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SURFACE TRANSPORTATION BOARD 

Washington, DC 20423 
 
 

 
 Section of Environmental Analysis 

 

 

April 8, 2008 
 
Normand Pellerin 
Assistant Vice-President, Environment 
935, rue de La Gauchetiere West 
Floor 12 
Montreal, Quebec H3B 2M9 
 

Re: STB Finance Docket No. 35087, Canadian National Railway Company and Grand Trunk 
Corporation – Control – EJ&E West Company  

 
Dear Mr. Pellerin: 
 

 Enclosed please find two figures showing typical cross sections of the EJ&E.  As you know, we 
have developed these figures using information provided by CN to assist us in conducting a thorough and 
informative environmental review.  The Board’s Section of Environmental Analysis (SEA) understands 
that CN does not have final design level information, and SEA intends to use the figures to represent our 
best understanding of the construction concepts that CN has provided to us.  Once you have reviewed 
both figures and agree that they accurately reflect your construction concepts, we will use the figures to 
assist us in assessing the potential environmental impacts that may result from the constructions proposed 
by CN as part of its proposed acquisition of the EJ&E, and to provide the public with a clear 
understanding of the physical “footprint” proposed by CN for the new rail constructions.  We request that 
CN review the two enclosed figures and, at your earliest convenience, verify that our understanding of 
your construction concepts is correct:     

 
• Figure 1 entitled “Typical Cross Section for Areas with New Connections” shows a 

typical single and a typical double track cross section representative of those areas where 
CN proposes to build a new connection or add a second main track.   

 
• Figure 2 entitled “Proposed Munger Connection” (enclosed) shows a typical cross section 

in the area where CN proposes to build a retaining wall.   
 
Thank you for your assistance.  I would appreciate it if you could provide a copy of your response 

as soon as possible to Phillis Johnson-Ball of my staff and to our independent third-party consultant, John 
Morton, at HDR, 8404 Indian Hills Drive, Omaha, Nebraska, 68114-4098.   
 

Sincerely,                             
                                          

          
 

Victoria J. Rutson 
Chief 
Section of Environmental Analysis 

Enclosures 
 

Cc: John Morton, HDR Engineering, Inc. 
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From: Normand Pellerin  
Sent: Friday, April 11, 2008 2:34 PM 
To: Vicki Rutson 
Subject: Re: Rail Cross Section 
 
Miss Rutson  
After review of the cross-section prepared by HDR,  CN suggest the following changes to better 
reflect our engineering practices.  
 
The following changes needs to be made to the typical cross-section plans:  
 
1.        The bottom of the ditches should read “varies 2ft min”  
2.        For the fill height which reads 3”-0” Min remove this and insert “varies as required”  
3.        The 2:1 slope on the right side of the fills should read “2:1 Min”  
 
With those modifications, the cross-section will reflect CN construction practices.  
 
N.  
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Comments on Chapter 1 (Purpose of and Need for the Proposed Action) 
of Draft EIS, as Redacted for CN’s Review (April 2008) 

 
Section 1.1, para. 1, lines 3-4:  The draft states that CN’s application sought STB 
approval “to acquire control of EJ&E West Company, a wholly owned noncarrier 
subsidiary of Elgin, Joliet and Eastern Railway Company (EJE).”  This sentence is 
potentially confusing.  We suggest revising it to refer to “EJ&E West Company, which 
today is a wholly owned noncarrier subsidiary . . . .”  (While it is true that EJ&EW is 
today a noncarrier, the only reason regulatory approval is needed at all is that it will be a 
rail carrier when and if CN acquires it.) 
 
Section 1.1, para. 1, lines 6-7:  The draft states that “[t]he EJ&E rail line . . . extends in an 
arc around Chicago as follows:  . . . .”  We suggest changing this to refer to “EJ&E’s 
principal rail line”.  (There are other EJ&E rail lines, including ones that CN proposes to 
acquire, besides the one extending from Waukegan to Gary, then along the Lake.) 
 
Section 1.1, para. 2, lines 6-7:  We recommend changing “this Environmental Impact 
Statement (EIS) refers to the proposed acquisition of EJ&E” to “this Environmental 
Impact Statement (EIS) refers to the proposed acquisition of EJ&E West Company.”  
(CN does not propose to acquire EJ&E, although it anticipates that at the time of the 
acquisition, EJ&EW will be the owner of most of what are now most of EJ&E’s assets.) 
 
Section 1.1, para. 3, lines 4-5:  We recommend changing “construction of six new rail 
connections, siding extensions, and second mainline track” to “construction of six 
improved rail connections, as well as to three extensions of sidings and installation of 
second mainline track”.  (As written, it appears that the number six applies to the siding 
extensions and double-trackings as well as to the connections.  Also, CN prefers to 
describe the connections as improvements to existing connections rather than new ones.  
At all six locations, the existing connections could be used for the movements that the 
new construction is intended to facilitate, although much less efficiently, and CN 
therefore regards the proposed construction as improvements to those connections.) 
 
Section 1.1, para. 3, line 7:  We note that, in fact, CEQ and STB rules only require an EIS 
for actions “significantly affecting the quality of the human environment,” 42 U.S.C. 
§ 4332(2)(C), 49 C.F.R. § 1508.11, not those that only “may significantly affect the 
environment.” 
 
Section 1.2.1, para. 2, line 2:  We note that the identification of Figure 1.2-1 as “Chicago 
Terminal District” may be misleading, as Figure 1.2-1 does not appear to show the entire 
Chicago Terminal District.  (The CORA Chicago Terminal District Map, by way of 
contrast, extends as far as Waukegan in the north, West Chicago Yard and Eola Yard in 
the west, the Cook-Will county line in the south, and Kirk Yard in the east.)  It may be 
more appropriate to identify the map as “Major Routes Used by CN Through Chicago.”  
 
Section 1.2.2, para. 1, line 5:  We suggest changing “Port Huron, Michigan” to “Port 
Huron and Detroit, Michigan”. 
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Section 1.2.2., para. 3, lines 7-8:  We suggest changing “To move from one CN rail line 
to another, CN trains must travel on other rail lines” to “Most CN trains moving from one 
CN rail line to another must travel on other rail lines”.  (Trains may move from the Joliet 
or Freeport Subdivisions to the Chicago Subdivision and vice versa without using any 
other railroads’ lines, although relatively few trains make this movement.) 
 
Section 1.2.3, para. 2, line 2:  We suggest striking the words “‘Chicago’s Outer Belt’ or”.  
To the best of our knowledge, EJ&E has not referred to itself as Chicago’s Outer Belt 
since about 1974. 
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LOCOMOTIVE EMISSIONS FACTORS 
 

1. Introduction 
 
In order to forecast the changes in railroad engine emissions of air pollutants that are expected to 
follow from the proposed CN/EJ&EW Transaction, CN used emissions factors (EF) that had been 
calculated, for the relevant locomotive models, by the Canadian rail industry for use in 
determining emissions from the various diesel locomotives in the Canadian fleet.  These EFs are 
in turn used to calculate the yearly inventory of emissions reported by the Railway Association of 
Canada to Environment Canada.  EFs specific to a locomotive engine model are needed to 
calculate emissions of each of the Criteria Air Contaminants (i.e., oxides of nitrogen (NOx), 
hydrocarbons (HC), carbon monoxide (CO), and particulate matter (PM)).  In this paper, I explain 
the steps by which the relevant EFs were derived. 
 
2. Background 
 
Prior to the introduction of higher horsepower locomotives in the 1990s, the Canadian rail 
industry’s calculations of emissions of NOx and other pollutants were based on the EFs for the 
locomotives in mainline service at the time, namely the 3000 horsepower SD40-2 type 
locomotives.  The data was generated by the Association of American Railroads and Southwest 
Research Institute (SwRI), from locomotive emissions tests it conducted in the late 1980s. 
 
Higher horsepower locomotives were introduced into the Canadian railroads’ fleets in the mid 
1990s. By the early 2000s, it became clear that EFs based on SD40-2 locomotives would not 
produce accurate emission tonnages for the locomotives coming into service.  In addition, the US 
EPA’s Emission Standards for Locomotives and Locomotive Engines, promulgated in 1998, 
mandated lower emissions from new and remanufactured locomotives starting in year 2000, 
making EFs based on the SD40-2s even more unrepresentative of actual emissions.  Determining 
fleet emission tonnages, therefore, required knowledge of the various locomotive emission 
profiles, using engine-specific EFs for each locomotive type. 
 
A methodology for determining fleet average EFs was therefore developed.  Locomotive 
emissions testing reports in the public domain were obtained, and a database of test results was 
created.  However, little information was in the public domain about the emissions profiles of US 
EPA Tier level locomotives (i.e., locomotives conforming to the standards set by EPA’s Emission 
Standards for various tiers of locomotives). 
 
Also, many locomotives types had not been tested; therefore, a methodology was developed to 
estimate emissions from such locomotives. 
 
3. Estimating Emissions from US EPA Tier Level Locomotives  
 

3.1 Emission Factors for HC, CO, and PM 
 

Test results regarding emissions of criteria pollutants other than NOx (i.e., HC, CO, and 
PM) by Tier-level engines and locomotives are not publicly available.  Emissions from 
Tier-level engines are unlikely to be any higher than those for non-Tier engines, however.  
In the absence of actual test results, therefore, emissions of HC, CO, and PM by Tier-
level engines were conservatively assumed to be the same as emissions of those 
pollutants by non-Tier engines.  A statistical method was developed, using publicly 
reported test data regarding emissions by non-Tier engines and locomotives, to compute 
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emission factors for HC, CO, and PM.1  The principal steps in that method were the 
following:  

 
 3.1.1 Data Compilation 

 
 Data were compiled into a database from reports in the public domain of tests 

conducted by SwRI and Canada Allied Diesel – Engine Systems Development 
Centre (CAD-ESDC), Montreal, on locomotives not subject to EPA emission 
limits.  The following information was collected for each locomotive tested: 
Source Reference, OEM, Locomotive Model, Engine, Rated Horsepower, Air 
supply, number of cylinders. For each discrete throttle setting, or “notch” 
(including idle and dynamic braking) the following information was collected: 
Notch, Flywheel Horsepower, Fuel Consumption in lbs/hr, NOx in g/hr, CO in 
g/hr, HC in g/hr, and PM in g/hr. An example is shown below. 

 

 
 

 3.1.2 Graphical Presentation of Data Set  
 

 Data from the database were exported to a Microsoft Excel spreadsheet (see tab, 
“DB Output,” on attached Excel file).  From the data, curve fit equations were 
generated for Fuel Consumption as a function of Horsepower, and for Emissions 
Generated (NOx , CO, HC, and PM) as a function of Fuel Consumption, both for 
all engines tested and for individual models.  The curves represented by those 
equations are presented graphically on the “All” and “Engine” tabs of the 
attached Excel file.  The equations for EMD’s 645 engine (used in the SD-40-2 
locomotives) and for GE’s 7FDL engine (used in the Dash 9 locomotives) are 
presented in the tab, “Emissions Equations” on the attached Excel file.  The 
following is an example of the curve equation for Fuel Consumption and NOx 
emissions: 

                                                           
1 Those test results show emissions of HC, CO, and PM for non-Tier engines at levels well below the EPA 
limits for Tier-level engines.   
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The NOx data shows that there is a variation in the test results of approximately 9 
percent.  In order to ensure that the locomotive emissions are below the 
maximum level set by regulation, the variation in test procedure must be taken 
into consideration.  Thus, manufacturing engines to emit at 90 percent of the 
maximum EPA limit for NOx will ensure that NOx emissions will be below the 
regulated limit.  (As noted above, OEMs have therefore manufactured Tier-level 
engines to specifications calling for emissions of NOx at no more than 90% of 
the EPA limit.) 
 
The high variation of 9 percent in NOx data occurs because NOx creation is very 
sensitive to combustion temperature.  Very small temperature variations in 
charge air from the turbocharger make large differences in NOx generation in the 
combustion chamber.  As well, because ambient temperature and atmospheric 
pressure changes from day to day, correction factors are used in NOx test data 
reports to try to standardize temperatures and atmospheric pressure differences at 
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the time of locomotive testing from the EPA testing criteria.  This may also add 
to imprecision in test data.   
 

  3.1.3 Locomotive Emissions Estimates 
 

For each engine considered, the curve fit equations for fuel consumption as a 
function of horsepower were applied to the calculated horsepower at each notch 
setting, to yield fuel consumption at each notch setting.  (See “Calculated Fuel 
Consumption L/hr” columns on the “GE Calculations” and “567 645 
Calculations” tabs on the attached Excel spreadsheet.) 
 
The curve fit equations for NOx, CO, HC, and PM emissions as a function of fuel 
consumption were then applied to the fuel consumption numbers for each notch, 
to generate emissions, in gram per hour, for those pollutants at each notch setting.  
(See “Calculated Emissions” columns for “NOx g/hr,” “CO g/hr,” “HC g/hr,” 
and “PM g/hr,” on the “GE Calculations” and “567 645 Calculations” tabs, on 
the attached Excel spreadsheet.) 
 
Each notch’s percentage in the Canadian duty cycle for line-haul service (see 
“Duty Cycle” column, under “Freight Duty Cycle Emission Calculations,” on the 
“GE Calculations” and “567 645 Calculations” tabs on the attached Excel 
spreadsheet) was then applied to the calculated fuel consumption at each notch 
setting, to yield fuel consumption in liters per hour of fuel, weighted by the duty 
cycle percentages (see “dc FC L/hr” column, under “Freight Duty Cycle 
Emissions Calculations,” on the “GE Calculations” and “567 645 Calculations” 
tabs, on the attached Excel spreadsheet).  The weighted fuel consumption 
numbers for each notch setting were added to yield fuel consumption, in liters per 
hour, for the engine over its entire duty cycle. 
 
Each notch’s percentage in the Canadian duty cycle2 for line-haul service was 
also applied to the calculated emissions for NOx, CO, HC, and PM, to yield 
emissions per hour at each notch setting, weighted by the percentage of that 
notch setting in the overall duty cycle. (See “dc NOx g/hr,” “dc CO g/hr,” “dc 
HC g/hr,” and “dc PM g/hr” columns, under “Freight Duty Cycle Emissions 
Calculations,” on the “GE Calculations” and “567 645 Calculations” tabs, on the 
attached Excel spreadsheet.)  For each pollutant, the weighted emissions for each 
notch setting were added to yield emissions, in grams per hour, of that pollutant 
over the entire duty cycle of the engine being considered. 
 
Finally, for each pollutant and each engine, the emission factors calculated (as 
grams per hour) for the entire duty cycle were divided by the fuel consumption 
calculated (as liters per hour) for the entire duty cycle, to yield emission factors 
in grams per liter for each pollutant.  (See “NOx g/L,” “CO g/L,” “HC g/L,” and 
“PM g/L” columns, under “Emissions Factors,” under “Freight Duty Cycle 
Emissions Calculations,” on the “GE Calculations” and “567 645 Calculations” 
tabs, on the attached Excel spreadsheet.)   
 

                                                           
2 The Canadian duty cycle percentages were calculated in 2001 by consultants to the Canadian rail industry, 
using actual data from event recorders on trains of CN, CP, and Go Transit (a commuter railroad operating 
in the Toronto metropolitan area). 
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3.2 Emission Factors for NOx 
 

One publicly available test result has been found for a locomotive meeting US EPA Tier 
levels standards.3  The test, conducted by SwRI on a Tier 0 locomotive,4 showed that the 
locomotive emitted NOx at a rate of 7.8 g/hp-hr, which is 82 percent of the EPA line-haul 
duty cycle NOx emission limit of 9.5 g/hp-hr for Tier 0 engines. 
 
Although the above locomotive was found to have emissions significantly lower than the 
maximum for EPA Tier 0, it is our understanding that other locomotives of the same 
model type could have emissions closer to the EPA limits, because of variations between 
different engines of the same type.  As discussed below, publicly available test data 
reporting NOx emissions by non-Tier-level locomotives indicate that actual test results 
vary by a range of 9% (±4.5%) around the mean.   
 
Original Equipment Manufacturers (OEMs) have indicated, in private discussions with 
the Canadian railway industry’s consultant, that, in order to ensure that Tier-level 
locomotives and engines do not exceed the EPA limits, the OEMs set internal 
development targets for NOx emissions at 90% of EPA limits, and manufacture 
locomotives and engines to meet that target.  Accordingly, in the absence of model-
specific test data in the public domain, and in light of the 9% variance observed in non-
Tier locomotives, EFs of 90% of EPA regulated Tier limits were used for calculating 
NOx emissions for Tier-level locomotives. 
 
Because the EPA emission limits are stated in terms of grams per horsepower-hour (i.e., 
emission per unit of work), it was necessary to convert the EPA Tier 0 NOx limit into the 
equivalent, stated in terms of grams per liter or grams per gallon (i.e. emission per unit of 
fuel consumed), it was necessary to perform a conversion.  This was done by determining 
fuel consumption and horsepower effort exerted over the line-haul duty cycle for each 
engine in the Canadian fleet, as reported in the database described above, then using 
those numbers to calculate a conversion factor of fuel consumption per horsepower-hour 
over that duty cycle for each engine.  For each engine, 90% that conversion factor was 
applied to the EPA Tier 0 line-haul duty cycle NOx limit of 9.5 g/hp-hr and the EPA Tier 
1 line-haul duty cycle NOx limit of 7.4 g/hp-hr, and the resulting Tier 0 and Tier 1 
emission factors were averaged to yield Canadian fleet NOx emission factors of 40.59 
g/L for Tier 0 and 28.43 g/L for Tier 1.  (The calculations for the Canadian fleet Tier 0 
NOx emission factor are shown on the “NOx Tier 0 EF Calc” tab on the attached Excel 
file.) 

 

                                                           
3 Fritz, S.G., Locomotive Exhaust Emissions Test Report: BNSF 9476 / EMD SD70MAC prepared for 
Transport Canada Railway Safety Branch, Southwest Research Institute, San Antonio, Texas, May 2004.  
4 EPA Tier 0 standards apply to all locomotives originally built between 1973 and 2001.  
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4. Calculation of Emission Factors for CN Line-Haul Locomotives on Rail Lines 
Affected by CN/EJ&EW Transaction 

 
A conversion factor of 3.785 liters per gallon was applied to the emission factors for NOx, CO, 
HC, and PM to yield emissions in grams per U.S. gallon.  (See “Emission Factors” tab on the 
attached Excel spreadsheet.) 
 
Robert Dunn 
 
Consultant in Railway Fuels, Lubricants  
and Locomotive Exhaust Emissions 
 
514-626-2860 
514-882-2860 (mobile) 
 
June 20, 2008 
 
Attachment:  Exhibit_to_Locomotive_Emission_Factors.xls 
 



Sources
1 ESDC , Transport Canada 808-05-0364, 2006
2 AAR R892, 1996
3 AAR Report R-688 (March 1988)
4 SwRI Report No. 08-02062 (October 2000)
5 SwRI Report No. 08-5374-024 (August 1995)
6 SwRI Summary (Compiled for US EPA in 1997)
7 SwRI  Report for Environment Canada 03.10493 (May 2004)
8 SwRI Report No 03-4171 (October 1994)
9 ESDC TC Report #: ETR-0356-R1 2007

All Notches

Source 
Code Builder Locomotive Model Engine

Rated 
Horsepower Air Supply Notch FHP FC lbs/hr NOx g/hr CO g/hr

1 EMD GP-35 567D3A 2250 Turbo 8 2365 917 23841 8860
4 EMD SW1000 645E 1100 Roots Blower 8 1122 438 16745 3084
4 EMD 0 645E 1500 Roots Blower 8 1586 630 24028 5710
4 EMD 0 645E3C 1650 Turbo 8 1576 565 26036 1150
4 EMD 0 645E 2000 Roots Blower 8 2124 854 34748 3972
7 EMD GP-38 645 E 2000 Roots Blown 8 2111 897 41808 2776
4 EMD 0 645E 2300 Turbo 8 2415 897 31274 6617
4 EMD 0 645E3B 2500 Turbo 8 2451 872 34436 5490
4 EMD 0 645F3B 2850 Turbo 8 2823 991 27440 3472
7 EMD SD-40-2 645 E3B 3000 Turbo 8 2995 1070 30207 813
1 EMD SD-40 645000 3000 Turbo 8 3267 1202 34611 6998
7 EMD SD-40-2 645 E3B 3000 Turbo 8 3078 1135 35146 1189
4 EMD 0 645E 3000 Turbo 8 3159 1177 36928 5907
4 EMD 0 645E3B 3000 Turbo 8 3070 1186 45037 1596
4 EMD 0 645F3 3500 Turbo 8 3681 1345 47269 4565
9 EMD SD 50 645 F3B 3600 Turbo 8 3624 1278 35478 3859
4 EMD 0 645F3B 3600 Turbo 8 3866 1281 57024 1816
4 EMD 0 645E 3800 Turbo 8 3819 1432 47127 2596
4 EMD 0 710G3 3200 Turbo 8 3023 1035 27660 2449
4 EMD 0 710G3A 3200 Turbo 8 3196 1077 30426 3931
4 EMD 0 710G3 3600 Turbo 8 4094 1383 42291 1596
4 EMD 0 710G3A 3600 Turbo 8 3916 1335 50515 3456
2 EMD SD-70 710G3B 4000 Turbo 8 4204 1378 50191 4135
3 EMD SD-75 710G3EC 4300 Turbo 8 4431 1439 54440 3724
4 GE 0 0 2500 Turbo 8 2500 862 26150 3425
4 GE 0 0 3000 Turbo 8 3000 991 33000 3000
4 GE 0 0 3000 Turbo 8 3000 1090 36390 6360
4 GE 0 0 3300 Turbo 8 3300 1082 36300 3300
4 GE 0 0 3600 Turbo 8 3600 1254 41616 3456
4 GE 0 0 4100 Turbo 8 4100 1415 47028 3034
6 GE Dash 8 7FDL 4000 Turbo 8 4093 1427 40554 15508
2 GE Dash 9 7FDL 4400 Turbo 8 4496 1564 45669 15485
7 GE P-42DC 7FDL 4400 Turbo 8 4251 1423 61707 11672
1 EMD GP-35 567D3A 2250 Turbo 7 1759 680 15275 4811
4 EMD SW1000 645E 1100 Roots Blower 7 995 375 15915 1194
4 EMD 0 645E 1500 Roots Blower 7 1372 529 21897 2085
4 EMD 0 645E3C 1650 Turbo 7 1385 498 22410 1523
4 EMD 0 645E 2000 Roots Blower 7 1810 710 29611 1774
7 EMD GP-38 645 E 2000 Roots Blown 7 1880 747 34069 2065
4 EMD 0 645E 2300 Turbo 7 2075 772 26954 5457
4 EMD 0 645E3B 2500 Turbo 7 2103 749 27655 7991
4 EMD 0 645F3B 2850 Turbo 7 2389 841 27975 2891
7 EMD SD-40-2 645 E3B 3000 Turbo 7 2647 957 26511 982
1 EMD SD-40 645000 3000 Turbo 7 2766 1020 28916 6483
4 EMD 0 645E 3000 Turbo 7 2661 994 31187 5030
4 EMD 0 645E3B 3000 Turbo 7 2492 1066 34240 1371
7 EMD SD-40-2 645 E3B 3000 Turbo 7 2842 1020 35090 1249
4 EMD 0 645F3 3500 Turbo 7 3182 1150 44166 3532
9 EMD SD 50 645 F3B 3600 Turbo 7 2662 952 28778 2552
4 EMD 0 645F3B 3600 Turbo 7 3454 1136 54573 1520
4 EMD 0 645E 3800 Turbo 7 3344 1227 45479 2173
4 EMD 0 710G3A 3200 Turbo 7 2534 848 23716 4333
4 EMD 0 710G3 3200 Turbo 7 2568 883 24142 2234
4 EMD 0 710G3 3600 Turbo 7 3541 1190 39163 1699



4 EMD 0 710G3A 3600 Turbo 7 3379 1142 54594 3286
2 EMD SD-70 710G3B 4000 Turbo 7 3653 1190 48840 3504
3 EMD SD-75 710G3EC 4300 Turbo 7 3824 1231 58836 3541
4 GE 0 0 2500 Turbo 7 2004 697 23553 4653
4 GE 0 0 3000 Turbo 7 2405 802 25103 3287
4 GE 0 0 3000 Turbo 7 2600 882 31538 5512
4 GE 0 0 3300 Turbo 7 2600 858 27196 2561
4 GE 0 0 3600 Turbo 7 3100 1014 36425 4650
4 GE 0 0 4100 Turbo 7 3440 1180 39766 3303
6 GE Dash 8 7FDL 4000 Turbo 7
2 GE Dash 9 7FDL 4400 Turbo 7 3662 1251 42567 12285
7 GE P-42DC 7FDL 4400 Turbo 7 3440 1145 68840 3872
1 EMD GP-35 567D3A 2250 Turbo 1 125 68 1763
4 EMD SW1000 645E 1100 Roots Blower 1 28 19 597 155
4 EMD 0 645E 1500 Roots Blower 1 72 41 1239 183
4 EMD 0 645E3C 1650 Turbo 1 57 35 1725 96
7 EMD GP-38 645 E 2000 Roots Blown 1 64 48 1561 445
4 EMD 0 645E 2000 Roots Blower 1 98 55 1824 241
4 EMD 0 645E 2300 Turbo 1 94 53 2476 232
4 EMD 0 645E3B 2500 Turbo 1 111 54 1466 95
4 EMD 0 645F3B 2850 Turbo 1 222 95 3039 251
7 EMD SD-40-2 645 E3B 3000 Turbo 1 94 60 1703 119
4 EMD 0 645E3B 3000 Turbo 1 105 296 2069 343
7 EMD SD-40-2 645 E3B 3000 Turbo 1 87 62 2357 330
4 EMD 0 645E 3000 Turbo 1 105 64 2807 267
1 EMD SD-40 645000 3000 Turbo 1 106 83 3360 804
4 EMD 0 645F3 3500 Turbo 1 250 137 5838 302
4 EMD 0 645F3B 3600 Turbo 1 205 92 1105 59
9 EMD SD 50 645 F3B 3600 Turbo 1 207 87 3177 290
4 EMD 0 645E 3800 Turbo 1 111 68 2749 316
4 EMD 0 710G3 3200 Turbo 1 197 90 2919 124
4 EMD 0 710G3A 3200 Turbo 1 209 91 3338 113
4 EMD 0 710G3A 3600 Turbo 1 233 100 3201 230
4 EMD 0 710G3 3600 Turbo 1 203 91 3820 105
2 EMD SD-70 710G3B 4000 Turbo 1 205 91 2303 153
3 EMD SD-75 710G3EC 4300 Turbo 1 264 108 3450 248
4 GE 0 0 2500 Turbo 1 114 52 830 198
4 GE 0 0 3000 Turbo 1 137 60 831 198
4 GE 0 0 3000 Turbo 1 150 66 1002 278
4 GE 0 0 3300 Turbo 1 100 50 830 198
4 GE 0 0 3600 Turbo 1 175 76 1170 325
4 GE 0 0 4100 Turbo 1 195 78 1299 361
6 GE Dash 8 7FDL 4000 Turbo 1
2 GE Dash 9 7FDL 4400 Turbo 1 194 80 2166 109
7 GE P-42DC 7FDL 4400 Turbo 1 191 78 2642 133
1 EMD GP-35 567D3A 2250 Turbo 2 268 124 3161 302
4 EMD SW1000 645E 1100 Roots Blower 2 72 36 1046 182
4 EMD 0 645E 1500 Roots Blower 2 233 95 2775 294
4 EMD 0 645E3C 1650 Turbo 2 220 91 4404 156
7 EMD GP-38 645 E 2000 Roots Blown 2 242 111 2849 661
4 EMD 0 645E 2000 Roots Blower 2 333 137 4335 430
4 EMD 0 645E 2300 Turbo 2 291 123 4924 297
4 EMD 0 645E3B 2500 Turbo 2 417 159 4708 225
4 EMD 0 645F3B 2850 Turbo 2 339 134 8329 292
7 EMD SD-40-2 645 E3B 3000 Turbo 2 390 161 4360 250
4 EMD 0 645E3B 3000 Turbo 2 363 361 5032 625
1 EMD SD-40 645000 3000 Turbo 2 351 154 5754 425
4 EMD 0 645E 3000 Turbo 2 395 167 6040 292
7 EMD SD-40-2 645 E3B 3000 Turbo 2 420 170 6190 569
4 EMD 0 645F3 3500 Turbo 2 444 203 8329 306
9 EMD SD 50 645 F3B 3600 Turbo 2 441 170 6916 422
4 EMD 0 645F3B 3600 Turbo 2 475 176 7819 228
4 EMD 0 645E 3800 Turbo 2 435 187 5754 452
4 EMD 0 710G3 3200 Turbo 2 356 140 4998 231
4 EMD 0 710G3A 3200 Turbo 2 372 141 5598 127
4 EMD 0 710G3 3600 Turbo 2 439 171 6625 132
4 EMD 0 710G3A 3600 Turbo 2 475 186 6857 256
2 EMD SD-70 710G3B 4000 Turbo 2 439 172 4324 254
3 EMD SD-75 710G3EC 4300 Turbo 2 537 200 7390 276
4 GE 0 0 2500 Turbo 2 266 105 1770 422
4 GE 0 0 3000 Turbo 2 319 121 1420 339



4 GE 0 0 3000 Turbo 2 300 133 2001 556
4 GE 0 0 3300 Turbo 2 200 86 1450 338
4 GE 0 0 3600 Turbo 2 375 153 2816 436
4 GE 0 0 4100 Turbo 2 400 172 3000 464
6 GE Dash 8 7FDL 4000 Turbo 2
7 GE P-42DC 7FDL 4400 Turbo 2 420 156 2064 221
2 GE Dash 9 7FDL 4400 Turbo 2 499 191 5821 291
1 EMD GP-35 567D3A 2250 Turbo 3 448 194 4790 372
4 EMD SW1000 645E 1100 Roots Blower 3 231 90 2375 263
4 EMD 0 645E 1500 Roots Blower 3 440 167 5716 339
4 EMD 0 645E3C 1650 Turbo 3 420 162 8039 160
7 EMD GP-38 645 E 2000 Roots Blown 3 497 24 5552 821
4 EMD 0 645E 2000 Roots Blower 3 589 226 8134 430
4 EMD 0 645E 2300 Turbo 3 497 198 8329 348
4 EMD 0 645E3B 2500 Turbo 3 597 223 6688 256
4 EMD 0 645F3B 2850 Turbo 3 735 274 10731 368
1 EMD SD-40 645000 3000 Turbo 3 666 281 8304 587
7 EMD SD-40-2 645 E3B 3000 Turbo 3 788 303 8350 281
4 EMD 0 645E3B 3000 Turbo 3 721 432 8717 851
7 EMD SD-40-2 645 E3B 3000 Turbo 3 754 300 9900 663
4 EMD 0 645E 3000 Turbo 3 686 275 10180 329
4 EMD 0 645F3 3500 Turbo 3 725 305 11897 355
9 EMD SD 50 645 F3B 3600 Turbo 3 903 337 12137 834
4 EMD 0 645F3B 3600 Turbo 3 1005 363 14060 744
4 EMD 0 645E 3800 Turbo 3 781 310 10817 453
4 EMD 0 710G3 3200 Turbo 3 684 256 8659 205
4 EMD 0 710G3A 3200 Turbo 3 717 258 9951 179
4 EMD 0 710G3 3600 Turbo 3 981 354 11154 314
4 EMD 0 710G3A 3600 Turbo 3 939 352 14214 420
2 EMD SD-70 710G3B 4000 Turbo 3 979 360 9993 390
3 EMD SD-75 710G3EC 4300 Turbo 3 1062 379 15318 453
4 GE 0 0 2500 Turbo 3 535 205 4065 1129
4 GE 0 0 3000 Turbo 3 700 259 5250 812
4 GE 0 0 3000 Turbo 3 642 236 5369 1491
4 GE 0 0 3300 Turbo 3 700 273 5369 1491
4 GE 0 0 3600 Turbo 3 850 298 6502 1071
4 GE 0 0 4100 Turbo 3 950 384 7266 1197
6 GE Dash 8 7FDL 4000 Turbo 3
7 GE P-42DC 7FDL 4400 Turbo 3 951 351 6484 843
2 GE Dash 9 7FDL 4400 Turbo 3 1032 398 16361 1437
1 EMD GP-35 567D3A 2250 Turbo 4 702 277 6768 465
4 EMD SW1000 645E 1100 Roots Blower 4 436 159 5811 192
4 EMD 0 645E 1500 Roots Blower 4 669 249 9794 355
4 EMD 0 645E3C 1650 Turbo 4 617 232 12081 234
7 EMD GP-38 645 E 2000 Roots Blown 4 883 333 11465 980
4 EMD 0 645E 2000 Roots Blower 4 871 331 12412 479
4 EMD 0 645E 2300 Turbo 4 729 283 12254 401
4 EMD 0 645E3B 2500 Turbo 4 878 324 10448 571
4 EMD 0 645F3B 2850 Turbo 4 993 364 14607 526
1 EMD SD-40 645000 3000 Turbo 4 992 389 10781 606
7 EMD SD-40-2 645 E3B 3000 Turbo 4 1082 400 10918 296
4 EMD 0 645E3B 3000 Turbo 4 1030 528 11855 834
7 EMD SD-40-2 645 E3B 3000 Turbo 4 1215 461 13936 524
4 EMD 0 645E 3000 Turbo 4 1034 404 15407 434
4 EMD 0 645F3 3500 Turbo 4 1131 445 19091 430
9 EMD SD 50 645 F3B 3600 Turbo 4 1203 442 15600 917
4 EMD 0 645F3B 3600 Turbo 4 1353 480 18766 1082
4 EMD 0 645E 3800 Turbo 4 1219 468 16481 524
4 EMD 0 710G3 3200 Turbo 4 1025 372 11220 389
4 EMD 0 710G3A 3200 Turbo 4 1053 372 12644 305
4 EMD 0 710G3 3600 Turbo 4 1361 479 14767 517
4 EMD 0 710G3A 3600 Turbo 4 1353 491 23019 586
2 EMD SD-70 710G3B 4000 Turbo 4 1520 546 15963 1932
3 EMD SD-75 710G3EC 4300 Turbo 4 1531 529 24807 632
4 GE 0 0 2500 Turbo 4 857 320 8313 2516
4 GE 0 0 3000 Turbo 4 1050 405 8032 1323
4 GE 0 0 3000 Turbo 4 1024 368 9741 2949
4 GE 0 0 3300 Turbo 4 1000 368 9780 2960
4 GE 0 0 3600 Turbo 4 1250 466 12513 2475
4 GE 0 0 4100 Turbo 4 1400 526 14014 2772
6 GE Dash 8 7FDL 4000 Turbo 4



7 GE P-42DC 7FDL 4400 Turbo 4 1402 504 10808 3079
2 GE Dash 9 7FDL 4400 Turbo 4 1548 574 24093 4935
1 EMD GP-35 567D3A 2250 Turbo 5 997 390 9299 904
4 EMD SW1000 645E 1100 Roots Blower 5 628 228 9577 182
4 EMD 0 645E 1500 Roots Blower 5 885 332 14314 416
4 EMD 0 645E3C 1650 Turbo 5 827 304 15787 298
7 EMD GP-38 645 E 2000 Roots Blown 5 1114 425 15646 853
4 EMD 0 645E 2000 Roots Blower 5 1161 442 16974 604
4 EMD 0 645E 2300 Turbo 5 1069 406 16644 716
4 EMD 0 645E3B 2500 Turbo 5 1105 404 14144 1282
4 EMD 0 645F3B 2850 Turbo 5 1322 484 17451 754
7 EMD SD-40-2 645 E3B 3000 Turbo 5 1493 554 14735 434
1 EMD SD-40 645000 3000 Turbo 5 1440 548 15645 1922
7 EMD SD-40-2 645 E3B 3000 Turbo 5 1614 605 17548 697
4 EMD 0 645E3B 3000 Turbo 5 1438 657 19197 1160
4 EMD 0 645E 3000 Turbo 5 1461 556 20892 759
4 EMD 0 645F3 3500 Turbo 5 1635 615 26340 621
9 EMD SD 50 645 F3B 3600 Turbo 5 1656 602 20338 1170
4 EMD 0 645F3B 3600 Turbo 5 1876 652 24388 1933
4 EMD 0 645E 3800 Turbo 5 1741 655 20822 1115
4 EMD 0 710G3 3200 Turbo 5 1353 491 13498 1043
4 EMD 0 710G3A 3200 Turbo 5 1402 491 15318 855
4 EMD 0 710G3 3600 Turbo 5 1787 623 18156 1108
4 EMD 0 710G3A 3600 Turbo 5 1718 615 27806 949
2 EMD SD-70 710G3B 4000 Turbo 5 1984 702 21211 3901
3 EMD SD-75 710G3EC 4300 Turbo 5 1944 663 29966 1023
4 GE 0 0 2500 Turbo 5 1256 455 14075 3574
4 GE 0 0 3000 Turbo 5 1550 576 15516 3069
4 GE 0 0 3000 Turbo 5 1507 523 16319 5520
4 GE 0 0 3300 Turbo 5 1500 532 16320 5520
4 GE 0 0 3600 Turbo 5 1850 662 23088 3517
4 GE 0 0 4100 Turbo 5 2050 756 25584 3895
6 GE Dash 8 7FDL 4000 Turbo 5 2045 771 22576 16165
2 GE Dash 9 7FDL 4400 Turbo 5 2222 803 31869 9282
7 GE P-42DC 7FDL 4400 Turbo 5 2052 690 40192 3950
1 EMD GP-35 567D3A 2250 Turbo 6 1348 524 11870 2230
4 EMD SW1000 645E 1100 Roots Blower 6 776 285 12652 272
4 EMD 0 645E 1500 Roots Blower 6 1109 419 17999 677
4 EMD 0 645E3C 1650 Turbo 6 1039 378 18328 675
7 EMD GP-38 645 E 2000 Roots Blown 6 1392 543 22603 1034
4 EMD 0 645E 2000 Roots Blower 6 1465 567 23235 923
4 EMD 0 645E 2300 Turbo 6 1429 563 19106 1372
4 EMD 0 645E3B 2500 Turbo 6 1517 549 18037 3838
4 EMD 0 645F3B 2850 Turbo 6 1704 615 21010 1261
7 EMD SD-40-2 645 E3B 3000 Turbo 6 1882 670 17210 507
7 EMD SD-40-2 645 E3B 3000 Turbo 6 1966 720 18771 950
1 EMD SD-40 645000 3000 Turbo 6 1934 714 19531 3637
4 EMD 0 645E3B 3000 Turbo 6 1821 827 19994 838
4 EMD 0 645E 3000 Turbo 6 1971 740 26654 1912
4 EMD 0 645F3 3500 Turbo 6 2212 816 32362 1659
9 EMD SD 50 645 F3B 3600 Turbo 6 2065 745 23570 1818
4 EMD 0 645F3B 3600 Turbo 6 2766 919 42569 1742
4 EMD 0 645E 3800 Turbo 6 2299 865 25703 2345
4 EMD 0 710G3 3200 Turbo 6 1719 617 15457 2114
4 EMD 0 710G3A 3200 Turbo 6 1696 587 18162 1408
4 EMD 0 710G3 3600 Turbo 6 2306 799 24213 2214
4 EMD 0 710G3A 3600 Turbo 6 2445 859 40356 3392
2 EMD SD-70 710G3B 4000 Turbo 6 2883 967 34305 5462
3 EMD SD-75 710G3EC 4300 Turbo 6 2767 926 43501 3656
4 GE 0 0 2500 Turbo 6 1663 590 17952 6072
4 GE 0 0 3000 Turbo 6 1996 697 23589 4662
4 GE 0 0 3000 Turbo 6 2050 746 25215 4100
4 GE 0 0 3300 Turbo 6 2000 680 22980 4530
4 GE 0 0 3600 Turbo 6 2450 858 29719 5194
4 GE 0 0 4100 Turbo 6 2770 967 33600 5873
6 GE Dash 8 7FDL 4000 Turbo 6
2 GE Dash 9 7FDL 4400 Turbo 6 2939 1020 36589 11669
7 GE P-42DC 7FDL 4400 Turbo 6 2732 932 52438 4468
1 EMD GP-35 567D3A 2250 Turbo DB 102 2484 583
4 EMD SW1000 645E 1100 Roots Blower DB
4 EMD 0 645E 1500 Roots Blower DB 70 80 3415 350



4 EMD 0 645E3C 1650 Turbo DB
7 EMD GP-38 645 E 2000 Roots Blown DB 21 43 1170 742
4 EMD 0 645E 2000 Roots Blower DB 82 103 2803 699
4 EMD 0 645E 2300 Turbo DB 79 113 3855 612
4 EMD 0 645E3B 2500 Turbo DB 36 76 591 81
4 EMD 0 645F3B 2850 Turbo DB 15 33 1113 262
7 EMD SD-40-2 645 E3B 3000 Turbo DB 17 44 1054 188
7 EMD SD-40-2 645 E3B 3000 Turbo DB 10 49 1208 435
4 EMD 0 645E3B 3000 Turbo DB 64 142 1413 95
1 EMD SD-40 645000 3000 Turbo DB 0 132 3804 740
4 EMD 0 645E 3000 Turbo DB 69 114 4134 660
4 EMD 0 645F3 3500 Turbo DB 74 94 4588 536
9 EMD SD 50 645 F3B 3600 Turbo DB 22 37 1056 214
4 EMD 0 645F3B 3600 Turbo DB 36 91 2873 407
4 EMD 0 645E 3800 Turbo DB 95 157 4430 851
4 EMD 0 710G3A 3200 Turbo DB 64 142 1413 95
4 EMD 0 710G3 3200 Turbo DB 22 110 2317 291
4 EMD 0 710G3A 3600 Turbo DB 12 32 946 155
4 EMD 0 710G3 3600 Turbo DB 11 107 2187 183
2 EMD SD-70 710G3B 4000 Turbo DB 19 48 1249 153
3 EMD SD-75 710G3EC 4300 Turbo DB 14 34 1020 167
4 GE 0 0 2500 Turbo DB 98
4 GE 0 0 3000 Turbo DB 96 98
4 GE 0 0 3000 Turbo DB 117 130 1335 1849
4 GE 0 0 3300 Turbo DB 62
4 GE 0 0 3600 Turbo DB 117 150 1335 1849
4 GE 0 0 4100 Turbo DB 117
6 GE Dash 8 7FDL 4000 Turbo DB
2 GE Dash 9 7FDL 4400 Turbo DB 22 41 1024 376
7 GE P-42DC 7FDL 4400 Turbo DB 19 49 2679 258
1 EMD GP-35 567D3A 2250 Turbo Idle 14 42 1433 561
4 EMD SW1000 645E 1100 Roots Blower Idle 13 13 322 300
4 EMD 0 645E 1500 Roots Blower Idle 15 26 987 181
4 EMD 0 645E3C 1650 Turbo Idle 9 17 687 113
7 EMD GP-38 645 E 2000 Roots Blown Idle 11 34 1033 581
4 EMD 0 645E 2000 Roots Blower Idle 15 32 1247 283
4 EMD 0 645E 2300 Turbo Idle 16 30 1366 432
4 EMD 0 645E3B 2500 Turbo Idle 11 28 891 349
4 EMD 0 645F3B 2850 Turbo Idle 8 18 637 161
7 EMD SD-40-2 645 E3B 3000 Turbo Idle 12 39 998 146
7 EMD SD-40-2 645 E3B 3000 Turbo Idle 9 39 1394 415
1 EMD SD-40 645000 3000 Turbo Idle 18 42 1395 672
4 EMD 0 645E 3000 1635 Idle 17 40 1635 564
4 EMD 0 645E3B 3000 Turbo Idle 17 279 8716 1532
4 EMD 0 645F3 3500 Turbo Idle 15 66 3024 617
9 EMD SD 50 645 F3B 3600 Turbo Idle 13 18 625 96
4 EMD 0 645F3B 3600 Turbo Idle 9 22 999 99
4 EMD 0 645E 3800 Turbo Idle 17 47 1541 1017
4 EMD 0 710G3A 3200 Turbo Idle 8 19 889 55
4 EMD 0 710G3 3200 Turbo Idle 6 35 1175 137
4 EMD 0 710G3A 3600 Turbo Idle 11 24 843 131
4 EMD 0 710G3 3600 Turbo Idle 6 26 1809 136
2 EMD SD-70 710G3B 4000 Turbo Idle 19 48 1249 153
3 EMD SD-75 710G3EC 4300 Turbo Idle 13 26 909 141
4 GE 0 0 2500 Turbo Idle 15 18 245 283
4 GE 0 0 3000 Turbo Idle 15 18 306 354
4 GE 0 0 3000 Turbo Idle 25 24 310 493
4 GE 0 0 3300 Turbo Idle 12 17 306 354
4 GE 0 0 3600 Turbo Idle 25 28 314 500
4 GE 0 0 4100 Turbo Idle 25 32 309 492
6 GE Dash 8 7FDL 4000 Turbo Idle 13 22 472 970
7 GE P-42DC 7FDL 4400 Turbo Idle 11 25 501 55
2 GE Dash 9 7FDL 4400 Turbo Idle 10 24 637 247



Adjusted PM

HC g/hr PM g/hr FC  L/hr PM g/hr
904 1272 492.239089 deleted
381 321 235.11529 321
666 448 338.179527 448
363 371 303.287988 371
807 608 458.421136 608
1096 3598 499.166029 deleted
1087 638 481.503231 638
490 620 468.083408 620
762 665 531.961763 665
295 645 595.437738 645
1223 868 645.225065 868
144 579 631.609189 579
1169 837 631.805243 837
307 809 636.636379 809
1138 958 721.98645 958
1644 859 686.021325 859
1082 911 687.631704 911
1375 1018 768.687432 1018
847 707 555.580651 707
351 749 578.125953 749
1351 945 742.38458 945
1087 1135 716.618521 1135
1026 1106 739.700615 1106
1171 1223 772.444982 1223
725 350 462.715479 350
750 420 531.961763 420
810 540 585.10426 540
462 462 580.809917 462
864 612 673.138296 612
983 698 759.561953 698
2077 766.003467
964 748 839.544095 748
692 162 791.876543 deleted
655 365.019172
309 255 201.297337 255
522 345 283.963444 345
319 297 267.322864 297
652 463 381.122959 463
929 1530 415.693449 deleted
706 503 414.404118 503
442 488 402.057882 488
764 512 451.442828 512
259 581 532.555061 581
1034 547.528757
878 648 553.144964 648
249 602 572.221231 602
115 533 547.528757 533
850 749 617.311834 749
1001 656 511.02684 656
993 740 609.796734 740
1171 799 658.644888 799
228 541 455.200379 541
822 549 473.98813 549
1063 747 638.78355 747



896 1010 613.017491 1010
818 909 638.78355 909
966 1089 660.792059 1089
511 307 374.144651 307
695 336 430.507905 336
702 468 473.451337 468
364 364 460.568308 364
775 510 544.308 510
826 585 633.415621 585

799 448 671.527917 448
607 148 637.174028 deleted

37.840903
64 6 10.5731935 6
93 23 22.8158385 23
64 9 19.4769353 9
202 152 26.7112256 deleted
122 31 30.6066127 31
115 29 29.493645 29
74 30 30.0501288 30
138 37 52.8659674 37
43 158 33.389032 deleted
139 35 164.719225 35
22 8 34.5019998 8
156 36 35.6149675 36
343 46.188161
967 76 76.2382898 76
39 51 51.1965158 51
190 56 48.4140964 56
164 38 37.840903 38
73 33 50.083548 33
84 35 50.6400319 35
146 59 55.6483867 59
116 49 50.6400319 49
147 42 50.6400319 42
157 64 60.1002576 64
124 108 28.9371611 108
124 108 33.389032 108
188 100 36.7279352 100
108 108 27.8241934 108
204 118 42.2927739 118
226 131 43.4057416 131

113 38 44.5187094 38
94 57 43.4057416 57
205 69.0039995
68 24 20.0334192 24
117 76 52.8659674 76
95 66 50.6400319 66
288 225 61.7697092 deleted
150 110 76.2382898 110
140 98 68.4475156 98
204 89 88.4809349 89
159 102 74.5688382 102
45 111 89.5939026 111
254 123 200.890676 123
224 85.6985155
201 133 92.9328058 133
34 29 94.6022574 29
103 162 112.966225 162
269 135 94.6022574 135
209 143 97.9411606 143
230 149 104.062483 149
92 110 77.9077414 110
82 115 78.4642252 115
176 133 95.1587413 133
205 123 103.505999 123
194 99 95.7152251 99
221 133 111.296773 133
125 150 58.430806 150
100 120 67.3345479 120



348 201 74.0123543 201
120 120 47.8576126 120
180 131 85.1420317 131
192 140 95.7152251 140

138 82 86.8114833 82
170 89 106.288419 89
249 107.95787
78 73 50.083548 73
145 138 92.9328058 138
139 125 90.1503865 125
419 379 13.3556128 deleted
189 186 125.765354 186
179 163 110.183806 163
149 184 124.095902 184
279 219 152.47658 219
302 156.371967
84 181 168.614612 181
332 125 240.401031 125
46 72 166.94516 72
247 226 153.033063 226
387 251 169.727579 251
387 341 187.535063 341
311 299 202.003644 299
305 255 172.509999 255
144 203 142.45987 203
122 213 143.572838 213
304 289 196.995289 289
317 253 195.882321 253
279 266 200.334192 266
342 273 210.907386 273
207 270 114.079193 270
336 245 144.129322 245
273 357 131.330193 357
357 357 151.920096 357
323 382 165.832192 382
361 427 213.689805 427

347 141 195.325837 141
354 202 221.480579 202
282 154.146031
113 106 88.4809349 106
194 159 138.564483 159
173 140 129.104257 140
538 589 185.309128 deleted
261 212 184.19616 212
233 181 157.484934 181
193 207 180.300773 207
387 225 202.560128 225
395 216.472224
106 242 222.593547 242
319 255 293.823482 255
52 169 256.539063 169
320 258 224.819482 258
409 284 247.635321 284
450 420 245.965869 420
352 306 267.112256 306
378 299 260.43445 299
225 231 207.011999 231
137 238 207.011999 238
408 305 266.555772 305
398 373 273.233579 373
361 504 303.840191 504
429 402 294.379966 402
246 280 178.074837 280
399 472 225.375966 472
289 329 204.786063 329
330 330 204.786063 330
262 300 259.321482 300
294 336 292.710514 336



405 174 280.467869 174
395 264 319.42174 264
396 217.028708
188 144 126.878322 144
274 201 184.752644 201
292 174 169.171096 174
607 602 236.505643 deleted
372 267 245.965869 267
310 245 225.93245 245
254 244 224.819482 244
476 278 269.338192 278
146 350 308.292062 350
524 304.953159
64 240 336.67274 240
286 332 365.609901 332
424 336 309.40503 336
471 372 342.237578 372
612 474 335.003288 474
488 394 362.827481 394
522 402 364.496933 402
311 286 273.233579 286
168 296 273.233579 296
500 384 346.689449 384
496 489 342.237578 489
433 628 390.651675 628
535 527 368.948804 527
350 300 253.200159 300
325 372 320.534707 372
345 330 291.041062 330
330 330 296.049417 330
536 315 368.39232 315
594 348 420.701803 348
526 429.049061
514 344 446.856545 344
388 202 383.973868 202
482 291.597546
248 221 158.597902 221
377 308 233.16674 308
270 254 210.350902 254
706 672 302.17074 deleted
470 417 315.526353 417
428 414 313.300417 414
334 404 305.509643 404
579 416 342.237578 416
167 420 372.844191 420
73 294 400.668384 294
664 397.329481
218 506 460.212158 506
611 544 411.798062 544
622 600 454.090835 600
802 569 414.580481 569
664 676 511.408674 676
735 636 481.358545 636
430 426 343.350546 426
187 420 326.65603 420
646 653 444.63061 653
623 671 478.019642 671
627 776 538.119899 776
671 723 515.304061 723
379 363 328.325482 363
514 308 387.869255 308
574 369 415.136965 369
300 300 378.40903 300
662 441 477.463158 441
747 499 538.119899 499

679 405 567.613544 405
477 152 518.642964 152
309 56.7613544

145 56 44.5187094 56



263 248 23.9288063 deleted
269 72 57.3178383 72
195 79 62.882677 79
44 53 42.2927739 53
93 26 18.3639676 26
59 780 24.4852901 deleted
28 11 27.2677095 11
70 50 79.0207091 50
322 73.4558704
295 80 63.4391608 80
286 66 52.3094835 66
256 27 20.5899031 27
279 64 50.6400319 64
327 110 87.3679671 110
70 50 79.0207091 50
353 59 61.2132254 59
137 32 17.8074837 32
151 94 59.5437738 94
183 47 26.7112256 47
148 35 18.9204515 35

54.535419
1400 622 72.3429027 deleted

1400 622 83.4725801 deleted

182 35 22.8158385 35
134 168 27.2677095 deleted
189 74 23.3723224 74
104 23 7.23429027 23
99 31 14.4685805 31
48 19 9.46022574 19
248 208 18.9204515 deleted
124 38 17.8074837 38
95 32 16.694516 32
103 33 15.5815483 33
53 18 10.0167096 18
44 399 21.7028708 deleted
23 10 21.7028708 10
222 75 23.3723224 75
185 48 22.2593547 48
601 44 155.258999 44
228 83 36.7279352 83
112 15 10.0167096 15
76 26 12.2426451 26
242 55 26.1547417 55
54 31 10.5731935 31
78 24 19.4769353 24
116 36 13.3556128 36
107 46 14.4685805 46
183 47 26.7112256 47
125 39 14.4685805 39
207 52 10.0167096 52
259 65 10.0167096 65
479 229 13.3556128 229
259 65 9.46022574 65
486 232 15.5815483 232
478 228 17.8074837 228
354 12.2426451
30 15 13.9120967 15
152 23 13.3556128 23



N8 N8&7 All Notches
y = 0.1655x + 79.967 y = 0.1682x + 64.293 y = 0.1819x + 26.014

0.1655 0.1682 0.1819
79.967 64.293 26.014

R2=0.9558 R2=0.953 R2=0.9858

Fuel Consumption vs NOx
All Engines  All Notches y = 66.117x - 819.73

R2 = 0.9138
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   Fuel Consumption vs Flywheel Horsepower
All Engines  -  All Notches 

y = 0.1819x + 26.014
R2 = 0.9858
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N8 N8&7 All Notches
y =58.361x + 2764.5 y = 62.009x + 1410.2 y = 66.117x - 819.73

58.361 62.009 66.117
2764.5 1410.2 -819.73

R2=0.6738 R2=0.6763 R2=0.9138

N8 4697 881.606061
N8&7 4129.29231 784.815385



Fuel Consumption vs CO
All Engines  All Notches 

y = 7.7652x - 176.62
R2 = 0.4573
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N8 N8&7 All Notches
y = 7.432x + 213.34 y = 5.8333x + 796.76 y = 7.7652x - 176.62

7.432 5.8333 7.7652
213.34 796.76 -176.62

R2=0.0924 R2=0.0843 R2=0.4573



Fuel Consumption vs HC
All Engines  All Notches 

y = 1.1505x + 105.76
R2 = 0.5858
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N8 N8&7 All Notches
y =1.4507x + 6.4154 y = 1.4293x + 1.5555 y = 1.1505x + 105.76

1.4507 1.4293 1.1505
6.4154 1.5555 105.76

R2=0.2638 R2=0.3162 R2=0.5858



Fuel Consumption vs PM
All Engines  All Notches y = 1.1096x + 47.198

R2 = 0.5133
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N8 N8&7 All Notches
y = 1.2767x - 45.276 y = 1.3075x - 73.937 y = 1.1234x + 17.882

1.2767 1.3075 1.1234
-45.276 -73.937 17.882

R2=0.6104 R2=0.6462 R2=0.8605

Fuel Consumption vs PM (Outliers Removed)
All Engines  All Notches 

y = 1.1234x + 17.882
R2 = 0.8605
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