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EXECUTIVE SUMMARY

Problems and Objectives: The technology demonstration of dedicated compressed natural gas (CNG)
original equipment manufacturer (OEM) vehicles at Ft. Bliss, Texas, was conducted as a result of Section
400-AA of the Alternative Motor Fuels Act (AMFA) of 1988, the Clean Air Act (CAA) Amendments of
1990, and the Energy Policy Act of 1992. The objectives of the program were to demonstrate the
acceptability of alternative-fueled vehicles in a Department of Defense (DOD) U.S. Army activity in
support of post, camp, and station operations; to quantify vehicle performance, fuel economy, engine
performance and maintenance, and assessment of exhaust emissions; and to compare assessments and
evaluations to a limited fleet of gasoline-fueled control vehicles.

Importance of Project: In a cooperative effort, the data generated from the Ft. Bliss CNG demonstration
was shared with the Alternative Fuels Data Center. The center’s function is an integral part of AMFA
fleet demonstrations and is responsible for the unbiased reporting of alternative fuels evaluation results
and identification of problem areas. Most importantly, the demonstration provided real-world utilization
and performance data on OEM dedicated CNG-fueled vehicles.

Technical Approach: The fleet of General Services Administration (GSA)-owned, Army-leased CNG-
fueled vehicles was placed under the direction of the Ft. Bliss Transportation Division. The vehicles were
randomly assigned to the different services sections to be used in daily mission requirements. Designated
drivers of the CNG vehicles were required to attend training classes that covered topics such as program
background and objectives, CNG description and objectives, and data collection procedures and
responsibilities.

Four gasoline-burning vehicles of the same type as the CNG vehicles were selected as control vehicles.
The baseline data obtained from these vehicles would be used as a comparison to the performance, fuel
economy, maintenance, and emissions evaluations of the CNG fleet.

Accomplishments: A total of 329,742 miles were accumulated during the program, of which 287,548
miles were obtained using CNG fuel. The CNG vehicles experienced severe drivability and performance
problems at the onset of the program. It was not until PAS, Inc.--the company that converted the pickups
for General Motors--retrofitted the vehicles with redesigned gaseous injectors that the problems were
resolved. The limited range of the vehicles also became a problem at Ft. Bliss, Texas. Since several Ft.
Bliss activities were past the range of the vehicles, vehicles were reassigned to circumvent the problem.
Consequently, the CNG trucks were relegated to short, start-and-stop urban missions, affecting the
accumulation of mileage. There was a noted decrease in fuel economy on the CNG vehicles when
compared to the gasoline control vehicles; however, part of the difference lies in the duty cycles of the
vehicles. There was also a noted decrease in exhaust emissions in the CNG-powered vehicles. The fleet
demonstration was prematurely halted when two instances of CNG cylinder failures involving the 1992
GM pickup trucks occurred at locations other than Ft. Bliss.

Military Impact: This short-term demonstration program accumulated data and generated results that can *ior = .
be utiliz.ed in the Flecision—making process of assigning dedicated CNG vehicles to military post, camp, 0
and station operations. 3 0
Faeiai.uailon
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. BACKGROUND

Section 400-AA of the Alternative Motor Fuels Act (AMFA) of 1988 (1)* established the Federal
Light-Duty Vehicle Program. AMFA’s aim is to incorporate alternative-fueled vehicles (AFVs)
into government fleet operation and evaluate their performance. The Department of Energy
(DOE) is responsible for implementing the AMFA with the assistance of other agencies.(2) The
General Services Administration (GSA) is tasked to acquire the AFVs and assist in their
placement within the federal fleet. Natural gas has demonstrated that it has potential as a cleaner
burning fuel for motor vehicles than gasoline. Consequently, the possibility of introducing
cleaner burning fuels in lieu of gasoline in automotive service has drawn increasing attention in
the last decade. The reduction or elimination of some pollutant emissions, such as ozone-forming
hydrocarbons, is a driving force behind the recently announced air pollution control strategies for

the state of California and the U.S. government.(3)

Il. INTRODUCTION

An interagency agreement (4) between DOE and the U.S. Army Tank-Automotive and
Armaments Command (TACOM), Mobility Technology Center-Belvoir (MTCB), Ft. Belvoir,
Virginia, was executed to provide for U.S. Army support of the AMFA of 1988, Public Law 100-
494, prior to the initiation of a DOE-sponsored technology demonstration of dedicated General
Motors (GM) 3/4-ton original equipment manufacturer (OEM) pickup trucks at Ft. Bliss, Texas.
Ft. Bliss was chosen because of its location in El Paso, Texas--a nonattainment air quality area

designated by the Environmental Protection Agency (EPA).

Liaison/coordination meetings with designated personnel from Ft. Bliss, the GSA Fleet
Management Office, and Southern Union Gas Company in El Paso, Texas were conducted by a
monitor from the U.S. Army TARDEC Fuels and Lubricants Research Facility (TFLRF) located
at Southwest Research Institute (SWRI), San Antonio, Texas, to ensure a smooth implementation

of the demonstration program.

* The underscored numbers in parentheses refer to the list of references at the end of this report.
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The interagency agreement stipulated that the collection of fleet vehicle data be in accordance
with a Data Protocol (5) and Data Collection Plan (6) provided by the National Renewable
Energy Laboratory (NREL). A data transmission modem and appropriate software were procured

to enable electronic transmission of the data to NREL.

lil. PROGRAM OBJECTIVES

The objectives of the technology demonstration of dedicated compressed natural gas (CNG) OEM

vehicles were as follows:

* to demonstrate the acceptability of dedicated alternative-fueled vehicles in support of
the AMFA of 1988, Public Law 100-494, and in a Department of Defense (DOD) U.S.

Army activity in support of post, camp, and station operations;

* to quantify vehicle performance, fuel economy, engine performance and maintenance,

and assessment of exhaust emissions; and

* to compare assessments and evaluations to a limited fleet of control vehicles.

IV. FLEET DEMONSTRATION PROGRAM

Training classes were held for designated drivers of the CNG vehicles and for selected personnel

at Ft. Bliss, Texas, prior to the start of the program. Topics covered included the following:

* Program background and objectives
* CNG description and precautions
* AFV description

* Program data collection objectives

Data collection procedures and responsibilities.




The transportation division at Ft. Bliss assigned the CNG vehicles to the different sections and
units in the same manner as the gasoline vehicles without regard to driving cycles and mission
requirements. A procedure was initiated in which the operators were required to dispatch the
vehicles on a weekly basis and turn in the previous week’s operational information on the
vehicle. The drivers’ cards were consolidated at the Transportation Motor Pool (TMP) and
mailed to TFLRF on a weekly basis. The data were then entered into a PARADOX database and
electronically transmitted to the Alternative Fuels Data Center at NREL.

The GSA fleet operations office in El Paso, Texas, assumed the responsibility of providing
maintenance data and tasking the maintenance contractor to obtain used oil samples on selected
vehicles. The used oil samples were mailed to the National Institute for Petroleum and Energy
Research (NIPER) for analysis. Monthly CNG samples from the refueling facility were obtained
by TFLRF staff and also mailed to NIPER.

A meeting was held with GSA and Ft. Bliss staff to arrange the selection of five test vehicles
and two control vehicles for emissions testing throughout the duration of the demonstration
program. The selection of the vehicles was assigned to the Ft. Bliss transportation officer to
minimize the impact that random selection of critical use vehicles would incur. The vehicles
would be transported from EI Paso to SWRI in San Antonio, Texas, for testing that would require
a turnaround time of five working days. Testing would include the Federal Test Procedure (FTP)

for regulated emissions and would be conducted at 4,000-, 10,000-, and 20,000-mile intervals.

The TFLRF monitor would visit El Paso and Ft. Bliss, Texas, on a monthly basis to conduct
liaison visits with GSA and Ft. Bliss fleet managers, collect samples and usage/maintenance data,

and solicit user comments on the CNG vehicles.




A. Fleet Vehicle Description

1. CNG Test Vehicles

The 48 GSA-owned, Army-leased vehicles used for the demonstration were 1992 GM dedicated
CNG 3/4-ton pickup trucks with a gross vehicle weight (GVW) rating of 7,200 lbs. (illustrated
in Fig. 1). The powertrain included a 5.7-L. V8 engine coupled to an MD8/4L60 automatic
transmission. All of the trucks were equipped with air conditioning, power brakes, and power
steering. PAS, Inc. performed the CNG conversions for GM. Fuel components included two
gaseous fuel throttle body injectors, pressure regulator, manual and electric fuel shut-off valves,
fuel level transducer, and three underbody-mounted CNG fuel tanks with 11.2 equivalent gallons
of capacity at a pressure of 3,600 psi. (Figure 2 illustrates the CNG vehicle modifications.) A
few months into the demonstration, a bed-mounted CNG tank with an additional 10 equivalent

gallons of capacity was installed on 24 of the trucks.

Figure 1. A 1992 CNG GM 3/4-ton test truck
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Figure 2. CNG vehicle modifications

2. Gasoline Control Vehicles

The control vehicles were not available at the start of the demonstration but were incorporated
seven months into the program. The control vehicles were four 1993 gasoline-powered 3/4-ton
pickup trucks (GVW = 7,200 Ibs.) with a 5.0-L. V8 engine coupled to an MD 8/4L.60 automatic
transmission. Like their test counterparts, each truck was equipped with air conditioning, power

brakes, and power steering. The capacity of the fuel tank was 25 gallons.

It should be noted that while the control vehicles were equipped with a 5.0-L V8 engine and the
test vehicles were equipped with a 5.7-L V8 engine, both engines have the same GM emissions
certification rating. Environmental Protection Agency mileage specification report (7) for 1992
and 1993 2500 series light-duty trucks lists the city driving cycle mileage at 14 miles per gallon
(mpg) for the 5.0-L and 5.7-L engines and the highway driving cycle mileage at 18 and 19 mpg,

respectively.

TABLE 1 lists the characteristics of the test and control vehicles, including odometer reading and

test start date.
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B. Refueling Stations

1. Compressed Natural Gas

The refueling station was a privately operated, card lock unattended facility located at Interstate
10 and Airway Boulevard in El Paso, Texas, approximately 5.5 miles from the CNG vehicle
motor park at Ft. Bliss, Texas. Another refueling station was constructed adjacent to a main
entrance gate at Ft. Bliss; however, due to major road construction in the area, the station was
never utilized by the CNG fleet of trucks. Both stations were equipped with a 425 CEM
compressor and a 100 equivalent gallon storage capacity and a two-nozzle dispenser with Sherex
quick disconnects with a maximum fill pressure of 3,000 psi. Figure 3 shows the CNG

dispensing station at Interstate 10 and Airway Boulevard in El Paso, Texas.

2. Gasoline

The gasoline refueling station at Ft. Bliss i1s a DOD-operated facility located at the TMP at Ft.
Bliss, Texas. The station is a card lock automated facility, and fuel is delivered to underground
storage tanks by a local refinery. It should be noted that the TMP at Ft. Bliss started receiving
oxygenated gasoline in November 1991, one year before the Clean Air Act (CAA) stipulation for
carbon monoxide nonattainment areas. TFLRF staff conducted a short-term fuel sampling

program at Ft. Bliss, Texas. Findings can be found in Letter Report No. BFLRF-94-002.(8)
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V. RESULTS OF FLEET DEMONSTRATION

A. Fleet Test Results

1. General

The forty-eight test vehicles accumulated a total of 287,548 miles from October 1992 through
February 1994. The CNG fleet was grounded by GSA after two reported instances of CNG
cylinder failures at locations other than Ft. Bliss, Texas, involving the 1992 GM 3/4-ton pickup,
which resulted in injury to the vehicle operators. GM subsequently recalled all the CNG vehicles
converted by PAS, Inc. The four control vehicles accumulated 42,194 miles from July 1993
through May 1994. As stated previously, the control vehicles were not brought into the
demonstration program until seven months after program commencement; therefore, the data

gathering effort in these vehicles was extended through May 1994.

2. Fuel Economy

A summary of the fuel economy data for test and control vehicles is presented in TABLES 2 and
3. Individual monthly mileage and fuel usage summaries for each of the 48 test vehicles and 4
control vehicles are included in Appendix A. TABLES 2 and 3 show the fuel economy of the
vehicles operating on CNG to range from 9.6 to 13.6 mpg, while the control vehicles ranged
from 13.6 to 15.5 mpg. A graphical presentation of the data, including comparison of FTP fuel
economy, is shown in Fig. 4. This equates to an approximately 25 percent decrease in fuel
economy for the CNG vehicles. Since natural gas provides more energy per pound than does
gasoline, one would expect increased fuel economy or at minimum, fuel economy equal to that
of gasoline. However, in order to realize this increased economy, the engine design must be
optimized for natural gas.(9) The PAS-converted GM engines used for this demonstration were
production line gasoline spark ignition engines without internal modifications. In addition, a
large part of the difference in fuel economy between the test and control vehicles can be

attributed to the duty cycles of the vehicles. The CNG test vehicles, because of their limited

10
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TABLE 3. Summary of Control Vehicle Data Miles and Fuel Consumption

Control Vehicles

Vehicle
Tag No. Miles Gal. Gal./Mile Miles/Gal.
4267092 10,380 669.0 0.064 15.5
4267094 11,041 761.0 0.069 14.5
4267095 10,484 770.7 0.074 13.6
4267096 10,289 755.0 0.073 13.6
Average 10,549 738.9 0.070 14.3
Std Dev 338 47.1 0.005 0.9
20 T T
. Error Bars represent
+/- one standard deviation 1 usage data
18 O  usage mean
= : A usage min
o 16 | vV  usage max
© | vzzZ1 FTP data v
2 ®  FTP mean XL
3 14r v A FTPmin x|
w - v FTP max
o 12 T
2 .| S
g 10 N
(9 =
§ 8f
8 6 I »
~ | _d_) 7]
o o @
s 4f § Uz =
i =
> [
2r : / < /
0 — A /
CNG Gasoline

Primary Motor Fuel Utilized

Figure 4. CNG vs. gasoline comparing usage data and FTP data
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range, were used exclusively for short, start-and-stop urban missions. Conversely, the control
vehicles were operated in urban and rural missions. This is supported by the fact that the average
miles per test vehicle in 14 months of operation was 5,991, while the average miles per control
vehicle in 10 months of operation was 10,549. Figure 5 shows the average vehicle mileage

accumulation.

3. Fuel System Component Replacement

Throughout the demonstration program, the vehicles were under manufacturer’s warranty.
Unscheduled repairs on the test and control vehicles were performed by an authorized GM
dealership in El Paso, Texas. From the onset of the program, the CNG trucks were beset with
fuel system failures. Especially troublesome were the injector and throttle body assemblies.
During the early months of the demonstration, as many as 50 percent of the vehicles were out
of service due to faulty gas injectors. The average downtime for fuel system repairs was 21

days.

1200 -
1100 |
1000 | 1 CNG

900 - Gasoline
800 |
700 |
600 |-
500 | 1 -
400 [ -
300
200
100 |

I

Fuel Averaged Vehicle Utilization, miles

AN OO0 08 & S O
FEFETEEEEF

Month

Figure 5. Ft. Bliss monthly average vehicle mileage accumulation
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The limited availability of replacement parts was the primary reason for the excessive downtime.
Four months after the start of the program, PAS, Inc. retrofitted the 48 trucks with redesigned
injector assemblies. The problems abated soon after the retrofit. TABLE 4 summarizes the
replacement of fuel system components. It should be noted that 90 percent of injector set
replacements were performed during the first four months of the demonstration. Ten percent of
the fleet required only one injector set replacement, 35 percent required two replacements, 35
percent accounted for three replacements, and 19 percent required four replacements. Also, quite
often in conjunction with injector set replacements, 88 percent of the fleet required replacement
of the throttle body assembly. There were no fuel system components replaced on the control

vehicles.

4. Drivability

The drivability of the fleet vehicles was assessed by requiring the drivers to rate the degree of
severity of eight performance problem variables listed on the daily log sheet. An "A" signified
mildly annoying, while "T" signified very troublesome. TABLE 5 presents a monthly
performance problem summary, while TABLE 6 summarizes the drivers’ responses to
performance problems noted in the CNG vehicles. In TABLE 5, beginning in March, there is
a sharp decrease in the number of performance problems reported. This coincides with the
redesigned injector retrofit covered in the previous section. TABLE 6 shows that "Idle Quality"
and "Hesitation" account for 47 percent of the performance problems reported. "Hard to Start"
and "Stalled After Starting” make up 34 percent of the total number of occurrences, while
"Stalled in Traffic," "Lack of Power,"” "Pinging," and "Check Engine Light" constitute 19 percent.
Figures 6 through 9 graphically present the frequency of performance problem reports and the
number of vehicles reporting difficulties for the eight performance problem variables studied.
In contrast, there were no performance problems reported on the control vehicles. The fuel
system failures experienced by 90 percent of the CNG fleet vehicles in the beginning of the
program more than likely set the standard for reporting performance problems by the operators.
This is evident in that 78 percent of the performance problems reported occurred between

December 1992 and March 1993, and only 22 percent occurred during April 1993 and March

14




GSA
Tag No.

TABLE 4. Fuel System Component Replacement Summary

Fuel Injector
Assembly

Throttle Body
Assembly

Fuel Regulator
Assembly

Fuel Filter
Assembly

Fuel Shut-Off
Solenoid

Fuel Sending
Unit

4267029
4267030
4267031
4267032
4267033
4267034
4267035
4267036
4267037
4267038
4267039
4267040
4267041
4267042
4267043
4267044
4267045
4267046
4267047
4267048
4267049
4267050
4267051
4267052
4267053
4267054
4267055
4267056
4267057
4267058
4267059
4267060
4267061
4267062
4267063
4267064
4267065
4267066
4267067
4267068
4267069
4267070
4267071
4267072
4267073
4267074
4267075
4267076

2
3
3
3
2
2
2
2
3
3
1
3
2
4
4
3
3
3
3
3
2
4
1
2
2
4
2
3
2
3
1
4
1
1
4
4
2
3
2
2
2
3
3
4
2
2
4
3
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TABLE 6. CNG Fleet Performance Problem Summary

Total Number of

Occurrences
Performance Problem A¥* T**
Hard to Start 349 123
Stalled After Starting 344 150
Stalled in Traffic 148 56
Idle Quality 637 177
Hesitation/Coughing 430 102
Lack of Power 164 44
Pinging 43 10
Check Engine Light 62 28

* A = Mildly annoying
** T = Very troublesome

Number of Reports

240
220
200
180
160
140
120
100
80
60
40
20

[C—1 Hard to Start
przzza Stalled After Starting ]
BN Stalled in Traffic -
B2 Idle Quality

1T

T T

NNNNANNNANNNNNNNNNNY
BT

Month

Figure 6. Frequency of reporting some degree of performance problem
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Figure 9. Vehicles reporting some degree of performance problem

1994. Also, the performance problems reported after April 1993 occurred on only 6 percent of
the CNG vehicles. There were several instances in which the operator would continue to report
a fault with the vehicle; however, when the vehicle was inspected, all systems were normal. This
leads one to believe that a few of the operators were perhaps overly critical of their vehicle’s
performance and reported conceived rather than actual performance problems. User comments
were solicited on every visit to the fleet site. Once the initial problems were solved, comments

were favorable on the drivability and operability of the CNG vehicles.

5. Fuel Qualit

CNG fuel samples were obtained from the fueling site on a monthly basis and shipped to NIPER
for compound analyses. TABLE 7 presents the results of all samples obtained from El Paso,
Texas. Methane constituted 93 percent of the gas composition, while constituents such as ethane,
propane, nitrogen, and carbon dioxide made up the remaining 7 percent. All of the samples from
El Paso conformed to the typical volumetric and mass base composition of natural gas.(10) Also,

notable is the lack of seasonal variance of the gas composition for the period shown.
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6. Used Oil Analysis

Used oil samples were obtained from selected vehicles and shipped to NIPER for analysis.
Results of the analysis were not made available to TFLRF. In the beginning of the program, it
was deemed advantageous to perform oxidation and nitration analysis by infrared spectroscopy
on the used oil from the CNG vehicles for two reasons: 1) it had been reported that some
commercial oils appeared deficient in oxidation and nitration protection, and 2) oxidation and
nitration analysis were not included in NIPER’s analysis protocol. After performing analyses on
two batches of samples, however, the program was suspended when it was concluded that the
analysis results would not yield the desired information. This was because oil changes were
performed on the vehicles at 5,000-mile intervals or six months (whichever came first), and the
vehicles, due to their limited range with CNG, were not accumulating sufficient miles to quantify
changes on oil degradation from one analysis to the other. In addition, the infrared spectroscopy
method requires a known baseline oil for comparison, and different brands and formulations of

oils were being used.

B. Emissions Testing

1. General

The objective of testing the exhaust and evaporative emissions was to provide a method to

compare emissions from the CNG and gasoline-powered test and control vehicles.

Five test vehicles and two control vehicles were selected for emissions testing at 4,000 miles and
then at 10,000 miles. After the second evaluation, the testing would be conducted at 10,000-mile
intervals or once per year. The testing was conducted by the Department of Emissions Research
at Southwest Research Institute in San Antonio, Texas (an EPA-certified emissions testing

laboratory). The vehicles were tested utilizing the FTP schedule for light-duty vehicles.(11)
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2. Regulated Emissions and Highway Fuel Economy Test Results

TABLE 8 is a summary listing of the FTP results for regulated emissions of total hydrocarbons
(THC), nonmethane hydrocarbons (NMHC), carbon monoxide (CO), oxides of nitrogen (NOx),
and nonmethane organic gases (NMOG) for light-duty trucks (LDT). The EPA and California
Air Resources Board (CARB) limits for emissions are given in g/mile; therefore, values are listed
in consistent units for easy comparison. Emissions laboratory raw data and speciated emissions

results are contained in Appendices B through F.

a. CNG Emissions

The averaged value of 1.61 g/mile for THC of all CNG vehicles shown in TABLE 8 is in excess
of the Federal standard of 0.80 g/mile listed in TABLE 9. However, the NMHC measurements
for CNG LDTs were well below the Federal and CARB limits of 0.32 and 0.50 g/mile,
respectively. The five trucks, including the two retested at the 10,000-mile interval, emitted an
average of 0.06 g/mile NMHC, far below the 1994 proposed Federal limit of 0.32 g/mile. The
trucks (excluding one) met all California standards except the Ultra Low Emission Vehicle

(ULEV) NMOG standard.

Carbon monoxide and NOx show considerable variance from one vehicle to another. The CO
Federal limit of 10.0 g/mile was exceeded by only two of the five trucks tested. The remaining
three trucks, however, were below the California standard of 9.0 g/mile. Oxides of nitrogen
emitted by all of the vehicles tested were well below the 1991-1993 Federal standard of 1.7
g/mile. In fact, all but one of the trucks were below the California standard. The NOx emission
rates of two trucks are significantly lower than the Low Emission Vehicle (LEV) and ULEV

levels of 0.4 g/mile.
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TABLE 9. Federal and California Emission Standards Applicable to
Light-Duty Trucks

g/mile g/mile*
Standards Year THC CO NOx
Federal (EPA) 1991 - 1992 0.80 10.0 1.7
1994
1994 ** 0.32t 4.4 0.7
California (CARB) 1989 - 1994 0.50% 9.0 0.7
1996
TLEV 0.168 4.4 0.7
LEV 0.108 44 04
ULEV 0.058 2.2 04

* FTP, 80,450-km durability basis. To convert g/mile to g/km, multiply by 0.621.
** Proposed for dedicated CNG LDT

T NMHC

i NMHC or NMOG

§ NMOG

b. Gasoline Emissions

Total hydrocarbons test results for the trucks operated on gasoline are listed in the last two
columns in TABLE 8. When these results are compared to the federal hydrocarbon limit of 0.80
g/mile, it is evident that both vehicles were well below the EPA standard. However, the results
far exceeded the averaged 0.05 g/mile of NMHC emitted by the CNG trucks. Carbon monoxide
emissions of 4.33 and 4.84, are well below the EPA and CARB standards, respectively, and
approximate the 4.4 g/mile for Transitional Low Emission Vehicle (TLEV) and LEV standards.

Emissions of NOx, however, were just under the EPA limit of 1.7 g/mile but exceeded the CARB
limit of 0.7 g/mile. The gasoline trucks had a 268 percent increase in NOx g/mile when
compared to the CNG trucks. The following items should be noted: 1) the gasoline control

trucks were 49-state emission vehicles, while the CNG trucks were converted to meet California
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tier 0, Federal tier 0+ emission levels; and 2) FTP emission tests were performed utilizing a

reference gasoline and not oxygenated gasoline, which was used in the El Paso, Texas area.

TABLE 10 compares exhaust emissions of two CNG trucks tested in March 1993 and again in
January 1994. The averaged results illustrate that the only substantial increase with time and
mileage occurred in the level of NMHC emissions. However, even with the 133 percent
difference, the NMHC level was considerably lower than the 1994 Federal and California
standards of 0.32 and 0.50 g/mile. Also, the level of NMOG of these two vehicles was below
the CARB LEV and TLEV requirement of 0.10 and 0.16, respectively.

TABLE 10. FTP Regulated Emissions and Fuel Economy Test Results
of Two CNG Trucks Tested at 4,000- and 10,000-Mile Intervals

Test 1 (4,000 miles) Test 2 (10,000 miles)
Test Fuel CNG CNG CNG CNG
Vehicle No. 67043 67051 67043 67051
Test Date 03/03/93 03/03/93 01/25/94 01/25/94

Exhaust Emissions Average Average

THC, g/mile 1.90 1.51 1.71 1.85 1.57 1.71
NMHC, g/mile 0.04 0.02 0.03 0.05 0.08 0.07
CO, g/mile 12.92 10.84 11.88 10.79 13.05 11.92
NOx, g/mile 0.55 0.22 0.39 0.57 0.32 0.45
NMOG, g/mile 0.11 0.08 0.10 0.08 0.08 0.08
Fuel economy, mpg 11.97 11.49 11.73 12.07 11.68 11.88

C. Requlated FTP and Highway Fuel Economy Test Results

The average of the FTP and Highway Fuel Economy Test (HFET) results show a 15 and 11
percent decrease in fuel economy, respectively, for the CNG-powered vehicles when compared
to the gasoline-powered vehicles. In a study conducted at SWRI (12) on a CNG dedicated GM
3/4-ton pickup truck converted to operate on gasoline as well, the FTP fuel economy results on
CNG were within 5 percent of the results obtained on the CNG trucks from Ft. Bliss. TABLE 11
presents the highway fuel economy test results of four CNG and two gasoline-powered trucks.

Figure 10 depicts comparison of usage, FTP, and HFET fuel economy results.
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TABLE 11. Highway Fuel Economy Test Results

Test Fuel CNG CNG CNG CNG Gasoline Gasoline
Vehicle No. 67047 67057 67059 67043 70895 70896
Test Date 05/05/93 08/04/93 10/07/93 01/25/94 10/08/93 01/25/93
Vehicle Miles 4,242 5,657 6,207 11,278 3,425 7,435
Exhaust Emissions
THC, g/mile 0.89 1.28 0.96 0.95 0.03 0.03
NMHC, g/mile 0.06 0.05 0.01 0.02 N/A* N/A
CO, g/mile 10.23 11.34 494 7.58 0.33 0.75
NOx, g/mile 0.40 0.38 0.88 0.34 0.74 1.26
NMOG, g/mile 0.04 0.05 0.04 0.02 0.02 0.02
CH4, g/mile 0.84 1.23 0.95 0.92 N/A N/A
Fuel economy, mpg 17.81 17.33 18.21 18.78 2040 19.66
* N/A = Not applicable
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Figure 10. Ft. Bliss CNG and control vehicle fleet fuel economy
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D. Speciated Emissions

The speciated unburned hydrocarbon FTP exhaust emissions for five CNG vehicles and one
gasoline control vehicle are tabulated in Appendix F. The compounds speciated followed the
NREL data collection guidelines (5) for the fuel each vehicle utilized. The results of the
speciation were used to calculate the ozone-forming potential for each vehicle and fuel. The
potential ozone formed was calculated using Maximum Incremental Reactivity (MIR) factors for
the Los Angeles air basin model published by the Mobile Sources Division, California Air
Resources Board.(13) Figure 11 shows the total potential grams of ozone formed per mile for

each vehicle/fuel, accounting for potential ozone formed from methane and NMOG emissions.

Approximately 96 percent of the potential ozone formed by CNG is due to ethylene (50.1
percent), methane (16.6 percent), formaldehyde (14.4 percent), ethane (8.2 percent), propylene
(4.7 percent), and propane (2 percent) in the exhaust. Likewise, only 43.5 percent of the
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Figure 11. Estimated ozone formation from unburned hydrocarbon speciation
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potential ozone formed by gasoline is attributed to ethylene (19.6 percent), methane (0.08
percent), formaldehyde (5.2 percent), ethane (0.16 percent), propylene (18.4 percent), and propane
(0.03 percent). The balance of potential ozone formed by the gasoline vehicle is from higher
molecular weight hydrocarbons containing double and triple bonds, with toluene (23.6 percent)

being the largest contributor.

Figure 12 shows the average CNG vehicle and gasoline vehicle total potential ozone formation
and potential ozone formed only from NMOG constituents. The total potential ozone includes
the contribution of the methane in the exhaust. Even though methane has a very low MIR
(0.0148 gO4/g versus ethylene at 7.29 gO4/g), the substantial mass of methane in CNG exhaust
makes methane a major contributor to CNG vehicle ozone-forming potential. The bar
representing the NMOG-formed potential ozone in Fig. 12 reveals the ozone-forming potential

of the CNG vehicle exhaust when debited for the contribution of the methane.

. . 40
09} [ Total gOs/mile —_— g
NMOG gOs/mile pa
08| |xxxx gNMOG/mile 7 o
] mEEE NMOG gO3/gNMOG 130 O
£ 07} % o
e O
§ 0.6} 7 e
Z o5 120 =
P
Soaf — | 7 g
£ 7
03} P
Q
% _ / . 110 ¢
0.2 / (3
0.1} ‘.;,_
0.0 4 /& 00 ©

CNG Gasoline

TEST FUEL

Figure 12. Effects of methane on ozone formation and specific reactivity of test fuels
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Figure 12 also displays the NMOG-emitted mass and the Specific Reactivity (SR) for each fuel.
The SR is a measure of the potential ozone reactivity of the NMOG emissions of a vehicle/fuel
| combination. The SR for a fuel is defined in Reference 13 as the summation of the mass of
l potential ozone formed by the individual NMOG species divided by the summation of the emitted

mass of the individual NMOG species, as shown in Equation 1.

gNMOG, g0,
Y IXMIR(——) o
SR _ fue mile gNMOG _ 8 3 (Eq 1)
fuel = 5> gNMOG, ¢NMOG
fuel = 1

mile

Reference 13 also defines the Reactivity Adjustment Factor (RAF) for alternate fuel vehicles,
which compares the SR of an alternative fuel to the SR of the reference fuel. In this case, the

RAF is calculated utilizing the SR’s for CNG and gasoline, as shown in Equation 2.

g0,
SR 1.7069W
RAF g = — N0 - g = 0.47 (Eq. 2)
SRGasolme 3.6279 8U3
’ gNMOG

The RAF indicates the Ft. Bliss CNG vehicles have an ozone-forming potential from the NMOG
constituents which is only 47 percent of, or 53 percent lower, than the gasoline control vehicle.
The Ft. Bliss RAF value is in good agreement with the proposed CARB generic RAF value for
CNG vehicles of 0.43 (13), which is an average RAF for seven unique CNG vehicles. The
difference in the Ft. Bliss and CARB RAF values may be attributed to the number of compounds
in the speciation protocol, the reference gasoline utilized, and the engine displacement difference

between the Ft. Bliss CNG and gasoline vehicles.
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VI. CONCLUSIONS

The following conclusions can be reached from the Ft. Bliss demonstration of dedicated CNG

vehicles:

* The program was successful in that it showed that compressed natural gas can be
utilized in slightly modified conventional gasoline engines. However, it also
demonstrated that the reliance of a single fuel, limited refuel options, and the inherent
limited range with CNG can impose severe limitations as to how the vehicles are

employed relative to gasoline vehicles.

* The problems that surfaced with hardware deficiencies, i.e., gaseous fuel injectors,
throttle body assemblies, regulator assemblies, etc., greatly hindered the acceptability
of the dedicated CNG vehicles.

* The sudden termination of the CNG fleet and more importantly, the reason for
termination and final disposition of CNG vehicles impeded the assessment of the

following:

— vehicle performance after improved fuel component hardware replacements;

— user acceptability after installation of a 10 equivalent gallon bed-mounted CNG fuel

tank for extended range;

— evaluation of exhaust emissions versus time in CNG test and gasoline control

vehicles.

* From the data obtained from fuel sheets and drivers’ daily log entries, there was a 25
percent reduction observed in fuel economy for the CNG vehicles compared to the
unleaded gasoline vehicles. Factors that may have contributed to this substantial

difference are as follows:
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~ data entry errors in fuel sheets and daily log cards;

— duty cycle differences between test and control vehicles;

— converted test vehicle engines not optimized for CNG;

— possible differences in fuel economy between the 5.7 and 5.0-liter engines in spite

of the EPA Fuel Economy Report.

A 15 and 11 percent reduction in fuel economy was observed during the FTP and HFET
emissions testing procedure in the CNG vehicles, respectively. Converted test vehicle engines
not optimized for CNG and differences in fuel economy between the 5.7- and 5.0-liter engines
may be contributing factors for the difference in fuel economy between the CNG and gasoline

vehicles.

» The CNG-powered vehicles have shown superior nonmethane hydrocarbons, oxides of
nitrogen, and nonmethane organic gases emissions performance relative to gasoline-
powered vehicles. They do, however, show increased carbon monoxide and total

hydrocarbon emissions.

» The higher THC and CO emission data for the CNG vehicles indicate incomplete
combustion relative to gasoline which would partially account for some of the fuel

economy variation.

» The speciated emissions allow the calculation of a RAF, as defined by CARB, for
potential ozone formation from NMOG for the Ft. Bliss CNG vehicles. The RAF’s
suggest the CNG fleet is producing only 47 percent of the potential ozone that a

comparable gasoline fleet would produce from the NMOG exhaust constituents.
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VIl. RECOMMENDATIONS

* Improvements in CNG vehicle conversion technologies have been achieved. Additional CNG

fleet demonstration programs should be conducted with light-duty trucks and possibly full and

mid-sized sedans using the latest technology to elucidate all the problems that surfaced from

the unfinished fleet demonstration at Ft. Bliss, Texas.

In order to minimize interference with daily operational schedules and maximize user

acceptability of compressed natural gas, consideration should be given to bi-fueled vehicles

rather than single-fueled dedicated vehicles.

10.
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APPENDIX A

Mileage and Fuel Usage Summaries for the
Test and Control Vehicles
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[GSA Tag No. 4267029 CNG

|

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 188 15.0 12.5 188 15.0 12.5
November
December
January
February 309 34.2 9.0 497 49.2 10.1
March 451 457 929 948 94.9 10.0
April 493 448 11.0 1441 139.7 10.3
May 529 47.7 111 1970 187.4 10.5
June 481 46.2 104 2451 233.6 10.5
July 503 46.2 10.9 2954 279.8 10.6
August 292 31.8 9.2 3246 311.6 10.4
September 328 312 10.5 3574 342.8 10.4
October 454 45.6 10.0 4028 388.4 10.4
November 318 34.6 9.2 4346 423.0 10.3
December 212 24.1 8.8 4558 447.1 10.2
January 292 30.1 9.7 4850 4772 10.2
February
[GSA Tag No. 4267030 CNG |

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 186 16.1 11.6 186 16.1 11.6
November 165 17.0 9.7 351 33.1 10.6
December 206 21.1 9.8 557 542 10.3
January 49 5.0 9.8 606 59.2 10.2
February 260 28.5 9.1 866 87.7 9.9
March 180 18.8 9.6 1046 106.5 9.8
April 305 30.6 10.0 1351 137.1 9.9
May 446 41.1 10.9 1797 178.2 10.1
June 341 27.6 12.4 2138 205.8 10.4
July 118 16.9 7.0 2256 222.7 10.1
August 474 39.0 122 2730 261.7 104
September 302 24.5 12.3 3032 286.2 10.6
October 75 55 13.6 3107 291.7 10.7
November 214 17.7 12.1 3321 309.4 10.7
December 97 11.5 84 3418 320.9 10.7
January 144 253 5.7 3562 346.2 10.3
February 170 7.5 22.7 3732 353.7 10.6
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[GSA Tag No. 4267031 CNG

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 130 133 9.8 130 13.3 9.8
November 69 5.2 133 199 18.5 10.8
December 75 4.4 17.0 274 22.9 12.0
January 96 85 11.3 370 314 11.8
February 141 11.9 11.8 511 433 11.8
March 40 6.0 6.7 551 493 11.2
April 210 10.1 20.8 761 59.4 12.8
May 73 11.6 6.3 834 71.0 11.7
June 105 11.9 88 939 829 11.3
July 86 5.5 15.6 1025 88.4 11.6
August 223 20.1 11.1 1248 108.5 11.5
September 186 20.1 9.3 1434 128.6 11.2
October
November 133 14.1 9.4 1567 142.7 11.0
December
January
February
|GSA Tag No. 4267032 CNG |

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 304 25.2 12.1 304 252 12.1
November 186 143 13.0 490 39.5 12.4
December 373 27.9 13.4 863 67.4 12.8
January 448 35.7 12.5 1311 103.1 12.7
February 474 39.2 12.1 1785 142.3 12.5
March 405 344 11.8 2190 176.7 12.4
April 569 47.1 12.1 2759 223.8 12.3
May 191 214 8.9 2950 2452 12.0
June 231 26.1 8.9 3181 271.3 11.7
July 98 11.8 83 3279 283.1 11.6
August 217 243 8.9 3496 307.4 11.4
September 117 13.3 8.8 3613 320.7 11.3
October 150 15.7 9.6 3763 336.4 11.2
November 212 21.6 9.8 3975 358.0 11.1
December 109 12.0 9.1 4084 370.0 11.0
January 100 12.2 8.2 4184 3822 10.9
February

38




|GSA Tag No. 4267033 CNG |

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 434 28.2 15.4 434 28.2 15.4
November 273 19.5 14.0 707 477 14.8
December 179 20.5 8.7 886 68.2 13.0
January 382 20.3 18.8 1268 88.5 14.3
February 129 12.0 10.8 1397 100.5 13.9
March 141 12.2 11.6 1538 112.7 13.6
April 261 24.7 10.6 1799 137.4 13.1
May 124 11.6 10.7 1923 149.0 12.9
June
July
August
September 285 18.1 15.7 2208 167.1 13.2
October 136 15.5 88 2344 182.6 12.8
November 125 6.6 18.9 2469 189.2 13.0
December 273 32.8 83 2742 222.0 12.4
January 466 36.2 12.9 3208 258.2 12.4
February 54 6.1 8.9 3262 264.3 12.3
|GSA Tag No. 4267034 CNG |

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 84 8.5 9.9 84 8.5 9.9
November 467 34.5 13.5 551 43.0 12.8
December 138 8.0 17.3 689 51.0 13.5
January 132 9.3 142 821 60.3 13.6
February 146 14.9 9.8 967 75.2 12.9
March 559 455 12.3 1526 120.7 12.6
April 245 242 10.1 1771 1449 12.2
May 120 13.3 9.0 1891 158.2 12.0
June 161 17.3 9.3 2052 175.5 11.7
July 145 11.6 12.5 2197 187.1 11.7
August 238 21.8 10.9 2435 208.9 11.7
September 206 16.9 12.2 2641 225.8 11.7
October 162 23.2 7.0 2803 249.0 11.3
November 65 9.6 6.8 2868 258.6 11.1
December 104 12.7 8.2 2972 2713 11.0
January
February
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|GSA Tag No. 4267035 CNG

Monthly Cumulative
Month Miles Gallons mpg Miles Gallons mpg

October 153 10.3 14.9 153 10.3 14.9
November 292 17.4 16.8 445 27.7 16.1
December 378 23.0 16.4 823 50.7 16.2
January 319 21.2 15.0 1142 71.9 15.9
February 311 254 12.2 1453 973 14.9
March 478 40.4 11.8 1931 137.7 14.0
April 205 17.8 11.5 2136 155.5 13.7
May 315 316 10.0 2451 187.1 13.1
June 378 354 10.7 2829 222.5 127
July 297 228 13.0 3126 2453 12.7
August 243 245 9.9 3369 269.8 12.5
September 427 41.1 10.4 3796 310.9 12.2
October 281 30.7 92 4077 341.6 11.9
November 126 14.6 8.6 4203 356.2 11.8
December 110 13.1 84 4313 369.3 11.7
January 187 18.0 104 4500 387.3 11.6
February

[GSA Tag No. 4267036 CNG

Monthly Cumulative
Month Miles Gallons mpg Miles Gallons mpg

October 241 20.7 11.6 241 20.7 11.6
November 392 28.1 14.0 633 48.8 13.0
December 216 14.7 14.7 849 63.5 13.4
January 361 27.5 13.1 1210 91.0 13.3
February 499 359 13.9 1709 126.9 135
March 415 329 12.6 2124 159.8 133
April 763 64.4 11.8 2887 2242 12.9
May 725 50.2 14.4 3612 274.4 13.2
June 479 37.9 12.6 4091 3123 13.1
July 290 21.1 13.7 4381 3334 13.1
August 226 13.8 16.4 4607 3472 13.3
September 255 22.1 11.5 4862 369.3 13.2
October 105 12.7 83 4967 382.0 13.0
November 162 16.8 9.6 5129 398.8 12.9
December 149 15.0 9.9 5278 413.8 12.8
January 490 36.2 13.5 5768 450.0 12.8
February
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[GSA Tag No. 4267037 CNG

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 351 29.8 11.8 351 29.8 11.8
November
December
January
February 1019 53.1 19.2 1370 82.9 16.5
March 824 56.3 14.6 2194 139.2 158
April 828 35.6 233 3022 174.8 17.3
May
June 875 57.1 15.3 3897 231.9 16.8
July 320 29.6 10.8 4217 261.5 16.1
August 592 43.8 13.5 4809 305.3 158
September 296 31.4 94 5105 336.7 15.2
October 288 327 8.8 5393 369.4 14.6
November 240 246 9.8 5633 394.0 14.3
December 114 14.3 8.0 5747 408.3 14.1
January 243 28.0 8.7 5990 436.3 13.7
February
| GSA Tag No. 4267038 CNG

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 224 16.6 13.5 224 16.6 13.5
November
December 142 16.3 8.7 366 329 11.1
January 318 19.1 16.6 684 52.0 13.2
February 703 46.2 15.2 1387 98.2 14.1
March 424 32.6 13.0 1811 130.8 13.8
April 443 322 13.8 2254 163.0 13.8
May 230 21.3 10.8 2484 184.3 13.5
June 380 34.1 11.1 2864 218.4 13.1
July 160 11.6 13.8 3024 230.0 13.1
August 146 15.7 9.3 3170 2457 12.9
September 196 14.3 13.7 3366 260.0 12.9
October 206 219 9.4 3572 281.9 12.7
November 421 43.4 9.7 3993 325.3 12.3
December 417 437 9.5 4410 369.0 12.0
January 573 56.7 10.1 4983 4257 11.7
February 124 114 10.9 5107 437.1 11.7
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[GSA Tag No. 4267039 CNG

Monthly Cumulative
Month Miles Gallons mpg Miles Gallons mpg

October 732 46.1 15.9 732 46.1 15.9
November 724 52.1 13.9 1456 98.2 14.8
December 377 294 12.8 1833 127.6 14.4
January 588 40.0 14.7 2421 167.6 14.4
February 495 385 12.9 2916 206.1 14.1
March 770 574 13.4 3686 263.5 14.0
April 897 64.9 13.8 4583 3284 14.0
May 702 53.2 13.2 5285 381.6 13.8
June 758 63.6 11.9 6043 4452 13.6
July 473 404 11.7 6516 485.6 134
August 705 614 115 7221 547.0 13.2
September 755 59.3 12.7 7976 606.3 13.2
October 591 59.2 10.0 8567 665.5 12.9
November 564 60.2 94 9131 725.7 12.6
December 691 70.5 9.8 9822 796.2 12.3
January 465 449 104 10287 841.1 12.2
February

[GSA Tag No. 4267040 CNG |

Monthly Cumulative
Month Miles Gallons mpg Miles Gallons mpg

October 411 39.7 10.4 411 39.7 10.4
November 436 39.2 11.1 847 78.9 10.7
December 789 68.8 11.5 1636 147.7 11.1
January 679 573 11.8 2315 205.0 113
February 400 423 95 2715 2473 11.0
March 756 74.8 10.1 3471 322.1 10.8
April 102 94 10.9 3573 3315 10.8
May 619 64.8 9.6 4192 396.3 10.6
June 893 91.6 9.7 5085 4879 10.4
July 733 77.2 9.5 5818 565.1 10.3
August 762 72.3 10.5 6580 6374 10.3
September 789 78.8 10.0 7369 716.2 10.3
October 57 6.6 8.6 7426 722.8 10.3
November 326 143 22.8 7752 737.1 10.5
December 192 234 82 7944 760.5 10.4
January 172 20.2 85 8116 780.7 10.4
February
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[GSA Tag No. 4267041 CNG |

Monthly Cumulative
Month Miles Gallons mpg Miles Gallons mpg
| October 257 19.0 13.5 257 19.0 13.5
November 253 15.7 16.1 510 34.7 14.7
December 366 25.8 14.2 876 60.5 14.5
January 185 12.2 15.2 1061 72.7 14.6
February 227 20.5 11.1 1288 93.2 13.8
March 332 27.4 12.1 1620 120.6 134
April 410 36.2 113 2030 156.8 12.9
May 384 375 10.2 2414 194.3 124
June 262 254 10.3 2676 219.7 12.2
July 416 425 9.8 3092 262.2 11.8
August 431 39.5 10.9 3523 301.7 11.7
September 382 36.9 10.4 3905 338.6 11.5
October 361 39.2 9.2 4266 377.8 113
November 360 37.0 9.7 4626 414.8 11.2
December 236 248 9.5 4862 439.6 11.1
January 451 46.7 9.7 5313 486.3 10.9
February 102 10.6 9.6 5415 496.9 10.9

[GSA Tag No. 4267042 CNG |

Monthly Cumulative
Month Miles Gallons mpg Miles Gallons mpg

October 60 5.1 11.8 60 5.1 11.8
November 75 54 13.9 135 10.5 12.9
December 76 58 13.1 211 16.3 12.9
January 313 30.0 104 524 46.3 11.3
February

March 267 20.6 13.0 791 66.9 11.8
April 144 14.7 9.8 935 81.6 11.5
May 178 14.2 12.5 1113 95.8 11.6
June 150 13.0 11.5 1263 108.8 11.6
July 159 20.8 7.6 1422 129.6 11.0
August 129 14.5 8.9 1551 144.1 10.8
September 155 13.8 11.2 1706 157.9 10.8
October 155 15.4 10.1 1861 173.3 10.7
November 143 16.1 8.9 2004 189.4 10.6
December 55 7.7 7.1 2059 197.1 10.4
January

February 55 6.7 82 2114 203.8 10.4
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| GSA Tag No. 4267043 CNG |

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 483 37.2 13.0 483 37.2 13.0
November 587 443 13.3 1070 81.5 131
December 521 40.9 12.7 1591 122.4 13.0
January 1582 89.2 17.7 3173 211.6 15.0
February 880 62.5 14.1 4053 274.1 14.8
March 860 60.4 14.2 4913 334.5 147
April 665 46.3 144 5578 380.8 14.6
May 663 53.6 124 6241 4344 144
June 781 673 11.6 7022 501.7 14.0
July 742 66.6 11.1 7764 568.3 13.7
August 807 553 14.6 8571 623.6 13.7
September 750 574 13.1 9321 681.0 13.7
October 523 527 9.9 9844 733.7 134
November 424 50.9 83 10268 784.6 131
December 510 524 9.7 10778 837.0 12.9
January 223 233 9.6 11001 860.3 12.8
February 110 10.6 104 11111 870.9 12.8
[GSA Tag No. 4267044 CNG |

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 176 14.9 11.8 176 14.9 11.8
November 237 20.9 11.3 413 35.8 11.5
December 244 23.0 10.6 657 58.8 11.2
January 121 10.8 11.2 778 69.6 11.2
February - 145 15.9 9.1 923 85.5 10.8
March 172 18.4 9.3 1095 103.9 10.5
April 164 13.9 11.8 1259 117.8 10.7
May 72 6.3 11.4 1331 124.1 10.7
June 124 13.2 9.4 1455 137.3 10.6
July 134 13.3 10.1 1589 150.6 10.6
August 213 20.0 10.7 1802 170.6 10.6
September 161 152 10.6 1963 185.8 10.6
October 44 5.6 7.9 2007 191.4 10.5
November 197 19.3 10.2 2204 210.7 10.5
December
January
February




[GSA Tag No. 4267045 CNG

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 280 20.0 14.0 280 20.0 14.0
November 228 13.1 17.4 508 33.1 153
December 280 21.3 13.1 788 54.4 14.5
January 155 12.4 12.5 943 66.8 14.1
February 153 14.0 10.9 1096 80.8 13.6
March 216 18.9 11.4 1312 99.7 132
April 230 21.6 10.6 1542 121.3 12.7
May 154 15.0 10.3 1696 136.3 12.4
June 182 16.6 11.0 1878 152.9 12.3
July 35 4.0 8.8 1913 156.9 12.2
August
September
October 79 13.4 5.9 1992 170.3 11.7
November 110 11.2 9.8 2102 181.5 11.6
December
January
February
|GSA Tag No. 4267046 CNG

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 352 29.1 12.1 352 29.1 12.1
November 308 253 12.2 660 54.4 12.1
December 359 24.8 14.5 1019 79.2 12.9
January 218 16.6 13.1 1237 95.8 12.9
February 283 24.4 11.6 1520 120.2 12.6
March 306 25.5 12.0 1826 145.7 12.5
April 380 33.1 11.5 2206 178.8 12.3
May 396 33.8 11.7 2602 212.6 12.2
June 379 345 11.0 2981 247.1 12.1
July 364 28.6 12.7 3345 275.7 12.1
August 257 223 11.5 3602 298.0 12.1
September
October 149 10.1 14.8 3751 308.1 12.2
November 278 293 9.5 4029 337.4 11.9
December 59 7.7 7.7 4088 345.1 118
January
February
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{GSA Tag No. 4267047 CNG

|

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 437 35.0 12.5 437 35.0 12.5
November 390 31.8 12.3 827 66.8 12.4
December 420 28.8 14.6 1247 95.6 13.0
January 783 50.4 155 2030 146.0 13.9
February 552 36.8 15.0 2582 182.8 14.1
March 767 57.5 13.3 3349 240.3 13.9
April 619 478 12.9 3968 288.1 13.8
May 246 207 11.9 4214 308.8 13.6
June 37 5.1 73 4251 313.9 13.5
July 47 5.1 9.2 4298 319.0 13.5
August 247 254 9.7 4545 344 4 13.2
September 60 6.3 9.5 4605 350.7 13.1
October 143 15.7 9.1 4688 360.1 13.0
November
December 58 6.9 8.4 4746 367.0 12.9
January
February
[GSA Tag No. 4267048 CNG |

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 449 339 13.2 449 33.9 13.2
November 445 34.1 13.0 894 68.0 13.1
December 133 89 14.9 1027 76.9 13.4
January 318 23.9 13.3 1345 100.8 13.3
February 327 28.7 114 1672 129.5 12.9
March 644 50.2 12.8 2316 179.7 12.9
April 408 28.0 14.6 2724 207.7 13.1
May 581 493 11.8 3305 257.0 12.9
June 593 452 13.1 3898 302.2 12.9
July 718 57.9 12.4 4616 360.1 128
August 698 59.4 11.8 5314 4195 12.7
September 354 449 7.9 5668 464 .4 122
October 552 58.2 9.5 6220 522.6 11.9
November 544 56.7 9.6 6764 579.3 11.7
December 179 194 9.2 6943 598.7 11.6
January 320 247 13.0 7263 623.4 11.7
February 361 40.6 89 7624 664.0 11.5
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[GSA Tag No. 4267049 CNG

Monthly Cumulative
Month Miles Gallons mpg Miles Gallons mpg

October 186 15.5 12.0 186 15.5 12.0
November 194 15.2 12.8 380 30.7 12.4
December 233 12.7 18.3 613 43.4 14.1
January 205 17.2 11.9 818 60.6 13.5
February 663 55.6 11.9 1481 116.2 127
March 592 51.6 11.5 2073 167.8 12.4
April 709 584 12.1 2782 226.2 12.3
May 57 5.7 10.0 2839 231.9 12.2
June 372 384 9.7 3211 270.3 11.9
July 746 69.7 10.7 3957 340.0 11.6
August 697 58.4 11.9 4654 398.4 11.7
September 1014 78.6 12.9 5668 477.0 119
October 471 50.2 94 6139 527.2 11.6
November

December

January 310 25.0 124 6449 552.2 11.7
February 86 5.8 14.8 6535 558.0 11.7
[GSA Tag No. 4267050 CNG |

Monthly Cumulative
Month Miles Gallons mpg Miles Gallons mpg

October 118 9.6 12.3 118 9.6 12.3
November

December 76 6.5 11.7 194 16.1 12.0
January

February 162 13.1 124 356 29.2 12.2
March 412 445 9.3 768 73.7 10.4
April 696 473 14.7 1464 121.0 12.1
May 350 23.9 14.6 1814 144.9 12.5
June 207 17.7 11.7 2021 162.6 12.4
July 250 28.6 8.7 2271 191.2 11.9
August 509 435 11.7 2780 234.7 11.8
September 719 64.1 11.2 3499 298.8 11.7
October 318 29.8 10.7 3817 328.6 11.6
November 279 28.6 9.8 4096 357.2 11.5
December 67 7.4 9.1 4163 364.6 11.4
January 360 39.0 9.2 4523 403.6 11.2
February
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[GSA Tag No. 4267051 CNG

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 281 22.8 12.3 281 22.8 12.3
November 811 57.8 14.0 1092 80.6 13.5
December 862 58.3 14.8 1954 138.9 14.1
January 764 54.5 140 2718 1934 14.1
February 639 49.1 13.0 3357 2425 13.8
March 725 60.8 11.9 4082 303.3 13.5
April 763 58.1 13.1 4845 3614 13.4
May 530 475 11.2 5375 408.9 13.1
June 383 40.1 9.6 5758 449.0 12.8
July 580 56.9 10.2 6338 505.9 12.5
August 535 54.2 9.9 6873 560.1 12.3
September 338 314 10.8 7211 591.5 12.2
October 68 8.6 7.9 7279 600.1 12.1
November 66 6.8 9.7 7345 606.9 12.1
December 149 19.6 7.6 7494 626.5 12.0
January 219 18.8 11.6 7713 6453 12.0
February
[GSA Tag No. 4267052 CNG

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 276 272 10.1 276 272 10.1
November 128 11.9 10.8 404 39.1 10.3
December
January
February 101 10.9 9.3 505 50.0 10.1
March 287 26.5 10.8 792 76.5 10.4
April 440 458 9.6 1232 122.3 10.1
May 266 33.1 8.0 1498 155.4 9.6
June 272 32.7 83 1770 188.1 94
July 259 25.0 10.4 2029 213.1 9.5
August 213 19.6 10.9 2242 2327 9.6
September 370 32.8 11.3 2612 265.5 9.8
October 211 28.1 75 2823 293.6 9.6
November 422 415 10.2 3245 335.1 9.7
December 355 35.0 10.1 3600 370.1 9.7
January 230 28.0 82 3830 398.1 9.6
February
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[GSA Tag No. 4267053 CNG |

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 220 17.0 12.9 220 17.0 12.9
November 270 19.9 13.6 490 36.9 13.3
December 159 13.7 11.6 649 50.6 12.8
January 226 18.0 12.6 875 68.6 12.8
February 158 22.3 7.1 1033 90.9 11.4
March 386 257 15.0 1419 116.6 12.2
April 271 25.0 10.8 1690 141.6 11.9
May 281 30.9 9.1 1971 172.5 114
June 383 40.3 9.5 2354 212.8 11.1
July 329 29.8 11.0 2683 242.6 11.1
August 220 320 6.9 2903 274.6 10.6
September 274 28.8 9.5 3177 303.4 10.5
October 289 321 9.0 3466 335.5 10.3
November 118 14.5 8.1 3584 350.0 10.2
December 70 9.0 7.8 3654 359.0 10.2
January 125 13.8 9.1 3779 372.8 10.1
February
[GSA Tag No. 4267054 CNG |

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 526 40.0 13.2 526 40.0 13.2
November 158 15.7 10.1 684 55.7 12.3
December
January 191 16.8 11.4 875 725 12.1
February 438 458 9.6 1313 1183 11.1
March 547 49.6 11.0 1860 167.9 11.1
April 556 49.0 113 2416 216.9 11.1
May 527 49.8 10.6 2943 266.7 11.0
June 615 60.1 10.2 3558 326.8 10.9
July 436 40.2 10.8 3994 367.0 10.9
August 547 51.0 10.7 4541 418.0 10.9
September 522 477 10.9 5063 465.7 10.9
October 451 46.7 9.7 5514 512.4 10.8
November 436 453 9.6 5950 557.7 10.7
December 372 38.7 9.6 6322 596.4 10.6
January 343 39.5 87 6665 635.9 10.5
February 76 75 10.1 6741 643.4 10.5
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[GSA Tag No. 4267055 CNG

Monthly Cumulative
Month Miles Gallons mpg Miles Gallons mpg

October 356 31.8 11.2 356 31.8 11.2
November 207 18.5 11.2 563 50.3 11.2
December 224 20.9 10.7 787 71.2 11.1
January 427 36.9 11.6 1214 108.1 11.2
February 253 29.3 8.6 1467 137.4 10.7
March 263 28.8 9.1 1730 166.2 10.4
April 249 27.5 9.1 1979 193.7 10.2
May 393 429 9.2 2372 236.6 10.0
June 361 42.7 8.5 2733 279.3 9.8
July 356 40.9 8.7 3089 320.2 9.6
August 224 26.7 84 3313 346.9 9.6
September 339 334 10.1 3652 380.3 9.6
October 265 27.0 9.8 3917 407.3 9.6
November 289 25.9 11.2 4206 433.2 9.7
December 190 26.1 73 4396 4593 9.6
January 326 41.5 7.9 4722 500.8 9.4
February

[GSA Tag No. 4267056 CNG |

Monthly Cumulative
Month Miles Gallons mpg Miles Gallons mpg

October 206 254 8.1 206 254 8.1
November 373 21.8 17.1 579 472 12.3
December 387 30.5 12.7 966 77.7 124
January 426 36.6 11.6 1392 114.3 12.2
February 296 28.2 10.5 1688 142.5 11.8
March 405 38.2 10.6 2093 180.7 11.6
April 426 39.1 10.9 2519 219.8 115
May 438 449 9.8 2957 264.7 11.2
June 695 66.5 10.5 3652 331.2 11.0
July 423 40.5 104 4075 3717 11.0
August 614 75.3 82 4689 4470 10.5
September 618 4735 13.0 5307 494.5 10.7
October 748 63.6 11.8 6055 558.1 10.8
November 414 44 4 93 6469 602.5 10.7
December 371 41.6 8.9 6840 644.1 10.6
January 598 60.1 10.0 7438 704.2 10.6
February 73 6.4 114 7511 710.6 10.6
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{GSA Tag No. 4267057 CNG j

Monthly Cumulative
Month Miles Gallons mpg Miles Gallons mpg

October 262 214 12.2 262 214 12.2
November 337 27.1 124 599 48.5 124
December 483 38.6 12.5 1082 87.1 12.4
January 442 34.7 12.7 1524 121.8 125
February 721 34.6 20.8 2245 156.4 144
March 639 36.6 17.5 2884 193.0 14.9
April 1050 53.0 19.8 3934 246.0 16.0
May 631 56.2 11.2 4565 302.2 15.1
June 526 19.7 26.7 5091 321.9 15.8
July 449 36.5 12.3 5540 358.4 15.5
August 500 48.1 10.4 6040 406.5 14.9
September 480 49.4 9.7 6520 455.9 14.3
October 590 67.3 8.8 7110 523.2 13.6
November 593 67.3 88 7703 590.5 13.0
December 411 49.6 83 8114 640.1 12.7
January 888 92.3 9.6 9002 732.4 12.3
February

[GSA Tag No. 4267058 CNG |

Monthly Cumulative
Month Miles Gallons mpg Miles Gallons mpg

October 286 24.5 11.7 286 24.5 11.7
November 412 32.1 12.8 698 56.6 12.3
December 437 34.1 12.8 1135 90.7 12.5
January 58 4.1 14.1 1193 94.8 12.6
February 260 23.5 11.1 1453 118.3 12.3
March 295 326 9.0 1748 150.9 11.6
April 395 37.9 104 2143 188.8 114
May 431 419 10.3 2574 230.7 11.2
June 567 58.3 9.7 3141 289.0 10.9
July 374 435 8.6 3515 332.5 10.6
August 399 36.1 111 3914 368.6 10.6
September 300 32.2 9.3 4214 400.8 10.5
October 408 40.3 10.1 4622 441.1 10.5
November 307 33.8 9.1 4929 4749 10.4
December 473 55.5 85 5402 530.4 10.2
January 507 41.1 12.3 5909 571.5 10.3
February
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[GSA Tag No. 4267059 CNG

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 649 42.8 15.2 649 42.8 152
November 480 30.9 15.5 1129 73.7 15.3
December 528 30.1 17.5 1657 103.8 16.0
January 371 28.9 12.8 2028 132.7 15.3
February 441 33.7 13.1 2469 166.4 14.8
March 511 533 9.6 2980 219.7 13.6
April 733 57.6 12.7 3713 2717.3 13.4
May
June 652 542 12.0 4365 3315 13.2
July 241 237 10.2 4606 3552 13.0
August 1108 82.6 13.4 5714 437.8 13.1
September 378 277 13.6 6092 465.5 13.1
October 147 13.7 10.7 6239 4792 13.0
November 266 17.9 14.9 6505 497.1 13.1
December 574 439 13.1 7079 541.0 13.1
January 391 41.6 9.4 7470 582.6 12.8
February
[GSA Tag No. 4267060 CNG |

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 179 13.8 13.0 179 13.8 13.0
November 266 19.5 13.6 445 333 13.4
December 314 277 11.3 759 61.0 124
January 118 11.1 10.6 877 72.1 122
February 140 147 9.5 1017 86.8 11.7
March 500 445 11.2 1517 131.3 11.6
April 141 13.2 10.7 1658 1445 11.5
May 239 18.9 12.6 1897 163.4 11.6
June 501 473 10.6 2398 210.7 11.4
July 233 24.6 9.5 2631 2353 11.2
August 662 53.5 12.4 3293 288.8 11.4
September 308 283 10.9 3601 317.1 114
October 270 19.2 14.1 3871 336.3 11.5
November 178 29.0 6.1 4049 365.3 11.1
December 421 40.9 10.3 4470 406.2 11.0
January 535 514 104 5005 4576 10.9
February
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[GSA Tag No. 4267061 CNG

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 315 28.0 11.3 315 28.0 11.3
November 379 30.9 12.3 694 58.9 11.8
December 439 35.5 12.4 1133 94.4 12.0
January 258 29.5 8.7 1391 123.9 11.2
February 454 40.1 11.3 1845 164.0 113
March 1283 93.3 13.8 3128 2573 122
April 2045 153.0 13.4 5173 410.3 12.6
May 292 252 11.6 5465 435.5 12.5
June
July
August 1060 104.5 10.1 6525 540.0 12.1
September 960 88.8 10.8 7485 628.8 11.9
October 161 18.4 88 7646 647.2 11.8
November 650 58.2 11.2 8296 705.4 11.8
December 249 21.8 11.4 8545 727.2 11.8
January 574 54.4 10.6 9119 781.6 11.7
February
[GSA Tag No. 4267062 CNG

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 382 32.6 11.7 382 32.6 11.7
November 499 38.7 12.9 881 71.3 12.4
December 362 29.1 124 1243 100.4 12.4
January 508 36.9 13.8 1751 137.3 12.8
February 555 457 12.1 2306 183.0 12.6
March 691 60.5 114 2997 243.5 12.3
April 816 67.2 12.1 3813 310.7 12.3
May 550 55.2 .10.0 4363 365.9 119
June 738 73.7 10.0 5101 439.6 11.6
July 601 56.1 10.7 5702 495.7 11.5
August 589 50.8 11.6 6291 546.5 11.5
September 466 448 10.4 6757 591.3 11.4
October 275 35.9 7.7 7032 6272 11.2
November 408 38.8 10.5 7440 666.0 11.2
December 170 13.4 12.7 7610 679.4 11.2
January 573 57.1 10.0 8183 736.5 11.1
February
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| GSA Tag No. 4267063 CNG |

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 598 50.0 12.0 598 50.0 12.0
November 53 7.8 6.8 651 57.8 11.3
December 555 42.8 13.0 1206 100.6 12.0
January 530 36.8 144 1736 137.4 12.6
February 608 431 14.1 2344 180.5 13.0
March 555 35.1 15.8 2899 215.6 134
April 902 63.4 14.2 3801 279.0 13.6
May 740 56.6 13.1 4541 3356 135
June 703 51.9 13.5 5244 387.5 135
July 522 410 12.7 5766 428.5 135
August 491 43.0 114 6257 471.5 133
September 388 354 11.0 6645 506.9 13.1
October 400 429 93 7045 549.8 12.8
November 493 474 104 7538 5972 12.6
December 435 50.2 8.7 7973 647.4 123
January 442 533 8.3 8415 700.7 12.0
February 83 10.5 7.9 8498 711.2 11.9
|GSA Tag No. 4267064 CNG |

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 130 12.1 10.7 130 12.1 10.7
November
December 920 3.7 243 220 15.8 13.9
January 98 83 11.8 318 24.1 13.2
February 63 5.1 124 381 292 13.0
March 180 16.9 10.7 561 46.1 12.2
April 283 25.1 113 844 71.2 11.9
May 223 222 10.0 1067 93.4 11.4
June 225 21.8 10.3 1292 115.2 11.2
July 156 16.9 9.2 1448 132.1 11.0
August 327 27.4 11.9 1775 159.5 11.1
September 257 23.1 11.1 2032 182.6 11.1
October 200 19.5 10.3 2232 202.1 11.0
November 136 15.0 9.1 2368 217.1 10.9
December 53 5.6 9.5 2421 222.7 10.9
January 175 18.8 9.3 2596 241.5 10.7
February
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[GSA Tag No. 4267065 CNG |

Monthly Cumulative
Month Miles Gallons mpg Miles Gallons mpg

October 104 9.2 11.3 104 9.2 11.3
November 231 20.1 11.5 335 29.3 114
December 165 15.0 11.0 500 443 11.3
January 365 31.6 11.6 865 75.9 114
February 195 20.0 9.8 1060 95.9 11.1
March 375 34.8 10.8 1435 130.7 11.0
April 470 42.5 11.1 1905 173.2 11.0
May 259 26.1 9.9 2164 199.3 10.9
June 362 35.2 103 2526 234.5 10.8
July 724 44.5 16.3 3250 279.0 11.6
August 523 46.9 11.2 3773 3259 11.6
September 547 46.3 11.8 4320 3722 11.6
October 112 7.1 15.8 4432 379.3 11.7
November 209 17.9 11.7 4641 397.2 11.7
December 104 13.1 7.9 4745 410.3 11.6
January

February 53 2.8 18.9 4798 413.1 11.6
[GSA Tag No. 4267066 CNG |

Monthly Cumulative
Month Miles Gallons mpg Miles Gallons mpg

October 122 9.5 12.8 122 9.5 12.8
November 546 43.7 12.5 668 53.2 12.6
December 468 347 13.5 1136 87.9 12.9
January 430 313 13.7 1566 119.2 13.1
February 458 39.5 11.6 2024 158.7 12.8
March 579 46.1 12.6 2603 204.8 12.7
April 1493 120.1 12.4 4096 324.9 12.6
May 304 23.8 12.8 4400 348.7 12.6
June 640 57.5 11.1 5040 406.2 124
July 2081 186.4 112 7121 592.6 12.0
August 426 38.6 11.0 7547 631.2 12.0
September 631 54.2 11.6 8178 685.4 11.9
October 363 37.6 9.7 8541 723.0 11.8
November 495 424 11.7 9036 765.4 11.8
December 573 57.3 10.0 9609 822.7 11.7
January 328 417 7.9 9937 864.4 11.5
February 129 15.7 8.2 10066 880.1 114




| GSA Tag No. 4267067 CNG

Monthly Cumulative
Month Miles Gallons mpg Miles Galions mpg

October 463 33.9 13.7 463 33.9 13.7
November

December 154 11.9 12.9 617 458 13.5
January 645 43.0 15.0 1262 88.8 142
February 439 376 11.7 1701 126.4 13.5
March 709 59.6 11.9 2410 186.0 13.0
April 717 63.2 11.3 3127 249.2 12.5
May 732 65.0 11.3 3859 3142 12.3
June 1169 103.5 113 5028 417.7 12.0
July 771 714 10.8 5799 489.1 11.9
August 802 71.7 11.2 6601 560.8 11.8
September 859 73.5 11.7 7460 634.3 11.8
October 550 62.1 8.9 8010 696.4 11.5
November 574 61.1 94 8584 757.5 113
December 373 38.1 9.8 8957 795.6 11.3
January 475 521 9.1 9432 847.7 11.1
February 165 17.9 9.2 9597 865.6 11.1
[GSA Tag No. 4267068 CNG |

Monthly Cumulative
Month Miles Gallons mpg Miles Gallons mpg

October 63 5.6 11.3 63 5.6 11.3
November 299 28.0 10.7 362 33.6 10.8
December 398 33.0 12.1 760 66.6 11.4
January 567 45.0 12.6 1327 111.6 11.9
February 405 34.6 11.7 1732 146.2 11.8
March 326 31.9 10.2 2058 178.1 11.6
April 356 32.7 10.9 2414 210.8 11.5
May 564 55.3 10.2 2978 266.1 11.2
June 394 38.6 10.2 3372 304.7 11.1
July 175 20.0 8.8 3547 324.7 10.9
August 346 37.8 9.2 3893 362.5 10.7
September 332 32.6 10.2 4225 395.1 10.7
October 514 53.5 9.6 4739 448.6 10.6
November 424 46.0 9.2 5163 494.6 10.4
December 304 348 87 5467 529.4 10.3
January 422 40.6 10.4 5889 570.0 10.3
February
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| GSA Tag No. 4267069 CNG |

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 377 352 10.7 377 352 10.7
November 946 78.6 12.0 1323 113.8 11.6
December 949 76.6 124 2272 190.4 11.9
January 1006 85.0 11.8 3278 2754 11.9
February 1134 104.3 10.9 4412 379.7 11.6
March 1650 131.8 12.5 6062 5115 11.9
April 1194 95.1 12.6 7256 606.6 12.0
May 1782 152.8 11.7 9038 759.4 11.9
June 1579 123.4 12.8 10617 882.8 12.0
July 344 30.9 11.1 10961 913.7 12.0
August 1794 158.5 11.3 12755 1072.2 11.9
September 2083 168.9 12.3 14838 1241.1 12.0
October 330 28.9 114 15168 1270.0 11.9
November 191 15.8 12.1 15359 1285.8 11.9
December 145 13.7 10.6 15504 1299.5 11.9
January 205 26.1 7.9 15709 1325.6 11.9
February 55 5.3 104 15764 1330.9 11.8
[GSA Tag No. 4267070 CNG |

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 343 25.8 13.3 343 25.8 13.3
November 453 30.1 15.0 796 559 14.2
December 224 14.0 16.0 1020 69.9 14.6
January 255 18.4 13.9 1275 88.3 144
February 628 474 13.2 1903 135.7 14.0
March 852 73.9 11.5 2755 209.6 13.1
April 539 47.7 11.3 3294 257.3 12.8
May 440 39.2 11.2 3734 296.5 12.6
June 209 213 9.8 3943 317.8 124
July 588 64.6 9.1 4531 382.4 11.8
August 327 31.7 10.3 4858 414.1 11.7
September 383 36.5 10.5 5241 450.6 11.6
October 277 26.3 10.5 5518 476.9 11.6
November 328 29.0 11.3 5846 505.9 11.6
December 179 17.0 10.5 6025 522.9 115
January 193 21.1 9.1 6218 544 .0 11.4
February

57




{GSA Tag No. 4267071 CNG

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 443 28.8 154 443 28.8 15.4
November 299 24.5 122 742 533 13.9
December 537 33.5 16.0 1279 86.8 14.7
January 522 274 19.1 1801 114.2 15.8
February 415 30.6 13.6 2216 144.8 15.3
March 592 45.2 13.1 2808 190.0 14.8
April 564 426 13.2 3372 232.6 14.5
May 339 29.5 11.5 3711 262.1 14.2
June 231 21.8 10.6 3942 283.9 13.9
July 444 41.9 10.6 4386 3258 13.5
August 213 21.8 9.8 4599 347.6 132
September 343 323 10.6 4942 379.9 13.0
October 379 37.0 10.2 5321 416.9 12.8
November
December 414 50.7 8.2 5735 467.6 12.3
January 168 247 6.8 5903 4923 12.0
February
{GSA Tag No. 4267072 CNG |

Monthly Cumulative

Month Miles Gallons mpg Miles Gallons mpg
October 639 46.7 13.7 639 46.7 13.7
November 152 11.9 12.8 791 58.6 13.5
December 361 252 14.3 1152 83.8 13.7
January 340 247 13.8 1492 108.5 13.8
February 603 49.1 12.3 2095 157.6 133
March 478 41.3 11.6 2573 198.9 12.9
April 526 46.8 11.2 3099 2457 12.6
May 525 477 11.0 3624 293.4 12.4
June 551 50.1 11.0 4175 3435 12.2
July 306 28.2 10.9 4481 371.7 12.1
August 121 12.2 9.9 4602 383.9 12.0
September 230 20.9 11.0 4832 404.8 11.9
October 155 13.2 11.7 4987 418.0 11.9
November 77 6.9 11.2 5064 4249 11.9
December
January 178 18.8 9.5 5242 4437 11.8
February
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[GSA Tag No. 4267073 CNG |

Monthly Cumulative
Month Miles Gallons mpg Miles Gallons mpg
October 318 25.7 12.4 318 25.7 124
November 299 244 12.3 617 50.1 12.3
December 326 23.9 13.6 943 74.0 12.7
January 136 14.7 9.3 1079 88.7 12.2
February 251 143 17.6 1330 103.0 12.9
March 361 277 13.0 1691 130.7 12.9
April 391 294 13.3 2082 160.1 13.0
May 158 13.7 11.5 2240 173.8 12.9
June 311 28.2 11.0 2551 202.0 12.6
July 281 24.6 114 2832 226.6 12.5
August 334 283 11.8 3166 254.9 12.4
September 335 27.8 12.1 3501 282.7 12.4
October 278 329 84 3779 315.6 12.0
November 341 30.5 11.2 4120 346.1 11.9
December 206 19.2 10.7 4326 365.3 11.8
January 234 23.0 10.2 4560 388.3 11.7
February 85 9.8 8.7 4645 398.1 11.7
[GSA Tag No. 4267074 CNG
Monthly Cumulative
Month Miles Gallons mpg Miles Gallons mpg

October 638 49.0 13.0 638 49.0 13.0
November 527 50.8 104 1165 99.8 11.7
December 496 315 15.7 1661 131.3 12.7
January 171 14.8 11.6 1832 146.1 12.5
February 148 14.4 10.3 1980 160.5 12.3
March 443 36.1 12.3 2423 196.6 12.3
April 191 15.9 12.0 2614 2125 12.3
May 420 41.9 10.0 3034 254.4 11.9
June 308 28.1 11.0 3342 282.5 11.8
July 402 41.6 9.7 3744 324.1 11.6
August 185 9.1 20.3 3929 3332 11.8
September 318 324 9.8 4247 365.6 11.6
October 452 41.5 10.9 4699 407.1 11.5
November 229 14.1 16.2 4928 421.2 11.7
December 167 193 8.7 5095 440.5 11.6
January 212 12.9 16.4 5307 4534 11.7
February 58 7.1 82 5365 460.5 11.7

59




[GSA Tag No. 4267075 CNG

Monthly Cumulative
Month Miles Gallons mpg Miles Gallons mpg
October 69 4.9 14.1 69 4.9 14.1
November 238 19.5 12.2 307 244 12.6
December 369 275 13.4 676 51.9 13.0
January 147 11.7 12.6 823 63.6 12.9
February 359 33.6 10.7 1182 97.2 12.2
March 497 43.7 11.4 1679 140.9 11.9
April 362 343 10.6 2041 175.2 11.6
May 433 38.9 11.1 2474 214.1 11.6
June 569 53.0 10.7 3043 267.1 114
July 491 46.6 10.5 3534 3137 113
August 532 521 10.2 4066 365.8 11.1
September 380 343 11.1 4446 400.1 11.1
October 208 28.4 7.3 4654 428.5 10.9
November 371 39.8 93 5025 4683 10.7
December 307 348 8.8 5332 503.1 10.6
January 248 233 10.6 5580 526.4 10.6
February 114 14 4 7.9 5694 540.8 10.5
{GSA Tag No. 4267076 CNG |
Monthly Cumulative
Month Miles Gallons mpg Miles Gallons mpg

October 367 295 124 367 29.5 12.4
November 409 30.1 13.6 776 59.6 13.0
December 650 46.4 14.0 1426 106.0 135
January 365 28.5 12.8 1791 134.5 133
February 435 35.0 124 2226 169.5 13.1
March 432 38.7 11.2 2658 208.2 12.8
April 520 49.1 10.6 3178 2573 12.4
May 208 194 10.7 3386 276.7 12.2
June 1014 97.5 10.4 4400 374.2 11.8
July 375 40.1 9.4 4775 4143 115
August 596 53.2 11.2 5371 467.5 115
September 604 533 11.3 5975 520.8 115
October 392 40.3 9.7 6367 561.1 113
November 549 63.2 87 6916 624.3 11.1
December 390 30.3 12.9 7306 654.6 11.2
January 76 10.9 7.0 7382 665.5 11.1
February
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[GSA Tag No. 4270892 Gasoline _|

Monthly Cumulative
Month Miles Gallons mpg Miles  Gallons mpg
July 175 18.0 9.7 175 18.0 9.7
August 721 37.0 19.5 896 55.0 16.3
September 1128 39.0 289 * 2024 94.0 215
October 1076 79.0 13.6 3100 173.0 17.9
November 1100 77.0 14.3 ‘ 4200 250.0 16.8
December 690 64.0 10.8 4890 314.0 15.6
January 1414 97.0 14.6 6304 411.0 15.3
February 781 53.0 14.7 7085 464.0 15.3
March 1365 63.0 21.7 8450 527.0 16.0
April 850 60.0 14.2 9300 587.0 15.8
May 1080 820 13.2 10380 669.0 15.5

* Questionable data

[GSA Tag No. 4270894 Gasoline |

Monthly Cumulative
Month Miles Gallons mpg Miles Gallons mpg
July 447 374 12.0 447 374 12.0
August 1216 94.5 12.9 1663 131.9 12.6
September 1022 59.4 17.2 2685 191.3 14.0
October 1314 64.5 20.4 3999 255.8 15.6
November 1115 79.0 14.1 5114 334.8 15.3
December 867 62.0 14.0 5981 396.8 15.1
January 1143 88.4 12.9 7124 485.2 14.7
February 889 54.0 16.5 8013 539.2 14.9
March 1180 86.0 13.7 9193 625.2 14.7
April 1382 101.1 13.7 10575 726.3 14.6
May 466 355 13.1 11041 761.8 14.5
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[GSA Tag No. 4270895 Gasoline |

Monthly Cumulative
Month Miles Gallons mpg Miles Gallons mpg
July 402 40.0 10.1 402 40.0 10.1
August 1191 99.0 12.0 1593 139.0 11.5
September 269 38.0 7.1 1862 177.0 10.5
October 1345 98.1 13.7 3207 275.1 11.7
November 1132 83.0 13.6 4339 358.1 12.1
December 1264 94.0 134 5603 452.1 12.4
January 592 54.0 11.0 6195 506.1 122
February 561 22.1 254 6756 5282 12.8
March 1500 70.5 213 8256 598.7 13.8
April 1430 113.0 12.7 9686 7117 13.6
May 798 59.0 13.5 10484 770.7 13.6

[GSA Tag No. 4270896 Gasoline |

Monthly Cumulative
Month Miles Gallons mpg Miles Gallons mpg
July 185 16.0 11.6 185 16.0 11.6
August 1147 95.0 12.1 1332 111.0 12.0
September 961 76.0 12.6 2293 187.0 123
October 1203 63.0 19.1 3496 250.0 14.0
November 945 76.0 12.4 4441 326.0 13.6
December 1163 90.0 12.9 5604 416.0 13.5
January 786 60.0 13.1 6390 476.0 13.4
February 1071 67.0 16.0 7461 543.0 13.7
March 1054 82.0 12.9 8515 625.0 13.6
April 1023 81.0 12.6 9538 706.0 13.5
May 751 49.0 153 10289 755.0 13.6
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APPENDIX B

3-Bag EPA FTP Vehicle Emission Results of Five CNG Trucks
at 4,000-Mile Interval and Two CNG Trucks at 10,000-Mile Interval
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SOUTHWEST RESEARCH INSTITUTE - DEPARMENT OF EMISSIONS RESEARCH
3-BAG EPA FTP VEHICLE EMISSION RESULTS

COMPUTER PROGRAM LDT 1.0-R

0780 67043
VEBICLE MODEL 92 CHEVY PICKUP
ENGINE 5.7 L (348 CID)-V-8
TRANSMISSION L4
ODOMETER

VEHICLE NUMBER

5218 HILES {

BAROMETER 28.95 IN BG (735.3 MM HG)
RELATIVE HUMIDITY 52.7 PCT.

BAG NUMBER

BAG DESCRIPTION

RUN TIME SECONDS

DRY/WET CORRECTION FACTOR, SAMP/BACK
MEASURED DISTANCE MILES (KM)

BLOWER FLOW RATE SCFH (SCMM)

GAS METER FLOW RATE SCFM (SCHM)
TOTAL FLOW SCF (SCH)

HC SAMPLE METER/RANGE/PPM (BAG)

HC BCKGRD METER/RANGE/PPM

CO SAMPLE METER/RANGE/PPM

CO BCKGRD METER/RANGE/PPM

C02 SAMPLE METER/RANGE/PCT

(02 BCKGRD METER/RANGE/PCT

NOX SAMPLE METER/RANGE/PPM (BAG) (D)
NOX BCKGRD METER/RANGE/PPM

CH4 SAMPLE PPM (1.100)

CH4 BCKGRD PPM

DILUTION FACTOR

HC  CONCENTRATION PPM
(0 CONCENTRATION PPH
(02 CONCENTRATION PCT
NOX CONCENTRATION PPH
CH4 CONCENTRATION PPM
NMHC CONCENTRATION PPM

THC ~ HASS GRAMS

o MASS GRAMS

C02  MASS GRAMS

NOX  MASS GRAMS

CH4  HASS GRAMS

NMHC  MASS GRAMS (FID)
FUEL  HASS KG

FUEL ECONOMY MPG (L/100KM)

3-BAG COMPOSITE RESULTS

THC  G/MI
0 G/NI 1
NOX  G/MI

FUEL ECONOMY MPG (L,/100KH)

8395 KH)

1.90
2.92
.55

TEST 0780-1

DATE 3/30/93

DYNO 2

RON 1

BAG CART 2
ACTUAL ROAD LOAD 19.90 HP (14.85 KW)

TEST WEIGHT 5500 LBS ( 2494 KG)

DRY BULB TEMPERATURE 77.0°F ( 25.0°C)

1

COLD TRANSIENT
( 0-505 SEC.)

505.5
.966/.983

3.61 ({ 5.80)
551.6 (15.62)
.00 (.00)
4647. ( 131.6)

13.1/ 3/ 130.71
9/ 3/ 8.98
67.8/ 1/ 625.73
3/ 1 2.07
9.5/ 14/ .8792
13.5/ 14/ .0458
66.2/ 1/ 16.56
8/ 1 .20

108.08

3.51

10.11
122.62
596.95

.8380

16.38
104.92

7.21

9.679
91.460
2019.04
4.135
9.205

474

.800

11.63 ( 20.23)

11.97 (19.65)

65

2
STABILIZED
(505-1372 SEC.)

867.3
.971/.983
3.85 ( 6.20)
551.1 (15.61)
.00 ( .00)
7967. ( 225.6)

49.0/ 2/ 48.97
8.7/ 2/ 8.69
48.9/ 13/ 112.62
6/ 13/ 1.31
76.4/ 14/ .5969
13.4/ 14/ .0454
10.0/ 1/ 2.50
6/ 1 .15

40.10

3.30

15.70
40.83
107.51
.5544
2.36
37.01
.12

5.580
28.240
2289.94
1.022
5.567

.013

.859

11.58 ( 20.32)

CH4 G/HI
NMEC G/MI

PROJECT XO. 02-5137-071

NAT. GAS CNG

FUEL DENSITY 5.689 LB/GAL
H.244 C .740 0 .007 X .010

NOX BUMIDITY C.F. 1.003

3
HOT TRANSIENT
( 0~ 505 SEC.)
505.4
.967/.983
3.59 { 5.78)
550.7 (15.60)
.00 ( .00)
4638. ( 131.4)

10.6/ 3/ 105.76
.9/ 3/ 8.98
72.7] 14/ 344.76
3/ 14/ 121
87.4/ 14/ .8070
13.5/ 14/ .0458
35.7/ 1/ 8.93
5/ 1/ .13

89.97

3.24

11.31
97.58
329.56
.7653
8.81
87.01
1.87

7.742
50.400
1840.47
2.221
7.620

122

.70

13.06 ( 18.01)

1.861
.038

NAT . GAS




SOUTEWEST RESEARCH INSTITUTE - DEPARMENT OF EMISSIONS RESEARCE

COMPUTER PROGRAM LDT 1.0-R 3-BAG EPA FTP VEHICLE EMISSION RESULTS PROJECT NO. 02-5137-071

VEBICLE NUMBER 0291 4705 | TEST 0291-1 NAT. GAS CNG NAT. GAS
VEHICLE MODEL 92 CHEVY PICKUP DATE 3/30/93 RUN 1 FUEL DENSITY 5.689 LB/GAL
ENGINE 5.7 L (348 CID)-V-8 DYNO 2 BAG CART 2 §.244 C.740 0 .007 X .010
TRANSHISSION L4 ACTUAL ROAD LOAD 19.90 HP (14.85 KW)

ODOMETER 4328 MILES { 6963 KH) TEST WEIGET 5500 LBS ( 2494 KG)

BAROMETER 28.96 IN HG (735.6 MM HG)
RELATIVE HUMIDITY 44.5 PCT.
BAG NUMBER 1 2 3

DRY BULB TEMPERATURE 75.0°F ( 23.9°C) NOX HUMIDITY C.F. .933

BAG DESCRIPTION COLD TRANSIENT STABILIZED HOT TRANSIENT

( 0-505 SEC.) (505-1372 SEC.) ( 0- 505 SEC.)
RUN TIME SECONDS 505. 4 867.4 505.3
DRY/WET CORRECTION FACTOR, SAMP/BACK .968/.986 .974/.986 .970/.986
HEASURED DISTANCE MILES (KM) 3.60 { 5.79) 3.85 ( 6.19) 3.60 ( 5.79)
BLOWER FLOW RATE SCFM (SCHM) 551.0 (15.60) 550.6 (15.59) 551.2 (15.61)
GAS METER FLOW RATE SCFM (SCHM) .00 { .00 .00 (.00) .00 (.00)
TOTAL FLOW SCF (SCH) 4641. ( 131.4) 7960. ( 225.4) 4642. ( 131.5)
BC SAMPLE METER/RANGE/PPH (BAG) 13.4/ 3/ 133.70  40.4/ 2/ 40.38  63.0/ 2/ 62.%
HC BCKGRD METER/RANGE/PPH 9/ 3/ 8.98 8.7/ 2/ 8.69 1.8/ 2/ 7.8
CO SAMPLE METER/RANGE/PPH 63.8/ 1/ 577.70  43.2/ 13/ 98.72  95.1/ 13/ 234.79
CO BCKGRD METER/RANGE/PPH 2/ 1/ 1.38 5/ 13/ 1.09 .6/ 13/ 1.31
(02 SAMPLE METER/RANGE/PCT 92.3/ 14/ .9245  78.1/ 14/ .6254  88.9/ 14/ .8411
€02 BCKGRD METER/RANGE/PCT 13.4/ 14/ .0454  13.2/ 14/ .0446  13.5/ 14/ .0458
NOX SAMPLE METER/RANGE/PPM (BAG) (D)  42.2/ 1/ 10.55 1.9/ 1; .48 12.1/ 1/ 3.03
NOX BCKGRD METER/RANGE/PPH S/01 .13 3/ 1 .08 5/ 1/ .13
CH4 SAMPLE PPH (1.100) 112.84 32.31 53.50
CH4 BCKGRD PPH 3.00 2.84 2.89
DILUTION FACTOR 9.69 15.05 11.06
HC  CONCENTRATION PPM 125.65 32.26 55.87
€O CONCENTRATION PPH 552.34 94.47 224.39
02 CONCENTRATION PCT .8838 .5838 .7994
NOX CONCENTRATION PPH 10.44 .4l 2.91
CE4 CONCENTRATION PPH 110.15 29.66 50.87
NMEC CONCENTRATION PPH 4.48 -.37 -.08
THC  MASS GRAMS 9.946 4.457 4.458
CO  MASS GRAMS 84.521 24.794 34.344
€02 MASS GRAMS 2126.83 2409.58 1924.19
NOX  MASS GRAMS 2.448 163 .683
CE4  MASS GRAMS 9.652 4.457 4.458
NMHC  MASS GRAMS (FID) .294 .000 .000
FUEL  MASS KG .836 .900 .728

FUEL ECONOMY MPG (L/100KM)

3-BAG COMPOSITE RESULTS

THC  G/MI
€0 G/HI 1
NOX  G/MI

FUEL ECONOMY MPG (L

11.10 ( 21.19)

1.51

0.84
.22

/100KM})

11.49 (20.47)

66

11.04 ( 21.31)

CH4
NMHC

G/MI
G/MI

12.77 ( 18.42)

1.497
.017




SOUTHWEST RESEARCH INSTITUTE - DEPARMENT OF EMISSIONS RESEARCH
PROJECT NO. 02-5137-071

COMPUTER PROGRAM LDT 1.0-R

VEEICLE NUMBER 0259 G 70 471
VERICLE MODEL 92 CHEVY PICKUP

ENGINE 5.7 L (348 CID)-V-8
TRANSMISSION L4
ODOMETER 4231 HILES ( 6807 KM)

BAROMETER 29.05 IN HG (737.9 MM HG)
RELATIVE HUMIDITY 61.5 PCT.

BAG NUMBER

BAG DESCRIPTION

RON TIHE SECONDS

DRY/WET CORRECTION FACTOR, SAMP/BACK
MEASURED DISTANCE MILES (KM)

BLOWER FLOW RATE SCFM (SCHM)

GAS METER FLOW RATE SCFM (SCMM)
TOTAL FLOW SCF (SCH)

BC SAMPLE HETER/RANGE/PPM (BAG)

HC BCKGRD METER/RANGE/PPM

(0 SAMPLE METER/RANGE/PPM

CO BCKGRD METER/RANGE/PPM

C02 SAMPLE METER/RANGE/PCT

(02 BCKGRD METER/RANGE/PCT

NOX SAMPLE METER/RANGE/PPM (BAG) (D)
NOX BCKGRD METER/RANGE/PPM

CH4 SAMPLE PPM (1.120)

CH4 BCRGRD PPM

DILUTION FACTOR

HC  CONCENTRATION PPM
CO  CONCENTRATION PPM
002 CONCENTRATION PCT
NOX CONCENTRATION PPH
CH4 CONCENTRATION PPM
NMBC CONCENTRATION PPM

THC  MASS GRAMS

Q HASS GRAKS

€02  MASS GRAMS

NOX  MASS GRAMS

CH4  MASS GRAMS

NMHC  MASS GRAMS (FID)
FUEL  MASS KG

FUEL ECONOMY MPG (L/100KM)

3-BAG COMPOSITE RESULTS

TEC  G/MI 1.17
00 G/MI 6.98
NOX  G/HI .43

TEST 0259-1
DATE 5/ 5/93
DYNO 2

ACTUAL ROAD LOAD 19.90 HP (14.85 KW)

RON 1
BAG CART

2

3-BAG EPA FTP VEEICLE EMISSION RESULTS

TEST WEIGHT 5500 LBS ( 2494 KG)

DRY BULB TEMPERATURE 73.0°F { 22.8°C)

1

COLD TRANSIENT
( 0-505 SEC.)

.9

505.7
65/.982

3.57 ( 5.74)

554

.0 (15.69)

.00 (.00)

4670

97.0/
7.4/
75.1/
.1/
92.0/
13.2/
74.3/
7/

11.

FUEL ECONOMY MPG (L/100KM)

. (132.2)

2/ 96.94
2/ 7.40
14/ 358.49
14/ .40
14/ .9168
14/ .0846
1/ 18.58
1y .18
78.52

3.29

10.08
90.28
341.34
.8766
18.43
75.55
5.66

7.120
52.551
2122.37
4.706
6.661
.459
.813

46 ( 20.53)

11.79 (19.95)

67

2

STABILIZED
(505-1372 SEC.)

86

7.3

.971/.982
3.83 ( 6.17)
553.7 (15.68)

.00

(

.00)

8004. ( 226.7)

56.2/
17.1/
10.4/
6/
77.5/
13.3/
5.6/
.6/

5/
5/
12/
12/
14/
14/
1
Y

28.17
8.57
39.28
.57
.6152
.0450
1.40
.15

20.87
3.25

CH4
NMHC

15
20
37

.57

.15
.27

5731

1
17

.26

.84

A7

2.719
9.834
2378.35
.552
2.695
.024
877
11.40 ( 20.63)

G/ML
G/ML

NAT. GAS CNG NAT. GAS
FUEL DENSITY 5.752 LB/GAL
B .237 C.727 0 .009 X .028

NOX HUMIDITY C.F. 1.010

3

HOT TRANSIENT

(

9
3.5
553

0- 505 SEC.)
505.5
66/.982

7 ( 5.74)

.2 (15.67)

.00 ( .00)

4661

72.1/
7.8/
93.5/
4/
88.7/
14.1/
17.4/
.6/

. (132.0)

2/ 72.06

2/ 7.8

13/ 230.27

13/ .87

14/ .8364

14/ .0482

1/ 4.3

1/ .15
60.51
3.24

11.19
64.96
219.25
.7926
4.22
57.57
.48

5.105
33.692
1915.30
1.075
5.066
.039
724

12.86 ( 18.29)

1.141
.033




SOUTHWEST RESEARCH INSTITUTE - DEPARMENT OF EMISSIONS RESEARCH

COMPUTER PROGRAM LDT 1.0-R

VEEICLE NOMBER & 705 7

3-BAG EPA FTP VEHICLE EMISSION RESULTS

TEST 67057-4KR-F

VEBICLE MODEL 91 GMC PICKUP 2500 DATE 8/ 4/93 RON

ENGINE 5.5 L (335 CID)-V-8 DYNO 2 BAG CART 2
TRANSHISSION L4 ACTUAL ROAD LOAD 19.90 HP (14.85 KW)
ODOMETER 5646 MILES ( 9084 KM) TEST WEIGHT 5500 LBS ( 2494 KG)

BAROMETER 29.36 IN HG (745.7 MM HG)
RELATIVE HUMIDITY 50.2 PCT.

BAG NUMBER

BAG DESCRIPTION

RON TIME SECONDS

DRY/WET CORRECTION FACTOR, SAMP/BACK
HEASURED DISTANCE MILES (KM)

BLOWER FLOW RATE SCFM (SCMM)

GAS METER FLOW RATE SCFM (SCMM)
TOTAL FLOW SCF (SCH)

HC SAMPLE METER/RANGE/PPH (BAG)
HC BCKGRD METER/RANGE/PPH
0 SAMPLE METER/RANGE/PPM
0 BCRGRD METER/RANGE/PPH
(02 SAMPLE METER/RANGE/PCT
(02 BCRGRD METER/RANGE/PCT
NOX SAMPLE METER/RANGE/PPH (BAG) (D)
NOX BCKGRD METER/RANGE/PPM

DILUTION FACTOR

HC  CONCENTRATION PPM
C0  CONCENTRATION PPM
002 CONCENTRATION PCT
NOX CONCENTRATION PPH
FIDHC MASS GRAMS

o MASS GRAMS

(02  MASS GRAHS

NOX  MASS GRAMS

FUEL  MASS KG

FUEL ECONOMY MPG (L/100KM)

3-BAG COMPOSITE RESULTS

DRY BULB TEMPERATURE 79.0°F ( 26.1°C)

1 2

COLD TRANSIENT STABILIZED

( 0-505 SEC.) (505-1372 SEC.)
505.8 868. 4

.964/.983 .971/.983
3.63 { 5.83) 3.89 ( 6.26)
562.2 (15.92) 561.8 (15.91)
00 (.00 .00 (.00)
4740. ( 134.2) 8132. ( 230.3)
13.2/ 3/ 13171 36.4/ 2/ 36.38
1.0/ 3/ 9.98 9.7/ 2/ 9.69
53.5/ 1/ 461.60  60.4/ 12/ 59.12
2/ 1/ 1.38 5/ 12/ .47
51.1/ 1/ .9411  78.0/ 14/ .6237
2.7/ 1/ .0470 13.8/ 14/ .0470
1.6/ 1/ 1791 3.7 1 .93
51 .13 4/ 1/ .10

9.69 15.28

122.76 27.32

440.10 56.64

.8990 .5798

17.80 .83

11.283 4.308

68.774 15.185

2209.34 2444.67

4,590 .368

.862 .910

10.94 ( 21.51) 11.11 ( 21.18)

FIDHC G/MI 1.82
(&) G/HI 8.33
NOI  G/MI .49

FUEL ECONOMY MPG (L/100KM)

11.48 (20.49)

68

PROJECT NO. 02-5137-073

NAT. GAS CNG

FUEL DENSITY 5.731 LB/GAL
§.238 C.729 0.013 X .0}
DOMMY FUEL SPECS.

NOX HUMIDITY C.F. 1.005

3
HOT TRANSIENT
( 0- 505 SEC.)
505.6
.966/.983
3.63 ( 5.84)
561.5 (15.90)
.00 ( .00)
4731, ( 134.0)

9.7/
1.1/
86.4/
A/
88.7/
13.1/
37.0/
.0/

3/ 96.78
3/ 10.98
13/ 210.44
13/ .87
14/ .8364
14/ .0442
1/ 9.5
1/ .00

11.17
86.79
201.07
.7962
9.25

7.963
31.365
1953.27
2.383
743

12.70 ( 18.52)




SOUTHWEST RESEARCH INSTITUTE - DEPARMENT OF EMISSIONS RESEARCH

COMPUTER PROGRAN LDT 1.0-R

VEHICLE NUMBER 67059

VEBICLE MODEL 92 CHEVY PICKUP

ENGINE 5.7 L (348 CID)-V-8
TRANSHISSION L4

ODOMETER 6196 HILES ( 9969 KH)

BAROMETER 29.27 IN HG (743.5 MM HG)
RELATIVE HUMIDITY 58.1 PCT.

TEST 670594K-F
DATE 10/ 7/93
DNO 2

RON 1

BAG CART 2
ACTUAL ROAD LOAD 19.90 HP (14.85 KW)
TEST WEIGHT 5500 LBS ( 2494 KG)

3-BAG EPA FTP VEEICLE EMISSION RESULIS

DRY BULB TEMPERATURE 74.0°F ( 23.3°C)

BAG NUMBER 1
BAG DESCRIPTION COLD TRANSIENT

( 0-505 SEC.)
RUN TIME SECONDS 505.4
DRY/WET CORRECTION FACTOR, SAMP/BACK .965/.983
KEASURED DISTANCE KILES (KH) 3.64 ( 5.86)
BLOWER FLOW RATE SCFM (SCHM) 558.8 (15.83)
GAS METER FLOW RATE SCFM (SCHH) 14 (1 .00)
TOTAL FLOW SCF (SCH) 4708. ( 133.3)
HC SAMPLE METER/RANGE/PPH (BAG) 12.6/ 3/ 125.72
HC BCKGRD METER/RANGE/PPH .8/ 3/ 7.98
(0 SAMPLE METER/RANGE/PPH 84.6/ 14/ 413.67
CO BCKGRD METER/RANGE/PPH 3/ 14 L2
02 SANPLE METER/RANGE/PCT 49.6/ 1/ .9135
02 BCKGRD METER/RANGE/PCT 2.7/ 1/ .0470
NOX SAMPLE METER/RANGE/PPM (BAG) (D)  25.3/ 2/ 25.33
NOX BCKGRD METER/RANGE/PPH 2/ 2 .20
CH4 SAMPLE PP (1.120) 102.69
CH4 BCKGRD PPM 3.64
DILUTION FACTOR 10.05
HC  CONCENTRATION PPX 118.53
C0  CONCENTRATION PPN 393.74
002 CONCENTRATION PCT .8712
NOX CONCENTRATION PPM 25.15
(B4 CONCENTRATION PPH 99.41
NMHC CONCENTRATION PPH 7.19
TEC  MASS GRAMS 9.422
0 MASS GRAMS 61.119
(02  HASS GRAMS 2126.66
NOX  MASS GRAMS 6.403
CH4  MASS GRAMS 8.837
NMEC MASS GRAKS (FID) .585
FUEL  MASS KG .823

FUEL ECONOMY MPG (L/100KM)

3-BAG COMPOSITE RESOLIS

11.63 ( 20.22)

THC  G/MI 1.7
o G/MI 8.96
NI G/ .

FUEL ECONOKY MPG (L/100KH)

11.95 (19.69)
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2
STABILIZED

(505-1372 SEC.)

867.9
.971/.983
3.90 ( 6.27
558.4 (15.8
.4 (.00

)
1)
)

8079. ( 228.8)

4.6/ 2/ 4
8.6/ 2/
57.8/ 12/ 5
1.4/ 12/
7.3/ 14/ .
13.6/ 14/
12.0/ 1/
9 1
33.03
3.37

15.61
33.53
53.22
.5686
2.79
29.88
.07

4.567
14.175
2381.92
1.219
4.557

.010

.885

11.57 ( 20.

CH4

1.58
8.60
6.51
1.33
6118

.0462

3.00
.23

33)

PROJECT NO. 02-5137-073

NAT. GAS CHNG NAT GAS
FUEL DENSITY 5.793 LB/GAL
B.235 C.723 0 .012 X .029

NOX EUMIDITY C.F. .999
3
HOT TRANSIENT
(0~ 505 SEC.)
505. 4
.967/.983
3.65 ( 5.87)
558.7 (15.82)
14 (0 .00)
4707. ( 133.3)

10.4/ 3/ 103.77
1.0/ 3/ 9.98
68.7/ 14/ 322.15
4/ 14 1.62
88.5/ 14/ .8318
14.1/ 14/ .0482
38.8/ 1/ 9.70
8/ 1 .20

86.07

3.38

11.12
94.69
306.79
.7880
9.52
82.99
1.73

7.517
47.613
1923.1¢
2.424
7.376

141

739

12.97 ( 18.14)

1.665

NHHC

G/MI
G/ML

045




SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH

COMPUTER PROGRAN LDT 1.2-R 3-BAG EPA FTP VEHICLE EMISSION RESULIS PROJECT KO. 02-5137-073

VEHICLE NUMBER 67043 TEST 67043-10K-F NAT. GAS CNG NAT GAS
VEHICLE MODEL 92 CHEVY PICKUP DATE 1/25/94 RUN1 FUEL DENSITY 5.793 LB/GAL
ENGINE 5.7 L (348 CID)-V-8 DYNO 2 BAG CART 2 B .235 C.723 0 .012 X .029
TRANSHISSION L4 ACTUAL ROAD LOAD 19.90 HP (14.85 KW) FIP

ODOMETER 11255 HILES ( 18109 KHM) TEST WEIGHT 5500 LBS ( 2494 KG)

BAROMETER 29.23 IN HG (742.4 MM HG) DRY BULB TEMPERATURE 78.0°F ( 25.6°C) NOX HOMIDITY C.F. 1.069

RELATIVE HUMIDITY 60.1 PCT.

BAG NUMBER 1 2 3
BAG DESCRIPTION COLD TRANSIENT STABILIZED HOT TRANSIENT

( 0-505 SEC.) (505-1372 SEC.) ( 0- 505 SEC.)
RUN TINE SECONDS 512.1 867.9 505.3
DRY/WET CORRECTION FACTOR, SAMP/BACK .963/.980 .968/.980 .964/.980
MEASURED DISTANCE HILES (KK) 3.66 ( 5.88) 3.89 ( 6.26) 3.63 ( 5.85)
BLOWER FLOW RATE SCFH (SCHN) 563.0 (15.95) 563.5 (15.96) 563.6 (15.96)
GAS METER FLOW RATE SCFM (SCHH) 14 (1 .00) 14 (1 .00) A3 (.00)

8153. { 230.9) 4748. ( 134.5)

TOTAL FLOW SCF (SCH) 4807. ( 136.1)

HC SAMPLE NETER/RANGE/PPH (BAG) 12.4/ 3/123.72  48.6/ 2/ 48.57 10.1/ 3/ 100.78
HC BCKGRD HETER/RANGE/PPH 8/ 3/ 7.98 8.4/ 2/ 8.40 1.0/ 3/ 9.98
(0 SAMPLE METER/RANGE/PPN 97.9/ 14/ 491.21 87.3/ 12/ 87.26 67.7/ 14/ 316.55
(0 BCKGRD METER/RANGE/PPH 3/ 14/ L2 .6/ 12/ .57 2/ 4 .81
(02 SAMPLE NETER/RANGE/PCT 90.4/ 14/ .8768  76.3/ 14/ .5952  87.4/ 14/ .8070
(02 BCKGRD HETER/RANGE/PCT 12.8/ 14/ .0430 12.8/ 14/ .0430 13.5/ 14/ .0458
NOX SAMPLE METER/RANGE/PPN (BAG) (D)  59.5/ 1/ 14.92 9.4/ 1/ 2.40 35.3/ 1/ 8.89
NOX BCKGRD METER/RANGE/PPH 4/ 1 .10 0/ 1/ .00 0/ 1 .00
CH4 SAMPLE PPH (1.110) 103.04 38,42 83.80

CH4 BCKGRD PPH 2.77 2.76 2.82
DILUTION FACTOR 10.37 15.95 11.45

HC  CONCENTRATION PPK 116.51 40.70 91.67
0 CONCENTRATION PPK 467.95 83.52 302.18
(02 CONCENTRATION PCT .8379 .5549 7652
NOX CONCENTRATION PPH 14.82 2.40 $.89
CEY CONCENTRATION PPH 100.54 35.43 81.23
NHEC CONCENTRATION PPN 4.91 .93 1.50

THC  MASS GRAMS 9.532 5.646 7.404

0  HASS GRAKS 74.158 22.449 £7.300

02  NASS GRAMS 2088.24 2345.66 1883.65

NOX  MASS GRAKS £.123 1.134 2.443

(B!  MASS GRAMS 9.124 5.516 7.281
NMEC MASS GRAKS (FID) .408 131 123
PUEL  MASS KG 817 .878 724

FUEL ECONOMY MPG (L/100KHM)

3-BAG COMPOSITE RESULTS

THC  G/MI 1.85
co G/KI 10.79
NOX  G/HI .57

FUEL ECONOKY MPG (L/100KH)

11.76 ( 20.00)

12.07 (19.49)
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11.66 ( 20.18)

CH4
NNBC

G/MI
G/

13.18 ( 17.85)

1.803
.050




SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH

CONPUTER PROGRAN LDT 1.2-R

VERICLE NUMBER 67051
VEHICLE MODEL 92 CHEVY PICKUP

ENGINE 5.7 L (348 CID}-V-8
TRANSHISSION L4
ODOHETER 7847 MILES ( 12625 KH)

BAROMETER 29.59 IN HG (751.6 M HG)
RELATIVE HUMIDITY 20.5 PCI.

BAG NUMBER

BAG DESCRIPTION

RUN TIME SECONDS

DRY/WET CORRECTION FACTOR, SAHP/BACK
NEASURED DISTANCE HILES (KM)

BLOWER FLOW RATE SCFM (SCHN)

GAS METER FLOW RATE SCFH (SCHX)
TOTAL FLOW SCF (SCH)

HC SAMPLE HETER/RANGE/PPM (BAG)

BC BCKGRD METER/RANGE/PPN

(O SANPLE METER/RANGE/PP¥

(O BCKGRD METER/RANGE/PPX

02 SAMPLE METER/RANGE/PCT

02 BCKGRD METER/RANGE/PCT

NOX SAMPLE METER/RANGE/PPN (BAG) (D)
NOX BCKGRD METER/RANGE/PPH

CH4 SAMPLE PPN (1.110)

CH4 BCKGRD PPH

DILUTION FACTOR

HC  CONCENTRATION PPX
C0  CONCENTRATION PPN
002 CONCENTRATION PCT
NOX CONCENTRATION PPX
CH4 CONCENTRATION PPN
NMHC CONCENTRATION PPX

TEC  MASS GRAKS

o) HASS GRAMS

002  HASS GRAMS

NOX  MASS GRANS

CH4  MASS GRAMS

NMHC MASS GRAKS (FID)
FUEL MASS KG

FUEL ECONOMY PG (L/100KN)

3-BAG COMPOSITE RESULTS

THC  G/MI
o G
WY G/MI

3-BAG EPA FTP VEHICLE EMISSION RESULTS

TEST 67051-1
DATE 1/18/94  RUN
DYNO 2 BAG CART 2

ACTUAL ROAD LOAD 19.90 HP (14.85 KW)

TEST WEIGHT 5500 LBS ( 2494 KG)

DRY BULB TEMPERATURE 68.0°F ( 20.0°C)

1 2
COLD TRANSIENT STABILIZED
( 0-505 SEC.) (505-1372 SEC.)
505.6 867.8
.977/.995 .983/.995
3.65 ( 5.88) 3.89 ( 6.26)
565.9 (16.03) 568.1 (16.09)
14 (1 .00) 14 (1 .00)
4770. ( 135.1) 8219. ( 232.8)

11.8/ 3/ 11774 38.5/ 2/ 38.48
6/ 3/ 59 5.6/ 2/ 5.60
64.1/ 1/ 581.24  49.4/ 13/ 113.86
0/ 1 .00 .7/ 13/ 152
92.1/ 14/ .9193  77.5/ 14/ .6152
18,1/ 14/ .0482 14.0/ 14/ .0478
54.9/ 1/ 13.77 5.3/ 1/ 1.36
8/ 1y .24 .8 1 .2

96.57 31.77
3.10 2.92
9.83 15.39
112.36 33.24
561.70 109.63
.8760 .5705
13.58 1.17
93.78 29.05
8.26 1.00
2. 58 AP
9.126 4.650
88.334 29.706
2166.58 2431.23
2.799 414
8.446 4.507
.681 143
.853 912

11.25 ( 20.90) 11.22 ( 20.97)

1.57 CB4 6/MI
13.05 NKEC  G/KI
32
FUEL ECONOMY HPG (L/100KX)

11.68 (20.14)

71

PROJECT NO. 02-5137-073

NAT. GAS CHG NAT GAS
FUEL DENSITY 5.793 LB/GAL
B.235 C.723 0.012 X .029
10,000 HILES

NOX HUMIDITY C.F. .798

3
HOT TRANSIENT
( 0- 505 SEC.)
505. 4
.979/.995
3.66 ( 5.88)
566.9 (16.06)
14 (1 .00)
4776, ( 135.3)

6.4/ 2/ 76.36
5.6/ 2/ 5.60
74,5/ 14/ 355.04
2/ 14 .8
§7.8/ 14/ .8159
13.7/ 14/ .0466
28.5/ 1/ 7.20
8/ Yy .2
64.21
2.95

11.31
71.25
343.45
7735
7.01
61.52
2.97
/"(f ;",(2 - z. 7?
5.793
54.087
1915.54
1.446
5.548
245
738
13.01 ( 18.08)

1.497
.076




APPENDIX C

1-Bag HFET EPA FTP Vehicle Emission Results of Three CNG Trucks at
4,000-Mile Interval and One CNG Truck at 10,000-Mile Interval
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SOUTHWEST RESEARCH INSTITUTE - DEPARMENT OF EMISSIONS RESEARCH
COMPUTER PROGRAM LDT 1.0-R 1-BAG EPA FTP VERICLE EMISSION RESULTS PROJECT NO. 02-5137-071
VEHICLE NUMBER 0259 &70%7 TEST 0259-1 NAT. GAS CHNG NAT. GAS
VEHICLE MODEL 92 CHEVY PICKUP DATE 5/5/93 RUN1 FUEL DENSITY 5.752 LB/GAL
ENGINE 5.7 L (348 CID}-V-8 DYNO 2 BAG CART 2 B .237 C.727 0.009 X .028
TRANSMISSION L4 ACTUAL ROAD LOAD 19.90 HP (14.85 KW)
ODOMETER 4242 MILES ( 6825 KH) TEST WEIGHT 5500 LBS ( 2494 KG)

BAROMETER 29.07 IN HG (738.4 MM HG)
RELATIVE HUMIDITY 55.6 PCT.
BAG NUMBER
BAG DESCRIPTION
RUN TIME SECONDS
DRY/WET CORRECTION FACTOR, SAMP/BACK
MEASURED DISTANCE HILES (KM)
BLOWER FLOW RATE SCFM (SCMM)
GAS METER FLOW RATE SCFM (SCMM)
TOTAL FLOW SCF (SCH)

HC SAMPLE METER/RANGE/PPM (BAG)

HC BCKGRD METER/RANGE/PPH

(0 SAMPLE METER/RANGE/PPH

CO BCKGRD METER/RANGE/PPM

(02 SAMPLE METER/RANGE/PCT

(02 BCKGRD METER/RANGE/PCT

NOX SAMPLE METER/RANGE/PPM (BAG) (D)
NOX BCKGRD METER/RANGE/PPM

CH4 SAMPLE PPM (1.120)

CH4 BCKGRD PPH

DILUTION FACTOR

HC  CONCENTRATION PPM
CO  CONCENTRATION PPHM
(02 CONCENTRATION PCT
NOX CONCENTRATION PPH
CH4 CONCENTRATION PPM
NMHC CONCENTRATION PPM

THC  MASS GRAMS

co MASS GRAMS

(02  MASS GRAMS

NOX  MASS GRAMS

CH{  MASS GRAMS

NMEC  MASS GRAMS (FID)
FOEL MASS KG

FUEL ECONOMY MPG (L/100KM)

1-BAG COMPOSITE RESULTS

TEC  G/MI .89
@ G/MI 10.23
NOX  G/MI 40

FUEL ECONOMY MPG (L/100

DRY BULB TEMPERATURE 76.0'F ( 24.4°C) NOX HUMIDITY C.F. 1.009

1

765.2
.961/.983
10.24 (16.47)
552.2 (15.64)
.00 ( .00)
7043, ( 199.5)

82.3/
6.1/
95.4/
4/
60.5/
2.7/
12.8/
.6/

2/ 82.25
2/ 6.10
14/ 476.78
14/ 1.62
1/ 1.1139
1/ .0470
1/ 10.70
1 .15
66.59
2.62

8.29
76.89
451.20
1.0726
10.57
64.29
4.89

9.146
104.768
3916.73

4.070

8.548

.598

1.500

17.81 ( 13.21)

CH¢
NMEC

G/MI
G/MI

.835
.058

Kd) 17.81 (13.21)
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SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH

COHPUTER PROGRAN LDT 1.2-R 1-BAG EPA FTP VEHICLE EISSION RESULTS PROJECT §O. 02-5137-073
VEEICLE NUMBER 67057 TEST 67057-4K-E NAT. GAS CNG  NAT. GAS
VEHICLE NODEL 91 CHEVY PICKUP DATE 8/ 4/93  RUN 1 FUEL DENSITY 5.752 LB/GAL
ENGINE 5.5 L (335 CID)-V-8 DINO 2  BAG CART 2 H.237 C.727 0 .009 X .028
TRANSMISSION L4 ACTUAL ROAD LOAD 19.90 HP (14.85 KW)

ODOMETER 5657 NILES ( 9102 KH) TEST WEIGHT 5500 LBS ( 2494 KG)
BAROMETER 29.37 IN HG (746.0 MM HG)  DRY BULB TEMPERATURE 78.0°F ( 25.6°C) HOX HUNIDITY C.F. 1.066
RELATIVE HUMIDITY 60.0 PCT.
BAG NUMBER 1
BAG DESCRIPTION
RUN TIKE SECONDS 765.2
DRY/WET CORRECTION FACTOR, SAHP/BACK .958/.980
MEASURED DISTANCE MILES (KK) 10.34 (16.64)
BLOWER FLOW RATE SCFH (SCHN) 561.5 (15.90)
GAS METER FLOW RATE SCFH (SCHK) .00 (.00)
TOTAL FLOW SCF {SCH) 7162. { 202.8)
HC SAMPLE METER/RANGE/PPK (BAG) 12.1/ 3/ 120.73
HC BCKGED METER/RANGE/PPH 1.3/ 3/ 12.97
0 SAMPLE METER/RANGE/PPH 60.8/ 1/ 542.78
0 BCKGRD NETER/RANGE/PPN A1 .69
(02 SAMPLE METER/RANGE/PCT 61.3/ 1/ 1.1286
002 BCKGRD METER/RANGE/PCT 2.5/ 1/ .0435
NOX SAMPLE METER/RANGE/PPH (BAG) (D)  37.7/ 1/ 9.43
NOX BCKGRD METER,RANGE/PPN 0/ 1 .00
CH4 SAMPLE PPH (1.120) 97.67
CH4 BCKGRD PPH 3.80
DILUTION FACTOR 8.12
HC  CONCENTRATION PPK 109.36
00 CONCENTRATION PPX 513.64
02 CONCENTRATION BCT 1.0905
NOY CONCENTRATION PPK 9.43
CE4 CONCENTRATION PPK 94.34
NMEC CONCENTRATION PPK 3.70
THC  NASS GRAMS 13.216
C0  MASS GRAMS 121.280
02  MASS GRANS 4049.24
NOX  MASS GRAHS 3.898
CE4  MASS GRAMS 12.755
NMEC HASS GRAMS (FID) .460
FUEL  MASS KG 1.562
FUEL ECONOMY PG (L/100KH) 17.27 ( 13.62)

1-BAG CONPOSITE RESULIS

THC  G/MI 1.28 CH4 G/MI 1.234
o G/HL 11.73 NKHC G/MI .045
NOX  G/HI .38

FUEL ECONONY MPG (L/100KM) 17.27 (13.62)
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SOUTHWEST RESEARCH INSTITUTE - DEPARMENT OF EMISSIONS RESEARCH

PROJECT NO. 02-5137-073

COMPUTER PROGRAM LDT 1.0-R HFET VEHICLE EMISSION RESULTS
VEHICLE NUMBER 67059 TEST 670594K-H NAT. GAS CNG NAT GAS
VEHICLE MODEL 92 CHEVY PICKUP DATE 10/ 7/93 RN 1 FUEL DENSITY 5.793 LB/GAL
ENGINE 5.7 L (348 CID)-V-8 DYNO 2 BAG CART 2 B.235 C.723 0 .012 X .029
TRANSHISSION L4 ACTUAL ROAD LOAD 19.90 HP (14.85 KW)
ODOMETER 6207 MILES ( 9987 KH) TEST WEIGHT 5500 LBS ( 2494 KG)

BAROMETER 29.28 IN HG (743.7 MM HG)
RELATIVE HUMIDITY 61.4 PCT.
BAG NUMBER
BAG DESCRIPTION
RUN TINE SECONDS
DRY/WET CORRECTION FACTOR, SAMP/BACK
HEASURED DISTANCE NILES (KH)
BLOWER FLOW RATE SCFM (SCMM)
GAS METER FLOW RATE SCFM (SCHH)
TOTAL FLOW SCF (SCH)

HC SAMPLE METER/RANGE/PPH (BAG)

HC BCKGRD METER/RANGE/PPH

0 SAMPLE METER/RANGE/PPH

O BCKGRD METER/RANGE/PPH

(02 SAMPLE METER/RANGE/PCT

002 BCKGRD METER/RANGE/PCT

NOX SAMPLE METER/RANGE/PPM (BAG) (D)
NOX BCKGRD METER/RANGE/PPH

CB4 SAMPLE PPH (1.120)

CH4 BCKGRD PPM

DILUTION FACTOR

BC  CONCENTRATION PPM
€0  CONCENTRATION PPN
002 CONCENTRATION PCT
NOX CONCENTRATION PP
CH4 CONCENTRATION PPH
NMHC CONCENTRATION PPM

HASS GRAMS

MASS GRANS

MASS GRANS

MASS GRAKS

HASS GRAKS

NMEC MASS GRAMS (FID)
FUEL  MASS KG

FUEL ECONOMY PG (L/100KK)

THC
co

€02
NOX
CB4

1-BAG COMPOSITE RESULIS

THC  G/MI .96
&Y G/HI 4,94
NOX  G/MI .88

FUEL ECONOMY MPG (L/100KM)

DRY BULB TEMPERATURE 73.0°F ( 22.8°C) NOX HUMIDITY C.F. 1.006

1
HFET
765.5
.961/.983
10.28 (16.55)
557.8 (15.80)
13 (.00)
7118. ( 201.6)

9.7/
9.7/
51.5/
A/
60.3/
2.7/
94,5/
1.0/

2/ 90.65
2/ 9.69
14/ 229.73
14/ 1.62
1/ 1.1102
1/ .0470
1/ 23.64
1/ .5
75.27
3.30

8.50
82.09
216.28
1.0688
23.41
72.36
1.04

9.854
50.760
3944.72
9.085
9.725

.128

1.484

18.21 ( 12.92)

946
012

CH4
NHHC

G/MIL
G/MI

18.21 (12.92)
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SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH

COKPUTER PROGRAM LDT 1.2-R

VEHICLE NUMBER 67043
VEBICLE HODEL 92 CHEVY PICKUP

1-BAG EPA FTP VEHICLE EMISSION RESULTS

ENGINE 5.7 L (348 CID)-V~8
TRANSHISSION L4
ODOMETER 11278 MILES ( 18146 KN)

BAROMETER 29.23 IN HG (742.4 HH HG)
RELATIVE HUMIDITY 52.5 RCT.
BAG NUMBER
BAG DESCRIPTION
RON TTHE SECONDS
DRY/WET CORRECTION FACTOR, SAHP/BACK
NEASURED DISTANCE KILES (KK)
BLOWER FLOW RATE SCFN (SCMH)
GAS METER FLOW RATE SCFH (SCHH)
TOTAL FLOW SCF (SCH)

BC SANPLE METER/RANGE/PPH (BAG)

BC BCKGRD METER/RANGE/PP¥

CO SAMPLE HETER/RANGE/PPM

CO BCKGRD HETER/RANGE/PPH

002 SAMPLE METER/RANGE/PCT

C02 BCKGRD METER/BANGE/PCT

NOX SAMPLE METER/RANGE/PPM (BAG) (D)
NOX BCKGRD METER/RANGE/PPM

CH4 SAMPLE PPN (1.110)

CH4 BCKGRD PPK

DILUTION FACTOR

BC  CONCENTRATION PPX
(0  CONCENTRATION PPH
002 CONCENTRATION PCT
NOX CONCENTRATION PPX
CH4 CONCENTRATION PPX
NMHC CONCENTRATION PPH

HASS GRANS

MASS GRAMS

HASS GRAHS

NOX  MASS GRAMS

CH4  MASS GRAMS

NMEC HASS GRAHS (FID)
FUEL  HASS KG

FUEL ECONOMY PG (L/100KX)

THC
0
€02

1-BAG COMPOSITE RESULTS

THC  G/MI
0 G/NL
NOX  G/MI

DRY BULB TEMPERATURE 77.0°F ( 25.0°C)

9
10.2
560
.1
7151

87.1/
8.0/
73.5/
6/
57.8/
2.9/
3.8/
3/

PROJECT 0. 02-5137-073

NAT. GAS CNG NAT GAS
FUEL DENSITY 5.793 LB/GAL
B.235 C.723 0.012 X .029

TEST 67043-10K-E

DATE 1/25/94 RUN 1

DiNO 2 BAG CART 2

ACTUAL ROAD LOAD 19.90 HP (14.85 KW)
TEST WEIGHT 5500 LBS ( 2494 KG)

NOX HUMIDITY C.F. .999

1

765.3
62/.983

8 (16.54)
.5 (15.87)
4 ( .00)
. ( 202.5)

2/ 87.05
2/ 8.00
14/ 349.32
14/ 2.43
1/ 1.0643
1/ .0505
1 9.01
1y .08
72.96
2.93

8.77
79.97
330.37
1.0196
8.95
70.36
1.86

9.730
77.892
3780.59
3.461
9.500
.230
1.439

18.78 ( 12.53)

.95
7.58
.34

FUEL ECONOMY MPG (L/100KH)

.924
.022

ca4
NMHC

G/MI
G/NI

18.78 (12.53)
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APPENDIX D

3-Bag EPA FTP Vehicle Emission Results of Two Gasoline Trucks
at 4,000-Mile Interval
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SOUTHWEST RESEARCH INSTITUTE - DEPARMENT OF EMISSIONS RESEARCH

COMPUTER PROGRAK LDT 1.0-R 3-BAG EPA FTP VEHICLE EMISSION RESULTS PROJECT §O. 02-5137-073
VEEICLE NUBER 70895 TEST 708954K-F GASOLINE EM-1618-F
VEHICLE MODEL 92 CHEVY PICKUP DATE 10/ 8/93  RON 1 FUEL DENSITY 6.163 LB/GAL
ENGINE 5.0 L (305 CID)-V-8 DYNO 2 BAG CART 2 H.134 C.866 0.000 X .000
TRANSHISSION L4 ACTUAL ROAD LOAD 17.10 HP (12.76 KW)

ODOMETER 3414 MILES ( 5493 KH) TEST WEIGHT 5500 LBS ( 2494 KG)
BARONETER 29.11 IN HG (739.4 MM HCG) DRY BULB TEMPERATURE 73.0°F ( 22.8°C) NOX HUMIDITY C.F. .965
RELATIVE HUMIDITY 53.9 PCT.

BAG NUMBER 1 2 3

BAG DESCRIPTION COLD TRANSIENT STABILIZED HOT TRANSIENT

( 0-505 SEC.) (505-1372 SEC.) (0~ 505 SEC.)

RUN TIHE SECONDS 505.6 868.2 505.9

DRY/WET CORRECTION FACTOR, SAMP/BACK .975/.985 .979/.985 .976/.985

NEASURED DISTANCE HILES (KH) 3.63 ( 5.85) 3.85 ( 6.20) 3.62 { 5.83)

BLOWER FLOW RATE SCFM (SCHH) 556.0 (15.75) 559.9 (15.86) 555.1 (15.72)

GAS NETER FLOW RATE SCFM (SCHM) .14 (.00) 14 (.00) 13 (0 .00)

TOTAL FLOW SCF (SCH) 4687. ( 132.7) 8104. ( 229.5) 4681. ( 132.6)

HC SAMPLE NETER/RANGE/PPM (BAG) 92.0/ 2/ 91.95 11.4/ 2/ 1139 16.0/ 2/ 15.9

HC BCKGRD METER/RANGE/PPH 11.0/ 2/ 10,99 107/ 2/ 10.69 10.7/ 2/ 10.69

00 SAKPLE METER/RANGE/PPN 70.1/ 14/ 381.59 13.5/ 12/ 12.97 58.4/ 12/ S7.11

0 BCKGRD METER/RANGE/PPH A/ 14/ .40 5/ 12/ 47 .8/ 12/ .76

(02 SAMPLE METER/RANGE/PCT 55.1/ 1/ 1.0148  79.4/ 14/ .6481  92.7/ 14/ .9349

002 BCKGRD METER/RANGE/BCT 2.6/ 1/ .0452 13.9/ 14/ .0474 14.7/ 14/ .0506

§OX SANPLE NETER/RANGE/PPH (BAG) (D)  38.5/ 2/ 38.5¢ 33.0/ 1/ 825 8.3/ 1/ 20.33

NOX BCKGRD METER/RANGE/PPH 3/ 2/ .30 9 1y .23 10/ 1 .5

DILUTION FACTOR 12.71 20.73 14.32

HC CONCENTRATION PPH $1.82 1.22 6.04

00  CONCENTRATION PPM 367.14 12.14 54.40

(02 CONCENTRATION PCT .9731 .6030 .3878

NOX CONCENTRATION PPX 38.26 8.04 20.10

BC  NASS GRAMS 6.260 .161 462

00  HASS GRAKS 56.731 3.243 8.397

002  HASS GRAMS 2364.63 2533.97 2155.04

NOY  NASS GRAKS 9.370 3.404 4.917

FUEL  MASS KG .780 .801 .684

FUEL ECONOMY ¥PG (L/100KH) 13.03 ( 18.06) 13.46 ( 17.48) 14.81 ( 15.89)

3-BAG COMPOSITE RESULTS

B G/MI 42
0  G/MI 4.33
NOY  G/MI 1.37

FUEL ECONOMY MPG (L/100KH) 13.72 (17.15)
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SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH

COMPUTER PROGRAM LDT 1.2-R

VEHICLE NUMBER 70896

VEHICLE MODEL 93 CHEVY PICKUP

ENGINE 5.7 L (348 CID)-V-8
TRANSMISSION L4

ODOKETER 7393 MILES ( 11895 KH)

BAROMETER 29.25 IN HG (743.0 M HG)
RELATIVE HUMIDITY 51.4 PCT.

BAG NUMBER

BAG DESCRIPTION

RUN TINE SECONDS

DRY/WET CORRECTION FACTOR, SANP/BACK
MEASURED DISTANCE MILES (KH)

BLOWER FLOW RATE SCFN (SCHH)

GAS METER FLOW RATE SCFM (SCMM)
TOTAL FLOW SCF (SCH)

HC SAMPLE METER/RANGE/PPH (BAG)

HC BCKGRD METER/RANGE/PPH

CO SAMPLE HETER/RANGE/PPN

CO BCKGRD METER/RANGE/PPM

C02 SAMPLE METER/RANGE/PCT

€02 BCKGRD METER/RANGE/PCT

NOX SAMPLE METER/RANGE/PPM (BAG) (D)
NOX BCKGRD METER/RANGE/PPH

CH4 SAMPLE PPN (1.110)

CH4 BCKGRD PPH

DILUTION FACTOR

HC  CONCENTRATION PPH
CO  CONCENTRATION PPY
C02 CONCENTRATION PCT
NOX CONCENTRATION PPX
CH4 CONCENTRATION PP¥
NMHC CONCENTRATION PPH

HC HASS GRAMS

0 HASS GRAMS

€02  MASS GRAMS

NOX  MASS GRAHS

CH4  MASS GRAMS

NMHC  HASS GRAMS (FID)
FUEL  MASS KG

FUEL ECONOMY MPG (L/100KH)

3-BAG COKPOSITE RESULTS

HC G/HL
o G/NI
NOX  G/MIL

3-BAG EPA FTP VEHICLE EMISSION RESULTS

TEST 70896-10K-F
DATE 1/25/94
DYNO 2

RON 1
BAG CART 2

ACTUAL ROAD LOAD 17.10 HP (12.76 KW)

TEST WEIGHT 5500 LBS ( 2494 KG)

DRY BULB TEMPERATURE 81.0°F ( 27.2°C)

1 2
COLD TRANSIENT STABILIZED
( 0-505 SEC.) (505-1372 SEC. )
504.8 867.8
.971/.981 .975/.981
3.63 { 5.85) 3.87 { 6.23)
564.3 (15.98) 563.0 (15.94)
14 (.00) 14 (.00)
1749, ( 134.5) 8145. ( 230.7)
91.6/ 2/ 9L.55 12.9/ 2/ 12.89
9.7/ 2/ 9.69 10.6/ 2/ 10.59
77.9/ 14/ 374.63  30.4/ 12/ 29.46
3/ 14/ L2 1.3/ 12/ 1.2
56.8/ 1/ 1.0460  79.6/ 14/ .6517
3.1/ 1/ .0540  15.4/ 14/ .0535
39.4/ 2/ 39.42 37.8) 1/ 9.51
3/ 2/ .30 9 1 .23
6.93 4,09
2.88 2.86
12.36 20.56
82.64 2.81
359.79 27.45
.9963 6008
39.14 9.29
4.29 1.37
77.88 1.30
§.406 374
56.328 7.371
2453.08 2537.01
10.485 4,269
.384 .210
6.039 172
.808 .04

12,57 ( 18.71) 13.46 ( 17.48)

47 CH4 G/MI
5.35 NHHC G/NI
1.65
FUEL ECONONY MPG (L/100KH)

13.56 (17.35)

82

PROJECT NO. 02-5137-073

GASOLINE EEE EK-1638-F
FUEL DENSITY 6.160 LB/GAL

B .134 C .866 0 .000 X .000
FIP

NOX HUMIDITY C.F. 1.042

3
HOT TRANSIENT
( 0- 505 SEC.)
505.9
.972/.981
3.63 ( 5.83)
563.5 (15.96)
13 (.00)
4753. ( 134.6)

19.3/ 2/ 19.29
0.4/ 2/ 10.39
43,7/ 13/ 99.93
.6/ 13/ 131
92.7/ 14/ .9349
15.5/ 14/ .0540
94.5/ 1/ 23.55
1.0/ 1/ .26

5.08

2.80

14.25
9.62
95.28
.8848
23.31
2.47
6.88

747
14.930
2180.25
6.249
222
.534
.695

14.57 ( 16.15)

.067
.410




APPENDIX E

1-Bag HFET EPA FTP Vehicle Emission Results of Two Gasoline Trucks
at 4,000-Mile Interval




SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH
VEHICLE EMISSION RESULIS

COMPUTER PROGRAM LDT 1.2-R

VEHICLE NUMBER 70896

VEHICLE MODEL 93 CHEVY PICKUP

ENGINE 5.7 L (348 CID)-V-8
TRANSHISSION L4

ODOMETER 7435 MILES ( 11962 KH)

BAROMETER 29.21 IN HG (741.9 MM HG)
RELATIVE HUMIDITY 51.4 PCT.
BAG NUMBER
BAG DESCRIPTION
RUN TIME SECONDS
DRY/WET CORRECTION FACTOR, SAMP/BACK
MEASURED DISTANCE MILES (KX)
BLOWER FLOW RATE SCFH (SCHH)
GAS METER FLOW RATE SCFH (SCHN)
TOTAL FLOW SCF (SCH)

HC SAMPLE METER/RANGE/PPH (BAG)

HC BCKGRD HETER/RANGE/PPM

CO SAMPLE HETER/RANGE/PPK

O BCKGRD METER/RANGE/PPH

(02 SAMPLE ETER/RANGE/BCT

(02 BCKGRD KETER/RANGE/PCT

NOY SAMPLE HETER/RANGE/PPH (BAG) (D)
NOX BCKGRD HETER/RANGE/PPM

CH4 SAMPLE PP (1.110)

CH4 BCKGRD PPK

DILUTION FACTOR

HC  CONCENTRATION PPX
C0  CONCENTRATION PPH
002 CONCENTRATION PCT
NOX CONCENTRATION PPX
CH4 CONCENTRATION PPH
NMHC CONCENTRATION PPN

HC HASS GRAHMS

co HASS GRAKS

€02  MASS GRAMS

NOX  MASS GRANS

CH4  MASS GRAMS

NMHC  HASS GRAMS (FID)
FUEL  MASS KG

FUEL ECONOHY KPG (L/100KH)

1-BAG COMPOSITE RESULIS

HC G/MI
co G/ML
NoX  G/MI 1

HFET

DRY BULB TEMPERATURE 81.0°F ( 27.2°C)

9

TEST 70896~10K-F
DATE 1/25/9%

1
HFET
765.2
69/.981

10.23 (16.47)

559
1
7136

10.1/
8.4/
36.2/
1.1/
70.0/
2.9/
32,3/
.3/

19.

.03
.75
.26

FUEL ECONOMY MPG (L/100KH)

.4 (15.88)
4 ( .00)
. ( 202.1)

2/ 10.09
2/ 8.40
12/ 35.15
12/ 1.0
1/ 1.2888
1/ .0505
2/ 32.31
2/ .30
3.16

2.24

10.43
2.50
32.77
1.2432
32.04
1.13
1.24

.292
7.710
4599.89
12.909
.153
145
1.454
66 ( 11.96)

19.66 (11.96)
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RON 1

DYRO 2 BAG CART 2

ACTUAL ROAD LOAD 17.10 HP (12.76 KW)
TEST WEIGHT 5500 LBS ( 2494 KG)

CH4
NHEC

G/MI
G/ML

PROJECT NO. 02-5137-073

GASOLINE EEE EN-1638-F
FUEL DENSITY 6.160 LB/GAL

H .134 C .86 0 .000 X .000
H-FET

NOX HUMIDITY C.F. 1.042

.015
014




SOUTHWEST RESEARCH INSTITUTE - DEPARMENT OF EMISSIONS RESEARCH

COMPUTER PROGRAH LDT 1.0-R HFET VEHICLE EMISSION RESULTS PROJECT NO. 02-5137-073
VEHICLE NUMBER 70895 TEST 708954K-A GASOLINE EN-1618-F
VEHICLE HODEL 92 CHEVY PICKUP DATE 10/ 8/93  RUN 1 FUEL DENSITY 6.163 LB/GAL
ENGINE 5.0 L (305 CID)-V-8 DINO 2  BAG CART 2 H.134 C .86 0.000 X .000
TRANSHISSION L4 ACTUAL ROAD LOAD 17.10 HP (12.76 KW)

ODOMETER 3425 MILES ( 5510 KM) TEST WEIGHT 5500 LBS ( 2494 KG)
BAROMETER 29.13 IN HG (739.9 M HG) DRY BULB TEMPERATURE 76.0°F ( 24.4°C) NOY HUNIDITY C.F. .963
RELATIVE HUMIDITY 48.5 BCT.
BAG NUMBER 1
BAG DESCRIPTION HFET
RUN TIHE SECONDS 765.5
DRY/WET CORRECTION FACTOR, SAKP/BACK .973/.985
EASURED DISTANCE HILES (KM) 10.35 (16.65)
BLOWER FLOW RATE SCFH (SCHH) 553.5 (15.68)
GAS METER FLOW RATE SCFH (SCMH) 14 (.00
TOTAL FLOW SCF (SCH) 7064. ( 200.0)
HC SAMPLE METER/RANGE/PPH (BAG) 1.8/ 2/ 11.79
HC BCKGRD METER/RANGE/PPH 0.1/ 2/ 10.09
CO SAMPLE METER/RANGE/PPH 16.4/ 12/ 15.78
O BCKGRD METER/RANGE/PPH 5/ 12/ A7
(02 SAMPLE METER/RANGE/PCT 69.2/ 1/ 1.2740
€02 BCKGRD METER/RANGE/PCT 3.0/ 1/ .0523
NOY SANPLE METER/RANGE/PPH (BAG) (D)  83.7/ 1/ 20.93
NOX BCKGRD METER/RANGE/PPH 9 1y .3
DILUTION FACTOR 10.56
HC  CONCENTRATION PPK 2.65
CO  CONCENTRATION PPH 14.73
€02 CONCENTRATION PCT 1.2267
NOX CONCENTRATION PPH 20.73
HC  MASS GRAKS .306
CO  ASS GRAHS 3.430
02 HASS GRAMS 4492.81
NOX  MASS GRAMS 7.639
FUEL  HASS KG 1.418
FUEL ECONOKY MPG (L/100KH) 20.40 ( 11.53)

1-BAG COMPOSITE RESULTS

B G/MI .03
©  G/MI .33
HOX  G/MI 74

FUEL ECONOMY MPG (L/100KH)  20.40 (11.53)
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APPENDIX F

Speciated Emission Test Results
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SPECIATED EMISSIONS TEST RESULTS
PROJECT NO. 02-5137-073

VEHICLE NUMBER 67043 67051 67047 67057 67059 70895
TEST DATE 03/30/93 | 03/30/93 | 05/05/93 | 08/04/93 {10/07/93 |10/08/93
MILAGE 5218 4,328 4,231 5,646 6,196 3,414
TEST FUEL CNG CNG CNG CNG CNG |GASOLINE
SELECTED COMPOUNDS (mg/mi)

FTP | METHANE 19547 14876 11475 1540.6 16648 43.3]
ETHYLENE 11.1 9.4 8.7 10.1 8.5 224
ETHANE 65.7 443 320 39.7 446 52
ACETYLENE 1.0 0.6 0.7 1.1 10.7
PROPYLENE 0.6 0.7 16.3
PROPANE 4.9 0.5
METHYLACETYLENE = 0.0
PROPADIENE 0.0
ISOBUTANE 0.9
ISOBUTYLENE 9.3
1-BUTENE 2.0
1,3-BUTADIENE 1.9
BUTANE 12.9
TRANS-2-BUTENE - 1.7
2, 2-DIMETHYLPROPANE 0.8
CIS-2-BUTENE 1.6
3-METHYL-1-BUTENE 0.0
ISOPENTANE 23.9
1-PENTENE 0.4
2-METHYL-1-BUTENE 1.0
PENTANE 8.1
BENZENE 19.1
TOLUENE . 72.0
ETHYLBENZENE 33
m- & p-XYLENE 7.7
MTBE : b . : 0.0
FORMALDEHYDE 3.1 2.2 2.7 2.8 3.2 6.0
ACETALDEHYDE 0.2 0.3 0.4 0.4 0.3 1.8
TOTAL ALDEHYDES 3.8 3.1 *3.1 34 3.9 10.6

INOTES:

this test.

Light shaded areas indicate no data is available.
Dark shaded areas indicate no data is required.
Aldehyde analyses does not include acetone, isobutyraldehyde, or methyl ethyl ketone for
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