CRUISE 132,39 .33 .088 4,98 24.53 3.6%0 .32 .32 1.9 34.30
euLL 212, .48 .38 5.%0 29.57 15,720 .95 74 11,82 §2.87

NOTES:

CRUISE AND FULL VALUES ARE 3TACK VELOCITY WEIGHTED AVERAGES.
{DLE VALUZS ARE AREA WEIGHTED AVERAGES.



SCOTT RESZARCH LABQRATCRIES SRL 1302~916-€373
JASELINE STACK EMISSION DATA = COAST GUARD VESSELS

VESSEL NAME  USCOC ACTIVE
VESSEL TYPE & CLASS : wwEC = 2184

POWERPLANT QESCRIPTION OaTA FOR SamPLEg VESSEL ¢

VESSEL REG »

TOT.ENGe TSMON

OATE 93/95/73
VESSEL » ¢ &

PAGE 1

618

CODE  POWERPLANT QESCRIPTION ENG MODEL ENGe MFGR, SERIAL # TIME-NRS “#nS RATED OUTRUT
3 STB0 BOILER RE16S8=3 VAPQR 178s 21qad 3
92  PORT 301LER RI1653=8 VAPOR 1783 21990 ]
Gl STBD $S GENERATOR D363TA CATERPILLAR 319639 11123 298 xu @
G2  PORT $S GENERATOR 0343Ta CATERPILLAR 313638 19589 288 ke @
w1 §TBD MAIN DIESEL-FuD P FVBMel2.T COOPEN=AESSENER 5863 7669 158¢ =% QA
M2 PORT MAlN OIESEL-FWQ SP Fvamsilel COQPER=gESSENER 4866 7856 1530 WP 3
M3 STBD mAIN OLESEL-STAN SP FVBM=|2eT COOPEN=8ESSEMER (Y111 7664 1580 WP 3
w6 PORT MAIN DIESEL-STRM $P FvBMw)2eT COOPER=YESSEMER 4864 7458 1339 n# 3

SXMAUST EmISSION OATA ON A wASS BASIS 1 .

ENG vODE  ENG SmafT  PRQP APPROX, ;2% . L e i
Rem M PITCH  L0AD a/nR co ™C nox PART co The NOX

.;; NORMAL 9edl  @Jed2 1,59

92 L0 LM 972 33.99 1.86

51 % 1890 ‘ 7. Xw 12.16 36 21,38

Gl o8 % 1898 89 Xw “edd 195 22,38

Gl 63 % 1999 129 xw 13.73 2.91 1655

62 93 1890 2 X 17.23 32 19.63

52 39 % 1$-T'1] 63 Xw 7.99 2.87 21.82

G2 55 3 1849 : 118 Ku 8e12 2.72 18aib

Ml SLOW 538 164 .2 ro 19435 1e09

“l CRUISE  &d9 183 - 8.28 u?.89 1.189

M1 FULL 89¢ 245 .8 33.30 2,67 d.al6

2 FuLL 998 285 .3 3533 1.7 clei8

™3 SLOW $39 184 ] 15.32 sz.al

“3 CAULISE 540 188 .3 8.27 87.23

“3 fuLlL 394 285 .8 3le79 3419 U356

e FULL 99@ 285 Y 1574 1,86  £2.18

SRS BT« courr aunmo vessn 3 T e

VESSEL NAME ! USCGC RELIEF VESSEL REG » “J?IQE !

VESSEL TYPE & CLASS t wlV - 128

POWERPLANT ODESCRIPTION 0aTA FOR SAMPLED VES-SEL H

TOT.ENG. TSMOM

SEEE SOWERPLANT OESCRIPTION ENG«MOQEL ENGe MFGR. SERIAL * TIME~HRS AR RATED quteyt
a1 STB0 301LER N=19) YORK=SHIPLEY 11239 339000 3TU 3
82 PORT 30ILER N=19] YORK~SHIPLEY 13857 35900 3TU 3
Gt STI0 SS GENENATOR 43668 GENERAL MATORS 4a~=18552 b448S o296 o8 KW L]
62 PORT SS QENERATOR ‘ *8668 GENERAL MGTORS eA=1855%4 86863 av? %d Ka 3
wi mAlN OIESEL ENG 26803 GENERAL «OTORS 6649 P [ ]

EXMAUST EMISSION OATA ON A wASS 8aSIS @

ENG “00E ENG  SmaFT  PROP APPROX, :‘ﬁt 2 Ll e ron

We RPN PITCH  LOAD s/mR co ™me NOX sox ParT co Tng NOX

.;; NORMaL, 25.2 2.29 8.40d 36 .21

Gl 8 % 129¢ K% 22.73 88,36 33483

Gl %9 & 1208 19 Kw 9.72  38.33 23.23

Gt 7S % 1280 9 v 8.37 28.432 3%.32

G2 2% 1290 3 Xv 18.16 93.a8S 2S.77

G2 S8 % 1289 . 23 Aw 9.97 3s.a8 22.12

32 39 3 1239 16 Avw .66 82.69 29.67

32 715 % 1200 27 Xw 3.34 18.25 I0.463

275 % 1209 Jo KW 19.26 34445 33.18



SCOTT RESEARCH LASORATORIES
SASELINE STACK EmMISSION OATA « COAST GUARD VESSELS

VESSEL NAME T USCGC 3818
VESSEL TYPE & CLASS & /T LY |

POuERPLANT DESCRIPTION OATA FOR Sampy2l vESSEL

SRL 1342-916-9373

OATE #2/48/7)

SSEL » ¢

VESSEL REG # : «d%138

TOT.ENG. TSMOM

(]
1

CODE  POVERPLANT OESCRIPTION ENG.MO0EL ENGe MFGA, SERTAL » TIME=ARS MRS RATED OQUTPUT

bd | ST3D mAlN OIESEL ENG 69T2~a-aM GENERAL MOTORS 4A~-17321 2263 289 wh 3 2998 AP

ws  aAUY waTn OIESEL ENG 687 eAmH GENERAL MOTORS 6A=198616 2246 200 WP B 2340 APM
SANIUST ZmISSION OATA ON A “ASS 3aSTS @

FuEL 5 7 1388 » FUEL ® 7 wOUR
SNG MODE  ENG  SMaAFT  PROP APPROR.  AATE . o
RPw  apw PLITCH  LOAD /PR [<] The NOX SOX SMOXE  PART co e NOX 50x

W I0LE 838 3 Ioe 72,85 S3.91 545 W1 .48

wl CRUTSE 880 e 17.3 17.39  29.7% 3.3 1] .Sl

1 ofuLL tege Soe 3348 18.26 18,69 1ed 13 +63

w2 SLOW 839 3dae 3.2 3973 28.46 7.3 «33 .17

w2 5L0% (YT R I ) 3.2 28.80 14.23  %2.27 26 .13 ol

42 CRYISE 828 o08 17.3 18.63 2.7 5.3 32 38

2 CISE 308 o8 17.3 18.17 15.99 59.39 31 .23 1.43

.2 FULL 13ae  49¢ 3648 8.33 16.31 “od «29 .53

“2 FuLL 1999 Se3 b .76 1k 59.94 o3 o 2.37

SCOTT QESEARCH LABORATORIES
JASELINE STaCK EM[SSION OATA = COAST GUARD vESSELS

VESSEL NAME : USCGC WMITE nEaTw
VESSEL TYPE & CLASS @ i - 133

POWERPLANT OESCRIPTIIN 04TA FOR SAMPLED VvESSEL @

SRL 1382-#16-8273

DATE 23/798/TM
VESSEL » 3

VESSEL REG » 1 568§

PAGE

?
1

TOT.ENG. TSMUM
CODE  POWERPLANT OESCRIPTION  ENG.WOCEL  ENGe WFGA. seRTar » TIMgamAS mRS RATED OUTPUT
s
91 golLER . 3s-8 SUCKLEY & SCOTT 19356 ssues 81U 2
61 W0 S5 GENERATOR ne12078 CumMINS 873189 1996 1686 69 < B 1349 APw
G2 AFT SS GENERATOR 076317  auoa 156748 a798 3798 30 a3 1459 RPN
Wi STE0 waln OIZSEL ENG 6 untoN 43566 seee 3278 e e 8 354 APw
w2  PORT WALN OIESEL ENG 6 unIoN 1568 asess 2821 Jg WP #3590 APe
SAmAUST EMISSION DATA GN A “aSS SAS[S 1
$4G WOOE  ENG SwaFT SROP 4PBA0X.  ATE o 2l e . . " / HOUR .
— RPm :::. aLTen L 0al s/nR % ™ NOX S0x SHOXE PART <o The NOX S0x°
Bl NORMAL ’ 18.9 -y 2.29 136 Sed .32 Y I3 oda
6199 % 1580 ¢k 1.7 396 22,89 1491 9.5 Lo .13 .38
Mt SLOwW 120 129 . 13.4 _ 8.29 T.96 oTed XY ] »1l1 .18 +81
lCRUISE 203 200 4.2 .68 8.5 $3.86 5.5 33 6 2.3
“PAL e M 1189 6e11 l.98  36.28 1.8 wd .l w2
“1 FULL d2a 329 11.63 3.26 2d.dd 3.5
%2 CRUTSE 288 263 M6 S0 5.2 55.49 Sed 21 a9 2.8
“2 FyuLL Jis 333 9.2 8.59 2.71 «3.92 8.4 Y- © 428 “@ell
2 FULL Jhd  26d 9.4 Jew? 331 e2.34 Ted T3 «J9 4421



SCOTT QESEARCH { ABORATORIES
SASELINE STACK EMISSION DATA « COAST GUARD VESSELS

VESSEL NamME ¢ uSCGC CrASE
VESSEL TYPE & CLASS : wmEC

« 378
POWERPLANT OESCRIPTION 0ATA FOR SAMPLED VESSEL @

cooe ENG.MCQEL

SAL 13g2-d16~4373

OATE #3/49/73
VESSEL » ¢ 2
PAGE 1
VESSEL REG » & 718

TQT.E£4G. TSMOW

PQWERPLANT OESCRIPTION ENGe MFGR. SERLAL » TIME=-rRS oAS ALTES QUTPYT
81 $T8D 80lLER RO=110-CG VAPOR COAP 18983 ) lo6e¥ £
B2  PORT JOILER A0=114-¢0 VAPOR CORP 18962 16088 3
Gl STBO S$ GENERATOR 9=567€2 GENERAL MOTORS 67=1-1897 19648  19¢0 Sig ke 3
G2  PORT S GEMERATOR 9-547€2 GENERAL “OTORS £T-d1-1122 ledad 49 S98 KW 3
“ STBO MalN QLZ2SEL ENG 38T0=821/2 FAIRBANKS=ORSE 57843 122 ] ? 3683 NP B 939 WM
“2  PORY MAIN OIESEL ENG 3870-8=1/2  FAIRBANKS=MORSE 57382 1388 sS#a J84d P 3 369 W
SXnAUST EMISSICN OATA CN A MASS 3ASIS @ -
FUEL s 7 lea8 o FUEL s 7 mOUR
ENG vODE  ENG SwafT PBROP APPROR, Ralg o . . ’
RPM  RAPM  PLTCH  LOAD /AR co ™C NOX SIX  SMOXE  PaRY [ e NOX Sox
.;T NOR™AL 6,7 edds 1.87 2.%9 “od .95 oole .81
31 L0 LM 215.3 Jeod «9S J.2 PYY | 73 .23 .45
32 NORMAL 23447 2468 2.52 2.03 &ud .57 .39 +56
922 L0 FLn 21%.3 2.32 .78 2.2% oS 5@ 39 W3
Gl 9 % %0 8 Xv 817 5.8  3%.37 29.73 7.9 -1 2.16 1.28
H I R ter kv 30303 13.93  sus  ss.r s BB 2se s e
Gl 39 % 734 ©3J$ Xw 17.56 6495 62,72 5.3 932
Gl 9¢ 8 794 o%ig Xe 285.3 21.17 .86  64.72 7.2 Seel lebd 18432
[T Y] 7 xu s1.8 1968  23.86 21.61 6ed +38 1.23 1el2
G2 S4 3 T4 219 Kw 1e2eb $.56 19.32 J1.36 T.d 79 Lea? Gobd
52 48 3% 19 168 xw 221.% T.26 6.7S 7.5 1+65 leS6
¥l SLOw b8 78 ] 192.2 21.36 9.18  56.52 1ed ee28 1.7 18,36
¥y 273 68 96 lel “leS 4493 3.38 4976 2.3 2.19 1.69  22.48
“l CRUISE T2 123 1.l 748.2 Seds .58 #3.36 S.d J.47 2.7 32.11
w1 FULL 829 135 1.l 19962 3.78 3468 41458 9ed 5.832  12.23 3,67 23.39
wi FULL 8ed 135 1.4 1356.2 9,66 3488 sdeal Seb $.332 l9.23 seid 62089
“2 CoLd 3 2 .98 23.39 £6445
¥2 SLOW 8¢ 78 .5 192.2 19.37 T 78 46.37 1.8 1.921 3.82 1.82 8498
v2 2/3 g%8 38 1 07,8 2.98 3438 Sleis 6ed l.28 1.7  29.78
“2 CRUISE a0 1lee 1 779.3 12.22 4e0S  54.29% 3.5 J.238 7.96 Jee? 2,26
w2 CRUISE 728 12§ .98 779.4 2.9 8077 ©9.38 bed 2.28 T.28  3a.a¢
M2 FULL 830 e .98 1193.2 8.87 Sedb  eT.60 7.5 lle206a 7.58 S.58 S52.28
“2 FLANK 3.9 159 .98 1319.4 tledi 4e23 8439 Seid 15.39 3.59 63,32



SEOELAEPSHAEE AR - couer auneo vessed™ 11T L
VESSEL NAME : USCGC SPAR ) vesseL REs o 1wy ot
VESSEL TYPE & CLASS : w8 - 8¢
POWERPLANT DESCRIPTION DATA FOR SAMPLED vESSEL :
TOT.ENGs TSHON
CODE POWERPLANT QESCRIPTION ENG #0081 ENGe NFGR. SERIAL s TINE=mRS MRS RATED QuTAyT
81 STBO 3CTLER FBM=644S8 VAPQR 12183 old 44448 3TV 3
32  PORT 30ILER FaM=449%8 YAPOR 12186 (1] 420999 8TV ¢
Gl $T8D 38 GENERATOR $=0T7G=84b 3u0a 36339 oblo bbls 63 s 3@ 1299 RPN
G2  PORT 3$S GENERATOR 6=0T3=040 3u0A 26623 62339 oisl 63 Kw 4 1290 RPN
jad § 3TB0 malN OIESEL ENO G COOPER=QESSEMER 2826 16616 ZI.SS 738 P D 799 RAPm
2 PQRT mAln QLESEL ENG G4 CAOPER=IESSEMER 2828 729¢) a7 T3¢ 8 3 730 RPM
EAMAUST EMISSION OATA ON A nASS BASIS @
ENG wODE NG Swaf? RGP ammOx.  AMIE o AL . . L *
. ' RPN RPN PITCH  LOAD o/AR co ™ NOX S0X°  SMORE  PART co e NOX sox’
_‘; 203 1280 11 <w 26.63 2%.49 14.18 7.5
‘G2 288 13%¢ 18 Rw 20439 1ae93 22,53 7.3
IR 1K 12¢ $ 36e06  12.78  37.99 2.2
S GAvise e 1ss e LR Al R
2 10,8 322 ? «3.39 Lol  J1.d9 1.8
w2 CRYLSE  &d¢ 199 12.20 1.5 1.8 179
v2 CAVISE  &d0 196 3419 1.13  $9.33 Sed 179
42 CRUISE SIS  1ae 2.22 1.38 88446 5.5
SCOTT RESEARCH LAJORATORIEY SRL 1)d2~216-937] OATE 03/4S/73
IASELINE STACK EMISSIOn DATA = COAST GUARD VESSELS VESSEL » 1 14
VESSEL NAME : USCGC CAPE WOAN VESSEL REG » 1 95322“ .
+ESSEL TYPE L CLASS @ #79 - 98¢
POWERPLANT DESCRIPYION OATA FOR SAMPLED VESSEL
EO.EE POWERPLANT OQESCRIPTION ENG.HO0EL ENGe MFGR, SERIaL » ;?:éﬂgé Ti:gn RaTED OuTPUT
31 30ILER 1820=1 € wAY-waLFF E
Gl FYO0 SS GENERATOR 2-7 GENERAL NOTORS 2142-3498 15338 «a%9 20k B
32 AFT SS GENERATOR N GENERAL MOTQRS 242-3829 16279 S219 29 Xw 3
M1 FY0 STBO maln OLESEL vTiam CummINg 271336 478 JeT3 - 439 MR @ 214@ FPm
M2 FNO PORT malN OIESEL vTi2m CUMMINSG 211339 19765 14763 - 498 mP 3 2134 AP
) AFT SYBD mAlIN OIESEL vT12M [=F 00 L) 231337 16822 M8 T 430 P @ 2170 RPM
M6 AFT PQAT MalN O[ESEL VTN CumnIng 21138 16968 T T 404 mP B 2188 APm
SXMAUST EMISSION JATA QN A “ASS 3ASIS @
rycL o/ lags s FUEL s /7 =CUR
ENG NMODE  ENG SMafT  PROP aPPROX, AalE
RPw RPM PITCH  LOAD /MR co TG NOX sox SMOKE SART [=12] ThG NOX $0x
‘; [T ) 1282 B 12 Kw .22  Jle27  $9.86 &ed
G2 13 94e 7 Xw '16.92 6136  63.59 6ed
G2 S¢ % 12%¢ 19 Rw .98 Js.22 55.81 8e5
M1 SLow 1led o9 Te17 1.83 2532 7.3
vl CRUISE 16&ds 3% 1.67 6.43  0B.82 7.5
N2 SLOw 1288 ogd 9.3¢0 2495  2%.17 8.2
M2 CRUISE 164%8 Ss@ 22.69 1.65 4J.88 3.3
%3 SLOw 1199 «3¢ 1S.22 .38 25.48 4e5
43 CRUISE 1499 559 19.41 56.83 7.5
Me SLOW 1148 ae9 9.31 2.82 22.40 S8
“6 CRUISE 1738 SS3 17.64 3.89 16435 9ed <382
we CAULSE 1649 553 15.88 W87 ehedl 1.8 2392



SCOTT RESEARCH LASORATORIELS SRL 1392-816-9373
SASELINE STACK EMISSION DATA = COAST GUARD VESSELS

VESSEL NAME 1 uSCOC POINT JaCxSOn
VESSEL TYPE & CLASS : wP8 - 820

VESSEL REG #

.

POWERPLANT QESCRIPTION OATA FOR SAMPLED VvESSEL

TOT.ENGs TSMOM
CODE  POWERPLANT QESCRIPTION

DATE 3)/05/73
VESSEL » 3 11

PAGE 1
t 82278

ENG.MA0EL ENGe MFGR. SERIAL » TIMZ=MRS “HRS RATED QUTPUT

al 80ILER wel2¢ REPCO cgy=7 2lgved 8Tu 2

Gt Fu0 $S GEMERATOR 2= GENERAL MOTORS 2A77878 1162 23 ka3

G AFT SS GENERATOR 2=N GENERAL MOTORS 2A78216 s 28 X b ]

"l STB0 AN DIESEL « FSP  VT=12-999n  CUMMINS §79753=3 1269 988 nP @ 2288 RPw
w2 PORT mAIN OIESEL « FSP  ylfe12+93dn  (CUmmINS 481281=3 1238 e nP P 2)09 AP
) STBO MAIN QIESEL « ASP  VT<12<9¢8M  CUMMING 4797633 1260 6 P 3 2139 APm
M6 PORT MA[N DIESEL ~ ASP  vT={2=9ggn  CUMMINS 6812613 1238 908 P 9 2330 WM
EA1AUST EMISSION DATA ON A MASS BaSLS @

FugL ® 7 1300 v FURL » /7 mOUR
ENG MODE  ENG SWAFT PROP APPAOX, AalE e . . .
RPM AP PITCr LOAQ /MR co e NOX SQX~ SMOKE  PART co the NOX 50x

.;; NORMAL 16.6 Y- 26 2.82 3.5 )} 30 33

3l 0 12%¢ g xw 4.3 13.67 .76 52.48 2.3 .38 7y .23

Gl 32 3 12%2 4§ Kv S.8 $+99 7+88 65449 2.8 «d] .35 «38

31 a0 1 12%5¢ L7 xw 1343 2468 4e83 65,97 Sed «d3 88 348

G2 0%, 129¢ (L] 2.9 1087 23483  89.17 2.3 o 27 28

32 1254 7 X% el , 8486 13.13 £2.4S Yed «d3 .36 W36

G2 7lml._ 1_2?!_ le Xw 8.6 bods 679 77.14 “ed 24 6 «&7

Hy IO 638 L T o 12-66--_2_‘"-7;—- 16-.-99‘—“—-“‘-;:_ '-.

¥y 273 1380 w32 LIYTY 3.86  76.33 8ed

vl CRUISE 1900 66l 226,86 12.38 371 65,48 Y] 2.7 31 1409

2 1oLe e 3 - $3.37 62,19 13.22 9.5

“2 373 1389 28 893 88 ¢le22 3eS

N2 CRUISE 2700 620 22648 11.99 1,99 48,31 9ed 2.89 26 10.85
a323 138e e . Tuae et e

“3 CRUISE 1900 621 229.3 18461 4%.23 7.5 2443 11.27
w2y 1ase e T 9.2 19.77 8.5

“e CRUISE 2006 629 229.4 1079 19.18 9.4 2407 8.97
SCOTT QESTARCH LAJORATORIES SR, 1392-616-3372 DATE d3/748/7)

JASELINE STACK EMISSION DATA = COAST GUARD vESSELS . V(SS%I‘.GE : l%

VESSEL NAME t LSCGC SMACKLE VESSEL REG # 1 45429

VESSEL TYPE & CLASS : wYTL - 458

POMERPLANT DESCRIPTION OATA FOR SAMPLED VESSEL @

TOT.ENG. TSMOM

CODE 20&4ERPLANT DESCRIPTION ENG,MODEL ENGe MFGR, SERTAL # TIME=n"S =RS RaTED QuTPUT

ERS 901ILER 1924-3C dave=wlLry 2289 145400 370 3

Gt PwD 3S GENERATOR =N GENERAL “OTORS 2452539 1828 w3

G2 AFT SS GENERATCR é-?l GENERAL QTORS 2252563 1996 29 Kw 3

4l ealN DIESEL ENGINE SLADCSM SAUKESHA 2808 $183 368 nP 3 1289 ARM
EXmauST EMISSTION JaTa ON A MaSS 3ASIS ¢

FUEL ® ) 1909 & FUEL » / WOUR
ENG MODE  ENG SwafT PROP 1PPROX., RAIE w . y
RPN RBw  PITCH  LOAD (74,01 <o T™C NOX SOx SMOKE PART ¢o ThC NOX 50x

.:.T MORMAL 13.79 .33 2.2% 1.5

31 83 99¢ IR ° 28.26  37.6% TT.2% “ed

51 S5 % 1329 18 xw 9.48 $3.96 S4.39 45

Ge 4 3 999 [ 33.39 23.86 482,98 Sed

32 39 3 1328 7 K 19.81 Sd.18  48.11 SeS

32 «d % 1328 9 X 19037 $3.7S eS.T2 3.5

M1 IDLE 538 ] 15.2 39.67 16.58 13.96 *83 26 22

“l CRUYISE 3Se 298 IS 2T §.29 ©7.56 2e3

¥l PULL 1299 12 166.9 11.33 .20 37.31 1e76 ol 5458



< - 73
SCOTT AESEARCH | ABORATLRIES SR 1392-d#16-#372 . . OATE c:/a§/
HASSLINE STACK SwISSION DATA « COAST GUARD VESSELS VESSEI;GE : 1::

vESSEL NaM€ @ USCGC 0ECISIvE : VESSEL REG » : 529
+2338L TYPE & CLASS : WMEC - 2199 .
POWERPLANT DESCATPTION DATA FOR SAMPLEQ VESSEL :

TOT.ENG. TSMAM

CORE  POWERPLANT DESCRIPTION ENG . MOOEL ENGe MFGR. SERIAL » TIME=NS MRS RATED OUTRYT

31  ST80 30ILER 29 1656-CG  VAPOR @

92 PORT JOTLER A8 1650-CG  VAPOR CTTTIE Jess »

61  STBD S8 GEN=waN SP 0363Ta CATERPILLER 1381567 nn 208 ®w @ 1349 RPm
G2  PQORT 33 GEN=waN SP 2363%a CATERPILLER 3381556 3929 137 206 K 2 183¢ APw
63 3730 $3 GEN=UNCT $P 336372 CATERPILLER 1381847 ntt 289 kw3 1349 Pm
Ge  PORY $S GEN=JUNCT SP 036374 CATERPILLER 3381884 9928 197 208 e 3 1808 Wdw
“1  STBO MalN DIESELMAN SP  14=251-d ALCO 3386 © 9816 2592 P 3 1209 RPM
M2 PORY MAIN OIESEZL=MAN 5P 16-281-9 aco . 338s " . 2[See nP @ Lamd RP%
%3 ST3D MAIN OIESEL=JNCT SP 14~251~8 ALCO 9388 3816 2530 nP B 1309 RPm
s PORT mald DIESEL-JNCT SP 16-2S51-8 ALCO 3386 M 2549 nP 3 1308 RPv
“S  STE0 MALN OLESEL-STHN SP 14=2%51-8 ALCO 9386 816 2339 wP P 1390 RPm
46 PORT MAlN OUESEL-STRN SP 14-=251-8 ALCO 3384 7N 2538 P P 1389 APm

SAmAUST EMISSION OATA ON A NASS 3ASGIS @

ENG  wOOE ENG SMAFY PRQP aPPRQl, :‘:?E- L2 Pl e . 2 *
apm RPM  PLTCH  LDAD /MR <o ™C NOX S0%°  SmOKe PART (4] M NOX SOx

32 nomeaL 48,8  89.d6 1,98 2,40 1.3 2.82 .89 .11

32 L0 fm 2.6 9.99  2.87 .97 3.3 32 .9 .38

1 o4y 1% 9 1940 2888 13.82 17213 . &ad .51 .26 3

Gl 73 1738 165 Kw 8.7 9,86 4ald 21413 R W) - 77 33 188

Ge 8% % 1789 178 ku  162.8 2.34 37 1367 1.8 .38 a8 3413

w2 SLov  Ses 160 83 T 1306 9013 8.7 88ea8 ) T a1 eaas
2 273 648 204 as 348,46 18.19 2.16 Si.2¢@ ! 9ed 6.25 .15 17.35

w2 CRUISE 929 278 85 10¢8.8 9.8 1.78  Sees? W | 9485 .71 S6.97

w2 FuLl S39 298 11 1386.4 10637 1.97 $5.52 Sed 1149 1.98 $6.49
“3sLow s2s 1se  se T T T qar.eTT Tee3r T 3W32T 45.i8T T 88 T Lt T2 sese T
“l 273 468 198 as 29S.1 15.92 .29 bleabe 8.5 [3%-13 «93 11.82

“} ALl lags a9 de 1209.2 1931 .48 52.73 8.5 19049  3.81  §3.22

“5 SLOW S25 162 6 127.9 8422 1492 43.94 1.35 .25 5.7

vs 2/3 se8 200 8¢ 285¢1  15.21  2.d9  e2.67 4028 89 12,17

M3 FULL 1898 lgd 84 19d9.2 19.87 377 53.35 1337 3.31 58439

e SLOwW Sd9 168 S$3 Tt 8.23 2026 73.15 e .17 3e76

v 2/3 ssa 228 8s 38,6  21.d8 175 43.9% 9.8 7.56 .81 16493

6 CRUISE 9%e 279 86 - 1008.8 1l.09 2.6 53.42 4.5 1146 2.28 $522

M6 FULL 990 298 as 1300.6 12.79 2.76 $7.16 7.4 12.78 2.76 57.393

LIS RITTIE  cner ouse vessa ™ PO

VESSEL # ¢ le
VESSEL wamg @ SCGC HOAT «&318 VESSEL REG » : ud:;c'e !
VESSEL TYPE & CLASS : M3 - Gl

SONEAPLANT QESCRIPTION OATA FOR SAMPLED VESSEL

TOT.ENG. TSMO!
COOE POWERPLANT DESCRIPTION ENG . MO0EL ENGe MFGR. e oas Tong”

cooe SERIAL » TIME=rRS mn§ RATED QuTPYT

1 STBD MAIN OIESEL ENG ve=2qeM CUMM NS 137642 2388 289 WP 3 334¢ RPu
M2 O0RY MAIN QIESEL ENG ve=2gan CUMMINS 362982 a7 298 %P B 1369 APw
SXHAUST EMISSION CATA ON A mASS 3AS1S @

. PUEL ® /7 Leae a Fy

NG “ODE  ENG  SmaFfT  PROP 4PRA0X. RATE e : £ o zrns

- APm  Apm PLTCN  LOAD asrR co ™" NOX SOX  SMOKE  PART co ™C NOX S0x
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9. U.S. Coast Guard Abatement Program Boat Diesel Engines

Reference 17



U.S. COAST GUARD BOAT DIESEL ENGINES?
MASS EMISSION DATA

A. Engine Model 607, Serial No. 6A60137

Mass Emission

Dry Concentrations Corrected to Wet

1b/hr g/bhp/hr

Date Time Mode hp rpa Correc. Cco €O, 0 NO NO, THC Cco NO N0y THC co NO NO7 THC

Factor (ppm) (%) (2) (ppm) __ (ppm) (ppm) :
3/20 0920 1 idle 700 9855 1123 0.99 18.72 360 47 770 1.72 .092 013 .59 -~ - - -
3/20 0940 2 20 1200 .9803 490 1.62 18,92 181 59 4~ 0.97 .624 .011 476 22,0 14,1 .250 10,8
3/20 1005 2 18 12¢¢ .9803 451 1.62  1%.62 i88 55 G- 0.898 .617 011 438 22,6 15,56 .277 11.0
3/20 1035 3 70 1380 .9654 251 3.28 16.51 459 24 590 .567 1.703 .002 .666 3.67 11,04 .13 4.32
3/20 1105 3 71 1380 .9654 241 3.28 15,93 465 22 440 .547 1,736 .002 ,499 3,49 11.1 .13 3.19
3/20 1142 4 102-105 1600 .9659 249 4,21 14,64 603 14 430 .5-5 2.373 .001 .574 2.60 10.5 .004 2,84
3/20 1220 4 101-103 1600 .9607 231 3.79 14.65 610 12 470 .611 2.66 .001 .623 2,72 11.8 006 2,77
3/20 1245 5 150-152 1800 .9522 857 4,67 13.09 747 0 380 2,55 3.66 0 .566 7.67 11.01 0O 1.70
3/20 1310 5 150 1800 .9506 780 4.85 13,07 746 0 260 2,25 3.53 © 375  6.79 10.7 0 1.135
3/20 1330 6 182 1800 .9439 982 5.57 11.52 755 0 250 3.72 4,71 O L4746 9,29 11.7 0 1.18

B. Engine Model 6071, Serial No. 6A60144

Mass Emission
Dry Concentrations Corrected to Wet
1b/hr g/bhp/hr

Date  Time  Mode hp . rpm Correc,  CO €0y 0, NO NOj THC €0 NO N0,  THC  CO NO NO3 TRC

Factor (ppm) (2) (¢9) (ppm) _(ppm) (ppm)
3/2/73 0855 1 67.5 1400 .9655 241 3.28 14.82 570 19 1600 .626 2,429 ,002 2,074 4.2 16,33 013 13.45
3/2/73 0930 1 72 1425 .9655 232 3.28 14,72 570 19 1600 .601 2,430 .002 2,074 3.78 15.32 .012 13,07
3/2/713 0955 2 20 1200 .9800 451 1.67 16.90 235 61 1100 1.7Y  1.460 ,011 2,088 338.8 33.3 249 7.4
3/2/73 1005 3 110 1600 .9587 201 4,03 13.66 757 10 1250 .573 3,548 001 1.780 2.36 14.64 006 7,35
3/2/73 1042 3 108 1600 .9592 201 3.98 13.76 763 10 1200 .581 3,616 .001 1,730 2,44 15,2 004 7,27
3/2/73 1050 4 140 1780 L9449 350 3.53 12,14 850 0 1300 937 3.751 0O 1,743 3,04 12.16 0 5.65
3/2/73 1130 4 135 1770 .9458 303 5.44 12,06 870 0 1150 .828 3,918 © 1,574 2,78 13.17 .0 5.29
3/2/73 1133 5 185 1975 .9427 1018 5.75 10.74 909 0 120 3.536 5.197 O 2,084 8.67 12.75 .0 5.11

“Reference 17.



U.S. COAST GUARD BOAT DIESEL ENGINES2
MASS EMISSION DATA

C. Engine Model 6072A, Sertal No. 6A20533

Mass Emission
Dry Concentrations Corrected to Wet :

1b/hr g/bhp/hr
Date Time Mode hp Tpm Correc., co Co, 0, NO N0, THC co NO NO3 THC Cco NO NOy THC
Factor (ppm) %) (2) (ppm) _ (ppm) (ppm) . |
3/7/13 0840 1 22.5 1200 9778 401 1.91 16.87 293 68 1100 .837 1,008 0,011 1.148 16.8 20.3 .22 23.16
3/7/73 0908 1 21.0 1200 .9783 372 1.86 17.85 274 68 980 .800 0.970 0.011 1.055 17.29 20.97 .24 22,81
3/7/73 0926 2 67.5 1390 .9646 232 3.38 15,55 si1 3% 135 .578 2.180 ,003 1.686 3,88 14,65 0.20 1i.34
3/7/73 1005 2 67.5 1390 .9646 233 3.38  15.92 559 29 800 .592 2,335 ,003 1.015 | 3,98 15.82 0,20 6.82
3/7/73 1120 3 107 1600 .9593 232 3.93  14.39 696 14 950 .627 3,091 001 1.283 2,66 13,1 .004 5,44
3/7/73 1143 3 105 1610 .9587 232 4,03 14,38 705 12 750 .616 3,075 .001 0,995 2.66 13.29 004 4,30
3/7/713 1215 4 142.5 1790 .9508 666 4,85 12.84 332 0 820 2,148 4,417 .000 1,323 6.8 14,08 O 4,21
3/7/73 1240 4 142.5 1790 .9501 608 4,94 13.06 827 0 820 1.929 4,314 .000 1.30F% 6.14 13.7 0 4.14
3/7/73 1315 5 185 2000 9407 1072 5.93 11.05 790 0 780 4,548 5,513 ,000 1,654 11.16 13.5 0 4.05

aReference 17.



10. Multi-Cylinder Diesel Engine Tests Water in Fuel Emulsions

Zero Percent Water Emission Data

Reference 16



MULTI-CYLINDER DIESEL ENGINE TESTS2
CUMMINS ENGINE EMISSION DATAP

Rated Horsepower: 800
Rated Speed: 2300 RPM
Measured at 1800 rpm
Fuel Type: Diesel fuel with 35.3° API at 60°F
0% Water Emulsion

Run # BHP Fuel Flow HC co NO,,

(1b/hr) (g/BHP/hr) (g/hr) (g/BHP/hr) (g/hr) |(g/BHP/hr)] (g/hr)
171 436 182 0.28 122 l1.62 705 8.09 3,527
177 442 177 0.11 50 0.87 385 8.58 3,789
183 444 181 0.35 155 3.22 1,431 8.38 3,720
188 416 55 0.23 27 1.75 203 4.61 536
195 436 179 0.21 82 1.41 615 7.73 3,371
201 434 180 0.19 81 2.78 1,206 7.70 3,339
216 444 177 0.21 95 0.62 275 6.64 2,950
217 436 180 0.16 72 1.25 547 6.76 2,949
223 441 179 0.14 63 1.25 551 5.63 2,483
231 443 180 0.14 60 1.25 562 5.85 2,588
237 449 181 0.15 69 1.27 608 6.34 2,842
245 445 182 0.24 107 1.35 539 5.22 2,322
251 447 182 0.08 34 6.34 632 5.30 . 2,373

AReference 16.

bcummins Engine Company, Inc. Model VTA-1710-C800 (VT12-900M).
Type: Four Stroke Cycle, Bore and Stroke: 5.5 x 6, No. of Cylinders: 12, Displacement:
1710 cu. in., Rated Horsepower: 800 at prop shaft Rated Speed: 2300 RPM.



MULTI-CYLINDER DIESEL ENGINE TESTS2
DETROIT DIESEL ENGINEP

600 RPM, rated 1800
Rated HP: 1200
Fuel Type: Diesel fuel with 35.1° API - 7.07 1lb/gal

Run # BHP Fuel Flow HC CO NO,
(1b/hr) (g/BHP/hr) (g/hr) (g/BHP/hr) (g/hr) |(g/BHP/hr)T (g/hr)

142 45 24.1 7.06 310 5.91 260 21.6 951

Same Fuel at 800 rpm -~ Same Engine

114 92 43.0 4.30 388 2.21 199 17.61 1588
120 94 43.3 3.95 356 2.24 202 17.09 1541

e M s e e e . Tl e T R T ) s o e D R D A s iy o e D A S i ey R T D S s ) iy A D A Sl i . D D P D P D i e S S - T — — —— —  — — (— — —— -

107 172 73.3 2.92 488 1.08 180 15.05 2513
113 174 73.4 3.56 594 1.30 217 14.48 2418

Same Engine and Fuel at 1200 rpm

121 289 115 2.65 746 0.83 234 13.06 3673
127 294 116 2.68 755 0.85 239 12.60 3542
144 290 115 2.92 822 0.83 233 12.72 3577
150 295 116 2.717 779 0.87 246 12.51 3519

Same Engine and Fuel at 1400 rpm

- — o —— - — - - — — - — —— T — o T . T S — o " D D S T D it B T D D U A S D S G D Sl S S D i S e e ) S S S S

123 453 178 2.22 977 1.45 640 13.47 5940
134 459 178 2.60 1147 1.39 613 13.10 5776

AReference 16.

bgeneral Motors Corporation, Detroit Diesel Allison Division
Model: 12V-149TI (16V-149TI), Type: Two stroke cycle, Bore and Stroke: 5.75 x 5.75,
No. of Cylinder: 12 (16), Displacement: 1788 cu. in., Rated Horsepower: 900 (1200),
Rated Soeed: 1800 ropm.



11. Land-based Steam Generation Systems Naval Ship and Research Center

Reference 21

NOTES :

1. Navy Distillate Fuel (ND) Heating Value = 19,300 BTU/lb
Navy Special Fuel 0il (NSFO) Heating Value = 18,700 BTU/lb

2. A density of 8.1 1lb/gal (NSFO) and 7.12 lb/gal (ND)

was used to convert emission results to the units used
in the data base.



POLLUTION DATA,

TABLE 3

NAVY DISTILLATE FUEL

CLEAR STACK, OPTIMUM EXCESS AIR

Operating Conditions Pollution Measurements
Run ! Sul fur.Dioxidel | oxides of Nitrogen<
No. % Full) Power|Burners 1b/106 Btu 1b/106 Btu

A B C D

1 100 6 |o.93 0.09° - 0.36

6 100 4 - - - -

? 100 5 - - - -

9 100 6 1.06 1.11 - 0.32
19 100 6 1.03 0.98 0.29 0.30
14 35 6 0.99 0.73 0.21 0.17
16 3s 6 1.00 0.983 0.16 0.15

3 11 3 0.83 0.31 - 0.18
12 11 3 0.87 - 0.15 0.17
15 11 3 0.91 0.85 0.15 0.15

Mean Value4r3 0.95

0.93

1

A - Dynascience Corp.,

S§S 330 Electrochemical.
B -« Manual Wet Chemical Method 6 of Federal Register,

2c - Dynascience Corp., NX 220 Electrochemical.

D - Manual Wet Chemical Methed-l of Federal Register,

PValues discarded in determining mean value

Ty

23 Dec 1971.

23 Dec 1971.

ean represents constant output indepencent of all other conditions1

STheoretical SO2 emission calculated from sulfur content of fuel
(1.02%) and HHV (19,300 Btu/lb) is 1.06 1b/106 Btu.

POLLUTION DATA,

TABLE 4

NAVY DISTILLATE FUEL

NONCLEAR STACK, LOW AND HIGH EXCESS AIR

Operating Conditions

Pollution Measurements

T
i

a

Run|% Full Stack Excess |Sul fur Dioxidel|oOxides of Nitrogen<
No.|Power | Burners{ Conditions Air 1b/10® Btu 1b[106 Btu i
A B c D
2 100 6 Heavy Trac Low 0.74 - 0.29 -
11 100 6 Black+ Low 1.11 1.27 - 0.20
20 100 6 Heavy Trac Low 1.20 - 0.34 0.27
17 35 6 Heavy Trac Low 0.97 - 0.19 0.13
13 35 6 White High 0.66 - - 0.21
18 35 6 White High 0.52 - 1.15 ~ -
4 11 3 Heavy Trac Low 0.75 0.29 - 0.16
Mean™’ 0.85
lA - Dynascience Corp., SS 330 Electrochemical.
B - Manual Wet Chemical Method 6 of Federal Register, 23 pec 1971.
¢ - Dynascience Corp.. NX 220 Electrochemical.
D - Manual Wet Chemical Method 7 of Federal Register, 23 Dec 1971.

3Mean represents constant output independent of all other conditions.

4Theoretical SO, emission calculated from sul fur content of fuel
(1.02%) and HHV (19,300 Btu/lb) is 1.06 1b/10® Btu.




POLLUTION

TABLE 5
DATA,

NAVY SPECIAL FUEL OIL

VARIOUS STACK CONDITIONS AND EXCESS AIR

Operating Conditions

Pollution Measurements

s 23 Dec 1971.
Mean value for SO,
all other conditions).

*Theoretical SO; emission calculated from sulfur content of

Sul fur Oxides of
Sgn %P§:ii Burners| . St?CE Excess Dioxg.de1 Nitrogen2
. onditions | Sir 1b/10° Btul 1b/10°. Btu
A B C D
21 10 3 Light Trace|Optimum|1.20|0.94 | 0.25} 0.26
22 10 3 White High 0.74{0.79 [ 1.25| 0.22
23 10 3 Heavy Trace|Low 1.4411.40 {1 0.32} 0.45
24 35 6 Light Trace{Optimum|[l.82| - 0.42 1 0.62
25 100 6 Light Trace|{Optimum|2.02| - 0.57 | 0.69
26 100 6 Heavy TracelLow 2.03! - 0.5410.67
Mean®’* 1.54
1A - Dynascience Corp., SS 330 Electrochemical.
B - Manual Wet Chemical Method 6 of Federal Register, 23
23 Dec 1971.
2C - Dynascience Corp., NX 220 Electrochemical.
D - Manual Analytical Method, Method 7, Federal Register,

reflects constant output (independent of

TABLE 6

POLLUTION EMISSIONS OF NAVAL DISTILLATE
VERSUS NAVY SPECIAL FUEL OIL AT THREE
DIFFERENT POWER RATES

lyfuel;jl.67%) and HHV (18,700 Btu/lb) is 1.78 1b/10 Btu.

S0, Emission NO,. Emission
% Full 1b/10° Btu 1b/10° Btu
Power NI NSFO ND NSFQ
100 0.74-1,20} 2.02-2.03 0.29-34 0.54-0.57
35 0.52-1.00 1.82 0.16-1.185 0.42
11 0.75-0.91)] 0.74-1.44 0.15 0.25-1.25




TABLE 7

PARTICULATE DATA
NAVY DISTILLATE AND NAVY SPECIAL FUEL OIL

Operating Conditions Pollution Measurements
Run % ‘IParticulate |Particulate %
No. |Full Power| Burners|Fuel | Mass Conc Mass Conc |isokinectic
Ib /hr | th /10° Btu
3 11 3 ND 30.8971 1.1523 61.9
4 11 3 ND 53.4502 1.9935 60.5
12 11 3 ND 13.8812 0.5177 63.9
15 - 11l 3 ND 3.1983 0.1193 66.6
21 11 ‘3 NSFO 16.0067 0.6103 62.4
16 35 ) ND 11.2350 - 0.1372 61.1
24 | 35 6 NSFO| 23.6635 0.2924 65.4
1 100 6 ND 120.2089 0.4635 < 69.0
9 100 6 -ND 206.8551 0.7976 65.7
19 100 6 ND 18.8910 0.0728 -
25 100 6 NSFO| 279.2463 1.434C 59.2

Conc - concentration




12. Shipboard Testing of Boiler Stacks Naval Ship Research
and Development Center Emission Data

Reference 22

Note: Only particulate data from the two naval vessels
were used in the data base. The referenced
document indicated that the other pollutant
measurements were invalid.



VLS KAWMISWw L~ NDFO

_ OPERATING PARAMETER

USS Jukcas - NDFO

OPERA TING PARAMETER

Pardcular Mares - 0.20 1b/208TU
0y - 0.80 1b/168pTU
NO, - 0,30 1b/1668TU

(1) Exceeds EPA limit

(2) 3 burners @ 245 divisions (bumer adjusiment)
(3) S butners @ 275 divisions (bumzr adjustmeny)
(49 NOy sensor malfunction (no readings obtained)

EMISSION DATA EMISSICN DATA
HOTELING (20% Load) | 10 KNOTS (40% Load) | 17 KNOTS (5¢-100%) i 50% Load(®) 100 Load®
Fuel Burning Rate (gal/min) 3.2 5.5 16.6 T rue Burming Rate (gal/min) 8.15 11,65
Fuel Burning Rate (BTU/h:) 26,9 x 105 46.2 x 108 1394 x 106 Fue) Buming Rate (BTU/hr) 73, 46/10% 109. 98 x 108
Aaan ;
Particular Marter (grains/scf)‘ .0108 .0241 .0104 ' Particular Martes  (grains/scf) 0,1538 0,0353
@/seh 1.5 x 1078 L51x10°8 1.49x10°8 (ib/sch 22,02 x 1076 5.05x10°6
#/hn 1.75 2.21 4.09 (1b/hn) 217,48 n_.fs
@/10% U 065 ) .029 ‘% . 1o’y 03740 - 0.108
S0 (ppry © . - - : 50y (ppm) 550 500
s0p @/10%TU) - - - s03 (1b/108 ETU) 1550 4. 16
NO,  (ppm) 20 - - NO (ppm) 50 -9
NO;  (#/108BTU) - - - NOp (1b/108 BTU) 0.067 -
co (ppm) 250 250 250 co (ppm) 140 m
;@ 6 112 3.0° coy (4 1.4 85"
o, o 16.5 15172 22,5 o 8 4.0 5.0
Excess Air Based on - - - Excess Air Bun'! on )
%02 % 0y 22 28
NOTES: EPA Limits, Reference (d)




13.

Shipboard Steam Generator Systems Naval Ship Research and
Development Center U.S.S. Forrest Sherman Emission Data

Reference 23

Note: Emission tests aboard the U.S.S. Sherman were
conducted September 17-19, 1980

A low sulfur fuel (0.57% by wt sulfur) with a heating
value of 19,515 BTU/lb was the fuel used during testing
of a 1200 psi steam generator aboard the U.S.S. Sherman



SOURCE EMISSION DATA FROM USS FORREST SHERMAN (DD 931)

Run | 1, | Smoke | o Measurzsz Theor- ™ Dry
No.* RN 1b/MBhs etical HC CO 02 EA COZ #31b
pepm | 1b/MBtu ppm ppm | Ib/MBtu} ppm | ppm % % % fuel

1 1600 | 0.25 1 0.036 ] 163 0.49 195 116 0.25 12.3 24.1 |10.33 90.9 | 8.13 | 352
‘2 {1800 ] 0.25 ] 0.028] 153 0.46 183 115 0.25 | 89 | 20.3 }10.39| 92.6 18.35 | 355
3 1920 | 0.35 | 0016 | 140 0.42 196 112 0.24 | 6.9 7.0 110.29 | 90.0 18.02 | 350
4 (0850 | 0.25 {0022 1l7° 0.62 167 85 0.21 4.2 { 18.5:11.90121.2|6.46 | 410
S5 {1000 } 0.35 | 0.040 | 132 0.45 171 94 0.23 | 6.5 | 13.4 ;1 1.76. 116.7 | 6.13 | 401

*Runs 1-3 at hoteling rate;
runs 4 & S at harbor transi? rate.




14. Results from Emission Testing Aboard the Submarine
"Tender U.S.S. L. Y. Spear - Testing Performed on a
600 psi Main Propulsion Boiler

Reference 19



TABLE 3
NAVY DISTILLATE FUEL .

Element Analysis % by Weightl
P B ]
Carbon 85.7 | 85.8 |
Hydrogen v 13.6 - 13.4
Sulfur ' 0.41 0.48
Nitrogen 0.1 0.1
HHV, Btu/lb 19,630.0 19,590.0
lTwo samples taken during testing period.

TABLE 6
POLLUTION DATA USS L. Y. SPEAR (AS 36)
ND FUEL
Power No. Excess . Oxides
Condition of Air Smoke Partlcuéate Sglf?r of
% Burners| % RN |(No./10° Btu)|Dioxide Nitrogen
27 1 81 |o0.41 0.05(1) 0.33 0.09
27 1 93 10.50 0.065(2) 0.33 0.06
57 3 55 [0.72 0.035 0.38 0.25
100 3 60 0.63 0.034 0.46 0.20

(l)Average of three runs using lo-vol particulate sampler.
Tests were performed piérside in Norfolk, Virginia, during
period 29 April-3 May 1974.

Single run using hi-vol particulate sampler. Test was per-
formed at pierside in Halifax, Nova Scotia, during sea
trials of 24 June-3 July 1974.




TABLE 10

CARBON MONOXIDE AND HYDROCARBON EMISSIONS

Power Condition

Carbon Monoxide

Hydrocarbons as p/m

% p/m Methane
27 | 64 16

57 20 <100
100 0 <100




15. Improved Marine Boiler Reliability Study

Emission Data

Reference 2



TABLE 1

SUMMARY OF BOILER DESIGN PARAMETERS

Condition

Rating

Total Evaporation

Pressure at Superheater Qutlet
Temperature at Superheater Qutlet
Food Temperature

Efficiency

0il Firing Rate

Air Temperature to Burners
Excess Air

Furnace Release Rate
Absorption Rate RHAS

Firing Rate/RHAS

Heat Input

1b/hr
psig
°F

°F

1b/hr

°F

)4
Btu/hr-ft3

Btu/hr-ft2

1b oil/hr-ft2

Btu/hr

Full Power
100
108,000
870

955

286
88.5
7669
291

10
86,600

67,400

148 x 106

Overload
115

124, 200
870

955

286

88.2
8852

291

10
100,000
75,000
10.5

170 x 106



Test Date

Actual Soiler Load,
Bxcess Alr, X

TABLE 6-1

TEST DATA AND RESULTS FOR COMDITION #1

42 BOILER RATING WITH 192X EXCESS AIX

X of Pull Power

10/26/7¢
11 (1o~Port)
192

(Clear Stachk)

CO-PMMAdl. To X O 1079 | 2479 | 2479 | 1479 | 1479 | 2479
Wo,- PP Adj. To 3T 02 06 | 206 | 206 206 206 206
80~ PP Ad). To 33 O 1970 1790 | 1758 | 1926 | 1880 || 1863
303~ PP Ady. To 33 O 33 [ )22 ] 280 | 357 [ n1.2

.11 f 147 | e | 18 || 16

3 Conversion of 302 to 303 h .'1.'7‘

Note: Tha sbove excess sir value rssults from the sinimm fnlet vene damper

leskage with the forced draft fan on low speed and the jalet vanes
closod down to the sechsnical etops.

TARLE 6-2
TEST DATA AND RESULTS “OR CONDITION #2
27% BOILER RATING WITE 40X KICESS AIR

Teot Dats 10/29/7¢
Actual Boilsr Loed, I of Pull Powver 7
Bscess ais, % 40 (Clear Stack)
Sample Mumber Avg
03 X Dy Volume 6.2
c ”m
L ”
802 0]
80 m
€O - PP AdY. To 32 O 2
WOy~ PPM Adj. To X O 198
S0~ PP Ady. To 32 02 2011
$0y- PPM M. To 3X Oy 22.7
.11

% Comversion of 30; to 803 |




TABLE 6 -) TABLE #-4

TEST DATA AND RESULTS FOR COMDITION #3 TEST DATA AXD RESULTS FOR COMDITION #4
293 BOILER RATING WITE 882 KXCESS AIR 44% SOILER RATING WITH 17% KXCESS AIR
Test Date 10/29/76 Test Dete ) 10/29/76
Actual Boiler load, X of Pull Powwr 29 Actua) Boiler Loed, X of Tull Power L)
Excess Alr, 2 98  (Clear Stack) gucess Asr, 2 ’ 17 (Clear Stack)
Sesple Mmber Sanpla Mumber » » Avg
0 3 By Yolume 03 3 By Volume 31 31 31
o . mm 0 0 o m 11 10
m, rm {| 101 100 100 w, e {188 183
30, rm }] 1102 1203 11%0 05 ‘e 1928 1928
304 || 19.7 .0 26.8 80y y - m [ 20.2 20.8
Co - PPM Ad). To 32 O2 0 0 [ CO - PPN Mdf. To XX 02 13 10 1n
W~ PP Ad3. To 3T 07 182 m 170 174 WOy PP Adj. To 3T 02 186 186 186
S0z~ PPM Ad). To 3X Oz 1982 2066 2021 2023 $03- PMM Adg. To IX O3 1936 199 1937
S04~ PP Adf. To 31X O, 3.1 36.0 48.5 30.9 $Cy- PP Ad3. To 33 Oy 2.3 20.9 10.6
% Conversion of 507 to 30y 1.74 .71 .20 31.88 2 Coaversiom of 307 to 303 1.04 1.07 1.06




808 &3
TES" DATA AND RRSULTS JOR COWDITION #3
46X BOILER BATING WITH 2423 EKXCESS AIR

{ Test Dats 10/29/16
Actual Boiler Loed, 2 of Pull Pover 46

Excess Air, 3 24 (Clear Stack)

Sample Mhmbar

CO - PP Ad]. To 32 02

WO~ PP Ad). To 3 02 199
80— ™™ Adj. To 3T 0 2015
804~ PMM Adf. To 32 O, 20.2
1 Conversion of 807 to 30y .99

TABLE 6-6
TEST DATA AND RESULTS POR COMDITION #6
44T BOILER RATING JITH 33T EXCESS AIR

Test Dags
Actual Boilsr load, I of Full Powsr

Excass Aar, X

Saaplo Mumber

0z X By Voluse

c
No,
80z

50y

€O ~ FMM Adj. To 3X

W0y~ PP Adj. To 3X

$03- PPM Adj. To 32

50y~ PPM AdJ. To 32

% Conversion of S0 to 503

10/29/76
4“4
3)  (Clear Scack)



TADLE 6-7 TAMLE ¢-9

TEST DATA DND RESULTS FOR COMDITION #7 TEST DATA AND RESULTS FOR COMDITION /8

792 BOILER RATING WITH 10X EXCESS AIR 762 JOILER BATING WITR 16X EXCRSS AIR
Test Date 10/28/76 Test Date 10/29/78
Actusl Botlsr Load, 3 of Full Power n Actual Botler losd, I of Pull Pover -
Exress Alr, 3 10 (Clear Stachk)

Excess Afr, X 16 (Clear Scack)

Sample Mumber b ) 3 n »

Sample Number Avg.

0y I By Volume 3.0 3.0
0 m co e Jo 0 0
o, 4. m, e § 220 220 220
503 P 80y e | 2029 2037 2083
803 PP || 20.6 18.9 20.3 80y e # 20.8 19.2 20.0

NOg- PPM Adj. To 3T 02 o) 190 | 190 19 WO~ PP Adj. To 3X Oz 219 220 | 220
2102 803- PPM Adf. To X 02 2018 | 2037 | 2033
18.8 303- PP Ad). To 32 O, 20.7 | 19.2 | 20.0

802- PPM Ad). To 32 02 2120 2108 2069

$03- PPM Adj. To 32 O 19.4 12.9 19.2

I Conversion of $07 to 803 |} .90 -84 .92 -89 ' % Coaverston of 807 to 80y J] 1.02 | .93 | .96

CO - PP Ad). To 32 02 12 | 28 87 nu €0 - MM M3, To 3X O ] ° 0




TARE 69
TEST DATA AND RESULTS FOR CUMITION #9
952 BOILER RATING VITH 5% EXCESS AIR

Test Date !
Accual Boiler loed, X of Yull Power

10/21/76

§ (Clear Stack)

Excess Alr, 2

Jamples Mumber 13 14 13 Avg.

03 X By Volume 1.1 1.1 1.1 1.1

c0 : e | 330 350 330

w0, M 260 0 240

50; pen | 2392 | 2029 | 2439

80y rra ] 10.5 13.4 10.6

Co - Mt Adj. T2 33 02 316 e 316 36

WOy~ PPM Adj. To 3X 02 17 217 217 21?7

802- PPM Adj. To 3X 02 2164 2197 2224 2193

304~ PP Ad}. To X 0y 9.5 12,1 9.6 10.4

2 Conversion of 302 to 80y | .43 .54 .4 .47
4E

TABLY 6-10

TEST DATA AND RESULTS FOR COMDITION $10

95% BOILER RATING WITH 9% EXCESS AIR

Test Date 10/23/78
Actual Boiler loed, X of Pull Power 95
Sxcess Atr, 3 9  (Clear Stack)
Sample Mumber ] ¢ 7 Avg.

03 % By Volume 1.8 1.8 1.8 1.8

co ™ 303 03 308

w0, em 23 | 233 | 23

802 ™ 2318 2347 2356

80y o196 | 264 | 2208

€O« PPN AdS. To X O3 206 206 286 28

N0~ PP Ad]. To X O3 213 218 218 218

802~ PP Ad). To 3% 07 1n 2200 2209 2194

80y~ PP M3, To 3X 0O 18.4 13.8 1.7 14.8

% Conversion of 302 to 803 | -84 .61 .33 N




TAMLE ¢-11 i TANLE 6-12

TEST DATA AND ARSULTS POR COMDITION 11 TEST DATA AND EESTLIs POR CORDITION 012
942 SOILER RATING WITH 162 EXCENS AIR ’ 943 BOILER BATING WITH 222 EXCESS AIR
Test Date ‘ S wjasne Test Dets 10/22/76
Actual Soiler Load, X of Full Power % 4ctual Boiler Load, X of Pull Pover "
Bacess Alr, % 16 (Claar Stack)  Emcess Atr, 3 . 22  (Clear Stack)
Sample Wumber 1 1 3 4 Avg. Sample Nusber
03 X By Volume _ 3.0 3.0 3.0 3.0 3.0 0 I by Volume 4.1 4.1 4.1
0 ™m 15 15 13 13 co me J o [ 0
o, 2] 230 230 230 2% »o, e j 265 265 263
s0; ™ 2016 | 2157 | 2099 2209 30, e | 2030 | 1977 | 1984
30y ™ 19.6 | 14.7 | 14.3 13.9 80y ™ f 240 ] 1.5 | 26.2
€O ~ PPM AdJ. To 32 O2 13 13 B 13 13 €O - PP Ad). To 2 02 0 0 0
NO.~ PP AdJ. To 3% 02 2%0 250 2% 2% § 2% MO~ PPM Al To 3T O 282 282 282 1.2
303- PPM AdJ, To 32 02 2018 | 2157 | 2099 2209 | 2110 $02- PP Ad). To 33 03 2262 | 2100 | 2113 | 2127
303~ PP Ad). To 33 0O, 19.6 | 14.7 | 14.3 13.9f 13.6 80y~ PP Adj. To 31X Oy 25.7 | 29.9 | 22.9 | 27.9
3 Coaversiocn of 807 to 803 .96 .68 | .69 63 § 7% X Couversiom of 507 to 803 § 1.17 | 1.40 | 1.0 | 1.2




TALE &-14
TEST DATA AND RESULTS POR COMDITION #14

maz 13

TRST DATA AND RRSULIS JO& COMDITIMM #13

110X BOILIR BATING WITE 9% KXCESS AIR 1113 BOILER RATING WITE 3% EXCESS AIR

Test Dete 10/28/76 . Test Date 10/28/76

Actual Botler Load, % of Full Power 110 Actwal Botler Load, % of Pull Power m

Bxcess Alr, X . . 9 (Clear Stack) Bxcess Alr, 2 . S (Very Hasy Stack)
Sample Mumber 23 a6 227 Avg.

03 _ 0; X By Volume 1.0 .9 1.0 1.0

c mj 0 0 ®0 c reu | 3000+ | 2000+ | 1900

w, e ] 269 | 265 | 268 _ », mJao |as |22

803 e | 2220 | 2234 | 2299 80; e | 2422 | 2358 | 2334

50, e 255 | 2.0 | 23,6 80y m f1s.s | 19.1 | 174

CO - PPM AdY. To 32 02 10 » 3 » " CO~ MMM A To IS 02 2000+ | 2000+ | 1710 | 2000+

WO~ PP AdS. To 31X 02 254 248 8 230 . WOg- PRI AdJ. To T Oy 198 193 198 196

802~ PP Ad]. To 3 02 2103 | 2094 | 2118 § 2108 . 807= PPM AdJ. To 33 O3 2100 | 2112 | 219 | 213

803~ PPM Adj. To 32 Oy 4.1 | 1.5 | 214 2.9 80y~ PPM Adj. To 3T Oy 16.6 | 17.1 [ 15.7] 16.5

3 Couversion of $07 to 803 | 1.13 | 92 | 1.03 ] 1.03 % Conversion of 3020803 | .26 | .00 | .24 | .72




16. Shoreside Boiler Fuel-Water Emulsions Study
Neat 0il (0% Water) Emission Data

Reference 24

Fuel Oil #6 Used During Testing



TABLE N-1

SUMMARY OF PARTICULATE EMISS1ONS DURING PRE LONG TERM NEAT OIL TESTS

esT DATE TIME % STEAM] ISOKINETIC} SAMPLE STACK GAS FLUE GAS| FLUE GAS AVERAGE Fd 1b/DSCF lb/lOb BTU
NOY . LOAD % VOLUME FLOW RATE % TEMP. ORSAT DSCF
DSCF | ACFM DSCFM | MOISTURE F % 0, (DRY) 1665%0
2 9/10/80 | 1030-1330 35.4 108 27.6 4420 2500 11.99 366 4.5 9406.9 7.01xlﬂ6 0.0840
la 9/10/80 | 1430-1730 31.4 102 43.4 7260 4220 12.15 341 5.3 " 3.97x106 0.0500
3b 9/10/80 | 1535-1835 31.4 108 43.1 6750 3920 12.52 339 4.7 4.23x106 0.0513
ba 9/11/80 | 1336-1700 32.8 113 69.9 10400 6130 10.43 345 5.1 5.39x106 0.0671
4bh 9/11/80 | 1415-1715 32.8 106 46.2 7530 4260 14.39 344 5.1 6.4 xldb 0.0779
5a 9/12/80 | 0900-1150 95.6 108 91.5 18000 8370 12.50 545 4.3 11.5)(10"6 0.136
5b 9/12/80 | 0930-1216 95.6 105 88.8 17800 8270 12.53 542 4.3 1().1)(1.()"6 0.120
6a 9/12/80 | 1340-1640 97.8 105 91.7 18500 8630 11.82 545 3.6 9.64)(106 0.110
6b 9/12/80 | 1400-1700 97.8 106 85.2 16900 7900 12.11 544 3.6 ' 8.87x166 0.101
7 9/15/80 | 0925-1300 94.8 108 70.3 14000 6450 11.76 549 3.4 12.lox1()"6 0.139




TABLE H-2
SUMMARY OF NITROGEN OXIDE EMISSIONS FOR BOILER NO. 3 DURING PRE LONG TERM NEAT OIL TESTS

TEST DATE TIME % STEAM | AVG. NO_AS | AVG. NO_ AS | AVG. No_ AS |AVERAGE ORSAT |Fd Dscr/10® | no Ag NO
NO. LOAD NO (ppm) NO (1b/BscF) NO,, (ibfoscF) | % 0, (DRY) BTU 1b710° BT
la 9/9/80 | 1255-1355 36.8 136 1.06 x 1072 | 1.62 x 107 5.1 9406.9 0.201
1b 9/9/80 | 1355-1635 16.8 124 9.62 x 10°® | 1.47 x 1073 5.8 0.192
2a 9/10/80 | 0930-1130 5.4 106 8.22 x 107% | 1.26 x 1073 4.1 0.148
2b 9/10/80 |1130-1330 35.4 128 9.93 x 10°% | 1.52 x 1073 4.7 0.185
la 9/10/80 | 1430-1600 .4 120 9.31 x 107% | 1.43 x 1073 5.4 0.181
b 9/10/80 | 1600-1830 .4 120 9.11 x 1079 | 1,43 x 1073 4.8 0.174
4a 9/11/80 |1330-1430 32.8 91 7.06 x 1079 | 1.08 x 1073 5.4 " 0.137
4b 9/11/80 | 1430-1530 2.8 97 7.52 x 107% | 1.15 x 1073 6.2 0.154
5a 9/12/80 |{0830-1100 95.6 171 1.33 x 167> | 2.03 x 10~ 4.4 0.242
5b 9/12/80 | 1100-1330 95.6 165 1.28 x 102 | 1.96 x 1077 4.3 0.232
6a " 9/12/80 | 1330-1530 97.8 154 1.19 x 107> | 1.83 x 1073 1.6 , 0.208
6L 9/12/80 |1530-1720 97.8 135 1.05 x 107> | 1.61 x 1073 3.6 0.183
7a 9/15/80 | 0830-1000 94.8 178 1.38 x 1070 | 2.12 x 1073 3.4 0.238
b 9/15/80 | 1000-1200 94.8 142 1.10 x 1072 | '1.69 x 107 3.4 Y 0.190




TABLE H-3

SUMMARY OF PARTICULATE EMISSIONS DURING POST LONG TERM NEAT OIL TESTS

TEST DATE TIME % STEAM| ISOKINETIC| SAMPLE STACK CAS FLUE GAS| FLUE GAS| AVERAGE Fd ib/oscFl1b/10® BTU
NO. LOAD % VOLUME, FLOW RATE % TEMP. ORSAT DSCF
DSCF |ACFM , DSCFM | MOISTURE F % 0, (DRY) | (o6 o,
2a s/5/81 | 0900-1200] 39.8 98.1 57.1 |[11053 | 5906 11.86 410 6.2 9272 2.07x10Y  0.0273
2b s/5/81 | 1035-1330 ] 39.8 104.1 48.6 |10350 | 5553 11.35 412 6.2 3.63x109  0.0479
3a 5/5/81 | 1435-1730 | 40.4 106.5 51.8 9212 | 4939 11.37 411 6.1 9.99x10% 0.131+
3b 5/5/81 | 1525-1800 | 40.4 106.0 46.7 |10250 | ss08 11.19 411 6.1 2,53x16%  0.0332
4a 5/6/81 | 0821-1116 | 110.9 102.0 91.8 _|22600 | 9140 11.60 679 5.1 5.11x106 0.0626
4b 5/6/81 | 0920-1210 | 110.9 93.1 84.3 |20000 | 9190 12.20 680 5.1 5.66x10%  0.0694
S5a s/6/81 | 1330-1630| 99.4 101.4 75.3 18000 | 7540 14.70 606 3.3 4.30x10%  0.0474
Sb 5/6/81 | 1430-1715| 99.4 103.3 77.8 17800 | 7640 12.0 606 3.3 4.32x16%  0.0476
6a s/7/81 | 0900-1165] 108.1 102.3 100.7 [23100 | 9990 10.70 642 4.1 1.73x10%  0.0430
6b 5/7/81 | 0950-1250{ 108.1 105.6 92.7 |20700 | 8910 11.20 640 4.1 V 4.26x10%  0.0489

*

Test 3a particulate data not believable based on disagreement with results of four (4) other tests run at essentially
e due to pick-up of particulate from duct floor during test. Results

the same load.

not used in data analysis.

Questionable results believed to




TABLE H-4

SUMMARY OF NITROGEN OXIDE EMISSIONS DURING POST LONG TERM NEAT OIL TESTS

TEST DATE TIME 7 STEAM |AVG. NO_ AS | AvG, No_ AS | AvG. NO_ AS |AVERAGE ORsAT |Fd DscF/10%] o A§

NO. LOAD NO  (pBm) NO (1b/BSCF) | No, (1bfpscF) | % 0, (DRY) BTU 1b¥10

) s/a/81 | 1500-1530| 39.1 93 7.24 x 1079 | 11.1 x 1076 7.1 9272 0.156
2a 5/5/81 | 0900-1115| 39.8 99 7.7 x 1078 | 11.8 x 1076 6.2 0.155
2b s/s/81 | 1115-1330{ 39.8 96 7.47 x 1079 | 11.4 x 1076 6.2 0.150
la s/5/81 | 1435-1545|  40.4 95 '7.40 x 1079 | 11,3 x 1076 6.1 0.148
b s/s/81 | 1545-1800| 40.4 100 7.78 x 1078 | 11.9 x 107® 6.1 0.156
4a 5/6/81 | 0821-1030] 116.5 16 12.4 x 107% | 19.0 x 1076 5.1 0.233
ib s/6/81 | 1030-1210| 110.9 <160 12.4 x 1079 | 19.0 x 1076 5.1 0.233
5a s/6/81 | 1330-1500] 99.4 145 11.3 x 1079 | 17.3 x 1076 3.3 0.190
Sb 5/6/81 | 1500-1715| 99.4 150 11.7 x 1078 | 17.9 x 107® 3.3 0.197
6a 5/7/81 | 0900-1110) 108.1 148 11.5 x 1078 | 17.6 x 107® 4.1 0.203
6b s/7/81 | 1110-1250| 108.1 150 11.7 x 1079 | 17.9 x 1076 4.1 Y 0.206




TABLE H-5 .
SUMMARY OF PARTICULATE EMISSIONS DURING PRE LONG TERM EMULSIFIED OIL TESTS

TEST DATE TIME % STEAM| ISOKINETIC| SAMPLE STACK GAS FLUE GAS| FLUE GAS| AVERAGE Fd 1h/DSCF|1b/10° BTU
NO. LOAD % VOLUME FLOW RATE A TEMP. ORSAT DSCF
DSCF |[ACFM | DSCFM | MOISTURE F % 0, (DRY) 10°%8TU
2 6/22/81 1 1329-1558| 4l1.4 106 45.2 | 7880 4310 12.1 3717 4.4 9369 2.24x10% 0.0266°
3a 6/23/81 ] 0752-1055| 40.5 105 52.2 | 9080 4970 12.1 381 5.2 16.1x10% 0.201*
ib 6/23/81 | 0850-1150| 40.5 105 39.8 [6920 3840 11.1 382 5.2 2.28x10%| 0.0285
4a 6/23/81 | 1256-1549| 40.3 105 47.8 |8270 4570 12.1 377 5.0 2.16x10°| 0.0232
4b 6/23/81 | 1353-1700| 40.3 105 44.1 | 7750 4300 11.7 378 5.0 1.88x10%| 0.0266
5a 6/24/81 | 0810-1059| 103.8 100 92.4 |20200 | 9220 11.2 574 4.5 2.49x10§ 0.0297
5b 6/24/81 | 0905-1154{ 103.8 101 90.1 {20000 | 9090 11.0 581 4.7 2.47x10% 0.0299
6a 6/24/81 | 1333-1610] 96.6 102 81.9 |16600 | 7990 11.8 540 4.1 2.64x10% 0.0316
6b 6/24/81 | 1431-1705| 96.6 104 76.2 | 16100 | 7460 12.1 545 4.0 2.56x10°| 0.0297
7a 6/25/81 ) 0813-1048} 96.8 103 82.4 | 17600 | 7990 12.8 554 4.1 Y 2.36x10% 0.0275

* Test ?gmfarticulate data not believable based on disagreement with results of four (4) other tests run at essentially the

same Questionable results believed to be due to pick-up of particulate from duct floor during test. Results not used
in statistical analysis.




TABLE H-6

SUMMARY OF NITROGEN OXIDE EMISSIONS DURING PRE LONG TERM EMULSIFIED OIL TESTS

TEST DATE TIME % STEAM |AVG. NO_ AS | AVG. NO_ AS | AVG. NO_ AS. |AVERAGE ORSAT |Fd DscF/10%| no_ as wo
NO. LOAD NO (pfim) NO (1b/8sCF) NO, (1bfpscF) | 2 0, (DRY) BTU 1b710° B
2a 6/22/81 |1330-1430 41.4 82 6.6 x 1079 | 9.7 x 1076 4.5 9369 0.116
2b §/22/81 |1430-1600 41.4 80 6.2 x 10'6 9.5 x 1076 4.3 0.119
la 6/23/81 |0752-1055 40.5 79 6.1 x 1078 | 9.4 x 1076 5.2 0.117
b 6/23/81 |1050-1150 40.5 80 6.2 x 1078 | 9.5 x 1070 5.2 0.119
4a 6/23/81 |1256-1549 40.3 91 7.1 x 107% | 10.8 x 107® 5.0 0.133
4b 6/23/81 |1353-1700 40.3 93 7.2 x 107% | 11.1 x 107 5.0 0.137
Sa 6/24/81 |0810-1059 | 103.8 135 10.5 x 107% | 16.1 x 1078 4.5 0.192
5b 6/24/81 10905-1154 103.8 135 10.5 x 107% | 16.1 x 1076 4.7 0.195
6a 6/24/81 |1333-1610 96.6 130 10.1 x 107% | 15.5 x 107® 4.1 0.181
6b 6/24/81 |1431-1705 96.6 130 10.1 x 1078 | 15.5 x 107 4.0 0.180
7a 6/25/81 |0810-0940 96.8 125 9.7 x 107% | 14.9 x 1070 4.1 0.140
7b 6/25/81 |0940-1100 |  96.8 127 9.8 x 107 | 15.1 x 1078 4.1 Y 0.176




TABLE H-7 )
SUMMARY OF PARTICULATE EMISSIONS DURING POST LONG TERM EMULSIFIED OIL TESTS

rfEST DATE TIME % STEAM| ISOKINETIC| SAMPLE | STACK GAS | FLUE GAS| FLUE GAS| AVERAGE Fd Ub/DSCF|16/108 BTU
NO. . LOAD % VOLUME | FLOW RATE % TEMP. ORSAT DSCF
DSCF [ACFM | DSCFM | MOISTURE F - % 0, (DRY) | [(Bpm,

1 3/22/82 |1355-1600 | 102.4 104 38.7 |21800 | 9723 | 10.8 589 3.9 9205 p.61x106°| 0.0748
2a | 3/23/82 |0815-1025 | 99.9 107 37.1 [20004 | 9113 | 10.3 583 4.2 P0.9xm'6 0.356%
2b | 3/23/82 [0905-1045 | 99.9 108 36.0 {19445 | 8723 | 11.0 591 4.2 5.09x10%|  0.0586
Ja | 3/23/82 [1245-1450 | 96.7 105 35.9 |19771 | 9044 | 12.4 556 2.8 5.75%x10°| - 0.0610
3b | 3/23/82 |1330-1535 | 96.7 107 34.3 [18316 | 8342 | 12.5 557 2.8 6.69x10°| 0.0710
4a | 3/24/82 [0730-1040 | 34.7 105 53.5 | 5378 | 3137 | 12.6 339 4.5 . 57x10°|  0.0536
4b | 3/24/82 [0900-1125 | 34.7 103 60.0 | 5794 | 3367 | 12.6 342 4.5 4. 80x10°|  0.0564
Sa | 3/24/82 |1325-1530 | 34.1 103 33.2 | s241 | 3055 | 12.0 345 4.5 B.56x10°|  0.0420
sb | 3/24/82 {1400-1605 | 34.1 102 63.3 | 6249 | 3658 | 12.0 342 4.5 1.95x108]  0.0463
6 3/25/82 [0720-0900 | 34.6 104 37.1 | 5662 | 3290 | 12.2 343 4.6 ' h.95x108|  0.0584

x Test 2a dpart:lculate data not believable based on disagreement with results of four (4) other tests run at essentially the
same load. Questionable results believed to be due to pick-up of particulate from duct floor durlng test. Results not used
in statistical analysis.




SUMMARY OF NITROGEN OXIDE EMISSIONS DURING POST LONG TERM EMULSIFIED OIL TESTS

TABLE H-8

TEST DATE TIME % STEAM AVG. NOx AS AVG. NO_ AS AVG. NO_ AS AVERAGE ORSAT |Fd DSCF/106 NO A NO
NO. LOAD NO (pPm) NO (1b/BscF) NO, (1bfpscF) | % 0, (DRY) BTU 1b}10° BT
la 3/22/82 | 1315-1515] 102.4 112 8.72 x 1078 1.34 x 1073 1.9 9205 0.152
1b 3/22/82 | 1515-1715| 102.4 129 10.02 x 1078 1.54 x 107 3.9 : 0.174
2a 3/23/82 | 0715-0915 99.9 132 10.28 x 1078 1.58 x 1073 4.2 0.182
2b 3/23/82 | 0915-1115 99.9 135 10.47 x 1078 1,61 x 1073 4.2 0.185
la 3/23/82 | 1200-1400 96.7 138 10,67 x 107%| 1.64 x 1073 2.8 0.174
b 3/23/82 | 1400-1600 96.7 170 13.19 x 1078 2.0z x 1073 2.8 0.215
4a 3/24/82 | 0755-0955 34.7 70 5.41 x 1075 8.30 x 1078 4.5 0.097
4b 3/24/82 | 0955-1100 34.7 75 5.80 x 1078 8.89 x 1076 4.5 0.104
5a 3/24/82 | 1315-1515 34.1 77 5.99 x 1079 9,18 x 1076 4.5 0.108
Sb 3/24/82 | 1515-1715 34.1 80 6.18 x 1078 9,48 x 107° 4,5 l 0.111
6a 3/25/82 | 0700-0900 4.6 73 5.69 x 1078 8.72 x 107¢ 4.3 0.101
6b 3/25/82 | 0900-1100 34.6 80 6.24 x 1078 9.56 x 1076 4.3 Y 0.111




DATA SUMMARY ON NEAT OIL FUEL #6
FUEL CONSUMPTION2

Test Heat Input Percent Fuel Characteristics
Per- Test of
formed Date (106 Btu/hr) Load Sp. gr. 1b/hr

Pre~Long Term Tests

la 9/9/80 13.15 36.8 0.9567 711.4
1b 9/9/80 13,15 36.8 0.9567 711.4
2a -9/10/80 -12.80 35.4 0.9567 692.8
2b 9/10/80 12.80 35.4 . 0.9567 692.8
3a 9/10/80 11.09 31.4 0.9567 599.8
3b 9/10/80 11.09 31.4 0.9567 599.8
4a 9/11/80 11.61 32,8 0.9567 628.1
4b 9/11/80 11.61 32.8 0.9567 628.1
Sa 9/12/80 35.40 95.6 0.9567 1915.6
5b 9/12/80 35.40 95.6 0.9567 1915.6
6a 9/12/80 35.53 97.8 0.9567 1922.4
6b 9/12/80 35.53 97.8 0.9567 1922.4
7a 9/15/80 35.14 9.8 0.9567 1901.4
7b 9/15/80 35.14 94.8 0.9567 1901.4

Post-Long Term Tests

1 5/4/81 14,09 39.1 0.9194 733.0
2a 5/5/81 14,32 39.8 0.9194 744.8
2b 5/5/81 14,32 39.8 0.9194 744.8
3a 5/5/81 14,47 40.4 0.9194 752.7
3b 5/5/81 14,47 40.4 0.9194 752.7
4a 5/6/81 42,97 110.9 0.9194 2235.1
4b 5/6/81 42,97 110.9 0.9194 2235.1
S5a 5/6/81 37.47 99.4 0.9194 1949.0
5b 5/6/81 37.47 99.4 0.9194 1949.0
6a 5/7/81 41.32 108.1 0.9194 2149.3

6b 5/7/81 41.32 108.1 0.9194 2149.3




17. Exhaust Emissions from Uncontrolled Vehicles and Related
Equipment Outboard Motors
(For Pleasure Craft Data Base)

Reference 25
Note: It is assumed that inboard engine emissions are comparable to

outboard engine emission factors and are treated as such for
data base input.



, TABLE 2. AVERAGE POWER OUTPUT OBSERVED
DURING OUTBOARD TESTS

Average Observed Propshaft Horsepower/Rpm in Modes by Engine

OMC 4 hp OMC 9.5 hp Chrysler 35 hp Mercury 65 hp
Mode x=3 x=2.5 x=2.5 x =3 x=2.5
1 2,73/4500 7.29/4500 . 28.4/5000 28,4/5000 53.4/5200
2 1.74/4000 5.34/4000 16,1/4000 14.3/4000 45, 6/4800
3 0.75/3000 2.59/3000 7.9/3000 6.1/3000 29,2/4000
4 0.23/2000 0.95/2000 2.9/2000 1,8/2000 13.,0/2890
5 0.05/1250 - 0,17/1000 0.5/1000 0.2/1000 5.2/2000
) Idle/(1050) 1dle/(700) I1dle/(1000) Idle/(1100) 0.9/1000
7 -- - - -- Idle/ (800)

Reference




TABLE 3. TOTAL MASS EMISSIONS AND MASS EMISSIONS RETAINED
IN WATER PHASE (EXPERIMENTALLY) FOR FOUR OUTBOARD MOTORS

Raw Mass Emission Rate, g/hr Lossin Water (Experimental), g/hr
Johns. Johns. Chrys. Merec, Johns, Johns, Chrys. Merc.
Mode Gas 4 9.5 35 65 4 9.5 35 65
1 HC 577 792 2880 6340 148 294 1460 2220
CcO 699 2140 9310 8910 64.0 79.9 384 260
CO-Z 2660 5830 13500 32800 857 2330 5300 14300
NO, 5.5 - 6.3 9.7 81.5 1.4 0.5 2.5 14,4
0, 1560 1970 5230 17700 -86.9 -71.8 -301 215
H>O 1480 4020 12300 19900 1210 3190 9800 16500
2 HC 324 813 1850 4660 97.8 351 686 1350
co 587 1690 5760 6170 104 83.2 319 270
COZ 1980 5350 - 9803 29200 723 2240 3910 13300
NO, 1.3 3.8 6.9 83.4 0.1 0.4 1.9 16.1
O, 1010 2040 3350 12500 60.4 -106 -152 -428
H>O 1110 3560 8300 16900 931 2800 6600 14300
3 HC 212 827 1550 2730 63.4 365 572 977
CO - 474 1520 4020 5030 51,7 71.5 115 177
CO2 1350 3790 6540 19000 426 1520 2730 7570
NOy 0.6 1.9 3.5 19.2 0.0 0.4 1.6 1.5
o7 ] 565 2020 2830 6750 -36.1 28.9 -177 -299
H,O 806 2720 5650 11660 671 2120 4440 9920
4 HC 168 638 1040 2120 61.5 310 390 743
CcoO 303 951 2310 4850 25.2 68.0 - 138 193
COop 748 2180 4130 10300 294 867 998 3830
NO, 0.2 0.7 1.7 3.2 0.0 0.2 0.7 0.9
O2 378 1340 1880 5670 -22. 4 43,2 -45.6 -89.5
H,0 5Q7 1650 3440 7760 427 1280 2700 " 6590
5 HC 176 413 746 1980 54.0 200 286 552
CO 275 T2 1080 2890 24,2 45,1 30.5 5.3
CO; 464 885 1850 6480 124 342 772 24320
NO, 0.1 0.1 0.6 0.8- 0.0 0.0 0.1 0.3
O2 343 769 1170 5000 -17.6 33.3 63,1 34.0
H-0O 369 730 1600 4840 306 553 1230 4030
6 HC 198 402 1030 2170 54.0 130 378 537
co 242 365 1010 2590 22.0 31.0 73.6 116
CO; 373 662 1630 4300 100 261 608 1550
NO, 0.0 0.1 0.6 0.8 0.0 0.0 0.4 0.+
(o)) 358 729 1410 5750 -1.6 32.5 18,6 67.3
H,O 315 564 1480 3780 258 422 1100 3030
7 HC -- -- -- 1870 -- -- - 389
co -- -- -- 1610 -- -- -- 70. 4
co;,  -- .- -- 2440 . o-- -- -- 799
NO, -- -- -- 0.5 -- -- -- 0.2
0, -- -- -- 5610 -- -- -- 138

HO  -- -- -- 2350 -- -- -- 1760




TESYT DATA ON JOHNSON 9.5 hp OUTEOARD MOTOR
FUEL CONSUMPYION . ®~/y,
RUN NUMBER AVERAGE
OR TYPICAL
MODE. | 2 3 4 s [] 7 8 NALVE |
1 811 | 84\ | B34 | 8.0 | 7.8} [ B.0B ] 2.95 | 8.2 8.1)
A ] 805 | 849 [ 8.37 | 844 | 7.86 | 847 | 8.00 | 8.2 B.14
2 143 | 246 1 762 | 109 | 122 | 1,35 | 1,36 | 2.3y 128
2A | 143 | 7572 | 7.54 ] .05 | 122 | 220 | 2.28 | .38 2.38
3 61 | 6D | ©.33 | 591 | 548 | 6.18 | 6.27 ] 5.9 G.0)
3A | 619 @.\9 0.37 1 690 | 586|619 | G.30 | 5.9] 6. 12
4 4.08 | 4.ii | 394 3.80 | 3.7 4.09 1418 | 3.74 3.96
4A 1 403 | 4.4} 1400 ) 333 | 3.6 4.01 1412 } 333 3.9
5 2.18 1.95 | 199 | 1.60 | 2.21 | 2.25 ] 2.00 | 2.0 2.03
5A | 248 Jv3b | 1,93 Jis5 | 2.32 | 2.20{ 2.01 | 290 2.03
© 68 v 11.5Y 1156 | 116 | LIS | 1L.Bs | 1.88 1.74
A 1.83 1.80 .63 | .82 { .21 Wk 84 | 1.BG \.7S
FUEL CONSUMPTION . ¥/ne
RUN NUMBER ANERAGE
MODE \ 2 3 4 S © 7 8 05;{13&“"
\ 3710 | 3B0 ) 2780] 3670 | 3540 | 3610 ) 2600 | 3800 2080 |
1A {3660 | 2720 ] 3800} 3690 [ 2570] 3710} 3620 | 3800 3700
2 3370 | 3290 ] 3420 ]| 3220 3280 3340 3340 | 3320 23330
2A | 3270 | 2s30 | 3420] 2200 3280 3260 3250 | 3350 3330
3 2800 | 2350 | 2670) 2680 2670 ] 2800 | 2850 | 2700 2770
3A [ 2810 [ 2810 | 2890|2680 [ 2660 2810|2860} 2710 =z31m0
4 1850 1 1870 ] 1190 [ 171201700 | 1860 f 1900 | 1700 l%OOﬁ
4aA 11860 | 1810 | 18580} 1630{1650 ] 8501870 | 1690 1190
s 990 | 8bb J04 | 1724 [ 1000 | 20| 910 960 925
sn ] %90 | o1 | 835| 105 1050 1000 914 955] 924
6| 76 | 830 | 23| 06| 191 ] 81| 839 ] 8ss| 190
oA | 839 Big | 7140 31| 177 | B03| 824 | eas 793

TEST DATA ON

JORNSON 4R7)

Va4l = /27 /92

OUTEOARD MOTOR
W-2869- 0%

FUEL CONSUMPTION, -/, (NDRMAL AND A" MODES)

) RUN. NUMBER e

MODE. 5 © 7 ® ) £ w0 ¥ o VALUE
! 4.1 | 4.04 3,34 | 3.42 |4.08 /%118
1A

2 2.7 2.80 2.0V | 2.58 |278/Fco
2A

3 94 1.87 .82 2.04 1.92
3A )

4 25 Ly LG \-29 .22
an B '

5 1.00 .07 0.93 | 1.05 1.0}
SA :

[ 0.90 0.97 0.98 | 0.98 0.96
6 A

4 NEW TUEL PUMP INSTALLED

PRIOR YO RUN 10

FUEL CONSUMPTION, 3/ne (NORMAL AND *A° MODES)

RUN NUMBER AVERAGE
OR TYPILAL

MODE s [ 7 8 9 * 0 |*¥ n1 T VALUE
| 1870 | 1830 | 1520 | 1550 ['850 /4530
LA
2 1250 | 1270 | 1180 | 1170 ['290/e 1o
2 A
3 880 848 825 925 870
3 A
4 567 539 526 | 585 553
4A :
5 454 | 485 | 422 | 43¢ 459
5 A ]
6] 408 | 440 | 445 | 44s 435
6A




TeEST DATA ON MERCURY S0 OUTBOARD MOTOR
2/21/72 - 2/28/72

11-2869-01

TESY

DATA ON CHRYSLER 35 Wp OUTBOARD M™MOTOR

FUEL CONSUMPTION , b= /4, FUEL CONSUMPTION), Yor /pe ANERAGE
RUN NUMBER AVERAGE OR TYPILAL
OR TYPICAL RUN NUMBER VALVUE
mooe! 2 3 4 4 s @ VALUE obE] 1 3 3 a 5 6 7 |1=-5]642
] 469 | 469 457 | 464 ] 44.8 46. 1 ) 260 [ 220 [ 356 258 250 ——— 285 |—
1A 424 | 470 46.1 | 46.5 | 46.7 46-8
2 369 | 315 | 321 | 370 | 313 | 213 1A 1258 1208 1263 | 258 1 260 — S S—
1Al 365 | 372 | 382 ] 312 | 310 | 312 2 {16.9 1168 1168 | 1801 122 | 112 | 122 {430 (12
3 24.7 24.4 244 26.0 24.9 24.7 2A }17.0 17.0 12.0 1.9 V1.5 11.4 1.3 a2 (114
3 A 24.9 24.4 24.4 24.9 24.9 24.7 3 12.4 | 12.3 ih8 127 | V1.8 12.2 12.4 |23 s
4 16.4 | v1.3 16.8 | 12.8 16.9 19.0 3A 1123 vz fraad | el |28 | a2 ] 128 |3 laas
4A] 1ee 115 168 | 179 1.3 1.2 4 2.26] 2.28] 188 95] 294 | 188 ] 285 | 216L] 286
5 12.0 12.2 1.8 12.0 ] 1.8 2.0 | 4A 2441 2321 292 | 185] 1921 92| 1BS | 16h ] 108
sal o | us 1z | s | 12.0 5 319 39| 4| assl| 425 | 4ass| aasla jaaa
6 10.4 | 103 104 10.3 1n.o 10.6 SA ] 283 3.60] 4.33] 4491 | 447 | 4.51) 4.34]4.08 4.5
A | 106 10-4 0.4 10.7 0.\ 10.6 6 4.12] 393 ] 494 | 490 ] 4.5 4.5 |—
7 214 .89 1.03 8.89 8.08 bl 6A | 4.24| ao00)] 492 | 486| 458 | — | —}ses2|—
1A .09 1.06 6.81 856 8.02 1.51
FUEL CONSUMPTION , ¥/n
RUN NUMBER Naliouvort FUEL CONSUMPTION, %/w AVERAGE
MODE 2 3 4 5 [ VALUE RUN NUMBER Okvms‘;lé.m
) 21,300)21,300|20,700)21,000 |20,300] 20,900 MODE , 2 Y Y S P 2 15647
} Afzy,500(21,400]20,900]24,100]2y,200] 2),200 " 11800 112,200 11,600 | 7, 700 | 11,400 | —— sol —
2 16.700}17,000]17,100] 16,800]16,900] 16,900 : . . : L - :
2 A |16,600)16,900] 17, 300/ 16, 900] 16,800] 16,900 LA 111,700 |12,200}11.500] 1,700} 1,300 610}
3 1,200 11, 100] 11,100 11, 300 [ 11,300 11,200 2 7660 | 7420 1590 B170 | 1810 ) 2820} 72800 ) I770] I8I0
3A |11.300] 11, 100 11, 100 11,300 | 1,300]| 11,200 ZA | 1700 | 7700 7640] 8120 | 7930} 7900 | 7850 7820] 76810
X 7440 | 1850 | 76201 8070 | 1670 1740 3 5640 | 5570 5360} 5150 | 5680| 5520 5610 | 5600| 5560
[4 & | 7a40| 7940 | 7620] 8120 | 7850 7800 3A | 5580 5510 5470) 5790 | 5660] 5480 | 5060 5580 5570
s | 5440 | 5540 | s3so| sa90 | 5350 5440 4 3290 | 3200 3570 2610 | 2600 | 3570 | 3590 | 3480f 3570
sA| sas0| 5670] sa90] 5350 5310] saa0 an | 3380] 3320 3590 | 3560} 3590 | 3590 | 3500 | 3490] 3580
6 ] 4720] 4670 4720} 4850 | 49%0 4810 5 1720 | 1680} 1960 ] 2020 | 1930 | 2060 | 1970 | 1860} 2020
6A ] 4510) 4720] 47220] 4850 | 5030 4510 SA 1170 ] 1640 ] 1970 | 2000 ] 1890 | 2050 | 2040 | V850 2040
1 3240 ] 3120 32190/ 4030 | 2670 3450 © 1890 | 1780 | 2240 | 2220 | 2080 2040 | ——
TA| 3220 32200] 30%0] 3880 | 3640 3410 6A 1920 | 1820 | 2230 | 2210 | 2080 | —— | —— | 2050| ——




18. U. S. Coast Guard Pollution Abatement Program Two Stroke
Cycle Outboard Gasoline Engine Emissions
(for Pleasure Craft Data Base)

Reference 26

NOTE: It is assumed that inboard engine emission factors are
comparable to outboard engine emissions factors and
are treated as such for data base input.



TABLE 2.

APPLIED HP FOR TEST ENGINES

Speed 1959 1965 1962 1974 1972
(RPM) Johnson Mercury Mercury Evinrude Mercury
700-800 - - - - -
1000 1.16 1.05 0.937 0.93 0.715
2000 6.58 5.96 5.58 5.27 4.05
3000 18.14 16.43 15.30 14.51 11.15
4000 37.25 33.75 31.57 29.80 22.89
4500 50.00 - - 40.00 -
5000 - 58.93 55.16 - 40.00
5200 - 65.00 - - -
5500 - - - -

70.00




TWO STROKE OUTBOARD ENGINE EMISSION DATA2/Db

Engine HP Load Fuel Cons. Total Emissions (g/hr)

% gal/hr Cco NO,. THC

Johnson 1959 Idle - - 2,850 2.6 3,050
50 hp rated 1.16 2.3 - 4,500 3.0 3,200
6.58 13.2 - 7,000 4.5 7,050

18.14 36.3 - 10,000 . 8.6 6,150

37.25 74.5 - 7,600 18.5 5,800

50.00 100.0 - 7,650 - 4,650

Mercury 1964 1.05 1.6 - 700 1.0 1,550
65 hp rated 5.96 9.2 - 750 1.2 1,780
16.43 25.3 - 1,350 2.5 2,250

33.73 51.9 - 4,950 4.5 2,700

58.93 90.7 - 6,650 12.0 3,250

65.00 100.0 - 9,300 27.0 4,500

Mercury 1962 0.937 1.3 1.35 1,200 0.7 1,700
70 hp rated 5.57 8.0 2.45 2,000 1.1 2,300
: 15.38 22.0 3.29 4,400 2.5 3,750

31.57 45.1 3.92 7,500 4.5 3,800

55.16 78.8 5.32 . 9,500 10.8 3,050

70.00 100.0 6.47 12,600 21.0 3,700

Evinrude 1974 Idle 2.3 - 200 0.4 200
40 hp rated 0.93 2.3 - 950 0.6 760
5.27 13.2 - 700 1.7 950

14.51 36.3 - 1,750 6.2 1,075

29.80 74.5 - 5,750 11.1 1,950

40.00 100.0 - 6,250 19.3 2,500

Mercury 1972 Idle - - 500 0.2 450
40 hp rated 0.715 1.8 - 550 0.2 300
4.05 10.1 - 1,450 0.85 750

11.15 27.9 - 1,250 3.8 750

22.89 57.2 - 4,600 5.55 1,450

40.00 100.0 - 4,200 20.8 2,050

ARreference 26.
bgasoline density = 6.17 lb/gal.



TWO STROKE OUTBOARD ENGINE EMISSIONS DATA &:b

Engine HP Load Fuel Cons. Total Emissions (g/hr)

% gal/hr HC co NO,

Johnson 2.73 68.3 - 577 699 5.5

4 hp 1.74 43.5 - 324 587 1.3

0.75 18.8 - 212 474 0.6

0.23 5.8 - . 168 . 303 0.2

0.05 1.3 - 176 275 0.1

Idle - - 198 242 0

Johnson 7.29 83.2 - 792 2,140 6.3
9.5 hp 5.34 56.2 - 813 1,690 3.8
2.59 27.3 - 827 1,520 1.9

0.95 10.0 - 638 951 0.7

0.17 1.8 - 413 472 0.1

Idle - - 402 365 0.1

Chrysler 28.4 8l.1 - 2,880 9,310 9.7
35 hp 16.1 46.0 - 1,850 - | . 5,760 6.9
: 7.9 22.6 - 1,550 4,020 3.5

2.9 8.3 - 1,040 2,310 1.7

0.5 1.4 - . 746 1,080 0.6

Idle - - 1,030 1,010 0.6

Mexcury 53.4 82.2 - 6,340 8,910 81.5

65 hp 45.6 70.2 - 4,660 6,170 83.4

) 29.2 44.9 - 2,730 5,030 19.2

13.0 20.0 .- 2,120 4,850 3.2

5.2 8.0 - 1,980 2,890 0.8

0.9 1.4 _ - 2,170 2,590 0.8

Idle - 1,870 1,610 0.5

AReference 26.
bgasoline density = 6.17 lbs/gal.



" TABLE

7.:.. WATER/EXHAUST MIXING RESULTS

- MASS. -IJIISSIOISA (s/hr)

EMISSIONS RETAINED IN WATER (g/hr)

EM]ISSIONS VENTED TO AIR (g/hr)

PR

o T [ B | 9 [ ) a [ [ 9 | 9 [ % [ [ 9 B [ 9

- = F x = = = = = = = = = = = =

' 3 ’ >-= »2' §3 »2 -?\ »‘3 >-t°~ gg )-3 3 )-3 »2 "'3 »3

-5. ..,.~._V~. §- ‘- ‘. 2. .. §n Eo ‘. s. ‘.
‘R - BN X BN o 3- BN 2w §N Y - BN F a~
&% w3 2 5% &%) E2 S g3 =% 5|88 8% g2 =53 &%

DE| GAS | » e~ . §2 - ¥2 wnx B2 D 34 g2 o~ - 3 - 8= ¥2 22 g2
1t Jco |2ss0 700 11200 900 - so0o| 200 sse 366 240 112 ] 2649 314 3¢ os54 388
€0,-| 7000 . 3125 " 2000 ‘1200 1250 | 5230 744 1483 1005 . 1062 | 1770 381 S17 195 188

n? . 2.6 1.0 .ss - 0.4 0.2] 1.2 0.6 0.4 0.23 0.12] 1.4 0.4 0.35 o0.17 o0.08

e | 300 1850 : 1700 = 900. 4SO $97 934 910 474 235 | 2453 “.ele 790 426 218§

2 |co. |asoo - 750 2000 - 950 sso| ses 427 s10 248 160 | 41s6 323 1490 708 390
Co, -} 9125 .. 3625 - 2900 2100 1400 | 6998 3093 2076 171§ 1220 2127 s32 624 88 1719

NO 5.0 1.2. 1.1 0.6 e.2| 1.38 0.77 0.5 0.24 0.12] 1.6S 0.43 0.5 0.36 0.08

e | 3200 1780 . 2300 76 30 643 1033 1411 382 160 ] 2557 747 889 a0s 140

s {co | re00. 1350 . 4400 700 1450 | 1123 624 s4e 142 soz | se77 126 3ss4  sss aas
. | co, 19250" 750 - asso - s750 . 3300 | 7145 5759 3507 4769 2933 | 2105 991 1343  9m 367
I wo 4.8 2.5 2.5 1.7 _0.88) 1.96 1.36 1.08 0.24 €.36 | 2.54 1.14 1.45 1.46 0.49
- |:uB. | 7080 2250 < 3750 - 9S50 7s0.-| 2641 1274 2138  as2 426 | 4409 976 1615 498 324
¢ |co -Jro000 4950 - 7500 1750 1250 | 1773 2221 1209 554 aa ] 8227 2729 6291 1196 a3e
- | co, J12500 . 10625 . 8400 - 9500 - 000 | 925 9132 5829 7928 sa93 | 2675 1493 2571 1572 s07
w2 | s.6 4.5 4.5 o.2 3.8| 0.65 1.9 1.22 1.74 1.7 | 7.95 2.s4 3.28 4.46 2.0

| ™& | 6150 2700 3800 1075 750 | 1825 1631 2116 _ 483 ae1 | 4325 1069 1684 $92 309
s | co. } 7600 5650 :.9500 5750 4600 | 1747 e367 925 1662 1064 | ses3 2783  es7s  soss 2930
~ | co, |20000. “18000 13500 - 12200 7600 | 16052 15809 10292 10009 - 6816 | 3948 2191 .3208 2191 784
w2 |"1s.s “12.0 “10.8 . 11.1 S.ss| .s8 S.62 2.08 3.76 2.60 |17.52 e6.38 '8.78 7.3 2.9%

TE | S800 325003050 1950 1450 1412 1508 1419 996 - #ss | a3sa 1742 1831 954  $9§

o | co | 7650 - 9300 12600 6250 . 42000 - T sars 474 1837 1191 - 3427 12126 4413 3009
co, . - 320200 17400 - 13800] - 2014818 14706 11782 . ©7 Tsses 2094 2048

No? - 27,0 "21.0 19.3 20.8] - . 15.8 .39 6.82 10.1 - 13.2 15.61 12.48 10.7
T -| 4650 4s00 - 3700 2500 208 - 2988 1308 1309 1077 - 1S14 2392 1191 973




