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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 
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. 
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(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. 

(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 
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