§86.107-96

(7) Mixing blower. One or more small
blowers or fans with a total capacity of
200 to 1000 cfm shall be used to mix the
contents of the enclosure during evapo-
rative emission testing. No portion of
the air stream shall be directed toward
the vehicle. Maintenance of uniform
concentrations throughout the enclo-
sure is important to the accuracy of
the test.

(b) [Reserved]

[54 FR 14499, Apr. 11, 1989, as amended at 60
FR 34335, June 30, 1995]

§86.107-96 Sampling and analytical
systems; evaporative emissions.

(a) Testing enclosures—(1) Diurnal
emission test. The enclosure shall be
readily sealable, rectangular in shape,
with space for personnel access to all
sides of the vehicle. When sealed, the
enclosure shall be gas tight in accord-
ance with §86.117-96. Interior surfaces
must be impermeable and nonreactive
to hydrocarbons (and to methanol, if
the enclosure is used for methanol-
fueled vehicles). The temperature con-
ditioning system shall be capable of
controlling the internal enclosure air
temperature to follow the prescribed
temperature versus time cycle as speci-
fied in §86.133-96 and appendix Il of this
part, within an instantaneous toler-
ance of £3.0 °F of the nominal tempera-
ture versus time profile throughout the
test, and an average tolerance of 2.0 °F
over the duration of the test (where the
average is calculated using the abso-
lute value of each measured deviation).
The control system shall be tuned to
provide a smooth temperature pattern
that has a minimum of overshoot,
hunting, and instability about the de-
sired long-term ambient temperature
profile. Interior surface temperatures
shall not be less than 40 °F at any time
during the diurnal emission test. To
accommodate the volume changes due
to enclosure temperature changes, ei-
ther a variable-volume or fixed-volume
enclosure may be used for diurnal
emission testing:

(i) Variable-volume enclosure. The
variable-volume enclosure expands and
contracts in response to the tempera-
ture change of the air mass in the en-
closure. Two potential means of ac-
commodating the internal volume
changes are movable panel(s), or a bel-
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lows design, in which impermeable
bag(s) inside the enclosure expand and
contract in response to internal pres-
sure changes by exchanging air from
outside the enclosure. Any design for
volume accommodation must maintain
the integrity of the enclosure as speci-
fied in §86.117-96 over the specified
temperature range. Any method of vol-
ume accommodation shall limit the
differential between the enclosure in-
ternal pressure and the barometric
pressure to a maximum value of 2.0
inches of water. The enclosure shall be
capable of latching to a fixed volume.
A variable-volume enclosure must be
capable of accommodating a +7 percent
change from its “nominal volume” (see
§86.117-96(b)), accounting for tempera-
ture and barometric pressure variation
during testing.

(i) Fixed-volume enclosure. The fixed-
volume enclosure shall be constructed
with rigid panels that maintain a fixed
enclosure volume, and meet the fol-
lowing requirements.

(A) The enclosure shall be equipped
with a mechanism to maintain a fixed
internal air volume. This may be ac-
complished either by withdrawing air
at a constant rate and providing make-
up air as needed, or by reversing the
flow of air into and out of the enclo-
sure in response to rising or falling
temperatures. If inlet air is added con-
tinuously throughout the test, it
should be filtered with activated car-
bon to provide a relatively low and
constant hydrocarbon level. Any meth-
od of volume accommodation shall
maintain the differential between the
enclosure internal pressure and the
barometric pressure to a maximum
value of £2.0 inches of water.

(B) The equipment shall be capable of
measuring the mass of hydrocarbon
and methanol (if the enclosure is used
for methanol-fueled vehicles) in the
inlet and outlet flow streams with a
resolution of 0.01 gram per hour. A bag
sampling system may be used to col-
lect a proportional sample of the air
withdrawn from and admitted to the
enclosure. Alternatively, the inlet and
outlet flow streams may be continu-
ously analyzed using an on-line FID
analyzer and integrated with the flow
measurements to provide a continuous
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record of the mass hydrocarbon and
methanol removal.

(2) Running loss test. The enclosure
shall be readily sealable, rectangular
in shape, with space for personnel ac-
cess to all sides of the vehicle. When
sealed, the enclosure shall be gas tight
in accordance with §86.117-96. The en-
closure may be equipped with a per-
sonnel door, provided that the enclo-
sure can still meet the requirements of
§86.117-96 with the door installed. Inte-
rior surfaces must be impermeable and
nonreactive to hydrocarbons and to
methanol (if the enclosure is used for
methanol-fueled vehicles). Interior sur-
face temperatures shall not be less
than 40 °F. If a running loss enclosure
meets all the requirements of para-
graph (a)(1) of this section, it may be
used as a diurnal evaporative emission
enclosure. The enclosure must contain
a dynamometer that meets the require-
ments of §86.108. Provisions shall be
made to remove exhaust gases from the
enclosure. During the running loss
test, ambient temperatures must be
maintained at 9515 °F (95+2 °F on aver-
age). An air or oxygen cylinder with an
attached self-contained breathing ap-
paratus may be provided for the vehicle
operator. The air required for vehicle
operation shall be provided by one of
the following methods:

(i) The running loss enclosure may be
equipped to supply air to the vehicle,
at a temperature of 955 °F, from
sources outside of the running loss en-
closure directly into the operating en-
gine’s air intake system. Supplemental
air requirements (e.g., for an air pump)
shall be supplied by drawing air from
the engine intake source.

(i) If it is shown to yield equivalent
or superior results, the running loss en-
closure may be designed with an air
makeup system that brings outside air
into the enclosure to accommodate the
aspiration needs of the engine and any
auxiliary devices. The makeup air shall
be monitored to establish the back-
ground hydrocarbon levels (or hydro-
carbon and methanol, levels, if applica-
ble) of the makeup air. A filter may be
used to provide dry air with a stable
concentration of background hydro-
carbon. The makeup-air vent shall be
readily sealable for calibration of the
enclosure and other purposes. For cal-
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culation of running loss emissions, it
may be assumed that the hydrocarbon
and methanol concentration in the air
consumed by the vehicle is the same as
that of the rest of the air in the enclo-
sure.

(3) Hot soak test. The hot soak test
may be conducted by holding the vehi-
cle in an enclosure that meets the re-
quirements for either diurnal emission
or running loss tests. The enclosure
shall be configured to provide an inter-
nal enclosure ambient temperature of
95110 °F for the first 5 minutes, and 95t5
°F (952 °F on average) for the remain-
der of the hot soak test.

(i) If the hot soak test is conducted
in the same enclosure as the imme-
diately preceding running loss test, in-
terior surface temperatures shall not
be below 70 °F for the last 55 minutes of
the hot soak test.

(ii) If the hot soak test is not con-
ducted in the same enclosure as the im-
mediately preceding running loss test,
interior surface temperatures shall not
be below 70 °F for the duration of the
hot soak test.

(b) Evaporative emission hydrocarbon
and methanol analyzers. (1) For gasoline
fueled, natural gas-fueled, liquefied pe-
troleum gas-fueled and methanol-
fueled vehicles a hydrocarbon analyzer
utilizing the hydrogen flame ionization
principle (FID) shall be used to mon-
itor the atmosphere within the enclo-
sure (a heated FID (HFID)(235°t15 °F
(11348 °C)) is recommended for meth-
anol-fueled vehicles). For natural gas-
fueled vehicles, the FID may be cali-
brated using methane, or if calibrated
using propane the FID response to
methane shall be determined and ap-
plied to the FID hydrocarbon reading.
Provided evaporative emission results
are not effected, a probe may be used
to detect or verify hydrocarbon sources
during a running loss test. Instrument
bypass flow may be returned to the en-
closure. The FID shall have a response
time to 90 percent of final reading of
less than 1.5 seconds.

(2) For methanol-fueled vehicles, a
methanol sampling and analyzing sys-
tem is required in addition to the FID
analyzer. The methanol sampling
equipment shall consist of impingers
for collecting the methanol sample and
appropriate equipment for drawing the
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sample through the impingers. The an-
alytical equipment shall consist of a
gas chromatograph equipped with a
flame ionization detector.

(3) The methanol sampling system
shall be designed such that, if a test ve-
hicle emitted the maximum allowable
level of methanol (based on all applica-
ble standards) during any phase of the
test, the measured concentration in
the primary impinger would exceed ei-
ther 25 mg/l or a concentration equal to
25 times the limit of detection for the
GC analyzer, and such that the primary
impinger collects at least 90 percent of
the analyte in the samples. The re-
maining analyte shall be collected by
the secondary impinger. This require-
ment does not apply to dilution air
samples, since they do not require sec-
ondary impingers, or to samples in
which the concentrations approach the
limit of detection. The provisions of
this paragraph apply to the design of
sampling systems, not to individual
tests.

(c) Evaporative emission hydrocarbon
and methanol data recording system. (1)
The electrical output of the FID used
for measuring hydrocarbons (or hydro-
carbons plus methanol, as appropriate)
shall be recorded at least at the initi-
ation and termination of each running
loss and hot soak test, and at least at
the initiation and termination of the
enclosure sampling period(s) for the di-
urnal emission test, as described in
§86.133. The recording may be taken by
means of a strip chart potentiometric
recorder, by use of an on-line computer
system or other suitable means. In any
case, the recording system must have
operational characteristics (signal-to-
noise ratio, speed of response, etc.)
equivalent to or better than those of
the signal source being recorded, and
must provide a permanent record of re-
sults. The record shall show a positive
indication of the initiation and com-
pletion of each hot soak, running loss,
or diurnal emission test (including ini-
tiation and completion of sampling pe-
riod(s)), along with the time elapsed
during each soak.

(2) For the methanol sample, perma-
nent records shall be made of the fol-
lowing: the volumes of deionized water
introduced into each impinger, the rate
and time of sample collection, the vol-
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umes of each sample introduced into
the gas chromatograph, the flow rate
of carrier gas through the column, the
column temperature, and the chro-
matogram of the analyzed sample.

(d) Fuel temperature control system.
Fuel temperatures of the test vehicle
shall be controlled, as specified iIn
§86.134(g)(1)(xv), with the following
combination of fans. The control sys-
tem shall be tuned and operated to pro-
vide a smooth and continuous fuel tem-
perature profile that is representative
of the on-road temperature profile. The
running loss test configuration should
be designed to avoid heating or cooling
the fuel tank’s vapor space in a way
that would cause vapor temperature
behavior to be unrepresentative of the
vehicle’s on-road profile.

(1) A vehicle cooling fan shall dis-
charge air to the front of the vehicle.
The fan shall be a road-speed modu-
lated fan that is controlled to a dis-
charge velocity that follows the dyna-
mometer roll speed, at least up to
speeds of 30 mph, throughout the driv-
ing cycle. If a warning light or gauge
indicates that the vehicle’s engine
coolant has overheated, subsequent
test runs on the vehicle must include a
vehicle cooling fan that follows the dy-
namometer roll speed at all speeds
throughout the test cycle. The fan may
direct airflow to both the vehicle radi-
ator air inlet(s) and the vehicle
underbody.

(2) An additional fan may be used to
discharge airflow from the front of the
vehicle directly to the vehicle
underbody to control fuel tempera-
tures. Such a fan shall provide a total
discharge airflow not to exceed 8,000
cfm.

(3) Additional fans may be used to
route heating or cooling air directly at
the bottom of the vehicle’s fuel tank.
The air supplied to the tank shall be
between 85° and 160 °F, with a total dis-
charge airflow not to exceed 4,000 cfm.
For exceptional circumstances, manu-
facturers may direct up to 6,000 cfm at
the bottom of the fuel tank with the
advance approval of the Administrator.

(4) Direct fuel heating may be needed
for canister preconditioning, as speci-
fied in §86.132(j)(2). Also, under excep-
tional circumstances in which airflow
alone is insufficient to control fuel
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temperatures during the running loss
test, direct fuel tank heating may be
used (see §86.134-96(g)(1)(xv)). The heat-
ing system must not cause hot spots on
the tank wetted surface that could
cause local overheating of the fuel.
Heat must not be applied directly to
the tank’s vapor space, nor to the lig-
uid-vapor interface.

(e) Temperature recording system. A
strip chart potentiometric recorder, an
on-line computer system, or other suit-
able means shall be used to record en-
closure ambient temperature during all
evaporative emission test segments, as
well as vehicle fuel tank temperature
during the running loss test. The re-
cording system shall record each tem-
perature at least once every minute.
The recording system shall be capable
of resolving time to 15 s and capable
of resolving temperature to #0.75 °F
(£0.42 °C). The temperature recording
system (recorder and sensor) shall have
an accuracy of 3 °F (¢1.7 °C). The re-
corder (data processor) shall have a
time accuracy of #15 s and a precision
of +15 s. Enclosures shall be equipped
with two ambient temperature sensors,
connected to provide one average out-
put, located 3 feet above the floor at
the approximate mid-length of each
side wall of the enclosure and within 3
to 12 inches of each side wall. For diur-
nal emission testing, an additional
temperature sensor shall be located un-
derneath the vehicle to provide a tem-
perature measurement representative
of the air temperature under the fuel
tank. For running loss testing, an am-
bient temperature sensor shall be lo-
cated at the inlet to the fan that pro-
vides engine cooling. Manufacturers
shall arrange that vehicles furnished
for testing at federal certification fa-
cilities be equipped with temperature
sensors for measurement of fuel tank
temperatures.  Vehicles shall be
equipped with two temperature sensors
installed to provide an average liquid
fuel temperature. The temperature sen-
sors shall be placed to measure the
temperature at the mid-volume of the
liquid fuel at a fill level of 40 percent of
nominal tank capacity. An additional
temperature sensor may be placed to
measure vapor temperatures approxi-
mately at the mid-volume of the vapor
space, though measurement of vapor
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temperatures is optional during the
running loss test. In-tank temperature
sensors are not required for the supple-
mental two-diurnal test sequence spec-
ified in §86.130-96.

(f) Pressure recording system. A strip
chart potentiometric recorder, an on-
line computer system, or other suitable
means, shall be used to record the en-
closure gage pressure for any testing in
an enclosure, as well as the vehicle’s
fuel tank pressure during the running
loss test and the outdoor driving proce-
dure specified in §86.129-94(d). Fuel
tank pressure measurement and re-
cording equipment are optional during
the running loss test. The recording
system shall record each pressure at
least once every minute. The recording
system shall be capable of resolving
time to +15 s and capable of resolving
pressure to +0.1 inches of water. The
pressure recording system (recorder
and sensor) shall have an accuracy of
+1.0 inch of water. The recorder (data
processor) shall have a time accuracy
of 15 s and a precision of +15 s. The
pressure transducer shall be installed
to measure the pressure in the vapor
space of the fuel tank.

(g) Purge blower. One or more port-
able or fixed blowers shall be used to
purge the enclosure. The blowers shall
have sufficient flow capacity to reduce
the enclosure hydrocarbon and/or
methanol concentration from the test
level to the ambient level between
tests. Actual flow capacity will depend
upon the time available between tests.

(h) Mixing blower. Blowers or fans
shall be used to mix the enclosure con-
tents during evaporative emission test-
ing. The inlets and outlets of the air
circulation blower(s) shall be config-
ured to provide a well dispersed air cir-
culation pattern that produces effec-
tive internal mixing and avoids signifi-
cant temperature or hydrocarbon
stratification. Maintenance of uniform
concentrations throughout the enclo-
sure is important to the accuracy of
testing.

(1) Diurnal emission test. Blowers or
fans shall have a capacity of 0.8£0.2 cfm
per cubic foot of the nominal enclosure
volume for mixing in the enclosure.
Additional fans may be used to main-
tain a minimum wind speed of 5 mph (8
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km/h) under the fuel tank of the test
vehicle.

(2) Running loss test. Blowers or fans
shall have a total capacity of at least
1.0 cfm per cubic foot of the nominal
enclosure volume.

(3) Hot soak test. Blowers or fans must
have a capacity of 0.8£0.2 cfm per cubic
foot of the nominal enclosure volume.
Circulated air shall not be aimed di-
rectly at the vehicle.

(i) Point-source running loss measure-
ment facility. Some system require-
ments pertain specifically to running
loss testing by the point-source meth-
od, in which emissions from potential
sources are collected and routed to a
sampling system. Emissions are sam-
pled with the same equipment and
techniques as for exhaust emission
measurement. The test environment
must contain a dynamometer that
meets the requirements of §86.108. Dur-
ing the running loss test, ambient tem-
peratures must be maintained at 9515
°F (952 °F on average). An air or oxy-
gen cylinder with an attached self-con-
tained breathing apparatus may be pro-
vided for the vehicle operator.

(1) The running loss vapor vent col-
lection system shall be configured to
collect all running loss emissions from
each of the discrete point sources that
function as vehicle fuel system vapor
vents, and transport the collected
vapor emissions to a CFV- or PDP-
based dilution and measurement sys-
tem. The collection system shall con-
sist of a collector at each vehicle vapor
vent, lengths of heated sample line
connecting each collector to the inlet
of the heated sample pump, and lengths
of heated sample line connecting the
outlet of the heated sample pump to
the inlet of the running loss fuel vapor
sampling system. Up to 3 feet of
unheated line connecting each of the
vapor collectors to the heated sample
lines shall be allowed. Each heated
sample pump and its associated sample
lines shall be maintained at a tempera-
ture between 175 °F and 200 °F to pre-
vent condensation of fuel vapor in the
sample lines. The heated sample
pump(s) and its associated flow con-
trols shall be configured and operated
to draw a flow of ambient air into each
collector at a flow rate of at least 0.67
cfm. The flow controls on each heated
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sampling system shall include an indi-
cating flow meter that provides an
alarm output to the data recording sys-
tem if the flow rate drops below 0.67
cfm by more than 5 percent. The col-
lector inlet for each discrete vapor
vent shall be placed in proximity to the
vent as necessary to capture any fuel
vapor emissions without significantly
affecting flow or pressure of the normal
action of the vent. The collector inlets
shall be designed to interface with the
configuration and orientation of each
specific vapor vent. For vapor vents
that terminate in a tube or hose barb,
a short length of tubing of an inside di-
ameter larger throughout its length
than the inside diameter of the vent
outlet may be used to extend the vent
into the mouth of the collector. For
those vapor vent designs that are not
compatible with such collector config-
urations, the vehicle manufacturer
shall supply a collector that is config-
ured to interface with the vapor vent
design and that terminates in a fitting
that is capable of capturing all vapor
emitted from the vent. The Adminis-
trator may test for running losses by
the point-source method without heat-
ing sample lines or pumps.

(2) The running loss fuel vapor sam-
pling system shall be a CFV- or PDP-
based dilution and measurement sys-
tem that further dilutes the running
loss fuel vapors collected by the vapor
vent collection system(s) with ambient
air, collects continuously proportional
samples of the diluted running loss va-
pors and dilution air in sample bags,
and measures the total dilute flow
through the sampling system over each
test interval. In practice, the system
shall be configured and operated in a
manner that is directly analogous to
an exhaust emissions constant volume
sampling system, except that the input
flow to the system is the flow from the
running loss vapor vent collection sys-
tem(s) instead of vehicle exhaust flow.
The system shall be configured and op-
erated to meet the following require-
ments:

(i) The running loss fuel vapor sam-
pling system shall be designed to meas-
ure the true mass of fuel vapor emis-
sions collected by the running loss
vapor vent collection system from the
specified fuel vapor vents. The total
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volume of the mixture of running loss
emissions and dilution air shall be
measured and a continuously propor-
tioned sample of volume shall be col-
lected for analysis. Mass emissions
shall be determined from the sample
concentration and total flow over the
test period.

(if) The PDP-CVS shall consist of a
dilution air filter and mixing assembly,
heat exchanger, positive-displacement
pump, sampling system, and associated
valves, pressure and temperature sen-
sors. The PDP-CVS shall conform to
the following requirements:

(A) The gas mixture temperature,
measured at a point immediately
ahead of the positive-displacement
pump, shall be within 10 °F of the de-
signed operating temperature at the
start of the test. The gas mixture tem-
perature variation from its value at
the start of the test shall be limited to
+10 °F during the entire test. The tem-
perature measuring system shall have
an accuracy and precision of £2 °F.

(B) The pressure gauges shall have an
accuracy and precision of +1.6 inches of
water (0.4 kPa).

(C) The flow capacity of the CVS
shall not exceed 350 cfm.

(D) Sample collection bags for dilu-
tion air and running loss fuel vapor
samples shall be sufficient size so as
not to impede sample flow.

(iii) The CFV sample system shall
consist of a dilution air filter and mix-
ing assembly, a sampling venturi, a
critical flow venturi, a sampling sys-
tem and assorted valves, and pressure
and temperature sensors. The CFV
sample system shall conform to the
following requirements:

(A) The temperature measuring sys-
tem shall have an accuracy and preci-
sion of +2 °F and a response time of
0.100 seconds of 62.5 percent of a tem-
perature change (as measured in hot
silicone oil).

(B) The pressure measuring system
shall have an accuracy and precision of
+1.6 inches of water (0.4 kPa).

(C) The flow capacity of the CVS
shall not exceed 350 cfm.

(D) Sample collection bags for dilu-
tion air and running loss fuel vapor
samples shall be of sufficient size so as
not to impede sample flow.

§86.107-98

(3) An on-line computer system or
strip-chart recorder shall be used to
record the following additional param-
eters during the running loss test se-
guence:

(i) CFV (if used) inlet temperature
and pressure.

(ii) PDP (if used) inlet temperature,
pressure, and differential pressure.

[58 FR 16027, Mar. 24, 1993, as amended at 59
FR 48505, Sept. 21, 1994; 60 FR 34335, June 30,
1995; 60 FR 43888, Aug. 23, 1995]

§86.107-98 Sampling and analytical
system.

Section 86.107-98 includes text that
specifies requirements that differ from
§86.107-96. Where a paragraph in
§86.107-96 is identical and applicable to
§86.107-98, this may be indicated by
specifying the corresponding paragraph
and the statement “[Reserved]. For
guidance see §86.107-96.” Where a cor-
responding paragraph of §86.107-96 is
not applicable, this is indicated by the
statement “[Reserved].”

(a)(1)-(a)(3) [Reserved]. For guidance
see §86.107-96.

(a)(4) Refueling emissions test. The re-
quirements detailed in §86.107-90 (a)(1)
shall apply. Alternatively, an enclosure
meeting the specifications detailed in
§86.107-96 (a)(1), (2), or (3) may be used
if approved in advance by the Adminis-
trator. In addition, the enclosure shall
have one or more access ports leading
to flexible, automatic sealing boots, in
the wall(s) of the enclosure. The func-
tion of the access port(s) and boots
shall be to allow fueling of the test ve-
hicle from a fuel nozzle and hose lo-
cated outside of the enclosure, with
only the spout of the nozzle passing
through the automatic sealing opening
of the boot during fueling. There shall
be no loss in the gas tightness of the
enclosure at the opening of the boot ei-
ther when the nozzle is inserted or
when the nozzle is not inserted.

(b)-(d) [Reserved]. For guidance see
§86.107-96.

(e) Temperature recording system—(1)
For all emission testing. A strip chart
potentiometric recorder, an on-line
computer system, or other suitable
means shall be used to record enclosure
ambient temperature during all evapo-
rative emission test segments, as well
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