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(A) 0.20 g/bhp-hr for the line-haul
cycle standards, and 0.24 g/bhp-hr for
the switch standards; or

(B) For remanufactured locomotives,
a measured baseline emission rate for
the configuration with the lowest NOX

emission rate in the applicable engine
family that is approved in advance by
the Administrator.

(iii) The proration factor for all cred-
its generated under this paragraph (d)
shall be 0.143.

(5) Locomotives and locomotive en-
gines generating credits under this
paragraph (d) must meet all applicable
requirements of this part.

(e) Particulate notch standards. For
model year 2006 and earlier loco-
motives, the particulate notch stand-
ard shall be calculated as:
Notch standard=(EX)×(1.2=(1¥ELHx/

std)).
(f) Passenger locomotives. Passenger

locomotives originally manufactured
before January 1, 2002 are exempt from
the requirements and prohibitions of
this part for model years through 2006.
New passenger locomotives and loco-
motive engines produced on or after
January 1, 2007 shall comply with all
applicable requirements of this part.

Subpart B—Test Procedures

§ 92.101 Applicability.
Provisions of this subpart apply to

tests performed by the Administrator,
certificate holders, other manufactur-
ers and remanufacturers of locomotives
or locomotive engines, railroads (and
other owners and operators of loco-
motives), and their designated testing
laboratories. This subpart contains
gaseous emission test procedures, par-
ticulate emission test procedures, and
smoke test procedures for locomotives
and locomotive engines.

§ 92.102 Definitions and abbreviations.
The definitions and abbreviations of

subpart A of this part apply to this
subpart. The following definitions and
abbreviations, as well as those found in
§ 92.132 (Calculations), also apply:

Accuracy means the difference be-
tween the measured value and the true
value, where the true value is deter-
mined from NIST traceable measure-

ments where possible, or otherwise de-
termined by good engineering practice.

Calibration means the act of cali-
brating an analytical instrument using
known standards.

Calibration gas means a gas of known
concentration which is used to estab-
lish the response curve of an analyzer.

Good engineering practice means those
methods and practices which the Ad-
ministrator determines to be con-
sistent with scientific and engineering
principles.

Hang-up refers to the process of hy-
drocarbon molecules being adsorbed,
condensed, or by any other method re-
moved from the sample flow prior to
reaching the instrument detector. It
also refers to any subsequent
desorption of the molecules into the
sample flow when they are assumed to
be absent.

Parts per million, carbon or ppmC
means the concentration of an organic
compound in a gas expressed as parts
per million (by volume or by moles)
multiplied by the number of carbon
atoms in a molecule of that compound.

Precision means the standard devi-
ation of replicated measurements, or
one-half of the readability, whichever
is greater; except where explicitly
noted otherwise.

Readability means the smallest dif-
ference in measured values that can be
detected. For example, the readability
for a digital display with two decimal
places would be 0.01.

Span gas means a gas of known con-
centration which is used routinely to
set the output level of an analyzer.

Standard conditions and standard tem-
perature and pressure mean 68 °F (20 °C)
and 29.92 in Hg. (101.3 kPa).

§ 92.103 Test procedures; overview.

(a) This subpart contains procedures
for exhaust emission tests of loco-
motives and locomotive engines. The
procedures specified here are intended
to measure brake-specific mass emis-
sions of organic compounds (hydro-
carbons for locomotives using petro-
leum diesel fuel), oxides of nitrogen,
particulates, carbon monoxide, carbon
dioxide, and smoke in a manner rep-
resentative of a typical operating
cycle.
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(b)(1) The sampling systems specified
in this subpart are intended to collect
representative samples for analysis,
and minimize losses of all analytes.

(i) For gaseous emissions, a sample of
the raw exhaust is collected directly
from the exhaust stream and analyzed
during each throttle setting.

(ii) Particulates are collected on fil-
ters following dilution with ambient
air of a separate raw exhaust sample.

(2) Analytical equipment is identical
for all fuel types, with the exception of
the systems used to measure organics
(i.e., hydrocarbons, alcohols, and
aldehydes); diesel-fueled and biodiesel-
fueled locomotives Parts per million and
locomotive engines require a heated,
continuous hydrocarbon detector; nat-
ural gas-fueled locomotives and loco-
motive engines require a continuous
hydrocarbon detector and a methane
detector; alcohol-fueled locomotives
and locomotive engines require a heat-
ed hydrocarbon detector, alcohol sam-
pling and detection systems, and
aldehyde sampling and detection sys-
tems. Necessary equipment and speci-
fications appear in §§ 92.105 through
92.111.

(3) Fuel specifications for emission
testing are specified in § 92.113. Analyt-
ical gases are specified in § 92.112.

(c) The power produced by the engine
is measured at each throttle setting.

(d) The fuel flow rate for each throt-
tle setting is measured in accordance
with § 92.107.

(e) Locomotives and locomotive en-
gines are tested using the test sequence
as detailed in §§ 92.124 and 92.126.

(f) Alternate sampling and/or analyt-
ical systems may be used if shown to
yield equivalent results, and if ap-
proved in advance by the Adminis-
trator. Guidelines for determining
equivalency are found in Appendix IV
of this part.

(g) At the time of the creation of this
part, essentially all locomotives and
locomotive engines subject to the
standards of this part were designed to
use diesel fuel. Therefore, the testing
provisions of this subpart focus pri-
marily on that fuel. Some provisions
for fuels other than diesel are also in-
cluded. If a manufacturer or remanu-
facturer of locomotives or locomotive
engines, or a user of locomotives, or

other party wishes or intends to use a
fuel other than diesel in locomotives or
locomotive engines, it shall notify the
Administrator, who shall specify those
changes to the test procedures that are
necessary for the testing to be con-
sistent with good engineering practice.
The changes made under this para-
graph (g) shall be limited to:

(1) Exhaust gas sampling and anal-
ysis;

(2) Test fuels; and
(3) Calculations.

§ 92.104 Locomotive and engine test-
ing; overview.

(a) The test procedures described
here include specifications for both lo-
comotive testing and engine testing.
Unless specified otherwise in this sub-
part, all provisions apply to both loco-
motive and engine testing.

(b)(1) The test procedures for engine
testing are intended to produce emis-
sion measurements that are essentially
identical to emission measurements
produced during locomotive testing
using the same engine configuration.
The following requirements apply for
all engine tests:

(i) Engine speed and load for each
mode shall be within 2 percent of the
speed and load of the engine when it is
operated in the locomotive.

(ii) The temperature of the air enter-
ing the engine after any charge air
cooling shall be within 5 °F of the typ-
ical intake air temperature when the
engine is operated in the locomotive
under similar ambient conditions. Aux-
iliary fan(s) may be used to maintain
engine cooling during operation on the
dynamometer.

(iii) The engine air inlet system used
during testing shall have an air inlet
restriction within 1 inch of water of
the upper limit of a typical engine as
installed with clean air filters, as es-
tablished by the manufacturer or re-
manufacturer for the engine being test-
ed.

(2) Testers performing engine testing
under this subpart shall not use test
procedures otherwise allowed by the
provisions of this subpart where such
procedures are not consistent with
good engineering practice and the regu-
latory goal specified in paragraph (b)(1)
of this section.
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(c) Provisions that specify different
requirements for locomotive and/or en-
gine testing are described in §§ 92.106,
92.108(a) and (b)(1), 92.111(b)(2) and (c),
92.114(a)(2)(ii), (b)(3)(ii), (c)(2)(iii)(A)
and (d), 92.115(c), 92.116, 92.123(a)(2) and
(b), 92.124(d), 92.125(a) and (b),
92.126(a)(7)(iii)(A).

§ 92.105 General equipment specifica-
tions.

(a) Chart recorders. (1) The rec-
ommended minimum chart speed for
gaseous measurements is 1 cm per
minute. (Higher chart speeds are re-
quired for smoke measurements during
the acceleration phases of the test se-
quence.)

(2) All chart recorders (analyzers,
torque, rpm, etc.) shall be provided
with automatic markers which indi-
cate ten second intervals. Preprinted
chart paper (ten second intervals) may
be used in lieu of the automatic mark-
ers provided the correct chart speed is
used. (Markers which indicate 1 second
intervals are required for smoke meas-
urements during the acceleration
phases of the test sequence.)

(b) Automatic data collection. (1) In
lieu of the use of chart recorders, auto-
matic data collection equipment may
be used to record all required data. The
automatic data collection equipment
must be capable of sampling at least
two records per second.

(2) Other means may be used provided
they produce a permanent visual data
record of a quality equal to or better
than those required by this subpart
(e.g., tabulated data, traces, or plots).

(c) Temperature measurements. (1) The
following temperature measurements
shall be accurate to within 1.0 °F (0.6
°C):

(i) Temperature measurements used
in calculating the engine intake hu-
midity;

(ii) The temperature of the fuel, in
volume measuring flow rate devices;

(iii) The temperature of the sample
within the water trap(s);

(iv) Temperature measurements used
to correct gas volumes (e.g., to stand-
ard conditions) or to calculate mass or
moles of a sample.

(2) All other temperature measure-
ments shall be accurate within 3.0 °F
(1.7 °C).

(d) Electrical measurements. (1)
Voltmeters shall have accuracy and
precision of 1 percent of point or bet-
ter.

(2) Ammeters shall have accuracy
and precision of 1 percent of point or
better.

(3) Wattmeters shall have accuracy
and precision of 1 percent of point or
better.

(4) Instruments used in combination
to measure engine power output shall
comply with the requirements of
§ 92.106.

(e) Pressure measurements. (1) Gauges
and transducers used to measure any
pressures used to correct gas volumes
(e.g., to standard conditions) or to cal-
culate mass or moles of a sample shall
have an accuracy and precision of 0.1
percent of absolute pressure at point or
better.

(2) Gauges and transducers used to
measure any other pressures shall have
an accuracy and precision of 1 percent
of absolute pressure at point or better.

§ 92.106 Equipment for loading the en-
gine.

For purposes of placing the required
load on the engine during an emissions
test, either the equipment specified in
paragraph (a) of this section, or the
equipment specified in paragraph (b) of
this section may be used.

(a) Locomotive testing. (1) The equip-
ment required for loading the loco-
motive engine-alternator/generator as-
sembly electrically, and for measure-
ment of the electrical power output
from the alternator/generator consists
of the following, either in total or in
part: electrical resistance load bank;
fans or other means for cooling of the
load bank; wattmeter, including phase
angle compensation; meter(s) for meas-
urement of the current through the
load bank (a calibrated electrical shunt
and voltmeter is allowed for current
measurement); meter(s) to measure the
voltage across the load bank; and elec-
trical cable to connect the alternator/
generator to the load bank. Many loco-
motives are equipped with an internal
electrical resistance load bank and
fans for cooling of the load bank; when
so equipped, the locomotive load bank
may be used for purposes of loading the
engine during emissions tests.
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(2) The combination of instruments
(meters) used to measure engine or al-
ternator/generator power output
(wattmeter, ammeter, voltmeter) shall
have accuracy and precision such that
the accuracy of the measured alter-
nator/generator power out is better
than:

(i) 2 percent of point at all power set-
tings except idle and dynamic brake;
and

(ii) Less accuracy and precision is al-
lowed at idle and dynamic brake, con-
sistent with good engineering practice.
Equipment with accuracy or precision
worse than 20 percent of point is not al-
lowed.

(3) The efficiency curve for the alter-
nator/generator, shall specify the effi-
ciency at each test point. The manu-
facturer or remanufacturer shall pro-
vide EPA with a detailed description of
the procedures used to establish the al-
ternator/generator efficiency.

(b) Engine testing. (1) For engine test-
ing using a dynamometer, the engine
dynamometer system must be capable
of controlling engine torque and speed
simultaneously under steady speed op-
eration, during accelerations where the
rate of change in torque and speed is
representative of those changes which
occur when the engine is operating in a
locomotive. It must also be capable of
performing the test sequence described
in this subpart. In addition to these
general requirements, the engine or dy-
namometer readout signals for speed
and torque shall meet the following ac-
curacy specifications:

(i) Engine speed readout shall be ac-
curate to within ±2 percent of the abso-
lute standard value, as defined in
§ 92.116 of this part.

(ii) Engine flywheel torque readout
shall be accurate to either within ±3
percent of the NIST ‘‘true’’ value
torque, or the following accuracies,
whichever provides the most accurate
readout:

(A) ±20 ft.-lbs. of the NIST ‘‘true’’
value if the full scale value is 9000 ft.-
lbs. or less.

(B) ±30 ft.-lbs., of the NIST ‘‘true’’
value if the full scale value is greater
than 9000 ft.-lbs.

(C) Option. Internal dynamometer
signals (i.e., armature current, etc.)
may be used for torque measurement

provided that it can be shown that the
engine flywheel torque during the test
sequence conforms to the accuracy
specifications in paragraph (b)(1)(ii)(A)
or (b)(1)(ii)(B) of this section. Such a
measurement system must include
compensation for increased or de-
creased flywheel torque due to the ar-
mature inertia during accelerations be-
tween throttle notch (test mode) set-
tings in the test.

(2) For engine testing using a loco-
motive alternator/generator instead of
a dynamometer, the equipment used
shall comply with the requirements of
paragraph (a) of this section.

§ 92.107 Fuel flow measurement.
(a) Fuel flow measurement for loco-

motive and engine testing. The rate of
fuel consumption by the engine must
be measured with equipment con-
forming to the following:

(1) The fuel flow rate measurement
instrument must have a minimum ac-
curacy of ±2 percent of measurement
flow rate for each measurement range
used. An exception is allowed at idle
where the minimum accuracy is ±10
percent of measured flow rate for each
measurement range used. The measure-
ment instrument must be able to com-
ply with this requirement with an
averaging time of one minute or less,
except for idle, dynamic brake, and
notches 1 and 2 where the instrument
must be able to comply with this re-
quirement with an averaging time of
three minutes or less.

(2) The controlling parameters are
the elapsed time measurement of the
event and the weight or volume meas-
urement. Restrictions on these param-
eters are:

(i) The error in the elapsed time
measurement of the event must not be
greater than 1 percent of the absolute
event time. This includes errors in
starting and stopping the clock as well
as the period of the clock.

(ii) If the mass of fuel consumed is
measured by discrete weights, then the
error in the actual weight of the fuel
consumed must not be greater than ±1
percent of the measuring weight. An
exception is allowed at idle, where the
error in the actual weight of the fuel
consumed must not be greater than ±2
percent of the measuring weight.
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(iii) If the mass of fuel consumed is
measured electronically (load cell, load
beam, etc.), the error in the actual
weight of fuel consumed must not be
greater than ±1 percent of the full-scale
value of the electronic device.

(iv) If the mass of fuel consumed is
measured by volume flow and density,
the error in the actual volume con-
sumed must not be greater than ±1 per-
cent of the full-scale value of the vol-
ume measuring device.

(3) For devices that have varying
mass scales (electronic weight, volume,
density, etc.), compliance with the re-
quirements of paragraph (a)(1) of this
section may require a separate flow
measurement system for low flow
rates.

(b) Calibration. Fuel flow rate meas-
urement devices shall be calibrated
against an independent measurement
of the total mass of fuel dispensed dur-
ing a fixed amount of time in accord-
ance with the following provisions:

(1) Measurement of the total mass
shall have an accuracy and precision of
1 percent of point, or better.

(2) Fuel measurements shall be per-
formed for at least 10 flow rates evenly
distributed over the entire range of
fuel flow rates used during testing.

(3) For each flow rate, either the
total mass of fuel dispense must exceed
5.0 kilograms (11.0 pounds), or the
length of time during which the fuel is
dispensed must exceed 30 minutes. In
all cases, the length of time during
which fuel is dispensed must be at least
180 seconds.

§ 92.108 Intake and cooling air meas-
urements.

(a) Intake air flow measurement. Meas-
urement of the flow rate of intake air
into the engine is allowed for engine
testing, but not required. When it is
measured, the measurement technique
shall conform to the following:

(1) The air flow measurement method
used must have a range large enough to
accurately measure the air flow over
the engine operating range during the
test. Overall measurement accuracy
must be ±2 percent of full-scale value of
the measurement device for all modes
except idle. For idle, the measurement
accuracy shall be ±5 percent or less of
the full-scale value. The Administrator

must be advised of the method used
prior to testing.

(2) Corrections to the measured air
mass flowrate shall be made when an
engine system incorporates devices
that add or subtract air mass (air in-
jection, bleed air, etc.). The method
used to determine the air mass from
these devices shall be approved by the
Administrator.

(3) Measurements made in accord-
ance with SAE recommended practice
J244 (incorporated by reference at
§ 92.5) are allowed.

(b) Humidity and temperature measure-
ments.

(1) Air that has had its absolute hu-
midity altered is considered humidity-
conditioned air. For this type of intake
air supply, the humidity measurements
must be made within the intake air
supply system, and after the humidity
conditioning has taken place.

(2) Humidity measurements for non-
conditioned intake air supply systems
shall be made as closely as possible to
the point at which the intake air
stream enters the locomotive, or down-
stream of that point.

(3) Temperature measurements of en-
gine intake air, engine intake air after
compression and cooling in the charge
air cooler(s) (engine testing only), and
air used to cool the charge air after
compression, and to cool the engine
shall be made as closely as possible to
obtain accurate results based on engi-
neering judgement. Measurement of
ambient temperature for locomotive
testing shall be made within 48 inches
of the locomotive, at a location that
minimizes the effect of heat generated
by the locomotive on the measured
temperature.

(4) Temperature measurements shall
comply with the requirements of
§ 92.105(c).

(5) Humidity measurements shall be
accurate within 2 percent of the meas-
ured absolute humidity.

§ 92.109 Analyzer specifications.
(a) General analyzer specifications.—(1)

Analyzer response time. Analyzers for
THC, CO2, CO, and NOX must respond to
an instantaneous step change at the
entrance to the analyzer with a re-
sponse equal to 95 percent of that step
change in 6.0 seconds or less on all
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ranges used. The step change shall be
at least 60 percent of full-scale chart
deflection. For NOX analyzers using a
water trap, the response time increase
due to the water trap and associated
plumbing need not be included in the
analyzer response time.

(2) Precision. The precision of the ana-
lyzers for THC, CO2, CO, and NOX must
be no greater than ±1 percent of full-
scale concentration for each range used
above 155 ppm (or ppmC), or ±2 percent
for each range used below 155 ppm (or
ppmC). The precision is defined as 2.5
times the standard deviation(s) of 10
repetitive responses to a given calibra-
tion or span gas.

(3) Noise. The analyzer peak-to-peak
response to zero and calibration or
span gases over any 10-second period
shall not exceed 2 percent of full/scale
chart deflection on all ranges used.

(4) Zero drift. For THC, CO2, CO, and
NOX analyzers, the zero-response drift
during a 1-hour period shall be less
than 2 percent of full-scale chart de-
flection on the lowest range used. The
zero-response is defined as the mean re-
sponse including noise to a zero-gas
during a 30-second time interval.

(5) Span drift. For THC, CO2, CO, and
NOX analyzers, the span drift during a
1-hour period shall be less than 2 per-
cent of full-scale chart deflection on
the lowest range used. The analyzer
span is defined as the difference be-
tween the span-response and the zero-
response. The span-response is defined
as the mean response including noise
to a span gas during a 30-second time
interval.

(b) Carbon monoxide and carbon diox-
ide analyzer specifications. (1) Carbon
monoxide and carbon dioxide measure-
ments are to be made with nondisper-
sive infrared (NDIR) analyzers.

(2) The use of linearizing circuits is
permitted.

(3) The minimum water rejection
ratio (maximum CO2 interference) as
measured in § 92.120(a) shall be:

(i) For CO analyzers, 1000:1.
(ii) For CO2 analyzers, 100:1.
(4) The minimum CO2 rejection ratio

(maximum CO2 interference) as meas-
ured in § 92.120(b) for CO analyzers shall
be 5000:1.

(5) Zero suppression. Various tech-
niques of zero suppression may be used

to increase readability, but only with
prior approval by the Administrator.

(6) Option: if the range of CO con-
centrations encountered during the dif-
ferent test modes is too broad to allow
accurate measurement using a single
analyzer, then multiple CO analyzers
may be used.

(c) Hydrocarbon analyzer specifica-
tions. (1) Hydrocarbon measurements
are to be made with a heated flame ion-
ization detector (HFID) analyzer. An
overflow sampling system is rec-
ommended but not required. (An over-
flow system is one in which excess zero
gas or span gas spills out of the probe
when zero or span checks of the ana-
lyzer are made.

(i) Option. A non-heated flame ioniza-
tion detector (FID) that measures hy-
drocarbon emissions on a dry basis is
permitted for petroleum fuels other
than diesel and biodiesel; Provided,
that equivalency is demonstrated to
the Administrator prior to testing.
With the exception of temperatures, all
specifications contained in Subpart B
of this part apply to the optional sys-
tem.

(ii) The analyzer shall be fitted with
a constant temperature oven housing
the detector and sample-handling com-
ponents. It shall maintain temperature
with 3.6 °F (2 °C) of the set point. The
detector, oven, and sample-handling
components within the oven shall be
suitable for continuous operation at
temperatures to 395 °F (200 °C).

(iii) Fuel and burner air shall con-
form to the specifications in § 92.112(e).

(iv) The percent of oxygen inter-
ference must be less than 3 percent, as
specified in § 92.119(3).

(v) Premixed burner air. (A) For diesel
and biodiesel fueled engines, premixing
a small amount of air with the HFID
fuel prior to combustion within the
HFID burner is not recommended as a
means of improving oxygen inter-
ference (%O2I). However, this procedure
may be used if the engine manufac-
turer demonstrates on each basic com-
bustion system (i.e., four-cycle direct
injection, two-cycle direct injection,
four-cycle indirect injection, etc.) that
an HFID using this procedure produces
comparable results to an HFID not
using this procedure. These data must
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be submitted to the Administrator for
his/her approval prior to testing.

(B) For engines operating on fuels
other than diesel or biodiesel,
premixing burner air with the HFID
fuel is not allowed.

(2) Methane analyzer. The analytical
system for methane consists of a gas
chromatograph (GC) combined with a
flame ionization detector (FID).

(3) Alcohols and Aldehydes. The sam-
pling and analysis procedures for alco-
hols and aldehydes, where applicable,
shall be approved by the Administrator
prior to the start of testing. Proce-
dures consistent with the general re-
quirements of 40 CFR Part 86 for sam-
pling and analysis of alcohols and
aldehydes emitted by on-highway alco-
hol-fueled engines, and consistent with
good engineering practice are allowed.

(4) Other methods of measuring
organics that are shown to yield equiv-
alent results can be used upon approval
of the Administrator prior to the start
of testing.

(d) Oxides of nitrogen analyzer speci-
fications. (1) Oxides of nitrogen are to
be measured with a chemiluminescence
(CL) analyzer.

(i) The NOX sample must be heated
per § 92.114 up to the NO2 to NO con-
verter.

(ii) For high vacuum CL analyzers
with heated capillary modules, sup-
plying a heated sample to the capillary
module is sufficient.

(iii) The NO2 to NO converter effi-
ciency shall be at least 90 percent.

(iv) The CO2 quench interference
must be less than 3.0 percent as meas-
ured in § 92.121(a).

§ 92.110 Weighing chamber and micro-
balance.

(a) Ambient conditions—(1) Tempera-
ture. The temperature of the chamber
(or room) in which the particulate fil-
ters are conditioned and weighed shall
be maintained at a measured tempera-
ture between 19 °C and 25 °C during all
filter conditioning and weighing.

(2) Humidity. The relative humidity of
the chamber (or room) in which the
particulate filters are conditioned and
weighed shall be 45±8 percent during all
filter conditioning and weighing. The
dew point shall be 6.4 to 12.4 °C.

(b) Weighing balance specifications.
The microbalance used to determine
the weights of all filters shall have a
precision (standard deviation) of no
more than 20 micrograms and read-
ability down to 10 micrograms or
lower.

(c) Reference filters. The chamber (or
room) environment shall be free of any
ambient contaminants (such as dust)
that would settle on the particulate fil-
ters during their stabilization. It is re-
quired that at least two unused ref-
erence filters remain in the weighing
room at all times in covered (to reduce
dust contamination) but unsealed (to
permit humidity exchange) petri
dishes.

(1) These reference filters shall be
placed in the same general area as the
sample filters. These reference filters
shall be weighed within 4 hours of, but
preferably at the same time as, the
sample filter weighings.

(2) If the average weight of the ref-
erence filters changes between sample
filter weighings by ±5.0 percent (±7.5 if
the filters are weighed in pairs) or
more of the target nominal filter load-
ing (the recommended nominal loading
is 0.5 milligrams per 1075 square milli-
meters of stain area), then all sample
filters in the process of stabilization
shall be discarded and the emissions
tests repeated.

(3) If the average weight of the ref-
erence filters decreases between sample
filter weighings by more than 1.0 per-
cent but less than 5.0 percent of the
nominal filter loading then the manu-
facturer or remanufacturer has the op-
tion of either repeating the emissions
test or adding the average amount of
weight loss to the net weight of the
sample.

(4) If the average weight of the ref-
erence filters increases between sample
filter weighing by more than 1.0 per-
cent but less than 5.0 percent of the
nominal filter loading, then the manu-
facturer or remanufacturer has the op-
tion of either repeating the emissions
test or accepting the measured sample
filter weight values.

(5) If the average weight of the ref-
erence filters changes between sample
filter weighings by not more than ±1.0
percent, then the measured sample fil-
ter weights shall be used.
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(6) The reference filters shall be
changed at least once a month, but
never between clean and used
weighings of a given sample filter.
More than one set of reference filters
may be used. The reference filters shall
be the same size and material as the
sample filters.

§ 92.111 Smoke measurement system.

(a) Schematic drawing. Figure B111–1
of this section is a schematic drawing
of the optical system of the light ex-
tinction meter, as follows:
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(b) Equipment. The following equip-
ment shall be used in the system.

(1) Adapter. The smokemeter optical
unit may be mounted on a fixed or

movable frame. The normal unre-
stricted shape of the exhaust plume
shall not be modified by the adaptor,
the meter, or any ventilation system
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used to remove the exhaust from the
test site. Distortion due to the gaseous
or particulate sample probes, or the ex-
haust duct is allowed subject to the
provisions of § 92.114.

(2) Wind shielding. Tests shall not be
conducted under excessively windy
conditions. Winds are excessive if they
disturb the size, shape, or location of
the exhaust plume in the region where
exhaust samples are drawn or where
the smoke plume is measured. Tests
may be conducted if wind shielding is
placed adjacent to the exhaust plume
to prevent bending, dispersion, or any
other distortion of the exhaust plume
as it passes through the optical unit.

(3) Smokemeter, (light extinction meter).
A continuously recording, full-flow
light obscuration meter shall be used.

(i) It is positioned as specified in
paragraph (c) of this section, so that a
built-in light beam traverses the ex-
haust smoke plume which issues from
the duct. The light beam shall be at
right angles to the axis of the plume,
and in those cases were the exhaust is
not circular at its discharge, the path
of the light beam through the plume
shall be along the longest axis of the
exhaust stack which is not a diagonal
of a rectangular exhaust stack.

(ii) The light source shall be an in-
candescent lamp with a color tempera-
ture range of 2800K to 3250K, or a light
source with a spectral peak between 550
and 570 nanometers.

(iii) The light output is collimated to
a beam with a nominal diameter of
1.125 inches and an angle of divergence
within a 6 degree included angle.

(iv) The light detector shall be a pho-
tocell or photodiode. If the light source
is an incandescent lamp, the detector
shall have a spectral response similar
to the photopic curve of the human eye
(a maximum response in the range of
550 to 570 nanometers, to less than four
percent of that maximum response
below 430 nanometers and above 680
nanometers).

(v) A collimating tube with apertures
equal to the beam diameter is attached
to the detector to restrict the viewing
angle of the detector to within a 16 de-
gree included angle.

(vi) An amplified signal cor-
responding to the amount of light

blocked is recorded continuously on a
remote recorder.

(vii) An air curtain across the light
source and detector window assemblies
may be used to minimize deposition of
smoke particles on those surfaces pro-
vided that it does not measurably af-
fect the opacity of the plume.

(viii) The smokemeter consists of
two units; an optical unit and a remote
control unit.

(ix) Light extinction meters employ-
ing substantially identical measure-
ment principles and producing substan-
tially equivalent results, but which
employ other electronic and optical
techniques may be used only after hav-
ing been approved in advance by the
Administrator.

(4) Recorder. A continuous recorder,
with variable chart speed over a mini-
mal range of 1 to 20 cm per minute (or
equivalent) and an automatic marker
indicating 1-second intervals, continu-
ously records the exhaust gas opacity
and throttle position.

(i) The recorder is equipped to indi-
cate each of the throttle notch (test
mode) positions.

(ii) The recorder scale for opacity is
linear and calibrated to read from 0 to
100 percent opacity full scale.

(iii) The opacity trace has a resolu-
tion within one percent opacity.

(iv) The throttle position trace clear-
ly indicates each throttle position.

(5) The recorder used with the
smokemeter shall be capable of full-
scale deflection in 0.5 second or less.
The smokemeter-recorder combination
may be damped so that signals with a
frequency higher than 10 cycles per sec-
ond are attenuated. A separate low-
pass electronic filter with the fol-
lowing performance characteristics
may be installed between the
smokemeter and the recorder to
achieve the high-frequency attenu-
ation:

(i) Three decibel point: 10 cycles per
second.

(ii) Insertion loss: 0 ±0.5 decibel.
(iii) Selectivity: 12 decibels down at

40 cycles per second minimum.
(iv) Attenuation: 27 decibels down at

40 cycles per second minimum.
(6) Automatic data collection equip-

ment may be used, provided it is capa-
ble of collecting data equivalent to or
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better than the data required by para-
graphs (b)(4) and (5) of this section.

(c)(1) Assembling equipment for loco-
motive testing. The optical unit of the
smokemeter shall be mounted radially
to the exhaust duct so that the meas-
urement will be made at right angles
to the axis of the exhaust plume. The
distance from the optical centerline to
the exhaust outlet shall be minimized;
in all cases it shall be less than 10 feet.
The maximum allowable distance of
unducted space upstream of the optical
centerline is 18 inches. The full flow of
the exhaust stream shall be centered
between the source and detector aper-
tures (or windows and lenses) and on
the axis of the light beam.

(2) Assembling equipment for engine
testing. The optical unit of the
smokemeter shall be mounted radially
to the exhaust duct so that the meas-
urement will be made at right angles
to the axis of the exhaust plume. The
distance from the optical centerline to
the exhaust outlet shall be less than 25
feet. The maximum allowable distance
of unducted space upstream of the opti-
cal centerline is 18 inches. In-line
smokemeters are allowed. The full flow
of the exhaust stream shall be centered
between the source and detector aper-
tures (or windows and lenses) and on
the axis of the light beam.

(d) Power supply. Power shall be sup-
plied to the control unit of the
smokemeter in time to allow at least
15 minutes for stabilization prior to
testing.

§ 92.112 Analytical gases.
(a) Gases for the CO and CO2 ana-

lyzers shall be single blends of CO and
CO2, respectively, using zero grade ni-
trogen as the diluent.

(b) Gases for the hydrocarbon ana-
lyzer shall be single blends of propane
using zero grade air as the diluent.

(c) Gases for the methane analyzer
shall be single blends of methane using
air as the diluent.

(d) Gases for the NOX analyzer shall
be single blends of NO named as NOX

with a maximum NO2 concentration of
5 percent of the nominal value using
zero grade nitrogen as the diluent.

(e) Fuel for the HFID (or FID, as ap-
plicable) and the methane analyzer
shall be a blend of 40±2 percent hydro-

gen with the balance being helium. The
mixture shall contain less than 1 ppm
equivalent carbon response; 98 to 100
percent hydrogen fuel may be used
with advance approval of the Adminis-
trator.

(f) Hydrocarbon analyzer burner air.
The concentration of oxygen must be
within 1 mole percent of the oxygen
concentration of the burner air used in
the latest oxygen interference check
(%O2I). If the difference in oxygen con-
centration is greater than 1 mole per-
cent, then the oxygen interference
must be checked and the analyzer ad-
justed if necessary, to meet the %O2I
requirements. The burner air must con-
tain less than 2 ppmC hydrocarbon.

(g) The allowable zero gas (air or ni-
trogen) impurity concentrations shall
not exceed 1 ppm equivalent carbon re-
sponse, 1 ppm carbon monoxide, 0.04
percent (400 ppm) carbon dioxide and
0.1 ppm nitric oxide.

(h)(1) ‘‘Zero-grade air’’ includes arti-
ficial ‘‘air’’ consisting of a blend of ni-
trogen and oxygen with oxygen con-
centrations between 18 and 21 mole per-
cent.

(2) Calibration gases shall be accu-
rate to within ±1 percent of NIST gas
standards, or other gas standards
which have been approved by the Ad-
ministrator.

(3) Span gases shall be accurate to
within ±2 percent of NIST gas stand-
ards, or other gas standards which have
been approved by the Administrator.

(i) Oxygen interference check gases
shall contain propane at a concentra-
tion greater than 50 percent of range.
The concentration value shall be deter-
mined to calibration gas tolerances by
chromatographic analysis of total hy-
drocarbons plus impurities or by dy-
namic blending. Nitrogen shall be the
predominant diluent with the balance
being oxygen. Oxygen concentration in
the diluent shall be between 20 and 22
percent.

(j) The use of precision blending de-
vices (gas dividers) to obtain the re-
quired calibration gas concentrations
is acceptable, provided that the blend-
ed gases are accurate to within ±1.5
percent of NIST gas standards, or other
gas standards which have been ap-
proved by the Administrator. This ac-
curacy implies that primary gases used
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for blending must be ‘‘named’’ to an ac-
curacy of at least ±1 percent, traceable
to NIST or other approved gas stand-
ards.

§ 92.113 Fuel specifications.
(a) Diesel test fuel. (1) The diesel fuels

for testing locomotives or locomotive
engines designed to operate on diesel
fuel shall be clean and bright, with
pour and cloud points adequate for
operability. The diesel fuel may con-

tain nonmetallic additives as follows:
cetane improver, metal deactivator,
antioxidant, dehazer, antirust, pour de-
pressant, dye, dispersant, and biocide.
The diesel fuel shall also meet the
specifications (as determined using
methods incorporated by reference at
§ 92.5) in Table B113–1 of this section, or
substantially equivalent specifications
approved by the Administrator, as fol-
lows:

TABLE B113–1

Item ASTM Type 2–D

Cetane Number ........................................................................................... D613 .......................... 40–48
Cetane Index ............................................................................................... D976 .......................... 40–48
Distillation range:

IBP,
°F .......................................................................................................... D86 ............................ 340–400
( °C) ...................................................................................................... .................................... (171.1–204.4)

10 pct. point,
°F .......................................................................................................... D86 ............................ 400–460
( °C) ...................................................................................................... .................................... (204.4–237.8)

50 pct. point,
°F .......................................................................................................... D86 ............................ 470–540
( °C) ...................................................................................................... .................................... (243.3–282.2)

90 pct. point,
°F .......................................................................................................... D86 ............................ 560–630
( °C) ...................................................................................................... .................................... (293.3–332.2)

EP,
°F .......................................................................................................... D86 ............................ 610–690
( °C) ...................................................................................................... .................................... (321.1–365.6)

Gravity, °API ................................................................................................ D287 .......................... 32–37
Total sulfur, pct ............................................................................................ D2622 ........................ 0.2–0.4
Hydrocarbon composition, pct:

Aromatics, ................................................................................................ D5186 ........................ 1 27
Paraffins, Naphthenes, Olefins ................................................................ D1319 ........................ (2)

Flashpoint, min.,
°F ............................................................................................................. D93 ............................ 130
°C ............................................................................................................. .................................... (54.4)

Viscosity, centistokes .................................................................................. D445 .......................... 2.0–3.2

1 Minimum. 2 Remainder.

(2) Other diesel fuels may be used for
testing provided:

(i) They are commercially available;
and

(ii) Information, acceptable to the
Administrator, is provided to show
that only the designated fuel would be
used in service; and

(iii) Use of a fuel listed under para-
graph (a)(1) of this section would have
a detrimental effect on emissions or
durability; and

(iv) Written approval from the Ad-
ministrator of the fuel specifications is
provided prior to the start of testing.

(3) The specification of the fuel to be
used under paragraphs (a)(1), and (a)(2)
of this section shall be reported in ac-
cordance with § 92.133.

(b) Natural gas test fuel (compressed
natural gas, liquefied natural gas). (1)
Natural gas-fuel meeting the specifica-
tions (as determined using methods in-
corporated by reference at § 92.5) in
Table B113–2 of this section, or sub-
stantially similar specifications ap-
proved by the Administrator, shall be
used in exhaust emissions testing of lo-
comotives or locomotive engines de-
signed to operate on natural gas-fuel,
as follows:

TABLE B113–2

Item Mole
pct.

ASTM test
method

No.
Value

Methane ............................ Min. ...... D1945 ...... 89.0
Ethane ............................... Max. ..... D1945 ...... 4.5
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TABLE B113–2—Continued

Item Mole
pct.

ASTM test
method

No.
Value

C3 and higher .................... Max. ..... D1945 ...... 2.3
C6 and higher .................... Max. ..... D1945 ...... 0.2
Oxygen .............................. Max. ..... D1945 ...... 0.6
Inert gases: Sum of CO2

and N2—Odorant 1.
Max. ..... D1945 ...... 4.0

1 The natural gas at ambient conditions must have a distinc-
tive odor potent enough for its presence to be detected down
to a concentration in air of not over 1⁄5 (one-fifth) of the lower
limit of flammability.

(2) Other natural gas-fuels may be
used for testing provided:

(i) They are commercially available;
and

(ii) Information, acceptable to the
Administrator, is provided to show
that only the designated fuel would be
used in customer service; and

(iii) Written approval from the Ad-
ministrator of the fuel specifications is
provided prior to the start of testing.

(3) The specification of the fuel to be
used under paragraph (b)(1) or (b)(2) of
this section shall be reported in accord-
ance with § 92.133.

(c) Other fuel types. (1) For loco-
motives or locomotive engines which
are designed to be capable of using a
type of fuel (or mixed fuel) other than
diesel fuel, or natural gas fuel (e.g.,
methanol), and which are expected to
use that type of fuel (or mixed fuel) in
service, a commercially available fuel
of that type shall be used for exhaust
emission testing. The Administrator
shall determine the specifications of
the fuel to be used for testing, based on
the engine design, the specifications of
commercially available fuels, and the
recommendation of the manufacturer.

(2) The specification of the fuel to be
used under paragraph (c)(1) of this sec-
tion shall be reported in accordance
with § 92.133.

§ 92.114 Exhaust gas and particulate
sampling and analytical system.

(a) General. (1) During emission test-
ing, the engine exhaust is routed
through an exhaust duct connected to,
or otherwise adjacent to the outlet of
the locomotive exhaust system. Emis-
sion samples are collected as specified
in paragraphs (b) and (c) of this sec-
tion. Exhaust duct requirements are
specified in paragraph (d) of this sec-
tion.

(2) The systems described in this sec-
tion are appropriate for use with loco-
motives or engines employing a single
exhaust.

(i) For testing where the locomotive
or engine has multiple exhausts all ex-
haust streams shall be combined into a
single stream prior to sampling, except
as allowed by paragraph (a)(2)(ii) of
this section.

(ii) For locomotive testing where the
locomotive has multiple exhaust
stacks, proportional samples may be
collected from each exhaust outlet in-
stead of ducting the exhaust stacks to-
gether, provided that the CO2 con-
centrations in each exhaust stream are
shown (either prior to testing or during
testing) to be within 5 percent of each
other for each test mode.

(3) All vents, including analyzer
vents, bypass flow, and pressure relief
vents of regulators, should be vented in
such a manner to avoid endangering
personnel in the immediate area.

(4) Additional components, not speci-
fied here, such as instruments, valves,
solenoids, pumps, switches, and so
forth, may be employed to provide ad-
ditional information and coordinate
the functions of the component sys-
tems, provided that their use is con-
sistent with good engineering practice.
Any variation from the specifications
in this subpart including performance
specifications and emission detection
methods may be used only with prior
approval by the Administrator.

(b) Raw exhaust sampling for gaseous
emissions. (1)(i) An example of the type
of sampling and analytical system
which is to be used for gaseous emis-
sions testing under this subpart is
shown in Figure B114–1 of this section.
All components or parts of components
that are wetted by the sample or corro-
sive calibration gases shall be either
chemically cleaned stainless steel or
other inert material, for example, poly-
tetrafluoroethylene resin. The use of
‘‘gauge savers’’ or ‘‘protectors’’ with
nonreactive diaphragms to reduce dead
volumes is permitted. Additional com-
ponents such as instruments, valves,
solenoids, pumps, switches, etc. may be
employed to provide additional infor-
mation and coordinate the functions of
the component systems.
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(ii) System components list. The fol-
lowing is a list of components shown in
Figure B114–1 of this section by nu-
meric identifier.

(A) Filters. Glass fiber filter paper is
permitted for the fine particulate fil-
ters (F1, F2, and F3). Optional filter F4
is a coarse filter for large particulates.
Filters F3 and F4 are heated filters

(B) Flowmeters. Flowmeters FL1 and
FL2 indicate sample flow rates through
the CO and CO2 analyzers. Flowmeters
FL3, FL4, FL5, and FL6 indicate bypass
flow rates.

(C) Gauges. Downstream gauges are
required for any system used for test-
ing under this subpart. Upstream
gauges may be required under this sub-
part. Upstream gauges G1 and G2 meas-
ure the input to the CO and CO2 ana-
lyzers. Downstream gauges G3 and G4
measure the exit pressure of the CO
and CO2 analyzers. If the normal oper-
ating range of the downstream gauges
is less than 3 inches of water, then the
downstream gauges must be capable of
reading both pressure and vacuum.
Gauges G3 and G4 are not necessary if
the analyzers are vented directly to at-
mospheric pressure.

(D) Pressure gauges. P1 is a bypass
pressure gauge; P2, P3, P4, and P5 are
for sample or span pressure at inlet to
flow control valves.

(E) Water traps. Water traps WT1 and
WT2 to remove water from the sample.
A water trap performing the function
of WT1 is required for any system used
for testing under this subpart. Chem-
ical dryers are not an acceptable meth-
od of removing the water. Water re-
moval by condensation is acceptable. If
water is removed by condensation, the
sample gas temperature or sample dew
point must be monitored either within
the water trap or downstream; it may
not exceed 45 °F (7 °C). Means other
than condensation may be used only
with prior approval from the Adminis-
trator.

(F) Regulators. R1, R3, R4, and R6 are
line pressure regulators to control span
pressure at inlet to flow control valves;
R2 and R5 are back pressure regulators
to control sample pressure at inlet to
flow control valves.

(G) Valves. V1, V7, V8, and V14 are se-
lector valves to select zero or calibra-
tion gases; V2 are optional heated se-

lector valves to purge the sample
probe, perform leak checks, or to per-
form hang-up checks; V3 and V5 are se-
lector valves to select sample or span
gases; V4, V6, and V15 are flow control
valves; V9 and V13—heated selector
valve to select sample or span gases;
V10 and V12—heated flow control
valves; V11—Selector valve to select
NOX or bypass mode in the
chemiluminescence analyzer; V16—
heated selector valve to perform leak
checks.

(H) Pump. Sample transfer pump to
transport sample to analyzers.

(I) Temperature sensor. A temperature
sensor (T1) to measure the NO2 to NO
converter temperature is required for
any system used for testing under this
subpart.

(J) Dryer. Dryers D1 and D2 to re-
move the water from the bypass flows
to prevent condensation in flowmeters
FL3, FL4, and FL6.

(2) The following requirements must
be incorporated in each gaseous sam-
pling system used for testing under
this subpart:

(i) The exhaust is analyzed for gas-
eous emissions using analyzers meeting
the specifications of § 92.109, and all
analyzers must obtain the sample to be
analyzed from the same sample probe,
and internally split to the different
analyzers.

(ii) Sample transfer lines must be
heated as specified in paragraph (b)(4)
of this section.

(iii) Carbon monoxide and carbon di-
oxide measurements must be made on a
dry basis. Specific requirements for the
means of drying the sample can be
found in paragraph (b)(1)(ii)(E) of this
section.

(iv) All NDIR analyzers must have a
pressure gauge immediately down-
stream of the analyzer. The gauge tap
must be within 2 inches of the analyzer
exit port. Gauge specifications can be
found in paragraph (b)(1)(ii)(C) of this
section.

(v) All bypass and analyzer flows
exiting the analysis system must be
measured. Capillary flows such as in
HFID and CL analyzers are excluded.
For each NDIR analyzer with a flow
meter located upstream of the ana-
lyzer, an upstream pressure gauge
must be used. The gauge tap must be
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within 2 inches of the analyzer en-
trance port.

(vi) Calibration or span gases for the
NOX measurement system must pass
through the NO2 to NO converter.

(vii) The temperature of the NO2 to
NO converter must be displayed con-
tinuously.

(3) Gaseous sample probe. (i) The gas-
eous emissions sample probe shall be a
straight, closed end, stainless steel,
multi-hole probe. The inside diameter
shall not be greater than the inside di-
ameter of the sample line by more than
0.01 inches (0.03 cm). The wall thick-
ness of the probe shall not be greater
than 0.04 inches (0.10 cm). The fitting
that attaches the probe to the exhaust
duct shall be as small as practical in
order to minimize heat loss from the
probe.

(ii) The gaseous emissions sample
probe shall have a minimum of three
holes in each 3 inch segment of length
of the probe. The spacing of the radial
planes for each hole in the probe must
be such that they cover approximately
equal cross-sectional areas of the ex-
haust duct. The angular spacing of the
holes must be approximately equal.
The angular spacing of any two holes
in one plane may not be 180 °±20° (see
section view C–C of Figure B114–2 of
this section). The holes should be sized
such that each has approximately the
same flow. If only three holes are used
in each 3 inch segment of probe length,
they may not all be in the same radial
plane.

(iii) The sample probe shall be so lo-
cated in the center of the exhaust duct
to minimize stratification, with re-
spect to both concentration and veloc-
ity, present in the exhaust stream. The
probe shall be located between two feet
and five feet downstream of the loco-
motive exhaust outlet (or nearest prac-
tical equivalent during engine testing),
and at least 1 foot upstream of the out-
let of the exhaust duct to the atmos-
phere.

(iv) If the exhaust duct is circular in
cross section, the sample probe should
extend approximately radially across
the exhaust duct, and approximately
through the center of the duct. The
sample probe must extend across at
least 80 percent of the diameter of the
duct.

(v) If the exhaust duct is not circular
in cross section, the sample probe
should extend across the exhaust duct
approximately parallel to the longest
sides of the duct, or along the longest
axis of the duct which is not a diago-
nal, and through the approximate cen-
ter of the duct. The sample probe must
extend across at least 80 percent of the
longest axis of the duct which is not a
diagonal, and be approximately par-
allel to the longest sides of the duct.

(vi) Other sample probe designs and/
or locations may be used only if dem-
onstrated (to the Administrator’s sat-
isfaction) to provides a more represent-
ative sample.

(4) Sample transfer line(s).
(i) The maximum inside diameter of

the gaseous emissions sample line shall
not exceed 0.52 inches (1.32 cm).

(ii) If valve V2 is used, the sample
probe must connect directly to valve
V2. The location of optional valve V2
may not be greater than 4 feet (1.22 m)
from the exhaust duct.

(iii) The sample transport system
from the engine exhaust duct to the HC
analyzer and the NOX analyzer must be
heated as is indicated in Figure B114–1
of this section.

(A) For diesel fueled and biodiesel
fueled locomotives and engines, the
wall temperature of the HC sample line
must be maintained at 375 ± 20 °F (191
± 11 °C). An exception is made for the
first 4 feet (122 cm) of sample line from
the exhaust duct. The upper tempera-
ture tolerance for this 4 foot section is
waived and only the minimum tem-
perature specification applies.

(B) For locomotives and engines
using fuels other than diesel or bio-
diesel, the heated components in the
HC sample path shall be maintained at
a temperature approved by the Admin-
istrator, not exceeding 446 °F (230 °C).

(C) For all fuels, wall temperature of
the NOX sample line must be main-
tained between 140 °F (60 °C) and 446 °F
(230 °C). An exception is made for the
first 4 feet (122 cm) of sample line from
the exhaust duct. The upper tempera-
ture tolerance for this 4 foot section is
waived and only the minimum tem-
perature specification applies.

(D) For each component (pump, sam-
ple line section, filters, etc.) in the
heated portion of the sampling system
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that has a separate source of power or
heating element, use engineering judg-
ment to locate the coolest portion of
that component and monitor the tem-
perature at that location. If several
components are within an oven, then
only the surface temperature of the
component with the largest thermal
mass and the oven temperature need be
measured.

(c) Particulate emissions. (1)(i) Sche-
matic drawing. An example of a sam-
pling system which may be used for
particulate emissions testing under
this subpart is shown in Figure B114–3
of this section. All components or parts
of components that are wetted by the
samples gases upstream of the filter
shall be either chemically cleaned
stainless steel or other inert material,
for example, polytetrafluoroethylene
resin. The use of ‘‘gauge savers’’ or
‘‘protectors’’ with nonreactive dia-
phragms to reduce dead volumes is per-
mitted. Additional components such as
instruments, valves, solenoids, pumps,
switches, etc. may be employed to pro-
vide additional information and coordi-
nate the functions of the component
systems.

(ii) The following requirements must
be incorporated in each system used for
testing under this subpart:

(A) All particulate filters must ob-
tain the sample from the same sample
probe located within the exhaust gas
extension with internal split to the dif-
ferent filters.

(B) The wall temperature of the sam-
ple transport system from the probe to
the dilution tunnel (excluding the first
4 feet of the particulate transfer tube)
must be maintained at 375 °F to 395 °F
(191 °C to 202 °C).

(2) Particulate raw sample probe. (i)
The sample probe for the raw exhaust
shall be a straight, closed end, stain-
less steel, multi-hole probe of approxi-
mately 1.25 inch (3.2 cm) diameter. The
inside diameter shall not be greater
than the inside diameter of the sample
line by more than 0.1 inches (0.3 cm).
The wall thickness of the probe shall
not be greater than 0.06 inches (0.15
cm). The fitting that attaches the
probe to the exhaust duct shall be as
small as practical in order to minimize
heat loss from the probe.

(ii) All sample collection holes in the
probe shall be located so as to face
away from the direction of flow of the
exhaust stream or at most be tangen-
tial to the flow of the exhaust stream
past the probe (see Figure B114–4 of
this section). Five holes shall be lo-
cated in each radial plane along the
length of the probe in which sample
holes are placed. The spacing of the ra-
dial planes for each set of holes in the
probe must be such that they cover ap-
proximately equal cross-sectional
areas of the exhaust duct. For rectan-
gular ducts, this means that the sam-
ple hole-planes must be equidistant
from each other. For circular ducts,
this means that the distance between
the sample hole-planes must be de-
creased with increasing distance from
the center of the duct (see Figure B114–
4 of this section).

(NOTE: Particulate concentrations are ex-
pected to vary to some extent as a function
of the distance to the duct wall; thus each
set of sample holes collects a sample that is
representative of a cross-sectional disk at
that approximate distance from the wall.)

The spacing between sets of sample
holes along the length of the probe
shall be no more than 4 inches (10 cm).
The holes should be sized such that
each has approximately the same flow.

(iii)(A) The particulate sample probe
shall be located in the exhaust duct on
an axis which is directly downstream
of, and parallel to the axis of the gas-
eous sample probe. The distance be-
tween the probes shall be between 3
inches (7.6 cm) and 6 inches (15.2 cm).
Greater spacing is allowed for engine
testing, where spacing of 3 inches (7.6
cm) to 6 inches (15.2 cm) is not prac-
tical.

(B) If the exhaust duct is circular in
cross section, the sample probe should
extend approximately radially across
the exhaust duct, and approximately
through the center of the duct. The
sample probe must extend across at
least 80 percent of the diameter of the
duct.

(C) If the exhaust duct is not circular
in cross section, the sample probe
should extend across the exhaust duct
approximately parallel to the longest
sides of the duct, or along the longest
axis of the duct which is not a diago-
nal, and through the approximate cen-
ter of the duct. The sample probe must
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extend across at least 80 percent of the
longest axis of the duct which is not a
diagonal, and be approximately par-
allel to the longest sides of the duct.

(3) Particulate sample transfer line. (i)
The maximum inside diameter of the
particulate emissions sample line shall
be approximately 2.5 inches (6.4 cm).

(ii) The sample transfer line shall be
heated to maintain a wall temperature
above 375 °F.

(4) Dilution tunnel. The flow capacity
of the blower moving the mixture of
sample and air through the tunnel
must be sufficient to maintain the di-
luted sample stream at a temperature
of 125 °F (51.7 °C) or less, at the sam-
pling zone in the dilution tunnel and at
the sample filter. A single measure-
ment of diluted exhaust temperature is
required. The temperature shall also be
maintained as required to prevent con-
densation at any point in the dilution
tunnel. A small negative pressure is to
be maintained in the dilution tunnel by
throttling at the source of the dilution
air, and adjusted as necessary, suffi-
cient to draw sample through the probe
and sample transfer line. Direct sam-
pling of the particulate material may
take place (Figure B114–3 of this sec-
tion) at this point.

(i)(A) The dilution tunnel shall be:
(1) Small enough in diameter to

cause turbulent flow (Reynolds Number
greater than 4000) and of sufficient
length to cause complete mixing of the
exhaust and dilution air;

(2) 4 inches (10 cm) minimum inside
diameter;

(3) Constructed of electrically con-
ductive material which does not react
with the exhaust components; and

(4) Electrically grounded.
(B) The temperature of the diluted

exhaust stream inside of the dilution
tunnel shall be sufficient to prevent
water condensation.

(C) The engine exhaust shall be di-
rected downstream at the point where
it is introduced into the dilution tun-
nel.

(ii) Dilution air:
(A) Shall be at a temperature of 68 °F

(20 °C) or greater.
(B) May be filtered at the dilution air

inlet.
(C) May be sampled to determine

background particulate levels, which

can then be subtracted from the values
measured in the exhaust stream.

(D) Shall be sampled to determine
the background concentration of CO2.

(iii) Dilute sample probe and collec-
tion system.

(A) The particulate sample probe in
the dilution tunnel shall be:

(1) Installed facing upstream at a
point where the dilution air and ex-
haust are well mixed (i.e., on the tun-
nel centerline, approximately 10 tunnel
diameters downstream of the point
where the exhaust enters the dilution
tunnel).

(2) Sufficiently distant (radially)
from other sampling probes so as to be
free from the influence of wakes or ed-
dies produced by the other probes.

(3) 0.5 in. (1.3 cm) minimum inside di-
ameter.

(4) The distance from the sampling
tip to the filter holder shall not be
more than 40 inches (102 cm).

(5) Designed to minimize the deposi-
tion of particulate during transfer (i.e.,
bends should be as gradual as possible,
protrusions (due to sensors, etc.)
should be smooth and not sudden, etc.).

(B) The gas meters or flow instru-
mentation shall be located sufficiently
distant from the tunnel so that the
inlet gas temperature remains con-
stant (±5 °F (±2.8 °C)). Alternately, the
temperature of the sample may be
monitored at the gas meter, and the
measured volume corrected to standard
conditions.

(C) Particulate sampling filters.
(1) Fluorocarbon-coated glass fiber

filters or fluorocarbon-based (mem-
brane) filters are required.

(2) Particulate filters must have a di-
ameter to maintain the average face
velocity of the sample across the filter
between 35 and 80 cm/s.

(3) The dilute exhaust will be simul-
taneously sampled by a pair of filters
(one primary and one back-up filter)
during each phase of the test. The
back-up filter shall be located no more
than 4 inches (10 cm) downstream of
the primary filter. The primary and
back-up filters shall not be in contact
with each other.

(4) The recommended target loading
on a primary 70-mm filter (60 mm di-
ameter stain area) is 1.3 milligrams.
Equivalent loadings (0.5 mg/1075 mm2
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stain area) shall be used as target load-
ings when other filter sizes are used.

(D) Diluted CO2 sample collection
system.

(1) The concentrations of CO2 in the
dilution air and diluted exhaust are de-
termined by pumping a sample into a
sample bag (made of a nonreactive ma-
terial) or directly to the analyzer, as
shown in Figure B114–3 of this section.

(2) The sample probe for the diluted
exhaust shall be installed facing up-
stream at a point where the dilution
air and exhaust are well mixed (i.e., on
the tunnel centerline, approximately 10
tunnel diameters downstream of the
point where the exhaust enters the di-
lution tunnel). It shall also be suffi-
ciently distant (radially) from other
sampling probes so as to be free from
the influence of any wakes or eddies
produced by the other probes.

(iv) Other sample flow handling and/
or measurement systems may be used
if shown to yield equivalent results and
if approved in advance by the Adminis-
trator. (See Appendix IV of this part
for guidance.)

(d) Exhaust system. The exhaust sys-
tem shall meet the following require-
ments:

(1) For locomotive testing, the engine
exhaust shall be routed through an ex-
haust duct with dimensions equal to or
slightly larger than the dimensions of
the locomotive exhaust outlet. The ex-
haust duct shall be designed so as to
not significantly affect exhaust
backpressure.

(2) For engine testing, either a loco-
motive-type or a facility-type exhaust
system (or a combination system) may
be used. The exhaust backpressure for
engine testing shall be set between 90
and 100 percent of the maximum
backpressure that will result with the
exhaust systems of the locomotives in
which the engine will be used. The fa-
cility-type exhaust system shall meet
the following requirements:

(i) It must be composed of smooth
ducting made of typical in-use steel or
stainless steel.

(ii) If an aftertreatment system is
employed, the distance from the ex-
haust manifold flange(s), or turbo-

charger outlet to any exhaust
aftertreatment device shall be the
same as in the locomotive configura-
tion unless the manufacturer is able to
demonstrate equivalent performance at
another location.

(iii) If the exhaust system ducting
from the exit of the engine exhaust
manifold or turbocharger outlet to
smoke meter exceeds 12 feet (3.7 m) in
length, then all ducting shall be insu-
lated consistent with good engineering
practice.

(iv) For engines designed for more
than one exhaust outlet to the atmos-
phere, a specially fabricated collection
duct may be used. The collection duct
should be located downstream of the
in-locomotive exits to the atmosphere.
Any potential increase in backpressure
due to the use of a single exhaust in-
stead of multiple exhausts may be com-
pensated for by using larger than
standard exhaust system components
in the construction of the collection
duct.

(e) Dilute exhaust sampling for gaseous
and particulate emissions. (1) Dilution of
the exhaust prior to sampling is al-
lowed for gaseous emissions. The equip-
ment and methods used for dilution,
sampling and analysis shall comply
with the requirements of subpart N of
part 86 of this chapter, with the fol-
lowing exceptions and additional re-
quirements:

(i) Proportional sampling and heat
exchangers are not required;

(ii) Larger minimum dimensions for
the dilution tunnel(s) shall be specified
by the Administrator;

(iii) Other modifications may be
made with written approval from the
Administrator.

(2) Dilution of only a portion of the
exhaust is allowed, provided that:

(i) The fraction of the total exhaust
that is diluted is determined for sys-
tems that determine mass emission
rates (g/hr) from the total volume of
the diluted sample; or

(ii) The ratio of raw sample volume
to diluted sample volume is determined
for systems that determine mass emis-
sion rates (g/hr) from measured fuel
flow rates.
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§ 92.115 Calibrations; frequency and
overview.

(a) Calibrations shall be performed as
specified in §§ 92.116 through 92.122.

(b) At least monthly or after any
maintenance which could alter calibra-
tion, perform the periodic calibrations
required by § 92.118(a)(2) (certain ana-
lyzers may require more frequent cali-
bration depending on the equipment
and use). Exception: the water rejec-
tion ratio and the CO2 rejection ratio
on all NDIR analyzers is only required
to be performed quarterly.

(c) At least monthly or after any
maintenance which could alter calibra-
tion, calibrate the engine dynamom-
eter flywheel torque and speed meas-
urement transducers, as specified in
§ 92.116.

(d) At least monthly or after any
maintenance which could alter calibra-
tion, check the oxides of nitrogen con-
verter efficiency, as specified in § 92.121.

(e) At least weekly or after any
maintenance which could alter calibra-
tion, check the dynamometer (if used)
shaft torque feedback signal at steady-
state conditions by comparing:

(1) Shaft torque feedback to dyna-
mometer beam load; or

(2) By comparing in-line torque to ar-
mature current; or

(3) By checking the in-line torque
meter with a dead weight per
§ 92.116(b)(1).

(f) At least quarterly or after any
maintenance which could alter calibra-
tion, calibrate the fuel flow measure-
ment system as specified in § 92.107.

(g) At least annually or after any
maintenance which could alter calibra-
tion, calibrate the electrical output
measurement system for the electrical
load bank used for locomotive testing.

(h) Sample conditioning columns, if
used in the CO analyzer train, should
be checked at a frequency consistent
with observed column life or when the
indicator of the column packing begins
to show deterioration.

(i) For equipment not addressed in
§§ 92.116 through 92.122 calibrations
shall be performed at least as often as
required by the equipment manufac-
turer or as necessary according to good
practices. The calibrations shall be
performed in accordance with proce-

dures specified by the equipment man-
ufacturer.

(j) Where testing is conducted inter-
mittently, calibrations are not re-
quired during period in which no test-
ing is conducted, provided that times
between the most recent calibrations
and the date of any test does not ex-
ceed the calibration period. For exam-
ple, if it has been more than one month
since the analyzers have been cali-
brated (as specified in paragraph (c) of
this section) then they must be cali-
brated prior to the start of testing.

§ 92.116 Engine output measurement
system calibrations.

(a) General requirements for dynamom-
eter calibration. (1) The engine flywheel
torque and engine speed measurement
transducers shall be calibrated with
the calibration equipment described in
this section.

(2) The engine flywheel torque feed-
back signals to the cycle verification
equipment shall be electronically
checked before each test, and adjusted
as necessary.

(3) Other engine dynamometer sys-
tem calibrations shall be performed as
dictated by good engineering practice.

(4) When calibrating the engine
flywheel torque transducer, any lever
arm used to convert a weight or a force
through a distance into a torque shall
be used in a horizontal position (±5 de-
grees).

(5) Calibrated resistors may not be
used for engine flywheel torque trans-
ducer calibration, but may be used to
span the transducer prior to engine
testing.

(b) Dynamometer calibration equip-
ment—(1) Torque calibration equipment.
Two techniques are allowed for torque
calibration. Alternate techniques may
be used if shown to yield equivalent ac-
curacies. The NIST ‘‘true’’ value
torque is defined as the torque cal-
culated by taking the product of an
NIST traceable weight or force and a
sufficiently accurate horizontal lever
arm distance, corrected for the hanging
torque of the lever arm.

(i) The lever-arm dead-weight tech-
nique involves the placement of known
weights at a known horizontal distance
from the center of rotation of the
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torque measuring device. The equip-
ment required is:

(A) Calibration weights. A minimum of
six calibration weights for each range
of torque measuring device used are re-
quired. The weights must be approxi-
mately equally spaced and each must
be traceable to NIST weights within 0.1
percent. Laboratories located in for-
eign countries may certify calibration
weights to local government bureau
standards. Certification of weight by
state government Bureau of Weights
and Measures is acceptable. Effects of
changes in gravitational constant at
the test site may be accounted for if
desired.

(B) Lever arm. A lever arm with a
minimum length of 24 inches is re-
quired. The horizontal distance from
the centerline of the engine torque
measurement device to the point of
weight application shall be accurate to
within ±0.10 inches. The arm must be
balanced, or the hanging torque of the
arm must be known to within ±0.1 ft-
lbs.

(ii) The transfer technique involves
the calibration of a master load cell
(i.e., dynamometer case load cell). This
calibration can be done with known
calibration weights at known hori-
zontal distances, or by using a hydrau-
lically actuated precalibrated master
load cell. This calibration is then
transferred to the flywheel torque
measuring device. The technique in-
volves the following steps:

(A) A master load cell shall be either
precalibrated or be calibrated per para-
graph (b)(1)(i)(A) of this section with
known weights traceable to NIST with-
in 0.1 percent, and used with the lever
arm(s) specified in this section. The dy-
namometer should be either running or
vibrated during this calibration to
minimize static hysteresis.

(B) Transfer of calibration from the
case or master load cell to the flywheel
torque measuring device shall be per-
formed with the dynamometer oper-
ating at a constant speed. The flywheel
torque measurement device readout
shall be calibrated to the master load
cell torque readout at a minimum of
six loads approximately equally spaced
across the full useful ranges of both
measurement devices. (Note that good
engineering practice requires that both

devices have approximately equal use-
ful ranges of torque measurement.) The
transfer calibration shall be performed
in a manner such that the accuracy re-
quirements of § 92.106(b)(1)(ii) for the
flywheel torque measurement device
readout be met or exceeded.

(iii) Other techniques may be used if
shown to yield equivalent accuracy.

(2) Speed calibration equipment. A 60
(or greater) tooth wheel in combina-
tion with a common mode rejection
frequency counter is considered an ab-
solute standard for engine or dyna-
mometer speed.

(c) Dynamometer calibration. (1) If nec-
essary, follow the manufacturer’s in-
structions for initial start-up and basic
operating adjustments.

(2) Check the dynamometer torque
measurement for each range used by
the following:

(i) Warm up the dynamometer fol-
lowing the equipment manufacturer’s
specifications.

(ii) Determine the dynamometer cali-
bration moment arm. Equipment man-
ufacturer’s data, actual measurement,
or the value recorded from the previous
calibration used for this subpart may
be used.

(iii) Calculate the indicated torque
(IT) for each calibration weight to be
used by:

IT=calibration weight (lb)×calibration
moment arm (ft)

(iv) Attach each calibration weight
specified in paragraph (b)(1)(i)(A) of
this section to the moment arm at the
calibration distance determined in
paragraph (b)(2)(ii)(B) of this section.
Record the power measurement equip-
ment response (ft-lb) to each weight.

(v) For each calibration weight, com-
pare the torque value measured in
paragraph (b)(2)(iv) of this section to
the calculated torque determined in
paragraph (b)(2)(iii) of this section.

(vi) The measured torque must be
within 2 percent of the calculated
torque.

(vii) If the measured torque is not
within 2 percent of the calculated
torque, adjust or repair the system. Re-
peat the steps in paragraphs (b)(2)(i)
through (b)(2)(vi) of this section with
the adjusted or repaired system.
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(3) Option. A master load-cell or
transfer standard may be used to verify
the in-use torque measurement system.

(i) The master load-cell and read out
system must be calibrated with
weights at each test weight specified in
paragraph (b)(1)(i)(A) of this section.
The calibration weights must be trace-
able to within 0.1 percent of NIST
weights.

(ii) Warm up the dynamometer fol-
lowing the equipment manufacturer’s
specifications.

(iii) Attach the master load-cell and
loading system.

(iv) Load the dynamometer to a min-
imum of 6 equally spaced torque values
as indicated by the master load-cell for
each in-use range used.

(v) The in-use torque measurement
must be within 2 percent of the torque
measured by the master system for
each load used.

(vi) If the in-use torque is not within
2 percent of the master torque, adjust
or repair the system. Repeat steps in
paragraphs (b)(3)(ii) through (b)(3)(vi)
of this section with the adjusted or re-
paired system.

(4) The dynamometer calibration
must be completed within 2 hours from
the completion of the dynamometer
warm-up.

(d) Electrical load banks. Equipment
used to measure the electrical power
output dissipated by electrical load
banks shall be calibrated as frequently
as required by § 92.115, using a calibra-
tion procedure that is consistent with
good engineering practice and approved
by the Administrator.

§ 92.117 Gas meter or flow instrumen-
tation calibration, particulate meas-
urement.

(a) Sampling for particulate emis-
sions requires the use of gas meters or
flow instrumentation to determine
flow through the particulate filters.
These instruments shall receive initial
and monthly calibrations as follows:

(1)(i) Install a calibration device in
series with the instrument. A critical
flow orifice, a bellmouth nozzle, or a
laminar flow element or an NIST trace-
able flow calibration device is required
as the standard device.

(ii) The flow system should be
checked for leaks between the calibra-

tion and sampling meters, including
any pumps that may be part of the sys-
tem, using good engineering practice.

(2) Flow air through the calibration
system at the sample flow rate used for
particulate testing and at the
backpressure which occurs during the
sample test.

(3) When the temperature and pres-
sure in the system have stabilized,
measure the indicated gas volume over
a time period of at least five minutes
or until a gas volume of at least ±1 per-
cent accuracy can be determined by
the standard device. Record the sta-
bilized air temperature and pressure
upstream of the instrument and as re-
quired for the standard device.

(4) Calculate air flow at standard
conditions as measured by both the
standard device and the instrument(s).

(5) Repeat the procedures of para-
graphs (a)(2) through (4) of this section
using at least two flow rates which
bracket the typical operating range.

(6) If the air flow at standard condi-
tions measured by the instrument dif-
fers by ±1.0 percent of the maximum
operating range or ±2.0 percent of the
point (whichever is smaller), then a
correction shall be made by either of
the following two methods:

(i) Mechanically adjust the instru-
ment so that it agrees with the calibra-
tion measurement at the specified flow
rates using the criteria of paragraph
(a)(6) of this section; or

(ii) Develop a continuous best fit
calibration curve for the instrument
(as a function of the calibration device
flow measurement) from the calibra-
tion points to determine corrected
flow. The points on the calibration
curve relative to the calibration device
measurements must be within ±1.0 per-
cent of the maximum operating range
of ±2.0 percent of the point through the
filter.

(b) Other systems. A bell prover may
be used to calibrate the instrument if
the procedure outlined in ANSI B109.1–
1992 (incorporated by reference at § 92.5)
is used. Prior approval by the Adminis-
trator is not required to use the bell
prover.
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§ 92.118 Analyzer checks and calibra-
tions.

(a)(1) Prior to initial use and after
major repairs, bench check each ana-
lyzer for compliance with the specifica-
tions of § 92.109.

(2) The periodic calibrations are re-
quired:

(i) Leak check of the pressure side of
the system (see paragraph (b) of this
section). If the option described in
paragraph (b)(2) of this section is used,
a pressure leak check is not required.

(ii) Calibration of all analyzers (see
§§ 92.119 through 92.122).

(iii) Check of the analysis system re-
sponse time (see paragraph (c) of this
section). If the option described in
paragraph (c)(2) of this section is used,
a response time check is not required.

(b) Leak checks—(1) Vacuum side leak
check. (i) Any location within the anal-
ysis system where a vacuum leak could
affect the test results must be checked.

(ii) The maximum allowable leakage
rate on the vacuum side is 0.5 percent
of the in-use flow rate for the portion
of the system being checked. the ana-
lyzer flows and bypass flows may be
used to estimate the in-use flow rates.

(iii) The sample probe and the con-
nection between the sample probe and
valve V2 may be excluded from the
leak check.

(2) Pressure side leak check. (i) The
maximum allowable leakage rate on
the pressure side in 5 percent of the in-
use flow rate.

(ii) Option: If the flow rate for each
flow meter is equal to or greater than
the flow rate recorded in paragraph
(c)(2)(i) of this section, then a pressure
side leak check is not required.

(c) System response time; check proce-
dure. (1) After any major change in the
system, check the system response
time by the following procedure:

(i) Stabilize the operating tempera-
ture of the sample line, sample pump,
and heated filters.

(ii) Introduce an HC span gas into the
sampling system at the sample probe
or valve V2 at atmospheric pressure.
Simultaneously, start the time meas-
urement.

(iii) When the HC instrument re-
sponse is 95 percent of the span gas

concentration used, stop the time
measurement.

(iv) If the elapsed time is more than
20.0 seconds, make necessary adjust-
ments.

(v) Repeat with the CO, CO2, and NOX

instruments and span gases.
(2) Option. If the following param-

eters are determined, the initial sys-
tem response time may be generally
applied to future checks:

(i) Analyzer and bypass flow rates. (A)
Determine by experimentation the
minimum analyzer and bypass flow
rates individually and in combination
that will produce a response time as
close as possible to 20.0 seconds per
paragraph (c)(1) of this section.

(B) Record the highest minimum flow
rate for each flow meter as determined
in paragraph (c)(2)(i)(A) of this section.

(ii) Capillary flow analyzers. This pro-
cedure is applicable only to analyzers
that have sample capillaries such as
the HFID and CL analyzers. It is also
assumed that the system has sample/
span valves that perform the function
of valves V9 and V13 in.

(A) Operate the analyzer(s) at the in-
use capillary pressure.

(B) Adjust the bypass flow rate to the
flow rate recorded in paragraph
(c)(2)(i)(B) of this section.

(C) Measure and record the response
time from the sample/span valve(s) per
paragraph (c)(1) of this section.

(D) The response time required by
paragraph (c)(2)(ii)(C) of this section
can be determined by switching from
the ‘‘sample’’ position to the ‘‘span’’
position of the sample/span valve and
observing the analyzer response on a
chart recorder. Normally, the ‘‘sam-
ple’’ position would select a ‘‘room air’’
sample and the ‘‘span’’ position would
select a span gas.

(E) Adjust the bypass flow rate to the
normal in-use value.

(F) Measure and record the response
time from the sample/span valve(s) per
paragraph (c)(1) of this section.

(G) Determine the slowest response
time (step in paragraph (c)(2)(ii)(C) of
this section or step in paragraph
(c)(2)(ii)(D) of this section) and add 2
seconds to it.

VerDate 06<OCT>99 08:01 Oct 07, 1999 Jkt 183150 PO 00000 Frm 00436 Fmt 8010 Sfmt 8010 Y:\SGML\183150T.XXX pfrm02 PsN: 183150T



437

Environmental Protection Agency § 92.119

§ 92.119 Hydrocarbon analyzer calibra-
tion.

The HFID hydrocarbon analyzer shall
receive the following initial and peri-
odic calibration:

(a) Initial and periodic optimization of
detector response. Prior to introduction
into service and at least annually
thereafter, the HFID hydrocarbon ana-
lyzer shall be adjusted for optimum hy-
drocarbon response. Alternate methods
yielding equivalent results may be
used, if approved in advance by the Ad-
ministrator.

(1) Follow good engineering practices
for initial instrument start-up and
basic operating adjustment using the
appropriate fuel (see § 92.112) and zero-
grade air.

(2) Optimize on the most common op-
erating range. Introduce into the ana-
lyzer a propane-in-air mixture with a
propane concentration equal to ap-
proximately 90 percent of the most
common operating range.

(3) HFID optimization is performed:
(i) According to the procedures out-

lined in Society of Automotive Engi-
neers (SAE) paper No. 770141, ‘‘Optimi-
zation of Flame Ionization Detector for
Determination of Hydrocarbons in Di-
luted Automobile Exhaust’’, author,
Glenn D. Reschke (incorporated by ref-
erence at § 92.5); or

(ii) According to the following proce-
dures:

(A) If necessary, follow manufactur-
er’s instructions for instrument start-
up and basic operating adjustments.

(B) Set the oven temperature 5 °C
hotter than the required sample-line
temperature. Allow at least one-half
hour after the oven has reached tem-
perature for the system to equilibrate.

(C) Initial fuel flow adjustment. With
the fuel and air-flow rates set at the
manufacturer’s recommendations, in-
troduce a 350 ppmC ±75 ppmC span gas
to the detector. Determine the re-
sponse at a given fuel flow from the dif-
ference between the span-gas response
and the zero-gas response. Incremen-
tally adjust the fuel flow above and
below the manufacturer’s specification.
Record the span and zero response at
these fuel flows. A plot of the dif-
ference between the span and zero re-
sponse versus fuel flow will be similar
to the one shown in Figure B119–1 of

this section. Adjust the fuel-flow rate
to the rich side of the curve, as shown.
This is initial flow-rate setting and
may not be the final optimized flow
rate.

(D) Oxygen interference optimization.
Choose a range where the oxygen inter-
ference check gases (see § 92.112) will
fall in the upper 50 percent. Conduct
this test with the oven temperature set
as required. Oxygen interference check
gas specifications are found in § 92.112.

(1) Zero the analyzer.
(2) Span the analyzer with the 21-per-

cent oxygen blend.
(3) Recheck zero response. If it has

changed more than 0.5 percent of full
scale repeat paragraphs (a)(3)(ii)(D) (1)
and (2) of this section.

(4) Introduce the 5 percent and 10 per-
cent oxygen interference check gases.

(5) Recheck the zero response. If it
has changed more ±1 percent of full
scale, repeat the test.

(6) Calculate the percent of oxygen
interference (%O2I) for each mixture in
step in paragraph (a)(3)(ii)(D)(4) of this
section.

Percent O2I=((B-Analyzer response
(ppmC))/B)×(100)

Analyzer response=((A)/(Percent of
full-scale analyzer response due to
A))×(Percent of full-scale analyzer re-
sponse due to B)

Where:
A=hydrocarbon concentration (ppmC) of the

span gas used in step in paragraph
(a)(3)(ii)(D)(2) of this section.

B=hydrocarbon concentration (ppmC) of the
oxygen interference check gases used in
step in paragraph (a)(3)(ii)(D)(4) of this sec-
tion.

(7) The percent of oxygen inter-
ference (%O2I) must be less than ±3.0
percent for all required oxygen inter-
ference check gases prior to testing.

(8) If the oxygen interference is
greater than the specifications, incre-
mentally adjust the air flow above and
below the manufacturer’s specifica-
tions, repeating paragraphs (a)(3)(ii)(D)
(1) through (7) of this section for each
flow.

(9) If the oxygen interference is
greater than the specification after ad-
justing the air flow, vary the fuel flow
and thereafter the sample flow, repeat-
ing paragraphs (a)(3)(ii)(D) (1) through
(7) of this section for each new setting.
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(10) If the oxygen interference is still
greater than the specifications, repair
or replace the analyzer, FID fuel, or
burner air prior to testing. Repeat this
section with the repaired or replaced
equipment or gases.

(E) Linearity check. For each range
used, check linearity as follows:

(1) With the fuel flow, air flow and
sample flow adjust to meet the oxygen
interference specification, zero the an-
alyzer.

(2) Span the analyzer using a calibra-
tion gas that will provide a response of
approximately 90 percent of full-scale
concentration.

(3) Recheck the zero response. If it
has changed more than 0.5 percent of
full scale, repeat steps in paragraphs
(a)(3)(ii)(E) (1) and (2) of this seciton.

(4) Record the response of calibration
gases having nominal concentrations of
30, 60, and 90 percent of full-scale con-
centration. It is permitted to use addi-
tional concentrations.

(5) Perform a linear least square re-
gression on the data generated. Use an
equation of the form y = mx, where x is
the actual chart deflection and y is the
concentration.

(6) Use the equation z = y/m to find
the linear chart deflection (z) for each
calibration gas concentration (y).

(7) Determine the linearity (%L) for
each calibration gas by:

Percent L=(100)(z¥x)/(Full-scale linear
chart deflection)

(8) The linearity criterion is met if
the %L is less than ±2 percent for each
data point generated. Below 40 ppmC
the linearity criterion may be ex-
panded to ±4 percent. For each emis-
sion test, a calibration curve of the
form y = mx is to be used. The slope
(m) is defined for each range by the
spanning process.

(9) If the %L for any point exceeds
the specifications in step in paragraph

(a)(3)(ii)(E)(8) of this section, the air
fuel, and sample-flow rates may be var-
ied within the boundaries of the oxygen
interference specifications.

(10) If the %L for any data point still
exceeds the specifications, repair or re-
place the analyzer, FID fuel, burner
air, or calibration bottles prior to test-
ing. Repeat the procedures of this sec-
tion with the repaired or replaced
equipment or gases.

(F) Optimized flow rates. The fuel-flow
rate, air-flow rate and sample-flow rate
and sample-flow rate are defined as
‘‘optimized’’ at this point.

(iii) Alternative procedures may be
used if approved in advance by the Ad-
ministrator.

(4) After the optimum flow rates have
been determined they are recorded for
future reference.

(b) Initial and periodic calibration.
Prior to introduction into service and
monthly thereafter, the HFID hydro-
carbon analyzer shall be calibrated on
all normally used instrument ranges.
Use the same flow rate and pressures as
when analyzing samples. Calibration
gases shall be introduced directly at
the analyzer.

(1) Adjust analyzer to optimize per-
formance.

(2) Zero the hydrocarbon analyzer
with zero-grade air.

(3) Calibrate on each used operating
range with propane-in-air calibration
gases having nominal concentrations of
15, 30, 45, 60, 75 and 90 percent of that
range. For each range calibrated, if the
deviation from a least-squares best-fit
straight line is 2 percent or less of the
value at each data point, concentration
values may be calculated by use of sin-
gle calibration factor for that range. If
the deviation exceeds 2 percent at any
point, the best-fit non-linear equation
which represents the data to within 2
percent of each test point shall be used
to determine concentration.
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Figure to § 92.119
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§ 92.120 NDIR analyzer calibration and
checks.

(a) NDIR water rejection ratio check.
(1) Zero and span the analyzer on the
lowest range that will be used.

(2) Introduce a saturated mixture of
water and zero gas at room tempera-
ture directly to the analyzer.

(3) Determine and record the ana-
lyzer operating pressure (GP) in abso-
lute units in Pascal. Gauges G3 and G4
may be used if the values are converted
to the correct units.

(4) Determine and record the tem-
perature of the zero-gas mixture.

(5) Record the analyzers’ response
(AR) in ppm to the saturated zero-gas
mixture.

(6) For the temperature recorded in
paragraph (a)(4) of this section, deter-
mine the saturation vapor pressure.

(7) Calculate the water concentration
(Z) in the mixture from:

Z=(PWB/GP)(106)

(8) Calculate the water rejection
ratio (WRR) from:

WRR=(Z/AR)

(b) NDIR CO2 rejection ratio check. (1)
Zero and span the analyzer on the low-
est range that will be used.

(2) Introduce a CO2 calibration gas of
at least 10 percent CO2 or greater to
the analyzer.

(3) Record the CO2 calibration gas
concentration in ppm.

(4) Record the analyzers’ response
(AR) in ppm to the CO2 calibration gas.

(5) Calculate the CO2 rejection ratio
(CO2RR) from:

CO2RR=(ppm CO2)/AR

(c) NDIR analyzer calibration. (1) De-
tector optimization. If necessary, fol-
low the manufacturer’s instructions for
initial start-up and basic operating ad-
justments.

(2) Calibration curve. Develop a cali-
bration curve for each range used as
follows:

(i) Zero the analyzer.
(ii) Span the analyzer to give a re-

sponse of approximately 90 percent of
full-scale chart deflection.

(iii) Recheck the zero response. If it
has changed more than 0.5 percent of
full scale, repeat steps in paragraphs
(c)(2)(i) and (c)(2)(ii) of this section.

(iv) Record the response of calibra-
tion gases having nominal concentra-
tions of 15, 30, 45, 60, 75, and 90 percent
of full-scale concentration.

(v) Generate a calibration curve. The
calibration curve shall be of fourth
order or less, have five or fewer coeffi-
cients, and be of the form of equation
(1) or (2). Include zero as a data point.
Compensation for known impurities in
the zero gas can be made to the zero-
data point. The calibration curve must
fit the data points within 2 percent of
point or 1 percent of full scale, which-
ever is less. Equations (1) and (2) fol-
low:

y = Ax4 = Bx3 = Cx2 = Dx = E (1)
y = x/(Ax4 = Bx3 = Cx2 = Dx = E) (2)

where:
y = concentration.
x = chart deflection.

(vi) Option. A new calibration curve
need not be generated if:

(A) A calibration curve conforming
to paragraph (c)(2)(v) of this section ex-
ists;

(B) The responses generated in para-
graph (c)(2)(iv) of this section are with-
in 1 percent of full scale or 2 percent of
point, whichever is less, of the re-
sponses predicted by the calibration
curve for the gases used in paragraph
(c)(2)(iv) of this section.

(vii) If multiple range analyzers are
used, only the lowest range must meet
the curve fit requirements below 15
percent of full scale.

(3) If any range is within 2 percent of
being linear a linear calibration may
be used. To determine if this criterion
is met:

(i) Perform a linear least-square re-
gression on the data generated. Use an
equation of the form y=mx, where x is
the actual chart deflection and y is the
concentration.

(ii) Use the equation z=y/m to find
the linear chart deflection (z) for each
calibration gas concentration (y).

(iii) Determine the linearity (%L) for
each calibration gas by:

Percent L=(100)(z¥x)/(Full-scale chart
deflection)

(iv) The linearity criterion is met if
the %L is less than ±2 percent for each
data point generated. For each emis-
sion test, a calibration curve of the
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form y=mx is to be used. The slope (m)
is defined for each range by the span-
ning process.

§ 92.121 Oxides of nitrogen analyzer
calibration and check.

(a) Quench checks; NOX analyzer. (1)
Perform the reaction chamber quench
check for each model of high vacuum
reaction chamber analyzer prior to ini-
tial use.

(2) Perform the reaction chamber
quench check for each new analyzer
that has an ambient pressure or ‘‘soft
vacuum’’ reaction chamber prior to ini-
tial use. Additionally, perform this
check prior to reusing an analyzer of
this type any time any repairs could
potentially alter any flow rate into the
reaction chamber. This includes, but is
not limited to, sample capillary, ozone
capillary, and if used, dilution cap-
illary.

(3) Quench check as follows:
(i) Calibrate the NOX analyzer on the

lowest range that will be used for test-
ing.

(ii) Introduce a mixture of CO2 cali-
bration gas and NOX calibration gas to
the CL analyzer. Dynamic blending
may be used to provide this mixture.
Dynamic blending may be accom-
plished by analyzing the CO2 in the
mixture. The change in the CO2 value
due to blending may then be used to
determine the true concentration of
the NOX in the mixture. The CO2 con-
centration of the mixture shall be ap-
proximately equal to the highest con-
centration experienced during testing.
Record the response.

(iii) Recheck the calibration. If it has
changed more than ±1 percent of full
scale, recalibrate and repeat the
quench check.

(iv) Prior to testing, the difference
between the calculated NOX response
and the response of NOX in the presence
of CO2 (step in paragraph (a)(3)(ii) of
this section must not be greater than
3.0 percent of full-scale. The calculated
NOX response is based on the calibra-
tion performed in step in paragraph
(a)(3)(i) this section.

(b) Oxides of nitrogen analyzer calibra-
tion. (1) Every 30 days, perform a con-
verter-efficiency check (see paragraph
(b)(2) of this section) and a linearity

check (see paragraph (b)(3) of this sec-
tion).

(2) Converter-efficiency check. The
apparatus described and illustrated in
Figure B121–1 of this section is to be
used to determine the conversion effi-
ciency of devices that convert NO2 to
NO. The following procedure is to be
used in determining the values to be
used in the equation below:

(i) Follow the manufacturer’s in-
structions for instrument startup and
operation.

(ii) Zero the oxides of nitrogen ana-
lyzer.

(iii) Connect the outlet of the NOX

generator to the sample inlet of the ox-
ides of nitrogen analyzer which has
been set to the most common operating
range.

(iv) Introduce into the NOX gener-
ator-analyzer system a span gas with a
NO concentration equal to approxi-
mately 80 percent of the most common
operating range. The NO2 content of
the gas mixture shall be less than 5
percent of the NOX concentration.

(v) With the oxides of nitrogen ana-
lyzer in the NO Mode, record the con-
centration of NO indicated by the ana-
lyzer.

(vi) Turn on the NOX generator O2 (or
air) supply and adjust the O2 (or air)
flow rate so that the NO indicated by
the analyzer is about 10 percent less
than indicated in step in paragraph
(b)(2)(v) of this section. Record the con-
centration of NO in this NO = O2 mix-
ture.

(vii) Switch the NOX generator to the
generation mode and adjust the genera-
tion rate so that the NO measured on
the analyzer is 20 percent of that meas-
ured in step in paragraph (b)(2)(v) of
this section. There must be at least 10
percent unreacted NO at this point.
Record the concentration of residual
NO.

(viii) Switch the oxides of nitrogen
analyzer to the NOX mode and measure
total NOX. Record this value.

(ix) Switch off the NOX generation,
but maintain gas flow through the sys-
tem. The oxides of nitrogen analyzer
will indicate the total NOX in the NO =
O2 mixture. Record this value.

(x) Turn off the NOX generator O2 (or
air) supply. The analyzer will now indi-
cate the total NOX in the original NO
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in N2 mixture. This value should be no
more than 5 percent above the value in-
dicated in step in paragraph (b)(2)(iv)
of this section.

(xi) Calculate the efficiency of the
NOX converter by substituting the con-
centrations obtained into the following
equation:

(A) Percent Efficiency=(1=(a¥b)/
(c¥d))(100)

where:

a=concentration obtained in paragraph
(b)(2)(viii) of this section.

b=concentration obtained in paragraph
(b)(2)(ix) of this section.

c=concentration obtained in paragraph
(b)(2)(vi) of this section.

d=concentration obtained in paragraph
(b)(2)(vii) of this section.

(B) The efficiency of the converter
shall be greater than 90 percent. Ad-
justment of the converter temperature
may be necessary to maximize the effi-
ciency. If the converter does not meet
the conversion-efficiency specifica-
tions, repair or replace the unit prior
to testing. Repeat the procedures of
this section with the repaired or new
converter.

(3) Linearity check. For each range
used, check linearity as follows:

(i) With the operating parameters ad-
justed to meet the converter efficiency
check and the quench checks, zero the
analyzer.

(ii) Span the analyzer using a calibra-
tion gas that will give a response of ap-
proximately 90 percent of full-scale
concentration.

(iii) Recheck the zero response. If it
has changed more than 0.5 percent of
full scale, repeat steps in paragraphs
(b)(3)(i) and (b)(3)(ii) of this section.

(iv) Record the response of calibra-
tion gases having nominal concentra-
tions of 30, 60 and 90 percent of full-
scale concentration. It is permitted to
use additional concentrations.

(v) Perform a linear least-square re-
gression on the data generated. Use an
equation of the form y=mx where x is
the actual chart deflection and y is the
concentration.

(vi) Use the equation z=y/m to find
the linear chart deflection (z) for each
calibration gas concentration (y).

(vii) Determine the linearity (%L) for
each calibration gas by:

Percent L=(100)(z¥x)/(Full-scale chart
deflection)

(viii) The linearity criterion is met if
the %L is less than ±2 percent of each
data point generated. For each emis-
sion test, a calibration curve of the
form y=mx is to be used. The slope (m)
is defined for each range by the span-
ning process.

(ix) If the %L exceeds ±2 percent for
any data point generated, repair or re-
place the analyzer or calibration bot-
tles prior to testing. Repeat the proce-
dures of this section with the repaired
or replaced equipment or gases.

(x) Perform a converter-efficiency
check (see paragraph (b)(2) of this sec-
tion).

(xi) The operating parameters are de-
fined as ‘‘optimized’’ at this point.

(4) Converter checking gas. If the
converter quick-check procedure is to
be employed, paragraph (b)(5) of this
section, a converter checking gas bot-
tle must be named. The following nam-
ing procedure must occur after each
converter efficiency check, paragraph
(b)(2) of this section.

(i) A gas bottle with an NO2 con-
centration equal to approximately 80
percent of the most common operation
range shall be designated as the con-
verter checking gas bottle. Its NO con-
centration shall be less than 25 percent
of its NO2 concentration, on a volume
basis.

(ii) On the most common operating
range, zero and span the analyzer in
the NOX mode. Use a calibration gas
with a concentration equal to approxi-
mately 80 percent of the range for
spanning.

(iii) Introduce the converter check-
ing gas. Analyze and record concentra-
tions in both the NOX mode (X) and NO
mode (Y).

(iv) Calculate the concentration of
the converter checking gas using the
results from step in paragraph
(b)(4)(iii) of this section and the con-
verter efficiency from paragraph (b)(2)
of this section as follows:

Concentration=(((X–Y)(100))/Effi-
ciency)=Y

(5) Converter quick-check.
(i) Span the analyzer in the normal

manner (NOX mode) for the most com-
mon operating range.

VerDate 06<OCT>99 08:01 Oct 07, 1999 Jkt 183150 PO 00000 Frm 00442 Fmt 8010 Sfmt 8010 Y:\SGML\183150T.XXX pfrm02 PsN: 183150T



443

Environmental Protection Agency § 92.121

(ii) Analyze the converter checking
gas in the NOX mode, record the con-
centration.

(iii) Compare the observed concentra-
tion with the concentration assigned
under the procedure in paragraph (b)(4)
of this section. If the observed con-
centration is equal to or greater than
90 percent of the assigned concentra-
tion, the converter operation is satis-
factory.

(c) Initial and periodic calibration.
Prior to its introduction into service
and monthly thereafter, the
chemiluminescent oxides of nitrogen
analyzer shall be calibrated on all nor-
mally used instrument ranges. Use the
same flow rate as when analyzing sam-
ples. Proceed as follows:

(1) Adjust analyzer to optimize per-
formance.

(2) Zero the oxides of nitrogen ana-
lyzer with zero-grade air or zero-grade
nitrogen.

(3) Calibrate on each normally used
operating range with NO-in-N2 calibra-

tion gases with nominal concentrations
of 15, 30, 45, 60, 75 and 90 percent of that
range. For each range calibrated, if the
deviation from a least-squares best-fit
straight line is 2 percent or less of the
value at each data point, concentration
values may be calculated by use of a
single calibration factor for that range.
If the deviation exceeds 2 percent at
any point, the best-fit non-linear equa-
tion which represents the data to with-
in 2 percent of each test point shall be
used to determine concentration.

(d) If a stainless steel NO2 to NO con-
verter is used, condition all new or re-
placement converters. The condi-
tioning consists of either purging the
converter with air for a minimum of 4
hours or until the converter efficiency
is greater than 90 percent. The con-
verter must be at operational tempera-
ture while purging. Do not use this pro-
cedure prior to checking converter effi-
ciency on in-use converters.
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Figure to § 92.121
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§ 92.122 Smoke meter calibration.
The smokemeter shall be checked ac-

cording to the following procedure
prior to each test:

(a) The zero control shall be adjusted
under conditions of ‘‘no smoke’’ to give
a recorder or data collection equip-
ment response of zero;

(b) Calibrated neutral density filters
having approximately 10, 20, and 40 per-
cent opacity shall be employed to
check the linearity of the instrument.
The filter(s) shall be inserted in the
light path perpendicular to the axis of
the beam and adjacent to the opening
from which the beam of light from the
light source emanates, and the re-
corder response shall be noted. Filters
with exposed filtering media should be
checked for opacity every six months;
all other filters shall be checked every
year, using NIST or equivalent ref-
erence filters. Deviations in excess of 1
percent of the nominal opacity shall be
corrected.

§ 92.123 Test procedure; general re-
quirements.

(a) The locomotive/locomotive engine
test procedure is designed to determine
the brake specific emissions of hydro-
carbons (HC, total or non-methane as
applicable), total hydrocarbon equiva-
lent (THCE) and aldehydes (as applica-
ble), carbon monoxide (CO), oxides of
nitrogen (NOX), and particulates, and
the opacity of smoke emissions. The
test procedure consists of measure-
ments of brake specific emissions and
smoke opacity at each throttle posi-
tion and of measurements of smoke
opacity during each change in throttle
position as engine power is increased.
If less than 2 percent of the total ex-
haust flow is removed for gaseous and
particulate sampling in notches 1
through 8, and if less than 4 percent of
the total exhaust flow is removed for
gaseous and particulate sampling at
idle and dynamic brake, all measure-
ments of gaseous, particulate and
smoke emissions may be performed
during one test sequence. If more than
2 percent, or 4 percent as applicable, of
the total exhaust is removed for gas-
eous and particulate sampling, meas-
urements of gaseous, and particulate
emissions are performed during one
test sequence, and a second test se-

quence is performed for the measure-
ment of smoke.

(1) In the raw exhaust sampling pro-
cedure, sample is collected directly
from the exhaust stream during each
throttle setting. Particulates are col-
lected on filters following dilution with
ambient air of another raw exhaust
sample. The fuel flow rate for each
throttle setting is measured.

(2) For locomotives with multiple ex-
haust stacks, smoke testing is only re-
quired for one of the exhaust stacks
provided the following conditions are
met:

(i) The stack that is not tested is not
visibly smokier than the stack that is
tested; and

(ii) None of the measured opacity
values for the stack tested are not
greater than three-quarters of the level
allowed by any of the applicable smoke
standards.

(b) The test consists of prescribed se-
quences of engine operating conditions
(see §§ 92.124 and 92.126) to be conducted
either on a locomotive; or with the en-
gine mounted on an engine dynamom-
eter, or attached to a locomotive alter-
nator/generator.

(1) Locomotive testing. (i) The elec-
trical power output produced by the al-
ternator/generator at each throttle set-
ting is recorded as measurements of ei-
ther the wattmeter or the output volt-
age, phase angle, and current flow
through the electrical resistance bank.

(ii) The locomotive fuel supply sys-
tem shall be disconnected and a system
capable of measuring the net rate at
which fuel is supplied to the engine (ac-
counting for fuel recycle) shall be con-
nected.

(2) Engine testing. (i) When the test is
performed using a dynamometer, en-
gine torque and rpm shall be recorded
during each throttle setting.

(ii) The complete engine shall be
tested, with all emission control de-
vices, and charge air cooling equip-
ment installed and functioning.

(iii) On air-cooled engines, the engine
cooling fan shall be installed.

(iv) Additional accessories (e.g., air
compressors) shall be installed or their
loading simulated if typical of the in-
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use application. In the case of simu-
lated accessory loadings, the manufac-
turer shall make available to the Ad-
ministrator documentation which
shows that the simulated loading is
representative of in-use operation.
Power for accessories necessary to op-
erate the engine (such as fuel pumps)
shall be treated as parasitic losses and
would not be included in the engine
power output for purposes of calcu-
lating brake specific emissions.

(v) The engine may be equipped with
a production type starter.

(vi) Means of engine cooling shall be
used which will maintain the engine
operating temperatures (e.g., tempera-
tures of intake air downstream of
charge air coolers, oil, water, etc.) at
approximately the same temperature
as would occur in a locomotive at each
test point under the equivalent ambi-
ent conditions. In the case of engine in-
take air after compression and cooling
in the charge air cooler(s), the tem-
perature of the air entering the engine
shall be within ±5 °F, at each test
point, of the typical temperatures oc-
curring in locomotive operations under
ambient conditions represented by the
test. Auxiliary fan(s) may be used to
maintain engine cooling during oper-
ation on the dynamometer. Rust in-
hibitors and lubrication additives may
be used, up to the levels recommended
by the additive manufacturer. If anti-
freeze is to be used in the locomotive
application, antifreeze mixtures and
other coolants typical of those ap-
proved for use in the locomotive may
be used.

(vii) The provisions of paragraph
(b)(1)(i) of this section apply to engine
testing using a locomotive alternator/
generator instead of a dynamometer.

§ 92.124 Test sequence; general re-
quirements.

(a) Air temperature. (1) The tempera-
ture of dilution air for the particulate
sample dilution tunnel shall comply
with the requirements of § 92.114
throughout the test sequence.

(2) For the testing of locomotives and
engines, the ambient (test cell or out-
of-door) air temperature, the tempera-
ture of the engine intake air, and the
temperature of the air which provides

cooling for the engine charge air cool-
ing system shall be between 45 °F (7 °C)
and 105 °F (41 °C) throughout the test
sequence. Manufacturers and remanu-
facturers may test at higher tempera-
tures without approval from the Ad-
ministrator, but no corrections are al-
lowed for the deviations from test con-
ditions.

(b) For the testing of locomotives
and engines, the atmospheric pressure
shall be between 31.0 inches Hg and 26.0
inches Hg throughout the test se-
quence. Manufacturers and remanufac-
turers may test at lower pressures
without approval from the Adminis-
trator, but no corrections are allowed
for the deviations from test conditions.

(c) No control of humidity is required
for ambient air, engine intake air or di-
lution air.

(d) Flow restrictions. (1) Locomotive
testing. Restrictions to the flow of air
into the engine and of exhaust out of
the engine shall be those inherent to
the locomotive. No adjustments or
changes shall be made to these param-
eters. The temperature of the inlet fuel
to the engine shall not exceed 125 °F.

(2) Engine testing. (i) Air inlet and ex-
haust restrictions shall be set to rep-
resent the average restrictions which
would be seen in use in a representa-
tive application.

(ii) Inlet depression and exhaust
backpressure shall be set with the en-
gine operating at rated speed and max-
imum power, i.e., throttle notch 8.

(iii) The locations at which the inlet
depression and exhaust backpressure
are measured shall be specified by the
manufacturer or remanufacturer.

(iv) The settings shall be made dur-
ing the preconditioning.

(e) Pre-test engine measurements
(e.g., idle and throttle notch speeds,
fuel flows, etc.), pre-test engine per-
formance checks (e.g., verification of
engine power, etc.) and pre-test system
calibrations (e.g., inlet and exhaust re-
strictions, etc.) can be done during en-
gine preconditioning, or at the manu-
facturer’s convenience subject to the
requirements of good engineering prac-
tice.

(f) The required test sequence is de-
scribed in Table B124–1 of this section,
as follows:
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TABLE B124–1—TEST SEQUENCE FOR LOCOMOTIVES AND LOCOMOTIVE ENGINES

Mode No. Notch setting Time in notch Emissions measured 2
Power, and fuel

consumption
measured

Warmup ..................... Notch 8 ............................... 5 ± 1 min ............................ None .......................... None.
Warmup ..................... Lowest Idle ......................... 15 min maximum ................ None .......................... None.
1a ............................... Low Idle 1 ............................ 6 min minimum ................... All ............................... Both.
1 ................................. Normal Idle ......................... 6 min minimum ................... All ............................... Both.
2 ................................. Dynamic Brake 1 ................. 6 min minimum ................... All ............................... Both.
3 ................................. Notch 1 ............................... 6 min minimum ................... All ............................... Both.
4 ................................. Notch 2 ............................... 6 min minimum ................... All ............................... Both.
5 ................................. Notch 3 ............................... 6 min minimum ................... All ............................... Both.
6 ................................. Notch 4 ............................... 6 min minimum ................... All ............................... Both.
7 ................................. Notch 5 ............................... 6 min minimum ................... All ............................... Both.
8 ................................. Notch 6 ............................... 6 min minimum ................... All ............................... Both.
9 ................................. Notch 7 ............................... 6 min minimum ................... All ............................... Both.
10 ............................... Notch 8 ............................... 15 min minimum ................. All ............................... Both.

1 Omit if not so equipped.
2 The EPA test sequence for locomotives and locomotive engines may be performed once, with gaseous, particulate and

smoke measurements performed simultaneously, or it may be performed twice with gaseous, and particulate measurements per-
formed during one test sequence and smoke measurements performed during the other test sequence.

§ 92.125 Pre-test procedures and pre-
conditioning.

(a) Locomotive testing. (1) Determine
engine lubricating oil and coolant lev-
els and fill as necessary to manufactur-
ers recommended full levels.

(2) Connect fuel supply system and
purge as necessary; determine that the
fuel to be used during emission testing
is in compliance with the specifica-
tions of § 92.113.

(3) Install instrumentation, engine
loading equipment and sampling equip-
ment as required.

(4) Operate the engine until it has
reached the specified operating tem-
perature.

(b) Engine testing. (1) Determine en-
gine lubricating oil level and fill as
necessary to manufacturers rec-
ommended full level.

(2)(i) Connect fuel supply system and
purge as necessary; determine that the
fuel to be used during emission testing
is in compliance with the specifica-
tions of § 92.113.

(ii) Connect engine cooling system.
(3) Install instrumentation, and sam-

pling equipment as required. Couple
the engine to the dynamometer or lo-
comotive alternator/generator.

(4) Start cooling system.
(5) Operate the engine until it has

reached the specified operating tem-
perature.

(6) Establish that the temperature of
intake air entering the engine after
compression and cooling in the charge
air cooler(s), at each test point, is

within ±5 °F of the temperatures which
occur in locomotive operations at the
ambient temperature represented by
the test.

(c) Both locomotive and engine testing.
(1) Allow a minimum of 30 minutes
warm-up in the stand-by or operating
mode prior to spanning the analyzers.

(2) Replace or clean filter elements
(sampling and analytical systems) as
necessary, and then vacuum leak check
the system, § 92.118. A pressure leak
check is also permitted per § 92.118.
Allow the heated sample line, filters,
and pumps to reach operating tempera-
ture.

(3) Perform the following system
checks:

(i) If a stainless steel NO2 to NO con-
verter is used, purge the converter with
air (zero-grade air, room air, or O2) for
a minimum of 30 minutes. The con-
verter must be at operational tempera-
ture while purging.

(ii) Check the sample system tem-
peratures (see § 92.114).

(iii) Check the system response time
(see § 92.118). System response time
may be applied from the most recent
check of response time if all of the fol-
lowing are met:

(A) The flow rate for each flow meter
is equal to or greater than the flow
rate recorded in § 92.118.

(B) For analyzers with capillaries,
the response time from the sample/span
valve is measured using in-use pres-
sures and bypass flows (see § 92.118).
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(C) The response time measured in
step in paragraph (c)(3)(iii)(B) of this
section is equal to or less than the
slowest response time determined for
Capillary flow analyzers in § 92.118 plus 2
seconds.

(iv) A hang-up check is permitted.
(v) A converter-efficiency check is

permitted. The check need not conform
to § 92.121. The test procedure may be
aborted at this point in the procedure
in order to repair the NO2 to NO con-
verter. If the test is aborted, the con-
verter must pass the efficiency check
described in § 92.121 prior to starting
the test run.

(4) Introduce the zero-grade gases at
the same flow rates and pressures used
to calibrate the analyzers and zero the
analyzers on the lowest anticipated
range that will be used during the test.
Immediately prior to each test, obtain
a stable zero for each anticipated range
that will be used during the test.

(5) Introduce span gases to the in-
struments under the same flow condi-
tions as were used for the zero gases.
Adjust the instrument gains on the
lowest range that will be used to give
the desired value. Span gases should
have a concentration greater than 70
percent of full scale for each range
used. Immediately prior to each test,
record the response to the span gas and
the span-gas concentration for each
range that will be used during the test.

(6) Check the zero responses. If they
have changed more than 0.5 percent of
full scale, repeat paragraphs (c)(4) and
(5) of this section.

(7) Check system flow rates and pres-
sures. Note the values of gauges for ref-
erence during the test.

§ 92.126 Test run.

(a) The following steps shall be taken
for each test:

(1) Prepare the locomotive, engine,
dynamometer, (as applicable) and sam-
pling system for the test. Change fil-
ters, etc. and leak check as necessary.

(2) Connect sampling equipment as
appropriate for the sampling procedure
employed; i.e. raw or dilute (evacuated
sample collection bags, particulate,
and raw exhaust sampling equipment,
particulate sample filters, fuel flow
measurement equipment, etc.).

(3) Start the particulate dilution tun-
nel, the sample pumps, the engine cool-
ing fan(s) (engine dynamometer test-
ing) and the data collection and sam-
pling systems (except particulate sam-
ple collection). The heated components
of any continuous sampling systems(s)
(if applicable) shall be preheated to
their designated operating tempera-
tures before the test begins.

(4) Adjust the sample flow rates to
the desired flow rates and set gas flow
measuring devices to zero (particulate
dilution tunnel).

(5) Read and record all required gen-
eral and pre-test data (i.e., all required
data other than data that can only be
collected during or after the emission
test).

(6) Warm-up the locomotive or loco-
motive engines according to normal
warm-up procedures.

(7) Begin the EPA Test Sequence for
Locomotives and Locomotive Engines
(see § 92.124). Record all required gen-
eral and test data throughout the dura-
tion of the test sequence.

(i) Mark the start of the EPA Test
Sequence for Locomotives and Loco-
motive Engines on all data records.

(ii) Begin emission measurement
after completing the warmup phase of
the EPA Test Sequence for Loco-
motives and Locomotive Engines, as
specified in paragraph (b) of this sec-
tion. Mark the start and end of each
mode on all data records.

(iii) A mode shall be voided where the
requirements of this subpart that apply
to that test mode are not met. This in-
cludes the following:

(A) The data acquisition is termi-
nated prematurely; or

(B) For engine testing, the engine
speed or power output exceeds the tol-
erance bands established for that mode;
or

(C) Measured concentrations exceed
the range of the instrument; or

(D) The test equipment malfunctions.
(iv) Modes within the test sequence

shall be repeated if it is voided during
the performance of the test sequence. A
mode can be repeated by:

(A) Repeating the two preceding
modes and then continuing with the
test sequence, provided that the loco-
motive or engine is not shut down after
the voided test mode; or
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(B) Repeating the preceding mode
and then continuing with the test se-
quence from that point, provided that
the locomotive or engine is not oper-
ated in any mode with lower power
than the preceding mode after the void-
ed test mode. For example, if the Notch
2 mode is voided, then the locomotive
or engine would be returned to Notch 1
while any repairs are made.

(b) Sampling and measurement timing.
(1) Gaseous emissions shall be sampled
and measured continuously.

(2)(i) Sampling of particulate emis-
sions from the raw exhaust (for dilu-
tion) shall be conducted continuously.

(ii) Sampling of particulates from the
diluted exhaust shall begin within ten
seconds after the beginning of each test
mode, and shall end six minutes after
the beginning of each test mode.

(iii) Sampling of CO2 in the dilution
air and diluted exhaust does not need
to be continuous, but the measure-
ments used for the calculations must
be made after the first two minutes of
each mode.

(3) Fuel flow rate shall be measured
continuously. The value reported for
the fuel flow rate shall be a one-minute
average of the instantaneous fuel flow
measurements taken during the last
minute of the minimum sampling pe-
riod listed in Table B124–1 in § 92.124;
except for testing during idle modes,
where it shall be a three-minute aver-
age of the instantaneous fuel flow
measurements taken during the last
three minutes of the minimum sam-
pling period listed in Table B124–1 in
§ 92.124. Sampling periods greater than
one minute, but no greater than three
minutes are allowed for modes 2, 3, and
4, where required by good engineering
practice.

(4) Engine power shall be measured
continuously. The value reported for
the engine power shall be a one-minute
average of the instantaneous power
measurements taken during the last
minute of the minimum sampling pe-
riod listed in Table B124–1 in § 92.124.

(c) Exhaust gas measurements. (1)
Should the analyzer response exceed
100 percent of full scale or respond less
than 15 percent of full scale, the next
higher or lower analyzer range shall be
used.

(2) Each analyzer range that may be
used during a test sequence must have
the zero and span responses recorded
prior to the execution of the test se-
quence. Only the range(s) used to meas-
ure the emissions during a test se-
quence are required to have their zero
and span recorded after the completion
of the test sequence.

(3) It is permitted to change filter
elements between test modes, provided
such changes do not cause a mode to be
voided.

(4) A leak check is permitted between
test modes, provided such changes do
not cause a mode to be voided.

(5) A hang-up check is permitted be-
tween test modes, provided such
changes do not cause a mode to be
voided.

(6) If, during the emission measure-
ment portions of a test, the value of
the gauges downstream of the NDIR
analyzer(s) differs by more than ±2
inches of water from the pretest value,
the test is void.

(7)(i) For bag samples, as soon as pos-
sible transfer the exhaust and dilution
air bag samples to the analytical sys-
tem and process the samples.

(ii) A stabilized reading of the ex-
haust sample bag on all applicable ana-
lyzers shall be made within 20 minutes
of the end of the sample collection
phase of the mode.

§ 92.127 Emission measurement accu-
racy.

(a) Good engineering practice dic-
tates that exhaust emission sample an-
alyzer readings below 15 percent of full
scale chart deflection should generally
not be used.

(b) Some high resolution read-out
systems such as computers, data
loggers, etc., can provide sufficient ac-
curacy and resolution below 15 percent
of full scale. Such systems may be used
provided that additional calibrations
are made to ensure the accuracy of the
calibration curves. The following pro-
cedure for calibration below 15 percent
of full scale may be used:

(1) If a 16-point gas divider is used, 50
percent of the calibration points shall
be below 10 percent of full scale. The
gas divider shall conform to the accu-
racy requirements specified in § 92.112.
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(2) If a 7- or 9-point gas divider is
used, the gas divider shall conform to
the accuracy requirements specified in
§ 92.112, and shall be used according to
the following procedure:

(i) Span the full analyzer range using
a top range calibration gas meeting the
calibration gas accuracy requirements
of § 92.112.

(ii) Generate a calibration curve ac-
cording to, and meeting the applicable
requirements of §§ 92.118 through 92.122.

(iii) Select a calibration gas (a span
gas may be used for calibrating the CO2

analyzer) with a concentration between
the two lowest non-zero gas divider in-
crements. This gas must be ‘‘named’’
to an accuracy of ±1.0 percent (±2.0 per-
cent for CO2 span gas) of NIST gas
standards, or other standards approved
by the Administrator.

(iv) Using the calibration curve fitted
to the points generated in paragraphs
(b)(2)(i) and (ii) of this section, check
the concentration of the gas selected in
paragraph (b)(2)(iii) of this section. The
concentration derived from the curve
shall be within ±2.3 percent (±2.8 per-
cent for CO2 span gas) of the gas’ origi-
nal named concentration.

(v) Provided the requirements of
paragraph (b)(2)(iv) of this section are
met, use the gas divider with the gas
selected in paragraph (b)(2)(iii) of this
section and determine the remainder of
the calibration points. Fit a calibra-
tion curve per §§ 92.118 through 92.122
for the entire analyzer range.

§ 92.128 Particulate handling and
weighing.

(a) At least 1 hour before the test,
place each filter in a closed (to elimi-
nate dust contamination) but unsealed
(to permit humidity exchange) petri
dish and place in a weighing chamber
meeting the specifications of § 92.110(a)
of this section for stabilization.

(b) At the end of the stabilization pe-
riod, weigh each filter on the microbal-
ance. This reading is the tare weight
and must be recorded.

(c) The filter shall then be stored in
a covered petri dish or a sealed filter
holder until needed for testing. If the
filters are transported to a remote test
location, the filter pairs, stored in indi-
vidual petri dishes, should be trans-
ported in sealed plastic bags to prevent

contamination. At the conclusion of a
test run, the filters should be removed
from the filter holder, and placed face
to face in a covered but unsealed petri
dish, with the primary filter placed
face up in the dish. The filters shall be
weighed as a pair. If the filters need to
be transported from a remote test site,
back to the weighing chamber, the
petri dishes should be placed in a
sealed plastic bag to prevent contami-
nation. Care should be taken in trans-
porting the used filters such that they
are not exposed to excessive, sustained
direct sunlight, or excessive handling.

(d) After the emissions test, and after
the sample and back-up filters have
been returned to the weighing room
after being used, they must be condi-
tioned for at least 1 hour but not more
than 80 hours and then weighed. This
reading is the gross weight of the filter
and must be recorded.

(e) The net weight of each filter is its
gross weight minus its tare weight.
Should the sample on the filter contact
the petri dish or any other surface, the
test is void and must be rerun.

(f) The particulate filter weight (Pf)
is the sum of the net weight of the pri-
mary filter plus the net weight of the
backup filter.

(g) The following optional weighting
procedure is permitted:

(1) At the end of the stabilization pe-
riod, weigh both the primary and back-
up filters as a pair. This reading is the
tare weight and must be recorded.

(2) After the emissions test, in re-
moving the filters from the filter hold-
er, the back-up filter is inverted on top
of the primary filter. They must then
be conditioned in the weighing cham-
ber for at least 1 hour but not more
than 80 hours. The filters are then
weighed as a pair. This reading is the
gross weight of the filters (Pf) and
must be recorded.

(3) Paragraphs (a), (c), and (e) of this
section apply to this option, except
that the word ‘‘filter’’ is replaced by
‘‘filters’’.

§ 92.129 Exhaust sample analysis.
(a) The analyzer response may be

read by automatic data collection
(ADC) equipment such as computers,
data loggers, etc. If ADC equipment is
used the following is required:

VerDate 06<OCT>99 08:01 Oct 07, 1999 Jkt 183150 PO 00000 Frm 00450 Fmt 8010 Sfmt 8010 Y:\SGML\183150T.XXX pfrm02 PsN: 183150T



451

Environmental Protection Agency § 92.129

(1) The response complies with
§ 92.130.

(2) The response required in para-
graph (a)(1) of this section may be
stored on long-term computer storage
devices such as computer tapes, stor-
age discs, or they may be printed in a
listing for storage. In either case a
chart recorder is not required and
records from a chart recorder, if they
exist, need not be stored.

(3) If the data from ADC equipment is
used as permanent records, the ADC
equipment and the analyzer values as
interpreted by the ADC equipment are
subject to the calibration specifica-
tions in §§ 92.118 through 92.122, as if the
ADC equipment were part of the ana-
lyzer.

(b) Data records from any one or a
combination of analyzers may be
stored as chart recorder records.

(c) Software zero and span.
(1) The use of ‘‘software’’ zero and

span is permitted. The process of soft-
ware zero and span refers to the tech-
nique of initially adjusting the ana-
lyzer zero and span responses to the
calibration curve values, but for subse-
quent zero and span checks the ana-
lyzer response is simply recorded with-
out adjusting the analyzer gain. The
observed analyzer response recorded
from the subsequent check is mathe-
matically corrected back to the cali-
bration curve values for zero and span.
The same mathematical correction is
then applied to the analyzer’s response
to a sample of exhaust gas in order to
compute the true sample concentra-
tion.

(2) The maximum amount of software
zero and span mathematical correction
is ±10 percent of full scale chart deflec-
tion.

(3) Software zero and span may be
used to switch between ranges without
adjusting the gain of the analyzer.

(4) The software zero and span tech-
nique may not be used to mask ana-
lyzer drift. The observed chart deflec-
tion before and after a given time pe-
riod or event shall be used for com-
puting the drift. Software zero and
span may be used after the drift has
been computed to mathematically ad-
just any span drift so that the ‘‘after’’
span check may be transformed into

the ‘‘before’’ span check for the next
mode.

(d) For sample analysis perform the
following sequence:

(1) Warm-up and stabilize the ana-
lyzers; clean and/or replace filter ele-
ments, conditioning columns (if used),
etc., as necessary.

(2) Leak check portions of the sam-
pling system that operate at negative
gauge pressures when sampling, and
allow heated sample lines, filters,
pumps, etc., to stabilize at operating
temperature.

(3) Optional: Perform a hang-up
check for the HFID sampling system:

(i) Zero the analyzer using zero air
introduced at the analyzer port.

(ii) Flow zero air through the over-
flow sampling system, where an over-
flow system is used. Check the ana-
lyzer response.

(iii) If the overflow zero response ex-
ceeds the analyzer zero response by 2
percent or more of the HFID full-scale
deflection, hang-up is indicated and
corrective action must be taken.

(iv) The complete system hang-up
check specified in paragraph (f) of this
section is recommended as a periodic
check.

(4) Obtain a stable zero reading.
(5) Zero and span each range to be

used on each analyzer used prior to the
beginning of the test sequence. The
span gases shall have a concentration
between 75 and 100 percent of full scale
chart deflection. The flow rates and
system pressures shall be approxi-
mately the same as those encountered
during sampling. The HFID analyzer
shall be zeroed and spanned through
the overflow sampling system, where
an overflow system is used.

(6) Re-check zero response. If this
zero response differs from the zero re-
sponse recorded in paragraph (d)(5) of
this section by more than 1 percent of
full scale, then paragraphs (d) (4), (5),
and (6) of this section should be re-
peated.

(7) If a chart recorder is used, iden-
tify and record the most recent zero
and span response as the pre-analysis
values.

(8) If ADC equipment is used, elec-
tronically record the most recent zero
and span response as the pre-analysis
values.
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(9) Measure (or collect a sample of)
the emissions continuously during each
mode of the test cycle. Indicate the
start of the test, the range(s) used, and
the end of the test on the recording
medium (chart paper or ADC equip-
ment). Maintain approximately the
same flow rates and system pressures
used in paragraph (d)(5) of this section.

(10)(i) Collect background HC, CO,
CO2, and NOX in a sample bag (op-
tional).

(ii) Measure the concentration of CO2

in the dilution air and the diluted ex-
haust for particulate measurements.

(11) Perform a post-analysis zero and
span check for each range used at the
conditions specified in paragraph (d)(5)
of this section. Record these responses
as the post-analysis values.

(12) Neither the zero drift nor the
span drift between the pre-analysis and
post-analysis checks on any range used
may exceed 3 percent for HC, or 2 per-
cent for NOX, CO, and CO2, of full scale
chart deflection, or the test is void. (If
the HC drift is greater than 3 percent
of full-scale chart deflection, hydro-
carbon hang-up is likely.)

(13) Determine HC background levels
(if necessary) by introducing the back-
ground sample into the overflow sam-
ple system.

(14) Determine background levels of
NOX, CO, or CO2 (if necessary).

(e) HC hang-up. If HC hang-up is indi-
cated, the following sequence may be
performed:

(1) Fill a clean sample bag with back-
ground air.

(2) Zero and span the HFID at the an-
alyzer ports.

(3) Analyze the background air sam-
ple bag through the analyzer ports.

(4) Analyze the background air
through the entire sample probe sys-
tem.

(5) If the difference between the read-
ings obtained is 2 percent or more of
the HFID full scale deflection:

(i) Clean the sample probe and the
sample line;

(ii) Reassemble the sample system;
(iii) Heat to specified temperature;

and
(iv) Repeat the procedure in this

paragraph (e).

§ 92.130 Determination of steady-state
concentrations.

(a)(1) For HC and NOX emissions, a
steady-state concentration measure-
ment, measured after 300 seconds (or
840 seconds for notch 8) of testing shall
be used instead of an integrated con-
centration for the calculations in
§ 92.132 if the concentration response
meets either of the criteria of para-
graph (b) of this section and the cri-
terion of paragraph (c) of this section.

(2) For CO and CO2 emissions, a
steady-state concentration measure-
ment, measured after 300 seconds (or
840 seconds for notch 8) of testing shall
be used. The provisions of paragraphs
(b) through (f) of this section do not
apply for CO and CO2 emissions.

(b) (1) The steady-state concentration
is considered representative of the en-
tire measurement period if the time-
weighted concentration is not more
than 10 percent higher than the steady-
state concentration. The time-weight-
ed concentration is determined by inte-
grating the concentration response
(with respect to time in seconds) over
the first 360 seconds (or 900 seconds for
notch 8) of measurement, and dividing
the area by 360 seconds (or 900 seconds
for notch 8).

(2) A steady-state concentration is
considered representative of the entire
measurement period if the estimated
peak area is not more than 10 percent
of the product of the steady-state con-
centration and 360 seconds (or 900 sec-
onds for notch 8). The estimated peak
area is calculated as follows, and as
shown in Figure B130–1 of this section):

(i) Draw the peak baseline as a
straight horizontal line intersecting
the steady-state response.

(ii) Measure the peak height from the
baseline with the same units as the
steady-state concentration; this value
is h.

(iii) Bisect the peak height by draw-
ing a straight horizontal line halfway
between the top of the peak and the
baseline.

(iv) Draw a straight line from the top
of the peak to the baseline such that it
intersects the response curve at the
same point at which the line described
in paragraph (b)(2)(iii) of this section
intersects the response curve.
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(v) Determine the time between the
point at which the notch was changed
and the point at which the line de-
scribed in paragraph (b)(2)(iv) of this
section intersects the baseline; this
value is t.

(vi) The estimated peak area is equal
to the product of h and t, divided by 2.

(c) In order to be considered to be a
steady-state measurement, a measured
response may not vary by more than 5
percent after the first 60 seconds of
measurement.

(d) For responses meeting either of
the criteria of paragraph (b) of this sec-
tion, but not meeting the criterion of
paragraph (c) of this section, one of the
following values shall be used instead
of a steady-state or integrated con-
centration:

(1) The highest value of the response
that is measured after the first 60 sec-
onds of measurement (excluding peaks
lasting less than 5 seconds, caused by

such random events as the cycling of
an air compressor); or

(2) The highest 60-second, time-
weighted, average concentration of the
response after the first 60 seconds of
measurement.

(e) For responses not meeting the cri-
terion in paragraph (c) of this section,
the Administrator may require that
the manufacturer or remanufacturer
identify the cause of the variation, and
demonstrate that it is not caused by a
defeat device.

(f) The integrated concentration used
for calculations shall be from the high-
est continuous 120 seconds of measure-
ment.

(g) Compliance with paragraph (b)(2)
of this section does not require calcula-
tion where good engineering practice
allows compliance to be determined
visually (i.e., that the area of the peak
is much less than the limits set forth
in paragraph (b)(2) of this section).

VerDate 06<OCT>99 08:01 Oct 07, 1999 Jkt 183150 PO 00000 Frm 00453 Fmt 8010 Sfmt 8010 Y:\SGML\183150T.XXX pfrm02 PsN: 183150T



454

40 CFR Ch. I (7–1–99 Edition)§ 92.131

Figure to § 92.130

§ 92.131 Smoke, data analysis.

The following procedure shall be used
to analyze the smoke test data:

(a) Locate each throttle notch test
mode, or percent rated power setting
test mode. Each test mode starts when
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the throttle is placed in the mode and
ends when the throttle is moved to the
succeeding mode. The start of the first
idle mode corresponds to the start of
the test sequence.

(b) Analyze the smoke trace by
means of the following procedure:

(1) Locate the highest reading, and
integrate the highest 3-second average
reading around it.

(2) Locate and integrate the highest
30-second average reading.

(3) The highest reading occurring
more than two minutes after the notch
change (excluding peaks lasting less
than 5 seconds, caused by such random
events as the cycling of an air com-
pressor) is the ‘‘steady-state’’ value.

(c)(1) The values determined in para-
graph (b) of this section shall be nor-
malized by the following equation:

N
N

n
m

L

= × − −

















100 1 1
100

1

Where:
Nn is the normalized percent opacity, Nm is

the average measured percent opacity
(peak or steady-state), and L is actual dis-
tance in meters from the point at which
the light beam enters the exhaust plume to
the point at which the light beam leaves
the exhaust plume.

(2) The normalized opacity values de-
termined in paragraph (c)(1) of this sec-
tion are the values that are compared
to the standards of subpart A of this
part for determination of compliance.

(d) This smoke trace analysis may be
performed by direct analysis of the re-
corder traces, or by computer analysis
of data collected by automatic data
collection equipment.

§ 92.132 Calculations.
(a) Duty-cycle emissions. This section

describes the calculation of duty-cycle
emissions, in terms of grams per brake

horsepower hour (g/bhp-hr). The cal-
culation involves the weighted sum-
ming of the product of the throttle
notch mass emission rates and dividing
by the weighted sum of the brake
horsepower. The final reported duty-
cycle emission test results are cal-
culated as follows:

(1)(i) Eidc=(Σ (Mij) (Fj))/(Σ (BHPj) (Fj))

Where:

Eidc=Duty-cycle weighted, brake-specific
mass emission rate of pollutant i (i.e., HC,
CO, NOX or PM and, if appropriate, THCE
or NMHC) in grams per brake horsepower-
hour;

Mij=the mass emission rate pollutant i for
mode j;

Fj=the applicable weighting factor listed in
Table B132–1 for mode j;

BHPj=the measured brake horsepower for
mode j.

(ii) Table B132–1 follows:

TABLE B132–1—WEIGHTING FACTORS FOR CALCULATING EMISSION RATES

Throttle notch setting Test mode

Locomotive not equipped
with multiple idle notches

Locomotive equipped with
multiple idle notches

Line-haul Switch Line-haul Switch

Low Idle ......................................................................... 1a NA NA 0.190 0.299
Normal Idle .................................................................... 1 0.380 0.598 0.190 0.299
Dynamic Brake .............................................................. 2 0.125 0.000 0.125 0.000
Notch 1 .......................................................................... 3 0.065 0.124 0.065 0.124
Notch 2 .......................................................................... 4 0.065 0.123 0.065 0.123
Notch 3 .......................................................................... 5 0.052 0.058 0.052 0.058
Notch 4 .......................................................................... 6 0.044 0.036 0.044 0.036
Notch 5 .......................................................................... 7 0.038 0.036 0.038 0.036
Notch 6 .......................................................................... 8 0.039 0.015 0.039 0.015
Notch 7 .......................................................................... 9 0.030 0.002 0.030 0.002
Notch 8 .......................................................................... 10 0.162 0.008 0.162 0.008
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(2) Example: For the line-haul cycle,
for locomotives equipped with normal
and low idle, and with dynamic brake,
the brake-specific emission rate for HC
would be calculated as:

EHCdc=[(MHCla) (0.190)=(MHC1)
(0.190)=(MHC2) (0.125)=(MHC3)
(0.065)=(MHC4) (0.065)=(MHC5)
(0.052)=(MHC6) (0.044)=(MHC7)
(0.038)=(MHC8) (0.039)=(MHC9)
(0.030)=(MHC10) (0.162)]/[(BHP1a)
(0.190)=(BHP1) (0.190)=(BHP2)
(0.125)=(BHP3) (0.065)=(BHP4)
(0.065)=(BHP5) (0.052)=(BHP6)
(0.044)=(BHP7) (0.038)=(BHP8)
(0.039)=(BHP9) (0.030)=(BHP10) (0.162)]

(3) In each mode, brake horsepower
output is the power that the engine de-
livers as output (normally at the
flywheel), as defined in § 92.2.

(i) For locomotive testing (or engine
testing using a locomotive alternator/
generator instead of a dynamometer),
brake horsepower is calculated as:

BHP=HPout/Aeff=HPacc

Where:

HPout=Measured horsepower output of the al-
ternator/generator.

Aeff=Efficiency of the alternator/generator.
HPacc=Accessory horsepower.

(ii) For engine dynamometer testing,
brake horsepower is determined from
the engine speed and torque.

(4) For locomotive equipped with fea-
tures that shut the engine off after pro-
longed periods of idle, the measured
mass emission rate Mi1 (and Mi1a as ap-
plicable) shall be multiplied by a factor
equal to one minus the estimated frac-
tion reduction in idling time that will
result in use from the shutdown fea-
ture. Application of this adjustment is
subject to the Administrator’s ap-
proval.

(b) Throttle notch emissions. This para-
graph (b) describes the calculation of
throttle notch emissions for all oper-
ating modes, including: idle (normal
and low, as applicable); dynamic brake;
and traction power points. The throttle
notch (operating mode) emission test
results, final reported values and val-
ues used in paragraph (a)(1) of this sec-
tion are calculated as follows:

(1) Brake specific emissions (Eij) in
grams per brake horsepower-hour of
each species i (i.e., HC, CO, NOX or PM

and, if appropriate, THCE or NMHC)
for each mode j:

(i) EHC mode=HC grams/BHP-hr=MHC

mode/Measured BHP in mode.
Where:
MHC mode=Mass HC emissions (grams per hour)

for each test mode.

(ii) ETHCE mode=THCE grams/BHP-
hr=MTHCE mode/Measured BHP in mode.
Where:
MTHCE mode (Total hydrocarbon equivalent

mass emissions (grams per hour) for each
test mode):

=MHCj=Σ (Mij) (MWCp)/MWCi

Mij=the mass emission rate oxygenated pol-
lutant i for mode j.

MWCi=the molecular weight of pollutant i
divided by the number of carbon atoms per
molecule of pollutant i.

MWCp=the molecular weight of a typical pe-
troleum fuel component divided by the
number of carbon atoms per molecule of a
typical petroleum fuel component=13.8756.

(iii) ENMHC mode=NMHC grams/BHP-
hr=MNMHC mode/Measured BHP in mode.
Where:
MNMHC mode=Mass NMHC emissions (grams per

hour) for each test mode.

(iv) ECO mode=CO grams/BHP-hr=MCO

mode/Measured BHP in mode.
Where:
MCO mode=Mass CO emissions (grams per hour)

for each test mode.

(v) ENOx mode=NOX grams/BHP–
hr=MNOx mode/Measured BHP in mode.
Where:
MNOx mode=Mass NOX emissions (grams per

hour) for each test mode.

(vi) EPM mode=PM grams/BHP–hr=MPM

mode/Measured BHP in mode.
Where:
MPM mode=Mass PM emissions (grams per

hour) for each test mode.

(vii) EAL mode=Aldehydes grams/BHP–
hr=MAL mode/Measured BHP in mode.

(vii) EAL mode=Aldehydes grams/BHP–
hr=MAL mode/Measured BHP in mode.
Where:
MAL mode=Total aldehyde mass emissions

(grams per hour) for each test mode.

(2) Mass Emissions—Raw exhaust
measurements. For raw exhaust meas-
urements mass emissions (grams per
hour) of each species for each mode:

(i) General equations. (A) The mass
emission rate, MX mode (g/hr), of each
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pollutant (HC, NOX, CO2, CO, CH4

CH3OH, CH3CH2OH, CH2O, CH3CH2O) for
each operating mode for raw measure-
ments is determined based on one of
the following equations:
MX mode=(DX/106)(DVol)(MWX/Vm)
MX mode=(WX/106)(WVol)(MWX/Vm)

Where:
X designates the pollutant (e.g., HC), DX is

the concentration of pollutant X (ppm or
ppmC) on a dry basis, MWX is the molec-
ular weight of the pollutant (g/mol), DVol
is the total exhaust flow rate (ft3/hr) on a
dry basis, WX is the concentration of pol-
lutant X (ppm or ppmC) on a wet basis,
WVol is the total exhaust flow rate (ft3/hr)
on a wet basis, Vm is the volume of one
mole of gas at standard temperature and
pressure (ft3/mol).

(B) All measured volumes and volu-
metric flow rates must be corrected to
standard temperature and pressure
prior to calculations.

(ii) The following abbreviations and
equations apply to this paragraph
(b)(2):

α=Atomic hydrogen/carbon ratio of the fuel.
β=Atomic oxygen/carbon ratio of the fuel.
CMWf=Molecular weight of the fuel per car-

bon atom, or carbon molecular weight (g/
moleC)=(12.011=1.008α=16.000β).

DCO=CO concentration in exhaust, ppm
(dry).

DCO2=CO2 concentration in exhaust, percent
(dry).

DHC=HC carbon concentration in exhaust,
ppm C (dry).

DNOX=NOX concentration in exhaust, in
ppm (dry).

DVol=Total exhaust flow rate (ft3/hr) on a
dry basis; or
=(Vm)(Wf)/((CMWf) (DHC/106=DCO/106=DCO2/
100)).

K=Water gas equilibrium constant=3.5.
Kw=Wet to dry correction factor.
MF=Mass flow-rate of fuel used in the engine

in lb/hr=Wf/453.59.
MWC=Atomic weight of carbon=12.011.
MWCO=Molecular weight of CO=28.011.
MWH=Atomic weight of hydrogen=1.008.
MWNO2=Molecular weight of nitrogen dioxide

(NO2)=46.008.
MWO=Molecular weight of atomic

oxygen=16.000.
T=Temperature of inlet air ( °F).
Vm=Volume of one mole of gas at standard

temperature and pressure (ft3/mole).
Wf=Mass flow-rate of fuel used in the engine,

in grams/hr=(453.59)×(Mf lbs/hr).
WCO2=CO2 concentration in exhaust, percent

(wet).
WHC=HC concentration in exhaust, ppm C

(wet).

WVol=Total exhaust flow rate (ft3/hr) on a
wet basis; or
=(Vm)(Wf)/((CMWf)(WHC/106=WCO/106 WCO2/
100)).

(iii) Calculation of individual pollut-
ant masses. Calculations for mass
emission are shown here in multiple
forms. One set of equations is used
when sample is analyzed dry (equations
where the concentrations are expressed
as DX), and the other set is used when
the sample is analyzed wet (equations
where the concentrations are expressed
as WX). When samples are analyzed for
some constituents dry and for some
constituents wet, the wet concentra-
tions must be converted to dry con-
centrations, and the equations for dry
concentrations used. Also, the equa-
tions for HC, NMHC, CO, and NOX have
multiple forms that are algebraically
equivalent: An explicit form that re-
quires intermediate calculation of Vm

and DVol or WVol; and an implicit
form that uses only the concentrations
(e.g., DCO) and the mass flow rate of
the fuel. For these calculations, either
form may be used.

(A) Hydrocarbons and nonmethane
hydrocarbons.

(1) Hydrocarbons. (i) For petroleum-
fueled engines:

MHC mode

=(DHC)CMWf(DVol)(106)/Vm

=((DHC/106)(Wf)/((DCO/106)=(DCO2/
100)= (DHC/106)=(ΣDX/106)))

MHC mode

=(WHC)CMWf(WVol)(106)/Vm

=((WHC/106)(Wf)/((WCO/106)=(WCO2/
100)= (WHC/106)=(Σ(WX/106)))

(ii) For alcohol-fueled engines:

DHC=FID HC¥Σ(rx)(DX)
WHC=FID HC¥Σ(rx)(WX)

Where:
FID HC=Concentration of ‘‘hydrocarbon’’

plus other organics such as methanol in ex-
haust as measured by the FID, ppm carbon
equivalent.

rx=FID response to oxygenated spe-
cies×(methanol, ethanol, or acetaldehyde).

DX=Concentration of oxygenated spe-
cies×(methanol, ethanol, or acetaldehyde)
in exhaust as determined from the dry ex-
haust sample, ppm carbon (e.g., DCH3OH,
2(DCH3CH2OH)).

WX=Concentration of oxygenated spe-
cies×(methanol, ethanol, or acetaldehyde)
in exhaust as determined from the wet ex-
haust sample, ppm carbon.
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ΣDX=The sum of concentrations DX for all
oxygenated species.

ΣWX=The sum of concentrations WX for all
oxygenated species.

(2) Nonmethane hydrocarbons:
MNMHC mode=(DNMHC)CMWf(DVol) (106)/

Vm

=((DNMHC/106)(Wf)/((DCO/106)=(DCO2/
100)=(DHC/106)))

MNMHC mode=(WNMHC)CMWf(WVol) (106)/
Vm

=((WNMHC/106)(Wf)/((WCO/106)=(WCO2/
100)=(WHC/106)))

Where:

DNMHC=FID HC¥(rCH4)(DCH4)
WNMHC=FID HC¥(rCH4)(WCH4)
FID HC=Concentration of ‘‘hydrocarbon’’

plus other organics such as methane in ex-
haust as measured by the FID, ppm carbon
equivalent.

rCH4=FID response to methane.
DCH4=Concentration of methane in exhaust

as determined from the dry exhaust sam-
ple, ppm.

WCH4=Concentration of methane in exhaust
as determined from the wet exhaust sam-
ple, ppm.

(B) Carbon monoxide:
MCO mode=(DCO)MWCO(DVol)/106/Vm

=((MWCO(DCO/106)(Wf)/((CMWf)(DCO/
106)=(DCO2/100)=DHC/106)=(ΣDX/106)))

MCO mode=(WCO)MWCO(DVol)(106)/Vm

=((MWCO(WCO/106)(Wf)/((CMWf)(WCO/
106)=(WCO2/100)=WHC/106)=(ΣWX/106)))
(C) Oxides of nitrogen:

MNOx mode=(DNOX)MWNO2(DVol)(106)/Vm

=((MWNO2(DNOX/106)(Wf)/((CMWf)(DCO/
106)= (DCO2/100)=(DHC/106)=(ΣDX/106)))

MNOx mode=(WNOX)MWNO2(DVol)(106)/Vm

=((MWNO2(WNOX/106)(Wf)/((CMWf)(WCO/
106)=(WCO2/100)=(WHC/106)=(ΣWX/106)))
(D) Methanol:

MCH3OH mode=(DCH3OH/106)32.042(DVol)/
Vm

MCH3OH mode=(WCH3OH/106)32.042(WVol)/
Vm

Where:

DCH3OH=(Vm)(106)[(C1×AV1)=(C2× AV2)]/
DVolMS.

WCH3OH=(Vm)(106)[(C1×AV1)=(C2× AV2)]/
WVolMS.

Ci=concentration of methanol in impinger i
(1 or 2) in mol/ml.

AVi=Volume of absorbing reagent in im-
pinger i (1 or 2) in ml.

DVolMS=Volume (standard ft3) of exhaust
sample drawn through methanol impingers
(dry).

WVolMS=Volume (standard ft3) of exhaust
sample drawn through methanol impingers
(wet).

(E) Ethanol:
MCH3CH2OH mode=(DCH3CH2OH/

106)23.035(DVol)/Vm

MCH3CH2OH mode = (WCH3CH2OH/
106)23.035(WVol)/Vm

Where:

DCH3CH2OH=(Vm)(106)[(C1×AV1)
=(C2×AV2)]/DVolES.

WCH3CH2OH=(Vm)(106)[(C1×AV1)=(C2 ×AV2)]/
WVolES.

Ci=concentration of ethanol in impinger i (1
or 2) in mol/ml.

AVi=Volume of absorbing reagent in im-
pinger i (1 or 2) in ml.

DVolES=Volume (standard ft3) of exhaust
sample drawn through ethanol impingers
(dry).

WVolES=Volume (standard ft3) of exhaust
sample drawn through ethanol impingers
(wet).

(F) Formaldehyde:
MCH2O mode=(DCH2O/106)30.026(DVol)/Vm

MCH2O mode=(WCH2O/106)30.026(WVol)/Vm

(1) If aldehydes are measured using
impingers:
DCH2O=(Vm)(106)[(C1×AV1)=(C2×AV2)]/

DVolFS

WCH2O=(Vm)(106)[(C1×AV1)=(C2× AV2)]/
WVolFS

(2) If aldehydes are measured using
cartridges:
DCH2O=(Vm)(106)(CR×AVR)/DVolFS

WCH2O=(Vm)(106)(CR×AVR)/WVolFS

(3) The following definitions apply to
this paragraph (b)(2)(iii)(F):

AVi=Volume of absorbing reagent in im-
pinger i (1 or 2) in ml.

AVR=Volume of absorbing reagent use to
rinse the cartridge in ml.

Ci=concentration of formaldehyde in im-
pinger i (1 or 2) in mol/ml.

CR=concentration of formaldehyde in solvent
rinse in mol/ml.

DVolFS=Volume (standard ft3) of exhaust
sample drawn through formaldehyde sam-
pling system (dry).

WVolFS=Volume (standard ft3) of exhaust
sample drawn through formaldehyde sam-
pling system (wet).

(G) Acetaldehyde:
MCH3CHO mode=(DCH3CHO/

106)27.027(DVol)/Vm

MCH3CHO mode=(WCH3CHO/
106)27.027(WVol)/Vm
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(1) If aldehydes are measured using
impingers:
DCH3CHO=(Vm)(106)[(C1×AV1)=(C2×

AV2)]/DVolAS

WCH3CHO=(Vm)(106)[(C1×AV1)=C2×
AV2)]/WVolAS

(2) If aldehydes are measured using
cartridges:
DCH3CHO=(Vm)(106)(CR×AVR)/DVolAS

WCH3CHO=(Vm)(106)(CR×AVR)/WVolAS

(3) The following definitions apply to
this paragraph (b)(2)(iii)(G):

AVi=Volume of absorbing reagent in im-
pinger i (1 or 2) in ml.

AVR=Volume of absorbing reagent use to
rinse the cartridge in ml.

Ci=concentration of acetaldehyde in im-
pinger i (1 or 2) in mol/ml.

CR=concentration of acetaldehyde in solvent
rinse in mol/ml.

DVolAS=Volume (standard ft3) of exhaust
sample drawn through acetaldehyde sam-
pling system (dry).

WVolAS=Volume (standard ft3) of exhaust
sample drawn through acetaldehyde sam-
pling system (wet).

(iv) Conversion of wet concentrations
to dry concentrations. Wet concentra-
tions are converted to dry concentra-
tions using the following equation:

DX=KW WX

Where:

WX is the concentration of species X on a
wet basis.

DX is the concentration of species X on a dry
basis.

KW is a conversion factor=WVol/
DVol=1=DH2O.

(A) Iterative calculation of conver-
sion factor. The conversion factor KW

is calculated from the fractional vol-
ume of water in the exhaust on a dry
basis (DH2O=volume of water in ex-
haust/dry volume of exhaust). Precise
calculation of the conversion factor KW

must be done by iteration, since it re-
quires the dry concentration of HC, but
HC emissions are measured wet.

(1) The conversion factor is cal-
culated by first assuming DHC=WHC to
calculate DVol:

DVol=(Vm)(Wf)/((CMWf)(DHC/106=DCO/
106=DCO2/100))

(2) This estimate is then used in the
following equations to calculate
DVolair, then DH2O, then KW, which al-
lows DHC to be determined more accu-
rately from WHC:

DH O

DCO DCO
Y DVol

DVol DCO

DCO K
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Where:

Y=Water volume concentration in intake air,
volume fraction (dry).

DVolair=Air intake flow rate (ft3/hr) on a dry
basis, measured, or calculated as:

DVol DVol
DCO DCO

air = − 








 − +











1
2

10 4 10 4
0 52 6

α α
.

(3) The calculations are repeated
using this estimate of DHC. If the new
estimate for KW is not within one per-
cent of the previous estimate, the
iteration is repeated until the dif-
ference in KW between iterations is less
than one percent.

(B) Alternate calculation of DH2O
(approximation). The following ap-
proximation may be used for DH2O in-
stead of the calculation in paragraph
(b)(2)(iv)(A) of this section:
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Y=Water volume concentration in intake air,
volume fraction (dry).

(3) Mass Emissions—Dilute exhaust
measurements. For dilute exhaust meas-
urements mass emissions (grams per
hour) of each species for each mode:

(i) General equations. The mass emis-
sion rate, Mx mode (g/hr) of each pollut-
ant (HC, NOX, CO2, CO, CH4 CH3OH,
CH3CH2OH, CH2O, CH3CH2O) for each
operating mode for bag measurements
and diesel continuously heated sam-
pling system measurements is deter-
mined from the following equation:

Mx mode=(Vmix)(Densityx)(Xconc)/(Vf)

Where:

x designates the pollutant (e.g., HC), Vmix is
the total diluted exhaust volumetric flow
rate (ft3/hr), Densityx is the specified den-
sity of the pollutant in the gas phase (g/
ft3), Xconc is the fractional concentration of
pollutant x (i.e., ppm/106, ppmC/106, or %/
100), and Vf is the fraction of the raw ex-
haust that is diluted for analysis.

(ii) The following abbreviations and
equations apply to paragraphs (b)(3)(i)
through (b)(3)(iii)(J) of this section:

(A) DF=Dilution factor, which is the
volumetric ratio of the dilution air to
the raw exhaust sample for total dilu-
tion, calculated as:

DF
WCO WCO

WCO WCO
d

e d

=
−
−

−
2 2

2 2
1

Where:

WCO2=Carbon dioxide concentration of the
raw exhaust sample, in percent (wet).

WCO2e=Carbon dioxide concentration of the
dilute exhaust sample, in percent (wet).

WCO2d=Carbon dioxide concentration of the
dilution air, in percent (wet).

(B) Vmix=Diluted exhaust volumetric
flow rate in cubic feet per hour cor-
rected to standard conditions (528°R,
and 760 mm Hg).

(C) Vf=Fraction of the total raw ex-
haust that is diluted for analysis.

=((CO2conc/102)=(COconc/106) = (HCconc/
106))(Vmix)(CMWf)/Vm/Mf

(iii) Calculation of individual pollut-
ants.

(A) MHC mode=Hydrocarbon emissions,
in grams per hour by mode, are cal-
culated using the following equations:

MHC mode=(Vmix)(DensityHC)(HCconc/106)/Vf

HCconc=HCe¥(HCd)(1¥(1/DF))
HCe=FID HCe¥Ξ(rx)(Xe)

Where:

DensityHC=Density of hydrocarbons=16.42 g/
ft3 (0.5800 kg/m3) for # l petroleum diesel
fuel, 16.27 g/ft3 (0.5746 kg/m3) for #2 diesel,
and 16.33 g/ft3 (0.5767 kg/m3) for other fuels,
assuming an average carbon to hydrogen
ratio of 1:1.93 for #1 petroleum diesel fuel,
1:1.80 for #2 petroleum diesel fuel, and 1:1.85
for hydrocarbons in other fuels at standard
conditions.
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HCconc=Hydrocarbon concentration of the di-
lute exhaust sample corrected for back-
ground, in ppm carbon equivalent (i.e.,
equivalent propane×3).

HCe=Hydrocarbon concentration of the dilute
exhaust bag sample, or for diesel contin-
uous heated sampling systems, average hy-
drocarbon concentration of the dilute ex-
haust sample as determined from the inte-
grated HC traces, in ppm carbon equiva-
lent. For petroleum-fueled engines, HCe is
the FID measurement. For methanol-
fueled and ethanol-fueled engines:

FID HCe=Concentration of hydrocarbon plus
methanol, ethanol and acetaldehyde in di-
lute exhaust as measured by the FID, ppm
carbon equivalent.

rx=FID response to oxygenated species x
(methanol, ethanol or acetaldehyde).

Xe=Concentration of species x (methanol,
ethanol or acetaldehyde) in dilute exhaust
as determined from the dilute exhaust
sample, ppm carbon.

HCd=Hydrocarbon concentration of the dilu-
tion air as measured, in ppm carbon equiv-
alent.

(B) MNOx mode = Oxides of nitrogen
emissions, in grams per hour by mode,
are calculated using the following
equations:

MNOx mode=(Vmix) (DensityNO2) (NOxconc/
10 6) /Vf

NOxconc=(NOxe ¥ NOxd (1¥(1/DF)))

Where:

DensityNO2=Density of oxides of nitrogen is
54.16 g/ft3 (1.913 kg/m3), assuming they are
in the form of nitrogen dioxide, at stand-
ard conditions.

NOxconc=Oxides of nitrogen concentration of
the dilute exhaust sample corrected for
background, in ppm.

NOxe=Oxides of nitrogen concentration of
the dilute exhaust bag sample as measured,
in ppm.

NOxd=Oxides of nitrogen concentration of
the dilution air as measured, in ppm.

(C) MCO2 mode=Carbon dioxide emis-
sions, in grams per hour by mode, are
calculated using the following equa-
tions:
MCO2 mode=(Vmix) (Density CO2) (CO2conc/

102) /Vf

CO2conc=CO2e ¥ CO2d (1 ¥ (1/DF))

Where:

Density CO2=Density of carbon dioxide is
51.81 g/ft3 (1.830 kg/m3), at standard condi-
tions.

CO2conc=Carbon dioxide concentration of the
dilute exhaust sample corrected for back-
ground, in percent.

CO2e=Carbon dioxide concentration of the di-
lute exhaust bag sample, in percent.

CO2d=Carbon dioxide concentration of the di-
lution air as measured, in percent.

(D)(1) MCO mode=Carbon monoxide
emissions, in grams per hour by mode,
are calculated using the following
equations:
MCO mode=(Vmix) (DensityCO) (COconc/106)

/Vf

COconc=COe ¥ COd (1 ¥ (1/DF))

COd=(1 ¥ 0.000323R)COdm

Where:
DensityCO=Density of carbon monoxide is

32.97 g/ft3 (1.164 kg/m3), at standard condi-
tions.

COconc=Carbon monoxide concentration of the
dilute exhaust sample corrected for back-
ground, water vapor, and CO2 extraction,
ppm.

COe=Carbon monoxide concentration of the
dilute exhaust sample volume corrected for
water vapor and carbon dioxide extraction,
in ppm.

COe=(1 ¥ (0.01 = 0.005/α) CO2e ¥
0.000323RH)COem, where α is the hydrogen
to carbon ratio as measured for the fuel
used.

COem=Carbon monoxide concentration of the
dilute exhaust sample as measured, in
ppm.

RH = Relative humidity of the dilution air,
percent.

COd=Carbon monoxide concentration of the
dilution air corrected for water vapor ex-
traction, in ppm.

COdm=Carbon monoxide concentration of the
dilution air sample as measured, in ppm.
(2) If a CO instrument which meets the cri-

teria specified in § 86.1311 of this chapter is
used and the conditioning column has been
deleted, COem must be substituted directly
for COe, and COdm must be substituted di-
rectly for COd.

(E) MCH4 mode=Methane emissions cor-
rected for background, in gram per
hour by mode, are calculated using the
following equations:
MCH4 mode=(Vmix) (DensityCH4) (CH4conc/106)

/Vf

CH4conc=CCH4e ¥ CCH4d (1 ¥ (1/DF))

Where:
DensityCH4=Density of methane is 18.89 g/ft3

at 68 °F (20 °C) and 760 mm Hg (101.3kPa)
pressure.

CH4conc=Methane concentration of the dilute
exhaust corrected for background, in ppm.

CCH4e=Methane concentration in the dilute
exhaust, in ppm.

CCH4d=Methane concentration in the dilution
air, in ppm.
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(F) MCH3OH mode=Methanol emissions
corrected for background, in gram per
hour by mode, are calculated using the
following equations:
MCH3OH mode=(Vmix)(DensityCH3OH)

(CH3OHconc/106)/Vf

CH3OHconc=CCH3OHe¥CCH3OHd(1¥(1/DF))
CCH3OHe=((3.817) (10–2) (TEM)(((CS1)(AVS1))

= (CS2)(AVS2)))/((PB)(VEM))
CCH3OHd=((3.817)(10–2)(TDM)(((CD1) (AVD1))

= (CD2)(AVD2)))/((PB)(VDM))

Where:

DensityCH3OH=Density of methanol is 37.71 g/
ft3 (1.332 kg/m3), at 68 °F (20 °C) and 760 mm
Hg (101.3kPa) pressure.

CH3OHconc=Methanol concentration of the di-
lute exhaust corrected for background, in
ppm.

CCH3OHe=Methanol concentration in the di-
lute exhaust, in ppm.

CCH3OHd=Methanol concentration in the dilu-
tion air, in ppm.

TEM=Temperature of methanol sample with-
drawn from dilute exhaust, °R.

TDM=Temperature of methanol sample with-
drawn from dilution air, °R.

PB=Barometric pressure during test, mm Hg.
VEM=Volume of methanol sample withdrawn

from dilute exhaust, ft 3.
VDM=Volume of methanol sample withdrawn

from dilution air, ft 3.
CS=GC concentration of aqueous sample

drawn from dilute exhaust, µg/ml.
CD=GC concentration of aqueous sample

drawn from dilution air, µg/ml.
AVS=Volume of absorbing reagent (deionized

water) in impinger through which meth-
anol sample from dilute exhaust is drawn,
ml.

AVD=Volume of absorbing reagent (deionized
water) in impinger through which meth-
anol sample from dilution air is drawn, ml.
1=first impinger.
2=second impinger.

(G) MC2H5OH mode=Ethanol emissions
corrected for background, in gram per
hour by mode, are calculated using the
following equations:
MCH3CH2OH mode=(Vmix)(DensityCH3CH2OH)

((CH3CH2OHconc/10 6))/Vf

CH3CH2OHconc=
CCH3CH2OHe¥CCH3CH2OHd(1¥(1/DF))

CCH3CH2OHd=((2.654)(10–2)(TDM)(((CD1)
(AVD1)) = (CD2)(AVD2)))/((PB)(VDM))

CCH3CH2OHe=((2.654)(10¥2)(TEM)(((CS1)
(AVS1)) = (CS2)(AVS2)))/((PB)(VEM))

Where:

DensityC2H5OH=Density of ethanol is 54.23 g/
ft 3 (1.915 kg/m 3), at 68 °F (20 °C) and 760 mm
Hg (101.3kPa) pressure.

CH3CH2OHconc=Ethanol concentration of the
dilute exhaust corrected for background, in
ppm.

CCH3CH2OHe=Ethanol concentration in the di-
lute exhaust, in ppm.

CCH3CH2OHd=Ethanol concentration in the di-
lution air, in ppm.

TEM= Temperature of ethanol sample with-
drawn from dilute exhaust, °R.

TDM=Temperature of ethanol sample with-
drawn from dilution air, °R.

PB=Barometric pressure during test, mm Hg.
VEM=Volume of ethanol sample withdrawn

from dilute exhaust, ft 3.
VDM=Volume of ethanol sample withdrawn

from dilution air, ft 3.
CS=GC concentration of aqueous sample

drawn from dilute exhaust, µg/ml.
CD=GC concentration of aqueous sample

drawn from dilution air, µg/ml.
AVS= Volume of absorbing reagent (deionized

water) in impinger through which ethanol
sample from dilute exhaust is drawn, ml.

AVD=Volume of absorbing reagent (deionized
water) in impinger through which ethanol
sample from dilution air is drawn, ml.
1=first impinger.
2=second impinger.

(H) MCH2O mode=Formaldehyde emis-
sions corrected for background, in
gram per hour by mode, are calculated
using the following equations:
MCH2O mode=(Vmix)(DensityCH2O)

((CH2Oconc/10 6)/Vf

CH2Oconc=CCH2Oe¥CCH2Od(1¥(1/DF))
CCH2Oe=((4.069)(10¥2)(CFDE)(VAE)(Q) (TEF))/

((VSE)(PB)
CCH2Od=((4.069)(10¥2)(CFDA)(VAA)

(Q)(TDF))/(VSA)(PB)

Where:

DensityCH2O=Density of formaldehyde is 35.36
g/ft 3 (1.249 kg/m 3), at 68 °F (20 °C) and 760
mmHg (101.3 kPa) pressure.

CH2Oconc=Formaldehyde concentration of the
dilute exhaust corrected for background,
ppm.

CCH2Oe=Formaldehyde concentration in dilute
exhaust, ppm.

CCH2Od=Formaldehyde concentration in dilu-
tion air, ppm.
CFDE=Concentration of DNPH derivative of

formaldehyde from dilute exhaust sample in
sampling solution, µg/ml.

VAE=Volume of sampling solution for di-
lute exhaust formaldehyde sample, ml.

Q = Ratio of molecular weights of form-
aldehyde to its DNPH derivative = 0.1429.

TEF=Temperature of formaldehyde sample
withdrawn from dilute exhaust, °R.

VSE=Volume of formaldehyde sample with-
drawn from dilute exhaust, ft3.

PB=Barometric pressure during test, mm
Hg.
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CFDA=Concentration of DNPH derivative of
formaldehyde from dilution air sample in
sampling solution, µg/ml.

VAA=Volume of sampling solution for dilu-
tion air formaldehyde sample, ml.

TDF=Temperature of formaldehyde sample
withdrawn from dilution air, °R.

VSA=Volume of formaldehyde sample with-
drawn from dilution air, ft3.

(I) MCH3CHO mode=Acetaldehyde emis-
sions corrected for background, in
grams per hour by mode, are calculated
using the following equations:
MCH3CHO mode=

(Vmix)(DensityCH3CHO)((CH3CHOconc/106)/
Vf

CH3CHOconc=CCH3CHOe¥CCH3CHOd(1—(1/
DF))

CCH3CHOe=((2.774)(10¥2)
(CADE)(VAE)(Q)(TEF))/((VSE)(PB)

CCH3CHOd=((2.774)(10¥2)
(CADA)(VAA)(Q)(TDF))/(VSA)(PB)

Where:
Density CH3CHO=Density of acetaldehyde is

51.88 g/ft3 (1.833 kg/m3), at 68 °F (20 °C) and
760 mmHg (101.3 kPa) pressure.

CH3CHOconc=Acetaldehyde concentration of
the dilute exhaust corrected for back-
ground, ppm.

CCH3CHOe=Acetaldehyde concentration in di-
lute exhaust, ppm.

CCH3CHOd=Acetaldehyde concentration in di-
lution air, ppm.

CADE=Concentration of DNPH derivative of
acetaldehyde from dilute exhaust sample
in sampling solution, µg/ml.

VAE=Volume of sampling solution for dilute
exhaust acetaldehyde sample, ml.

Q=Ratio of molecular weights of acetal-
dehyde to its DNPH derivative

=0.182
TEF=Temperature of acetaldehyde sample

withdrawn from dilute exhaust, °R.
VSE=Volume of acetaldehyde sample with-

drawn from dilute exhaust, ft3.
PB=Barometric pressure during test, mm Hg.
CADAConcentration of DNPH derivative of ac-

etaldehyde from dilution air sample in
sampling solution, µg/ml.

VAA=Volume of sampling solution for dilu-
tion air acetaldehyde sample, ml.

TDF=Temperature of acetaldehyde sample
withdrawn from dilution air, °R.

VSA=Volume of acetaldehyde sample with-
drawn from dilution air, ft3.

(J) MNMHC mode=Nonmethane hydro-
carbon emissions, in grams per hour by
mode.
MNMHC mode=(Vmix)(DensityNMHC)

((NMHCEconc/106))/Vf

NMHCconc=NMHCe—(NMHCd)(1¥(1/DF))
NMHCe=FID HCe¥(rm)(CCH4e)

NMHCd=FID HCd¥(rm)(CCH4d)

Where:

DensityNMHC=Density of nonmethane
hydrocarbons=16.42 g/ft3 (0.5800 kg/m3) for #
1 petroleum diesel fuel, 16.27 g/ft3 (0.5746 kg/
m3) for #2 diesel, and 16.33 for other fuels,
assuming an average carbon to hydrogen
ratio of 1:1.93 for #1 petroleum diesel fuel,
1:1.80 for #2 petroleum diesel fuel, and 1:1.85
for nonmethane hydrocarbons in other
fuels at standard conditions.

NMHCconc=Nonmethane hydrocarbon con-
centration of the dilute exhaust sample
corrected for background, in ppm carbon
equivalent (i.e., equivalent propane × 3).

NMHCe=Nonmethane hydrocarbon con-
centration of the dilute exhaust bag sam-
ple:

FID HCe=Concentration of hydrocarbons in
dilute exhaust as measured by the FID,
ppm carbon equivalent.

rm=FID response to methane.
CCH4e=Concentration of methane in dilute ex-

haust as determined from the dilute ex-
haust sample.

NMHCd=Nonmethane hydrocarbon con-
centration of the dilution air:

FID HCd=Concentration of hydrocarbons in
dilute exhaust as measured by the FID,
ppm carbon equivalent.

rm=FID response to methane.
CCH4d=Concentration of methane in dilute ex-

haust as determined from the dilute ex-
haust sample, ppm.

(4) Particulate exhaust emissions.
The mass of particulate for a test mode
determined from the following equa-
tions when a heat exchanger is used
(i.e., no flow compensation), and when
background filters are used to correct
for background particulate levels:
MPM mode=Particulate emissions, grams

per hour by mode.
MPM mode=(WVol) (PMconc) (1=DF)=(Vmix)

(PMconc)/Vf

PMconc=PMe¥PMd (1¥(1/DF))
PMe=MPMe/Vsampe/10 3

PMd=MPMd/Vsampd/10 3

Where:

PMconc=Particulate concentration of the di-
luted exhaust sample corrected for back-
ground, in g/ft 3

MPMe=Measured mass of particulate for the
exhaust sample, in mg, which is the dif-
ference in filter mass before and after the
test.

MPMd=Measured mass of particulate for the
dilution air sample, in mg, which is the dif-
ference in filter mass before and after the
test.

Vsampe=Total wet volume of sample removed
from the dilution tunnel for the exhaust
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particulate measurement, cubic feet at
standard conditions.

Vsampd=Total wet volume of sample removed
from the dilution tunnel for the dilution

air particulate measurement, cubic feet at
standard conditions.

DF=Dilution factor, which is the volumetric
ratio of the dilution air to the raw exhaust
sample, calculated as:

DF
WCO WCO

WCO WCO
d

e d

=
−
−

−
2 2

2 2
1

(c) Humidity calculations. (1) The fol-
lowing abbreviations (and units) apply
to paragraph (b) of this section:

BARO=barometric pressure (Pa).
H=specific humidity, (g H2O/g of dry air).
KH=conversion factor=0.6220 g H2O/g dry air.
Mair=Molecular weight of air=28.9645.
MH2O=Molecular weight of water=18.01534.
PDB=Saturation vapor pressure of water at

the dry bulb temperature (Pa).
PDP=Saturation vapor pressure of water at

the dewpoint temperature (Pa).
Pv=Partial pressure of water vapor (Pa).
PWB=Saturation vapor pressure of water at

the wet bulb temperature (Pa).
TDB=Dry bulb temperature (Kelvin).
TWB=Wet bulb temperature (Kelvin).
Y=Water-vapor volume concentration.

(2) The specific humidity on a dry
basis of the intake air (H) is defined as:

H=((KH) (Pv)/(BARO¥Pv))

(3) The partial pressure of water
vapor may be determined using a dew
point device. In that case:

Pv=PDP

(4) The percent of relative humidity
(RH) is defined as:

RH=(Pv/PDB)100

(5) The water-vapor volume con-
centration on a dry basis of the engine
intake air (Y) is defined as:
Y=((H)(Mair)/(MH2O)=Pv/(BARO¥Pv)

(d) NOX correction factor. (1) NOX emis-
sion rates (MNOx mode) shall be adjusted
to account for the effects of humidity
and temperature by multiplying each
emission rate by KNOx, which is cal-
culated from the following equations:
KNOx=(K)(1=(0.25(logK)2)1/2)
K=(KH)(KT)
KH=[C1=C2(exp((¥0.0143)(10.714))]/

[C1=C2(exp((¥0.0143)(1000H))]
C1=¥8.7=164.5exp(¥0.0218(A/F)wet)
C2=130.7=3941exp(¥0.0248(A/F)wet)

Where:

(A/F)wet=Mass of moist air intake divided by
mass of fuel intake.

KT=1/[1–0.017(T30-TA)] for tests conducted at
ambient temperatures below 30 °C.

KT=1.00 for tests conducted at ambient tem-
peratures at or above 30 °C.

T30=The measured intake manifold air tem-
perature in the locomotive when operated
at 30 °C (or 100 °C, where intake manifold
air temperature is not available).

TA=The measured intake manifold air tem-
perature in the locomotive as tested (or
the ambient temperature ( °C), where in-
take manifold air temperature is not avail-
able).

(e) Other calculations. Calculations
other than those specified in this sec-
tion may be used with the advance ap-
proval of the Administrator.

§ 92.133 Required information.
(a) The required test data shall be

grouped into the following two general
categories:

(1) Pre-test data. These data are gen-
eral test data that must be recorded for
each test. The data are of a more de-
scriptive nature such as identification
of the test engine, test site number,
etc. As such, these data can be re-
corded at any time within 24 hours of
the test.

(2) Test data. These data are physical
test data that must be recorded at the
time of testing.

(b) When requested, data shall be sup-
plied in the format specified by the Ad-
ministrator.

(c) Pre-test data. The following shall
be recorded, and reported to the Ad-
ministrator for each test conducted for
compliance with the provisions of this
part:

(1) Engine family identification (in-
cluding subfamily identification, such
as for aftertreatment systems).

(2) Locomotive and engine identifica-
tion, including model, manufacturer
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and/or remanufacturer, and identifica-
tion number.

(3) Locomotive and engine param-
eters, including fuel type, rec-
ommended oil type, exhaust configura-
tion and sizes, base injection (ignition)
timing, operating temperature, ad-
vance/retard injection (ignition) timing
controls, recommended start-up and
warm-up procedures, alternator gener-
ator efficiency curve.

(4) Locomotive or engine and instru-
ment operator(s).

(5) Number of hours of operation ac-
cumulated on the locomotive or engine
prior to beginning the testing.

(6) Dates of most recent calibrations
required by §§ 92.115–92.122.

(7) All pertinent instrument informa-
tion such as tuning (as applicable),
gain, serial numbers, detector number,
calibration curve number, etc. As long
as this information is traceable, it may
be summarized by system or analyzer
identification numbers.

(8) A description of the exhaust duct
and sample probes, including dimen-
sions and locations.

(d) Test data. The physical param-
eters necessary to compute the test re-
sults and ensure accuracy of the re-
sults shall be recorded for each test
conducted for compliance with the pro-
visions of this part. Additional test
data may be recorded at the discretion
of the manufacturer or remanufac-
turer. Extreme details of the test
measurements such as analyzer chart
deflections will generally not be re-
quired on a routine basis to be reported
to the Administrator for each test, un-
less a dispute about the accuracy of the
data arises. The following types of data
shall be required to be reported to the
Administrator. The applicable Applica-
tion Format for Certification will
specify the exact requirements which
may change slightly from year to year
with the addition or deletion of certain
items.

(1) Date and time of day.
(2) Test number.
(3) Engine intake air and test cell (or

ambient, as applicable) temperature.
(4) For each test point, the tempera-

ture of air entering the engine after
compression and cooling in the charge
air cooler(s). If testing is not performed
on a locomotive, the corresponding

temperatures when the engine is in op-
eration in a locomotive at ambient
conditions represented by the test.

(5) Barometric pressure. (A central
laboratory barometer may be used:
Provided, that individual test cell bar-
ometric pressures are shown to be
within ±0.1 percent of the barometric
pressure at the central barometer loca-
tion.)

(6) Engine intake and test cell dilu-
tion air humidity.

(7) Measured horsepower and engine
speed for each test mode.

(8) Identification and specifications
of test fuel used.

(9) Measured fuel consumption rate
at maximum power.

(10) Temperature set point of the
heated continuous analysis system
components (if applicable).

(11) All measured flow rates, dilution
factor, and fraction of exhaust diluted
for diluted exhaust measurements (as
applicable) for each test mode.

(12) Temperature of the dilute ex-
haust mixture at the inlet to the re-
spective gas meter(s) or flow instru-
mentation used for particulate sam-
pling.

(13) The maximum temperature of
the dilute exhaust mixture imme-
diately ahead of the particulate filter.

(14) Sample concentrations (back-
ground corrected as applicable) for HC,
CO, CO2, and NOX (and methane,
NMHC, alcohols and aldehydes, as ap-
plicable) for each test mode. This in-
cludes the continuous trace and the
steady-state value (or integrated value
where required).

(15) The stabilized pre-test weight
and post-test weight of each particu-
late sample and back-up filter or pair
of filters.

(16) Brake specific emissions (g/BHP-
hr) for HC, CO, NOX, particulate and, if
applicable, CH3, NMHC, THCE, CH3OH,
CH3CH2OH, CH2O and CH3CHO for each
test mode.

(17) The weighted brake specific
emissions for HC, CO, NOX and particu-
late (g/BHP-hr) for the total test for
the duty-cycle(s) applicable to the lo-
comotive.

(18) The smoke opacity for each test
mode. This includes the continuous
trace, the peak values and the steady-
state value.
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EFFECTIVE DATE NOTE: At 63 FR 19044, Apr.
16, 1998, § 92.133 was added. This section con-
tains information collection and record-
keeping requirements and will not become
effective until approval has been given by
the Office of Management and Budget.

Subpart C—Certification Provisions

§ 92.201 Applicability.

The requirements of this subpart are
applicable to manufacturers and re-
manufacturers of any locomotives and
locomotive engines subject to the pro-
visions of subpart A of this part.

§ 92.202 Definitions.

The definitions of subpart A of this
part apply to this subpart.

§ 92.203 Application for certification.

(a) For each engine family that com-
plies with all applicable standards and
requirements, the manufacturer or re-
manufacturer must submit to the Ad-
ministrator a completed application
for a certificate of conformity.

(b) The application must be approved
and signed by the authorized represent-
ative of the manufacturer or remanu-
facturer.

(c) The application will be updated
and corrected by amendment as pro-
vided for in § 92.210 to accurately re-
flect the manufacturer’s or remanufac-
turer’s production.

(d) Required content. Each application
must include the following informa-
tion:

(1)(i) A description of the basic en-
gine design including, but not limited
to, the engine family specifications,
the provisions of which are contained
in § 92.208;

(ii)(A) For freshly manufactured lo-
comotives, a description of the basic
locomotive design;

(B) For freshly manufactured engines
for use in remanufactured locomotives,
a description of the locomotive designs
in which the engines are to be used;

(C) For remanufactured locomotives,
a description of the basic locomotive
designs to which the remanufacture
system will be applied;

(iii) A list of distinguishable configu-
rations to be included in the engine
family;

(2) An explanation of how the emis-
sion control system operates, including
detailed descriptions of:

(i) All emission control system com-
ponents;

(ii) Injection or ignition timing for
each notch (i.e., degrees before or after
top-dead-center), and any functional
dependence of such timing on other
operational parameters (e.g., engine
coolant temperature);

(iii) Each auxiliary emission control
device (AECD); and

(iv) All fuel system components to be
installed on any production or test lo-
comotive(s) or engine(s);

(3) A description of the test loco-
motive or engine;

(4) Special or alternate test proce-
dures, if applicable;

(5) A description of the operating
cycle and the period of operation nec-
essary to accumulate service hours on
the test locomotive or engine and sta-
bilize emission levels;

(6) A description of all adjustable op-
erating parameters (including, but not
limited to, injection timing and fuel
rate), including the following:

(i) The nominal or recommended set-
ting and the associated production tol-
erances;

(ii) The intended adjustable range,
and the physically adjustable range;

(iii) The limits or stops used to limit
adjustable ranges;

(iv) Production tolerances of the lim-
its or stops used to establish each
physically adjustable range; and

(v) Information relating to why the
physical limits or stops used to estab-
lish the physically adjustable range of
each parameter, or any other means
used to inhibit adjustment, are the
most effective means possible of pre-
venting adjustment of parameters to
settings outside the manufacturer’s or
remanufacturer’s specified adjustable
ranges on in-use engines;

(7) For families participating in the
averaging, banking, and trading pro-
gram, the information specified in sub-
part D of this part;

(8) Projected U.S. production infor-
mation for each configuration;

(9) A description of the test equip-
ment and fuel proposed to be used;
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