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INTRODUCTION

FPC-1° is a combustion catalyst which, when added to liquid hydrocarbon fuels at a ratio of 1:5000,
improves the combustion reaction resulting in increased engine efficiency and reduced fuel consumption.
The products of incomplete combustion are also positively affected.

Field and laboratory tests alike indicate a potential to reduce fuel consumption in diesel fleets in the
range of 5% to 10%. Smoke and carbon monoxide emissions are typically reduced 15 to 30%. This
report summarizes the results of controlled back-to-back field tests conducted by UHI Corporation, FPC
Unlimited, with and without FPC-1° added to the diesel fuel. The fuel consumption determination
procedure applied was the Carbon Balance Exhaust Emission Test at a given engine load and speed.
This same method also measures the exhaust concentrations of carbon monoxide and unburned
hydrocarbons. Smoke testing was also conducted using the Bacharach Smokemeter method.

EQUIPMENT TESTED

2 x Caterpillar dozers powered by 3412 engines
1 x locomotive powered by an EMD 567 engine

TEST INSTRUMENTS:

The equipment and instruments involved in the carbon balance test program were:

Sun Electric SGA-9000 non-dispersive, infrared analyzer (NDIR) for measuring the exhaust gas
constituents, HC (unburned hydrocarbons as hexane gas), CO, CO,, and O,.

Scott Specialty BAR 90 calibration gases for SGA-9000 internal calibration of the SGA-9000.

A Fluke Model 51 type "k" thermometer and wet/dry probe for measuring exhaust, fuel, and ambient
temperature.

A Dwyer magnehelic and pitot tube for exhaust pressure differential measurement and exhaust air flow
determination (CFM).

A Monarch phototachometer to determine and control engine speed (rpm).
A Bacharach True-Spot smokespot meter to determine the density of exhaust smoke from diesel engines.
A hydrometer for fuel specific gravity (density) measurement.

A Hewlett Packard Model 42S programmable calculator for the calculation of the engine performance
factors.

A Snap On throttle control for setting and holding engine speed at a fixed rpm.



TEST PROCEDURE
Carbon Balance

The carton balance technique for determining changes in fuel consumption has been recognized by the
US Environment Protection Agency (EPA) since 1973 and is central to the EPA-Federal Test Procedures
(FTP) and Highway Fuel Economy Test (HFET). The method relies upon the measurement of vehicle
exhaust emissions to determine fuel consumption rather than direct measurement (volumetric or
gravimetric) of fuel consumption.

The application of the carbon balance test method utilized in this study involves the measurement of
exhaust gases of a stationary vehicle under steady-state engine conditions. The method produces a value
of engine fuel consumption with FPC-1° relative to a baseline value established with the same vehicle.

Engine speed and load are duplicated from test to test, and measurements of carbon containing exhaust
gases (CO,, CO, HC), oxygen (O,), exhaust and ambient temperature, and exhaust and ambient pressure
are made. A minimum of five readings are taken for each of the above parameters after engine
stabilization has taken place (rpm, and exhaust, oil, and water temperature have stabilized). The
technical approach to the carbon balance method is detailed in the Appendices.

Fuel specific gravity or density is measured enabling corrections to be made to the final engine
performance factors based upon the energy content of the fuel reaching the injectors.

Smoke density was determined by drawing a fixed quantity of exhaust gases through a filter medium.
The particulate’s were collected onto the filter surface and the density determined by comparing the
discoloration of the filter paper to a color calibrated scale.

Two dozers and one locomotive made up the final test fleet. The locomotive was tested at three throttle
settings. Table 1 in the Appendices summarizes the percent change in fuel consumption based upon the
change in carbon flow rate in the exhaust.

DISCUSSION

1. Fuel Density

Fuel specific gravity (density) was during the baseline carbon balance test only, and was not
taken during the treated fuel test, therefore, there is no correction possible for any change in fuel
density. However, many years experience has shown fuel density changes only slightly during
the same season (in this case between April and July), and these changes have little impact upon
fuel consumption.

2. The Effect of FPC-1 upon Smoke Density
Smoke density was determined using the Bacharach smoke spot method. The Bacharach True-

Spot Smokemeter measures smoke density by drawing a specific volume of exhaust gas through
a fine paper filter medium (5 micron) while the engine is operating at a fixed rpm and under
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steady-state engine conditions. The smoke particles are trapped on the surface of the filter paper
as the exhaust gases are drawn through it forming a darkened area called a "smoke spot". The
filter paper is then removed from the smoke tester and the smoke spot visually compared to a
precoded smoke scale. A smoke number is then assigned to the smoke spot according to the
darkness of the spot. The smoke number scale ranges from O to 9. Higher smoke numbers
correspond to darker smoke spots, which correspond to a greater smoke density in the exhaust.
The baseline and treated fuel smoke spot numbers are found on Table 2 in the Appendices.

A reduction in smoke is prime evidence of improved combustion (Germane, SAE Technical
Paper # 831204). Further, reduced exhaust smoking has been shown to be one of first evidences
that engine carbon residue and soot blowby into the motor oil are also being reduced

(ibid). The reductions in exhaust smoke are logical extensions of improved combustion created
by FPC-1.

3. Volumetric Flowrate (Pitot Tube Readings)

The finsl calculation for determining the fuel flow rate or mass flow rate of the fuel into the
engine takes into consideration the temperature and pressure velocity of all the gases in the
exhaust. The exhaust gas temperature is recorded using a digital thermometer and thermocouple
that is very accurate and easily fixed into place inside the exhaust stack. The pressure velocity
readings are more difficult to measure because the pitot tube cannot be fixed inside the stack
necessitating the use of a traversing method to locate the center velocity (the theoretical point
of highest exhaust gas velocity). Therefore, the pitot tube readings are considered the least
accurate and serve only as an indicator of engine speed or rpm.

The changes in the rate of fuel consumption shown are Table 1 are based upon carbon mass
change in the exhaust alone, without correcting for exhaust volumetric flow rate (temperature
and pressure). Since exhaust temperature and barometric pressure where virtually identical and
engine speed was identical from test to test, exhaust pressure velocity is assumed to be constant
from baseline to treated tests.

CONCLUSIONS

1) The fuel consumption change determined by the carbon balance method ranged from - 5.69
to - 12.89%. The fleet averaged a 9.34 % reduction in fuel consumed after FPC-1 fuel treatment
and engine preconditioning.

2) Smoke density was reduced approximately in the Cat engines 22%, while the EMD
experienced a 57% average reduction. The fleet averaged a 43% reduction in smoke density
after FPC-1 fuel treatment.
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CARBON BALANCE METHOD TECHNICAL APPROACH:

All test instruments were calibrated and zeroed prior to both baseline and treated fuel data
collection. The SGA-9000 NDIR exhaust gas analyzer was internally calibrated using Scott
Calibration Gases (BAR 90 Gases), and a leak test on the sampling hose and connections was
performed. The same procedure was repeated after each test segment to determine any
instrument drift.

Each vehicle’s engine was brought up to operating temperature at a set rpm and allowed to
stabilize as indicated by the engine water and exhaust temperature, and exhaust pressure. No
exhaust gas measurements were made until each engine had stabilized at the rpm selected for
the test. Engine rpm was set using the dash mounted tachometer (with the exception of shovel’s
#1 and #4) and checked periodically to prevent any change in engine speed during the data
collection period. # 2 diesel was used exclusively throughout the evaluation. Fuel specific
gravity (density) and temperature were also taken.

The baseline fuel consumption test consisted of a minimum of five sets of measurements of CO,,
CO, HC, O,, and exhaust temperature and pressure made at 90 second intervals. Each engine
was tested in the same manner. Engine rpm were also recorded at approximately 90 second
intervals.

After the baseline test the fuel storage tanks were treated with FPC-1" at the recommended level
of 1 oz. of catalyst to 40 gallons of fuel (1:5000 volume ratio). Each succeeding fuel shipment
was also treated with FPC-1°. The equipment was operated on treated fuel until the final test
was run.

During the two test segments, an internal self-calibration of the exhaust analyzer was performed
after every two sets of measurements to correct instrument drift, if any.

From the exhaust gas concentrations of C0,, CO, HC, and O, measured during the test, the
average molecular weight of these gases, and the temperature and volumetric flow rate of the
exhaust stream, the mass flow rate of the fuel to the engine (rate of fuel consumption) may be
expressed as a engine "performance factor" which relates the fuel consumption of the treated fuel
to the baseline. The calculations are based on the assumption that engine operating conditions
are essentially the same throughout the test. Engines with known mechanical problems or
having undergone repairs affecting fuel consumption are removed from the sample.

A sample calculation is found in Figure 2.
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Eompany Nowe:

Test-Portion:::

Fuel Sp. Gravity(SG

A.T. Massey
Baseline
CAT 3412

Bull dozer

0.8300

Toition

Stk D

Mile/Hrs

ID #:

Tomp:

Sprouse Creek

8

18728

Inches

Date:

4/17/94

30.12

1240

Full Throttle 467.8 2.8 0.03 8 3.25 15.5

Full Throttle 468.8 2.8 0.03 8 3.25 15.4

Full Throttle 468.8 2.8 0.03 8 3.24 154

Full Throttle 469.2 2.8 0.03 8 3.23 15.4

Full Throttl= 469.8 2.8 0.03 8 3.25 16.1

Full Throttle 469.2 2.8 0.03 8 3.25 16.1

Full Throttle 469.4 2.8 0.03 8 3.25 16.2

Full Throttle 470 2.8 0.03 8 3.23 16.3

Full Throttle 470.4 2.8 0.03 8 3.23 16.3

Full Throttle 469.8 2.8 0.03 8 3.23 16.3
#DIV/0! 469.320 2.800 .030 8.000 3.241 15.900 |Mean
#DIV/0! 0.743564986 0 0 0 0.00994429 | 0.4163332 [Std Dev
VFHC VYFCO VFCO2 VYFO2 Mtwl pfl
8.00E-06 0.0003 0.03241 0.159 29.155024 189,152

Test Portion:::

Equipment Type

A.T. Massey
Treated
CAT 3412

Bull dozer

0.83
1

Sprouse Creek

Inches

Baro:

Time:

7/17/94

30.01

1830

Full Throttle 467.6 2.6 0.03 6 2.97 15.8

Full Throttle 467.4 2.6 0.03 6 2.97 15.8

Full Throttle 467.4 2.6 0.03 6 2.95 15.7

Full Throttle 467.6 2.6 0.03 6 2.95 15.9

Full Throttle 467.8 2.6 0.03 i 2.94 15.7

Full Throttle 467.8 2.6 0.03 6 2.94 157

Full Throttle 468 2.6 0.03 6 292 15.8

Full Throttle 468.4 2.6 0.03 6 2.92 16

Full Throttle 468.4 2.6 0.03 6 2.92 16
#DIV/0! 467.822 2.600 .030 6.111 2.942 15.800 [Mean
#DIV/0! 0.380058475 0 0 0.33333333 | 0.01986063 | 0.12247449 |Std Dev
VFHC VFCO VFCO2 VFO2 Mtw2 pf2
6.11E-06 0.0003 0.02942222 0.158 29.10311 207,847

Performance factor adjusted for fuel density: 207,847 *%0p Change PF= 9.88 %

** A positive change in PF equat.

toar
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Company Name: A.T. Massey Sprouse Creek 4/17/94
Test Portion:: - Baseline Stack Diam: 8 Inches
Engine Type: CAT 3412 “Mile/Hrs 15690
Equipnient Type: Bull dozer D # 1 Baro 30.12
Fuel Sp. Gravity(SG 0.8300 Temp:
Tirme::
Full Throttle 468.8 2.9 0.03 9 3.25 15.6
Full Throttle 473.6 2.8 0.03 10 3.23 15.7
Full Throttle 474.4 2.9 0.03 8 3.23 16
Full Throttle 475 2.9 0.03 7 3.9 16
Full Throttle 475 2.9 0.03 8 3.2 15.9
Full Throttle 475.2 2.9 0.03 7 3.19 15.9
Full Throttle 474.8 2.9 0.03 8 3.18 15.9
Full Throttle 474.8 2.9 0.03 9 3.18 16.1
Full Throttle 475.4 2.9 0.03 9 3.17 16.1
Full Throttle 475.2 2.9 0.03 9 3.17 16.1
#DIV/0! 474.220 2.900 .030 8.400 3.270 15.930 |Mean
#DIV/0! 1.971913904 5.6196E-08 0 0.96609178 | 0.22310934 | 0.17029386 |Std Dev
VFHC VYFCO VFCO2 VFO2 Mtwl pfl
8.40E-06 0.0003 0.0327 0.1593 29.1608872 187,516
Company:Name:: A.T. Massey :Location: Sprouse Creek 7/17/94
Test Portion: 7 Treated ‘Stack Diam: 8 Inches
Engine:Type:: i CAT 3412 iMile/Hrs:: 16838
Equipment Type - Bull dozer 1D # 1 Baro 30.01
Fuel:Sp: Gra_ ity: 0.83 92.5
SG Corr Fact 1 Time: = 18:45
Full Throttle 472.8 2.6 0.03 6 3.09 15.5
Full Throttle 471.2 2.6 0.03 6 3.08 15.5
Full Throttle 471.2 2.6 0.03 6 3.09 15.5
Full Throttle 471 2.6 0.03 6 3.08 15.5
Full Throttle 471 2.6 0.03 6 3.09 15.5
Full Throttle 471.6 2.6 0.03 6 3.09 15.6
Full Throttle 472.6 2.6 0.03 6 3.1 15.6
Full Throttle 473 2.6 0.03 6 3.09 15.6
#DIV/0! 471.800 2.600 .030 6.000 3.089 15.538 |Mean
#DIV/0! 0.855235974 0 0 0 0.0064087 | 0.05175492 |Std Dev
VFHC VFCO VFCO2 VFO2 Mtw?2 pf2
6.00E-06 0.0003 0.0308875 0.155375 29.116048 198,187
Performance factor adjusted for fuel density: 198,187 **0p Change PF= 5.69
** A positive change in PF equates to a reduction in fuel ipti
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Company Name;: A.T. Massey Sprouce Creek Date:: i 4/17/94
Test Portion: Bageline 12 Inches
Engine Typé;_ EMD 567 D3 Mile/Hrs
Equipment Type: Locomotive ID#: 2598 Baro 30.12
Fuel Sp. Gravity(SG 0.8300 Temp:
Time: 1110
4 258.4 2.8 0.01 4 0.97 18.8
4 258.8 2.8 0.01 4 0.97 18.8
4 259.4 2.8 0.01 4 0.96 19
4 259.6 2.8 0.01 3 0.96 19
4 260.4 2.8 0.01 4 1.12 19
4 262.4 2.7 0.01 4 0.95 19
4 262.4 2.7 0.01 4 0.95 19
4 262.6 2.8 0.01 3 0.95 19
4.000 260.500 2.775 .010 3.750 979 18.950 [Mean
0 1.730400449 0.046291 1.24453E-10 0.46291005 | 0.0576783 | 0.09258201 |Std Dev
VFHC VFCO VFCO2 VFO2 Mtwl pfl
3.75E-06 0.0001 0.0097875 0.1895 28.9148175 620,066

Company Name: A.T. Massey Sprouce Creek Test Date: 7/17/94
Test Portion: Treated Stack Diam:: 12 Inches
‘Engine Type: EMD 567 D3 ‘Mile/Hrs:
Equipment Typ, Locomotive ID# 2598 ‘Baro 30.04
Fuel Sp. Gravity: 0.83 Temp:: 95.2
SG Corr Factor: 1 Time: 1715
4 270 2.4 0.01 0 0.89 19.2
4 270 2.4 0.01 0 0.89 19.1
4 270 2.4 0.01 0 0.88 19.1
4 270 2.4 0.01 0 0.88 19.1
4 272.4 2.4 0.01 0 0.87 19
4 273 2.4 0.01 0 0.87 19.1
4.000 270.900 2.400 .010 .000 .880 19.100 |Mean
0 1.407124728 0 0 0 0.00894427 | 0.06324555 |Std Dev
VFHC VFCO VFCO2 VFO2 Mtw2 pf2
0.00E+00 0.0001 0.0088 0.191 28.9048 690,301
Performance factor adjusted for fuel density: 690,301 Aok % Change PF= 11.33
** A positive change in PF equates to a reduction in fuel 1p

%



Company Name: A.T. Massey ‘Location Sprouce Creek 4/17/94
Test Portion: Bageline Stack -Diam:: 12 Inches
Engine Type: EMD 567 D3 Mile/Hrs.
Equipment Type: Locomotive 2598 Baro 30.12
Fuel Sp. Gravity(SG 0.8300 Temp:
Time:
l 6 293.8 53 0 2 1.24 18.8
6 293.4 53 0.01 2 1.24 18.8
6 294.8 5.3 0 2 1.24 18.8
6 297.8 52 0.01 3 1.24 18.5
6 298.6 52 0.01 6 1.24 18.4
6 299.6 52 0.01 6 1.23 18.3
6 300.8 52 0.01 6 1.24 18.2
6.000 296.971 5.243 .007 4.143 1.239 18.543 |Mean
0 2.956188022 0.05345225 0.0048795 2.03540098 | 0.00377964 | 0.2572751 |Std Dev
VFHC VFCO VFCO2 VFO2 Mtwl pfl
4.14E-06 7.14286E-05 0.01238571 0.185428571 28.940126 492,738
Company Name: A.T. Massey Location::: Sprouce Creek Test Date: 7/17/94
Test Portion: Treated 12 Inches
Engine Type: EMD 567 D3 Mile/Hrs?
Equipment Typ:: Locomotive 2598 Baro. 30,04
Fuel Sp. Gravity: 0.83 Temp: 95.2
SG:Corr Factor: 1 Tine:
6 316.8 4.9 0 0 1.18 18.6
6 319 4.9 0.01 0 1.18 18.6
6 317.6 4.9 0.01 0 1.18 18.6
6 315.6 4.9 0.01 0 1.16 18.7
6 315 4.9 0.01 0 1.15 18.7
6 315.4 4.9 0.01 0 115 18.7
6 315.2 4.9 0.01 1 1.15 18.7
6 316.2 4.9 0 1 1.15 18.7
6 321.6 4.9 0.01 0 1.14 18.6
6 322.8 4.9 0.01 0 1.15 18.6
6.000 317.520 4.900 .008 .200 1.159 18.650 |Mean
0 2.766787146 1.1239E-07 0.00421637 0.42163702 | 0.01523884 | 0.05270463 [Std Dev
VFHC VFCO VFCO2 VFO2 Mtw2 pf2
2.00E-07 0.00008 0.01159 0.1865 28.9314516 526,878
Performance fa-tor adjusted for fuel density: 526,878 **0p Change PF= 6.93

to ar
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Company Name:

Test Portion:

En gine TIype-." : i

Fuel Sp. Gravity(SG.

A.T. Massey

Baseline

EMD 567 D3

Locomotive

0.8300

“Stack Diam::

Sprouce Creek

12

2598

Inches

‘Date::

4/17/94

30.12

8 334.6 8.1 0.01 5 1.67 18
8 331 8.1 0.01 5 1.67 18
8 334 8.1 0.01 8 1.68 17.9
8 334.8 8.1 0.01 5 1.66 17.9
8 335 8.1 0.01 5 1.68 17.9
8 335.4 8 0.01 5 1.69 17.9
8 338 8 0.01 6 1.69 17.8
8 337 8 0.01 6 1.68 17.8
8.000 334.975 8.063 .010 5.625 1.678 17.900 |Mean
0 2.082409319 0.05175492 1.24453E-10 1.06066017 | 0.01035098 | 0.07559289 |Std Dev
VFHC VFCO VFCO2 VFO2 Mtwl pfl
5.63E-06 0.0001 0.016775 0.179 28.9847263 364,298
A.T. Massey Sprouce Creek 7/17/94
Treated 12 Inches
EMD 567 D3
Locomotive 2598 Baro 30.04
0.83 95.2

1

17.9

8 328.6 7.9 0.01 1 1.48
8 332.8 7.9 0.01 12 15 17.9
8 340.8 79 0.01 12 1.48 17.9
8 345.8 79 0.01 12 1.58 17.7
8 351.6 7.9 0.01 12 1.47 17.8
8 352.4 7.9 0.01 12 1.48 17.8
8 354.8 7.9 0.01 12 1.47 17.8
8 356.2 7.9 0.01 1.2 1.46 17.8
8 359 7.9 0.01 12 1.45 17.8
8.000 346.889 7.900 010 1.178 1.486 17.822  |Mean

0 10.72245826 1.1921E-07 1.64636E-10 0.06666667 | 0.03811532 | 0.06666667 |Std Dev

VFHC YFCO VFCO2 YFO2 Mtw2 pf2

1.18E-06 0.0001 0.01485556 0.178222222 28.9506461 411,240

Performance factor adjusted for fuel density: 411,240 **% Change PF= 12.89

** A positive change in PF equates to a reduction in fuel consumption.

%



Table 1:
Summary of Carbon Balance Fuel Consumption Changes

% Change
Unit Engine THROTTLE Fuel Consumption
1 CAT 3412 Full - 5.69
2 CAT 3412 Full - 9.88
2598 EMD 567 4 -11.33
2598 EMD 567 6 - 6.93
2598 EMD 567 8 - 12.89

Average: - 9.34



Table 2:
Comparison of Smoke Spot Numbers

Unit No. Base SS# Treated SS# % Change

1 9.0 7.0 22
2 9.0 7.0 22
2598 (4) 3.0 1.0 66
2598 (6) 3.5 1.5 57
2598 (8) 7.0 3.5 50

Average: 43



Figure 1
CARBON MASS BALANCE FORMULAE

ASSUMPTIONS: C,,H, and SG = 0.82
Time is constant
Load is constant

DATA: Mwt = Molecular Weight
pfl = Calculated Performance Factor (Baseline)
pf2 = Calculated Performance Factor (Treated)
PF1 = Performance Factor (adjusted for Baseline exhaust mass)
PF2 = Performance Factor (adjusted for Treated exhaust mass)
CFM = Volumetric Flow Rate of the Exhaust
SG = Specific Gravity of the Fuel
VF = Volume Fraction
d = Exhaust stack diameter in inches
Pv = Velocity pressure in inches of H,0
Py = Barometric pressure in inches of mercury
Te = Exhaust temperature °F
VFHC = "reading" + 1,000,000
VECO = "reading" + 100
VEFCO, = "reading" <+ 100
VFO, = "reading" + 100
EQUATIONS:
Mwt = (VFHC)(86) +(VFCO)(28)+(VFCO0,)(44)+(VFO,)(32) +[(1-VFHC-
VFCO-VFCO,-VFO0,)(28)]
3099.6 x Mwt
pfl or pf2 =
86(VFHC)+13.89(VFCO)+13.89(VFCO,)
CFM = (d/2*w e 1096.2 % Pv
144 1.325 (Py/ET + 460)
pf x (Te+460)
PF1 or PF2 =
CFM
FUEL ECONOMY: PF2 - PF1
PERCENT INCREASE (OR DECREASE) x 100

PF1



Figure 2.

SAMPLE CALCULATION FOR THE CARBON MASS BALANCE

BASELINE:

Equation 1 (Volume Fractions)

VFHC = 13.20/1,000,000
= 0.0000132
VFCO = 0.017/100
= 0.00017
VFCO, = 1.937/100
= 0.01937
VFO, = 17.10/100
= 0.171

Equation 2 (Molecular Weight)

Mwtl =(0.0000132)(86)+(0.00017)(28)+(0.01937)(44) +(0.171)(32)
+[(1-0.0000132-0.00017-0.01937-0.171)(28)]

Mwtl =28.995

Equation 3 (Calculated Performance Factor)

pfl = 3099.6 x 28.995
86(0.0000132)+13.89(0.00017)+13.89(0.01937)

pfl = 329,809



Equation 4 (CFM Calculations)

CFM = (d/2)*x _® 1096.2 \/ Pv

144 1.325 {Py/(Te + 460)}
d =Exhaust stack diameter in inches
Pv =Velocity pressure in inches of H,0
Py =Barometric pressure in inches of mercury
Te =Exhaust temperature °F
CFM = (10/2)*w _* 1096.2 / .80
144 V1.325{30.00/(313.100 + 460)}

CFM = 2358.37

Equation 5 (Corrected Performance Factor)

PF1 = 329.809(313.1 deg F + 460)
2358.37 CFM

PF1 = 108,115

TREATED:

Equation 1 (Volume Fractions)

VFHC = 14.6/1,000,000
= 0.0000146
VECO = .013/100
= 0.00013
VECO, = 1.826/100
= 0.01826
VFO, = 17.17/100

= 0.1717



Equation 2 (Molecular Weight)

Mwt2 = (0.0000146)(86)+(0.00013)(28)+(0.01826)(44)+(0.1717)(32)
+ [(1-0.0000146-0.00013-0.01826-0.1717)(28)]

Mwt2 = 28.980

Equation 3 (Calculated Performance Factor)

pf2 = 3099.6 x 28.980
86(0.0000146)+13.89(0.00013) +13.89(0.01826)

pf2 = 349,927

Equation 4 (CFM Calculations)

CFM = (d/2)’x ® 1096.2 Pv
144 1.325 {Py/(Te + 460)}
d =Exhaust stack diameter in inches
Pv =Velocity pressure in inches of H,0
Py =Barometric pressure in inches of mercury
Te =Exhaust temperature °F
CFM = (10/2)*w __* 1096.2 \/ 75
144 1.325{29.86/(309.02 + 460)}

CFM 2320.51

Il

Equation 5 (Corrected Performance Factor)

PF2= 349.927(309.02 deg F + 460)
2320.51 CFM

= 115,966



Fuel Specific Gravity Correction Factor

Baseline Fuel Specific Gravity - Treated Fuel Specific Gravity/Baseline Fuel
Specific Gravity +1

.840-.837/.840+1=1.0036
PF2 = 115,966 x Specific Gravity Correction
PF2 = 115,966 x 1.0036

PF2 = 116,384

Fquation 6 (Percent Change in Engine Performance Factor:)

PF2 - PF1
% Change PF = x 100
PF1

% Change PF

[(116,384 - 108,115)/108,115](100)
= +7.65

Note: A positive change in PF equates to a reduction in fuel consumption.
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Item: 2 Code: CWV

1PM Sun 17 April WEST VIRGINIA this hour TODAY'’S DATA

TOWN WEATHER TEMP WIND FLSLK VIS HUM BRMTR HI LOW PCPN
Wheeling mstly cldy 62 W 11G23 54 20 35% 30.02s
Morgantown mstly cldy 63 NW 20G24 51 25 28% 30.00s 63 40
Clarksburg ptly cldy 62 W 21G29 49 25 26% 30.04f 62 44
Parkersburg ptly cldy 64 NW 11G29 57 20 25% 30.10r 64 38
Elkins ptly cldy 62 NW 21G31 49 25 24% 30.06s 62 38
Martinsburg mstly cldy 64 W 17G37 54 25 26% 29.94s 64 39
Huntington clear 67 NW 14G26 59 20 31% 30.12s 67 51 Trace
Charleston clear 66 W 11G30 60 20 24% 30.10s 66 45 0.03
Beckly clear 62 NW 22G30 49 40 21% 30.12s 62 41
Lewisburg clear 63 W 14G28 54 20 37% 30.06f 63 41
White SULESPE  cscscviscn vas s s o065 @ 686§ s @ & 66 5 5 5 56 5 & 5es @ 5 8 55 o o oiie to o o aree e o =
Bluefield clear 64 W 18G26 53 20 22% 30.11s 64 46
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Item: 4 Code: CWV
(Yo¥#PM Sun 17 July

TOWN WEATHER
Wheeling haze
Morgantown haze
Clarksburg ptly cldy
Parkersburg
Elkins hvy rain
Martinsburg

“Huntington haze
Charleston ptly cldy
Beckly lgt rain
Lewisburg light fog
White SulfSpg
Bluefield mstly cldy

WEST VIRGINIA this hour
TEMP WIND

83
83

SW 5
S 6
W 8
CALM
IS
NE 6
S 7
CALM
w 9

FLSLK VIS
96 6
96 6
93 7
89 7
99 b
99 10
89 10
85 8
89 7

HUM
59%
59%
65%

TODAY'’S DATA

HIT
84

LOW PCPN
76
63

65 Trace
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Interim Report
A.T. Massey Field Trial of FPC-1 Fuel
Performance Catalyst

Prepared by UHI Corporation
Provo, Utah

May 3, 1994



I. Introduction

FPC-1 Fuel Performance Catalyst is a burn rate modifier proven to reduce fuel consumption and
increase engine horsepower in several recognized, independent laboratory tests, and dozens of
independent field trials. The catalyst also has a positive impact upon the products of incomplete
combustion, primarily soot (smoke) and carbon monoxide.

The intent of the current trial at A.T. Massey is to determine the degree of fuel consumption,
smoke and carbon monoxide reduction resulting from the addition of the FPC-1 catalyst to the
# 2 diesel fuelling a select fleet of haul trucks. The test methodology for determining fuel
consumption is the carbon mass balance (CMB). The CMB method measures the carbon
containing products of the combustion process (CO2, CO, HC) found in the exhaust, rather than
directly measuring fuel flow into the engine.

This report summarizes the baseline fuel emissions data and computes the engine performance
factors (mass flow rates) for the same.

II. Discussion of Carbon Mass Balance Method

The data collected during the baseline fuel carbon balance test are summarized on the attached
computer printouts. The data provides the volume fraction (VF) of each gas is determined and
the average molecular weight (Mwt) of the exhaust gases computed. Next, the engine
performance factor (pf) based upon the carbon mass in the exhaust is computed. The pf is
finally corrected for intake air temperature and pressure, and total exhaust mass yielding a
corrected engine performance factor (PF). The baseline PFs are tabulated on Table 1 below.
The baseline PFs will be compared to FPC-1 treated fuel PFs and a percent change in mass
carbon flow rate (fuel consumption) computed. This percent change equates to the fuel
consumption change created by the addition of FPC-1.

Also, the treated fuel PF must be corrected for any change in fuel density (measured as specific
gravity), and therefore, energy content. The baseline fuel density is used as the reference. No
correction factor is shown in the attached printouts. These will be tabulated and shown in the
final report.

The CMB procedure is conducted while the engine is operated under steady-state conditions at
a high idle. No load is placed on the engine. Consequently, the engine is tested while operating
under conditions conducive to high efficiency and low emissions of the products of incomplete
combustion. The CMB results, therefore, represent minimum improvements, and FPC-1 created
engine efficiency should be higher under high load/transient operation.



Table 1. Comparison of Baseline PFs

Unit No. Engine Type Baseline PF
2 CAT 3412 56,921
1 CAT 3412 55,593
2598 (Notch 4) EMD 567 D3 73,350
2598 (Notch 6) EMD 567 D3 43,466
2598 (Notch 8) EMD 567 D3 26,557

III. Discussion of Bacharach Smoke Spot Method

Smoke density was determined using the Bacharach Smoke Spot method. The Bacharach method
draws a constant volume of exhaust gas through a filter medium. The particulate in the exhaust
gas sample collects on the surface of the filter medium. The surface is darkened by the
particulate according to the density of the particulate in the exhaust sample. The greater the
particulate density, the darker the color. The Bacharach smoke scale ranges from O to 9, with
0 being a white, particulate free filter, and 9 being a completely black filter.

The smoke spot (density) numbers for each engine tested are shown on Table 2 below. The
FPC-1 treated smoke spot numbers will be compared to the baseline smoke numbers.

Table 2: Smoke Numbers

Unit No. Smoke No.
2 9.0
1 9.0
2598 (Notch 4) 3.0
2598 (Notch 6) 3.5
2598 (Notch 8) 7.0
Fleet Average: 6.3

IV. Summary

The baseline CMB and Bacharach Smoke Spot procedures have been completed at A.T.
Massey. The Bacharach Smoke Spot test has also been done. Carbon monoxide emissions are

a part of the CMB, and therefore, are also available for comparison to the treated fuel
concentrations.

The A.T. Massey fuel system is treated with FPC-1. The engine preconditioning period will
be completed after approximately 500 hours of engine operation.



A.T. Massey 4/17/94
Baseline Inches
CAT 3412
Bull dozer Baro 30.12
Time: . 1240
Full Throttle 467.8 2.8 0.03 8 3.25 15.5
Full Throttle 468.8 2.8 0.03 8 3.25 15.4
Full Throttle 468.8 2.8 0.03 8 3.24 15.4
Full Throttle 469.2 2.8 0.03 8 3.23 15.4
Full Throttle 469.8 2.8 0.03 8 3.25 16.1
Full Throttle 469.2 2.8 0.03 8 3.25 16.1
Full Throttle 469.4 2.8 0.03 8 3.25 16.2
Full Throttle 470 2.8 0.03 8 3.23 16.3
Full Throttle 470.4 2.8 0.03 8 323 16.3
Full Throttle 469.8 2.8 0.03 8 3.23 16.3
#DIV/0! 469.320 2.800 .030 8.000 3.241 15.900 |Mean
#DIV/0! 0.743564986 0 0 0 0.00994429 | 0.4163332 |Std Dev
VFHC VFCO VFCO2 VFO2 Mitwl pfl PF1
8.00E-06 0.0003 0.03241 0.159 29.155024 189,152 56,921

‘Company Name:

A.T. Massey

Treated

CAT 3412

Bull dozer

8

Sprouse Creek

Inches

#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! |Mean
#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! |Std Dev
VFHC VFCO VFCO2 VFO2 Mtw2 pf2 PF2
#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

Performance factor adjusted for fuel density: #DIV/0! **0% Change PF= #i###

** A positive change in PF eq

to a reduction in fuel

‘4

%



Company Name:: A.T. Massey Sprouse Creck
Test Portion: Baseline 8
CAT 3412 15690
Bull dozer AD#: 1

Inches

4/17/94

30.12

Full T}'l-rottle 468.8 2.9 0.03 9 3.25 15.6
Full Throttle 473.6 2.9 0.03 10 3.23 15.7
Full Throttle 474.4 2.9 0.03 8 3.23 16
Full Throttle 475 2.9 0.03 7 3.9 16
Full Throttle 475 2.9 0.03 8 3.2 15.9
Full Throttle 475.2 2.9 0.03 1 3.19 15.9
Full Throttle 474.8 2:9 0.03 8 3.18 15.9
Full Throttle 474.8 2.9 0.03 9 3.18 16.1
Full Throttle 475.4 2.9 0.03 9 3.17 16.1
Full Throttle 475.2 2.9 0.03 9 3.17 16.1
#DIV/0! 474.220 2.900 .030 8.400 3.270 15.930 |Mean
#DIV/0! 1.971913904 5.6196E-08 0 0.96609178 | 0.22310934 | 0.17029386 |Std Dev
VFHC VFCO VFCO2 VFO2 Mtwl pfl PF1
8.40E-06 0.0003 0.0327 0.1593 29.1608872 187,516 55,593
Company Name: A.T. Massey Sprouse Creek TestDate:
Test ?B;i_fqri;;gz' . Treated 8 Inches
Engine Type: CAT 3412
Equipment Type Bull dozer m#: 1 ‘Baro:

ﬁuel Sp- Gravity:
8G Corr Facto

#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! |Mean
#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! |Std Dev
VFHC VFCO VFCO2 VFO2 Mtw2 pf2 PF2
#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

Performance factor adjusted for fuel density: #DIV/0! *%0 Change PF= AR

** A positive change in PF equat.

toar

duction in fuel pti

%



Company Name:. A.T. Massey Sprouce Creek Date: 4/17/94
Test Portion: Baseline 12 Inches
Engine Type: =~ EMD 567 D3
Equipment Type: - Locomotive 1D #: 2598 Baro 30.12
Fuel Sp Grqiiity(sg Temp::
Time: 1110
4 258.4 2.8 0.01 4 0.97 18.8
4 258.8 2.8 0.01 4 0.97 18.8
4 259.4 2.8 0.01 4 0.96 19
4 259.6 2.8 0.01 3 0.96 19
4 260.4 2.8 0.01 4 1.12 19
4 262.4 2.7 0.01 4 0.95 19
4 262.4 2.3 0.01 4 0.95 19
4 262.6 2.8 0.01 3 0.95 19
4.000 260.500 2.775 .010 3.750 979 18.950 |Mean
0 1.730400449 0.046291 1.24453E-10 0.46291005 | 0.0576783 | 0.09258201 |Std Dev
VFHC VFCO VFCO2 VFO2 Mtwl pfl PF1
3.75E-06 0.0001 0.0097875 0.1895 28.9148175 620,066 73,350

Test Portion:. .

Equipment Type

Fuel Sp. Gravity:

A.T. Massey

Treated

EMD 567 D3

Locomotive

Location:

Stack Diam:

Mite/Brss

ID #:

Temp:

Sprouce Creek

12

2598

Inches

‘Baro:

Test Date:

Time:

#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! |Mean
#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! |Std Dev
VFHC VFCO VFCO2 VFO2 Mtw2 pf2 PF2
#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!
Performance factor adjusted for fuel density: #DIV/0! **% Change PF= ##### | %

to ar

durti

** A positive change in PF t

9

in fuel

%



Company Name: A.T. Massey Location Sprouce Creek 4/17/94
Test:Portion:: - Baseline 12 Inches

EMD 567 D3

Locomotive 2598 30.12

Time:

6 5, 2

6 293.4 53 0.01 2 1.24 18.8

6 294.8 53 0 2 1.24 18.8

6 297.8 5.2 0.01 5 1.24 18.5

6 298.6 5.2 0.01 6 1.24 18.4

6 299.6 52 0.01 6 1.23 18.3

6 300.8 5.2 0.01 6 1.24 18.2

6.000 296.971 5.243 .007 4.143 1.239 18.543 |Mean

0 2.956188022 0.05345225 0.0048795 2.03540098 | 0.00377964 | 0.2572751 [Std Dev
VFHC VFCO VFCO2 VFO2 Mtwl pfl PF1
4.14E-06 7.14286E-05 0.01238571 0.185428571 28.940126 492,738 43,466

A.T. Massey Sprouce Creek Test Date:
Treated 12 Inches
Engine Type: =~ EMD 567 D3
Equipment _Typé Locomotive D #: : 2598 Baro:

#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! |Mean
#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! [Std Dev
VFHC VFCO VFCO2 VFO2 Mtw2 pf2 PF2
#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!
Performance factor adjusted for fuel density: #DiV/0! e Change PF= #it### | %o

** A positive change in PF tes to a reduction in fuel

9

/4



Test Portion:

Engine Type::
Equipment Type:::

Fuel Sp. Grayity(SG

A.T. Massey

Baseline

EMD 567 D3

Locomotive

Sprouce Creek

12

2598

Inches

Date:

4/17/94

30.12

5 " 334.6 8.1 0.01 5 1.67 18
8 331 8.1 0.01 5 1.67 18
8 334 8.1 0.01 8 1.68 17.9
8 334.8 8.1 0.01 5 1.66 179
8 335 8.1 0.01 5 1.68 17.9
8 335.4 8 0.01 5 1.69 17.9
8 338 8 0.01 6 1.69 17.8
8 337 8 0.01 6 1.68 17.8
8.000 334.975 8.063 .010 5.625 1.678 17.900 |Mean
0 2.082409319 0.05175492 1.24453E-10 1.06066017 | 0.01035098 | 0.07559289 |Std Dev
VFHC VFCO VFCO2 VFO2 Mtwl pfl PF1
5.63E-06 0.0001 0.016775 0.179 28.9847263 364,298 26,557
Company Name: A.T. Massey :Location:: Sprouce Creek Test Date:
Treated ‘Stack Diam: 12 Inches
‘Engine Type: EMD 567 D3 Mile/Hrs:
Equipment Type. Locomotive 2598

Time:

#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! [Mean
#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! |Std Dev
VFHC VFCO VFCO2 VFO2 Mtw2 pf2 PEF2
#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

Performance factor adjusted for fuel density: #DIV/0! *%0p Change PF= g

** A positive change in PF equat,

to a reducti

in fuel pti

%



Carbon Mass Balance Field Data Form

Company: AT PAEC Y Location: S Ri(.9f Test Date: /i/// 7/ 24

Test Portion: Baseline:__4/ Treated: Exhaust Stack Diameter: Z_Inches N
Engine Make/Model: AT 34 1A “Mites/Hours: £ 490 1D #:_(___ \%
Type of Equipment: _p0Z £ Il % ¢

Fuel Specfic Gravity: @: °F) Q
Barometric Pressure: inches of Mercury Start Time:_/ | 4 = ﬁ /V)

Names of Customer Personnel Participating in Test: 2’,\’ i 7/‘ =/ o

ik/t«ak(@«
/9 . 60“74‘ = C}r

:;P) /‘3?— Le M 'C-«c.(»:

Signature of Technicians:




Carbon Mass Balance Field Data Form

Companyﬁ:r MASS Y W{Locaﬁonwest Date/ff! 2 [ i \
Test Portion: Baseline: y / Treated: Exhaust Stack Diameter: G/ Inches N 3\&

Ny

Engine Make/Model BT 3H) 1 3. Mtes/Howsig 71§ 1.DH#_\
Type of Equipment: ;@_U_(‘b_%_% -l ’_ti /

Fuel Specfic Gravity: @: (°F)
Barometric Pressure: inches of Mercury Start Time:/ A’ 2 < /0/)7

Signature of Technicians:




g

3
¥

Carbon Mass Balance Field Data Form

Company:a 7= M B S § £ LocationdF A7 {Test Date: Léz 171 94 \ %9
Test Portion: Baseline:_v Treated: Exhaust Stack Diameter: JLGN%CTZ/ | % 0

Engine Make/l\/Iodél:%’_‘lm;_m,MileS/Hours& ﬁ I.D.#'d 45 ( Ko #) J §\
Type of Equipment: [~ ¢ O g T IV § Q&

Fuel Specfic Gravity:’:%f\‘ 0 rg 3’% @: (°F) \ \ql jb?

77

DT~

</ i Q.
39\‘44» Bardmetric Pressure: _ =~ inches of Mercury Start Time:/ | L 1) % Q

RéLAy S

Gk

)7 s 170‘;

Names of Customer Personnel Participating in Test: /

Signature of Technicians:




Carbon Mass Balance Field Data Form

Company: Location: Test Date:
Test Portion: Baseline: Treated: Exhaust Stack Diameter: ___Inches . 3
Engine Make/Model: Miles/Hours:____ 1D #7775 > "}\
Type of Equipment: Lz e Tnp %ba
Fuel Specfic Gravity: @: (°F)

T 4 77
Barometric Pressure: <, L “—inches of Mercury Start Time:

NPy NP

o P

Names of Customer Personnel Participating in Test: % %_‘_\

e

Signature of Technicians:




Carbon Mass Balance Field Data Form

y .
Company: Location: Test Date: 65 ﬁ» ? K

Test Portion: Baseline:________ Treated: Exhaust Stack Diameter: ___Inches
Engine Make/Model: Miles/Howrs:_____ LD#:24~9 >
Type of Equipment: Lo o ﬂyv,,

Fuel Specfic Gravity:
Z‘C\’ ‘ ( T~ .
ometric Pressure: adi inches of Mercury

I3 2

SPLD
DYy
33 <
3¢, &

Names of Customer Personnel Participating in Test:

Signature of Technicians:




Carbon Mass Balance Field D a Fo

Company:A TMMS}’/V Locatiqi:ZfRous < Q@k&gDaﬁe;v? >/
Test Portion: Baseline: Treated:__y/_ Exhaust Stack Diameter- & Inches

Engine Make/Model: Ca1" 34/ 2 Méilgs/Hours: Zéﬁg ILD#_ /
Type of Equipment: _ /20 Z & &

Fuel Specfic Gravity: __« 67} D @: g ) 5 (QF)
~ o\ g W"
Barometric Pressure: ﬂzf(‘\’ a inches of Mercury Start Time: N E?C

Names of Customer Personnel Participating in Test: &VN - _ }g
)“7’ Sl

MCK‘??: 7

~ Signature of Technicians: ‘; P l \
);«n |

T @

3 17/57 &




L

Carbon Mass Balance Field Data Form A ' =

24>/ : [
Company:Q 7-MA S5~z Y Locations2Ro v s& Cgsest Date: 9 Y 6)5
Test Portion: Baseline: Treated:_ v~ Exhaust Stack Diameter: £ Inches

Engine Make/Model: C47 S %4/ 2 dﬁes/Hours/ﬁfoI.D.#:_&__
Type of Equipment: /2erg, pZ &R

Fuel Specfic Gravity: _ 4 X A 0 ._z.__ C°F)
Barorﬁetric Pressure: "L}Q go& inches of Mercury Start Time:_| W

VD, &

442,49

Yy y
FL£2. 8

H D &
408

4L 50
YL5Y
T45.4

Signature of 1 emmcmns




Carbon Mass Balance Field Data Form W

Company v, Locanor;,.f' st Date: - 5 ‘
Test Porllon Baseline: - Treated: :i Exhaust Stack Di eter:*v:__/_ ﬁﬁé?

Engine Make/Model: LMY A7 2.3 Miles/Hours: _ALQ_ ID# XS 95
Type of liquipment: _ Ao 2o Mo T 2VE

Fuel Spegfic Gravity:‘ o X— 3 @)

Barometyic pressure: 500 ‘ inches of Mercury

Names of Customer Personnel Participating in Test:

T

/N e
,//L///*’

Signature of Technicians: /g-/}'mol\o = # /

/ f:/“




Carbon Mass Balance Field Data Form ﬁ

Company 4 T¥N A srzy LocationiPRou fz E‘gigji Test Date: ggz z/ 7 < 5 " §
Test Portion: Baseline: Treated: Exhaust Stack Diameter: ___Inches

Engine Make/Model: _ Zmp %2 N3  Miles/Hours: _@Zﬁ_ I.D.#M
Type of Equipment: Lo0C o a0 7,128

Fuel Specfic Gravity: 2 5% 3 O @_ﬂ (°F)

o o4 . .
Barometric Pressure: e inches of Mercury : Start Time:

* Signature of Technicians: _

L —




Carbon Mass Balance Field Data Form f 3, 3
Company:A Tma rrcy Location;&&o_gf‘&ﬂest Date: 212 ;Z e j 90
Test Portion: Baseline: Treated:__ Exhaust Stack Diameter: ___Inches

Engine Make/Model: SMmp 42 237 Miles/Hours: p /2 1D# 252§

Type of Equipment: A2 Connpion. £
Fuel Specfic Gravity:‘ e 3D @3—%:_3_ °F)

Barometric Pressure: W D\\ inches of Mercury Start Time:

Names of Customer Personnel Participating in Test: i g\

- Signature of Technicians:

[ —— e e —




1
g\, : Carbon Mass Balance Field Data Form

Company:27= M B S{ £ LocationdR pUCs cRerfTest Date:_4/17 ) 94 \ }
Test Portion: Baseline:_sz_ Treated: Exhaust Stack Diameter:/%k%cbfz/

N

Engine Make/Model: SL Miles/Hoursy) A\ L. D.#'aﬁg ( Moo #)
W Type of Equipment: _[~-" ¢ 0 ;v T IV T
RIS ’7{

39\4"; Bardmetric Pressure: P A" chesof Mercury Start Time:/ ] ¢ 10

RSLAY =
i

Fot
)2 S% 170°

Fuel Specfic Gravity: @:

Names of Customer Personnel Participating in Test:

Signature of Technicians:




Carbon Mass Balance Field Data Form

§)
Company: Location: Test Date: &3
Test Portion: Baseline: Treated: Exhaust Stack Diameter: ___Inches
Engine Make/Model: ' MilesfHours: ' I.D.#:iﬁﬁc?/
Type of Equipment: L‘)——rm ; '/'fyvA
Fuel Specfic Gravity: @______(°P
. 4&9 1 ( T . %
omgtric Pressure: inches of Mercury Start Time:

Names of Customer Personnel Participating in Test:

Signature of Technicians:




: Carbon Mass Balance Field Data Form

Company: Location: Test Date:
Test Portion: Baseline: Treated: Exhaust Stack Diameter: ___Inches

Engine Make/Model: Miles/Hours: ' LD#:. 7 i’z S '2/ j\

Type of Equipment: ___ Loz v o s %DA
Fuel Specfic Gravity: @ ________(°PH
Barometric Pressure: ZO A 7’/inches of Mercury Start Time:

SN N AN AN LN

NI N

Names of Customer Personnel Participating in Test: W ﬁ;

Signature of Technicians:




carpon Mass Balance Field Data Form

Company:A .T.Massey Location:srmo use Cnee&fest’Date: 04/17/94
y Test Portion: Baseline: XXXX Treated: Exhaust Stack Diameter: 8 _Inches
' 1728 2

Engine Make/Model: O M&/Hours: 145 LD.#:

Type of Equipment: Bult Dozern

Fuel Specfic Gravity: @: (°F)
N { = . )

Barometric Pressure: 20, ( inches of Mercury Start Time:__/2:40 PM

Smoke chip forn test = 9; Engdine Temperature for Lest = T90° F

fiﬁ&msf
fH,

¥

[BRATION ¢ ITE DEL
2.8 . 8

2.8 . &

Names of Cirstorler*PetionneX Participating in Test:

Independent Obsenrvens

E_M__(Enuie) Rogona Richand I . (pofe] Runyon

Signature of Technicians:

Craig FLindenrs Kim LeBaron




- Carbon Mass Balance Field Data Form

" A
v Company:A.T.Ma.Ab ey Locaﬁon;SPROUSE CREE'TestDate: 04/17/94 (’QT >
Test Portion: Baseline: XXX Treated: Exhaust Stack Diameter: f__Inches .
Engine Make/Model: CAT 3477 _Miles/Hours: 15690 1p#: 1 T
Type of Equipment: BULLDOZER
Fuel Specfic Gravity: @ (P
Barometric Pressure: %Q/ il inches of Mercury Start Time:_/ :05 PM

Smoke Chip fon Zest = 9 ; Engine Tempenrnatune for test = 180°F

RUN
AT 468.8

FULL Therne wgs a sevep minute betwee

THRO-
tile 473.6 2.9 .03 3.23

ENTIRE
TEST

474 .4 2.9 =03 <23

CALIBRATION A
475.0 2.9 .03 .19

475.0 . .03 .20

475.2 : «03 19

474.8 . .03 .18

CALTBRATION A

474 .8 2.9

475.4

475.2

Names of CustonferPeridnnel Participating in Test:
Independent Obsenvens

E. M. (Eandie) Rogens Richand L. (Pete) Runyon

Signature of Technicians:

Craig FRindens Kim LeBaron

NL -



Carbon Mass Balance Field Data Form

~ "
CAT %,

Company:A.T.MCLbb ey Locaﬁon:SPROUSE CREEfq'estDate: 04/]7/94 . '&&f r
Test Portion: Baseline: XXX __ Treated: Exhaust Stack Diameter: ¢_Inches '.

]
Engine Make/Model: CAT 3417 Miles/Hours:/ 5690 1D #:_! ' P -
Type of Equipment: BULLDOZER
Fuel Specfic Gravity: @: (°F)

/,) ) | T~ 3 . .

Barometric Pressure: __ <\ = inches of Mercury Start Time:_! 105 PM

Smoke Chip forn test = 9 ; Engine Temperaturne forn test = 180°F

RUN
AT
FULL Therne wd minutd
THRO- )
247 o 473.6 < .03
ENTIRE
TEST

474 .4 . .03

CALIBRATION A
475.0 2.9 .03

475.0 . .03

475 .72 . .03

474.8 . 03

CALIBRATION 4 2 MINUTE DEL
474 .8 2+9 .03 9

<\»\ B

475 .4 . .03 9

475.2 . .03

Names of CusionferPeridnnef Participating in Test:

Independent 0Observens

E. M. (Eandie) Rogens Richand L. (Pete) Runyon

Signature of Technicians:

Cradlg FLindens Kim LeBaron




-~ A T

_y 8.y

Carbon Mass Balance Field Data Form
Sprous e Cneeti.e

Company: Location: st Date: 04717194
Test Portion: Baseline: XXXX Treated: Exhaust Stack Diameter: ¢ Inches

A.T.Massey

' 2
Bngine Make/Model; %% 2412 o5 725D 4.
Type of Equipment: _Butl Dozexr —

Fuel Specfic Gravity: @: (°F)

“D 11

Barometric Pressure: __ 2. |~ inches of Mercury Start Time:__12:40 PM
Smoke chip forn fest = 9; Engine Temperature fon test = T90° F

[BRATION ¢ (TE DEL

2.8 . &

2.8 . &

Names of CuStomer'PetsoneKParticipating in Test:

Independent Observens

E. M __(Esnunio]l Rogoha Richand I, (pete) Runyon

Signature of Technicians:

Craig FLindens Kim LeBaron




Carbon Mass Balance Field Data Form

Company: Location: Test Date:

Test Portion: Baseline: Treated: Exhaust Stack Diameter: __Inches }
Engine Make/Model: Miles/I—Iours:_;_ ID#. 23T > [’j\
Type of Equipment: __Loor o . o S(/}S 5
Fuel Specfic Gravity: @: (°F)

Barometric Pressure: 20l T—inches of Mercury

SN N NG N <N

oN 5N\

Names of Customer Personnel Participating in Test: S;W‘ﬁ/g\{ %L
2
& - g

Signature of Technicians: y L1 \




Carbon Mass Balance Field Data Form

) .
Company: Location: Test Date: 6‘5 \%» g j

Test Portion: Baseline: Treated: Exhaust Stack Diameter: __Inches
Engine Make/Model: Miles/Hours:______ LD.#:24~ 3 >
Type of Equipment: Lyt e n " ‘fiy

Fuel S‘,Qecﬁc Gravity: @:

CF) &\
. 7 ( g ) / \ r%
omgtric Pressure: inches of Mercury Start Time: Jﬁi

Names of Customer Personnel Participating in Test:

Signature of Technicians:




g Carbon Mass Balance Field Data Form

~— Company:& — M A S § £ Locatlowﬁf est Date:_ 41/ 7194 \ (\%3
\ Test Portion: Baseline:_v Treated: Exhaust Stack Diameter: /a\bl%c_lle

_ | X
- Engine Make/Model: %leéﬂi Mﬂes/Hours\h_ﬂ_ 1D#Q.98 (Losn ;!7«‘) J ﬂ
W S Type of Equipment: _] chhagTINvE %

W

p 4 7 i (;T
Q\:q’\f’ Bargmetric Pressure: ‘7£\ (& inches of Mercury Start Time: __Q.' | % \

Fuel Specfic Gravity: @:

e Inches
ofH,O

Names of Customer Personnel Participating in Test:

Signature of Technicians:




Carbon Mass Balance Field Data Form

| Is o
Company:A Tma rrcy  LocationSPRioss cg g2 Test Date:/Z/ Z ;( 2y J J
E Exhaust Stack Diameter:

Wi

Test Portion: Baseline: Treated: ___Inches
Engine Make/Model: £Mp $62 7 7 Miles/Hours:_ o 2 LD.# 257 5

Type of Equipment: A2 Connpion £

Fuel Specfic Gravity: 53D @: @ s. 2 (°H
Barometric Pressure: W DO\ inches of Mercury Start Time:

Names of Customer Personnel Participating in Test: (j\\

Signature of Technicians: e 3.5




Carbon Mass Balance Field Data Form ﬂ 0{) N 3
Company:4 T A syz>v LocationfPR ou gi; %Qﬂ Test Date: 7’42,2 [T 5 g
Test Portion: Baseline: Treated:_j Exhaust Stack Diameter: ___Inches

Engine Make/Model: _£mpn $72 /)3 Miles/Hours: u; /a 1D#IC S aﬁ
Type of Equipment: 200 o a0 0 7, 12 ~

Fuel Specfic Gravity: 2 % 3 @ 25722 P
~ DX ,
Barometric Pressure: M inches of Mercury Start Time:

Exhaust | PInches | %
Temp °F § of H,O

N2 ~
- Signature of Technicians: \ |




Carbon Mass Balance Field Data Form f
Company: 4T MASTS Y LocanonJﬁga;ﬁ; LEsZRest Date: %%7 /74 (/:

FRX
Test Portion: Baseline: Treated: ;é Exhaust Stack Dianieter:% Inch%s?‘

Engine Make/Model: /ML A7 .7 Miles/Hours: NAQ 1D#RASP5
Type of Equipment: _ AL Q2@ i T 2 X &

Fuel Specfic Gravity: _e yJ @) @: E Z (°F)

> A
Barometric Pressure: 170 il inches of Mercury

' -Exhal_l's_',t‘f
Temp °F

/st I¥s
I§5 190

A

Names of Customer Personnel Participating in Test:

/2 ented
Signature of Technicians: /S’M :# ;




Carbon Mass Balance Field Data Form

p— / : ; | ( { }
Company:@Q 7 /A 55y Locations2Ro v s& Cg2Test Date: £ )2/ 4 &5 M/S
Test Portion: Baseline: Treated:__\~"_ Exhaust Stack Diameter: £ Inches b

Engine Make/Model: C47_ 34 /2 dﬁiﬁsﬁomsi‘m.D#: L
Type of Equipment: LSe/p , D22 E/T

Fuel Specfic Gravity: _4 X A () @_M (°F) _
Barometric Pressure: /L;‘\J ‘QQSZ inches of Mercury Start Time:mi‘w 4

P 'I:hcheé‘fff

Exhai;sf‘;, :

Temp °F | of H,O

/5"
(7D
/5

J s D

Signature of Tecnnicians:




Carbon Mass Balance Field Data Form |

. 7 » J
Compan}'/.A T/»i{ ﬁ'}‘ii‘;\{_ Location:Zfoys £ CLs/Tkst Date: ng {; / @é /
Test Portion: Baseline:_ Treated: /" Exhaust Stack Diameter- Z Inches

Engine Make/Model: CaT 34/ 2 Milgs/Hours: Zéﬂg ID#:__/
Type of Equipment: _ /2 2 § £

Fuel Specfic Gravity: __, 673 D @: %;2 L S’(:F)
T

R x\ < f /,'
Barometric Pressure: (v e inches of Mercury Start Time: % A \1/‘/

”
-

S(u_, A
|

A

Names of Customer Personnel Participating in Test: L;:y\; P T;y‘ < } 5/0

* Signature of Technicians: (i~
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