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be used in place of the sample dryer 

verification procedure in (d) of this sec-

tion. If you use a humidity sensor for 

continuous monitoring of dewpoint at 

the sample dryer outlet you may skip 

the performance check in § 1065.342(d), 

but you must make sure that the dryer 

outlet humidity is at or below the min-

imum value used for quench, inter-

ference, and compensation checks. 

[73 FR 37307, June 30, 2008, as amended at 73 

FR 59328, Oct. 8, 2008; 75 FR 23040, Apr. 30, 

2010]

§ 1065.345 Vacuum-side leak 
verification.

(a) Scope and frequency. Verify that 

there are no significant vacuum-side 

leaks using one of the leak tests de-

scribed in this section. For laboratory 

testing, perform the vacuum-side leak 

verification upon initial sampling sys-

tem installation, within 8 hours before 

the start of the first test interval of 

each duty-cycle sequence, and after 

maintenance such as pre-filter changes. 

For field testing, perform the vacuum- 

side leak verification after each instal-

lation of the sampling system on the 

vehicle, prior to the start of the field 

test, and after maintenance such as 

pre-filter changes. This verification 

does not apply to any full-flow portion 

of a CVS dilution system. 

(b) Measurement principles. A leak 

may be detected either by measuring a 

small amount of flow when there 

should be zero flow, or by detecting the 

dilution of a known concentration of 

span gas when it flows through the vac-

uum side of a sampling system. 

(c) Low-flow leak test. Test a sampling 

system for low-flow leaks as follows: 

(1) Seal the probe end of the system 

by taking one of the following steps: 

(i) Cap or plug the end of the sample 

probe.

(ii) Disconnect the transfer line at 

the probe and cap or plug the transfer 

line.

(iii) Close a leak-tight valve located 

in the sample transfer line within 92 

cm of the probe. 

(2) Operate all vacuum pumps. After 

stabilizing, verify that the flow 

through the vacuum-side of the sam-

pling system is less than 0.5% of the 

system’s normal in-use flow rate. You 

may estimate typical analyzer and by-

pass flows as an approximation of the 

system’s normal in-use flow rate. 

(d) Dilution-of-span-gas leak test. You

may use any gas analyzer for this test. 

If you use a FID for this test, correct 

for any HC contamination in the sam-

pling system according to § 1065.660. To 

avoid misleading results from this test, 

we recommend using only analyzers 

that have a repeatability of 0.5% or 

better at the span gas concentration 

used for this test. Perform a vacuum- 

side leak test as follows: 

(1) Prepare a gas analyzer as you 

would for emission testing. 

(2) Supply span gas to the analyzer 

port and verify that it measures the 

span gas concentration within its ex-

pected measurement accuracy and re-

peatability.

(3) Route overflow span gas to the 

inlet of the sample probe or at a tee fit-

ting in the transfer line near the exit 

of the probe. You may use a valve up-

stream of the overflow fitting to pre-

vent overflow of span gas out of the 

inlet of the probe, but you must then 

provide an overflow vent in the over-

flow supply line. 

(4) Verify that the measured overflow 

span gas concentration is within ±0.5%

of the span gas concentration. A meas-

ured value lower than expected indi-

cates a leak, but a value higher than 

expected may indicate a problem with 

the span gas or the analyzer itself. A 

measured value higher than expected 

does not indicate a leak. 

(e) Vacuum-decay leak test. To per-

form this test you must apply a vacu-

um to the vacuum-side volume of your 

sampling system and then observe the 

leak rate of your system as a decay in 

the applied vacuum. To perform this 

test you must know the vacuum-side 

volume of your sampling system to 

within ±10% of its true volume. For 

this test you must also use measure-

ment instruments that meet the speci-

fications of subpart C of this part and 

of this subpart D. Perform a vacuum- 

decay leak test as follows: 

(1) Seal the probe end of the system 

as close to the probe opening as pos-

sible by taking one of the following 

steps:

(i) Cap or plug the end of the sample 

probe.
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(ii) Disconnect the transfer line at 

the probe and cap or plug the transfer 

line.

(iii) Close a leak-tight valve located 

in the sample transfer line within 92 

cm of the probe. 

(2) Operate all vacuum pumps. Draw 

a vacuum that is representative of nor-

mal operating conditions. In the case 

of sample bags, we recommend that 

you repeat your normal sample bag 

pump-down procedure twice to mini-

mize any trapped volumes. 

(3) Turn off the sample pumps and 

seal the system. Measure and record 

the absolute pressure of the trapped 

gas and optionally the system absolute 

temperature. Wait long enough for any 

transients to settle and long enough 

for a leak at 0.5% to have caused a 

pressure change of at least 10 times the 

resolution of the pressure transducer, 

then again record the pressure and op-

tionally temperature. 

(4) Calculate the leak flow rate based 

on an assumed value of zero for 

pumped-down bag volumes and based 

on known values for the sample system 

volume, the initial and final pressures, 

optional temperatures, and elapsed 

time. Using the calculations specified 

in 1065.644, verify that the vacuum- 

decay leak flow rate is less than 0.5% 

of the system’s normal in-use flow 

rate.

[73 FR 37307, June 30, 2008, as amended at 73 

FR 59328, Oct. 8, 2008; 75 FR 23040, Apr. 30, 

2010]

CO AND CO2 MEASUREMENTS

§ 1065.350 H2O interference 
verification for CO2 NDIR ana-
lyzers.

(a) Scope and frequency. If you meas-

ure CO2 using an NDIR analyzer, verify 

the amount of H2O interference after 

initial analyzer installation and after 

major maintenance. 

(b) Measurement principles. H2O can 

interfere with an NDIR analyzer’s re-

sponse to CO2.

If the NDIR analyzer uses compensa-

tion algorithms that utilize measure-

ments of other gases to meet this in-

terference verification, simultaneously 

conduct these other measurements to 

test the compensation algorithms dur-

ing the analyzer interference 

verification.

(c) System requirements. A CO2 NDIR

analyzer must have an H2O inter-

ference that is within (0.0 ±0.4) mmol/ 

mol, though we strongly recommend a 

lower interference that is within (0.0 

±0.2) mmol/mol. 

(d) Procedure. Perform the inter-

ference verification as follows: 

(1) Start, operate, zero, and span the 

CO2 NDIR analyzer as you would before 

an emission test. If the sample is 

passed through a dryer during emission 

testing, you may run this verification 

test with the dryer if it meets the re-

quirements of § 1065.342. Operate the 

dryer at the same conditions as you 

will for an emission test. You may also 

run this verification test without the 

sample dryer. 

(2) Create a humidified test gas by 

bubbling zero gas that meets the speci-

fications in § 1065.750 through distilled 

H2O in a sealed vessel. If the sample is 

not passed through a dryer during 

emission testing, control the vessel 

temperature to generate an H2O level 

at least as high as the maximum ex-

pected during emission testing. If the 

sample is passed through a dryer dur-

ing emission testing, control the vessel 

temperature to generate an H2O level 

at least as high as the level determined 

in § 1065.145(e)(2) for that dryer. 

(3) Introduce the humidified test gas 

into the sample system. You may in-

troduce it downstream of any sample 

dryer, if one is used during testing. 

(4) If the sample is not passed 

through a dryer during this 

verification test, measure the H2O mole 

fraction, xH2O, of the humidified test 

gas, as close as possible to the inlet of 

the analyzer. For example, measure 

dewpoint, Tdew, and absolute pressure, 

ptotal, to calculate xH2O. Verify that the 

H2O content meets the requirement in 

paragraph (d)(2) of this section. If the 

sample is passed through a dryer dur-

ing this verification test, you must 

verify that the H2O content of the hu-

midified test gas downstream of the 

vessel meets the requirement in para-

graph (d)(2) of this section based on ei-

ther direct measurement of the H2O

content (e.g., dewpoint and pressure) or 
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