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ABSTRACT

This report is Part 1 of the Final Report on Exhaust Emissions
from Uncontrolled Vehicles and Related Equipment Using Internal Com-
bustion Engines, Contract No. EHS 70-108. Exhaust emissions from
three locomotive diesel engines were measured, including: total hydro-
carbons by heated FIA; light hydrocarbons by gas chromatograph; CO,
CO2, and NO by NDIR; NO and NOx by chemiluminescence; Oy by electro-
chemical analysis; and total aliphatic aldehydes and formaldehyde by the
MBTH and chromotropic acid methods, respectively. In addition, smoke
plume opacity was measured using a special version of the PHS smoke-
meter, and an attempt was made to characterize particulate using an exper-

imental dilution-type sampling device,

The engines tested were SP Unit 1311, an EMD 12-567 switch engine;
SP Unit 8447, an EMD 16-645E-3 line-haul engine; and SP Unit 8639, a GE
TFDL16 line-haul engine; and they were all operated in modes representative
of real operation. For test purposes, the engines were loaded by absorbing
power from their main generators using the Southern Pacific SEARCH
machine facility, and all pertinent operating data were recorded. In addition
to mass emissions computed from tests performed under the subject con-
tract, other available data are used where possible in estimating emission

factors and national impact.
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FOREWORD

The project for which this report constitutes part of the end product
was initiated jointly on June 29, 1970 by the Division of Motor Vehicle
Research and Development and the Division of Air Quality and Emission
Data, both divisions of the agency known as NAPCA. Currently, these
offices are the Characterization and Control Development Branch of MSPCP
and the Air Quality Management Branch of SSPCP, respectively, Oiffice of
Air and Water Programs, Environmental Protection Agency. The contract
number is EHS 70-108, and the project is identified within Southwest Research
Institute as 11-2869-01.

This report (Part 1) covers the locomotive portion of the characteri-
zation work only, and the other items in the characterization work will be
covered by six other parts of the final report. Other efforts which have been
conducted as separate phases of Contract EHS 70-108, including: measure-
ment of gaseous emissions from a number of aircraft turbine engines; meas-
urement of crankcase drainage from a number of outboard motors; and inves-
tigation of emissions control technology for locornot1ve diesel engines; either
have been or will be reported separately.

Cognizant technical personnel for the Environmental Protection Agency
are currently Messrs. William Rogers Oliver and David S. Kircher, and past
Project Officers include Messrs. J. L. Raney, A. J. Hoffman, B. D. McNutt,
and G. J. Kennedy. Project Manager for Southwest Research Institute has
been Mr. Karl J. Springer, and Mr. Charles T. Hare has carried the technical

responsibility.

The offices of the sponsoring agency (EPA) are located at 2565 Plymouth
Road, Ann Arbor, Michigan 48105 and at Research Triangle Park, North
Carolina 27711; and the contractor (SwRI) is located at 8500 Culebra Road,
San Antonio, Texas 78284.

The successful conduct of the locomotive portion of this project would
not have been possible without the full cooperation of the Southern Pacific
Transportation Company, including both San Antonio personnel and those in
the San Francisco corporate headquarters.

In particular, Messrs. Phil Scott, Earl Kaiser, and Jack Williams
of the local Southern Pacific staff, and Messrs. Paul Garin, W. M. Jackle,
and Bob Byrne of the San Francisco office were of great service to the

project,

" Several individuals in the locomotive industry, notably Mr. Jack
Hoffman of General Electric Company, and Mr. Hugh Williams and Mr. George
Hanley of General Motors, have provided technical assistance and a limited

amount of supplementary emissions data.
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I. INTRODUCTION

The program of research on which this report is based was initiated
by the Environmental Protection Agency to (1) characterize emissions from
a broad range of internal combustion engines in order to accurately set
priorities for future control, as required, and (2) assist in developing more
inclusive national and regional air pollution inventories. This document,
which is Part 1 of what is planned to be a seven-part final report, concerns
emissions from locomotive diesel engines (and their marine counterparts)
and the national impact of these emissions.

In the case of the locomotive diesels as well as many of the other
engine categories investigated under this contract, very little previous
emissions work which could be used as a guideline had been done prior to
the subject emissions tests. Fortunately, those who had done emissions
testing were cooperative in sharing their experiences, which no doubt
enabled the test program to proceed more smoothly than it would have
otherwise. The test procedures used were designed after discussions with
locomotive and railroad people, but their intent is to gather useful research
data and nothing more. Likewise, the specific exhaust constituents meas-
ured and the techniques used were mostly based on standard practice and
the desire to gather meaningful data, without considering their potential
applicability or usefulness in certification or surveillance testing. The
major exception taken to standard practice was the use of chemiluminescent
NO,, results rather than NDIR NO results for computation of NO, mass
emissions, a decision based on experience in running the two types of ana-
lyzers in parallel on a number of engines. In addition, since there is no
""standard practice' for measurement of particulate emissions from loco-
motives, an experimental sampling system was used; and it yielded extremely

doubtful results.

Since the size of the locomotive engines prohibited their being brought
to the Emissions Research Laboratory for testing, a system of instrumentation
was designed and a crew was organized to perform the emissions tests on-
site, at the San Antonio Southern Pacific maintenance depot SEARCH (System
Evaluation And Reliability CHecks) facility. These tests were conducted over
a period of two weeks in Apr11 1972, on a two-shift basis to keep the loco-

motives out of service only as long as necessary.



II. OBJECTIVES

The primary objectives of the locomotive portion of this project
were to collect useful emissions data on three locomotive diesel engines,
and to use these data in conjunction with supplementary data on emissions,
number of units in service, and annual usage to estimate emission factors
and national impact. The emissions to be characterized included total
hydrocarbons, light hydrocarbons, aldehydes, CO, CO2, NO by NDIR and
chemiluminescence, NO, by chemiluminescence, 07, smoke by a modified
PHS opacity meter, and particulate by an experimental dilution-type sampling
system. These emissions have been or will be measured for all diesel engines
operated during this project, as required by the contract,

The objectives included implicitly the operation of the locomotive
engines over a pattern of steady-state and transient conditions, and the
determination of the importance of each mode in the total locomotive emissions
picture. These tasks are quite simple for locomotives, since there are gen-
erally only eight throttle positions (or '"notches'') at which the locomotives
operate (plus idle and dynamic brake). The 12-567 switch locomotive (unit
‘ 1311) was an exception, since it had a continuous throttle (no notches) and no
dynamic brake capability, so artificial ''notches' were set for it by specifying
a certain engine speed for each mode.

In addition to the emissions measurements, sufficient engine operating
data were taken to ensure that conditions repeated themselves adequately
and that mass emissions could be calculated from the raw concentration data.
Secondary objectives, not required by the contract, which were met included a
limited evaluation of a modified large-ring smokemeter using PHS optics, design
of a test procedure which is compact but still tends to eliminate the effects of
directional mode changes, and an attempt at adaptation of the experimental
dilution-type particulate sampler to locomotive usage.

Due to the overall brevity of the testing phase of this project, it was
determined at the onset that emissions from marine counterparts of the
locomotive engine would be characterized by weighting mode emissions data
taken on locomotives to more closely simulate marine operation,



III, EXPERIMENTAL METHODS AND INSTRUMEN TA TION

In order to fulfill contract requirements for locomotive diesel
engine testing, three separate analysis systems were used, Gaseous
emissions, including light hydrocarbons and aldehydes, were measured
by standard SAE techniques (J177 and J215) on a continuous sample
drawn from inside the exhaust outlet to a point inside the SEARCH
machine facility, Smoke was measured using modified PHS-type opacity
meters with remote readout inside the SEARCH facility, and particulates
were measured using an experimental dilution-type device which sampled
from a "split" of the exhaust withdrawn through a 3-inch diameter tube.
The techniques and instrumentation used for each type of analysis were
quite dissimilar, so the systems will be discussed separately.

A, Gaseous Emissions Measurements

The gaseous emissions measured include: total hydrocarbons

by heated FIA; CO, CO,, and NO bi’ NDIR; NO and NO, by chemilumi-
nescence; O3 by an electroc}z? ica analyzer, total a11§hat1c aldehydes

(RCHO) by the MB }‘I-)[ method and formaldehyde (HCHO) by the chromo-
tropic acid method'“’; and light hydrocarbons (CHy through C4H() by gas
chromatograph using a 10 ft by 1/8 inch column packed with a mixture of
phenyl isocyanate and Porasil C preceded by a 1 inch by 1/8 inch precolumn
packed with 100-120 mesh Porapak N, All the continuous measurements
were recorded on strip-chart recorders as well as mode-by-mode data
sheets, but analysis of samples for RCHO, HCHO, and light hydrocarbons
was performed at the Emissions Research Laboratory. The aqueous
reagents through which exhaust was bubbled for aldehyde analysis were
transported in small individual flasks, and samples for light hydrocarbon
analysis were transported in inert plastic bags., The instruments were
located in the SEARCH machine facility, which was air-conditioned and
served to isolate the instruments and crew members from the engine's
heat, noise and vibration. Figure 1l shows the main gaseous emissions
analysis cart, including readouts for all the instruments and the analysis
sections for all except hydrocarbons. The oven shown in Figure 2 con-
tained the HC detector and also served as the wet sample collection point
for aldehydes. The sample line used was 3/8 inch O, D, stainless steel,
and was heated to maintain a sample gas temperature of 360°F. Its length
(to the probe exit) was 23 ft for the switch locomotive (unit 1311) and 17 ft
for the two line haul locomotives, which gave response times of approxi-
_mately 7 seconds and 5 seconds, respectively. The additional length for
the switch locomotive was necessary because it had two exhaust stacks,
and a "T" was added to the end of the fixed sample line to reach both of
them, as shown in Figure 3. The vertical (unheated) stainless line which
joins the sample lines at the '"T" carried purge air, controlled by a re-
motely-operated solenoid valve (hidden behind insulation at the "T"). The
air flow was considerably in excess of that required for sample line purge,
so the probe lines were also being backflushed by air while the purge was
The same type of system was used for the other two locomotives,

3
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Figure 1. Main Gaseous Emissions Figure 2. Oven Used for Temperature
Analysis/Readout System Control of FIA and Aldehyde Systems

Figure 3. Sampling Line Installation Figure 4, Sampling Line Installation
on EMD 12-567 Switch Engine (SP-1311) on EMD 16-645E-3 Engine (SP-8447)



as shown in Figure 4 for unit 8447 (the solenoid valve appears at right,
at the end of the permanent sample line).

Sample probes used for locomotive testing were of the multi-
orifice or, !'rake" type, patterned after those developed by engine manu-
facturers.™’ They were constructed of 3/8 inch stainless steel tubing
and were oriented with holes facing upstream (not the same as some
‘previous work). The probe locations were those determined earlier by
manufacturers in most cases, with the possible exception that mixed flow
was sampled near the outlet of the G. E. U33-C (unit 8639), above the
crankcase eductors, The mixed flow is that which is emitted to the atmos-
phere, so it should be sampled if proper mixing can be established. The
probes for the large locomotives had twelve 1/16 inch diameter holes,
and each of the two probes used on the switch locomotive had six 1/16
inch diameter holes,

Analysis for total hydrocarbons and aldehydes was carried out
on hot samples, maintained at about 375°F by the oven shown in Figure 2,
These measurements are considered to be on a '""wet'' basis, then, without
the necessity for corrections., All the other emissions were measured 'dry';
that is, on samples from which most of the ambient humidity and water of
combustion had been removed, and the concentrations were corrected to a
""wet'' basis mathematically. The primary water removal system con-
sisted of ice-bath water traps, with further drying through anhydrous CaSOy4
canisters upstream of the NDIR NO analyzer., Itis recognized that water
traps tend to remove NO, from the gases passed through them, so checks
were made to determine the extent of this removal, resulting in the conclu-
sion that about 11% of the NO2 was removed from calibration gases. The
same check was run on NO, with no measurable loss indicated. In the
reporting of results, no correction has been made for this measured loss.
Such a correction would make only a very small change in composite brake
specific emissions, and the results without correction are probably most
directly comparable to other reported emissions results. Further develop-
ment will probably enable the chemiluminescent instruments to sample wet
exhaust gases, eliminating the present problems. It should also be noted in
this discussion that none of the NO or NO, numbers have been ''corrected"
for ambient humidity by any of the equations available for the purpose. If
the reader needs such a correction, the required ambient conditions will be

presented in the Appendixes,

The set of test conditions which constituted one run for locomotive
tests included 24 modes distributed as shown in Table 1. This sequence
was designed for duplication of all conditions except idle (which was included
6 times due to idle variability), and the cancelling of directional effects by
approaching each power notch from both higher and lower power settings.
These goals were realized except for notch 4, which is approached only from
lower power settings, but test results were not affected by this imperfection,
The EMD 12-567 switch locomotive (unit 1311) had a continuous throttle with
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TABLE 1., LOCOMOTIVE EMISSIONS TEST SEQUENCE

Notch or Notch or Notch or
Mode Condition ' Mode Condition Mode Condition
1 Idle 9 N7 17 N5
2 N1 10 N8 18 Dynamic Brake
3 N2 11 Idle 19 Idle
4 N3 12 Dynamic Brake 20 N4
5 N4 13 Idle 21 N3
6 Idle 14 N8 22 N2
7 N5 15 N7 23 N1
8 N6 16 N6 24 Idle

no notches, so artificial notches were made based on engine rpm. Idle

speed was 275 rpm for unit 1311, and rated speed was 800 rpm, so the
decision was made to set notch 1 at 300 rpm and divide the speed range

up to 800 rpm into roughly equal increments. The result of this arbitrary
procedure is shown in Table 2, and it should also be noted that this locomotive

TABLE 2. ENGINE SPEEDS USED AS "NOTCHES" FOR UNIT 1311

Notch Engine rpm Notch Engine rpm
1 300 5 584
2 371 6 655
3 442 7 726
4 513 8 800

did not have a dynamic braking provision. The procedure used for unit 1311
ended up having 21 modes, all those shown in Table 1 except 12,13, and 18,

Although the sampling procedure was not performed on a strict time
schedule, time for one run was generally 2 to 2.5 hours, or 5 to 7 minutes
per mode., To avoid excessive analysis time, aldehydes and light
hydrocarbons were measured only for idle, dynamic brake (where applicable),
and notches 2, 4, 6, and 8, Even with the smaller number of samples taken,
the relationship between aldehydes and throttle notch was fairly well established,

as will be discussed later.

Since it was relatively easy to measure fuel consumption of the loco-
motive engines (using a weight-scale system with a heat exchanger on the
return line) and quite difficult to measure airflow, it was decided that a
carbon balance technique would be used to calculate mass emissions from
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concentrations and fuel rates. The formulas used to perform these cal-
culations were: ‘

TC = total carbon = (1 x 10-4) (ppm C + ppm CO) + % CO3

HC (g/hr) = 0, 0454 (ppm C) (FUEL lb,,/hr) /i*c

CO (g/hr) = Kgg (ppm CO) (FUEL lby,/hr) /TC

NO_ as NO, (g/hr) = KNOx (ppm NO,) (FUEL lb,/hr) /TC

RCHO as HCHO (g/hr) = KrpcHo (ppm RCHO) (FUEL 1b,, /hr) /TC

The "K'' constants (except for Ky, which is always 0.0454) depend some-
what on the fuel hydrogen/carbon ratio, and since each locomotive used a
somewhat different fuel, each one required different constants, The ""K"
values are given in Table 3, and complete fuel specifications are given in
Appendix D, The fuel H/C ratios also influenced the conversion of emis-
sions measured on a dry basis back to a wet, or actual basis, Once the
mode-by-mode emissions had been determined on a g/hr basis, brake
specific values (g/bhp hr) were computed by dividing g/hr by observed
power and fuel specific emissions (g/lby, fuel) were calculated by dividing

g/hr by fuel rate (lby,/hr).

TABLE 3, VALUES OF CONSTANTS IN MASS EMISSIONS EQUATIONS

Locomotive Number

Constituent SP-1311 SP-8447 SP-8639
co 0.0924 0.0925 0.0918
NO, as NO, 0,152 0. 152 0,151

RCHO as HCHO 0.0990 0.0992 0.0984

Thus far the analysis has only progressed to mode-by-mode con-
centration and mass emissions data, and in order to compute composite
emissions, operating cycles which lead to mode weighting factors must
be considered. Manufacturers and industry groups have worked on the
duty cycle problem quite extensively, using on-board mode monitors, and
the cycles which seem to represent their latest results(4,5,6) are sum-
marized in Table 4, These cycles were adopted for use in this project,
and composite specific emissions were calculated using these cycles as



TABLE 4, LOCOMOTIVE DUTY CYCLES

Percent of Operating Time in Notch or Condition
Notch or Condition  ATSF Switch(4) EMD Line Haull®?) *G.E. Line Haul(6)

Idle 77 41 43
Dynamic Brake - 8 8
1 10 3 3

2 5 3 3

3 4 3 3

4 2 3 3

5 1 3 3

6 1 3 3

7 0 3 3

8 0 30 - 28

*This cycle is a compromise between one originally submitted by G, E.
for use in smoke measurement studies and the EMD line-haul cycle.

basis. The particular relationships used to calcula.te cycle composite
emissions were:

n
cycle g/hr = z M;W;; M;j = individual mode emissions, g/hr, Wj =
time based weighting factor, n = number of

i=1
modes (21 or 24)
n
z M;W;
cycle g/bhp hr = izl ; hp; = individual mode power, hp
n
hp; W
i=1
> waw
cycle g/lby, fuel = i=1 ; (fuel rate); = individual mode
2 fuel rate, lby/hr
z (fuel rate);W;

It should be obvious that the very large amount of idle time included in the
switch cycle will contribute to causing brake specific and fuel specific

emissions from the switch engine to be higher than those from the two

The EMD and G. E. cycles are so similar that the use

line haul engines.
If more

of the other would have made only little difference in either case.
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conclusive duty cycle data are developed at some later date for either or
both of the types of locomotives tested, the individual mode mass emis-
sions (g/hr) reported here can still be used to calculate cycle composites
by deriving new weighting factors (W;).

. As noted in the Appendixes, a special approach was required for cal-
culation of cycle composite aldehyde emissions, because they were measured
only at even-numbered notch positions (plus idle and dynamic brake). The
method employed was to give each even-numbered notch a new weight consisting
of its normal weight plus that of the next lower notch. This approach was
completely arbitrary, but yielded useful results.

In addition to the steady-state emissions tests just described, emis-
sions were also measured during engine speed and load transients and
during start-up. Analysis of transient emissions, however, is limited to
determining concentration as a function of time and relating changes to
varying engine conditions. Since continuous sampling is necessary for
meaningful results during transients, the emissions measured are limited
to hydrocarbons, CO, CO2, NOy, and smoke opacity. The other emissions
either did not have chart readouts or required a constant condition for
sampling.

To calculate mass emissions from locomotive-type engines used in
marine applications, an attempt will be made to re-weight individual mode
emissions to simulate marine operation more closely. This analysis will be
deferred until the section containing estimation of emission factors and
national impact since the method is essentially the same as that described
above and the mode weights will be based on information presented in

Section V,
B. Smoke Measurements

Locomotive smoke measurements for this project were made with
modified PHS full-flow opacity meters, utilizing standard optics and
electronics. .The sole modifications made were in the sizes of the rings
used to hold the source and detector tubes, with a 20 inch diameter ring
being used for the switch engine (SP-1311) and a 40 inch diameter ring being
used for the line haul locomotives (SP-8447 and SP-8639). The smokemeter
control unit and strip chart readout, which were located inside the SEARCH
facility, are shown in Figure 5. Figures 6, 7, and 8 show the smokemeters
mounted on units 1311, 8447, and 8639, respectively. Padding similar to
that shown in Figure 8 was added under the support legs of the optical unit
used on unit 8447 after Figure 7 was taken. . In Figure 7, the smokemeter
is shown in what was called "longitudinal'' position, or aligned with the
longer axis of the stack, and the position shown in Figure 8 was called

"transverse''.



Figure 5. Smokemeter Control/Readout

Figure 6. Smokemeter 20-inch Support
Unit Located Inside SEARCH Facility

Ring and Optical Unit Mounted on
Unit 1311

Figure 7. Smokemeter 40-inch Support Figure 8, Smokemeter 40-inch
Ring and Optical Unit Mounted on Support Ring and Optical Unit Mounted
Unit 8447 . on Unit 8639
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Data on smoke opacity were taken with the optical unit in both
transverse and longitudinal positions (where applicable), and smoke was
measured continuously in all modes, just like gaseous emissions. The
rationale for using the PHS smokemeter is that it is supposed to see smoke
as nearly as possible like the human eye, and that it can follow smoke during
transient conditions. It was found during calibration of the large-ring optical
units that response was equivalent to that of 10 inch ring optical units (standard
for small diesel engine use). Analysis of the smoke results was straight-
forward, and the results will be presented later in the report,

C. Particulate Measurements

Exhaust particulate from the locomotive engines was measured using
an experimental dilution-type sampler developed for mobile source usage,
This system was used because no standard or accepted technique was available,
The immediate problem encountered was inability to place the sampler close
enough to the exhaust outlet to keep the sample line short., Particles tend
to deposit themselves on the walls of sample lines, making long lines extremely
undesirable, so an alternative scheme was sought. The method used involved
a compromise on the type of sampling used at the stack, in that a "'split" of
the exhaust was taken by drawing it into a 3 inch diameter duct, but not neces-
sarily at the isokinetic rate, This compromise permitted samples to be with-
drawn from the 3 inch diameter duct at the isokinetic rate without experimenting
with flowrates, which made the overall sampling time shorter but reduced the

credibility of the results,

The particulate sampler is shown in Figure 9 during operation on the
first engine (SP-1311)., The 3 inch diameter duct which carried sample down
from the engine exhaust outlet appears just behind the sampler, and it curves
away toward the lower left of the Figure downstream of the sampling point,
The duct terminated in the orifice, valved bypass, and blower shown in Figure
10, and this control system was used to maintain a constant mass flow in the
duct, The '"ram' effect of exhaust gases entering the 2 inch collectors some-
times forced more gas into the duct than was desired, so in these modes the
blower was removed, the open pipe end was capped, and the valve was used
as a restrictor. Separate 2 inch diameter collectors, which came together
at the "Y' shown above the engine in Figure 11, were used for unit 1311 so
both stacks could be sampled, The duct shown in Figure 12 was used on unit
8639, and a very similar one was used for unit 8447 since they both had single

stacks.

Particulate samples from the locomotives were acquired at idle, notch
4, and notch 8, each condition being repeated 4 times. The abbreviated
schedule resulted from the desire to tie up the locomotives for as short a
time as possible, and from analysis time considerations. Previous experience
with other diesel engines on the subject contract had also shown that full load,

half load, and no load conditions were generally sufficient to characterize

particulate, The results of the particulate measurements will be summarized

and discussed later in the report.
11



Figure 9. Experimental Dilution-Type Figure 10, Control System Used to
Particulate Sampler Used for Locomotive Maintain Flowrate in 3-inch Diameter
Tests Sample Duct

Figure 11. Arrangement of Sample Figure 12, Arrangement of Sample .
Duct used on Unit 1311 Duct used on Unit 8639 (same as used
on Unit 8447)
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IV. EMISSIONS TEST RESULTS

The results of tests for smoke, particulates, and light hydrocarbons
are summarized in this section without being included in the Appendixes.
Gaseous emissions, on the other hand, are given in detail in the Appendixes,
along with operation and performance data on the locomotives. These data are
given in Appendix A for unit 1311 (EMD 12-567 Switch engine). In Appendix B
for unit 8447 (EMD 16-645E-3 line-haul engine), and in Appendix C for unit
8639 (G.E. 7FDL16 line-haul engine). The arrangement of the Appendix tables
places the two pages of data from each run on facing pages for convenience,
with ambient data, operating data, and concentrations on the even-numbered
page, and computed mass and specific emissions on the odd-numbered page.
Note also that the Appendix data are considered to be intermediate results, and
there fare significant figures in excess of the three considered reliable have
been retained assuming that final results will be rounded off individually as they
are obtained by averaging or further computation.

A, Gaseous Emissions Results

The discussion in this subsection is limited to steady-state runs under
normal engine operating conditions. Thus transients and runs 4 and 5 on unit
8639 are specifically excluded, and will be handled in another report subsection.

As already mentioned, all gaseous emissions except light hydrocarbons
are given in terms of concentrations, and HC, CO, NO,, and RCHO are given
in terms of g/hr, g/bhp hr, and g/lb,, fuel by mode, and in g/hr, g/bhp hr,
and g/lby, fuel on a cycle composite basis in the Appendixes. As a first sum-
mary of these results, Table 5 gives average mass emissions by throttle set-
ting for the three locomotives. Perhaps a better way of examining these data
is provided by Figures 13 through 16, which show the relationships between
emission rates and throttle settings graphically. The hydrocarbon emissions
shown in Figure 13 are perhaps a bit surprising, with the 12-567 switch engine
(unit 1311) being consistently higher than the larger 16-645E-3 (unit 8447). It
is assumed that the "hump' in the curve for the G. E. engine (unit 8639) is due
to mismatching of engine and turbocharger in the lower power range. Figure 14
shows that the smaller, Roots-blown engine had much lower CO emissions over
most of the power range than the two larger engines did. In addition, the shape
of the curve for the smaller engine is conspicuously different than those for the
other two, due to the absence of a turbocharger. The NO, emissions shown
graphically in Figure 15 exhibit a strong, consistent increase with power output,
as expected. The aldehyde emissions given in Figure 16 show consistent trends,
and it appears that the 4-stroke engine (unit 8639) was considerably higher on
aldehydes than the 2-stroke engine of similar size and output (unit 8447).

Table 6 provides a look at run-to-run variability in mass emissions,
brake specific emissions, and fuel specific emissions from the three engines,
as well as averages. Although the composite mass emissions from unit 1311
(g/hr) are much lower than those from the other engines, the specific emis-
sions from the switch engine are higher. This effect occurs because the
cycle used for unit 1311 contains a large percentage of idle time (77%),

13



7000
L A Y T T T R S
6000 |-
~
3 5000 |-
~
i
()]
[o R
0
&
;3 .
5 4000 |
mﬁ
a
[o)
o
/)]
:
s 3000 |-
o
[o]
L0
1)
[y}
(O]
(@]
e 2000
5 .
ay
1000 |-

Throttle Position

FIGURE 13, HYDROCARBON EMISSIONS (g/hr) FROM THREE
LOCOMOTIVE DIESEL ENGINES AS A FUNCTION OF THROTTLE POSITION

14



16,000 - | q -

_ 8447 _
14,000 |- i -
. 12,000 |- -
5 )
o]
< R 8639
H -
Q
2y
¢ 10,000 | - —
g 3
] 0
=T4] o
U; B —
=
[o]
=
“ 8,000 |- -
]
[ = —
=
g 0
= 6,000 | -
S
a
e} - —
L
1]
o
0
4,000 }- -
2,000 | ) -
| 1311
U 7 . O O
o L ] { | I 1 | 1 ! _
Idle 1 2 3 4 5 6 7 8

Throttle Position

FIGURE 14. CARBON MONOXIDE EMISSIONS (g/hr) FROM THREE
LOCOMOTIVE DIESEL ENGINES AS A FUNCTION OF THROTTLE POSITION

15



34,000 -
32,000 |} -
30,000 I -
28,000 |}~ -
N 26,000 p -
o)
Z
fg 24,000 |- _
~
[=]
2 22,000 } _
~
[H)
o
) 20,000 P _
£
o
~
w 18,000 } -
mﬁ
§
= 16,000 [ -
i
14,000 [ -
a
Q
oo
° 12,000 -
=
Z
S 10,000 | -
w
]
s
% 8,000 -
Ke)
6,000 |- -
4,000 [ -
2,000 |- -
0 hae o
Idle 1 2 3 4 5 6 7 8

Throttle Position

FIGURE 15. OXIDES OF NITROGEN EMISSIONS (g/hr NO,) FROM THREE
LOCOMOTIVE DIESEL ENGINES AS A FUNCTION OF THROTTLE POSITION

16



6‘
v
O 500 B~ —
o
0
3
"
o}
2
= 400 = -
o
oF
n
£
®
M
o0
o 300 p= -
=)
o
B
E
€3]
o 200 |= -
o]
S
<
[T}
e}
—
<
3}
& 100 |- -
Nel
2
<
o L L ] { | | -
Idle 2 4 6 8

Throttle Position

FIGURE 16. ALIPHATIC ALDEHYDE EMISSIONS (g/hr HCHO) FROM THREE
LOCOMOTIVE DIESEL ENGINES AS A FUNCTION OF THROTTLE POSITION

17



TABLE 5. AVERAGE MASS EMISSIONS BY THROTTLE SETTING

SP-1311 Mass Rates, g/hr SP-8447 Mass Rates, g/hr
Condition HC CO NO, RCHO HC CO NO4 RCHO
Idle 387 160 335 48.2 254 523 978 76.8
Dyn. Brake - - - - 377 732 2,180 130
N1 452 273 626 - 225 293 1,870 --
N2 638 341 920 47.6 322 386 4, 860 75.
N3 984 481 2,000  -- 493 9,490 8,520 -
N4 1480 560 3,220 72.9 610 12,200 10,800 106
N5 1830 702 4, 950 -- 766 15,700 13,000 -
N6 2390 768 6, 720 78.7 1070 16,000 16,200 152
N7 2960 1050 8,370 - 1520 10,200 21,600 --
N8 3980 1840 10,200 148 2010 9,740 25,500 224
SP-8639 Mass Rates, g/hr
Condition HC __ CO NO, RCHO
Idle 551 828 1,030 67.5
Dyn. Brake 2400 2,050 5,200 158
N1 588 991 3,390 --
N2 1780 6,590 10, 300 74.2
N3 2120 11,700 12,600 -~
N4 2130 14,400 16,000 167
N5 2600 13,800 17,500 --
N6 4080 12,600 22,900 314
N7 5740 9,310 29,400 -~
N8 . 6630 9, 630 33,200 538

during which mass emissions are low and specific emissions are high. As
could have been predicted from Figure 13, composite hydrocarbon emissions
from unit 8639 were considerably higher than from unit 8447, and unit 8639
also emitted somewhat more NO, and aldehydes.

Light hydrocarbon emissions from these locomotive engines were
measured by the previously-described gas chromatographic method, which
is reliable for 7 compounds ranging from methane through butane. No
propane or butane was found in any of the samples, however, and methane
was the only compound found in the exhausts of all three locomotives.
Average concentrations of light hydrocarbons are given in Table 7, and all
of them are extremely low. Those compounds not listed averaged less than
0.1 ppm in all modes, which is considered to be the limit of readability of
the present technique. In most cases the light hydrocarbons (combustion
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TABLE 6. LOCOMOTIVE CYCLE COMPOSITE EMISSIONS RESULTS

Mass, g/hr Brake Specific, g/bhp hr
Unit Run HC CO NOx RCHO HC CO NOyx RCHO
1311 1 550 277 636 63.4 10.2 5.15 11.8 1.18
3 423 160 616 42.7 7.82 2.95 11.4 0.79
4 485 201 630 44 .4 8.58 3.56 11.1 0.79
Average 486 213 627 50.2 8.87 3.89 11.4 0.92
8447 1 817 4860 10,600 128 0.635 3.78  8.25 0.107
2 872 4980 10,300 140 0.691 3.94 8.18 0.111
3 968 5090 10,500 148 0.759 3.99 8.25 0.116
4 897 5580 10,600 118 0.717 4.45 8.48 0.094
Average 888 5120 10,500 134 0.700 4,04 8.29 0.107
8639 1 2880 5750 13,900 246 2.23 4,45 10.7 0.190
2 2740 4940 13,300 295 2.12 3.83 10.3 0.228
3 2950 5200 13,400 165 2,23 3.95 10.1 0.125
Average 2860 - 5300 13,500 235 2.19 4,08 10.4 0.181
Fuel Specific, g/lbm fuel

Unit Run HC cO NO, _ RCHO

1311 1 13.6 6.85 15.7 1.57

3 10.8 4,07 15.7 1.09

4 12.4 5.14 16.1 1.14

Average 12.3 5.35 15.8 1.27

8447 1 1.66 9.90 21,6 0.264

2 1.78 10.2 21.1 0.286

3 1.97 10.4 21.4 0.302

4 1.83 11.4 21.7 0.241

Average 1.81 10.5 21.4 0.273

8639 1 6.38 12,7 30.7 0.554

2 6.06 10.9 29.4 0.653

3 6.50 11.5 29.5 0.364

Average 6.31 11.7 29.9 0.524

Duty Cycles Used: 1311 - Santa Fe Switch
8447 - EMD Line-Haul

8639 - G.E. Line-Haul

19



TABLE 7. LOCOMOTIVE LIGHT HYDROCARBON DATA SUMMARY

Concentrations in ppm

Unit 1311 Unit 8447 Unit 8639
Condition C2H4 CH4 C2H4 CHy4 C2H¢  C2H4 C2H2 C3Hg
Idle 0.2 2.2 1.3 8.0 0.0 6.6 1.3 0.0
Dyn. Brake --- 1.8 0.9 7.6 0.1 7.8 3.2 0.1
N2 0.1 1.7 0.5 24.0 0.9 18.2 5.0 3.6
N4 0.4 1.8 2.6 15.0 0.7 23.9 3.6 4.4
N6 0.8 1.4 3.0 7.8 0.3 21.2 2.2 3.5
N8 5,2 1.4 3.7 7.1 0.1 14.0 1.4 3.0

products) did not constitute large fractions of the total hydrocarbons.

B. Smoke Results

Smoke data were recorded during steady-state conditions in terms of
percent opacity using two modified smokemeters based on PHS optics, as
explained in subsection III. B, These data were taken concurrently with
gasoline emissions data, and the averages are given in Table 8. For unit
1311, which had two stacks, two complete runs were made on each stack
with virtually identical results from the two stacks. All the results were
averaged, so the idle numbers are averages of 24 data points and the
remaining numbers are averages of 8 data points.

TABLE 8. SUMMARY OF LOCOMOTIVE STEADY-STATE SMOKE DATA

Average % Average % Opacity Average % Opacity
Opacity : Unit 8447 Unit 8639
Condition Unit 1311 Transverse Longitudinal Transverse Longitudinal
Idle 1.5 1.7 2.2 3.7 6.7
Dyn. Brake -- 2.0 3.8 4.0 8.2
N1 2.8 2.1 2.3 4.9 8.9
N2 3.2 4.5 5.2 14.8 28.0
N3 2.7 11.2 22.8 15,1 29.2
N4 2.0 11.1 22.0 12.1 25.8
N5 2.0 12.1 21.4 9.8 19.5
N6 1.9 9.1 18.4 6.4 13.0
N7 2,2 5.5 11.2 4.6 9.0
N8 2.8 6.4 10.0 4.8 9.2
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For unit 8447, two runs were made in the transverse position and two in the
longitudinal position (transverse is the short path across the stack), so idle
numbers are averages of 12 points and the others are averages of 4 points.
Two runs (or 12 data points at idle, and 4 data points elsewhere) are
represented by the numbers for unit 8639 in the transverse position, and

one run (or 6 idle data points, and 2 data points on other conditions) by the
numbers for the longitudinal position. In the case of unit 1311, the nominal
optical path length through the smoke plume was 10 inches, and identical for
all runs. For unit 8447, the exhaust outlet was 11.5 inches (transverse) by
29.75 inches (longitudinal), and the corresponding dimensions for the exhaust
outlet on unit 8639 were 11.5 inches and 26.5 inches, respectively. More so
for unit 8447 than for the other two locomotives, however, the exhaust gases
were underexpanded at the outlet for the several highest notches,leading to

a rapid divergence upon entering the atmosphere. This divergence was an
important enough factor, at least in the case of unit 8447 at higher power
conditions, to cause variation in the optical path length through the smoke
plume as conditions varied, making the length an undetermined variable.

This divergence is one reason why no mathematical correlation of transverse
and longitudinal results has been attempted, and another is that the geometric
characteristics of the smoke plume change quite rapidly after entering the
atmosphere, making the perception of the plume density more equal in all
directions. Further perceptual effects occur, of course, with wind or motion
of the locomotive. In order to make path lengths more nearly equal for test
purposes, the installation of a standardized stack was considered, but time
and financial constraints did not permit this extension beyond the intended
scope of work. Such a duct might be 27 to 30 inches in diameter and circular
at its outlet, shaped enough at its base to conform somewhat to the standard
stack and prevent leaks, and long enough to produce a relatively uniform flow
at its outlet (perhaps 36 to 48 inches). Another alternative for possible future
use would be to devise an equitable, accurate, particulate sampling procedure,
and thereby eliminate stack geometry as a factor. :

C. Particulate Results

As mentioned previously, results of the locomotive particulate measure-
ments were less than satisfactory due to the sampling method which had to be
employed. The experimental method was an adaptation of that developed for
general use in the characterization work, and was used because no standard or
accepted technique was available., To explain the situation more fully, the ex-
perimental sampler which has been used on this project weighs several hundred
‘pounds and is physically quite large (ref. Figure 9) so it was impractical to
lift it to the top of each locomotive to keep the sample line short. It was like-
wise impractical to use a long, constant-diameter sample line (3/8 inch O.D,)
due to particle deposition on the tube walls. A good solution would have been
to withdraw a ''split' of the exhaust isokinetically into a fairly large tube (the
larger the tube, the less wall area per unit volume), and then to sample
isokinetically from that tube via a short sample line at ground level. The
reason this procedure was not followed is that each condition would have
required: (1) an accurate exhaust velocity measurement; (2) adjustment of
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blower controls to achieve an isokinetic sample rate, taking temperature
changes, etc., into account; and (3) calculation of sampling rate for the
particulate system based on the conditions in the larger tube. Since the
particulate measurements had to be taken separately from the other measure-
ments, the additional time and personnel required to set the sampling con-
ditions simply could not be justified. The compromise which was employed
was to maintain a constant mass flow rate in the 3 inch diameter duct, and
sample from it into the sampler itself at the isokinetic rate. This technique
required only the setting of one control on the 3 inch duct (the bypass valve)
and allowed the use of the same sample rate for all runs.

The problem with the system as used was that sampling into the 3 inch
duct was subisokinetic at higher power settings to such an extent that con-
siderably more heavy particles were sampled than the number representative of
the exhaust stream. This effect was most pronounced for unit 1311, which had
relatively large cinders in its exhaust, especially at high power. It could be
speculated that the cinders were agglomerations of carbon which had built up on
the inside surfaces of the exhaust system, and that they were dislodged while
the engine ran at high power. Such particles could build up over a period of
time if the operational history of this particular locomotive did not include
much running at '"'notch 8'. To further support this theory, no cinders were
observed in the exhausts of the other two engines (which very probably operated
at high power settings much more than the switch engine did) and examination
of the filters used for particulate sampling showed no large cinder-type particles.
These observations seem to correlate with the test results summarized in
Table 9, which show that the measured particulate concentrations tended to

TABLE 9. SUMMARY OF LOCOMOTIVE PARTICULATE EMISSIONS DATA

NOTE; THESE PARTICULATE DATA ARE NOT CONSIDERED RELIABLE
FURNISHED FOR DOCUMENTATION PURPOSES ONLY

. Avg,
Unit Individual Results, - Result, Avg. %
No. Condition mg/SCF Exhaust mg/SCF Opacity
1311 Idle 0.308 0.412 0.519 -- 0.413 1.5
N4 3.42 2.78 1.69 1.69 2.40 2.0
N8 21.6 25.1 18.9 12.7 19.6 2.8
18447 Idle 1.62 2.17 1.35 1.75 1.72 1.7
" Dyn. Brake 2,53 0.823 1.40 -- 1.58 2.0
N4 2.59 2.50 0.862 -- 1.98 11.1
N8 2.80 2,22 1.65 2,75 2.36 6.4
8639 Idle 1.12 1.31 1.34 -- 1.26 3.7
Dyn. Brake 4,05 3.71 2.74 2.13 3.16 4.0
N4 1,45 2.77 3.15 2,37 2.44 12,1
N8 3.27 2.69 2,81 2.44 2.80 4.8
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increase with exhaust velocity (or exhaust mass flow) regardless of the
trend in smoke density (or opacity). It should also be recognized that some
particulates measured on the filter (taken at about 90° F) may have been
gases as they left the stack, tending to further decrease the correlation
between particulate weight and smoke density.

Due to the reservations expressed above about the data acquired on
particulates during this program, the subject results will not be used to
estimate emission factors or national impact for locomotives. While the
attempt to obtain reliable data within the time and financial constraints of
the program failed, the efforts and experience should be valuable to those
attempting further such work, It may be necessary to standardize the type
of exhaust stack used for particulate sampling in somewhat the same manner
as the standardization suggested for smoke measurements, just to get a flow
of exhaust which is acceptably directional for sampling. In any case, the
need for precisely isokinetic sampling has been demonstrated quite vividly,
along with the need for development of suitable instrumentation and procedures.

D. Special Test Results

Runs 4 and 5 on unit 8639, the 16-cylinder G. E. locomotive, type
U-33 C, were designated "'special runs' because some of the speeds at
which the engine ran were altered for test purposes. These speed changes
were made in response to a suggestion by G. E. technical personnel to
operators in California that smoke might be reduced if the engine speeds
were changed in several notch positions. The two special runs were con-
ducted immediately after run 3, on the same day, to avoid keeping the
locomotive out of service an extra day.

The altered engine operation schedule was designed to retain approxi-
mately the same power output in each notch as with the standard schedule,
but to run notches 1, 2, and 3 at the standard speed for notch 5 (783 rpm)
and notches 4 through 8 at the standard speed for notch 8 (1077 rpm). The
effect of these changes was to leave idle, dynamic brake, and notch 8 un-
changed, and raise engine speeds in notches 1 through 7. The increased
engine speeds resulted in small increases in fuel usage proportional to the
increases in gross horsepower.

To examine the effectiveness of the higher engine speeds as a control
measure for unit 8639, Table 10 has been prepared to compare mass emis-
sions by throttle setting for the standard and revised schedules. A cursory
examination of Table 10 shows that the revised conditions (notches 1-7)
tended to produce higher hydrocarbons, slightly higher NOy and aldehydes,
and much lower CO than the standard conditions. The overall effects of the
revised conditions on gaseous emissions can be seen in Table 11, and after
weighting of the modes it appears that for the experimental runs hydrocarbons,
NO, and aldehydes were about the same as for the standard runs and CO was
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TABLE 10. AVERAGE MASS EMISSIONS FROM A G, E, 7FDL16
LOCOMOTIVE ENGINE USING STANDARD AND REVISED
ENGINE SPEEDS

Emissions at Standard Speeds Emissions at Revised Speeds
(g/br) (g/hr)

Condition HC CO NO., RCHO HC CO . NOy RCHO

Idle* 551 828 1,030 67.5 517 650 888 53.4
Dyn., Brake* 2400 2,050 5,200 158 2280 1780 4,800 125
N1 588 991 3,390 -- 1120 932 4,100 --
N2 1780 6,590 10,300 74.2 2300 2480 10,500 109
N3 2120 11,700 12,600 -- 2410 4300 12,800 -~
N4 2130 14,400 16,000 167 3750 3240 16,700 202
N5 2600 13,800 17,500 -- 4400 3870 20,500 --
Né 4080 12,600 22,900 314 5730 5260 24,400 319
N7 5740 9,310 29,400 -- 6690 6200 28,300 ~--
N8 6630 9,630 33,200 538 6650 8620 32,000 466

*Condition identical for all runs.

significantly lower than for the standard runs (changes in HC, NO,, and
aldehydes were measurable, but hardly significant).

Since the experimental runs were intended to investigate a smoke re-
duction technique, smoke was measured by a modified PHS opacity meter
with the results presented in Table 12. The engine speed revisions did seem
to reduce smoke quite significantly in notches 1-7, although the engine smoked
slightly less during runs 4 and 5 even in conditions which were not revised.
The most dramatic reductions in smoke were for notches 2 through 6, the
same notches in which large reductions in CO were in evidence.

No particulate or light hydrocarbon measurements were made during
the two runs using the experimental speeds, primarily to keep the overall
time requirement reasonable. Although the speed changes had to be made
‘manually for these tests, the regular engine speed control system could be
modified so that positioning the throttle control in the normal way would
automatically set the ending speed at the new value.

E, Emissions During Transients
Emissions were measured during changing speed and load conditions

on each engine, generally prior to each day's operation. The continuous
measurements made during these transients included hydrocarbons, CO, CO,,
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NO,, by chemiluminescence, and smoke opacity. The reason for making
these measurements was primarily to determine whether or not transient
emissions were sufficiently different than steady-state emissions so as to
change the overall emissions picture significantly., The types of conditions

TABLE 11. CYCLE COMPOSITE EMISSIONS FROM A G,E. 7FDL16
LOCOMOTIVE ENGINE USING STANDARD AND REVISED ENGINE SPEEDS

Mass, g/hr Brake Specific, g/bhp hr
Run HC CO NO., RCHO HC CO NOx RCHO
4 3160 3610 13,500 211 2.33 2,66 9.96 0.156
5 2960 3640 13,000 -—- 2.19 2.69 9.59 --
Average
Revised

Runs 4 & 5 3060 3620 13,200 211 2.26 2.68 9.78 0.156

Average
Standard
Runs 1-3 2860 5300 13,500 235 2,19 4,08 10.4 0.181

Fuel Specific, g/lb,, fuel

Run HC CO NO, RCHO
4 6.69 7.66 28.6 0. 447
5 6.38 7.83 27.9 --

Average

Revised :

Runs 4 & 5 6.54 7.74 28.2 0. 447

Average

Standard

Runs 1-3 6.31 11.7 29.9 0.524

‘investigated were engine acceleration through the notches with load, decel-
eration with load, and cold starts.

Emissions during transients were taken to be of no special significance
if concentrations changed smoothly between initial and final steady-state values,
a result termed '"smooth transition''. Without exception, such changes were
the case for all decelerations of the engines from notch 8 to idle, Some cold
starts were run also, with no significant excursions of gaseous emissions
due to engine start-up, very little drift in CO, CO,, or NO,, and about 15%
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downward drift in hydrocarbons during a 15-minute idle following startup.
One significant smoke puff was observed at engine startup, ranging up to 95%
peak opacity, with a duration of about 2 seconds.

The accelerations from idle to notch 8 produced most of the excursions
from smooth transitions which were observed, but the durations of peaks

TABLE 12. SMOKE EMISSIONS FROM A G.E. 7TFDL16 LOCOMOTIVE
ENGINE USING STANDARD AND REVISED ENGINE SPEEDS

% Opacity, Standard % Opacity, Revised
Engine Speeds Engine Speeds
Condition Transverse  Longitudinal Transverse Longitudinal
Idle* 3.7 6.7 2.7 5.8
Dyn. Brake* 4.0 8.2 2.6 5.0
N1 4.9 8.9 3.0 5.0
N2 14.8 28.0 6.8 12.8
N3 15.1 29.2 7.1 14.0
N4 12,1 25.8 3.5 7.0
N5 9.8 19.5 3.2 6.8
N6 6.4 13.0 3.0 7.2
N7 4.6 9.0 3.0 7.0
N8 4.8 9.2 4.0 8.5

#"'revised" engine speeds same as standard

were very short in most cases. Table 13 summarizes the results of the
acceleration tests in terms of concentrations and peak durations. The
durations were taken to be the time during which the concentrations (or
opacities) were 10%or more over the final steady-state values, and
maximum values are expressed as peak value divided by final steady-state
value. No significant excursions were observed for either COy or NO,, so
they were not included in the table, For unit 1311, the peaks occurred
within a few seconds after initial throttle movement, and only a single peak
occurred for each constituent. The picture was a bit more complex for
unit 8447, with the first set of peaks (CO and smoke) being observed going
into notch 3, and with subsequent smaller peaks going into each notch through
8. The peaks observed for unit 8639 were of much longer duration, as
shown in Table 13, and they occurred late in the accelerations (beginning

around notches 6 to 8).

The values given in Table 13 are representative of 6 to 10 repetitions
made with each locomotive, as are the comments made on decelerations.
The charts were examined carefully, and 2 runs were picked for analysis to
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minimize computation time. The analysis of transient emissions shows
that they are probably not important in the overall locomotive emissions
picture due to the short time in which emissions are outside those
expected from steady-state operation, At this point we have no rigorous
way of determining mass emissions during transients, so these results
will not be used in estimating emission factors and national impact,

TABLE 13, LOCOMOTIVE EMISSIONS DURING ACCELERATION TRANSIENTS

Peak Value < Final Value Peak Duration, sec.
Unit HC CcO Smoke HC CO Smoke
1311 2 35 10 7 1 5
8447 - 4 10 - 4 4
8639 - 5 10 - 20 16
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V. ESTIMATION OF EMISSION FACTORS AND NATIONAL IMPACT

Emission factors for locomotives are to be estimated based primarily
on the tests conducted as part of the subject program, although results of
other studies will be referenced and taken into consideration. If it is shown
later that the engines tested were not representative, or if additional, more
comprehensive data become available, the factors and impact estimates can
be updated using the subject techniques as a guide. Factors will be estimated
on both brake specific and fuel specific bases, and parallel impact calculations
will be made using independent locomotive utilization and fuel usage data.

Emission factors for the marine counterparts of locomotive diesel
engines will be estimated from much less comprehensive information, and
will be treated separately.

A. Emission Factors and Emission Estimates for Locomotive Diesel Engines

As a prerequisite to determining emission factors, the composition
of the locomotive population must be known so the proper weight can be
given to each size category and each type of operatig . The most recent
population data available are as of January 1, 1972 and Table 14 shows
these data in their most useful form. These figures are intended to be for
the 48 states only, but slight errors may have occurred in separating U, S,

from non-U, S, railroads.

The first use of the data in Table 14 will be to calculate percentages
of total yearly railroad diesel fuel usage which can be attributed to engines
represented by each of those tested under this project. Theése calculations
will be used along with national fuel consumption figures and fuel specific
emissions data from Table 6 to calculate emission factors and impact, Pur-
suing the fuel-based calculations, available data(10) indicate that 25. 9% of
active locomotives were engaged in yard service in 1971, and that 70,0%
were in freight service and 4, 1% were in passenger service. Since it is not
known just which particular locomotives were in yard service (6, 951 total),
the assumption will be made that they were the 6, 951 smallest locomotives
listed in Table 14. In terms of a cut-off point, this assumption means that
1437 of the 1500 hp units and all those smaller than 1500 hp are assumed to
be in yard service, If a second assumption is made to the effect that the
average power of the "under 1000 hp'' units is 750 hp, the total horsepower
in yard service comes out to 7,032, 150 (or 1012 hp per unit) and that in road
service to 45,295,750 (or 2278 hp per unit).

The next item is determination of load factors for road and yard
operations, defined as average power produced during operation divided by
available power. Based on power measurements taken during this project,
the load factor for the EMD line-haul cycle is 0.397, that for the G. E. line -
haul cycle is 0, 365, and that for the switcher cycle is 0.0507, Another
necessary item of information is operating time per year for each category
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TABLE 14. U.S. LOCOMOTIVE POPULATION

BY POWER CLASS AND BUILDER

Horsepower Builder

Class EMD Alco G.E, GMD MLW BLH FM Others Totals
5000 45 - 66 - - - - - 111
3600 1359 31 97 - - - - - 1487
3300 1 - 373 - - - - - 374
3000 2211 77 435 3 16 - - - 2742
2800 - - 236 - - - - - 236
2750 - 115 - - - - - - 115
2700 - 18 - - - - - - 18
2500 1555 76 549 - - - - - 2180
2400 306 168 - - - - 26 - 500
2350 - - - - - - 8 - 8
2300 77 - - - - - - - 77
2250 1217 - 155 - - - - - 1372
2000 1413 142 - - 13 - - 1568
1850 138 - - - - - - - 138
1800 329 534 29 2 - - 903
1750 3898 - - 2 - 2 - - 3902
1600 22 712 - - 25 77 63 2 901
1500 4471 152 - 21 - 32 2 14 4692
1400 - 4 - - - - - - 4
1350 39 - - - - - - - 39
1300 2 - - - - - - - 2
1200 1639 38 - 1 - 233 153 - 2064
1000 985 1136 - - 3 163 50 2 2339
Under 1000 720 223 67 23 - 25 - 8 1066
Totals 20,427 3426 1987 50 73 547 302 %27 *26,839

% Includes one engine with no power class given

Abbreviation

EMD
G. E.
GMD
MLW
BLH
FM

Builder Name

Electro-Motive Division, General Motors Corp.

General Electric

Diesel Division, General Motors of Canada

MLW Industries, Canada
Baldwin-Lima-Hamilton
Fairbanks-Morse
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of application, and 1971 statistics(10) also yield this information, For road
freight and passenger service combined, some 64.4 x 106 locomotive hours
were used, and for all switching operations about 39, 3 x 106 locomotive
hours were used. The foregoing figures yield about 2015 x 106 hp hours for
switching operation and about 57, 400 x 106 hp hours for road operation
during 1971, Converted to percentages, some 96, 6% of locomotive hp hours
were used in road service, leaving 3. 39% for switching operations. As-
suming that fuel usage is directly proportional to work produced, the
estimate is made that these latter percentages also represent fuel consumed
in road and switching operations, respectively. Since no data are presently
available on load factors for passenger service, they are being assumed as
equal to those for freight service.

The latest available fuel consumption figure for railroad diesels is
for 1970(11), and it totals 3804 x 106 gallons, or approximately 27,100 x
1061bm (at 7,12 1byy, gal). This figure when divided by the total hp hours
above, yields an average brake specific fuel consumption for all railroad
operations of 0,456 lb,, /bhp hr, which sounds somewhat high, but may be
reasonable in view of the relatively large fractions of time spent at idle,
Another error may be inherent in this BSFC calculation because undoubtedly
some of the diesel fuel used by railroads is used in equipment other than
locomotives. In order to calculate factors and impact as accurately as pos-
sible, the switch engine population will be considered to be 75% 2-stroke
engines and 25% 4-stroke engines (on a horsepower basis), These smaller
2-stroke engines are probably characterized adequately by unit 1311, but
the 4-strokes are not yet represented. To overcome this problem, mode
emissions from runs 1 through 3 on unit 8639 have been re-weighted
according to the ATSF switcher cycle, with the results shown in Table 15.
Table 15 also contains emissions from unit 1311, reweighted according to
the EMD line-haul cycle (except that dynamic brake was omitted and the
other mode weights were increased by a factor of 100 —— 92 = 1,087) for use

TABLE 15. SUMMARY OF REWEIGHTED
EMISSIONS FROM UNITS 1311 AND 8639

Brake Specific Fuel Specific

Unit Cycle Contaminant Mass, g/hr g /bhp hr g/1bm fuel
1311 EMD HC 1820, 3.95 0.43
. line- cO 809. 1,76 4,20
haul NOx 4360, 9.45 22.6
RCHO 44,1 0.096 0.229
8639 ATSF HC 766, 4,96 9,33
switch CcO 2000. 12.9 24.3
NOx 2560, 16.6 31.2
RCHO 79.4 0.514 0.967
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in estimating emissions from line-haul 2-stroke engines which are Roots-
blown rather than turbocharged. The estimated breakdown of locomotives
used in road service is 37% Roots-blown 2-strokes, 37% turbocharged 2-
strokes, and 26% 4-strokes, on a horsepower basis,

Five engine categories have been defined in the process of arriving
at a calculation technique for mass emissions based on fuel usage, and each
of the five is represented by emission factors shown in either Table 6 or
Table 15, The total weight for each category is the fraction of all fuel used
by engines in that category, and these weights multiplied by the proper emis-
sion factors yield quantities which sum to composite emission factors for
the whole locomotive population, A summary of the results of this analysis
is shown in Table 16,. and it is a simple matter to progress to total mass
emissions (or impact) by multiplying the composite factors by total fuel
usage., This step will come later in the report. Mass emissions for each
engine category can be determined by multiplying the category factors by
total fuel usage.

To calculate emission factors on a brake specific basis, the analysis
is the same as the foregoing down to the point where fractions of total horse-
power hours produced by engines in each category were taken to be equal to
fractions of total fuel used. In the brake specific case, this last assumption
is not necessary, and Table 17 shows the results of brake specific emissions
factor calculations. To determine impact from the brake specific data, the
factors can be multiplied by the total work (horsepower hours) produced per
year, which was derived earlier,

Emissions of sulfur oxides have not been mentioned as yet because
SO, was not measured, but sulfur oxides have been calculated on a basis
of 0,35% by weight fuel sulfur content, assuming that all the sulfur is
oxidized to SOZ. Particulate emissions have been discussed earlier, but
the particulate results generated by this study are not considered accurate
enough for use in estimating factors and impact, so no improvement can be
made on the latest EPA figures., Impact estimates based on the above
procedures and factors are given in Table 18, and these estimates are com-
pared with recent EPA nationwide estimates in Table 19. With the exception
of the SO_ estimate, which was calculated from fuel usage only, the more
accurate Factors and estimates are probably those derived on a brake
specific basis. The reason for a degree of lack of confidence in the fuel-
based numbers is simply that the overall fuel consumption figure has a lot
of room for error, since in some cases accurate data may not be kept on
how miuch fuel is used in locomotives and how much in other engines.

One positive feature of the fuel-based calculations, however, is
that they can be updated very quickly if it is assumed that the locomotive
population and its operation do not change greatly (probably a valid assump-
tion over 5 years or so), The calculations based on work output (brake
specific) are not difficult, either, if information on operating hours per
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TABLE 16, SUMMARY OF FUEL-BASED EMISSION FACTOR CALCULATIONS

Fraction Emission Factors for Weighted Factors for

of Total Category (g/lbm fuel) Category (g/lbm fuel)
Engine Category Fuel Used HC CO NOyx RCHO HC CoO NO, RCHO
2-s (Blown) Switch 0.0254 12,3 5.35 15.8 1.27 0.312 0.136 0.401 0.0323
4-s Switch 0.00848 9.33 24.3 31.2 0.967 0.0791 0.206 0.265 0.00820
2-s (Blown) Road 0. 3575 9.43 4,20 22.6  0.229 3.37 1.50 8.08 0.0819
2-s (T.C.,) Road 0. 3575 1. 80 10. 4 21.2 0.271 0. 644 3.72 7.58 . 0.0969
4-s Road 0.2512 6.31 11,7 29.9 0.524 1.59 2.94 7.51 0.132

Z = composite factor, g/lby, fuel 6.00 8.50 23.84 0.351
composite factor, 1b,,/1000 gal fuel 94.2 133, 374. 5.51

TABLE 17, SUMMARY OF BRAKE SPECIFIC EMISSION FACTOR CALCULATIONS

Fraction Emission Factors for Weighted Factors for

of Total Category, g/bhp hr Category, g/bhp h
Engine Category hp hours HC CcoO NOx RCHO HC CO NO, - RCHO
2-s (Blown) Switch 0.0254 8. 87 3.89 11.4 0.92 0.225 0.0988 0.290 0.023
4-s Switch 0.00848 4.96 12.9 16.6 0.514 0.0421 0.109 0,141 0.00436
2-s (Blown) Road 0. 3575 3.95 1.76 9.45 0.096 1.41 0.629 3.38 0.034
2-s (T.C.) Road 0. 3575 0.695 4,00 8.22- 0.104 0.248 1.43 2,94 0.0372
4-s Road 0.2512 2.19 4,08 10.4 0.181 0.550 1.02 2.61 0. 0455

Z = composite factor, g/bhp hr 2.48 3.29 9. 36 0.144



TABLE 18,

NATIONAL IMPACT ESTIMATES

FOR LOCOMOTIVE EMISSIONS

Total Estimated Emissions, 10 tons per year

Contaminant "Fuel Specific Basis Brake Specific Basis
HC 0.177 0.162
CO 0. 247 0.215
NO, 0.698 0.613
RCHO 0.010 0.00943
SO4 0.0947 0.0947
Particulate * *

*EPA figure not improved upon

TABLE 19,

COMPARISON OF SUBJECT NATIONAL IMPACT ESTIMATES

WITH EPA NATIONWIDE AIR POLLUTANT INVENTORY DATA

EPA Inventory Data, 1970,

106 tons/yr{l7)

Subject Estimates of % of

All Mobile All Mobile
Contaminant Sources Sources Railroads Sources Sources
HC 34,7 19.5 0.093 0.467 0.831
CO 147, 111. 0. 100 0.146 0.194
NO, 22,7 11.7 0.142 2.70 5.24
RCHO -- -- -- -- -
SOy 33.9 0.986  0.124 0.279 9. 60
Particulate 25.4 0.655 0,047 *Q, 185 *7,18

*EPA figure

year continues to be available.

The only major change in railroad operation

occurring at the present time is the institution of Amtrak. Separate statistics
on Amtrak may be available later, and they could be used to supplement infor-

mation available from AAR and other sources.

As was mentioned earlier,

some 96, 6% of locomotive horsepower hours are produced in road service,
and it seems logical that a similar percentage of total locomotive emis-
sions (at least 90 to 95%) could be classed as ''rural" rather than '"urban

or suburban''.

Without doing an analysis of commercial traffic which is

really outside the intent of the current project, it can only be assumed that
most locomotive pollutants are emitted between the larger areas, .or in

"commercial corridors', if that is an acceptable term.

These emissions

should have little connection with peak traffic hours, season of year, or
other factors normally associated with detailed impact analysis.
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Up to this point, the results of other studies of locomotive emissions(4
5, 12, 13, 14) have not been mentioned specifically., All the information in
these references stems from either in-house research at EMD or G, E, or
the study funded jointly by AAR, Santa Fe, Southern Pacific, and Union
Pacific (called the "Richmond' study). In general terms, the emissions
results generated under this program agree fairly well with the other pub-
lished information, although the NO, emissions observed during the San
Antonio tests are consistently somewhat lower than most of the EMD and
Richmond results. The NO, results used in calculating impact for this
study were those generated by the chemiluminescent analyzer, which
generally gave somewhat lower results than the NDIR NO analyzer, which
can be verified by examining the data in Appendixes A through C. The use
of the chemiluminescent results is a best judgement decision based on ex-
perience using both types of analyzers in parallel on a variety of engines.

B. Emission Factors for the Marine Counterparts of Locomotive
Diesel Engines

Since early in this project, it has been anticipated that one of the
weakest areas would be population and usage information on vessels in the
class between pleasure boats and ocean-going craft. Although a considerable
amount of effort has been expended, a general lack of comprehensive data is
still the case, but limited information is available., Data retrieved from one
publication(19) indicate that there may be as few as 3230 commercial vessels
using diesel engines between 500 and 4000 horsepower (1970), having an
aggregate rated horsepower of about 2,26 x 106, This source shows total
diesel merchant vessel horsepower as about 6. 62 x 106, excluding ocean-
going ships. Other data indicate that all diesel merchant vessels (excluding
ocean-going vessels) use about 6.7 x 108 gallons of diesel fuel per year. If
3000 hours' operation per year are assumed for the 500-4000 hp class of
vessels, along with a load factor of 0,5 and a brake specific fuel consumption
of 0.4, fuel consumption for the class could be estimated at about 1.9 x 108
gallons per year, This figure is about 28% of the merchant vessel fuel con-
sumption noted above, while the 500-4000 hp class has about 34% of the diesel

merchant vessel horsepower, so the agreement is not too bad.

Some confirmation of the assumptions made on diesel vessels is
provided by independent data developed by the U. S. Army Corps of
Engineers(zo) and information obtained by direct contacts with boat
operators(ZI’ 22,23,24), The Corps of Engineers' data indicates that
about 2500 vessels fulfilling the above engine criteria were operated in
transportation service (not including fishing, dredging, etc.) in U. S.
waters during 1970. The information from the commercial boat operators
indicates load factors from 0.56 to 0,9 (mostly estimates rather than hard
data), usage up to 500 hours per month, and specific data showing wide
usage of EMD and Fairbanks-Morse engines similar to those used in

locomotives,
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It should be obvious that the population and usage data are quite shaky
for this category of engine application, so only little credibility can be
attached to the resulting emission factors., The duty cycles of the vessels
are likewise substantially undefined, but perhaps a reasonable guess would
be 10% idle, 20% full load, and 10% at each of the seven intermediate load
conditions (although such notches do not exist for marine applications).

The assumption is also made that the emissions from these marine engines
can be characterized by re-weighted locomotive emissions, and emission
factors based on the cycle above are shown in Table 20, It will also be

TABLE 20. RE-WEIGHTED LOCOMOTIVE EMISSION FACTORS USED TO
CHARACTERIZE EMISSIONS FROM THEIR MARINE COUNTERPARTS

Fuel Specific, g/lbm fuel Brake Specific, g/bhp hr

Engine HC CcO NOy RCHO HC CO NOx RCHO
Unit 1311
{(2~s Blown) 8.78 3.69 21,9 0,378 = 3.50 1.47 8.74 0.151
Unit 8447

1,49 13.6 20,7 0,217 0.561 5,11 7.79 0.0815
Unit 8639
(4-8 T, C.) 5.84 15,9 31.9 0.457 2,02 5,49 11,0 0,158

assumed for calculation purposes that marine units under 1000 hp can be
represented by unit 1311, and that units over 1000 hp can be represented
by a 50-50 weighting of factors based on units 8447 and 8639, Since more
is known about the population of marine units in service than about fuel
consumption at this point, calculation of composite emission factors will
proceed on the brake specific basis rather than the fuel specific basis.
The results of this analysis are shown in Table 21, but they probably have
only order-of-magnitude accuracy, at best. It might be noted, however,
that most of the emissions would occur either in ports, cities where river
or lake commerce is common, or further off shore where fishing boats
run., The emissions probably have a seasonal nature only where harbors
are impassable in winter, in areas where industries employing the vessels
have seasonal transportation needs, or where fishing is seasonal.

TABLE 21. ESTIMATED COMPOSITE EMISSION FACTORS
500-to-4000-HP DIESEL-POWERED U,S., FLAG MERCHANT VESSELS

Composite Factor

Pollutant g/bhp hr
HC 3,42
CcO 2,30
NO,, 9. 65
RCHO 0.159
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VI. SUMMARY

This report is on a study of locomotive emissions, and constitutes
Part 1 of a planned seven-part final report on ""Exhaust Emissions from
Uncontrolled Vehicles and Related Equipment Using Internal Combustion
Engines, " Contract No. EHS 70-108. It includes documentation and dis-
cussion on characterization of emissions from three locomotive diesel
engines (sections IIl and IV), test data and computed mass emissions
(Appendixes A, B, and C), estimation of emission factors and national
impact for locomotive diesels (section V) and estimation of emission
factors for their marine counterparts (section V). As a part of the final
report on the characterization phase of EHS 70-108, this report does not
contain information on aircraft turbine emissions, outboard motor crank-
case drainage, or locomotive emissions control technology. As required
by the contract, these three latter areas have been or will be reported

separately.

Emissions tests on the three locomotive engines, each of which
represented a widely-used type having distinctive design features, were
conducted during April, 1972, at the San Antonio maintenance facility of
the Southern Pacific Transportation Company. Southern Pacific personnel,
both local and those in the corporate headquarters, were extremely co-
operative, and the importance of this cooperation cannot be overstated.
The emissions data gathered during this program are considered quite
reliable, with the exception of particulate data which were acquired under
less-than-ideal conditions. The data on hydrocarbons, CO, CO,, NO and
NO,, oxygen, light hydrocarbons, aldehydes, and smoke were all quite
repeatable, and where data from other investigations exist for comparison,
agreement is reasonably good. As additional data is acquired in ongoing
studies, it may be desirable to update the factors and impact estimates made
in this report if the data on which these quantities are based is shown to be

atypical for engines in service.

To measure smoke from the locomotive engines, special versions of
the PHS smokemeter were fabricated with standard optical units mounted on
20-inch diameter and 40-inch diameter support rings to encompass the
large locomotive exhaust stacks. These instruments were quite successful.

Expressing the results of this study in terms of national emissions
impact of locomotive engines (after numerous assumptions regarding appli-
cability of the subject results to the current locomotive population), figures
were arrived at for locomotive emissions expressed as percentages of the
(1970) national total. On this basis, locomotive emissions amounted to
0.467% of hydrocarbons from all sources and 0.831% of those from mobile
sources, 0.146% of CO from all sources and 0.194% of that from mobile
sources, 2,70% of NO,, from all sources and 5. 24% of that from mobile
sources, and 0.279% of SOy from all sources and 9.60% of SOx from mobile
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sources. Particulate data generated during this study are not considered
reliable enough to be used in computing national impact. The other emis-
sions measured are not relatable to available national source inventories.

In order to compile more comprehensive characterization data
and make impact estimates more accurate, additional engines should be
chosen to represent the locomotive population more fully, and they should
be tested in a manner similar to the subject test program. An improve-
ment could be made, however, by using a more highly-developed particulate
sampling system. Regarding the class of diesel-powered vessels, the most
notable need for further information is in the areas of population and usage.
A separate study aimed at surveying the vessel population is really the
answer to this problem, because the level of effort anticipated is too large
to be accommodated by a study such as the subject effort.
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EXPLANATORY NOTES ON
APPENDIX DATA

All emissions data in the Appendixes are on a
wet basis, that is, corrected for removal of
intake air humidity and water of combustion.,

Emissions data in the Appendixes are considered
to be accurate to 3 significant figures. Additional
figures have been retained in those numbers which
are considered to be intermediate, rather than
final, results, to avoid unnecessary rounding
errors.




APPENDIX A

Test Data and Computed Mass Emissions,
EMD 12-567 (S. P. Unit 1311)
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\71 5 | 584 0.5 [2212] 9846569 — [3.60|1.60 [10.7 | —19.74-14.33 128.9 | —
+3—1glye
19 |Idle | 275 \5.4 433| 168| 217(55.8{155./60.0/113.{19.9 |19.5 {7.57{14.3 |2.5]
20| 4 | 513 1.0 1316 531]3157|73.1/2.85(1.15 [|©.84/0.16 {7.56 |3.05]18.) |0.42
2. 3 | 442 2.0 863|469 |1916| — {3.04]1.65 [0.15| —|7.13 |2.88|\5.8 | —
22 | 2 |37} 2.5 @18 260| 93348.6|3.05(1.718 {4.62.[0.24{847 14.93(12.8 |0.6]
23 ! 300 5.0 414 253| 25| —{3.98(2.43(6.0\ | — [1.67 |46 {1 1.6 | —
24 |Idle | 275 15.4 186] 124 298[47.1 |c6.7/44.3] 106./16.8/8.34 [5.56[13.4 [2. 1
Cycle Combposite Emtissions
LOCOMOTINE S.P.ONIT 1311, EMD 12-567 SWITCH Basts HC | CO | NO, [*RCHO
Mass, 2/he 550|277 | 636 | ©3.4
RN 1 PATE ‘4_/‘“2"‘('12' BeaKe Spacific. e we |10.2 {505 [11.8 | 1L\ B
DOTY CYCLE SANTA FE SWITCR Fuel Specific, ¥y, fuet | 13.6]0.85[15.7|1.57

¥ See note in text teaarding RCHO computations




Netch [Enaine| Obsesved |Fuel Temprtatuves) FIA INDIR|NDIRINDIR| C.L. | C.L. O, [rReno .
ot |Speed, | Power. Wp | Rate, °F ne, | co, [cos, | NO, | NO, [NOK | 2T

Mode |Cond. | RPw | Net | Gross |Pe/ne | TtaK e|Exhaut]ppmC| ¥pw | % | vbw b | ppm| % | Po

Idle | 275 2.8] 222 91| V]5|2e8| 4A5]|092| 94| 74| 96 ]19.0]| 1

| 300 ®858|89.5|56.4] 91 | 198 |1320] 89 | 178|141 114148 [17.9| —

2 137V | \B0.{\®2 | 73| BY | 224536122 (2.19|164{152|196 |161] 16

3 442 254.]266. |116. 911 270 | 568]132 ]2.79| 286]259{209 |16.0] —

4 1513|453, |A71. [vTW. | 89 | 334 | 756|110 |2.61]| 451 | 295]|445(15,4] 13
Idle | 275 | — | 2.8] 22.0] 95| 22G |228| 45 [0.83] 70| 72| 91 [\9.5] 14
5 |5%4]525.|562. |224.] 90 | 366 | 720]109 (4.0} |540 |48 |530|\3.5|—
©55]17%2.{170. |284.] 90 |443 |944]109 [447]|1706]|629{670[12.8] 1}
-7 |17126[855,]907 [344. | 95| 5031952129 |496| 826]| 126|757 12.0 | —
B | BOO[W0IS.1085. {426. | 95 | 572 [1010]274.|5.66] 960{855| 891 [11.2] 18
Idle | 275 — | 2.8] 22.0/ 102|270 252]| 45/082|119]| 65] 79 |\9.0| \§

'Tl':Swo’qo\(h#wN—
e

L J LAlR,
14| 8 | B00 (1015, {1085. [428. | 92 | 552[1024|227|5.56] 992 {842 |855{12.5] 17
15| 7 |726| 867.1919. |365.| 10} | 534 822|140}5.10|870{7724| 183 3.} |—
16| 6 |655]| 732 |T17l. |280.| 98 |487 | 784{108 [4.70] 644|018 | &% [\3.7] tA
17 1”5 584-| 56\ | 588, {227. | 99 | 446 | 616 108 |4.32] 620|573| ©O0O|[14.1 | —
10 [|Bereke
19 |Tdle 1275 | — | 2.8] 222|102 | 294 | 280) 45 [0.83] 83| 63| BO[\9.3| 17
20| 4 |513(A53 147, [\72 | 100 | 370 | 560/ 110 {3.80]|520|446 (496 [15.3] 14
2| 3 |A42|27\[283 {1\2. 99 | 229 (444110 {3.01]322.{300]|344 |1.2 | —
22 2 271|166 173, | 700|112 | 264 ]3561110]2.2]189 |154[194 \1.2| 4
23| | 300 (90.0] 92.7] 51.0{ 11} | 220(2062] &9 |L7T{129 V17 | 4T \1.8|—
24 |Tdle | 275 — | 2.8122.2{ 107 | 184[192]| 4510.92] 82| 66| 85|19.0] IG

LOCOMOTIVE, S, P ONIT 31\, EMD |12-567 SWiITeH WET BULBTEMR,°F T5

RUN 3 DATE 4/13/72 BAROMETER 28.80 inHy DRY BULB TEMR, °F 92




S-V

Notch E"S‘"“’ Time - Based
ov Speed, Muda Weights Mass Rates, 2/hs BeaKe Syma{m,%.,, ne | Fudl Speeidic, By fual
Mode |Cond.| Rbm | in Peveeut | ve | co | NO. [Reno| Be | cO [NOx |Renol He [ co | wNoOx [RenO
| {Tdle | 275 154 |[284] 97 [344]37.0101. |34.6/122.[13.2 N 2.B|A.27|15.4{1.61
z] 1 300 5.0 447|253 |693!— 1498 |282|774|— 193 1449 [12.3| —
3 2 371 2.5 111 {357 1944 {502 [4.12 {4.12]5.04{0.27 [t6.8 |5.01 13,2 {070
A > A 42 2.0 1046 [ 495 {904 | — 3.9 | 1.86[7.15| —N.02 1427 16.4 | —
5| 4 |s51> 1.0 [1580 | 4170 [2126(59.5]3.37[1.00|6.63(0.13 |9.27[2.75[\8.3 |0.35
6 |Idle | 275 15,4 280 | 106 | 353{35.3|130. [37.8]126.{12.6 |13 |4.8216.0 [1.60
7|1 5 |584 0.5 [\190{552 4412 | — [32.18 [0.98 | 7.85 | — {7.99 |2.46/19.7 | —
8 © 055 0.5 26b3 | 62616329 |©7.7 [3.40[0.81 |8.22 (0,087 |9.38 {2.20(22.3 [0.24
9 7 726 0.0 2928 | 81071823 — {2.24|0.89 |B.62| — [8.54]|2.35{22.7| —
10| 8 800 0.0 [3658{190610,198134 {3.37]1.56{9.39 |0.12 |8.29 {4.237|23.4(0.3\
11 |Idle | 275 15.4 404] 105 | 304.|45.1 144 [21.5 [109. i6.1 [18.4|4.T7/13.8/2.05
—‘-ﬁ-%;(‘
—+3—
41 8 800 0.0 3519 {16015 [10,004.| 1 30. {3.30 |1.49 [9.22 (0,12 |8.17 [2.69 [22.8 |0.30
5| 7 | 7120 00 |2656| 910 [8370] — [2.89[0.99 [9.10 | — |7.28]2A49]|22.9| —
16| © | 655 0.5 2085| 585|®@\97|®\.2 [2.70 |0.16 {8.03 {0.10 |7.45|2.09 |22.1 |0.29
\7 5 584 0.5 1583 | 5154705 — | 2.69 {0.88 {8.00| — |6.97 {2.27]20.7 | —
R
19 | Idle | 275 15.4 328|107 | 314 |43.4 |117. |38.2[112.]\5.5 14 .8 |4.82 |14.) [1.95
20| 4 |53 1.0 1139 | 456 13319 (62.1[2.42|0.97{ 7.17 |03 (6.58(|2.64{19.5 |0.36
21 3 | 442 2.0 728312 914 |— 1261 |13] |6.T3 | —|6.59{3.32(\1.) | —
22 2 371 2.5 5221328 9531|44.8|3.01 |89 | 5.50/0.26 | 7.45|4.68{13.6 {0.64
23 ! 300 5.0 377 |260{708 |—14.02{2.77| 1.56| — |6.6| |4.56{12.4 | —
24 | Idle | 275 \5.4 204| 97| 202(37.0 |72.8]34.6|108.113.2 19.19 |14.37]13.6]1.67
Cycle Combasite Emissions
LOCOMOTWE S.PUNIT 131}, EMD 12-567 3SWITCH Basts HC | €O | NO, [*RCHO
Mass, 2/ne A23] 160 | ©\G j42.7
RUN 3 DATE 4/13/72 Beake Sprcilic, %np he | 7.82] 2.95 ] (1.4 [0.79
DUTY CYCLE SANTA FE sSwitew Fuel Specific, My, fuet [10.77 4,07 [15.7 | 1.09

*See note in taxt Namwltvs RCHO computations




Netch [Evqine| Obsesved |Fuel |Tempiratuves|FIA [NDIR[NDIRINDIR|C.L.{C.L.
o} |Speed, | Power, Wp |Rate, °F HC, | CO, |COz | ND, | ND, [NOx, |

o

Mode [Cowd. [ Rpw | Net | Gross [Bee/he | TitaK o] Echauit|ppeC] ¥pwe | % | ¥how [ | bpm| 7% | PP
Idle | 275 2.8{ 21.\] 95 | \6b {208] 33 [054] 70 | 4B | 55119.1 | |3

| 300 10\ 104, | 57,51 94 | 199 |2BOl 55 \.16| 94 | 72| 90 {\8.9 |—
2 | 371]195 [202. | 70.8] 92 | 241 |{376]| ©6 [1.56[153[121]142[\8.2] \2
2 442282 {294, {1\5. | 9| | 282 [421] b [\.B2[{201] 168|189 |V1.9|—

9-Vv

4 1513142\ |429. [172. | 91 | 338 |495| ©6 |2.24]249|236({247|\1.2| 12
275 — | 2.8 2.9} 98 | 204 |{200] 45 (049|119 ] 45| 53 {19.B] {3
5 |5B4|50. [587. [222. | 90 | 382 |767]109 [4.08(499 |489 |520|14.6| —
© |©655|@9\. [129. |290. | 90 |444 [8B0[108 |4.64{c44|021{642[13.9]| -9
7 . 1726 |836. |888. [341. | 92 |492 [1000]129 |495]|725]707|728]12.8 | —
& | 800 ha00. [1070. |429. | 91 [552 1250|216 |548]|850]| 817] 822{12.0| 16
275| — | 2.8 | 22.0{ 100 | 300 [472.| 55|0.82] 82| 72| 7G[18.8] 19

olel@l~leln|e|win]-
o)
e
P

-
e
~

%.’

2 IR |
=4 LUl

14| 8 800 [1000. [1070. |43 93 | 520 |i055[/228 |5.29|868]| 799|816 [12.0]| 16
15| 7 17126{867. [ 919. |35\ | 94 | 522 |887]/152[4.82(®12| 739|744 [\2.9 [ —
16] 6 |©55]103. [74). [288. | 94 484 (1671129 [4.44]| 729 |656]{ 069 [13.0] 1O
17T 5 |584|56% [ 590 [225. | 92 [A2G |105{1230(294{606|537|547(1A.4|—
&Y
19 |Hdle | 2751 — | 28| 21,9 | 10] | 250 [{320] &7{0.33! 95| 69| 79 [\9.3] 11
20| 4 | 5\3 a2\ 1439 @Y. | 92 | 356 |552]132]35) [A54 419 |1455]15,3] 10
21| 3 |A42(282 [294. |12, |10V | 3\7 [448[132]2.90]374 (303|336 [\G.2| —
221 2 |37\ (201, |208.] 72.5/ 101 | 270 |368|132|2.47|274.|213| 246167} 1}
23] 1| [200]i0l. [104. ]| 5641102 | 227 [272{11V [LTV\ 16e5{ 120|145\ 1.8 | —
24 [Tdle | 275 — | 2.8 | 224[103 | \80|1716]| ©7{0.82{106| 76] 99 [19.0| 12

LOCOMOTIVE S.P.ONIT 131\, EMD 12-567 SWITCR wetT sus TEMR,°F_14

RUN 4 DATE 4/13/12 BAROMETER 28.80 1nHy DRy BuLe TEMPR, °F 87




L=V

Notch Ens‘mo. Time - Based
OF  |Speed, [Mude Weights Mass Rates, 2/he BraKe Specific,Bup we | Fuel Speeific, ¥ fual
Mode [Cond.| Rbm |in Paveaut | ne | co | NO, [Ren0| Be | €O |NOx |Reno| Be | cO | NO, [RERO
| {Idle | 275 15.4 55| 1151 3|5(48.5]127. [41.0V V2. [V1.3[16.8 | 5.45]|14.9 [2.20
z | 300 5.0 014 245| 06l |— [5.90]2.25|6.35]| — |10.7 |4.26[11.5| —
31 2 |37l 2.5 755|270 955|52.6/3.713]1.24 |14.280.26/10.7 | 3.81 [\3.5 |0.74
4| > |A42 2.0 1203|375 \167| — |4.091.27|6. 10| — |10.5{3.26/\5.4| —
51 4 |513 1.0 1680|456 |280888.8|2.83|1.04 {6.39(0.20{9,17 |2.65/16.30.52
6 |Iale | 275 15.4- 390| 178 | 346|55.3[129. |63.6(124.[19.7|17.8 |B.13|15.8(2.53
71 5 | 584 0.5 1854|536 |4208| — |3.16 |09 |7.17 | — [8.35]2.41[19.0| —
8| o | G55 0.5 (2444 010(5970{54.5|3.35({0.84/8.19 {0.075{8.42({2.10{20.6}0.19
9| 7 |726 0.0 [3046| 803 |7451| — [343]0.90[8.40| — [8.93]2.35|2).9 | —
10| 8 800 0.0 [4324(1521]9520/12\. |4.04|1:428.90/0.11 |10.} |3.55]|22.2]|0.28
11 {Tdle | 275 15.4 5421 128 | 292142.6]194. |45.7[{104. V7.0 |24.6(5.82{13.3 {2.1G
39 |Dyn,
Ve o Ka
4| 8 | BOO 0.0 |3871[1702]10,023]128.3.62|1.59 | 9.37|0.12 |8.84]|3.89]22.9 |0.29
L \51 7 126 0.0 2873(1002| 8068 — [3.132 {1.09 |8.78| — |8.19 [2.85{23.0| —
16| 6 |55 0.5 2214 758|0A65|62.9(/2.99 [1.02 |8.72/0.084|7.69 [2.63[22.4.|0.22
\7| 5 | 584 0.5 179 | ©72 |4653] — [3.03[1.14 | 7.88| — |7.962.99 [20.7 | —
R
19 [Tdle. | 275 154 413 (176 | 341131.0(148. [62.8(122. [11.\ [189 [8.04(15.6(142
201 4 | 513 1.0 1183|576 13265/46.7(2.69 [\.31 [ 7.4410.11]7.00{3.4119.3 {0.28
21 | 3 |442 2.0 170|46\ 2411 — |2.62|1.57 |8.20 | — |68B|4.12 |2\.5| —
22 2 {37\ 2.5 481|351 1076{31.312.21 |\.69 |5.17]0.\5 |6.63]4.84{14.810.43%
23| 1 [300 50_ | 398|330 710|—|3.83/3.17|6.83| — |1.06|5.8512.6 | —
24 [Idle [ 275] 15.4 | 210[163]396[31.2]|75.0[58.2]141. [u1.2.[9.50[7.28[17.9 | 1.4
Cycle Combpostie Emissions
LOCOMOTWE S.P UNIT 1311, EMD 12-567 SWITCH Basts HC CO | NO, ['RCHO
Mass, 2/ne A5 | 201 1630144.4
RON 4 PATE i-/-B—/-,—g- BraKe Specific, %y he | B.58] 3.56( V1.1 [0.79
DUTY CYCLE SANTA FE SWITCH Fuel Sbecifie, ¥y fuel [12.4[5.14[16.1 ] 1. 14

*See note in text regavding RCHO combpulations




APPENDIX B

Test Data and Computed Mass Emissions,
EMD 16-645E-3 (S. P. Unit 8447)



Netch Ensluz Obseeved |Fuel T!mbuo:{_uets,FlAlNolR NDIR|[NDIR|C.L.|C.L. O, |reno

o¢ Speed, Powev, hp | Rate, °F ne, | CO, |CO., | ND, | NO, INOy, 4 ’
Mode|Comd. | RPm | Net | Gross [Pe/he [ Ttok e [Echaust]ppmC] PPm | %% | ¥b | Ppe= | bpm 7. | b
I {Tdle | 307 56| 40.8] 771168 1108[158/033] 83| B1]|103]19.4| 22
21 1 307 89.2| 94.8] 669 75| 1B {102] ©T])16{203] V98| 2\0|19.1 |—
3] 2 |300[495. |504. |204.] 77 | 285108 ] 5412.96/ 491 ]| 449|476 |16.2] 1|
4|1 3 [490 |1055. 1084 [41T. | 77 | 500140 | 599[4.57| 701 | ©29]042|13.6{ 12
5| 4 |546 1460 1508. |580. | 81 | ©29 {139 (297]5.50] 794] 7118|131 [\, 7] 13
©|Idle |307 | — | 86 4L2] B2 | 325] 98] 100|0.73| 94] \02| 116{20.5| 9
71 5 |627 [1172. 1833, |697. | 8\ | 616|145 [1a01|5.70] 835| 128] 764 [\ . 2| —
Bl © [728 |2165.12279.1847. | 82 | 706 [V17 {1249|G-19] 919 | B10} 823]10.8]- 13
91 7 [81212610.2769.1993. | 83 | 619 |216 | 063|5.17|968| 872| 884/1\.0|—
10| & [900 13070.(3323.[1179.| B2 | 6B {210 ] 463{6.06] 951 882} 904.{\\.5] 14
11 [Idle 307 —— | VOO0 44.9] B2 | 325] 941 90{03{ 1\ 9| Y ] 127]\9.4{ |4
12 e [546] — | 400|114, | 83 | 244 | 72| ©7[1.01]140 [ 120 151[18.9] 13
13|41 {307 — | T7.0[4VV] 83 | 207 ] B8 [112]0.33[1\9 [ 101 [117[19.4] 2
141 8 |900 [(3045.(3224. 1168.| B2 | 640|208 |578(6.20{ 847] B9 | BB2{1\.0| 10
161 7 |B12(2550.{2736.] 983. | 84 | 684|192 | ©62|6.06] BG3| 80O BB2|\\.1 |—
16| & | 728 [2122.|2256.| 865.{ 83 | 715 |167 [1288/6.24| 821]| BOY| B\ |10.6] 8
17] 5 |27 1710, [17196. | ©97. | 82 | 692 [148 [1492{6.05]| 116| 158] 162{1 1.1 |—
18 [Brare [ 540] — | 500} 118. | B85 | 329 | 78| G7[1.V1[130[129/(143[18.8] 3
19 |Hle | 307 — | 7.11420] 84| 2\5 102 [ 112|073 119 99 17 \9.3] 13
20| 4 |546/[1458.|1498. |580. ] 85 | 570(123 4|57 191 | 7129|742]t1.6] 5
21 | 3 14901091 [M126. [43). | 87 | 602|122 1572|5.36] 7152| 96| 709 |12, |—
22| 2 [3200]| 515,529, [212. | 87 | 44B|\07| 54[3.25|/517]/493/493[\5.7] 1
231 | 307 | 96.5/105. | ©1.0] 86 | 282 | 90 | 45|27 240| 226} 235(18.5|—
24 1 Tdle | 307 — | 86} AV.2] 8B | 237 | 97 |\341033{ \\9] 97} W14 {19.2] 7

LOCOMOTIVE S.PUNIT 8447, EMD SD-40 (16-645E-3) wet

RUN

DATE 4/18/12

BAROMETER 29.10 in iy

BULE TEMR,°F _©7

DRY BULB TEMPR, °F _14




¢-d

Notch Ens‘.ne. Time - Based
o |Speed, [Mde Weights Mass Rates, 3/ BraKe Specifie, ¥up ne | Fuel Spc:lf&c,b/\h,{u.\
Mode [Cond.| Rbm | v Pavceut | ne | co |NO. [Reno| ne | co |[NOx [Reno] ne | co | NO, [Reno
| |Idle | 307 ©.833 | 263|785| BA0| 117, |46.9]140./150./ 209 |6.45]19.2 |20.6]2.87
2 1 307 1.5 202 35)|186)|—[2.76]3.70|\9.6 | — |3.92.[525|27.8 | —
3 2 360 1.5 3236] 342 | 6680 74.6/0.67]0.68{13.2{0.15 {1.651.68|32.7 |0.37
4| 3 |490 \.5 57114979! 87170 107.|0.53{4.59 {8.09(0.09911.27 |11.9 |21.0 [0.26
5 4 546 1.5 ©49 (12.,33811426| 1332,{043(8.18|7.58/0.088{1.12 [21.3[19.7 |0.23
6 |Idle | 307 ©.933 | 244 508| 909]49.0(28.4[59.1 [1132. [5.70]5.92({12.3 |213.5[1.19
7] 5 | 627 .5 784 (15,440013836| — |0.43 [8.42 | 7.55| — [1.12.{22.2[19.9 | — |
8| © 728 .5 1075(1545916,139]172. |0.47 | ©.78| 7.24 [0.076}1.2.7 |18.3 {19.8 [0.20
9 7 YA .5 1062 7022122,769| — |0.60{2.53]8.22| — |1.07 | .07 [22.9 | — | .
10} 8 900| 15.0 1834 | 8237126,428| 267.|0.55|2.48| 1.95|0.080]1.56|699 {22.4|0.23
11 {Id\e | 307 ©.833 | 238| 465/1078]17.5123.8|46.5{108.|7.15[5.68| 0.1 {25.7 |1.85
12 . | 5461 4.0 330 o25|\s11[120.|8.25)15.6 |37.8[3.25|2.89 |54 13.2 [\14
13 {1dle | 207 ©.833 (219 568| 975[65.2/20.8|80.0{137.19.18 |5.33 {13.8 |23.7 [\.59
14| 8 900| 15.0 1757] 9946(24,940{ 185.10.49 [2.17 | 6.93 10,051 (1,35 {1L4{19.2 |0.14
| \51 7 812 1.5 1395| 9804121463 | — |50.5|3.55 | 7.84| — [1.42.[9.97 |21.8 | —
16| © | 7128! 1.5 1012 [15,904(16496| 106, |0.45 | 7.05| 7,31 [0.047]1.17 {18.4]19.1 [0.12
\7| 5 ©27 V.5 7154)15,490013,000| —/ |0.42.|©.62{7.24| — {1.08 |22.218.7 | —
18 Whve | 546| AO 373] ©53{2290/136.|6.6611.7 |40.9|2.42 3,16 |5.53]194 |1.15
19 | Tdle | 07| ©.933 |259) 580| 996]72.2|36.5|81.7 | 140.|10.2 |6.17 13.8{23.7 |12
| 20 | 4 | 5406 1.5 546013,290[11,031 |48.5{0.36|8.87| 7.26|0.032|0.94.122.9{19.0 [0.084
21 | 3 [ 490 1.5 432 11,333{ 8399 — |0.33(10.1 | 746 — [1.00{26.3|19.5 | —
| 22 | 2 360 .5 315| 3244858/ 45.0{5.95]|0.61 |9.18]0.085[1-49 {1.53(22.9 {0.2)
23 | 307 .5 2\4| 2181870 — [2.04{2.08 (V7.8 | — [3.19 |3.25|27.9 | —
24 [Idle | 307| 6.833 |242| 68| 952|38.1[28.1]{79.2|111.]4.43|5.88/16.523.1 {092
Cycle Combposite Emissions
LOCOMOTWNE S.R UN\T 8447, EMD SD-40 (16~ GASE-3) Basis HC CO | NO, ["RcHO
Mass, 2/he 817 [4858 (10,643} 128
RN L OATE 4/i8/72 Brake Specilic.Yiny he |0.635] 3.7 8 | 8.25 [0.107
DUTY CYCLE EMD LINE - RAUL Fuel Speciftc, ¥y, fuet | 1:66 | 9.90 |Z1.6 |0.264

¥cee nole in tex¥ veqavding RCAO compilations




Neotech Enslht Observed |Fuel Tempatatuves|FIA INDIR NDIR|NDIR]C.L.|C.L. o
Uy

o |Speed, | Powed, hp  |Rate, °F Ae, | o, |Co,, | NO, [ NO, [NOy, , |RCHO

Mode|Comd. | REw | Net | Geoss [bm/he [ Ttake|Exhauit]ppmC| PP | % | ¥hm | ppm | ppm 2 Lide

Idle | 307 B.6/ 40.7] B9 | 264| 93| 50|0.73/ 119|101 [1'9]19.9] 22

{ 307192.3]1 99.4| 67.5| 89 | 238 78| 45]1.32| 265] 23\ | 240[{19.0| —

2 200|475, | 486.| 202.| 90| 353 | 97| 44|3.19|545{458(4B\ |l16.3| 13

3 A90|1115.11144.1 443.| 89 | 573{1201246|5.57|823| 7\8| 7123 ]i12.4|—

Idle | 307 — | 8.6{4)V.0] 87| 347({107] 718]0.13}V31]|109%9)122]19.7] &

5 |627 \155.{1816.] ©90.] 88 | ©64|150/1492|6.20| 906 789 | 802 {1\« > |—

o 728 ]2150./2264| 865.] B7 | 135|170(1366/6.03]| 962} 839|©39/10.7| 18

{
2
3
4
5| 4 |5401433.[1413.] 577.] 89 | 666|140 |1428]6.06] Bea] T46] 760 [11.6| 18
©
7
B
9

7 | 812 |2550/2726.] 974.| 88 | 725204 674|6.21 | 951| 882|893 {11.3 | —

10! & |900(2960[3212.{\168.] 89 | 72.1|{256| 509|6.28] 907 926! 926[11.5| 12

11 | Idle 3071 — | 10.0} 41.3 21 3121102] ©7](0.718| 301 1241 135(19.6| 17
12 e | 546] — | 40.0] WA.| 90 | 215] 85| 78(1.22 | 142[143[160[19.3 | 16
13 | 14le | 307 — | 7.1 41.5| 90 | 201 |100] 124]0.83[106] 94[12219.9 | 18
14| 8 | 900 |2960]3129.[1158.] 92 | 703 | 244 | 622|6.63| 917 889/909 [11.1| 14

151 7 812 {2540/2726.] 993.| 92 | 725|200} 733|6.35] 950! 891 {903 |il.2 | —

16| G 728|210.| 224A.| 83B.| 92 | 754 166[1378]/6.11{902| 829| 829/10.7] 8
17! 5 | 627(1742.{1826.| ©97.| 90 | @8\ | 144|1588|6.34| 861 | 783| 7188/10.6 | —

18 e | 546 — | 56.0] 118.] 90 | 322 78] ©7]1.16]154.| 148] 154.[18.3] 13

19 jrate | 307 — | 7200 4.3] 87 | 21| 941 n12[0.73[106] 106] 11819.6] 12

20| 4 | 540(1460|1500.) 577.|] 88 | 579|130[1442|5.92|806|747|747|11.B{ 8
21 ] > |490}1103.| \12p| 435.| 87 | ©24 124 |16A0)5.63| 780|718 |722|v2.2 | —
22| 2 | 30| 524.| 538 204.] 88 | 458|104 54]3.36| 558|471 |494|!\5.8| 8

23 l 307 | 108.| 116.| ©1.8| 88 | 302 | 88| 55]|1.16|252|235|245/18.8| —

24 |Tdle | 307 | — | B8.6]40.4] 87 | 207 98 (134|0.23{1\9| 12| 1V13]V9.5] 12

LOCOMOT IVE S.P UNIT 8447, EMD SD-40(16-6A5E-3) weT BULB TEMR,°F_©5

RUN 2 OATE 4/18/12 BAROMETER 290! inHy DRY BULB TEMPR, °F _77_




Notch E"S‘“’ Time - Based

OF  Speed, [Mude Weights Mass Rates, /pp BraKe Specific, Muphe| Fuel Speeific, By fual
Mode |Cond.| Rbm |in Paveeut [ ne | 0o | NO. |REWO| BC | CO [NDOx [ReRO| RC | CO | NOD, [RCRO
! {Idle | 307 6-833 73112982989} 1\9. |26.8{329 | u5. [13.8|5.68{6.9524.3 |2.92
2 | 307 \.5 180 201 5 — [ uBY |22 {186 | — | 2.67{3.13|27.4 | —
3] 2 {360 .5 279! 258 (4638 | 81.8 |0.57(0.53{9.54(0,17 {1.37 {1.27 |22.8 [0.40
Al 3 [a90] .5 4449659 (8526 — [0.39 [8.44|7,45| —[1.00 [21.B [19.2 | —
5| 4 |5406 .5 591 {12,273 10,134] 166. | 0.40 {8.33]|7.29 0.1} {1.02 | 21. 3 | 18.6 |0.29
6 |Idle | 207 6.833 266 3951016 | 81.5/30.9 |{45.9(118.]947 [6.49 |9.63 |24.8 {1.99
7 5 1627 .5 139 (K973 113,225| — [0.41 |B.24[7.28 | — [1.07 [2L.7 {19.2| —
) © | 128 L5 985 [16,121)16,270{22.8./0.44 | 7.12|7.19 {0.10|1.14 | 18.6{1B.8 |0.26
9| 7 |®B\2 .5 1424-| 9654121,009| — 10.52 |3.52|7.68 | — |1.AT7 | 9.9V|21.6| —
10| 8 900 15.0 2138 | 86b0]25,890{ 219. |0.66 |2.09 |8.00 [0.068]1.83 | 7.41|22.2 |0.\9
11 |Idle | 507 ©.833 240! 322{ 1064{87.4{24.0 {32.2|106.{9.74{5.81 | 7.80 |25.8 {2.12
12 Rt | 5461 4.0 358 | 669 [ 2254/ 147. [8.9516.7 |56.4|2.67]3.14 | 5.87 [19.8 [1.29
13 |1d\e | 307 ©.833 22V | 559 | 903 [87.0|31.1 {718.7[127.112.2(5.33|13.5(21.8 [2.10
14! 8 1900 | 15.0 19129945/22,845|240. [0.613.16 | 2.60 [0076(1.65 |8.59 [20.6 [0.2]
15| 7 |812 1.5 1400 [i0,454 {21,164 | — |0.51 |3.83 | 7. 76| — |1.4] [10.5[20.3 | —
16| © | 728 1.5 92\ [15,57115,293| 969 |0.41 |6.93 |6.86 [0.043]|1.10 |18.6/18.4-(0.12
\7{ 5 | 627 1.6 700 15121)2,824 | — |0.38 | 8.6l | 7.02| — [1.00]22.6 184 | —
18 Ul | 5461 4.0 357|625} 2361]120./6.37 | 1.2 |42.2]2.32|3.03 |5.20{20.0 | .10
19 | Idle | 307 ©.833 235|570} 996 [©65.5[33.1 {80.2{139. |9.23|5.69 |V3.8 |23.9 |\.59
201 4 |544 \.& £6\ 12,61 10,193(75.410.37 {8.45|7.20 [0.050,0.97 {22.0{18.7 |0.13
21 | 3 1490 .5 42\ 1,358{82\7| — 10.379.98|7.22| — (097 {26.1 [18.9 |—
22| 2 |360 .5 285 | 201{4532{41.9 |0.53{0.56{842 [0.089]1.40 [1.48 |22.2 {0.23
23 ! 307 .5 232 295|U58 — |2.20 ({2.54/|1B8.6| —|3.42 |A.35|2\.8 | —
24 | Idle | 307 ©.83332 239 | 665(922 {©3.9(21.7 |77.3{107.|7.44|5.92 {16,5]22.8 |1.58

Cycle Composite Emissions

LOCOMOT WE S.R UNTT 8447, EMD SD-40(16-CA5E-3) Basts He | co | NO, RcHO

Mass, 2/ne 8172 14976 |10,317{ 140

RN _Z eaTE 4/18/72 Brake Specilie Viar e |0-691]3.94 | 8.8 |O.111

DUTY CYCLE EMD LINE - RAUL Fuel Specific, My, fuet | 178 | 10.2 [21.) |0.2806

*sce note n text teqavding RCHO computations




9-d

Netch Enslhe' Obsetved |Fuel [Tempreatuves) FiA [NDIR|NDIR NDIR]|C.L.{C.L. 0, |reno

ot |Speed,| Pwed, hp |Rate, °F ne, | €O, [CO., | ND, | NO, INOy, 4 ’
Mode [Cond. | Rpw | Net | Geoss [Pe/he | Tdak efEchaust]ppmC| bbm | % | ¥owm [ open | ppm| 7 | PP
I |Idle | 307 50(42.8] 18 | 160 {170 |100 |O.79]105]| 79|89 [V9.5] 16
21 1 307{ 8741930190 78 | 1718 |106]| 76 |\ 26]239[200 | 214 [1B.B |—
3] 2 | 3260]476. |485.1198. | 1B | 315 |124] 88 |3.12]491 |46 {43) |\59] 13
41 3 490 [973.1996.]433. | 19 [ 467 [ 150286 |4.45]| 716 | 026|63) [13.6 | —
S| 4 | 546 [1410.]1458.|552. | 81 | ©09 {138 ]7174|543[809|718[723/12.3| ]
©|Idle | 307| — | 8.6 AA3] 79 | 205 | 80 90 {0.13]142{102{ I3 |\9.5] \5
71 5 | ©27 [1770.{183).|©96.| 82 | ©22 [173 |1492/5.90| BO4 | 74\ | 144 \\.3 | —
B| © 728 |2185.12299.] B56.| 82 {729 |204[1224/6.12-]905 | 8\9 {829 0.7 ] 16
91 7 BIZ |2620.{2779.] 993.] Bl | 705 |240 | 663]5.17]968 | 857|867 |\\.3 | —
10| B | 900 |3020-{3273.]1179.] 83 | 703 [270 [498 |5.84]99b | 834 [8B4[\.2 | 14
1l |Tdle [ 307 | —— | 10.0]4L5| &5 [ 374 |114] 78 [0a3|167[122]126 [\9.0] 13
12 [P [546 | — [40.0] 12, | 83 [ 237 | 90[ 78 111|178 [134 146 18.6] 13
13 |1dle |307]— | T7.1]407] 84 {426 | 95112 |08 166 {102 | 1\5 [\9.]1 | 14
141 8 900 [2000.{3179.]1158.| 84 | 678 |234 |6266.13{950|B59 (859 |10.8] 12
151 7 1912 |2550]2736.|1002. | 84 | 7011 [19V | 2115911997829 |839) WO ]—
16| & | 728 [2146.|2280.| 856.| 84 | 735 | 181 1213 |6.32]918 | 783|187 0.7 | 14
17] 5 |27 [1722.|1B08.] 703,] 88 | 726 | JAG [\548|6.05 | B2 | 74\ | 741 [10.8 [—
18 Heke | 546 | — | 560 112 | BG | 334 | B0 | &7 [1.07]191 [124]|142[1B.4] 13
19 Rl 307 | — | 7.11404 ]| 88 | 238 ] 94 {10003 1781109 \\& (1B | 13>
20| 4 | 546 [1420.11460.|557.| BB | 594 |14 |1522]{59] | 863|710 | 124|111 | 12
2) ;] 3> 14950 |1090.)1125.1433. ] BB | 620 |13) |1B15]526]|781 |674|08B 1.7 |—
22| 2 |360] 512.]1527 |206.| 89 | 524 | 116 | 00 |3.24|57) |480[485[13.3]| 18
231 |\ 3071997 1105.]623 | 90 | 327 | 92| 55 |1.% [289(226] 230|18.0 | —
24 [Tdle | 207 | — | 8.6[4VW.6 | 90 |21\ |106]134 073|142 ]102|113{18.9] 18

LOCOMOTIVE S.P. ONI'T 8447, EMD SD-40(16-CASE-3)wer

BULB TEMR,°F 74

RUN _3  oate _4/Y9/72 BAROMETER 29.09 inHy DRy goLB TEMR, °F _87




Notch Ensﬂﬂe— Time - Based

O ISpeed, Mude Weights Mass Rates, 2/ BrakKe Sbu:i:fic,yu\b we | Fuel Specific, By fual
Mode {Cond.| Rpm | n Peveeut fue | co |NO. [Reno| ne | cO [NOx [Ren0] ne | co | NO, [RenO
| {Idle | 307 G.833 1404]485]|109| 83.1|712.4| 86.6/127. | 14.8| 944/ 11.2 | 16.6 [1.94
Z | 307 1.5 261 | 382 |VI67| — | 2.81|4.10 | 19.0 | —|3.78] 5.54]25.6| —
31 2 |360 1.5 355151312958 81.3{013 | 1.06 | 8.4 | 047 {1.79 |2.59{20.0 {041
41 3 1490 1.5 ©57]2551{9249 | — |0.66|2.56(9.28 | — [1.52|5.89|21.4 | —
5{ 4 | 546 1.5 ©27 715910990 109, {0.43]4.91 | 7.53 /0075 [1.14 [13.0[19.9 |0.20
6 {Tdle 123071 6.833 |201]4(0]| 950} 82.3{23.4|53.5{110.|9.57{4.87| .1 |23.0 |1.99
7|1 5 |627 L5 902 |i5,35012,988 | — |049 | 8.66]7.09 | —|1.30]22.8[18.7 | —
8| 6 {128 .5 1260 [15,482)11,230 217, |0.55]0.73(7.49 |0.94 |1.48 [ \B.1 [20.1 [0.25
9 7 al2 WS 1846 10,292122,33\| — 10.66 |3.74|8.03 | — {L.Bb [\0.5|22.5| —
10| 8 |900 | 1&.0 244\ 1 9114|2610, 277, 10.74 12830 8.17 |0.085|2.07[7.71822.7 |0.23
11 {Idle | 307 6.833 287 | 4001061 | 71.528.7 ]40.0{106. | 7.15 |©6.92 [9.64 |25.6 | V.72
12 (Ahve | 546 | 4.0 409 | 71210 {2219{129. 110.2118.0|55.4{2.22|3.62{6.38[19.6 | \. |4
13 j1dle | 307 ©.833 220578 892{70.8]20.9 |14.4[126.1993 |5.41 |\3.0 |2).9 |\.74
141 8 [900 | 5.0 1978 {10,780/24,208/222.{0.62 |3.39 | 7.64 | ©70 |1. 771 |9.31|21.0 |0.19)
\51 7 812 .5 1448 110,983 {21,297 | — [0.53{4.0\ { 2.78 | — \.A5 .0 |2L3 | —
16| © 128 1.5 1085 16,044 15,802 \ D3, [0.48 |7.03 {693 |0.80 {1.27 |1B.7 |18.5]|0.2)
171 5 o027 .5 750 [6,210 2,750 — [0.4\ |B.96 {7.05| —— {1.07 |23.) |18.\ | —
18 [Bee | 590 | 4.0 405 | 643 |2238{124. | 7.23 [\.5 [39.9 [2.39 {2.62 {5.74]20.0 {1.20
19 |Tdle [ 207 | 6.833  [230][499 |95 {©9.6]32.4]{70.3(134,[9.80 |5.69 [12.4 |23.5 |\.72
20| A4 | 546 .5 ©17 12,918 10,098 | 109, {0.42 |8.85!6.92 [0075 {1.11 |23.2 |1B.1 |0.20
21| 3 | A9 & 464 3098|8159 [— (041 |\W.G | 7.25| — {1.07 {30.2 |\B.B | ——
22 | 2 | 30| W5 333|386 |4658] 113, [0.63 |0.73 [8.83[0.2]) {1.62 |1.87 |22.({0.55]
23 | 307 W5 2131259 {182 | —2.92 12,46 |16.9 | — [3.16 |3.85 2.5 —
24 |Idle | 207 | ©.833 |266]084|%48(98.5/20.9]79.5]10.|{1.5(6.39 [16.4 [22.8 {2.3]

Cycle Combpostte Emissions

LOCOMOT IV E S.P UNIT 8447, EMD SD-40 (16-@45€-3) Basts ne | co | No, Prewo

Mass, 2/ne 968 | 5090{10,511] 148

RUN —"3—— PATE —4'-—/—"2'/—1'2: Beake Specific.24np he 0159] 2.99 | 8.25{0. 16

DUTY CYCLE EMD LINE -HAUL Fuel Skecifie, ¥y, st | 197 [10.4 | 21.4 [0.302

*x

s nike et reqarding RCHO compulations




8-d

Netch [Evgine] Obsesved |Fuel [Temperatuves{FIA INDIRINDIRINDIR|C.L. C.L. 0O, |reno

o 1Spedd, Powesr, hp | Rate, °F AC, | CO, [CO. | ND, | NO, INO,, 4 ‘
Mode [Cond. | Rpw [ Net | Geoss [Pe/he [ Ttak efExhaut]ppmC]| vpm | % | ¥hom [ ppm | ppm | 74 | PP
i {Tdle | 307 8.6] 41.4] 92| 244116 | 45 ]0.73]/ 1421113 ]124 |19.0] V7
2 | 307 96.5{ \04.] 66.2] 90| 239 92| ©7]1.32|289(230[239]18.4|—
3] 2 |200]|476.| AB1.] 204.] 91 | 312 {113 ]| 76 13.24{571[480(493{\57] 9
41 3 [4901116.]1145,]1 440.] 88 | 548|143 [1459|5.50| 822} 713 | 7| V2.V |—
S| 4 |546[1460,[1500.1 557, B89 | 623]165]1562]6.05] 862| 741|749 |11.3] 8
o lIdle |307] — | 8.6]41.8] 90| 392(125] 95(0.10]{ I\59{110]|120{18.1| 9
71 5 |27 1v127.1\188.| ©89.] 91 [ GI0 [153]1548(0.13| B16| 17\ |17 | V. \ | —
Bl © |728[2144.{2258| 846.] 89 | 705193 |1380[0.48] 947| 826} B30|10.4] 9
9 7 | 812]2519,{2705.] 993.f 89 | 722 {2\2]133]6.12| 980| BBO| 8B2|10.8|—
0] & ]90012935.i3188./1169.] BB | 707 |246|5676.05/1042]| 917! 926]10.8]| 9
11 [Idle | 307 — | 10.0] 419 ]| 89 | 377|104 90[0.78( V78] V29[ '35 [\B.9] 12
12 [0 | 546 — | 240.0[vo7. | 91 | 260] 8410011} 203] 146157 1e.a] V2
13114l | 307 — Tl ALLL Q0 | 2051 90 1134.10.7121 1551 1121 123(V9.0] >
4] 8 | 900]2935.12114.[1158.] 90 | 708 {234| ©72|0.33]| 948| 901|901 [10.4] 12
151 7 | 812]2480./2666.] 993.] 90| 713|196 | 821/6.20| 935| 882|892 {10.3| —
16| 6 | 728]2109.|12243.| 8B46.] 90| 7451188 1484|6.62| 9\5 | B15{R24{10.1| 8
171 5 | ©27{1709.{1795.1 689.] 9\ | 726 | 151 1\630]|6.\9| 86l | 766| 175]/10.6] —
18 [Frke | 546 — | 560 V13| 91 [ 355] 92 [ 112|1.1V|V17]142]152{18.3] 12
19 {Tle | 207 — | T71}(41.5] 92 ] 244)] 98 |112]0.73| 166|116 [123{18.9| 12
20 4 5406 (1443.[1483 | 571.| 89 | 557143 1635(584 | 819! 133|715\ W1\ | 14
21 ] 3 | A90[1091.11126.l 435, 91 [ G119 ]129 (155{5.A49| BOB| 108 718 |1V.2 | —
22| 2 | 360|524 538.| 212.| 89 {4\ |'21| 88]3.30| 558] 503(503 |\5.2] 17
23| 1 3071 104.] \\3.| @B.1| 92 [343]| 97| ©7|1-21]289] 234|229 |\8.0{—
24 |Tdle | 207] — | B.6] 41.2] B9 | 230102 )134]0.73]155[ V1121 [18.9] 18

LOCOMOTIVE S.P UNIT 8447, EMD SD-40 (16-GASE -3)

RUN 4

WET BULB TEMR,°F _15
oate A/\9/12 BAROMETER 29.02 inHy DRY BULB TEMR, °F 95




6-4

Notch E"S‘“‘ Tive - Based

oF  1Speed, Mude Weights Mass Rates, 2/ BraKe Specific, apne | Fuel Speeidic, By fual
Mode |Cond.| Rpm }in Peveaut | nue | co | NOL [RERO| HC | €O |NOx |RERO| WE | CO | ND, [RCRO
| |Tdle | 307 | 6©.833 293 | 23| {1047} 93.7 [ 34.1 | 26.8|122. |10.9 | 7.08| 5,58|25.3 |2.26
2 ! 307 1.5 208 | 208 |180B] — [2.00[/2.96|17.3 | — [3.14-|4.65(27.3 | —
3 2 [ 30| .5 321 | AAD |4689{55.9/0.66(0.90{9.62 |0.11 11.57 [ 2.16123.0|0.27
Al 3 | 490 1.5 505 \0,491 | BARA — |0.44|9.16{7.40 | — {L.\5 {23,B]19.5 | —
S1 4 |546| 1.5 ©71) (12,938(10,195] 71.1]045(8.62 |6.79 |0.047}1.20 )23.2/18.3 |0.13
6 |Tdle | 207 0.833 331|512 1063{52.0|38.5|5%.5]124.|06.05]/7.92{12.2|25.4(1.24
7 5 | 627 1.5 160 5,602,900, —— {042 {B.I5 | 7.2 | — {10 [22.7[18.7 | —
8! & | 728] W5 1} 18 16,288 16,098 1 14.{0.50{ 7.21{7.02 {0.050{1.22.{19.3 {19.0 {0.\3
o 7 |#2] 5 1529 fio 842 21,437| — [0.57[A.00 [2.92 | —|1.55 109 [20.6 | —
10| 8 900 15.0 2130 [10,00226,842(170. {0.67 |3.13 | 9.4 [0.053]).82 |®.56|23.0 |0.15
11 [Idle | 307 ©.823 |247[436|1075|02.3/24.7 |43.6{108./6.23 |5.89 [\0.4-/25.7 [1.49
12 he | 5461 4.0 364 | 884 [ 2280114, 9.10|22.1]|57.0]2.85[3.40(8.26(21.3{1.07
13 {13\ | 3071 6.3 |226 | 687]1026| 71.4/21.8 {96.7 | 146.}10.\ |5,50{16.7|25.2 {\. 74
4] 8 | 900| 5.0 1916 212 24703{ 21 5. [0.62 {3.60{7.93 |0.0691.05]9.6B8]%1.3 |0.1)
\5 7 8l2 1.5 1403 [12,116{2),371 | — |0.53|4.54(8.0) | — | L4V |12.2 |21.5 | —
10 %) 128 .S 1065 [V1,128)15,628| 99.0 | 0.47 [ 7.64 | ©6.96 |0.044[). 26 {20,2{18,5 0. 12,
\7 5 ©27 1.5 TAR 16,33402,762 | —— [0.41 |9.10 | T.\0 | — [ .08 {237 {18.5 | —
18 Prve ! 5461 A.O 4\% | 1036/2310{ 119. | 7.46(18.5{41.2 [2.12 {3.70{9.17{20.4{1.05
19 | Tdle | 207 | ©.8B33 |246| 523]|1035|05.9 |24.6(80.7 {146.{9.28 |5.93]13.8 |24 .9 |\.5)
| 20| 4 | 546| .5 017 4369 10,451137. 10.42 |9.69 | 7.31 [0.089|1.08 |25,2]19.0 {0.23
21 | 3 | 490 .5 449 (12,433 3358 — |0.40 |11.0 [7.42| —|).03 [28.6[19.2 | —
22 | 2 | 3600 5 351 | 520/48381108. |0.65/0.979.07 |0.20 {1.66{2.45{23.0 (0.5)
23 | | 307 =S 227} 320[1874| —12.002.83 {16.5| —13.33{4.70{27.5|—
24 | 1dle | 307 ©.833 253 | 78] 1006{97.7 [29.4 (788|117, [ 11.46.14])0.5]24.4}2.2]

Cycle Combosiie Emtasions

LOCOMOTNE S.P UNIT 8447, EMD SD-40(16-645E -3) Bosis nC | cO | NO, [RRcHO

Mass, 2/h» 897 |557510613] )8

RUN ‘—4‘-— PATE 'M BraKe Spacific,2np ke |0.717]/4.45 | 8.48 (0.094

DUTY CYCLE EMD LINE-HAUL Fuel Sbecifte, %/lbn{ue\ .83 11.4 21,7 {0.241

X see note in text fesmré t“i RCHUO compulaXions




APPENDIX C

Test Data and Computed Mass Emissions,
G.E. 7FDLI16 (S. P. Unit 8639)



Neteh Ensluz Observed |[Fuel [Temperatuves|FIA [NDIR[NDIRINDIR{C.L.{C.L. 0, |reno
Q‘ Srtld' p&WQ"I \\P Rui(, QF AQ: CO, Cot. ND, NO’ NOX, N 7 ’

2-D

Mode|[Cond. | Rpw [ Nat | Geoss |B/he | TteK e[Exhaust]ppmC| ¥om | % | ¥bom | opw | ppm | 7 | Db

I {Tdle | 425 17.9] 367 B) | 325 [A76] 355])1.60| 266] 269 | 325|18.9| 42
211 418 | 1501 V13, ] BAD| 81 | 293 |574]| 321[4.08{1092[1033 [\100} 13.7 [ —
3| 2 |520] 500| 593.| 224.] 82 | ©95 |1260{2471{7.36{2197 |2029 {2112} 9.6 | 26
41 3 |Ol| 80s| 856.| 3326.] 82 | 793 | 9102770/6.60/1968]1793 [1836]10.6 | —
5| 4 ©89 [1090{\166.| 443.| B2 | B43 | 644]25406.47]16332[1643/1689/10.3 | 20
o |Idle {425 — | V19| 35.5] 84 | 470 |532]|550|1.51|264]| 276] 322/18.6] 23
71 &5 | 7183[1391{1503.] 540.] B0 | 819 |655|2004/6.11 1343 {1341 \362{11.4 | —
Bl © 878 1925|2083.| 706.] 84 | 945 [672{1306|5.16/1265{1249 1280]12.0| 24
9 7 199 {2525(2755.] 928.] 8A | 7192 |155] 654|5.36[174|\53I1\16{12.7 | —

10| 8 [1077 3240|353\, | \W\)2.] 86 | TOT |085|513(5.29/1049{1043[1079[12.8 | 24
11 |Ide [425 ] — | 11.9] 340]| 86 | 499 |532]|241]1.47]277] 295] 341 |[\8.5] 29
12 [P 1077 | — | 291.] 192.] 87 | 490 | 902|405]3.19| 585 561|616 ]16.0] 26
13 I8l 425 | — | 179 33,8| 88 | 247 | 518 (345154 ]255{ 280 33, [18.7] 20
14| 8 [1077{2240|353.{1124.] 88 | T60 | 700]553]5.27{1090{103) [1042]12.9] 30
151 7 | 996]|2525/2155.| 943.| 86 | 789 | 749|679 |5.22| W16 1\67 |118Y [12.7 | —
16| & | 878]|1925|2083.| 730.] 91 | 845 ]|727[1216|5.63[1284/1230/1249[12.3| 29
17] 5 | 783]13291[1503.| 558.] 90 | 870 | 644 |1832|590 (1379 1222|1353 |10.6 |—
18 [Ere [VOT7{ — | 29V [ 190.| 92 | 552 | 888 {417 |3.12] 599 576| 616 [16.0]| 27
19 |Tdle | 425 — | 11.9]| 34.0| 89 | 36! |552|370{1.52| 264|276] 321 [18.0| 40
201 4 | ©89]1090{1166./]439% | 91 | 822 |720(25%5/6.22 [1671 [1601[1643[10.6| 35
Z) | 3 | ©0\| B0OS| 856/ 338.| 88 | 824 [979[|2815]0.47]1894 /18131907 |10.2 | —
22| 2 | 520] 560! 593.]1239.{ 88 | 7718 {1248{2288/0.832167]2184{2272] 9.6 | 29

23] 1 | 4A18] 156 | 173.| BA.5| 87 | 567|678 786[3.83|1142|1102{1\34 14.5|—
24 |Tdle | A25| — | V7.9 | 24.2| Bb | 374 {58864} |1.52]264|294|336/18.0| 40
LOCOMOTIVE S.P UN'T 8639, G.E. L-33C WET BULB TEMPR,°F_©9

RUN | DaTE 4/25/72 BAROMETER _29.20 inHy DRY BULB TEMP, °F _B84




€-0

Notch E"S‘"“‘ Time - Based

OV |Speed, |[Muda Weights |  Mass Rates, 2/hp [ BraKe Specific, up e | Fuel Specific, ¥y fuat
Mode [Cond.| Rpm | in Peveaut | ne | co | NO, [RERO] HC | CO [NOx [ReRO| HC | cO | NO, [RERO
| 1Idle | 425 7167 A712] TV211012{ 90.3| 26.4]39.8 [59.8({5.04|12.9 [19.4 29,2 |2.40
A | 419 1.5 533| O\ [2339%0 — |3.08{3.47{19.6| — |6.28 {7.08/29,9 | —
3 2 520 1.5 1658[6573/9504] 74.112.80|\\. ) | 6.0 0.2 7.40(29.3 [A2.4 {0.33
Al 3 |60\ 1.5 2044/12,258|8034] ——{2.29 V4.3 |9.28| — |6.08[36.5(23.9 | —
5{ 4 (1699 .5 1908 5,213/16640] 128,] .64 [13.0|14.3 10,1\ |4.31|3A4.3|37.G |0.29
6 |Idle | A25 | 7167 529{1118]1065/46.3{29.6 |62.5|5%.5(2.58)|14.9 |31.5]30.0{1.30
7] 5 |183%] 1.5 252815,571{17,407 — | 1.68 {10.4 |1\.5 | — |4.68[2B.8 |32.2| —
8 © |878 .5 3614 14,202[22,895| 280. | .73 |6.82.[10.9 [0.13 |5.12]20.1 |32.4 |0.40
9 7 1996 1.5 5183[10,130/29.9%2! — {Z2.10|3.68 |\0.B | — [6:23{10.9|32.3| —
10| 8 1077 14.0 ©132]10,202/35296| 512.[1.91 {2.89 |9.99 |0.14 |5.758.70|30.1 |0.44
1l |Tdle | A25 | 7.167 539] 099 V149[63.7[30.1[39.0{64.1{2.56[15.6/20.2|33,2 |).B34
12 R [WO771 4.0 2368|2150| 5319 148. | B.14|7.39 {18.4/0.5112.3 {\1.2|28.0|0.77
13 {1dle | A28 1.\07 488 | 657{1036/01.2 {27.3 [36.7 |[57.8 {3.42(14.4 |19.4 {30.7 | 1.8
141 8 11677] 14.0 6886/10,680/33103 | ©21./1.95 [3.02 19,37 10.18 |6.07[942 |29.2.|0.55
\5] 7 996 1.5 5983109663458 — |2.1713.98 |M.4 | — |6.34[\1.6 |33.5| —
16| © | 818 .5 4140 [14.001{73653358.{1.99 |62 [\.3 |0.17 |5.67[19.2 {32.4{0.49 |
17 5 783 .5 265715,284 8567 — | 177 10.2112.3 | — |4.76]27.4 |33.3 | —
18 [WNee [1077| 4.0 2357/2238| 5438|155,/ 8.09 [7.69 [18.6 [0.53[12.4 |11.8 |28.6 |0.B82
19 | T8le | 4251 7,167 529|729 {1055|23.1]29.6 ]40.7 |50.9 |4.64 [15.6[21.4131.0 {2.44
20| 4 689 | 5 21585666 16,378 {227, | .85 [13.4 [14.0 [0.24 |4.92 |35.7 | 37.3 |0.52
21| 3 |eol | 5 2193/3,023/u,209 | — | 2.56/15.2 [ V6.5| — 649 |28.5[42.0 | —
| 22 | 2 | 520 1.5 1879 | 72687[11.404/94.8 | 3.7 [12.3 {19.2 | 0.16 | 7.86 |30.5|47.7 {0.40
23 4 | 419 .5 ©55]1536| 2A5| — {3.79 |8.88 {200 | — |75 |18.2 |43\ | —
24 |Idle | 425 | 7.107 558]1231[1061{82.3/31.2[68.8/5%9.2{4.59|16.3 |359 |30.9 |2.40

Cycle Combpostie Emlssions

LOCOMOTINE S P UNIT 8629, C.E. L-33 C Basts HC co NO, CHO

Mass, 2/ne 2885 5752|\3,819] 2406

RUN | DATE 4/25/712 BraKe Specific. e we | 2.23]| 4.45]10.7 | 0.190

DUTY CYCLE G.E. LINE -~ HAUL Fuel Specific, ¥y, fuet | 0.38 [12.7 | 30.7 |0.544

¥ see note i exl \Msurd 1“5 RCHO computations




¥-O

Netch [Engine Obsesved |Fuel [Temperatuves|FIA [NDIR[NDIR|NDIR|C.L.[C.L. 0, lreno
ot |Speed, | Ruwer, hp |Rate, °F ne, | o, [€0s, | NO, | NO, [NOy, ’ :
Mode |[Cond. | RPw | Net | Gross “"‘/iw TtaKe|Exhauit]ppm C| Ppme o | Yhm | PP | Ppm 7 Ppm
| |Idle | 425 17.9{ 35.0] 88 | 395 |581{318|\.57| 328| 272| 227/18.9| 28
21 1 4181 \56|173.] 79.5| 88 | 367 | 685]277]|4.15[1127]/1001 [1103|14.8| —
31 2 520] 536 5GY.{ 234.| 92 | ©99 [1231[2072]7.62 {20717/2087{2\74] 8.9 ] 16
41 3 | o0V| AOS| B56.| 334.{ 92 | 800 | 950|2718|2.07|1927{1766|1854] 9.4 | —
5| 4 ©89[1090| 1\66.] 446.| 93 | 862 | 692 [2460|6.17{1724 1566]1622|10.2| 2.\
6 |Ide | 425 — | V19| 34.6] 90 | 470 588|582 [1.57| 367| 272| 314 |18.9| 28
71 5 T8311392{1504.| 523.| 88 | 837 |{©22({17186!6.41[1445 1309 1364-{11.0|—
B| © 87811922 {2080.| ©92.| 89 | 859 | ©92|176]6.07|1367]|1202[1238]11.5| 3\
91 7 °1|1996|2530|2760] 900. 92 | 807 | 749 ]|595|5.65{1272 {145 |1\ 77 ]12.) | —
10| B |107713240({3531.[1180.| 9} | 775 (0172|467 |5.51|176]1031 [1075]12.6| 33
11 [Tdle | 425 — | 11.9] 24.6| 90 | 444 | 580[307|1.52| 381|282 |323{18.8| 4D
12 (e 1077 — | 291.] 194.] 90 | 482 | 984359 |3.26] oB4|550] 596 16.0] 40
13| 1dle | 4268 — | V7.9] 34.6] 90 | 406 |©02{295(1.52| 381|272 {223 18.6| 44
141 8 [1077]3240|353\) 1130 94 | 753 | 09250\ |5.57{1159]1011 |1054 [v3.\ | 35
151 7 996 [2530|27¢0.| 923.] 92 | 798 | 763|606|5.65{1288[1154{1188|12.6| —
16| 6 | 878[1922{2080] 733.] 90 | B44 | 7701086593 {1369 (1205(1248 {12.5] 37
171 5 78311392 | 1504.| 546.] 93 | 87! | ©12[1597(6.30/\AT7\ 1216{12362{10.6| —
18 Brke 110717] — | 291.] 192.] 90 | 530 938]335]3.24| 695 560] 614 {16.9] 29
19 |Tdle | 4251 — 1 17.9 |35.8| 88 | 348 | 510|307 |\.52|381|272| 315/19.8 | 42
20| 4 | 89 10V2[1088.]454.] 90 | 84G | 700(2240|677 |1705|1520/1587[10.5| 37
21| 3 | eol| 778 | 829.] 245.| 90 | 824 | 950(2200|6.85{1892 [1729{1816 |10.3 | —
22| 2 | 520| 536| 569.| 242.] 9\ | 78} [244|2182]7.39 |2204]|2024 | 213¢| 9.8 | 37
231 1 418 ] \T72| \88.| 853| 92 | 588 | ©50|{ 682 |4.090]1263/1073 1138 |15.2 | —
24 [Tl [ 425 — [ 1.9 35.5] 90 | 454 | 587|5a5]1.52] 381 [ 282|323 ]\9.5] 4
LOCOMOTIVE S.RUNIT 8639, G.E, U-33 C

RUN _ 2

WET BULB TEMR, °F _6B
DATE A/25/12 BAROMETER 2910 inHy DRY BULB TEMR, °F _89




$-D

Notch Eas‘mo_ Time - Based

ov Speed, Mdde Weights Mass Rates, 2/hs BeraKe Sbu:l{ic.zyub e | Fuel Shtﬁi“ic'b/\h-funl
Mode [Cond.| Rpm [in Peveaut | ne | co |NO. [REMO| HC | CO [NOx |RenO| HE | €O | NOx [RCKO
1 |Idle | 425 7167 556| 616 |1041] 58.1|31.1 |34.4]58.2{3.24| 15.9{17.6{29.7 |1.66
Z | 418 1.5 593| 477(3123] — |3.37(2.76 ]18.0| — {7.32|6.00]29.3 | —
3 2 520 5 1645 [5599| 9662| 46.3]2.89 }9.84 {16.9|0.81]7.03{23.9 |4.1.3 |0.20
A 3 ©O1 w5 1939 [11,2\612,285| —— |2.26 |13.1 |14.3 | — |A.8) |33.6]|36.8| —
5] 4 | 689 .5 1979 [14,226(15429{ 130.{ \:70 {12.2 {13.2 [0.12 |4.44{31.9 |34.6 {0.29
6 {Idle | A25| 7,167 547/1094| 971 |56.4|20.6|6!.) |54.2]/3.15[15.8|31.6|28.1|1.63
71 5 17183 1.5 2221 [12,894]6,198| — [ 1.48 {8.57 |10.8 | — {4.25|24.7|3).0 |—
8| 6 8718 1.5 3478[1,953[10,698|338.{1.67{5.75/9.95 (0.16|5.03|17.2 |29.9 {0.49
9 7 996 1.5 5295 8505121674| —— [ 1.9) |3.08 [10.0| — |5.889.45 |30.7 | —
wool| 8 o117 14.0 ©ADG| 9001{24,082| ©B2.|1.81 |2.55]|9.650.19 |5.43|7.63|28.9 |0.58
11 (Idle | A25 7167 566| 606 |1048|84.6/21.6{32.8 |58.5]4.12[16.4[1]7.5|30.3]|2.44
12 UM [1OT7] 4.0 2557886 (5150(225.]98.19 648 |V7.6 {0.77 [13.2.|19.72 |26.5{1. 16
13 |1d\le | 425 7.167 597| 582 {1048{105. |{32.8 |32.5 |58.5|5.86 {17.0 |16.8 |30.3 |3.03
4] 8 [W077] 14.0 ©239 [9134-[31,607|685.| V.77 |2.59 |6.55|0.19 |5.52 |8.08|28.0 [0.6)
\5| 7 296 1.5 5582|89A4{28,90]| — |2.02{2.25{10.4| — |5.98!9.6] |31.0 | —
16 [~ B8 1.5 4194 111,960(22,608| 437, [2.01 |5.15{10.8 |0.2] |5.712]16.3(30.8 |0.60
\7 1 5 7193 1.5 2555\, 27710,223|—— | 1.70 8.6 |\ 1.4 | — [4.68 |22.8|3).5 | —
18 [ANee [VOTT| 4.0 2228 1609]4850| 201.|7.65[5.52{16.6 [0.69 |11.C [8.38 |25.3 |1.05
19 {1d\le | 425 7167 518 | ©31 |1074{92.5|28.9 {35.2 [60.0|5.17114.5 |11.6 |20.0 |2.58
20 4 | 6GB®Y| V.5 2044 13,225 15410|234.{ 1.88 [12.2 {14.] |0.22/4.50]29.1 |{33.9 [0.52
2.\ 3 G0\ .5 207500,159 13,194 | — 12.5012.2 {\5.9 | — |©.01 {29.4 [2B.2.| —
22 2 520 .5 V7608|0271 10,097 114, | 3.11 [1}.0 |17.7 {0.20|7.31]25.9 |41.7 {0.47
23 | 418 .5 ©01 1275|2498 —3.20{6.78 |18.6 | — {7.05[14.9 [41.0 | —
24 (1dle | 425 72.167 580/1090/1062{103,132.4{60.9|59.3 |5.7516.3 {30.729.9 {2.90

Cycle Combazite Emtssions

LOCOMOTWE S.R UN\T 8639, G.E. U-33 ¢ Basts ne | co | NO, PRReMo

Mass, 2/ns 2741 4945(13,284| 295

RUN 'L PATE '4'—/2'/7_2 BraKe Specific.2fnp we | 2.12| 383 10.2 |0.228

DUTY CYCLE GE. LINE - RAULL Fuel Specific, ¥y, fuel | 6.06]10.9 [29.4 {0.653

¥see note in text Msmrdi.ns RCRHO com}:u‘\'u‘\'iov\s




Netch E“S“" Observed |Fuel |[Tempetatuves|FIA [NDIRINDIRINDIR|C.L. C.L.

ot  |Speed, Powev, hp |Rate, °F AL, | CO, |C€0,, | NO, | NO, [NOx, Q’ RCHO,

L4

Mode |Cond., Rem | Net | Gueoss “’~/m T-taKe{Exhaust]ppmC| ¥Pm | % | Phm | P | ppm] % Pp

Idle | 425 179 35.31 72 | 291 | 547 4\ | 1.6l | 314 | 257| 307|18.4| 25

| 418 | 156 | 173, | 82.4| 72 | 368| 507| 343]|4.13]105)| 986[\0B6| 1 4.3| —

2 520| 571 | 604. | 240.| 71 | ©381300(2232|7,27{20732040{2126| 89| 17

3 0! | 823 | 874. [339.| 72 | 7175[1010{2622|6.60{1193|1769{1869] 9.8 |—

Idle | 425 | — | 19| 33.6] 72 | 470 672]| 566|1.50| 314| 267 303}\8.2| 22

5 183 11416 {1528.1521. | 75 | 805] 170{1742|6.04[1360 1225 1327{10.B| —

() 878 |2000{2158.] 704.| 74 | B19 | 790[1045/5.62|1249 {\192 |1247|\1.6| 21

u
2
3
4
S| 4 o089 1129 [1205.{428.| 12 | 832] 7190|2300 6.38|1631 |1568 [1620{10.3| 19
6
7
(s}
9

7 1990 [2567(27917.| 883.] 76 748 | 7176} 570/5.29{1205| 113} |16 [\2.\ | —

101 B (1077133283619 |V\89. ] 75 | 737 | ©78|452}549|1076] 983 |101B{12.5} \9

11 |Tde | 425 | — | 179 36.3| 74 | 464 | 595|315|1.56| 240|267 | 307|18.2| 22

9-0

12 e 1077 | — | 291.]193. | 70 | 478 | 930/393 [3.24] 026 | 547] G01 [15.6] 20

13 (T8le {425 | — | V19]135.3] 76 365| 615|358(1.49 |32V | 253 3\10]18.5| 24

141 8 1077 { 2284 |3575]1130.| 78 74117271 51215.21 (1064 976 [1009{12.3] 16

151 7 990 |2567{27917.] 926.| 76 | 771} 191]566|5.33[1213|\\\) |1146|12.5] —

16| 6 878 | 2000/|2159.f 142. | 76 | 823 ] 791} 984{5.49[1301(1228{1240{\\. G| ]
171 5 783 11416 | 1528.| B55.| 717 857 | 6581618 |5.82(1379 {1322[1365{\\.0 | —

18 [Brve (10071 — | 2911 194. ] 78 | 521]922] 431|305 622 565] 5B4[15.8] 1B

19 |Wle | 425 — [ 17.9]34.7| 16 | 263 |581]387|1.52 | 340| 216 285{\8.2) 17

20| 4 ©89 {1129 [1205.|445. | 16 792 702|2287|6.21]|1614|1544 (1588 {10.2| 24
2 3 ©0l | 823 | 874.1244. | 17 812 [958(252216.28|1797|\7151{1805| 9.8 | —
22| 2 520|571 | 604A.{240.| 16 | 172 1225[2209{6.77|2092|206B]2125] 9.4 | 19

23 | 418 | 156 173.[B4.6 | 16 581 | 700 760|3.95[{1156/1078]{1112|14,2 | —
24 |Tdle [ 425 — [ 17.9[33.3] 77 | 363| c00| 580{\.52{ 353| 28B0{ 204[18.2| 29
LOCOMOTl\’E. S.P. UN\T 8639; G\E. 0-33 Ca WET BULB TEMP.,°F 69

RUN 3 DATE 4/26/12 BAROMETER 2906 inH, DRY BULE TEMP, °F _75_




L-D

Notch E"S‘"“’ Fime - Based

oOF  |Speed, [Mude Weights Mass Rates, 2/ps BraKe Specific,¥uphe | Fuel Speeific. ¥y fual
Mode | Cond.| Rpm |in Pavceut | ne | co |NO, [RERO| HC | CO |[NOx [Ren0| HE | O | NO, |RCAO
{ |Idle | 425 1167 516 | 183|963 | 51.)|28.8/43.7]53.7|2.85{14.6{22.2]27.3 |1.45
2 | 419 1.5 503 ©15]3202| —|2.91]3.55{18.5 | — |6.10 | 7.46 |38.9 | —
3 2 520 .5 1859|6453 10,111 | 52.7|3.08 110.7 |16.7 {0.087|7.75 {26.9 |42.1|0.22
A 3 ©0\ \.5 2233 1,7243,046| — | 2.55{13.4 [15.7 | — |6.59|34.6|40.5 | —
5 4 629 1.5 224813,824{16,005/ 122 1.95 | 11.5 |13.2 |0.10 |5.3(]31.6/36.6|0.28
6 [Idle | 425 7.161 ©10] 1029 915 {43.2|34.1 |58.0{51.1 |2.42|18.2 |30.9|27.2 |1.29
7 5 783 1.5 2929 13,398 /16,788] —— | 1.92 [8.77 |10.9 | — |5.56|25.4|21.9 | —
8| © 8718 .5 4353 11,644/22855| 251./2.02|5.39 | 10.5{0.12 |6.18 {16.5 |32.4 [0.26
S 7 9296 .5 5740| 852528930 —— [2.05 |3.05|10.3| — {6.50(9.65[32.8 | —
10| 8 |]1077] A0 ©535| 8810[32,628| 397. | L.BI [2.42|9.01 [0.1) {5.50/7.4) |22.4 [0.33
11 |Idle | 425 T\67 591 753 \014{47.3 |33,0{42.) {56.6]2.64 [16.2 [20.7 |27.9 |1.30
12 Qe [1077] 40 2418 |2066 | 5197| 3. |8.20|7.10 [12.30.29 12.5]10.7 {26.9 {0.59
13 |1d\e | 425 7,107 ©20] 7301029 | 52.4|34.6|40.8 | 58.0]2.9211.6 |13.7]19.5]0.98
\4- 8 1077} 4.0 ©997 {9964 32,201 324.1 V.96 | 279 1 9.03 |0.0936.19 |8.82]298.6 0.30
\s| 7 996 \.5 6079 | 819 (19,294 — | 2.V7 |2.14{10.4| — |6.56|9.50| 240 | —
6| © 878 .5 4700 \\,821{4,503] 2\9. [2.\8!5.48{11.2]0.10 |6.23 {15.9 |33.0{0.20
\7 5 183 .5 2736 |13,6031188771 — {119 |@.90|12.3{ — 1493 |{24.5{24.0 | —
18 e [1O77] 4O 247 | 2340/ 5206 105.8.51 | 8.04|11.9 {0.36/12.8 {12.1]26.9 {0.54
19 [Tdle | 4251 7167 565| 761 | 922(25.8({21.6 {A2.5(51.5|2.00(16.3 {21.9 |26.6{1.03
20| 4 | 89| s 2329 |4, 134]16.43[159, {193 | 11.7 [12.30.12]|5.22|21.8 [26.2 [0.26
2) 3 GO0\ \\S 2223 [11,824[13.931 [ — | 2.54(12.5 {159 | — 646 {24.4 |A0.5 | —
22 2 520 W8 1877 | 7337{10,83)| ©3.] | 3.0\ [12.1[17.9 | 0.10(7.82 [30.6 |{45.} |0.206
23 | 418 .S ©S6 | 1440| 2465| — |3.19 | 8.22|20.0| — |7.75 .0 |aLO | —
24 |ldle | 425 7,067 553(1081| 932(57.9{%0.9 |€0.4|52.0(3.24|16.6 [22.5/28.0{1.74

Cycle Combosite Emtssions

LOCOMOTWE S.P.UNIT 862Y, G.E. U-33 C Basts HC cO | NO, [RcHO

Mass, 2/, 2946| 5201113353 \@S

RUN —3— PATE L/%G_/E BraKe Specifie,2npr he | 2.231 3.95 10.\ 0.25

DOTY CYCLE G.E. LINE -WAUL Fuel Specific, ¥y fuet | ©.50(1L.5 [29.5 [0.364]

¥cee note n text veaarding RCHO com putations



Neteh En:lw. Obseeved |Fuel [Tempuwratuves]FIA INDIR|JNDIRINDIR|C.L.|C.L. o,
od SP(Qd’ Power, ‘\j Rate, °F ng, | o, Lo,, ND, ND, NOx, i

Mode|Cond. | Rpw | Net | Geoss ['oo/ho | TetaKe|Exhauit]ppmC] ¥pme | % | ¥pm | Ppm | Ppm | 7

Idle | 425 1791 32.5] I8 | 315] 630] 203]|1.61| 314|243 | 289 | 18.3

| 7831 186 | 298. | 142.| 18 | 43\ | 800|333 ]3.1\]1425]1304[1358 | 15.1

2 7831 @2511737.1290.| 77 | 629 }\050}522{5.581401V}12B2 {1335 12.3

3 | 1831 86719179 | 364.{ 17 | 72V]920|745|5.90/1533|140p [1506]| 11.¢

Idle {425 — | V19| 33,21 76 | 3715|601 ]|303|1.56] 340 | 252| 294]13.0

5 (107711445 {\136.| ©\3. | T3 | 712 | 895{362]5.2) 1238 |\162.]1197 | 12.6

© (107712000 (229).] 785.1 12 | 730} 895|385]5.21| 1141 |\015]110d]12.6

7 {10771{2580({2871.] 964.| 73 | 739 [ 888|384 |5.49]1127 ]1033]1001 | 12.6

10| 8 [1077{3330/|3621.{\18%.{ 74 | 748 | 700{430{5.35[1107 ] 983 |1007{12.4

RCHO

Ppm

| 26
2_ —
3 \9
4 —_
51 4 o171 {\130{142l.| s02.{ 18 | 709 | 87| 340|5.A5238{u31{1162|12.7| \7
© 22
7 —
B 23
9 —_—
22

25

11 |Tdle | 425 | — | V1.9] 3L8B{ 74 | 368 | 615|352 |1.56} 326|257 294| 18.2

8-D

12 e 1007 — [ 291.] 192.] 76 | 474 | 909 [346{3.30] 625] 528 569 ] 15.7] 20

13 | Tdle | 426 — { \1.91 3441 15 | 318 1514(328 |6\ |32G {252} 293 18.2| 27

141 8 10773330 [3621.11189. | 74 | 736 |120(452.|548(109) | 983|006 | 12.})| 22

15| 7 [101712580,2871.{ 953.1 12 | 139 {810{362 }5.21{1174.{1065|1108 | 2.6

16| G ]10772000(229\.| 785.1 12 | 138 | 832|351 {52} |\)0|\015]110D | 12.6]| 21
171 5 [1077[142217163.| ©20.{ 1Z | 73\ | 790|328 |5.15{127| {153]1188 | V2.6|—

18 [Brke (1077 — | 291.1 190.| 13 | 502 | 880{346{3.23]| 38| 523| 54| 15.7] 25

19 |Tdle | 425 | — [ V1.9 337 | 72 | 349 | 566 {340 [1.b 1 | 320 252|293 | 18.1 | 3\

20] 4 1077 (30 (1421l 51 | 715 | G686 | 867 |340 5.2\ \205 108 |\1S3 [ \2.6] 26
211 3 7183 Bo7 | 979.1336. | 76 | 724 [ 867 {769 |5.9011480 (1263 {143\ { W5 —
22 2 782 | ©32.| 744.]1287. ] 714 | ©78 | 915[511]5.35[1402 120511336 12.2| 24
23| 1 | 7182 ] 20\ | 313.[142. | 714 | 554|810]356/3.70| 806 | 701 | 128 | 14.8] —
24 1Tdle | A25 | — | V1.9] 32.0] 73 | 358 | 560{3715|1.56| 326] 257 | 294 | 1B.6{ 35

LOCOMOTIVE S.P UNIT 8639, GE. U-33 C WET 8uLs TEMR, °F_10

RUN _ 4 DATE 4/26/12 BAROMETER 2904 inly DRY BULB TEMPR, °F _78

NOTE. NOTCRES 1-~7 RUN AT OFF- DESIGN SPEEDS



6-D

Notck Ens'\nﬂ. Time -~ Based

o ISpeed, [Mude Weidhts Mass Rates, 2/he BrakKe Sb'.ct{i:,z%\b ne ] Fuel spcei{ac,b/‘b_;u“
Mode [Comd.|[ Rbm | in Peveeut | He | co [NO, |RcRO| HC | CO |[NOx [RenO]| BT | €O | ND, [RERO
| |Idle | A25| 7167 544 | 033 829 [48.6 | 30.3|35.3146.3 |2.72 167 [19.5]25.5]1.50
2 ! 783 \.5 1448 (1133 [ 7603| — [4.86 |3.80}25.5| — [10.2 | 1.98|53.5]| —
31 2 | 783 .5 2408 (2421 10,185| 94.5(2.26 |3.28 [12.8 |0.12 [8.20 |8.25(25.1 |0.33
4] 3 | 783 1.5 2536]4108 13,659 — [2.59{4.19 [13.9|— 1697 |\\L.3 |35 | —
5| 4 1077 .5 3749(2973 16114} 159 |2.64[2.09 [11.7 [0.1117.47|592|33.3|0.22
6 |Idle | 425 7.167 549| ©70] 893[43.G [30.7 [37.4 {49.8 {2.43 16.5 |20,2 |26.9 |1.3)
71 5 o717 .5 467313822 [20,88] — [2.69 [2.20| 1.9 | — [1.62 [6.23|33.9 | —
8] © |\W0717| W5 5984/5205 24,4)| 333 |2.61{2.27/10.7|0.14 {162 16.63{31.4 |0.42
s} 7 jw1?7] 58 69286057 17,530, — |2.41 |2.11{9.58 — {7.19 {6.28{28.6] —
0] 8 J1077] 4.0 ©92.118596 33,13/ 471 [1.91 ]2.37(9.14{0.13|5.87 | 7.23{27.8 |0.40
V1 {Idle 425 7.\67 528 | 623 | 856(47.4 |30.0/24.8/47.8 {2.65/16.9 {19.6{26.9]1.49
2 Qs [VOTT7] 4.0 2317 {1183 {4824{\10 |7.96 | 6.12{16.5{0.238{12.1 {9.29 {25.1 |0.57
13 |\ 425 7067 527 @09 | 895]53.8/29.4 {34.0]50.0{3.00}15.3 [11.7{26.0{\.56
4| 8 11077 { \a.0 6940 881032,253| 400 {1.92 [2.43]8.90{0.13 |5.84| 7.41|27.1 {0.39
15§ 7 1wo11] .5 658859530911 | — |2.29 |2.07[10.4| — [6.91 | ©.25|21.4 | —
el © w7l 1.8 5574|4155|24,87| 305 |2.43(2.07{10.8 [0.12|7.10 [ 6.06{31.5 [0.39
\7 5 1017 1.5 4228|3549 [2\,\45] — |2,40[2.01 (1.9 | — |©.82|5.72{34.| | —
18 [Rnee {1017 4.0 2266 | 180V | 4830( \40 | 7.79/6.19 [ 16.5]0.48]11.9 |9.48(25.4(0.714
19 |Tdle | 425 70167 |509| 0\ | 817]60.5{28.4|24.6|48.9 |3.38/15.1 [18.4|26.01.79
20| 4 |w17| 1.8 37742992 16,6921 245 | 2.66)2.1) [11.7 [0.17]7.39 {5.86/32.7|0.48
2 3 | 183 w5 2182|2914 1,981 | — |2,23|4.00]12.2 | — |6.49 | .6 |35.7| —
22| 2 | 782| & 2072|2452 10,596|12.3 {2.92|2.30|14.1 |0.16|7.57|8.54|36.7 |0.43
23 | 783 | L& 13711218 | 4097 | — [4.38|2.8913.0| — |9.65|8.58/28.9 | —
24 | Idle | 425 7.167 493 | b8 | 86l |©0.8]27.5127.2148.1 |3.73]15.4|20.9|26.9|2.09

Cycle Combosite Emissions

LOCOMOTWE S.P umT 8639, G.E. U-33 C Bosts HC co NO, {!RCHO

Mass, 2/ne 3155] 361213,507| 21\ |

RN _&  DATE 4/26/72 BraKe Specific.¥ihp he | 2.33 | 2.66| 9.96 |0.156

DUTY CYCLE G E. LINE-WNAUL Fuel Shecific, ¥y uel | 6.69| 7.66 | 28.6 |0.447

NOTE OFF-DES\GN SPEEDS, NOTCHES

1 —7

¥see note in text veaarding RCHO com putations




01-D

Netch [Ewgine] Obsasved |Fuel [Temparatuves) F1A INDIR|NDIR|NDIR| C.L. [ C.L, 0, |reno
od Speed, Pawer, hp | Rate, °F ne, 1 €O, JCO,., | NO, | NO, |NO, 4 ’
Mode |Comd. | RPw [Net | Gross Pe/he | Tteke]ExhonstppmC] ¥hm | % | vhw ppm [ ppm] 7 | PP
I [Tdle | 425 V1.9 337 8 | 247 | 518 AD |51 | 301 | 238 266183
2 | 183 | 176 | 288.] 8L.0| ©9 | 299 | BB 256|3.5Y | Tb3| ©3) | IB]14.9
31 2 | 783 | 040 ]| 7152.{285.| 69 | 631 {1070} ©O7(5.59 |1465 1433 [1480]12.6
4 3 783 | 817 989.[269.| ©9 | 706 | 936} BBO|5.76|1524[1265]1410} 1 1.1
S5 4 o7 | \W12 63 [513. 1 70 | 720 | 86B{ 42B14.97 1263|\\01 |1146{12.5
©lIle | 425 — | V19| 237] @9 | 4715 | 553] 262|141 | 314 252| 295{18.4
7] 5 1077 [14T15{1166.]008. | T0 | 721 | B33142) {508 V271 |\ 108{ V53123
B 6 [1077[2000{2291.{792.| 78 | 173 | 88\ {AS3|5.\4 |\157{1063 MO V2.5 |}
9] 7 [1077]2605|28%6.,] 954.| 76 | 755 | 860|407 |5.25{1155{1028}1062{12.7
10| & [107713330(262L V61| 718 | 736 | 612|429 {5.48{1074| 981} 993|12.5
11 |Tdle | 425 — | V9] 242 74 | 4127 | 560{328 |56 352! 200] 203 |18.5
12 [ Vo172 — [ 291 | v94.| 77 | 487 | 920|357 [335] 0l0] 528] 508 [15.8
13 (18l | 425 — | V1.9 3377 | 76 | 420 | 5461316 [\6! | 313] 2066} 298 |18.7
141 8 |\WQ717(2290 (3681 { WeT.| T6 | 123 | 672{463{548{1043| 972|993 {\2.2
1I5§] 7 [10717[2605]|28%.) 958.1 TG | 747 | 819 | 395|541 [1106{1028{106\ |12.6
16| 6 {\07117]200022%1.] 776.| 1B | 746 | 832|372 |5.35(117] [1062|1073]12.7
17] 5 1077 |\415]V166.] ©\2.| 1B | 7139 | 840|339 |56.3511235(11281 113 {\2.]
18 [Brke [1007 ] — | 2901 189. | 78 | 576 | 815] 338|3.32| 31| S51| 5714|16.0
19 JHle | 425 [— | V1.91 3371 14 | 4 | 522|316 |)0) | 313 | 2606| 303 {184
20| 4 1077|1150 {1441, | S16.] 76 | ©17 | 8\8] 250(5.35]1203 {1097 {1128 ]\2.6
211 3 183 | 868 | 980. | 364.| 74 | 72) | 8oO| 767 |6.03[1460 1353 (1383 {11.4
22 | 2 183 | 625 732 | 286.f 76 | 695 | 951|486 |5.48{1298 {1280[1225{\2.3
23] | 783 | 180 | 292.{ 82.6| 75 | 549 | 797 332]3.69]| 760 | ©90| 126 |15}
24 |Tdle | 425 | — | VY| 339| 75 | 428 | 539|362]\.01] 288 | 270] 203|18.4
LOCOMOTIVE S.P. UN\T 8639, G.E. U-23 C WET BULB TEM&,"F_-_IQ__
RUN _5 DATE _4/26/72 BAROMETER _29.04 in Hy DRY BULB TEMR, °F _16_

NOTE: NOTCHES 1 —7 RUN AT OFF- DES\GN SPEEDS



11-D

Notch Enalnﬂ. Time -~ Based
OF  [Speed, [Mude Weights Mass Rates, 2/ BeaKe Sbtcl{it,v“y we | Fuel Specific. P fual

Mode [Cond.| Rbm |in Peveaut [ ne | co | NOx [RERO] HC | cO |NOx [Reno] ne | O | NO, [ReRO

| {Idle | 425 T\67 495 | 7193 | BAb 2.6 14431412 V4.7 123.5]25)

2 | 183 .5 260| 714 {230\ 2.99 {2.48(17.98 10.6i8.81 {284

3 2 83| LS5 2407 {2762 [\,077 3.20(3.67({14.7 8.45(9.69/28.9

Al 3 | 7183 L5 2040|5018 13,226 2.67|5.:07[13.3 1715(13.6{35.8

51 4 o1 1.5 3964|2952 [\1,400 2.7 {2.710]11.9 71317.70133.9

6 [Idle | 425 7.167 564 749| 933 31.5(41.8]52.) 16.7 {22.2{22.7

7 5 ho1 .5 4422 |4(p26(20,357, 2.50{2.62{\\.5 1.2711.61(33.5

8 © VO117 .5 ©O0\\ | 625025121 2.6212.7310.9 7.59 ({789 |37

9 7 107777 . 5 ©%10/65\6127,968 2.3512.2519.65 714 10.83{29.3

10} 8 11077] 14.0 6269 |8222/31,303 1.762.27 | B.64 5,46|7.05(|26.8

11 [Idle | 425 T1.167 527 | ©24| %48 29.4 (349 529 15.4.(18.2(27.7
12 Psea 077 4.0 2354/1827] 4781 8.08)6.281¢.4 12.1 [9.42|24.6

13 11d\e | 4251 7.161 »4-9\ 57151 892 27,4132.) {49.8 14.6 {1\7.\ {26.S

14 8 10771 4.0 03698813 (31,203 \.78 (248 | B8.714 546(7.60|26.8

{5 7 |1\Wo17 .S 6441 |6262 [11154 2.22]2.16 [ 9.58 ©.712 10,54/ 2.9.0

16|l © 11017 .5 5359|4845 29%5 2.34)2.11 | \D.0 6.91/6.24|29.6

(71 5 ho1 .5 4282(3494 9,880 2421199 [ \\.2 6.99 |5.70|32.4

18 Rhee [1077] 4.0 2183[1105 | 4762 1.50|5.86(16.3 n.6 [9.02]25.2

19 [Tdle | 425]| 7167 | 492|578} 92 26.9|32.3|509 14.3 {17.2| 27\

201 4 (10717 W5 3510 | 303p Va9 2.4412.1) | W) ©.805.88|3\.2
21| 3 [ 7183 5 2296 |4\40 ({2,280 2.34|4.22(\2.5 ©.30(11.4 [33.7
| 22 | 2 783 Ws 2197 {2270 {10,182 2.98 {3.09(13.8 7.69]7.94 |35.6

23 ! 183 |53 187 ©b2] 2383 2.7012.26 |86 953 8,01 28.§

24 | Idle | 425 7.167 A88 | 63| N2 27.3]21.0|50.9 14.4119,6 1269

Cycle Combposite Emissions
LOCOMOTWNE S.P UMT 8639, G.E. U-33 C Basts HC CO | NO, [RCHO
Mass, 2/h, 2963} 3638 (12972

RUN __5__ DATE _ﬁ_/_z_(_’_/l%_ Beake SNC“‘K‘-.Q/H\} he | 2,19 2'_(9_,44...7.159 B
DUTY CyeLE G.E. LINE -HAUL Fuel Skecific, ¥y, fuet | ©.38} 7.83 27.9

NOTE OFF- DESIGN SPEEDS, NOTCHES 1 —77



APPENDIX D

Analysis of Fuels Used During Locomotive Emissions Tests



CHARACTERISTICS OF LOCOMOTIVE TEST FUELS

Locomotive Unit No. SP-1311 SP-8447 SP-8639
Gravity, °API @60°F 33.5 30.8 34,2
H/C Mole Ratio 1.73 1,71 1,82
Sulfur, weight % 0.22 0.37 0.21
Fluorescence Indicator
Analysis: % Aromatics 27.0 36.0 22.4
% Olefins 0.0 1.5 0.0
% Saturates 73.0 62.5 77.6
Cetane No. (calculated) 44.5 41.1 45.6
Distillation Temperatures, °F
Initial Boiling Point 376 382 386
10% 435 430 439
20% 456 455 458
30% 472 479 474
40% 487 497 488
50% 501 516 501
60% 518 535 515
70% 534 555 530
80% 556 578 549
90% 582 608 575
95% 605 631 597
End Point 636 664 625
% Recovery 99.0 99.0 99.0
% Residue 1.0 1.0 1.0



APPENDIX E

Major Maintenance History of Test Locomotives



The maintenance information recorded here is that which was
easily available at the San Antonio facility, The salient point is that
when emissions measurements were taken, all the engines were judged
to be in good operating condition. More detailed information could
probably be obtained if the need arose.

Unit SP-1311 (EMD 12-567)

The date when this unit was placed in service was not on record,
but the last engine overhaul date was listed as September 1971. No engine
work had been performed since the overhaul. The engine was equipped
with low-output 6-hole '"N'' injectors with 0.421 diameter plungers (not
low sac type), EMD part no. 8276707,

Unit SP-8447 (EMD 16-645E-3)

This unit was placed in service in April 1966, and was last over-
hauled in December, 1968. Maintenance was also performed January 16,
1972, including renewal of all power assemblies, and no work had been
performed since that time.

Unit SP-8639 (G. E. 7TFDL-16)

Unit 8639 was placed in service in May, 1969, and had not been
overhauled. It had undergone maintenance February 24, 1972, including
12, L7, R6, and R8 power assembly replacement, When it was tested
prior to beginning emissions tests, the power level was low, so injector
pumps and nozzles were replaced on L6, L7, and R7, The racks were
also set to 21lmm (static) and measured at 22. 5mm running before the

emissions tests were conducted.



