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actual applicable production/sales vol-
ume, the values required to calculate
credits as given in § 89.207, and the
number of credits generated/required.
Manufacturers must also submit how
and where credit surpluses were dis-
persed (or are to be banked) and/or how
and through what means credit deficits
were met. Copies of contracts related
to credit trading must be included or
supplied by the broker, if applicable.
The report shall include a calculation
of credit balances to show that the
summation of the manufacturer’s use
of credits results in a credit balance
equal to or greater than zero, except as
allowed under § 89.203(c)(3)(ii). Manufac-
turers participating under the program
described in § 89.203(c)(3)(ii) shall in-
clude the NMHC + NOX credit balance
and the PM credit balance as of Decem-
ber 31 of that calendar year.

(b) The applicable production/sales
volume for end-of-year and final re-
ports must be based on the location of
the point of first retail sale (for exam-
ple, retail customer, dealer, secondary
manufacturer) also called the final
product purchase location.

(c)(1) End-of-year reports must be
submitted within 90 days of the end of
the model year to: Director, Engine
Programs and Compliance Division
(6405-J), U.S. Environmental Protec-
tion Agency, 401 M Street S.W., Wash-
ington, DC 20460.

(2) Final reports must be submitted
within 270 days of the end of the model
year to: Director, Engine Programs and
Compliance Division (6405-J), U.S. En-
vironmental Protection Agency, 401 M
Street S.W., Washington, DC 20460.

(d) Failure by a manufacturer par-
ticipating in the averaging, banking, or
trading program to submit any end-of-
year or final reports in the specified
time for all engines is a violation of
sections 203(a)(1) and 213 of the Clean
Air Act for each engine.

(e) A manufacturer generating cred-
its for deposit only who fails to submit
end-of-year reports in the applicable
specified time period (90 days after the
end of the model year) may not use the
credits until such reports are received
and reviewed by EPA. Use of projected
credits pending EPA review is not per-
mitted in these circumstances.

(f) Errors discovered by EPA or the
manufacturer in the end-of-year report,
including errors in credit calculation,
may be corrected in the final report up
to 270 days from the end of the model
year.

(g) If EPA or the manufacturer deter-
mines that a reporting error occurred
on an end-of-year or final report pre-
viously submitted to EPA under this
section, the manufacturer’s credits and
credit calculations will be recal-
culated. Erroneous positive credits will
be void except as provided in paragraph
(h) of this section. Erroneous negative
credit balances may be adjusted by
EPA.

(h) If within 270 days of the end of the
model year, EPA review determines a
reporting error in the manufacturer’s
favor (that is, resulting in an increased
credit balance) or if the manufacturer
discovers such an error within 270 days
of the end of the model year, the cred-
its shall be restored for use by the
manufacturer.

[59 FR 31335, June 17, 1994. Redesignated and
amended at 63 FR 56995, 57009, Oct. 23, 1998]

§ 89.212 Notice of opportunity for
hearing.

Any voiding of the certificate under
§§ 89.203(d), 89.206(c), 89.209(c) or
89.210(g) will be made only after the
manufacturer concerned has been of-
fered an opportunity for a hearing con-
ducted in accordance with §§ 89.512 and
89.513 and, if a manufacturer requests
such a hearing, will be made only after
an initial decision by the Presiding Of-
ficer.

[63 FR 57010, Oct. 23, 1998]

Subpart D—Emission Test
Equipment Provisions

§ 89.301 Scope; applicability.
(a) This subpart describes the equip-

ment required in order to perform ex-
haust emission tests on new nonroad
compression-ignition engines subject
to the provisions of subpart B of part
89.

(b) Exhaust gases, either raw or di-
lute, are sampled while the test engine
is operated using an 8-mode test cycle
on an engine dynamometer. The ex-
haust gases receive specific component
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analysis determining concentration of
pollutant, exhaust volume, the fuel
flow, and the power output during each
mode. Emission is reported as grams
per kilowatt hour (g/kw-hr). See sub-
part E of this part for a complete de-
scription of the test procedure.

(c) General equipment and calibra-
tion requirements are given in § 89.304
through 89.324. Sections 89.325 through
89.331 set forth general test specifica-
tions.

(d) Additional information about sys-
tem design, calibration methodologies,
and so forth, for raw gas sampling can
be found in part 86, subpart D of this
chapter. Examples for system design,
calibration methodologies, and so
forth, for dilute exhaust gas sampling
can be found in part 86, subpart N of
this chapter.

[59 FR 31335, June 17, 1994. Redesignated at 63
FR 56995, Oct. 23, 1998]

§ 89.302 Definitions.
The definitions in subpart A of this

part apply to this subpart. For terms
not defined in this part, the definitions
in 40 CFR part 86, subparts A, D, I, and
N, apply to this subpart.

[63 FR 57010, Oct. 23, 1998]

§ 89.303 Symbols/abbreviations.
(a) The abbreviations in § 86.094–3 or

part 89.3 of this chapter apply to this
subpart.

(b) The abbreviations in Table 1 in
appendix A of this subpart apply to
this subpart. Some abbreviations from
§89.3 have been included for the con-
venience of the reader.

(c) The symbols in Table 2 in appen-
dix A of this subpart apply to this sub-
part.

[59 FR 31335, June 17, 1994. Redesignated at 63
FR 56995, Oct. 23, 1998]

§ 89.304 Equipment required for gas-
eous emissions; overview.

(a) All engines subject to this subpart
are tested for exhaust emissions. En-
gines are operated on dynamometers
meeting the specification given in
§ 89.306.

(b) The exhaust is tested for gaseous
emissions using a raw gas sampling
system as described in § 89.412 or a con-
stant volume sampling (CVS) system

as described in § 89.419. Both systems
require analyzers (see paragraph (c) of
this section) specific to the pollutant
being measured.

(c) Analyzers used are a non-disper-
sive infrared (NDIR) absorption type
for carbon monoxide and carbon diox-
ide analysis; a heated flame ionization
(HFID) type for hydrocarbon analysis;
and a chemiluminescent detector
(CLD) or heated chemiluminescent de-
tector (HCLD) for oxides of nitrogen
analysis. Sections 89.309 through 89.324
set forth a full description of analyzer
requirements and specifications.

[59 FR 31335, June 17, 1994. Redesignated and
amended at 63 FR 56995, 57010, Oct. 23, 1998]

§ 89.305 Equipment measurement ac-
curacy/calibration frequency.

The accuracy of measurements must
be such that the maximum tolerances
shown in Table 3 in appendix A of this
subpart are not exceeded. Calibrate all
equipment and analyzers according to
the frequencies shown in Table 3 in ap-
pendix A of this subpart.

[59 FR 31335, June 17, 1994. Redesignated at 63
FR 56995, Oct. 23, 1998]

§ 89.306 Dynamometer specifications
and calibration weights.

(a) Dynamometer specifications. The
dynamometer test stand and other in-
struments for measurement of power
output must meet the accuracy and
calibration frequency requirements
shown in Table 3 in appendix A of this
subpart. The dynamometer must be ca-
pable of performing the test cycle de-
scribed in § 89.410.

(b) Dynamometer calibration weights. A
minimum of six calibration weights for
each range used are required. The
weights must be spaced to reflect good
engineering judgement such that they
cover the range of weights required and
must be traceable to within 0.5 percent
of NIST weights. Laboratories located
in foreign countries may certify cali-
bration weights to local government
bureau standards.

[59 FR 31335, June 17, 1994. Redesignated at 63
FR 56995, Oct. 23, 1998]

§ 89.307 Dynamometer calibration.
(a) If necessary, follow the dynamom-

eter manufacturer’s instructions for

VerDate 11<MAY>2000 13:50 Aug 24, 2000 Jkt 190149 PO 00000 Frm 00078 Fmt 8010 Sfmt 8002 Y:\SGML\190149T.XXX pfrm08 PsN: 190149T



79

Environmental Protection Agency § 89.309

initial start-up and basic operating ad-
justments.

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

(1) Warm up the dynamometer fol-
lowing the dynamometer manufactur-
er’s specifications.

(2) Determine the dynamometer cali-
bration moment arm (a distance/weight
measurement). Dynamometer manu-
facturer’s data, actual measurement,
or the value recorded from the previous
calibration used for this subpart may
be used.

(3) When calibrating the engine
flywheel torque transducer, any lever
arm used to convert a weight or a force
through a distance into a torque must
be in a horizontal position (±5 degrees).

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

IT = calibration weight (N) × calibra-
tion moment arm (m)

(5) Attach each calibration weight
specified in § 89.306 to the moment arm
at the calibration distance determined
in paragraph (b)(2) of this section.
Record the power measurement equip-
ment response (N¥m) to each weight.

(6) For each calibration weight, com-
pare the torque value measured in
paragraph (b)(5) of this section to the
calculated torque determined in para-
graph (b)(4) of this section.

(7) The measured torque must be
within either 2 percent of point or 1
percent of the engine maximum torque
of the calculated torque.

(8) If the measured torque is not
within the above requirements, adjust
or repair the system. Repeat steps in
paragraphs (b)(1) through (b)(6) of this
section with the adjusted or repaired
system.

(c) Optional. A master load-cell or
transfer standard may be used to verify
the torque measurement system.

(1) The master load-cell and read out
system must be calibrated with
weights at each test weight specified in
§ 89.306. The calibration weights must
be traceable to within 0.1 percent of ap-
plicable national standards.

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

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

(4) 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.

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

(6) If the in-use torque is not within
2 percent of the master torque, adjust
or repair the system. Repeat steps in
paragraphs (c)(2) through (c)(5) of this
section with the adjusted or repaired
system.

(d) 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.

(e) Perform other engine dynamom-
eter system calibrations as dictated by
good engineering practice.

[59 FR 31335, June 17, 1994. Redesignated and
amended at 63 FR 56995, 57010, Oct. 23, 1998]

§ 89.308 Sampling system require-
ments for gaseous emissions.

(a) For each component (pump, sam-
ple line section, filters, and so forth) in
the heated portion of the sampling sys-
tem that has a separate source of
power or heating element, use engi-
neering judgment to locate the coolest
portion of that component and monitor
the temperature at that location. If
several components are within an oven,
then only the surface temperature of
the component with the largest ther-
mal mass and the oven temperature
need be measured.

(b) If water is removed by condensa-
tion, the sample gas temperature shall
be monitored within the water trap or
the sample dewpoint shall be mon-
itored downstream. In either case, the
indicated temperature shall not exceed
7 °C.

[59 FR 31335, June 17, 1994. Redesignated and
amended at 63 FR 56995, 57010, Oct. 23, 1998]

§ 89.309 Analyzers required for gas-
eous emissions.

(a) Analyzers. The following instru-
ments are required for analyzing the
measured gases:

(1) Carbon Monoxide (CO) analysis. (i)
The carbon monoxide analyzer must be
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of the non-dispersive infrared (NDIR)
absorption type.

(ii) The use of linearizing circuits is
permitted.

(2) Carbon Dioxide (CO2) analysis. (i)
The carbon dioxide analyzer must be of
the non-dispersive infrared (NDIR) ab-
sorption type.

(ii) The use of linearizing circuits is
permitted.

(3) [Reserved]
(4) Hydrocarbon (HC) analysis. (i) The

hydrocarbon analyzer must be of the
heated flame ionization (HFID) type.

(ii) If the temperature of the exhaust
gas at the sample probe is below 190 °C,
the temperature of the valves, pipe-
work, and so forth, must be controlled
so as to maintain a wall temperature of
190 °C ± 11 °C. If the temperature of the
exhaust gas at the sample probe is
above 190 °C, the temperature of the
valves, pipework, and so forth, must be
controlled so as to maintain a wall
temperature greater than 180 °C.

(iii) The FID oven must be capable of
maintaining temperature within 5.5 °C
of the set point.

(iv) Fuel and burner air must con-
form to the specifications in § 89.312.

(v) The percent of oxygen inter-
ference must be less than 3 percent, as
specified in § 89.319(d).

(5) Oxides of nitrogen (NOX) analysis.
(i) This analysis device must consist of
the subsequent items, following the
sample probe, in the given order:

(A) Pipework, valves, and so forth,
controlled so as to maintain a wall
temperature above 60 °C.

(B) A NO2 to NO converter. The NO2

to NO converter efficiency must be at
least 90 percent.

(C) For raw analysis, an ice bath or
other cooling device located after the
NOX converter (optional for dilute
analysis).

(D) A chemiluminescent detector
(CLD or HCLD).

(ii) The quench interference must be
less than 3.0 percent as measured in
§ 89.318.

(b) Other gas analyzers yielding
equivalent results may be used with
advance approval of the Administrator.

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

(1) Carbon monoxide and carbon diox-
ide measurements must be made on a
dry basis (for raw exhaust measure-
ment only). Specific requirements for
the means of drying the sample can be
found in § 89.309(e).

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

(d) The electromagnetic compat-
ibility (EMC) of the equipment must be
on a level as to minimize additional er-
rors.

(e) Gas drying. Chemical dryers are
not an acceptable method of removing
water from the sample. Water removal
by condensation is acceptable. A water
trap performing this function and
meeting the specifications in § 89.308(b)
is an acceptable method. Means other
than condensation may be used only
with prior approval from the Adminis-
trator.

[59 FR 31335, June 17, 1994. Redesignated and
amended at 63 FR 56995, 57010, Oct. 23, 1998]

§ 89.310 Analyzer accuracy and speci-
fications.

(a) Measurement accuracy—general.
The analyzers must have a measuring
range which allows them to measure
the concentrations of the exhaust gas
sample pollutants with the accuracies
shown in Table 3 in Appendix A of this
subpart.

(1) Response time. As necessary, meas-
ure and account for the response time
of the analyzer.

(2) Precision. The precision of the ana-
lyzer must be, at worst, ±1 percent of
full-scale concentration for each range
used at or above 100 ppm (or ppmC) or
±2 percent for each range used below
100 ppm (or ppmC). The precision is de-
fined as 2.5 times the standard devi-
ation(s) of 10 repetitive responses to a
given calibration or span gas.

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

(4) Zero drift. The analyzer zero-re-
sponse drift during a 1-hour period
must be less than 2 percent of full-scale
chart deflection on the lowest range
used. The zero-response is defined as
the mean response including noise to a
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zero-gas during a 30-second time inter-
val.

(5) Span drift. The analyzer span drift
during a 1-hour period must be less
than 2 percent of full-scale chart de-
flection on the lowest range used. The
analyzer span is defined as the dif-
ference between 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) Operating procedure for analyzers
and sampling system. Follow the start-
up and operating instructions of the in-
strument manufacturer. Adhere to the
minimum requirements given in § 89.314
to § 89.323.

(c) Emission measurement accuracy—
Bag sampling. (1) Good engineering
practice dictates that exhaust emission
sample analyzer readings below 15 per-
cent of full-scale chart deflection
should generally not be used.

(2) Some high resolution read-out
systems, such as computers, data
loggers, and so forth, can provide suffi-
cient accuracy and resolution below 15
percent of full scale. Such systems may
be used provided that additional cali-
brations of at least 4 non-zero nomi-
nally equally spaced points, using good
engineering judgement, below 15 per-
cent of full scale are made to ensure
the accuracy of the calibration curves.
If a gas divider is used, the gas divider
must conform to the accuracy require-
ments specified in § 89.312(c). The proce-
dure in paragraph (c)(3) of this section
may be used for calibration below 15
percent of full scale.

(3) The following procedure shall be
followed:

(i) Span the analyzer using a calibra-
tion gas meeting the accuracy require-
ments of § 89.312(c), within the oper-
ating range of the analyzer, and at
least 90% of full scale.

(ii) Generate a calibration over the
full concentration range at a minimum
of 6, approximately equally spaced,
points (e.g. 15, 30, 45, 60, 75, and 90 per-
cent of the range of concentrations
provided by the gas divider). If a gas di-
vider or blender is being used to cali-
brate the analyzer and the require-
ments of paragraph (c)(2) of this sec-
tion are met, verify that a second cali-
bration gas between 10 and 20 percent

of full scale can be named within 2 per-
cent of its certified concentration.

(iii) If a gas divider or blender is
being used to calibrate the analyzer,
input the value of a second calibration
gas (a span gas may be used for the CO2
analyzer) having a named concentra-
tion between 10 and 20 percent of full
scale. This gas shall be included on the
calibration curve. Continue adding
calibration points by dividing this gas
until the requirements of paragraph
(c)(2) of this section are met.

(iv) Fit a calibration curve per § 89.319
through § 89.322 for the full scale range
of the analyzer using the calibration
data obtained with both calibration
gases.

(d) Emission measurement accuracy—
continuous sampling. Analyzers used for
continuous analysis must be operated
such that the measured concentration
falls between 15 and 100 percent of full-
scale chart deflection. Exceptions to
these limits are:

(1) The analyzer’s response may be
less than 15 percent or more than 100
percent of full scale if automatic range
change circuitry is used and the limits
for range changes are between 15 and
100 percent of full-scale chart deflec-
tion;

(2) The analyzer’s response may be
less than 15 percent of full scale if:

(i) Alternative (c)(2) of this section is
used to ensure that the accuracy of the
calibration curve is maintained below
15 percent; or

(ii) The full-scale value of the range
is 155 ppm (or ppmC) or less.

[59 FR 31335, June 17, 1994. Redesignated and
amended at 63 FR 56995, 57010, Oct. 23, 1998]

§ 89.311 Analyzer calibration fre-
quency.

(a) Prior to initial use and after
major repairs, bench check each ana-
lyzer (see § 89.315).

(b) Calibrations are performed as
specified in §§ 89.319 through 89.324.

(c) At least monthly, or after any
maintenance which could alter calibra-
tion, the following calibrations and
checks are performed.

(1) Leak check the vacuum side of
the system (see § 89.316).

(2) Check that the analysis system
response time has been measured and
accounted for.
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(3) Verify that the automatic data
collection system (if used) meets the
requirements found in Table 3 in ap-
pendix A of this subpart.

(4) Check the fuel flow measurement
instrument to insure that the speci-
fications in Table 3 in appendix A of
this subpart are met.

(d) Verify that all NDIR analyzers
meet the water rejection ratio and the
CO2 rejection ratio as specified in
§ 89.318.

(e) Verify that the dynamometer test
stand and power output instrumenta-
tion meet the specifications in Table 3
in appendix A of this subpart.

[59 FR 31335, June 17, 1994. Redesignated at 63
FR 56995, Oct. 23, 1998]

§ 89.312 Analytical gases.
(a) The shelf life of all calibration

gases must not be exceeded. The expi-
ration date of the calibration gases
stated by the gas manufacturer shall
be recorded.

(b) Pure gases. The required purity of
the gases is defined by the contamina-
tion limits given below. The following
gases must be available for operation:

(1) Purified nitrogen (Contamination
≤ 1 ppm C, ≤ 1 ppm CO, ≤ 400 ppm CO2,
≤ 0.1 ppm NO)

(2) [Reserved]
(3) Hydrogen-helium mixture (40 ± 2

percent hydrogen, balance helium)
(Contamination ≤ 31 ppm C, ≤ 400 ppm
CO)

(4) Purified synthetic air (Contami-
nation ≤ 1 ppm C, ≤ 1 ppm CO, ≤ 400 ppm
CO2, ≤ 0.1 ppm NO) (Oxygen content be-
tween 18–21 percent vol.)

(c) Calibration and span gases. (1) Cali-
bration gas values are to be derived
from NIST Standard Reference Mate-
rials (SRM’s) or other standardized gas
samples and are to be single blends as
listed in the following paragraph.

(2) Mixtures of gases having the fol-
lowing chemical compositions shall be
available:

(i) C3H8 and purified synthetic air ;
(ii) C3H8 and purified nitrogen (op-

tional for raw measurements);
(iii) CO and purified nitrogen;
(iv) NOX and purified nitrogen (the

amount of NO2 contained in this cali-
bration gas must not exceed 5 percent
of the NO content);

(v) CO2 and purified nitrogen.

(3) The true concentration of a span
gas must be within ±2 percent of the
NIST gas standard. The true con-
centration of a calibration gas must be
within ±1 percent of the NIST gas
standard. The use of precision blending
devices (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
(or blending) must be ‘‘named’’ to an
accuracy of at least ±1 percent, trace-
able to NIST or other approved gas
standards. All concentrations of cali-
bration gas shall be given on a volume
basis (volume percent or volume ppm).

(4) The gas concentrations used for
calibration and span may also be ob-
tained by means of a gas divider, either
diluting with purified N2 or diluting
with purified synthetic air. The accu-
racy of the mixing device must be such
that the concentration of the diluted
gases may be determined to within ±2
percent.

(d) Oxygen interference check gases
shall contain propane with 350 ppmC
±75 ppmC hydrocarbon. The three oxy-
gen interference gases shall contain
21% ± 1% O2, 10% ± 1% O2, and
5% ± 1% O2. The concentration value
shall be determined to calibration gas
tolerances by chromatographic anal-
ysis of total hydrocarbons plus impuri-
ties or by dynamic blending. Nitrogen
shall be the predominant diluent with
the balance oxygen.

(e) Fuel for the FID shall be a blend
of 40 percent ±2 percent hydrogen with
the balance being helium. The mixture
shall contain less than 1 ppm equiva-
lent carbon response; 98 to 100 percent
hydrogen fuel may be used with ad-
vance approval of the Administrator.

(f) Hydrocarbon analyzer burner air.
The concentration of oxygen for raw
sampling must be within 1 mole per-
cent of the oxygen concentration of the
burner air used in the latest oxygen in-
terference check (%O2I). If the dif-
ference in oxygen concentration is
greater than 1 mole percent, then the
oxygen interference must be checked
and, if necessary, the analyzer adjusted
to meet the %O2I requirements. The
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burner air must contain less than 2
ppmC hydrocarbon.

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

[59 FR 31335, June 17, 1994. Redesignated and
amended at 63 FR 56995, 57010, Oct. 23, 1998]

§ 89.313 Initial calibration of ana-
lyzers.

(a) Warming-up time. The warming-up
time should be according to the rec-
ommendations of the manufacturer. If
not specified, a minimum of two hours
shall be allowed for warming up the
analyzers.

(b) NDIR and HFID analyzer. The
NDIR analyzer shall be tuned and
maintained according to the instru-
ment manufacturer’s instructions. The
combustion flame of the HFID analyzer
shall be optimized in order to meet the
specifications in § 89.319(b)(2).

(c) Zero setting and calibration. (1)
Using purified synthetic air (or nitro-
gen), the CO, CO2, NOX, and HC ana-
lyzers shall be set at zero.

(2) Introduce the appropriate calibra-
tion gases to the analyzers and the val-
ues recorded. The same gas flow rates
shall be used as when sampling ex-
haust.

(d) Rechecking of zero setting. The zero
setting shall be rechecked and the pro-
cedure described in paragraph (c) of
this section repeated, if necessary.

[59 FR 31335, June 17, 1994. Redesignated at 63
FR 56995, Oct. 23, 1998]

§ 89.314 Pre- and post-test calibration
of analyzers.

Each operating range used during the
test shall be checked prior to and after
each test in accordance with the fol-
lowing procedure. (A chronic need for
parameter adjustment can indicate a
need for instrument maintenance.):

(a) The calibration is checked by
using a zero gas and a span gas whose
nominal value is between 75 percent
and 100 percent of full-scale, inclusive,
of the measuring range.

(b) After the end of the final mode, a
zero gas and the same span gas will be
used for rechecking. As an option, the
zero and span may be rechecked at the
end of each mode or each test segment.
The analysis will be considered accept-
able if the difference between the two

measuring results is less than 2 percent
of full scale.

[59 FR 31335, June 17, 1994. Redesignated and
amended at 63 FR 56995, 57011, Oct. 23, 1998]

§ 89.315 Analyzer bench checks.

(a) Prior to initial use and after
major repairs verify that each analyzer
complies with the specifications given
in Table 3 in appendix A of this sub-
part.

(b) 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.

[59 FR 31335, June 17, 1994. Redesignated at 63
FR 56995, Oct. 23, 1998]

§ 89.316 Analyzer leakage and re-
sponse time.

(a) Vacuum side leak check. (1) Any lo-
cation within the analysis system
where a vacuum leak could affect the
test results must be checked.

(2) 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.

(3) The sample probe and the connec-
tion between the sample probe and
valve V2 (see Figure 1 in appendix B of
this subpart) may be excluded from the
leak check.

(b) [Reserved]
(c) The response time shall be ac-

counted for in all emission measure-
ment and calculations.

[59 FR 31335, June 17, 1994. Redesignated and
amended at 63 FR 56995, 57011, Oct. 23, 1998]

§ 89.317 NOX converter check.

(a) Prior to its introduction into
service, and monthly thereafter, the
chemiluminescent oxides of nitrogen
analyzer shall be checked for NO2 to
NO converter efficiency. Figure 2 in ap-
pendix B of this subpart is a reference
for the following paragraphs.
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(b) Follow good engineering practices
for instrument start-up and operation.
Adjust the analyzer to optimize per-
formance.

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

(d) 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.

(e) Introduce into the NOX generator
analyzer-system an NO-in-nitrogen (N2)
mixture with an NO concentration
equal to approximately 80 percent of
the most common operating range. The
NO2 content of the gas mixture shall be
less than 5 percent of the NO con-
centration.

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

(g) 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 paragraph (f) of this
section. Record the concentration of
NO in this NO+O2 mixture.

(h) 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 paragraph (f) of this section.
There must be at least 10 percent
unreacted NO at this point. Record the
concentration of residual NO.

(i) Switch the oxides of nitrogen ana-
lyzer to the NOX mode and measure
total NOX. Record this value.

(j) Switch off the NOX generator but
maintain gas flow through the system.
The oxides of nitrogen analyzer will in-
dicate the NOX in the NO+O2 mixture.
Record this value.

(k) Turn off the NOX generator O2 (or
air) supply. The analyzer will now indi-
cate the NOX in the original NO-in-N2

mixture. This value should be no more
than 5 percent above the value indi-
cated in paragraph (f) of this section.

[59 FR 31335, June 17, 1994. Redesignated and
amended at 63 FR 56995, 57011, Oct. 23, 1998]

§ 89.318 Analyzer interference checks.
(a) Gases present in the exhaust

other than the one being analyzed can

interfere with the reading in several
ways. Positive interference occurs in
NDIR and PMD instruments when the
interfering gas gives the same effect as
the gas being measured, but to a lesser
degree. Negative interference occurs in
NDIR instruments by the interfering
gas broadening the absorption band of
the measured gas and in CLD instru-
ments by the interfering gas quenching
the radiation. The interference checks
described in this section are to be made
initially and after any major repairs
that could affect analyzer performance.

(b) CO analyzer water and CO2 inter-
ference checks. Prior to its introduction
into service and annually thereafter,
the NDIR carbon monoxide analyzer
shall be checked for response to water
vapor and CO2™

(1) Follow good engineering practices
for instrument start-up and operation.
Adjust the analyzer to optimize per-
formance on the most sensitive range
to be used.

(2) Zero the carbon monoxide ana-
lyzer with either zero-grade air or zero-
grade nitrogen.

(3) Bubble a mixture of 3 percent CO2

in N2 through water at room tempera-
ture and record analyzer response.

(4) An analyzer response of more than
1 percent of full scale for ranges above
300 ppm full scale or more than 3 ppm
on ranges below 300 ppm full scale re-
quires corrective action. (Use of condi-
tioning columns is one form of correc-
tive action which may be taken.)

(c) NOX analyzer quench check. The
two gases of concern for CLD (and
HCLD) analyzers are CO2 and water
vapor. Quench responses to these two
gases are proportional to their con-
centrations and, therefore, require test
techniques to determine quench at the
highest expected concentrations expe-
rienced during testing.

(1) NOX analyzer CO2 quench check. A
CO2 span gas having a concentration of
80 percent to 100 percent of full scale of
the maximum operating range used
during testing shall be passed through
the CO2 NDIR analyzer and the value
recorded as a. It is diluted approxi-
mately 50 percent with NO span gas
and then passed through the CO2 NDIR
and CLD (or HCLD), with the CO2 and
NO values recorded as b and c respec-
tively. The CO2 shall then be shut off
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and only the NO span gas passed
through the CLD (or HCLD) and the NO
value recorded as d. Percent CO2

quench shall be calculated as follows
and shall not exceed 3 percent:

%
( )

( ) ( )
( / )CO quench

c a

d a d b
a b2 100 1= × −

×

× − ×







×

Where:
a = Undiluted CO2 concentration (percent)
b = Diluted CO2 concentration (percent)
c = Diluted NO concentration (ppm)
d = Undiluted NO concentration (ppm)

(2) NOx analyzer water quench check.
(i) This check applies to wet measure-
ments only. An NO span gas having a
concentration of 80 to 100 percent of
full scale of a normal operating range
shall be passed through the CLD (or
HCLD) and the response recorded as D.
The NO span gas shall then be bubbled
through water at room temperature
and passed through the CLD (or HCLD)
and the analyzer response recorded as
AR. Determine and record the bubbler
absolute operating pressure and the
bubbler water temperature. (It is im-
portant that the NO span gas contains
minimal NO2 concentration for this
check. No allowance for absorption of
NO2 in water has been made in the fol-
lowing quench calculations. This test
may be optionally run in the NO mode
to minimize the effect of any NO2 in
the NO span gas.)

(ii) Calculations for water quench
must consider dilution of the NO span
gas with water vapor and scaling of the
water vapor concentration of the mix-
ture to that expected during testing.
Determine the mixture’s saturated
vapor pressure (designated as Pwb) that
corresponds to the bubbler water tem-

perature. Calculate the water con-
centration (Z1, percent) in the mixture
by the following equation:

Z
Pwb

GP
1 100= ×

where

GP = analyzer operating pressure (Pa)

(iii) Calculate the expected dilute NO
span gas and water vapor mixture con-
centration (designated as D1) by the
following equation:

D D
Z

1 1
1

100
= × −







(iv)(A) The maximum raw or dilute
exhaust water vapor concentration ex-
pected during testing (designated as
Wm) can be estimated from the CO2

span gas (or as defined in the equation
in this paragraph and designated as A)
criteria in paragraph (c)(1) of this sec-
tion and the assumption of a fuel atom
H/C ratio of 1.8:1 as:

Wm(%)=0.9×A(%)

Where:

A = maximum CO2 concentration expected in
the sample system during testing.

(B) Percent water quench shall not exceed
3 percent and shall be calculated by:

%Water Quench = 100
D1× − ×AR

D

Wm

Z1 1

[59 FR 31335, June 17, 1994. Redesignated and
amended at 63 FR 56995, 57011, Oct. 23, 1998; 63
FR 58101, Oct. 29, 1998]

§ 89.319 Hydrocarbon analyzer calibra-
tion.

(a) The FID hydrocarbon analyzer
shall receive the initial and periodic
calibration as described in this section.
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The HFID used with petroleum-fueled
diesel (compression-ignition) engines
shall be operated to a set point ±5.5 °C
between 185 and 197 °C.

(b) Initial and periodic optimization of
detector response. Prior to introduction
into service and at least annually
thereafter, adjust the FID hydrocarbon
analyzer for optimum hydrocarbon re-
sponse as specified in this paragraph.
Alternate methods yielding equivalent
results may be used, if approved in ad-
vance by the Administrator.

(1) Follow good engineering practices
for initial instrument start-up and
basic operating adjustment using the
appropriate fuel (see § 89.312(e)) and
zero-grade air.

(2) Optimize the FID’s response on
the most common operating range. The
response is to be optimized with re-
spect to fuel pressure or flow. Efforts
shall be made to minimize response
variations to different hydrocarbon
species that are expected to be in the
exhaust. Good engineering judgment is
to be used to trade off optimal FID re-
sponse to propane-in-air against reduc-
tions in relative responses to other hy-
drocarbons. A good example of trading
off response on propane for relative re-
sponses to other hydrocarbon species is
given in Society of Automotive Engi-
neers (SAE) Paper No. 770141, ‘‘Optimi-
zation of Flame Ionization Detector for
Determination of Hydrocarbon in Di-
luted Automotive Exhausts’’; author
Glenn D. Reschke. It is also required
that the response be set to optimum
condition with respect to air flow and
sample flow. Heated Flame Ionization
Detectors (HFIDs) must be at their
specified operating temperature. One of
the following procedures is required for
FID or HFID optimization:

(i) The procedure outlined in Society
of Automotive Engineers (SAE) paper
No. 770141, ‘‘Optimization of a Flame
Ionization Detector for Determination
of Hydrocarbon in Diluted Automotive
Exhausts’’; author, Glenn D. Reschke.
This procedure has been incorporated
by reference at § 89.6.

(ii) The HFID optimization proce-
dures outlined in 40 CFR part 86, sub-
part D.

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

(iv) The procedures specified by the
manufacturer of the FID or HFID.

(3) After the optimum flow rates have
been determined, record them for fu-
ture reference.

(c) Initial and periodic calibration.
Prior to introduction into service,
after any maintenance which could
alter calibration, and monthly there-
after, the FID or HFID hydrocarbon an-
alyzer shall be calibrated on all nor-
mally used instrument ranges using
the steps in this paragraph (c). Use the
same flow rate and pressures as when
analyzing samples. Calibration gases
shall be introduced directly at the ana-
lyzer, unless the ‘‘overflow’’ calibra-
tion option of 40 CFR part 86, subpart
N, for the HFID is taken. New calibra-
tion curves need not be generated each
month if the existing curve can be
verified as continuing to meet the re-
quirements of paragraph (c)(3) of this
section.

(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 (dilute or
raw) or propane-in-nitrogen (raw) cali-
bration gases having nominal con-
centrations starting between 10–15 per-
cent and increasing in at least six in-
cremental steps to 90 percent (e.g., 15,
30, 45, 60, 75, and 90 percent of that
range) of that range. The incremental
steps are to be spaced to represent good
engineering practice. 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 calibra-
tion factor for that range. If the devi-
ation exceeds 2 percent at each non-
zero data point and within ±0.3 percent
of full scale on the zero, the best-fit
non-linear equation which represents
the data to within these limits shall be
used to determine concentration.

(d) Oxygen interference optimization
(required for raw). Choose a range where
the oxygen interference check gases
will fall in the upper 50 percent. Con-
duct the test, as outlined in this para-
graph, with the oven temperature set
as required by the instrument manu-
facturer. Oxygen interference check
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gas specifications are found in
§ 89.312(d).

(1) Zero the analyzer.
(2) Span the analyzer with the 21%

oxygen interference gas specified in
§ 89.312(d).

(3) Recheck zero response. If it has
changed more than 0.5 percent of full
scale repeat paragraphs (d)(1) and (d)(2)
of this section to correct problem.

(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 (designated as percent O2I)
for each mixture in paragraph (d)(4) of
this section.

percent O2I = ((B–C) × 100)/B

Where:
A = hydrocarbon concentration (ppmC) of

the span gas used in paragraph (d)(2) of
this section.

B = hydrocarbon concentration (ppmC) of the
oxygen interference check gases used in
paragraph (d)(4) of this section.

C = analyzer response (ppmC) = A/D; where
D = (percent of full-scale analyzer response

due to A) × (percent of full-scale analyzer
response due to B)

[59 FR 31335, June 17, 1994. Redesignated and
amended at 63 FR 56995, 57011, Oct. 23, 1998]

§ 89.320 Carbon monoxide analyzer
calibration.

(a) Calibrate the NDIR carbon mon-
oxide as described in this section.

(b) Initial and periodic interference
check. Prior to its introduction into
service and annually thereafter, the
NDIR carbon monoxide analyzer shall
be checked for response to water vapor
and CO2 in accordance with § 318.96(b).

(c) Initial and periodic calibration.
Prior to its introduction into service,
after any maintenance which could
alter calibration, and every two
months thereafter, the NDIR carbon
monoxide analyzer shall be calibrated.
New calibration curves need not be
generated every two months if the ex-
isting curve can be verified as con-
tinuing to meet the requirements of
paragraph (c)(3) of this section.

(1) Adjust the analyzer to optimize
performance.

(2) Zero the carbon monoxide ana-
lyzer with either zero-grade air or zero-
grade nitrogen.

(3) Calibrate on each used operating
range with carbon monoxide-in-N2 cali-
bration gases having nominal con-
centrations starting between 10 and 15
percent and increasing in at least six
incremental steps to 90 percent (e.g.,
15, 30, 45, 60, 75, and 90 percent) of that
range. The incremental steps are to be
spaced to represent good engineering
practice. 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 non-zero data point
and within ± 0.3 percent of full scale on
the zero, concentration values may be
calculated by use of a single calibra-
tion factor for that range. If the devi-
ation exceeds these limits, the best-fit
non-linear equation which represents
the data to within these limits shall be
used to determine concentration.

(d) The initial and periodic inter-
ference, system check, and calibration
test procedures specified in part 86,
subpart D of this chapter may be used
in lieu of the procedures specified in
this section.

[59 FR 31335, June 17, 1994. Redesignated and
amended at 63 FR 56995, 57012, Oct. 23, 1998]

§ 89.321 Oxides of nitrogen analyzer
calibration.

(a) The chemiluminescent oxides of
nitrogen analyzer shall receive the ini-
tial and periodic calibration described
in this section.

(b) Prior to its introduction into
service, and monthly thereafter, the
chemiluminescent oxides of nitrogen
analyzer is checked for NO2 to NO con-
verter efficiency according to § 89.317.

(c) Initial and periodic calibration.
Prior to its introduction into service,
after any maintenance which could
alter calibration, and monthly there-
after, the chemiluminescent oxides of
nitrogen analyzer shall be calibrated
on all normally used instrument
ranges. New calibration curves need
not be generated each month if the ex-
isting curve can be verified as con-
tinuing to meet the requirements of
paragraph (c)(3) of this section. Use the
same flow rate as when analyzing sam-
ples. Proceed as follows:
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(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
starting at between 10 and 15 percent
and increasing in at least six incre-
mental steps to 90 percent (e.g., 15, 30,
45, 60, 75, and 90 percent) of that range.
The incremental steps are to be spaced
to represent good engineering practice.
For each range calibrated, if the devi-
ation from a least-squares best-fit
straight line is 2 percent or less of the
value at each non-zero data point and
within ± 0.3 percent of full scale on the
zero, concentration values may be cal-
culated by use of a single calibration
factor for that range. If the deviation
exceeds these limits, the best-fit non-
linear equation which represents the
data to within these limits shall be
used to determine concentration.

(d) The initial and periodic inter-
ference, system check, and calibration
test procedures specified in part 86,
subpart D of this chapter may be used
in lieu of the procedures specified in
this section.

[59 FR 31335, June 17, 1994. Redesignated and
amended at 63 FR 56995, 57012, Oct. 23, 1998]

§ 89.322 Carbon dioxide analyzer cali-
bration.

(a) Prior to its introduction into
service, after any maintenance which
could alter calibration, and bi-monthly
thereafter, the NDIR carbon dioxide
analyzer shall be calibrated on all nor-
mally used instrument ranges. New
calibration curves need not be gen-
erated each month if the existing curve
can be verified as continuing to meet
the requirements of paragraph (a)(3) of
this section. Proceed as follows:

(1) Follow good engineering practices
for instrument start-up and operation.
Adjust the analyzer to optimize per-
formance.

(2) Zero the carbon dioxide analyzer
with either zero-grade air or zero-grade
nitrogen.

(3) Calibrate on each normally used
operating range with carbon dioxide-
in-N2 calibration or span gases having
nominal concentrations starting be-

tween 10 and 15 percent and increasing
in at least six incremental steps to 90
percent (e.g., 15, 30, 45, 60, 75, and 90
percent) of that range. The incre-
mental steps are to be spaced to rep-
resent good engineering practice. 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 non-zero data point and within
± 0.3 percent of full scale on the zero,
concentration values may be cal-
culated by use of a single calibration
factor for that range. If the deviation
exceeds these limits, the best-fit non-
linear equation which represents the
data to within these limits shall be
used to determine concentration.

(b) The initial and periodic inter-
ference, system check, and calibration
test procedures specified in part 86,
subpart D of this chapter may be used
in lieu of the procedures in this sec-
tion.

[59 FR 31335, June 17, 1994. Redesignated and
amended at 63 FR 56995, 57012, Oct. 23, 1998]

§ 89.323 NDIR analyzer calibration.
(a) Detector optimization. If necessary,

follow the instrument manufacturer’s
instructions for initial start-up and
basic operating adjustments.

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

(1) Zero the analyzer.
(2) Span the analyzer to give a re-

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

(3) Recheck the zero response. If it
has changed more than 0.5 percent of
full scale, repeat the steps given in
paragraphs (b)(1) and (b)(2) of this sec-
tion.

(4) Record the response of calibration
gases having nominal concentrations
starting between 10 and 15 percent and
increasing in at least six incremental
steps to 90 percent of that range. The
incremental steps are to be spaced to
represent good engineering practice.

(5) Generate a calibration curve. The
calibration curve shall be of fourth
order or less, have five or fewer coeffi-
cients. If any range is within 2 percent
of being linear a linear calibration may
be used. Include zero as a data point.
Compensation for known impurities in
the zero gas can be made to the zero-
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data point. The calibration curve must
fit the data points within 2 percent of
point.

(6) Optional. A new calibration curve
need not be generated if:

(i) A calibration curve conforming to
paragraph (b)(5) of this section exists;
or

(ii) The responses generated in para-
graph (b)(4) of this section are within 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
(b)(4) of this section.

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

[59 FR 31335, June 17, 1994. Redesignated at 63
FR 56995, Oct. 23, 1998]

§ 89.324 Calibration of other equip-
ment.

(a) Other test equipment used for
testing shall be calibrated as often as
required by the instrument manufac-
turer or necessary according to good
practice.

(b) If a methane analyzer is used, the
methane analyzer shall be calibrated
prior to introduction into service and
monthly thereafter:

(1) Follow the manufacturer’s in-
structions for instrument startup and
operation. Adjust the analyzer to opti-
mize performance.

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

(3) Calibrate on each normally used
operating range with CH4 in air with
nominal concentrations starting be-
tween 10 and 15 percent and increasing
in at least six incremental steps to 90
percent (e.g., 15, 30, 45, 60, 75, and 90
percent) of that range. The incre-
mental steps are to be spaced to rep-
resent good engineering practice. 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 non-zero data point and within
± 0.3 percent of full scale on the zero,
concentration values may be cal-
culated by use of a single calibration
factor for that range. If the deviation
exceeds these limits, the best-fit non-
linear equation which represents the

data to within these limits shall be
used to determine concentration.

[63 FR 57013, Oct. 23, 1998]

§ 89.325 Engine intake air temperature
measurement.

(a) Engine intake air temperature
measurement must be made within 122
cm of the engine. The measurement lo-
cation must be made either in the sup-
ply system or in the air stream enter-
ing the supply system.

(b) The temperature measurements
shall be accurate to within ±2 °C.

[59 FR 31335, June 17, 1994. Redesignated at 63
FR 56995, Oct. 23, 1998]

§ 89.326 Engine intake air humidity
measurement.

(a) Humidity conditioned air supply.
Air that has had its absolute humidity
altered is considered humidity- condi-
tioned 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.

(b) Nonconditioned air supply proce-
dure. Humidity measurements in non-
conditioned intake air supply systems
must be made in the intake air stream
entering the supply system. Alter-
natively, the humidity measurements
can be measured within the intake air
supply stream.

[59 FR 31335, June 17, 1994. Redesignated at 63
FR 56995, Oct. 23, 1998]

§ 89.327 Charge cooling.
For engines with an air-to-air inter-

cooler (or any other low temperature
charge air cooling device) between the
turbocharger compressor and the in-
take manifold, follow SAE J1937. This
procedure has been incorporated by ref-
erence. See § 89.6. The temperature of
the cooling medium and the tempera-
ture of the charge air shall be mon-
itored and recorded.

[59 FR 31335, June 17, 1994. Redesignated at 63
FR 56995, Oct. 23, 1998]

§ 89.328 Inlet and exhaust restrictions.
(a) The manufacturer is liable for

emission compliance over the full
range of restrictions that are specified
by the manufacturer for that par-
ticular engine.
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(b) Perform testing at the following
inlet and exhaust restriction settings.

(1) Equip the test engine with an air
inlet system presenting an air inlet re-
striction within 5 percent of the upper
limit at maximum air flow, as specified
by the engine manufacturer for a clean
air cleaner. A system representative of
the installed engine may be used. In
other cases a test shop system may be
used.

(2) The exhaust backpressure must be
within 5 percent of the upper limit at
maximum declared power, as specified
by the engine manufacturer. A system
representative of the installed engine
may be used. In other cases a test shop
system may be used.

[59 FR 31335, June 17, 1994. Redesignated and
amended at 63 FR 56995, 57013, Oct. 23, 1998]

§ 89.329 Engine cooling system.
An engine cooling system is required

with sufficient capacity to maintain
the engine at normal operating tem-
peratures as prescribed by the engine
manufacturer.

[59 FR 31335, June 17, 1994. Redesignated at 63
FR 56995, Oct. 23, 1998]

§ 89.330 Lubricating oil and test fuels.
(a) Lubricating oil. Use the engine lu-

bricating oil for testing that meets the
requirements as specified by the manu-
facturer for a particular engine and in-
tended usage. Record the specifications
of the lubricating oil used for the test.

(b) Test fuels. (1) Use diesel fuels for
testing which are clean and bright,
with pour and cloud points adequate
for operability. The diesel fuel may
contain nonmetallic additives as fol-
lows: Cetane improver, metal deacti-
vator, antioxidant, dehazer, antirust,
pour depressant, dye, dispersant, and
biocide.

(2) Use petroleum fuel meeting the
specifications in Table 4 in Appendix A
of this subpart, or substantially equiv-
alent specifications approved by the
Administrator, for exhaust emission
testing. The grade of diesel fuel used
must be commercially designated as
‘‘Type 2–D’’ grade diesel fuel and rec-
ommended by the engine manufac-
turer.

(3) Testing of Tier 1 engines rated
under 37 kW or Tier 2 engines rated at

or above 37 kW that is conducted by
the Administrator shall be performed
using test fuels that meet the speci-
fications in Table 4 in Appendix A of
this subpart and that have a sulfur con-
tent no higher than 0.20 weight per-
cent.

(c) Other fuels may be used for test-
ing provided they meet the following
qualifications:

(1) They are commercially available;
(2) Information acceptable to the Ad-

ministrator is provided to show that
only the designated fuel would be used
in customer service;

(3) Use of a fuel listed under para-
graph (b) of this section would have a
detrimental effect on emissions or du-
rability; and

(4) Fuel specifications are approved
in writing by the Administrator prior
to the start of testing.

(d) Report the specification range of
the fuel to be used under paragraphs
(b)(2) and (c)(1) through (c)(4) of this
section in the application for certifi-
cation in accordance with § 89.115 (a)(8).

[59 FR 31335, June 17, 1994. Redesignated and
amended at 63 FR 56995, 57013, Oct. 23, 1998]

§ 89.331 Test conditions.
(a) General requirements. Calculate all

volumes and volumetric flow rates at
standard conditions for temperature
and pressure (0 °C and 101.3 kPa), and
these conditions must be used consist-
ently throughout all calculations.

(b) Engine test conditions. Measure the
absolute temperature (designated as T
and expressed in Kelvin) of the engine
air at the inlet to the engine, and the
dry atmospheric pressure (designated
as p and expressed in kPa), and deter-
mine the parameter f according to the
following provisions:

(1) Naturally aspirated and mechani-
cally supercharged engines:

f
p

T

s

= ×






99

298

0 7.

(2) Turbocharged engine with or
without cooling of inlet air:

f
p

T

s

=








 ×







99

298

0 7 1 5. .
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(c) For a test to be recognized as
valid, the parameter f shall be between
the limits as shown below:

0 98 1 02. .< <f

[59 FR 31335, June 17, 1994. Redesignated at 63
FR 56995, Oct. 23, 1998]

APPENDIX A TO SUBPART D—TABLES

TABLE 1—ABBREVIATIONS USED IN SUBPART D

CLD ............. Chemiluminescent detector.

TABLE 1—ABBREVIATIONS USED IN SUBPART
D—Continued

CO ............... Carbon monoxide.
CO2 .............. Carbon dioxide.
HC ............... Hydrocarbons.
HCLD ........... Heated chemiluminescent detector.
HFID ............ Heated flame ionization detector.
GC ............... Gas chromatograph.
NDIR ............ Non-dispersive infra-red analyzer.
NIST ............ National Institute for Standards and Testing.
NO ............... Nitric Oxide.
NO2 .............. Nitrogen Dioxide.
NOX ............. Oxides of nitrogen.
O2 ................ Oxygen.

TABLE 2—SYMBOLS USED IN SUBPARTS D AND E

Symbol Term Unit

conc .......... Concentration (ppm by volume) ............................................................................................................... ppm
f ................. Engine specific parameter considering atmospheric conditions
FFCB .......... Fuel specific factor for the carbon balance calculation
FFD ............ Fuel specific factor for exhaust flow calculation on dry basis
FFH ............ Fuel specific factor representing the hydrogen to carbon ratio
FFW ........... Fuel specific factor for exhaust flow calculation on wet basis
FR ............. Rate of fuel consumed ............................................................................................................................. g/h
GAIRW ....... Intake air mass flow rate on wet basis .................................................................................................... kg/h
GAIRD ........ Intake air mass flow rate on dry basis ..................................................................................................... kg/h
GEXHW ...... Exhaust gas mass flow rate on wet basis ............................................................................................... kg/h
GFuel .......... Fuel mass flow rate .................................................................................................................................. kg/h
H ............... Absolute humidity (water content related to dry air) ................................................................................ g/kg
i ................. Subscript denoting an individual mode
KH ............. Humidity correction factor
L ................ Percent torque related to maximum torque for the test mode ................................................................ %
mass ......... Pollutant mass flow .................................................................................................................................. g/h
nd,i ............. Engine speed (average at the i’th mode during the cycle) ...................................................................... 1/min
Ps .............. Dry atmospheric pressure ........................................................................................................................ kPa
Pd .............. Test ambient saturation vapor pressure at ambient temperature ........................................................... kPa
P ............... Observed brake power output uncorrected ............................................................................................. kW
PAUX ......... Declared total power absorbed by auxiliaries fitted for the test .............................................................. kW
PM ............. Maximum power measured at the test speed under test conditions ....................................................... kW
Pi .............. Pi = PM,i + PAUX,i

PB ............. Total barometric pressure (average of the pre-test and post-test values) .............................................. kPa
Pv .............. Saturation pressure at dew point temperature ........................................................................................ kPa
Ra .............. Relative humidity of the ambient air ........................................................................................................ %
S ............... Dynamometer setting ............................................................................................................................... kW
T ............... Absolute temperature at air inlet .............................................................................................................. K
Tbe ............. Air temperature after the charge air cooler (if applicable) (average) ...................................................... K
Tclout .......... Coolant temperature outlet (average) ...................................................................................................... K
TDd ............ Absolute dewpoint temperature ............................................................................................................... K
Td,i ............ Torque (average at the i’th mode during the cycle) ................................................................................ N-m
TSC ............ Temperature of the intercooled air ........................................................................................................... K
Tref. ............ Reference temperature ............................................................................................................................ K
VEXHD ....... Exhaust gas volume flow rate on dry basis ............................................................................................. m3/h
VAIRW ........ Intake air volume flow rate on wet basis ................................................................................................. m3/h
PB ............. Total barometric pressure ........................................................................................................................ kPa
VEXHW ....... Exhaust gas volume flow rate on wet basis ............................................................................................ m3/h
WF ............ Weighing factor
WFE .......... Effective weighing factor

TABLE 3—MEASUREMENT ACCURACY AND CALIBRATION FREQUENCY

No. Item Calibration accuracy 1 Calibration frequency

1 Engine speed ....................................................................... ± 2% ...................................... 30 days.
2 Torque .................................................................................. Larger of ± 2% of point or ±

1% of engine maximum.
30 days.

3 Fuel consumption (raw measurement) ................................ ± 2% of engine maximum ..... 30 days.
4 Air consumption (raw measurement) ................................... ± 2% of engine maximum ..... As required.
5 Coolant temperature ............................................................ ±2°K ...................................... As required.
6 Lubricant temperature .......................................................... ±2°K ...................................... As required.
7 Exhaust backpressure .......................................................... ± 1.0% of engine maximum .. As required.
8 Inlet depression .................................................................... 1.0% of engine maximum ..... As required.

VerDate 11<MAY>2000 13:50 Aug 24, 2000 Jkt 190149 PO 00000 Frm 00091 Fmt 8010 Sfmt 8002 Y:\SGML\190149T.XXX pfrm08 PsN: 190149T



92

40 CFR Ch. I (7–1–00 Edition)Pt. 89, Subpt. D, App. A

TABLE 3—MEASUREMENT ACCURACY AND CALIBRATION FREQUENCY—Continued

No. Item Calibration accuracy 1 Calibration frequency

9 Exhaust gas temperature ..................................................... ±15°K .................................... As required.
10 Air inlet temperature (combustion air) ................................. ±2°K ...................................... As required.
11 Atmospheric pressure .......................................................... ± 0.5% ................................... As required.
12 Humidity (combustion air) (g of H2O/Kg of dry air) ............. ± 0.5 ...................................... As required.
13 Fuel temperature .................................................................. ±2°K ...................................... As required.
14 Temperature with regard to dilution tunnel .......................... ±2°K ...................................... As required.
15 Dilution air humidity (g of H2O/Kg of dry air) ....................... ± 0.5 ...................................... As required.
16 HC analyzer ......................................................................... ± 2% ...................................... Monthly or as required.
17 CO analyzer ......................................................................... ± 2% ...................................... Once per 60 days or as re-

quired.
18 NOX analyzer ....................................................................... ± 2% ...................................... Monthly or as required.
19 Methane analyzer ................................................................. ± 2% ...................................... Monthly or as required.
20 NOX converter efficiency check ........................................... 90% ....................................... Monthly.
21 CO2 analyzer ........................................................................ ± 2% ...................................... Once per 60 days or as re-

quired.

1 All accuracy requirements pertain to the final recorded value which is inclusive of the data acquisition system.

TABLE 4—FEDERAL TEST FUEL SPECIFICATIONS

Item Procedure (ASTM) 1 Value (type 2–
D)

Cetane ......................................................................... D613–95 .......................................................................... 40–48
Distillation Range:

IBP, °C ................................................................. D86–97 ............................................................................ 171–204
10% point, °C ....................................................... 86–97 ............................................................................... 204–238
50% point, °C ....................................................... 86–97 ............................................................................... 243–282
90% point, °C ....................................................... 86–97 ............................................................................... 293–332
EP, °C .................................................................. 86–97 ............................................................................... 321–366
Gravity, API .......................................................... D287–92 .......................................................................... 32–37

Total Sulfur, %mass .................................................... D129–95 or D2622–98 .................................................... 0.03—0.40
Hydrocarbon composition:

Aromatics, %vol ................................................... D1319–98 or D5186–96 .................................................. 2 10
Paraffins, Naphthenes, Olefins ................................... D1319–98 ........................................................................ (3)
Flashpoint, °C (minimum) ............................................ D93–97 ............................................................................ 54
Viscosity @ 38°C, Centistokes ................................... D445–97 .......................................................................... 2.0–3.2

1 All ASTM procedures in this table have been incorporated by reference. See § 89.6.
2 Minimum.
3 Remainder.

[63 FR 57013, Oct. 23, 1998]
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APPENDIX B TO SUBPART D—FIGURES
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Subpart E—Exhaust Emission Test
Procedures

§ 89.401 Scope; applicability.

(a) This subpart describes the proce-
dures to follow in order to perform ex-
haust emission tests on new nonroad

compression-ignition engines subject
to the provisions of subpart B of this
part.

(b) Exhaust gases, either raw or di-
lute, are sampled while the test engine
is operated using the appropriate test
cycle on an engine dynamometer. The
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