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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.

N, =100x 1—[1——m

Where:

N, is the normalized percent opacity, N,, 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
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(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 VE
100}

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:

D) Eie=E(My)(F))/I(Z(BHP;)(F)

Where:

Ei«.=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;

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

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

BHP;=the measured brake horsepower for
mode j.

(ii) Table B132-1 follows:

TABLE B132—1—WEIGHTING FACTORS FOR CALCULATING EMISSION RATES

Locomotive not equipped | Locomotive equipped with
Throttle notch setting Test mode with multiple idle notches multiple idle notches

Line-haul Switch Line-haul Switch
Low Idle ... . e 1a NA NA 0.190 0.299
Normal Idle ...... e 1 0.380 0.598 0.190 0.299
Dynamic Brake s 2 0.125 0.000 0.125 0.000
NOCHh 1 e 3 0.065 0.124 0.065 0.124
NOICh 2 ..o 4 0.065 0.123 0.065 0.123
NOTCh 3 ..o 5 0.052 0.058 0.052 0.058
NOICH 4 ..o 6 0.044 0.036 0.044 0.036
NOtCh 5 e 7 0.038 0.036 0.038 0.036
NOCH 6 .. 8 0.039 0.015 0.039 0.015
NOCH 7 e 9 0.030 0.002 0.030 0.002
NOICh 8 ..o 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:

Encac=[(Mucia)
(0.190)+(Mmuc2)
(0.065)+(Muc4)
(0.052)+(Mmucs)
(0.038)+(Mucs)
(0.030)+(Mmucio)
(0.190)+(BHP,)
(0.125)+(BHP3)
(0.065)+(BHPs) (0.052)+(BHPs)
(0.044)+(BHP>) (0.038)+(BHPs)
(0.039)+(BHPy) (0.030)+(BHP0) (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=HP u/ActrtHPycc

Where:

HP,«=Measured horsepower output of the al-
ternator/generator.

A=Efficiency of the alternator/generator.

HP...=Accessory horsepower.

(0.190)+(Mpc1)
(0.125)+(Myics)
(0.065)+(Mpcs)
(0.044)+(Mpic7)
(0.039)+(Myico)
(0.162))/[(BHP.)
(0.190)+(BHP»)
(0.065)+(BHP.)

(if) 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 M;; (and M;,, 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 (E;) in
grams per brake horsepower-hour of
each species i (i.e., HC, CO, NOx or PM
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and, if appropriate, THCE or NMHC)
for each mode j:

(1) Epc mode=HC grams/BHP-hr=Myc
mode/Measured BHP in mode.
Where:

Miuc mode=Mass HC emissions (grams per hour)
for each test mode.

(i I) ETHCE  mode=THCE g rams/BHP-
hr=Mrtuce mode/Measured BHP in mode.
Where:

Mtuce mode (TOtal hydrocarbon equivalent
mass emissions (grams per hour) for each
test mode):

=Muci+Z (M;) (MWC,)/MWC;

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

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

MWC,=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) Enmuc moae=NMHC grams/BHP-
hr=Mnmuc mose/Measured BHP in mode.
Where:

Mnmuc modie=Mass NMHC emissions (grams per
hour) for each test mode.

(V) Eco mode=CO grams/BHP-hr=Mco
mode/Measured BHP in mode.

Where:
Mco modee=Mass CO emissions (grams per hour)
for each test mode.

(V)  Enox moae=NOx  grams/BHP-
hr=Mnox moae/Measured BHP in mode.
Where:

Mnox mode=Mass NOx emissions (grams per
hour) for each test mode.

(Vl) Epm mode=PM grams/BHP—hr=MpM
mode/Measured BHP in mode.

Where:
MpMm  moee=Mass PM emissions (grams per
hour) for each test mode.

(vii) EaL moae=Aldehydes grams/BHP-
hr=Mar moae/Measured BHP in mode.

(vii) EAL mode=Aldehydes grams/BHP-
hr=MaL moae/Measured BHP in mode.
Where:

MaL moae=ToOtal 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 moa. (g/hr), of each
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pollutant (HC, NOx, CO,, CO, CH,
CH3;0H, CH3CH,OH, CH,0O, CH3CH-,0) for
each operating mode for raw measure-
ments is determined based on one of
the following equations:

Mx moae=(DX/106)(DVol)(MWx/V.m)
Mx mode=(WX/106) (WVol)(MWx/V )

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, V,, is the volume of one
mole of gas at standard temperature and
pressure (ft3/mol).

(B) AIll 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):
a=Atomic hydrogen/carbon ratio of the fuel.
B=Atomic oxygen/carbon ratio of the fuel.
CMW=Molecular weight of the fuel per car-

bon atom, or carbon molecular weight (g/

moleC)=(12.011+1.0080.+16.000B).

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

DCO,=CO- concentration in exhaust, percent
(dry). o

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

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

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

K=Water gas equilibrium constant=3.5.

Kw=Wet to dry correction factor.

Mgr=Mass flow-rate of fuel used in the engine
in Ib/hr=W,/453.59.

MWc=Atomic weight of carbon=12.011.

MWco=Molecular weight of CO=28.011.

MWyp=Atomic weight of hydrogen=1.008.

MWno2=Molecular weight of nitrogen dioxide
(NO,)=46.008.

MWo=Molecular
oxygen=16.000.

T=Temperature of inlet air ( °F).

Vm=Volume of one mole of gas at standard
temperature and pressure (ft3/mole).

W=Mass flow-rate of fuel used in the engine,
in grams/hr=(453.59)x(M¢ Ibs/hr).

WCO,=CO, concentration in exhaust, percent
(wet).

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

weight of atomic
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WVol=Total exhaust flow rate (ft3/hr) on a
wet basis; or
=(Vm)(W)/((CMW;)(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 V,,
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)CMW(DVol)(106)/V,
=((DHC/105)(W)/((DCO/106)+(DCO,/
100)+(DHC/106)+(EDX/106)))
MHC mode
=(WHC)CMW{(WVol)(106)/V,,
=((WHC/106) (W5)/((WCO/106)+(WCO,/
100)+(WHC/106)+(Z(WX/106)))

(ii) For alcohol-fueled engines:

DHC=FID HC —x(r,)(DX)
WHC=FID HC — Z(r,)(WX)

Where:

FID HC=Concentration of “hydrocarbon” plus
other organics such as methanol in ex-
haust as measured by the FID, ppm carbon
equivalent.

r=FID response to oxygenated spe-
ciesx(methanol, ethanol, or acetaldehyde).

DX=Concentration of oxygenated spe-
ciesx(methanol, ethanol, or acetaldehyde)
in exhaust as determined from the dry ex-
haust sample, ppm carbon (e.g., DCH30H,
2(DCH3CH20H)).

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

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

(2) Nonmethane hydrocarbons:

Mnmtic mode=(DNMHC)CMW,(DVol) (106)/
Vl]]
=((DNMHC/106)(W;)/((DCO/106)+(DCO./

100)+(DHC/106)))

MnmHC mode=(WNMHC)CMW,(WVol) (106)/
Vm
=((WNMHC/106) (W)/((WCO/106)+(WCO,/

100)+(WHC/106)))

Where:

DNMHC=FID HC — (rcus)(DCH4)

WNMHC=FID HC — (rcus)(WCH4)

FID HC=Concentration of “hydrocarbon” plus
other organics such as methane in exhaust
as measured by the FID, ppm carbon equiv-
alent.

rcus=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 modeZ(DCO)MWCO(DVOI)/106/Vm
=((MWco(DCO/106) (W)/((CMW;) (DCO/
105)+(DCO,/100)+DHC/106)+(EDX/
109)))
Mco modez(WCO) MWCo(DVO I)(lOﬁ)Nm
+((MWco(WCO/109) (We)/((CMW) (WCO/
106)+(WCO,/100)+WHC/106)+(EWX/106)))

(C) Oxides of nitrogen:

MNOX modc=(DNOX) MWNoz(DVOI)(lof’)/Vm
:((MWNoz(DNOX/].OG)(Wf)/
((CMW;)(DCO/106)+(DCO,/100)+(DHC/
106)+(EDX/106)))
Mnox mode=(WNOX)MWno2(DVOI)(109)/V/
=((MWN02(WNOX/10(’) (W|)/
((CMW,)(WCO/106)+(WCO»/
100)+(WHC/106)+(EWX/106)))

(D) Methanol:

Mcuzon modc=(DCH30H/106)32042(DV0|)/
Vm

Mcuzon  mode=(WCH30H/100)32.042(WVol)/
Vl]]

Where:

DCH30H=(Vn)(106)[(C1xAV)+(CaxAV2)]/
DVOlMs.

WCH30H=(V.,)(106)[(CxAV)+(CaxAV2)]/
WVolys.

Ci=concentration of methanol in impinger i
(1 or 2) in mol/ml.
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AVi=Volume of absorbing reagent in im-
pingeri (1 or 2) in ml.

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

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

(E) Ethanol:

Mchsch2on
10)23.035(DVOl) Vs

Mcuacr20n mode = (WCH3CH20H/
109)23.035(W\/0l) Vs

Where:

DCH3CH20H=(V.n)(109)[(CixAV;)

+(C2xAV,)]/DVolgs.

WCH3CH20H=(V)(109)[(C1xAV,)+(C2xAV2)]/
WVolEgs.

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

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

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

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

(F) Formaldehyde:

Mcm20 modc=(DCH20/106)30OZG(DVOI)/Vm
Mcuz0 modez(WCH20/106)30.026(WV0|)/Vm

(1) If aldehydes are measured using
impingers:

DCH20=(V,)(109)[(CixAV)+(C:xAV>)]/
DVol
WwC HZOF:S(Vm) (109)[(C1xAV)+(CxAV2)]/
Olgs

(2) If aldehydes are measured using
cartridges:

DC H20=(Vm) (106) (CRXAVR)/DVO Ies
WCH20=(V,) (106)(CrxAVr)/MWVol s

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

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

AVgr=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.

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

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

(G) Acetaldehyde:

mode=(DCH3CH20H/
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MchscHo mode=(DCH3CHO/
10)27.027(DVOl)V/im
MchscHo mode=(WCH3CHO/

106)27.027(WVol)/ Vs,

(1) If aldehydes are measured using
impingers:

DCH3CHO= (V) (109)[(C1xAV,)+(Cax
AV2)]/DVOIAS

WCH3CHO=(V,,)(106)[(C XAV )+Cax
AVz)]/WVOIAS

(2) If aldehydes are measured using
cartridges:

DCH3CHO=(V.1)(109)(CrxAVR)/DVOl A5
WCH3CHO=(Vm)(106)(CR><AVR)/WV0IAg

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

AV;=Volume of absorbing reagent in
pinger i (1 or 2) in ml.

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

Ci=concentration of acetaldehyde in
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).

im-

im-

(iv) Conversion of wet concentrations
to dry concentrations. Wet concentra-
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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
DVol=1+DH20.

conversion factor=wVol/

(A) Iterative calculation of conver-
sion factor. The conversion factor Ky
is calculated from the fractional vol-
ume of water in the exhaust on a dry
basis (DH20=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=(Vn)(W)/((CMW;)(DHC/106+DCO/
105+DC02/100))

(2) This estimate is then used in the
following equations to calculate
DVol.;;, then DH20, then Ky, which al-
lows DHC to be determined more accu-
rately from WHC:

a( DCO2 | DCO]
2 6 ) (Y)(DVol,
b0 <| L 102 " 10° ) (Y)(DVoly) 1
2 DVol DCO
(DCO2)(K)(10*)

Where:

Y=Water volume concentration in intake air,
volume fraction (dry).

02

DVol,,=Air intake flow rate (ft3’hr) on a dry
basis, measured, or calculated as:

DVol,, = DVolLl - (&j{%) - ?OL? (% + o.st

(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 Ky between iterations is less
than one percent.
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(B) Alternate calculation of DH20
(approximation). The following ap-
proximation may be used for DH20 in-

40 CFR Ch. | (7-1-04 Edition)

stead of the calculation in paragraph
(b)(2)(iv)(A) of this section:

DCO2 DCO
DH20 = S ATSTE Y)(DVol !
- 2 +( )( o Ratio) 14 DCO
(DCO2)(K)(10*)
Where:
DVol
DVOlratio = — 0 ar _ 1—(DC(2)2 j(g]— DCG() (E'F()S)
DVol 10 4 10 4

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, Mymode (g/hr) of each pollut-
ant (HC, NOx, CO2, CO, CH4 CH3O0H,
CH3CH20H, CH20, CH3CH20) for each
operating mode for bag measurements
and diesel continuously heated sam-
pling system measurements is deter-
mined from the following equation:

M x mode— (Vmix) (De ns i tyx) (xcnnc)/(vf)

Where:

X designates the pollutant (e.g., HC), Vi is
the total diluted exhaust volumetric flow
rate (ft3/hr), Densityy is the specified den-
sity of the pollutant in the gas phase (g/
ft3), Xeone 1S the fractional concentration of
pollutant x (i.e., ppm/106, ppmC/106, or %/
100), and Vs 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:

_ WC02-WCO02,

~ WCO02, - WC02,

Where:

WCO2=Carbon dioxide concentration of the
raw exhaust sample, in percent (wet).

WCO2.=Carbon dioxide concentration of the
dilute exhaust sample, in percent (wet).

WCO24=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) Vi=Fraction of the total raw ex-
haust that is diluted for analysis.

=((CO20nc/102)+(COconc/106)+(HCeone/
10)) (Vi) (CMW/V 1/ Mg

(iii) Calculation of individual pollut-
ants.

(A) Muc mode=Hydrocarbon emissions,
in grams per hour by mode, are cal-
culated using the following equations:

Meuc mode=(Vmix) (Densityuc) (HCconc/100)/ V¢
HCconc:HCe - (HCd)(l - (1/DF))
HC.=FID HC.— E(r)(X.)

Where:
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Densityuc=Density of hydrocarbons=16.42 g/
ft3 (0.5800 kg/ms) for #l petroleum diesel
fuel, 16.27 g/ft3 (0.5746 kg/ms) 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.

HC.onc=Hydrocarbon concentration of the di-
lute exhaust sample corrected for back-
ground, in ppm carbon equivalent (i.e.,
equivalent propanex3).

HC.=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, HC. is
the FID measurement. For methanol-
fueled and ethanol-fueled engines:

FID HC.=Concentration of hydrocarbon plus
methanol, ethanol and acetaldehyde in di-
lute exhaust as measured by the FID, ppm
carbon equivalent.

r.=FID response to oxygenated species X
(methanol, ethanol or acetaldehyde).

X.=Concentration of species x (methanol,
ethanol or acetaldehyde) in dilute exhaust
as determined from the dilute exhaust
sample, ppm carbon.

HCqs=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) (DenSityNOZ) (Noxconc/
106) /¢
NOXconc=(NOX. — NOx4(1 — (1/DF)))

Where:

Densityno.=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.

NOX.onc=Oxides of nitrogen concentration of
the dilute exhaust sample corrected for
background, in ppm.

NOx.=Oxides of nitrogen concentration of
the dilute exhaust bag sample as measured,
in ppm.

NOx.=0Oxides 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:

MCOZ mode:(vmix) (DenSity CO2) (Co2conc/
102) /Vy
CO2conc=CO2c — COzd(l - (1/DF))
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Where:

Density CO,=Density of carbon dioxide is
51.81 g/ft3 (1.830 kg/ms3), at standard condi-
tions.

COzonc=Carbon dioxide concentration of the
dilute exhaust sample corrected for back-
ground, in percent.

CO,.=Carbon dioxide concentration of the di-
lute exhaust bag sample, in percent.

CO,q=Carbon dioxide concentration of the di-
lution air as measured, in percent.

(D)(1) Mco mose=Carbon monoxide
emissions, in grams per hour by mode,
are calculated using the following
equations:

Mco mode=(Vmix)(Densityco)(COconc/108)/V¢
Coconc:COc - Cod(l - (1/D F))
CO4=(1—0.000323R)COum

Where:

Densityco=Density of carbon monoxide is
32.97 g/ft3 (1.164 kg/ms3), at standard condi-
tions.

COconc=Carbon monoxide concentration of the
dilute exhaust sample corrected for back-
ground, water vapor, and CO, extraction,
ppm.

CO.=Carbon monoxide concentration of the
dilute exhaust sample volume corrected for
water vapor and carbon dioxide extraction,
in ppm.

CO.=(1-(0.01+0.005/0) CO5. — 0.000323RH)COcpm,
where o is the hydrogen to carbon ratio as
measured for the fuel used.

CO.n=Carbon monoxide concentration of the
dilute exhaust sample as measured, in
ppm.

RH = Relative humidity of the dilution air,
percent.

COg4=Carbon monoxide concentration of the
dilution air corrected for water vapor ex-
traction, in ppm.

COgm=Carbon monoxide concentration of the
dilution air sample as measured, in ppm.

(2) If a CO instrument which meets
the criteria specified in §86.1311 of this
chapter is used and the conditioning
column has been deleted, CO.,, must be
substituted directly for CO,, and COgn,
must be substituted directly for COq.

(E) Mchs moee=Methane emissions cor-
rected for background, in gram per
hour by mode, are calculated using the
following equations:

MCH4 mode:(vmix) (DenSityCH4) (CH4conc/106)
V¢
CHuconc=Ccrae — Ccnaa(1— (1/DF))

Where:

Densitycus=Density of methane is 18.89 g/ft3
at 68 °F (20 °C) and 760 mm Hg (101.3kPa)
pressure.

469



§92.132

CHiconc=Methane concentration of the dilute
exhaust corrected for background, in ppm.

Ccuse=Methane concentration in the dilute
exhaust, in ppm.

Ccusa=Methane concentration in the dilution
air, in ppm.

(F) Mcuson mode=Methanol emissions
corrected for background, in gram per
hour by mode, are calculated using the
following equations:

Mchson mode=(Vmix)(Densitycuson)
(CH30Honc/108)/ V¢

CH30H.one=Cch3one — Cenzona(1 — (1/DF))

Ccnzone=((3.817)(10~2)(Tem)(((Cs1)(AVs1))
+(Cs2) (AVs2)))/((PB)(VEM))

Cenzona=((3.817)(10~2)(Tom) (((Cp1)
(AVD1))+(Cp2) (AVD2)))/((PB)(VDM))

Where:

Densitycuson=Density of methanol is 37.71 g/
ft3 (1.332 kg/m?), at 68 °F (20 °C) and 760 mm
Hg (101.3kPa) pressure.

CH30Hon.=Methanol concentration of the di-
lute exhaust corrected for background, in
ppm.

Ccuszone=Methanol concentration in the di-
lute exhaust, in ppm.

CcHnsoHd=Methanol concentration in the dilu-
tion air, in ppm.

Tem=Temperature of methanol sample with-
drawn from dilute exhaust, °R.

Tpm=Temperature of methanol sample with-
drawn from dilution air, °R.

Pg=Barometric pressure during test, mm Hg.

Vem=Volume of methanol sample withdrawn
from dilute exhaust, ft3.

Vpm=Volume of methanol sample withdrawn
from dilution air, ft3.

Cs=GC concentration of aqueous sample
drawn from dilute exhaust, ug/ml.

Cp=GC concentration of aqueous sample
drawn from dilution air, ug/ml.

Avs=Volume of absorbing reagent (deionized
water) in impinger through which meth-
anol sample from dilute exhaust is drawn,
ml.

Avp=Volume of absorbing reagent (deionized
water) in impinger through which meth-
anol sample from dilution air is drawn, ml.
(=first impinger.

»=second impinger.

(G) Mcauson mode=Ethanol emissions
corrected for background, in gram per
hour by mode, are calculated using the
following equations:

McuscHzoH  mode=(Vmix) (DENSitychzcHz0m)
((CH3CH20Hon/108))/V¢

CH3CH20HCOT\C:CCH3CH20HC - CCH3CH20Hd
(1-(1/DF))

Ccrscr2oma=((2.654) (10 ~2)(Tom) (((Cp1)
(AVp1))*+(Cp2)(AVD2)))/((PE)(VDM))
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Ccnscr20ue=((2.654) (10~ 2)(Tem) (((Cs1)
(AVs1))+(Cs2)(AVs2)))/((P)(VEMm))

Where:

Densitycouson=Density of ethanol is 54.23 g/
ft3 (1.915 kg/m3), at 68 °F (20 °C) and 760 mm
Hg (101.3kPa) pressure.

CH;3CH,OH.n=Ethanol concentration of the
dilute exhaust corrected for background, in
ppm.

Ccuscmzone=Ethanol concentration in the di-
lute exhaust, in ppm.

Ccuscazona=Ethanol concentration in the di-
lution air, in ppm.

Tem= Temperature of ethanol sample with-
drawn from dilute exhaust, °R.

Tom=Temperature of ethanol sample with-
drawn from dilution air, °R.

Pg=Barometric pressure during test, mm Hg.

Vem=Volume of ethanol sample withdrawn
from dilute exhaust, ft3.

Vpm=Volume of ethanol sample withdrawn
from dilution air, ft3.

Cs=GC concentration of aqueous sample
drawn from dilute exhaust, ug/ml.

Cp=GC concentration of aqueous sample
drawn from dilution air, ug/ml.

Avs= Volume of absorbing reagent (deionized
water) in impinger through which ethanol
sample from dilute exhaust is drawn, ml.

Avp=Volume of absorbing reagent (deionized
water) in impinger through which ethanol
sample from dilution air is drawn, ml.
(=first impinger.
>=second impinger.

(H) Mcm2o mode=FOrmaldehyde emis-
sions corrected for background, in
gram per hour by mode, are calculated
using the following equations:

Mch20 mode=(Vmix)(Densitycmo)
((CH00onc/108)\/¢

CH20.one=Cch20e — Ccnzod(1 — (1/DF))

Ccr20e=((4.069) (10 ~2) (Crpe) (Var)(Q)(TER))/
((Vse)(Ps)

Cen20a=((4.069)(10~2)(Crpa)(Vaa)(Q)(Tor))/
(Vsa)(Ps)

Where:

Densitycu.0=Density of formaldehyde is 35.36
g/ft3 (1.249 kg/m3), at 68 °F (20 °C) and 760
mmHg (101.3 kPa) pressure.

CH20.,n.=Formaldehyde concentration of the
dilute exhaust corrected for background,
ppm.

Ccmo.=Formaldehyde concentration in dilute
exhaust, ppm.

Ccmzoa=Formaldehyde concentration in dilu-
tion air, ppm.

Crpe=Concentration of DNPH derivative of
formaldehyde from dilute exhaust sample
in sampling solution, pg/ml.

Vae=Volume of sampling solution for dilute
exhaust formaldehyde sample, ml.

Q = Ratio of molecular weights of formalde-
hyde to its DNPH derivative = 0.1429.
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Ter=Temperature of formaldehyde sample
withdrawn from dilute exhaust, °R.
Vse=Volume of formaldehyde sample with-
drawn from dilute exhaust, ft3.
Pg=Barometric pressure during test, mm Hg.
Crpa=Concentration of DNPH derivative of
formaldehyde from dilution air sample in
sampling solution, ug/ml.
Vaa=Volume of sampling solution for dilu-
tion air formaldehyde sample, ml.
Tpr=Temperature of formaldehyde sample
withdrawn from dilution air, °R.
Vsa=Volume of formaldehyde sample with-
drawn from dilution air, ft3.

(1) Mcuscno modae=Acetaldehyde emis-
sions corrected for background, in
grams per hour by mode, are calculated
using the following equations:

Mchscro mode=

(Vmix)(DensityCH3CHO)((CH3CHOCD,,C/106)/

f

CH3CHOonc=Cch3cHoe — Censcroa(1—(1/
DF))

CCH3CHOc=((2-774)(1072)
(Cape)(Var)(Q)(TeR)/((Vse)(Pr)

CCH3CHOd:((2-774)(1072)
(Capa)(Vaa)(Q)(Tor))/(Vsa)(Pe)

Where:

Density cuscno=Density of acetaldehyde is
51.88 g/ft3 (1.833 kg/m?3), at 68 °F (20 °C) and
760 mmHg (101.3 kPa) pressure.

CH3CHO..n.=Acetaldehyde concentration of
the dilute exhaust corrected for back-
ground, ppm.

Ccuscnoe=Acetaldehyde concentration in di-
lute exhaust, ppm.

Ccuscnoa=Acetaldehyde concentration in di-
lution air, ppm.

Cape=Concentration of DNPH derivative of
acetaldehyde from dilute exhaust sample
in sampling solution, pg/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

Ter=Temperature of acetaldehyde sample
withdrawn from dilute exhaust, °R.

Vse=Volume of acetaldehyde sample with-
drawn from dilute exhaust, ft3.

Ps=Barometric pressure during test, mm Hg.

CapaConcentration of DNPH derivative of ac-
etaldehyde from dilution air sample in
sampling solution, pg/ml.

Vaa=Volume of sampling solution for dilu-
tion air acetaldehyde sample, ml.

Tpr=Temperature of acetaldehyde sample
withdrawn from dilution air, °R.

Vsa=Volume of acetaldehyde sample with-
drawn from dilution air, ft3.

(J) MxmuC mode=NOnmethane hydro-
carbon emissions, in grams per hour by
mode.

§92.132

Mxmac mode=(Vmix) (Densitynmuc)
((NMHCEon/100))/V¢
NMHC_one=NMHC.—(NMHC,)(1— (1/DF))
NMHC.=FID HC.— (rm)(Cchae)
NMHC4=FID HC4— (rm)(CCH4d)

Where:

Densitynvuc=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.

NMHCn.=Nonmethane hydrocarbon con-
centration of the dilute exhaust sample
corrected for background, in ppm carbon
equivalent (i.e., equivalent propane x 3).

NMHC.=Nonmethane hydrocarbon con-
centration of the dilute exhaust bag sam-
ple:

FID HC.=Concentration of hydrocarbons in
dilute exhaust as measured by the FID,
ppm carbon equivalent.

rm=FID response to methane.

Ccmse=Concentration of methane in dilute ex-
haust as determined from the dilute ex-
haust sample.

NMHC ;=Nonmethane hydrocarbon
centration of the dilution air:

FID HCy=Concentration of hydrocarbons in
dilute exhaust as measured by the FID,
ppm carbon equivalent.

rn=FID response to methane.

Ccusa=Concentration of methane in dilute ex-
haust as determined from the dilute ex-
haust sample, ppm.

con-

(4) Particulate exhaust emissions. The
mass of particulate for a test mode de-
termined from the following equations
when a heat exchanger is used (i.e., no
flow compensation), and when back-
ground filters are used to correct for
background particulate levels:

Mpm mode=Particulate emissions, grams
per hour by mode.

MPM
m()de:(WVOI)(PMCUHC)(1+DF):(VIHiX)
(PMconC)/Vf

PMcunc:PMe - PMd(l - (1/D F))

PMezMPMe/Vsampe/]-O 3

PMd:MpMd/Vsampd/lO 3

Where:

PMcn.=Particulate concentration of the di-
luted exhaust sample corrected for back-
ground, in g/ft3

Mpme=Measured mass of particulate for the
exhaust sample, in mg, which is the dif-
ference in filter mass before and after the
test.
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Mpma=Measured mass of particulate for the
dilution air sample, in mg, which is the dif-
ference in filter mass before and after the
test.

Vampe=TO0tal wet volume of sample removed
from the dilution tunnel for the exhaust
particulate measurement, cubic feet at
standard conditions.
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Vampa=ToOtal 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:

_ WC02-WCO02,

-~ WCO02,

() Humidity calculations. (1) The fol-
lowing abbreviations (and units) apply
to paragraph (b) of this section:
BARO=barometric pressure (Pa).

H=specific humidity, (g H.O/g of dry air).
Ku=conversion factor=0.6220 g H,O/g dry air.
M.i:=Molecular weight of air=28.9645.
Muo=Molecular weight of water=18.01534.
Ppeg=Saturation vapor pressure of water at
the dry bulb temperature (Pa).
Ppp=Saturation vapor pressure of water at
the dewpoint temperature (Pa).
P.=Partial pressure of water vapor (Pa).
Pws=Saturation vapor pressure of water at
the wet bulb temperature (Pa).
Tpe=Dry bulb temperature (Kelvin).
Twe=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=((Kn) (P,)/(BARO-P,))

(3) The partial pressure of water
vapor may be determined using a dew
point device. In that case:

Pv=Ppp

(4) The percent of relative humidity
(RH) is defined as:

RH=(P./Pps)100

(5) The water-vapor volume con-
centration on a dry basis of the engine
intake air (Y) is defined as:

Y:((H)(Malr)/(MH20)=Pv/(BARO - PV)

(d) NOx correction factor. (1) NOx emis-
sion rates (Mnoxmode) Shall be adjusted
to account for the effects of humidity
and temperature by multiplying each
emission rate by Kynox, which is cal-
culated from the following equations:

Knox=(K)(1+(0.25(logK)?)!/2)

K=(Kn)(Kr)

Ku=[C+C:(exp((—0.0143)(10.714))}/
[Ci+Ca(exp((—0.0143)(1000H))]

—WC02,

C1=—8.7+164.5exp(—0.0218(A/F)we)
C,=130.7+3941exp(—0.0248(A/F)wer)

Where:

(A/F)w.=Mass of moist air intake divided by
mass of fuel intake.

Kr1=1/[1-0.017(T30-Ta)] for tests conducted at
ambient temperatures below 30 °C.

K1=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
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