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I. Objective of this Package

The objective of this manual is to promote diesel-powered pump testing in California. This
package assembles the latest methodology, procedures, reference materials and software
available to successfully and accurately test a diesel-powered pump. This package is not
meant to create or redefine any existing or proposed standard for pump testing, under either
laboratory or field conditions. Additionally, it assumes that the reader is familiar with
standard field test methods for electric-powered pumps. Appendix 4 is included as a
reference for these methods.

I1. Importance of Diesel-Powered Irrigation Pumping in California

Diesel-powered pumps (hereafter termed “diesel pumps”) compose a significant proportion
of large pumps in California agriculture. According to the California Air Resources Board
(CARB, 2006), there are an approximately 12,535 diesel irrigation pumps statewide, with an
estimated 8,700 well pumps and 3,800 portable booster pumps. The average engine size in
the San Joaquin Valley is about 195 nameplate horsepower, and with an estimated 75% load
factor, the connected load is about 145 brake horsepower (BHP). In comparison, a 1994
study of electric-powered pumps (hereafter termed “electric pumps”) found approximately
22,000 electric pumps in PG&E and SCE that were 50 horsepower (HP) and above (Solomon
and Zoldoske, 1994). An assumption is made that electric horsepower sizes of 50 HP and
above most closely approximate the diesel engine pump population. A 50 HP electric motor
pump would normally require a diesel engine rated at 70 to 80 brake horsepower. Statewide,
a rough estimate of the current (2007) inventory for all pumps electric and engine (diesel or
natural gas-powered) is that there are 35,000 to 45,000 irrigation pumps of 50 BHP and
larger, and that diesel drivers compose approximately 10,000 to 13,000 pumps, or about one
third of the population in this size category.

Given the scope of energy usage by diesel irrigation pumps, their importance to agriculture in
California, and their impact on air quality, it is reasonable to assume that maintenance of
diesel pump efficiency would be a priority to the state and its residents. CIT, with the help
of Valley CAN and the United States Environmental Protection Agency (USEPA), has
offered a pilot program of testing and retrofit incentives targeting this group. The results of
this program have encouraged transition to a second phase effort of developing the test
software, methodology, and resource manual that will help expand professional testing
services for these pumps.

. The Diesel Pumping Efficiency Program

The Diesel Pumping Efficiency Program (DPEP) was developed and implemented by the
Center for Irrigation Technology at California State University, Fresno. DPEP is a multi-
purpose program in that it addresses four major resource management issues in California
today:

Air Quality

Energy Conservation
Water Conservation
Water Quality



DPEP operated as a pilot-level program in 2005 and 2006 with funding from the USEPA and
Valley CAN. The goal of DPEP is to improve the efficiency of diesel-powered pumping
plants and their management. An improvement in the pumping plant’s efficiency results in a
direct decrease in fuel consumption and emissions per gallon of water pumped. Also, all
things being equal, if management is improved, the required amount of pumping is
minimized.

The DPEP consisted of three basic elements -- pump testing, pump retrofit incentives and
education. These elements provided farmers and managers with the information and
financial incentives needed to improve and maintain optimum performance of their
equipment.

. Current Pump Testing in California

Electric pump testing is a well-established service in California, although since the late
1990’s it has not received consistent user supported funding outside of the SCE service area.
Tests are performed by one of four groups: electric and natural gas utilities, pump repair
companies, private consultants, and public service extension agents.

Significant training is required for a tester to be qualified, although there is not yet a
definitive standard for coursework or competence. Traditionally, it has been the electric
utilities that developed and implemented training programs for their internal use. Basic
training and a written examination have also been offered by Cal Poly San Luis Obispo at
their Irrigation Training and Research Center (ITRC- current information can be found at
www.itrc.org). In absence of a professional pump tester certification, the Center for
Irrigation Technology (CIT) has adopted the following minimum levels for potential testers:

Minimum Experience Requirements

“At a minimum, Potential Testers must show that they are either:

» Aformer or current employee of an investor-owned or municipal utility, who
is testing (did test) agricultural pumps for efficiency as a matter of normal
duties

» Aformer or current employee of a pump repair/installation company that has
been in business for at least 5 years, who is testing (did test) agricultural
pumps for efficiency as a matter of normal duties

» A former or current employee (or owner) of a company whose business was
(is) testing agricultural pumps for efficiency and who does (did) so on behalf
of this company as a matter of normal duties

» On request, the applicant can show that they have tested at least 75
agricultural pumps (40 of which were water wells). Evidence could include
submittal of pump test reports.”


www.itrc.org

V. Efficiency and Pumping

Efficiency is defined in mathematical terms as the ratio of the equipment’s output energy to
the equipment’s input energy. The output and input must be in the same measurement units
(eg, horsepower, or kilowatts, etc.). In pump testing, horsepower is the unit used. Various
designations may be used to describe the horsepower measurement, for example:

V.1 Input Horsepower (IHP) is a term expressing the energy potential of a fuel source,
such as cubic feet of natural gas, gallons of diesel fuel, or kilowatts of electricity. Fuel
energy Vvalues are described by their BTU (British Thermal Unit is defined as the amount
of thermal energy required to raise the temperature of 1 pound of water 1 degree
Fahrenheit at sea level) content per volume measurement. For example, a gallon of diesel
fuel might have a rating of 138,700 BTU per gallon. The horsepower value is a
conversion of the BTU content over time, for example, 1 horsepower = 2547 BTU per
hour. Thus, a diesel engine that consumes 5 gallons of fuel with a BTU value of 138,700,
has an input horsepower (IHP) of 272 HP:

IHP =5 gallons per hour x 138,700 BTU per gal / 2547 BTU per hr = 272 IHP

IHP may also be called “Thermal Horsepower” which descriptively avoids some of the
confusion. Note the relationship of 1 gph diesel to 54.4 IHP, and the relationship
described below in the summary of 1 gph diesel to 20 BHP.

V.2 Brake Horsepower (BHP) is the mechanical, rotating energy resulting from the
conversion of the fuel source. It may be specified as to its location—for example, BHP
developed by the engine or electric motor; or BHP delivered to the pump bowls. It is
important to know the exact reference point. Manufacturers specify these numbers in order
to rate their equipment. For example, a gear head might be rated for 100 BHP, or a pump
end might require 82 BHP at its design rpm and operating conditions. These horsepower
ratings or requirements will not be the same BHP required to be delivered from an electric
motor or from an engine.

Brake horsepower is used to perform a cost analysis, to estimate new pump loading, and to
estimate an OPE for the retrofitted pump. It is also critical information for determining
projected load when conversion to an electric motor drive is under consideration.

For an engine, the engine nameplate HP is generally the maximum brake horsepower
developed by the engine at the flywheel. The rating may be given as either an intermittent
or continuous horsepower rating. The rating will usually be specified at a certain rpm. It
may or may not include certain ancillary loads attached to the engine, such as a fan, engine
water pump, muffler, or emission catalyst. The exact meaning of the nameplate
horsepower may require examination of the engine manufacturer’s specification sheet (also
called, “cut sheet”). Engine cut sheets for new engines can often be downloaded from the
internet. A CD is included with this manual that contains specifications for many of the
engines commonly found in the Fresno area.



V.3 Water Horsepower (WHP) is the energy transferred to the water from the rotating
pump. It is transferred in terms of water flow rate, pressure or total dynamic head (TDH),
and velocity head. Velocity head is usually ignored in a field test for pumps, although it
can make up a significant portion (~10 %) of the TDH for low lift pumps, and in pumps
with a large difference between the suction and discharge sizes (Volk, 1996 pp 54-55).
Friction loss components of TDH are also ignored here, due to difficulties in knowing the
presence/absence of screens, pump setting depths, and sizes and conditions of column pipe
and tubes.

In summary, the equations and relationships for OPE, IHP, BHP, and WHP follow:

Overall pumping plant efficiency (OPE) is defined as:
OPE =100 x WHP / IHP [1]

Where:
OPE = overall pumping plant efficiency as a percent
WHP = water horsepower output from the pumping plant
IHP = power input to the pumping plant as the energy potential of the fuel

And:
WHP = Q x TDH / 3960 [2]

Where:
WHP = water horsepower output from the pumping plant
Q = flow in gallons per minute from the pump
TDH = total measured dynamic head in feet developed by the pumping plant

And:
IHP = gallons per hour fuel flow x BTU value per gallon** / 2547 BTU per HP [3]

Recall that BHP does not enter into the efficiency equations. A rough approximation of
BHP is made by using the rule of thumb; 1 gallon of diesel fuel is equal to 20 BHP. Note
that this would assume an engine efficiency of approximately 36.8% (20 BHP / 54.4 IHP
per gallon = 0.368). An expanded discussion of BHP is found below.

**Standard diesel is 130,000 BTUs per gallon. However, California regulations through
2005 required special low aromatic diesel formulations—most of these formulations used
cetane number additives that increased BTU content (Chevron, 1998). With 2007
mandates for ultra-low sulfur diesel formulations in place, one Fresno area petroleum
vendor serving the ag diesel market is selling the new diesel formulation with a BTU
content of 129,500 (John Bryant, personal communication). When possible, actual BTU
contents should be obtained.



Example problem: A diesel irrigation pump consumes 5 gallons of fuel per hour, and
produces 1,200 gpm with a total measured head of 200 feet. The BTU content of the fuel
i$ 129,500. Find the OPE of the unit.

Step 1: Determine input horsepower (IHP). Use equation [3]:

IHP =5 GPH diesel x 129,500 BTU per gal / 2547 BTU per HP = 254 IHP
Step 2: Determine the water horsepower (WHP). Use equation [2]

WHP = 1,200 gpm x 200’ / 3960 = 60.6 WHP.

Step 3: Determine the OPE of the unit. Use equation [1]

OPE =100 x WHP / IHP = 60.6 WHP / 254 IHP = 23.9%
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V1. Field Pump Testing, Methods and Equipment

Field pump tests establish the actual operating characteristics of the pump in its environment.
Laboratory tests share some similarities with field pump tests, but are different in many
ways.

Laboratory tests are conducted in a controlled environment with prescribed hydraulic,
mechanical and electrical equipment. The tests are carefully controlled and all test
equipment meets prescribed standards. Normally, only the bowl assembly of a turbine type
pump is tested for operating characteristics (Hydraulic Institute, 2000). All other conditions
such as column losses and motor efficiencies are calculated or calibrated as needed. The
results of the test are normally plotted and presented as a head-capacity curve with additional
curves for brake horsepower (BHP), pump efficiency, and net positive suction head (NPSH).

Field tests are conducted with the same care but under conditions present in the field. The
test technician is faced with the limitations of the installed equipment configuration. This
may include the lack of unobstructed flow test sections of the prescribed length, poorly
placed pressure measuring ports, cascading water in wells, gasses in the discharge flow,
vortexes at the pump inlet, and difficulties in obtaining a suitable location to measure power
input. Sometimes a field test can not be made with acceptable accuracy. One common
barrier is the lack of a well sounding tube or well entrance which prevents the measurement
of standing and pumping water levels.

The limitations of laboratory and field tests must be understood. A laboratory test certifies
the performance of the pump bowls as assembled for a specific condition. The efficiency
shown is pump efficiency (also referred to as bowl efficiency or impeller efficiency), which
normally excludes the driver and any other influence. Hydraulic Institute Test Procedures
specify that a minimum number of seven test points are required, per given electric motor
pump speed.

A field test considers the entire pump installation, including the driver (engine or electric)
and any equipment upstream of the pressure check point, such as inlet strainers and check
valves. The overall plant efficiency will always be lower than pump efficiency. Field tests
may not have an option of varying the pump discharge conditions, or operating rotations per
minute (RPM). Field tests should be conducted in accordance with H.I. test procedures to the
fullest extent possible.

With a diesel pump, we recommend that three different test RPMs be used—standard
operating condition and RPM, 1775 RPM pump shaft, and an RPM that is either higher, or
lower than, the 1775 RPM test, depending on the standard operating condition. As an
example, on a gear head at 1 to 1 ratio, standard engine operating and pump shaft RPM might
be 1780. Suggested test speeds could be 1700 RPM, 1780 RPM, and 1850 RPM. However,
the pump tester must exercise discretion and caution when changing operating RPMs, as it
can be hazardous to people and dangerous to equipment. Accelerating equipment
significantly beyond its designed operating condition can be unsafe and unwise.
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VII. Measure Power Input (Fuel Flow)

Fuel consumption by an engine can be quantified using volumetric or weight measurements
over time. Flow meters are a safer and more convenient method. In some modern engines
with computerized controls, direct readouts can be obtained using a laptop computer or
handheld electronic device and appropriate software. This method is not discussed here.

Measuring fuel flow with a meter requires inserting a measurement device between the supply
tank and the engine. When fittings or hoses are disconnected, this can introduce air into the
fuel system. Diesel engines can experience starting or running problems if air is present in the
fuel. Great care must be taken to fully bleed all air introduced into the system during the
process. A priming pump should be incorporated into the measuring system.

A diesel engine has a fuel supply line and a fuel return line. The fuel flow rate in the return
line is designed by the engine manufacturer to adequately meet cooling requirements for the
injectors under all operating conditions. Fuel returned will be warmer than the fuel supply.
The manufacturers also provide specifications on how much distance is required before the
return fuel can be looped back into the supply line, or whether this fuel must be returned to the
fuel tank itself.

Lee (personal communication) developed a fuel flow meter apparatus. This meter measures
all fuel coming in from the supply line. Downstream of the meter, a 3-way valve is installed.
Actuating this valve allows the return fuel to be routed back to the main tank (normal
condition), or mixed in to the fuel going to the engine (test condition) (see Appendix 1). The
heart of the system is a Neptune Actaris VLF Flowmeter (mention of this brand does not
imply endorsement). Figure 1 is an example of the finished product.

= 2 ” . o

Figure 1, Pump Check's Fuel Flow Meter
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In addition to the meter itself, the system includes filtration and water separation (to protect
the meter, as well as provide additional protection to the engine), a priming pump to aid in air
removal, a 3-way valve, and hoses and fittings to accommodate different situations in the
field. The assortment of fittings needs to be extensive, as there is not a standard situation in
the field. Some installations use simple fuel line and barb fittings, while others use custom

hydraulic hose or rigid pipe.

Figure 2, Hydraulic Fuel Line and Fittings. Note looping of return line at this point.

BN

Return
Line

Figure 3, This engine has the return line and supply line looped at the
engine. Not recommended by the engine manufacturer as there is not
adequate cooling of the fuel before returning to the injectors.
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The Neptune flow meter arrangement is recommended over volumetric or weight
measurement methods because of accuracy and safety. The measurement accuracy is within
1% at the 0.01 gallon unit level. It is recommended that 20 complete sweeps (0.20 gallons)
be measured. Typically, this represents about 2 to 5 minutes measurement time. During this
time, the return flow is recycled downstream of the meter using the 3-way valve and no
noticeable temperature rise in the fuel has been observed.

The Neptune meter must be sized adequately to handle both the return flow and consumed
flow. Since return flow requirements vary, it is recommended that the VVLF8 be selected as it
may be possible that the combined flow rate exceeds the 20 gallon per hour rate limit of the
smaller VLF4. (Note that 20 gph would be the consumption level for a 400 HP engine—
however, with the return flow requirement the test meter on this engine would need to handle
more than 20 gph, possibly as much as 40 gph). On the low end, the VLF8 will accurately
measure fuel rates to engines with a load of about 20 BHP (about 30 nameplate HP and
above).

The Neptune meter, VLF-8 (without pulser) is available in California from the R F
MacDonald Company in Hayward, CA. (510) 784-0110. The meter retails for about $600
(2006 pricing, including tax and shipping). Additional equipment (filters, priming pump, 3-
way valve, hydraulic hose and fabrication, miscellaneous fittings, and the support frame)
total approximately $500 to $1,000 depending on how it is assembled, quality of materials,
etc. The total cost runs from $1,000 for self-assembled, to perhaps $2,000 for a custom-
ordered unit.

Once fuel flow rate has been measured, it is converted into gallons per hour using the
equation:

Gallons per hour = # gallons per revolution x number of revs x 3600 / # of seconds

VIII. Calculation/Estimate of Brake Horsepower Delivered by the Engine
Brake horsepower estimates are important for several reasons:

* They allow an estimate of current engine load

» They allow the proper load to be determined for a new pump - once proper load is
known, it then determines design water flow rate of the new pump

* They allow an estimated electric motor OPE for comparison

As indicated earlier, the brake horsepower output of an engine can be roughly estimated
using the 1 gallon per hour for each 20 BHP output. This assumes an engine efficiency of
about 36.8% (20 BHP/54.4 IHP per gallon x 100). Actual engine efficiency varies from 25%
to 37% (New, 1986). Note the large range of possible efficiencies for engines. Various
factors that influence engine efficiency include the engine design, loading, RPM, wear, and
maintenance. Other factors that affect horsepower output, but that are not part of the
engine’s efficiency, are fuel BTU value, ambient temperatures, ancillary equipment, and
emissions and noise control systems.
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Since there is such a large range in possible engine efficiencies, our approach is to separate
out the various factors and then calculate a brake horsepower delivered to the pump shaft at
the connection to the gearhead. The pump shaft point is chosen because it represents the
same horsepower that would be delivered by an electric motor at standard shaft speed. In
performing this calculation, some information is generally available, and some needs to be
estimated. The information that is generally available is 1) the visible accounting of various
parasitic loads connected to the motor, termed “ancillary equipment”; and 2) the brake
specific fuel consumption of the engine at various RPM.

VI11.1 Engine nameplates and nomenclature basics. Brake horsepower is the mechanical
energy converted by the engine from a gallon of fuel. “Ancillary equipment” such as a fan,
engine water pump, alternator, and muffler, may or may not be included in the
manufacturer’s rating. Brake horsepower is also the unit of power rated by the manufacturer
for the engine. The rated horsepower is a function of engine RPM, altitude, and ambient
temperature. It may be provided as an “intermittent” maximum horsepower, or as
“continuous” maximum horsepower. In the case of Caterpillar, the distinction between
intermittent and continuous horsepower may be designated by a letter code such as an “A”
engine, or “B” engine (Caterpillar, 2002). The engine’s nameplate will typically provide the
engine’s brake horsepower, for example from the nameplate below, “96 BHP at 2150 engine
RPM”. If the ratings are not clear on the nameplate, additional information should be sought
from the engine vendor or manufacturer.

ENGINE INS
ENGINE FAMILY POWER ALY

HP W ¥ BT
OUOEEEVEE FEVRN ol
MODEL RPM ACEMEN N

ENGINE DISPLUI
(LITERS) uly F

THIS ENGINE IS CERTIFIED TO OPERATE ON DIESEL FUEL

REM
vwis encine conrorms 70 I  MODEL YEAR US EPA/ [ ARB | ’
REGULATION FOR LARGE NONROAD COMPRESSION - IGNITION ENGINES 4

Figure 4, This engine is rated for a “continuous” horsepower of 96 BHP at 2150 RPM at 68
degrees ambient, according to the engine data sheet. Under hot conditions (90+ degrees F), the
maximum load placed on the engine should be about 75% of the engine’s horsepower rating at the
desired RPM (Tom Harris, personal communication). Actual conditions before a pump repair
were measured at 80 BHP at 1940 RPM with an 11:10 ratio gearhead. After the pump repair, the
engine was loaded at 73 BHP at 1760 RPM with a 1:1 ratio gearhead. Holcomb and Sons
considered this engine to be “overloaded” and likely to experience a reduced operating life.
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V111.2 Concept of Brake Specific Fuel Consumption (BSFC). The procedure for
determining brake horsepower generated by the engine involves the use of the
manufacturer’s brake specific fuel consumption curve (BSFC). BSFC can usually be
obtained from the manufacturer, and is provided for the engine model in terms of pounds of
fuel per BHP-hr, or Grams/KW-hr, across a range of engine RPM. Note that power ratings
(both continuous and intermittent) also change with engine RPM. An example of a
manufacturer’s fuel consumption curve is provided in Appendix 5.

Fuel consumption per brake horsepower is not constant for any given engine RPM with
respect to load. This information is generally not provided by the manufacturer and may not
be available in any form. As the only available choice, consumption data for a fully loaded
engine is used to determine brake horsepower. Lee (2004) cites University of Nebraska
findings of increased fuel consumption at 50% load of from 6% to 20%. Since this
component can vary depending on the engine, it is recommended to use the manufacturer’s
full load BSFC values, with the understanding that the actual BHP is some undetermined
value lower. More typical loads of about 75% should produce a variance of about half that
amount (3% to 10%).

Many manufacturers will use premium diesel fuel when the BSFC curves are developed.
Should the actual fuel burned in the field be standard diesel with a BTU content of 130,000,
the BHP output by the engine will be overestimated by about 6%. (1- 130,000/138,700) x
100 = 6%. Should the manufacturer not specify BTU content on their cut sheet, a quick
check can be made by estimating engine efficiency (see example problem below).

The manufacturer BSFC values may or may not include engine accessories such as cooling
systems (air fans, water pumps), alternator, and muffler. The suggested “ancillary
equipment” losses, and drive train/gear head losses are reported by Lee (2004):

Table 1: Power Requirement of Ancillary Equipment (Lee, 2004)

Engine cooling system fan and water pump 5%
Drive train/gear head 5%
Muffler 25%
Alternator 1.0%

Note that some of this equipment’s affect on power transmission is in “parallel”, and some is
in “series”. The parallel equipment is attached to the engine itself (e.g., cooling system,
muffler, alternator). The series equipment is part of the transmission network (e.g., engine
drive shaft and gear head). Parallel equipment losses are added together then subtracted from
the engine. For example, an engine with a water pump, fan, alternator, and muffler will have
a loss of 5% + 2.5% + 1.0% for a total ancillary equipment loss of 8.5% In this case, the
ancillary equipment losses are added together, and then multiplied by the brake horsepower
to determine the horsepower portion delivered to the driveshaft. Thus, an engine that
generates 100 brake horsepower, would supply (1.0-0.085) x 100 BHP = 91.5 BHP to the
drive shaft.

Equipment in series has a multiplication affect on efficiency. For example, a series
calculation for determining the OPE of the pump would be as follows:

16



30% engine efficiency x 95% gearhead x 70% pump = 20.0% OPE.
Equipment loss calculations are automatically handled by the software.

Example Problem:
Given: An engine consumes 10 gallons of diesel per hour at 1620 RPM. The weight of
diesel fuel is 7.05 pounds per gallon. The engine is a Cummins water cooled engine
model QSC, with a heat exchanger in the pump discharge, a fan for the turbo intercooler,
an alternator, and a muffler. The power is transmitted through a right angle gear drive
that has a ratio of 10:11. The pump shaft speed is 1780 RPM. The nameplate
horsepower is listed as 300 hp. The specific gravity of diesel fuel is 7.05 pounds per
gallon. Fuel BTU content is not known.

Find: Use the manufacturer’s brake specific fuel consumption curve to determine brake
horsepower developed by the engine. Then estimate how much brake horsepower is
transmitted to the pump line shaft. Determine the load factor of the engine at 1620 RPM.

Solution:

Step 1) Look up the manufacturer’s brake specific fuel consumption for 1620 RPM, using
the curve provided in Appendix 5. No listing is given for 1620 RPM, but at 1600 RPM,
the consumption is 0.358 pounds of fuel per horsepower hour. Use this value. Note that
the fuel is specified as Diesel Fuel # 2, but no BTU content is given. A quick check of
the engine efficiency should be done.

Step 2) Since diesel fuel weighs 7.05 Ibs per gallon, the brake horsepower produced by
the engine is:

10 gallon per hour / (0.358 Ibs/hp-hr) x 7.05 Ibs per gallon = 196.8 BHP

Next, do a quick check of this number to decide whether the BTU content is for
premium diesel, or standard:

If premium, IHP = 10 GPH x 138,700 BTU per gal / 2547 BTU per hr = 545 IHP

Check the engine efficiency: 196.8 BHP /545 IHP x 100 = 36%, about right for a
new modern engine. If the manufacturer’s test fuel was at 130,000 BTU per
gallon, the engine would be over 38% efficient (out of range).

Answer: The engine develops 196.8 brake horsepower. The brake horsepower must
now be adjusted to account for losses at the engine from ancillary equipment such as the
air fan, engine water pump, etc.

Step 3) Find how much brake horsepower is transmitted to the pump shaft. Note that
the pump shaft location is downstream of the gear head, so the BHP losses due to
equipment on the engine, the drive shaft, and gearhead must be estimated and subtracted
from the BHP output of the engine.

17



Look in Table 1 for losses due to the engine water pump, intercooler fan, alternator and
muffler. Since all of the engine components are present, the loss is 5% + 2.5% + 1.0%
=8.5%

Next, subtract this from 1: 1- 0.085 =0.915.
The BHP delivered to the drive shaft is estimated as 196.8 BHP * 0.915 = 180.0 BHP

Step 4) Determine the brake horsepower transmitted to the pump shaft. Using a loss of
5%, the horsepower delivered to the pump line shaft is 180.0 x (1-0.05) = 171 BHP.
Note that in this case where the pump shaft speed is 1780 RPM, this is also the brake
horsepower required from a standard 4 pole electric motor that has a nominal speed of
1780 RPM.

Step 5) Determine the load factor. Using the manufacturer’s curve in Appendix 5, it is
noted that the engine’s power rating is “intermittent”. In other words, it is not designed
for continual usage at maximum load. In such cases, the engine must be derated,
typically at about a 0.7 load factor.

On the engine cut sheet, look up the maximum BHP output at 1600 RPM. The stated
value is 304 BHP. Derating by 0.70, the continuous load should be no more than 213
BHP. Since the actual load is 196.8 BHP, this engine is approximately suited for its
required condition. Note that there may be many reasons why an engine is not properly
loaded, including pump wear, RPM issues, inappropriate selection of engine size, and
differences in perceived loading factors.
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Appendix 1: Fuel Meter Connection Schematic
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Appendix 2: Fuel Meter Specification Sheet

i LAcTARIS
i
negline” /| F Flowmeters
Models VLF 4 ('4")
VLF 8 (38"), VLF 20 (*4")
SPECIFICATIONS
DESCRIFTICN

Actaris Meptune's WLF (very low
flow ) flowmsters have bean de-
signed to measurs the flow of light
fuel or diesal ail. They are availabls
in three different sizes: &, 3" and
¥ to measure flow rates ranging
from 0.25 to 380 gph. The osdllat-
ing piston of these flowmeters
forms bwo messuring chambsrs that
are alternataly filled and amptied.
Thie passing cll is maasurad by frac-
tions reflectad by the ragistar

The register unit of the VLF & and
WLF 20 is housed in & vacuum
sealed casing Itis securs from dirt,
dust and cordensatian,
Ciperation of the flowmeters can ba
werifiad at ary time by checking the
disi rotation in the dial canter This
allows accurate monitoring and
prompt adjustment of the burner

Flow voluma can be determined  nota: A fine Miter Is bullt Into the Inlet but should he lquid being metersd
and quickly compared with the op-  contain forelgn matker, a separales soresn of removabls fiter of sppropriales
timal adjustment, allowing full con-  size shouk ba Mtbed an e Nkt slds, Tha Mier mesh should not be larger than
trol of oil consumpticn. B0 rkran Tor the WLF 4 and VLF B meters and 100 micron far the WLF 20,

SPECIFICATIONS (for light olls and diasals only)

MODEL WLF 4 (% WLF B (%5 WLF 20 (%

Flow Rtz 02542 20 gph (1-20 dméhr) 1 to 50 gph [4-200 dm*hr) B to 330 gph (301500 dmt'hry
Brcuracy +HE +1% +HY%
Rapaat=kiliy +1% +14% +1%

Cp=nating Tamparaturs 140°F (B0°C) 140<F (B0-C)* 2E0eF [130eC)"
Crpenting Pressuns 350 pesi (25 b 350 psi (25 barj* 225 pai (16 bari®

Dial Regisiration 0004 USE .01 Litras) 001 LIS (1 Litres)) 001 USE (0.1 Litres)
“Makimum
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Appendix 2 (continued): Fuel Meter Specification Sheet

VLF PULSER SPECIFICATIONS

Ambient Tempsaraturs Limie

-10EC o 60°C -14°F o 140°F)

Swlening Elemant

Resd contact {potantial res)

Swliehing Woltage Ma. 48 V DCIAC
Swilching Current Ma. 50 mA (R = 47 Chm)’
Swliehing Capacity Max. 3 walls

Sitaflc Cument il

WLF Pulsars are only availabla for the VLF B ard VLF 20 models.

Fulze Vakes depend on tha size of the medar ard the units of regigration. For mathic regisimtion the pulse values ar 10 pulses perline

for the VLF 8 and { pulzs pr lira for the WLF 20, For LIS units of registration the pulzs valuas are 10 pulses per galon forthe WLF B and
far tha VLF 20

'Mota: Ri & the rezigtancs of the ak<ironic device thet in baing driven by the pulser e, & counter.

PHYSICAL DIMENSIONS
Modal VLF 4 Model VILF 20
B - G
| B ™ [ o
I 1 - ‘:t - L] 1 I_ r . F - .
3.4 '= J_ ETE N —?.-.—l":"'h_l.\_ 1 = .r-':‘- ==
L E=-Slmmee EoH
— 1 - & I T—
= .J.J'._l- I_q, e —
(Al dmanscra an n inchea)
Cornections ans provided for attaching ¥° 45 famala tuba fitiings. =115 WP
Modal VLF 3
— 'III :'u_E'E
1 |
I = . 3 q —
—+ 2.3
] /1
3.1 e 35—
o | dirmaraicns we i rchan] (A dmenscre ws 0 nchee

Cormections ane provided for attaching 4~ 16 MPT famala fitirgs. Corneclionz are provided for atiaching YA NPT

Tamals fitings.

LA A e matko nal
1310 Emarald Road
Greerwnod, 35 ZE4E-0662
Tal.: Tob-Fres [200) B33-3357
[{oE (o bra el
Fai: i BEd) 2280344
0 2003 Ackena Mephuns Liqud Mesasuremant [lemen 500
Spacioatons subpdt o changs without prioe roflizatian

1243

L ACTARIS
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Appendix 3: Example Diesel Pump Field Data Form

Diesel Pump Test Field Data Form (v. 1.0, Dec 2006)

Tester Company and name:

Test Date & Time:

Company/Client Marme:

Mailing Address:

Custormer Marme:

Customer's Phone #

Customer business type:

Acreage farmed:

FPump Mame:

Cost per gallon of fuel:

Crop type:

Annual operating hours;

Pump Location (physical address):;

Fump Location (GPS coordinates):

Engine Information
Engine Make:

Engine Serial #

Engine Madel:

Displacement:

Engine HF:

Model r USERA:

Stated MNOx (gms/bhp):

Stated PMW (gmsfbhp):

Continual HP rating & rprm;

Cooling system (description)

Gearhead Information
Gear Head Make:

Gear Head Maodel:

Gearhead indicated ratio:

Gearhead HF rating:

Measured engine rpm:

heasured pump shaft rpm:

Measured gearhead ratio:

Hour Reading:

Ancillary Loads: Fan(air cooled)  Fanitypical) “Water pump  Alternator  Gear Head Muffler
0.95 0.975 0.99 0.95 0.93
Manufacturer Brake Specific Fuel Consumption (BSFC) at RPM:
RP M 1400 1500 1700 1800 1500 2000
Ibibp-hr
Description of test conditions: Run #1 Run#2 Run#3
Shaft RPM  Shaft RPM - Shaft RPM
at 1775 "Marmal" Optional

Engine EFM, measured
Fump RFPM, measured
Static Water Level, feet

Furmping YWater Level, feet
Dizcharge head, P35
Discharge head, fest

FPressure Gauge Height, feet

TOH, feet (PYWL + Discharge head feet + gauge height feet)

Test GPM
GPMA. drawed oven:

YWater Harsepower [gpm x tdh/ 3960)
Fuel meter revolutions, 0.1 gal per revolution
# secaonds for 2 revalutions

GPH [ # rews x 360M4=ecs)
Estirmated Input HF (GPH x 55)
OPE: (WHP/Therrmal HF)

Remarks:
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Appendix 4: Diesel Pump Test Procedures and Equipment

Diesel Pumping Efficiency Program
Subject: MINIMUM FIELD REQUIREMENTS FOR DIESEL PUMP EFFICIENCY TESTING

Safety devices: The pump tester shall have on hand the following items:

MSDS Sheet: Diesel

Noise Protection: Ear plugs

Eye Protection: Impact resistant eye shield

Hand protection: Appropriate gloves for contact with diesel fuel
Fuel spill cleanup materials: Rags

Fire extinguisher, diesel fuel rated

The following is excerpted from “Pump Efficiency Test Rebate Information Packet — Water
Agencies” as seen on www.itrc.org. It is to be considered the minimum guidelines for
performance of a VALID TEST. Additional comments, in BOLD, are taken from the California
Association of Pump Test Professionals “Standard Practices” and “Methods and Equipment”.
Insertions by CIT are made in ITALICS.

Minimum requirements include, but are not limited to, the following:
1. Flow rate measurement

a. If a technique using velocity head is employed (e.g., Collins tube, Cox tube) for a pipe
flow rate, the avg. velocity in the test section must be greater than 1 fps.

b. The test must be conducted using a typical flow rate and pressure.

c. The flow meters and formulas used must provide a +/- 4% accuracy for the flow
rate/velocity ranges that are tested under good testing conditions.

d. Reasonably accurate flow measurement requires a pipe section without excessive
turbulence. Table 1 provides minimum requirements for flow rate test locations to
qualify for rebates of the pump efficiency test.

e. Pipe inner diameter measurement: A direct inner diameter measurement of the
pipe must be performed with the proper tool if any flow measurement device
calculates the flow using pipe area.

f. Table 1 terminology can be defined as:

1) “Minimum distance required for any measurement” indicates that flow
measurements must be taken further downstream (or upstream, if indicated) than
this from the designated valve or fitting. The pipe section throughout this distance
must be of a constant diameter, and be free from any in-line fittings. Distances are
expressed as “diameters of pipe”. For example, a distance of “3 diameters” on a
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2)

3)

4)

12” diameter pipe indicates a distance of 3 x 12” = 36”. Pump tests that rely on a
flow rate measurement taken within this distance from the valve/fitting do not
qualify for a rebate.

“Minimum distance required for a single transect” indicates the distance of clear,
unobstructed pipeline downstream (or upstream, if so designated) of a valve/fitting
that must be available in order to qualify for a single transect test, or for an
ultrasonic test (such as Panameterics®, Controlotron®, or other clamp-on units).

A double transect (perpendicular lines of velocity measurements) test must be used
if the flow measurement location is between (1) and (2). In general, the double
transect should be conducted using 2 segments of velocity measurements taken in
planes of 45 degrees from the top of the pipe. However, the pump tester should use
discretion as to the best configuration.

Ultrasonic measurement devices (e.g., Panameterics®, Controlotron®, or other
clamp-on units) must follow the same guidelines as the velocity measurement
devices. That is, they require a minimum distance for any acceptable reading, and
will require a double transect reading in the same conditions described for
Collins/Hall tubes.

Table 1. Minimum distance and velocity measurement specifications for flow

measurement.
Fitting ID for Valve or Fitting Minimum Minimum distance Orientation of a single
Pump distance required | required for a single transect
Efficiency for any transect
Report measurement
A Upstream of an Within the plane 1 diameter upstream _~Transect
elbow of the outer limit of !
the plane } 04‘_‘
‘ Flow
Sicle View Top View
B Downstream of an | 0.5 diameters 2 diameters
elbow downstream of the | downstream of the
outer limit of the outer limit of the
plane plane o
Transect
Side View Front View
C Swing check valve | 2 diameters 4 diameters /T“‘”gm
(the flap on this downstream downstream !
type of check valve
swings completely
out of the flow
path) ‘
D Regular check 4 diameters 8 diameters __Transect
valve downstream downstream !
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E Any partly closed 5 diameters 9 diameters
valve, or downstream downstream
Pump control
valve, or
Globe valve
F Open gate valve 1.5 diameters 3 diameters same as “c”
downstream downstream
G Open butterfly 1.5 diameters 3 diameters Dk et
valve downstream downstream -
T\Nmsect
H Pump discharge 1.5 diameters 3 diameters
downstream downstream
| Other Please Define

The plane of an elbow is tangential to the inner radius of the elbow as shown in Figure

1. No measurements will be accepted from the zone within the plane, defined by the
outer limits of the plane. An example of the minimum distance required for a flow
measurement near an elbow is illustrated in Figure 2.

Plane of

Elbow

Outer Limit
of Plane

\\

Zone "within
, the plane"

s

Outer Limit
of Plane

No measurements
from this zone are
accepted

Figure 1. Definition of a “plane” for an elbow. The outer limits of the plane are defined

by where the plane hits the pipe on either side of the elbow.
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Single Transect NO Measurement

————— N ——

e |
| Plane of
! o[- /Elbow

AN

Double Transect

Figure 2. Example of how to use the information. In this case, the flow measurement point is
located upstream of the elbow (case “a”).

g. The flow test method must be defined, according to Table 2 below.

Table 2. Flow test method identification for Pump Efficiency Report.

ID for Pump Method Used for
Efficiency Report | Velocity Measurement
A Single Transect Velocity
B Double Transect Velocity
C Propeller Meter
D Ultrasonic Meter
E Other (Please Define)

h. All transect measurements require multiple velocity points in each transect. With a
Collins tube, each transect must contain a minimum of 6 points (3 on each side of the
centerline of flow), each of which represents the same cross sectional area of the pipe.
A Hall tube qualifies as a “multiple velocity point” meter, and therefore only requires
one value.

i. A Hall tube must show a scale balance of less than 1.5 for the pump tester to state that
this measurement qualifies for documentation in the pump repair program.

Field data summary sheets for ultrasonic measurement devices must include:

» Signal strength (it must be greater than 50 to obtain an accurate
reading.

» Sound speed error. (This is one example of what the pump tester may
use as criteria for stating that the test section was inadequate for an
accurate measurement).

These are examples of conditions for which a tester will state that the results cannot
be guaranteed to be accurate to within +/- 6%.
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Pressure measurements.

a. Pressures must be measured with pressure gauges or transducers that have accuracy
within +/- 1.5% of full scale.

b. A pressure gauge should be selected such that the actual pressure reading is in the
middle (or higher) of the gauge range.

c. Pressure gauge accuracy must be verified as often as required to ensure accuracy
within +/- 1.5%.

Input fuel measurement.

a. Fuel consumption will be measured using an Actaris Neptune fuel flow meter
accurate to +/- 1 % and a stop watch. At least 5 revolutions (0.5 gallons) of the dial
will be measured and timed using a stopwatch. The rpm, flow rate, and TDH must be
stable when the measurement is taken.

4. Engine and pump speed measurement.

a. Engine speed will be measured using an electronic tachometer or strobe light.

b. Pump speed will be measured with an electronic tachometer or strobe light. The
speed of the pump shaft must be measured at either the top of the gear head on the
adjusting nut, or the shaft itself in the discharge head below the gearhead base.

c. The pump may be tested with multiple runs. However, one condition for the test shall
be at a pump shaft speed of 1750-1780 rpm, with normal discharge conditions.

o

(o))

Statistical data regarding the pump/engine, as available, will be recorded using the data

sheet attached.

. Total Dynamic Head (TDH) computation for Overall Pumping Plant Efficiency (OPE).
The following data must be used to estimate the TDH

a. For vertical pumps:

1)

2)

3)
4)

Height of the pump discharge pressure measurement point above the ground
surface.
Depth from the ground surface to the pumping water level. Water levels in
wells or sumps will be measured with an electric well sounder. The
sounder line may be premarked at intervals to facilitate the
measurement. A calibrated air line and test pressure gauge in the
accuracy class of 2% may also be used for determining the water level in
wells or sumps.

Discharge pressure, immediately at the pump discharge and before any valves.

Estimate of column, inlet screen, and discharge head losses. It is understood

that the data required to compute these losses may not be available. However,

they are indeed components of the TDH. Therefore, all summary sheets given
to the customer must include one of the following statements:

a). “Disclaimer: The overall pump efficiency is underestimated because
computations do not include the pressure loss in the column, screen, foot
valve, and discharge head of the pump.”

Or
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b). “The total pressure loss in the column, screen, foot valve, and discharge
head of the pump could not be directly measured. However, the total loss
is estimated to equal a total of ft. When accounting for this,
the Overall Pumping Plant Efficiency is

b. For horizontal pumps:

1) Inlet pressure.

2) Discharge pressure, immediately at the pump discharge and before any valves

3) Elevation difference between the inlet and discharge pressure measurement
points.

C. Verification of Accuracy. For each pump test, the pump tester must clearly state

1. If the gallons per ac-ft is certified (by the pump tester) to be within +/- 6% of
the true value, and
2. If the test represents standard operating conditions for the pump.

d. The listed requirements are not all-inclusive and only provide some minimum
requirements. The pump tester is responsible for using all necessary safety
precautions and equipment, and is responsible for certifying the accuracy of all
measurements.”
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Appendix 5: Example Engine Performance Data Sheet

Engine Performance Data Induszria 300 BHF (224 kW) @ 2200 RPM
Cummiins Inc Qsc 1,000 1b-ft {1,356 N-m) @ 1500 RPMY
Columbus, Irdlana £7202-3005 Configuration CPL Cod= Ae=slzion
hHp:iwww.cummirs.com FR21309 DE1E0EECNI EEEE] 14-0pt-2008

Compressicn Ratio:  47.8:1 Clzplacement G608 In2 (B3 L)
Fuel Sysimm: COR Agsplratan: Turboobarged and Chargs Alr Cooled
Emistion Cerficafion: 1.5, EPA Tier 3, CARE Tier 3, EU 3iage ma
Al data |3 based on the engine operating win fusl sysiem, walsr pump, and 15 In H22 (3.733 kFa) Iniet alr restriciion whn S im (152

mrl mrer dameter, ams with 2 0 Hy (90 BFa) sxhaust restdction with 4 In (902 mm) inner clametsr, rot Included are ak=mnator, fan,
optional aculpmeni and driven comporenss. Coolant fows and heat rejecon data based on oodlanls a3 S0% athylere glycol'S0%
water. Al dais s subj=ct fo chanpe wiinout modics.

Rating Type: Intermittent

1 1400 Torgue Qutput
0 - S RFM BT H-m
_ . + 1300 _ Elaa ) BOS 1,091
¥ . E 1,000 850 1,168
& pid
4 i’ . 1300 3 1,103 813 1,234
g 1,300 573 1,319
e BDO X 1 1100 E- 1,400 1,000 1,355
1,500 1,000 1,356
+ 1900 1,500 1,000 1,355
Foen ! ! ! ! 1,500 554 1,293
1000 1200 1400 1600 1B 2OOO 2300 2000 T4 85
Engins Spasd |REM) 2,200 715 5685
T | p— 750 Power Qutput
- - RFM np T
o . T 300 138 103
7 ot o T =0 E 1,000 164 22
= a 1,133 81 £
E om0 " I 50 § 1,330 241 180
by - i 1,400 258 150
150 £ ¥ 1,500 285 23
Ll 1,500 3 227
100 } } } 1,500 Pl 244
000 1300 4400 1600 4800 2600 2300 2,500 333 24
Engine Spesd (RPN} 2,200 30 224
= 045 T -
£ £
¥k + 70 & Fuel Consumption
8 . a RFM mihp-hr gEwhr
E - E 1,500 0.356 7
E S T B 1533 0.358 218
T 5 1,500 0353 218
E om + E 1,300 0352 220
u = 2,000 0.354 221
3 . : z 2133 0.375 229
1800 1800 2000 2200 22m 8.33% e
Erina Spead [RPW)|

Curves shown aoove represent gross sngine perormance canatilbes cbfalnsd and correched In accondarce whn SAE 9SS cond®ons
of 29.61 In Hp (100 kFa) byomelrc pressuns [300M (3 1m} alilude] 77 deg F (25 d=g C) Rlet air iemperatune, ard 0030 In Hy (1kPa)
waber vapor pressune wiin Mo, 2 di=ses] fesl. T engine may be operated up i 7,000 (2134 =) afudes before slecironic demabe |

applac
STATUS FOR CURVES AND DATA: Limited-{measurad data) CHIEF ENGINEER:
TOLERAMCE: WEhin +/- 5 5% Mark A Jubibetts

Cumming Confidential
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FRE1508 (Centinued) Page: 2

Intake Air System

Bagimum aliowable ak lemperatine fse over amiblent at Intaks Banifokd
iNaturaly Asprai=d Engines| or Tutbo Compressor kiet (Tubo-chamged
Engires)c (This paramsisr Impacts smissions, LAT andior aflude capanilEy) 30 dels d=p F 1E.7 deRadeg &

Charge Air Cooling System

Baximum Intake manifold emperyiure at 25 deg & (77 Flamblent 140 ceg F El de=g &
Maximum aliowabis pressunes drop acnoss chargs ar cooler and OEM CAC ploing
FD: 4 ImHg 14 kFa
Bagimum Intaks Manfold Temperaurs Di¥apeniial {Ambbent fo ST} RTD); E3 defls d=g F 35 defa deg &
rEke manncd iEmosrature for Fan-2M 140 Zeg F El d=g C
Fagimum coolant lemperastore for engine proleciion confrols 23 degF 10T deg ©
Faximuem coolant operaing Emperaturs a2 angine outlef (max. bop tank t=mpj: ¥ deg F 107 deg &
Exhaust System
Maximem exhayust back pressure: 3 InHyg 0.1 kFa
Secommendsd axhaust piping size (nner dameter): 4 In 101.E mm
Lubrication System
Mominal operating oll pressune
0 mirimum ko idi= 10 psl B9 bFa
&0 miawimum raked speed 51 psl 80 KPa
Kinimurm engine ol pressure for engine prot=cton devices
0 rrivirnum bow idie g pal EE kFa
Fuel System
=usl cooling requirements falin diesel fusl}
A imarm heat refeciion b refern Tuel af me, cocdant and iniet fuzl temperature: TO ETWmIn 1.23 KW
0 fusl refern flow rade of: 185 Ibihr & kphr
D tusd refurn femiperabune prior o coolan 1=0 ceg F EE de=g ©
Faximum supnly Tuel o 302 |nhr 137 kg
Bagimum refurn Tuel Sow: 15 Ib/hr TE kpthr
Engine fuel compabsil By iconsult Serdce Bulzhin $337S004 for approoriate wse of ather
Tuzis) DF1. DF2
Maximum Tusl Inksf pressuns: 10 psl Td EPa

Performance Data
Maximum low kdle spee 1200 RFM
Minkmuers low idie spasd: E00 RFM
Finimem engine speed for full oad sustained opsrabion:

Rabsc Powsr Maximam Powsr Tw:hrgu-l- Paak
Engine Sgiad 00 RPM 2000 RPM 1,500 AP
Dhalpusl Pesami B0 he 3T W 35 b 248 W 258 Bp 25 BN
Tongi PR EN [ T 274 kR 1,185 M-m 1,000 -4 1,555 Mem
Fradizn Horsaposar 21 ha 25 W &3 e g 35 EBp A
=1k M i Prsisasin £1 is-Hg 172 kfa 53 n-Hy 180 &P £3 Hg 120
Teiks Caing. Cullel Prassuss E5 i=-Hg 1BE kFa T n-Hg 192 &P £ -Hg 188 K
Tarka Camg. Culed Temseralua 235 deg F 187 dagC a5 dagF 188 dag T 354 dag F 185 dag O
skl Baf Fioew THd MiSs 237 s BET BEi=n 315 s 508 Adimin 30 La
Charge Adi Flow E5 |airmn 25 bgimon 51 BAmn 3 mgimin 20 whmen 18 kgi=n
Enlvaurs! Gas Flonw 1,805 (t3rmis #52 Ls 1,787 =N B34 L 1,854 #3men i s
Entaus! Gas Tampamaiom w5 deg F B35 dagC 1,053 dagF 558 dag " 1,087 dmg F ERE ey C
Wi Fol Flow b Puns 0D bl 137 bphi
Haat Ramoos b e odan 430 BTen 1149 W AEDt ETLémin 1150 W S 414 ETLimin DE2 W
Haal Rap o= Foa 0 ETUNn 1.5 W
Haat Rapdos s Ankas 1,747 ETUmin T W 1,813 ETLémin 88 W 1,885 ETUmin 340 WA
Haat R o= b Ealdl 2790 BTUSn Pt Rt 12 850 ETLWmin Fa 80, 427 ETUmin iBdE WA
SHiendy Slate S=oke 04 Basch 0.3 Bech DL Hoocs

"R e opsral 1g halassl s Aepiraies snginsy 3ao-8 580 J188% corcli = ehoid be noise thal evods el wl | noraaas dis o combostion reficsec s mmeociaied with n
sducd or In e alr iz sl whdurs

Cumming Confidential
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Appendix 6: Material Safety Data Sheet

Material Safety Data Sheet

SECTION 1 PRODUCT AND COMPANY IDENTIFICATION

DIESEL FUEL No. 2

Product Use: Fusl

Product Mumber|s): CP2220122 [See Section 18 for Additional Product Mumbers]
Synonyms: 15 5 Diesal Fuel 2, Alkernative Low Aromatic Diesel (ALAD), Caleo LS Dissel 2,
Caleo ULS DF2, Calgo ULS Diesel 2, Chavron LS Diesel 2, Chevron ULS Diesel 2, Diessl Fuel
Oil, Diesel Grade No. 2, Diesel No. 2-0 515, Diesel Mo, 2-0 3500, Diesel Mo, 2-D S5000,
Distillates, straight run, Gas O, HS Diesel 2, HE Haating Fusl 2, Light Diesel Qi Grade Mo, 2-0,
L= Diesel 2, LS Heating Fuel 2, Marine Diesel, RR Diesel Fuel, Texaco Diesel, Texaco Diessl
Mo, 2, Ulira Low Sulfur Diesel 2

Company ldentification

Chewvron Products Company

Marketing, MEDS Coordinator

5001 Bollinger Canyon Road

San Ramon, CA 345383

United States of Amerca

Transportation Emergency Response

CHEMTREC: (200) £24-9300 or (703) 527-3887

Health Emergency

ChevronTexaco Emergency Information Center: Located in the USA, Intemational collect calls
accepied. (300) 231-0623 or (510) 2310823

Froduct Information

MSDS Reguests: (800) G858-3888 Technical Information: (510) 242-5357

SPECIAL NOTES: This MS0S covers all Chevron and Caleo non-CAREB Diesel No. 2 Fuels. The
sulfur content is less than 0.5% (mass). Red dye is added to non-taxable fuel. (MSDE G824)

SECTION 2 COMPOSITION! INFORMATION ON INGREDIENTS

COMPONENTS CAS NUMEER | AMCUNT

Diesel Fuel Mao. 2 38475-34-8 100 %wtiwt
Distillates, hydrodesutfurized, middle G4742-20-5 0 - 100 %owiiwt
Distillates, straight run middle (gas cil, light) G4T49-44-2 0 - 100 %owiiwt
Ferosine 2008-20-8 0 - 25 Yowtiwt
Femzsine, hydrodesulfurized B4742-51-0 0 - 25 %whwt
Distillates (petrolzum), light catalytic cracked G4741-50-8 0 - 50 Yowtint
Maphthalene 91-20-3 0.02 - 0.2 Yowthert
Total sulfur Mone 0 - 0.5 %wifed
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SECTION 2 HAZARDS IDENTIFICATION

i L] TEE et R L2 L] e L] et T s T

EMERGENCY QOVERVIEW

- COMBUSTIBLE LIQUID AND WARPOR

- HARMFUL OR FATAL IF SWALLOWED - MAaY CAUSE LUNG DAMAGE IF SWALLOWED
- CAUSES SKIN IRRITATION

- MAY CALSE CAMCER BASED ON ANIMAL DATA

= TOXIC TO AQUATIC ORGANISMS

IMMEDIATE HEALTH EFFECTS

Eye: Mot expected fo cause prolonged or significant eye irmtation.

Skin: Contact with the skin causes irmtation. Skin contact may cause drying or defatting of the
skin. Symptoms may include pain, tching, discoloration, sweling. and blistering. Contact with the
=kin is not expected fo cause an allergic skin response. Mot expected to be harmful to internal
organs if absorbed through the skin.

Ingestion: Because of its low viscosity, this material can direcily enter the lungs. if swallowed, or
if subseguently vomited. Once in the lungs it is very difficult to remove and can cause severs
injury or death. May be irritating to mouth, throat, and stomach. Symptoms may include pain,
nausea, womiting. and diarrhea.

Inhalation: Mists of this material may cause respiratory iritation. Symptoms of respiratory
imitation may include coughing and difficully breathing. Breathing this matzrial at concentrations
above the recommended exposure limits may cause central nervous system effects. Central
nerdous system effects may include headache, dizziness, nausea, vomiting, weakness, loss of
coordination, blurred vision, drowsiness, confusion, or discrieniation. At exireme exposures,
central nenvous system effects may include respiratory depression, tremors or convulsions, loss
of consciousness, coma or death.

DELAYED OR OTHER HEALTH EFFECTS:

Canecer: Prolonged or repeated exposure to this material may cause cancer. Whole diessl engine
exhaust has been classified as a Group 24 carcinogen (probably carcinogenic fo humans) by the
International Agency for Research on Cancer {IARC). Diesal exhaust particulate has been
classified as reasonably anticipated to be a human carcinogen in the Mational Toxicology
Program's Minth Report on Carcinogens. The Mational Institute of Occupational Safety and Health
(MIZEH) has recommended that whaole diesel exhauwst be regarded as potentially causing cancer.
Dieszl engine exhaust is known to the State of California to cause cancer. Contains naphthalens,
which has been classified as a Group 2B carcinogen (possibly carcinogenic to humans) by the
International Agency for Research on Cancer (IARC).

See Section 11 for additional information. Risk depends on duration and level of exposure.

SECTION 4 FIRST AID MEASURES

Eye: Mo specific first aid measures are required. As a precaution, remove contact lenses, if worn,
and flush eyes with water,

Skin: Wash skin with water immediately and remove contaminated clothing and shoes. Get
medical attention if any sympioms develop. To remove the matenal from skin, use scap and
water. Discard contaminated clothing and shoes or thoroughly clean before reuss.

Ingestion: If swallowsd, get immeadiate medical attention. Do not induce vomiting. Mever give
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anythimg by mouth fo an unconscious person.

Inhalation: Mowve the exposed person to fresh air. If not breathing. give artificial respiration. If
oraathing is difficull. give cxygen. Get medical attention if breathing difficulties continue.

Note to Physicians: Ingestion of this product or subsequent vomiting may result in aspiration of
light hydrocarben liquid, which may cause pneumonitis.

SECTION 5 FIRE FIGHTING MEASURES

See Section 7 for proper handling and storage.

FIRE CLASSIFICATION:
QEHA Classification (28 CFR 18101200} Combustible liguid.

NFPA RATINGS: Health: 0 Flammability: 2 Reactvity: 0

FLAMMABLE PROPERTIES:

Flashpoint: (Pensky-Martens Closed Cup) 82 *C (125 *F) (Min)

Autoignition: 287 *C (484 °F)

Flammability {Explosive) Limits (% by volume in air): Lower: 0.5 Upper 4.7

EXTINGUISHING MEDIA: Use water fiog. foam. dry chemical or carbon dioxide (202) fo
extinguish lames.

PROTECTIOM OF FIRE FIGHTERS:

Fire Fighting Instructions: For fires involving this material, do not enter any enclosed or
confined fire space without proper protective eguipment, including self-contained breathing
apparatus.

Combustion Products: Highly dependent on combustion condifions. & complex mixture of
airborne solids, liquids, and gases including carbon monowade, carbon dioxide, and unidentified
arganic compounds will be evolvad when this material undergoes combustion.

SECTION 6 ACCIDENTAL RELEASE MEASURES

Protective Measures: Eliminate all sources of ignifion in the vicinity of the spill or released vapor.
If this material is released into the work area, evacuate the area immediately. Monitor area with
combustible gas indicator.

Spill Management: Stop the source of the releass if you can do it without risk. Confain release to
orevent further contamination of sail, surface water or groundwater. Clean up spill as soon as
oossible, cbserving precautions in Exposure Controls/iPersonal Protection. Use appropriate
technigues such as applying non-combusiible absorbent materials or pumping. &l equipment
used when handling the product must be grounded. A vapor suppressing foam may be used to
reduce vapors. Use clean non-sparking fools to collect absored material. Where feasible and
appropriate. remove contaminated soil. Place contaminated matznals in disposable containers
and dispose of in a manner consistent with applicable regulations.

Reporting: Report spills to local authorities andfor the U S, Coast Guard's Mational Response
Center at (800) 424-3802 as appropnate or required.

SECTION 7 HANDLING AND STORAGE

Precautionary Measures: Liquid evaporates and forms vapor (furmes) which can catch fire and
burn with explosive force. Invisible vapor spreads easity and can be set on fire by many sources
=such as pilot lights, welding eguipment, and electrical motors and switches. Fire hazard is greater
as liquid temperaturs rises above 28C (85F). Do not get in eyes, on skin, or on clothing. Do not
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taste or swallow. Do not breathe vapor or fumes. Do not breathe mist. Wash thoroughly afier
nandlimg. Keep out of the reach of children.

Unusual Handling Hazards: WARMING! Do not use as portable heater or appliance fusl. Toxic
fumes may accumulate and cause death.

General Handling Information: Avoid contaminating soil or releasing this material into sewags
and drainage systems and bodies of water.

Static Hazard: Electrostatic charge may accumulate and create a hazardous condition when
nandlimg this material. To minimize this hazard. bonding and grounding may be necessary but
may noti. by themselves, be suficient. Review all operations which have the potential of
gensrating and accumulating an electrostatic charge andlor a flammable atmosphere (including
tank and container filling, splash filling, tank cleaning. sampling. gauging, switch loading, filtering,
mixing, agitation, and wacuwm fruck operations) and use appropriate mitigating procedures. For
mare information, refer to O5HA Standard 28 CFR 1810.108, "Flammable and Combustible
Liguids', Mational Fire Protection Association (MFPA 77, 'Recommended Practice on Static
Electricity’, and/or the American Petroleum Insiitute (AF1) Recommended Practice 2003,
"Protection Against Ignitions Arising Cut of Static, Lightning, and Stray Currents'.

General Storage Information: DO MOT USE OR STORE near heat. sparks, flames, or hot
surfaces . USE AND STORE OMLY IM WELL WVEMTILATED AREA. Keep container closed when
notin uses.

Container Warnings: Container is not designed to contain pressure. Do not use pressure fo
empty container or it may rupture with explosive force. Empty containers retain product residue
{solid, liguid, and/or vapor) and can be dangerous. Do not pressurize, cut, weld, braze, solder,
drill, grind, or expose such containers to heat, flame, sparks, static electricity, or other sources of
ignition. They may explode and cause injury or death. Empty containers should be completely
drained, properly closed, and prompdly returned to a drum reconditioner or disposad of properly.

SECTION & EXPOSURE CONTROLS/PFERSONAL PROTECTION

GEMERAL COMNSIDERATIONS:

Consider the potential hazards of this material (see Section 2). applcable exposure Iimits, job
activities, and other substances in the work place when designing engineering confrols and
selecting personal protective equipment. If engineering controls or work practices are not
adeqguate to prevent exposure to harmful levels of this material, the personal protective
aguipment listed below is recommended. The user should read and understand all instructions
and limitations supplied with the eguipment since protection is usually provided for a limited time
or under certain circumstances.

ENGINEERING CONTROLS:
Use process enclosures, local exhaust ventilation, or other engineering controls to control
airborne levels below the recommended exposure limits.

PERSONAL PROTECTIVE EQUIPMENT

EyeiFace Protection: Mo special eye protection is normally required. Where splashing is
possible, wear safety glasses with side shields as a good safety practice.

Skin Protection: Wear protective clothing to prevent skin contact. Selection of protective clothing
may include gloves, apron, boots, and complete facial protection depending on operations
conducted. Suggested materials for protective gloves include: Chlorinated Polyethylens (or
Chlorosufonated Paolysthylene), Mifrile Rubber, Polyurethane, Viton.

Respiratory Protection: Determine if airborne concentrations are below the recommended
occupational exposure limits for jurisdiction of use. If airbome concenirations are above the
accepiable limits, wear an approved respirator that provides adequate protection from this
material, such as: Air-Purifying Respirator for Organic Vapors. When used as a fuel, this material
zan produce carbon monoxide in the exhausi. Determineg if airfbome concentrations are below the
occupational exposure limit for carbon monoxide. If not, wear an approved positive-pressure air-
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supglying respirator. Use a positive pressure air-supplying respirator in circumstances where air-

purifying respirators may not provide adequate protection.
Occupational Exposure Limits:

Component Agency TWA |STEL Ceiling  Motation

Diesa! Fus! Mo, 2 ACGIH 100 mgim3 |- -- in &2 total

rocarbon

Diesa! Fus! Mo, 2 VK - 1000 mg/m3 |- -

Herosine AZGIH 200 mg'm3 |- -- Skin A3 Total
hydrocabon
vapor

Herosine VK - 1000 mg/m3 |- L

Herosine, hydrodesulfurzed ACGIH 200 mgim3 |- -- Skin A3 Total
[nydrocabon
vapor

HKerosine, hydrodesulfurized T - 1000 mg/m3 |- -

Maphtha'ens ACGIH 10 ppm 15 ppm - Skin

(weight] [weight)
Naphtha'ens JEHA Z-1 50 mgim3 - -- -

SECTION 9 PHYSICAL AND CHEMICAL PROPERTIES

Attention: the data below are typical values and do not constitute a specification.

Color: Vanes depending on specification

Physizal State: Liguid

Crdor: Petroleurn odor

pH: Mot Applicable

Vapor Pressure: 0.04 kPa (Approximate ) @ 40 *C (104 *F)
Vapor Density (Air = 1): =1

Boiling Point: 175.6°C (348°F) - 370°C (828°F)
Solubility: Soluble in hydrocarbons; insoluble in water
Freezing Point: Mot Applicable

Melting Point: Mot Applicable

Specific Gravity: 0.8 - 0.88 (@ 15.6°C (80.1°F) (Typical)
Viscosity: 1.8 o5t - 4.1 5t @ 40°C (104°F)

SECTION 10 STABILITY AND REACTIVITY

Chemical 5tability: This material is considered stable under mormal ambient and anticipated

storage and handling conditions of temperature and pressure.

Incompatibility With Other Materials: May react with strong acids or strong oxidizing agenis,

=uch as chlorates, nitrates, peroxides, etz.
Hazardous Decomposition Products: Mone known (Mone expected)
Hazardous Polymerization: Hazardous polymerization will not ocour,
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SECTION 11 TOXICOLOGICAL INFORMATION

IMMEDIATE HEALTH EFFECTS

Eye Irritation: The eye imtation hazard is based on evaluation of data for similar materials or
product componenis.

Skin Irritaticn: The skin irmitaticn hazard is based on evaluation of data for similar materials or
product componenis.

Skin Sensitization: This material did not cause skin sensitization reactions in a Bushler guinea
pig test.

Acute Dermal Toxicity: LOS0: =Sml'kg (rabbit).

Acute Oral Toxicity: LDS0: = 5 mikg (rat)

Acute Inhalation Toxicity: 4 hour(s) LC50: = Gmg/l (rat).

ADDITIONAL TOXICOLOGY INFORMATION:

This product contains gas oils.

COMCAWE (product dossier B5/107) has summarized current health, safety and environmental
data available for a number of gas ails, typically hydredesulfurized middle distillates, CAS 64742-
BO-8, straight-run middle distillates, CAS 84741-44-2_ and/or light cat-cracked distillate CTAS
54741-58-8. CARCIMOGEMICITY: All materials testad have caused the development of skin
turnors in mice, but all featured severs skin irntation and sometimes a long latency perod before
turnors developed. Siraight-run and cracked gas oil samples were studied to determine the
influence of dermal iritation on the carcinogenic activity of middle distillates. At non-irmitant doses
the siraight-run gas oil was not carcinogeniz, but at irritant doses, weak activity was
demonstrated. Cracked gas eils, when diluted with mineral oil, demonstrated carcinogenic activity
imaspective of the cocurrence of skin irritation. Gas oils were tested on male mice to study tumaor
initiating/promoting activity. The resulis demonsirated that while a straight-run gas oil sampls was
neither an inttiator or promotor, a blend of straight-run and FCC stock was both a tumer inttiator
and a promoter.

GENOTOXICITY: Hydrotreated & hydrodesulfurized gas oils range in activity from inactive to
weakly pasitive in in-vitro bacterial mulagenicity assays. Mouse lymphoma assays on straight-run
gas oils without subsequent hydrodesulphurization gave positive results in the presence of 38
metabolic actvation. In-vivo bone marrow cytogenstics and sister chromatic exchange assay
exhibited no actvity for straight-run components with or without hydrodesulphurization. Thermally
ar catalytically cracked gas oils tested with in-vitro bacterial mutagenicity assays in the presence
of 528 metabolic activation were shown to be mutagenic. In-vitro sister chromatic exchange
assays on cracked gas oil gave equivocal results both with and without 58 metabolic activation.
In-wiva bone marmow cytogenetics assay was inactive for two cracked gas oil samples. Three
hydrocracked gas oils were tested with in-vitro bacteral mutagenicity assays with 52, and one of
the three gave positive results. Twelve distillate fuel samples were tested with in-vitro bacterial
mutagenicity assays & with 58 metabolic activation and showed negative to weaakly positive
resulis. In one series, activity was shown to be related io the PCA content of samples tested. Two
in-vive studies were also conducted. A mouse dominant lethal assay was negative for a sample
of diesel fuel. In the other study, & samples of Mo 2 heating oil containing 50% cracked stocks
caused a slight increase in the number of chromasoemal aberrations in bone marrow cytogenetics
assays. DEVELOPMENTAL TOXIZITY: Diesal fusl vapor did not cause felotoxic or teratogenic
effects when pregnant rats were exposed on days 8-15 of pregnancy. Gas oils were applied to
the skin of pregnant rats daily on days 0-19 of gestation. All but one (coker light gas oil) caused
fetotouicity (increased resorptions, reduced litter weight, reduced litter size) at dose levels that
wers also maternally foxic.

This product contains naphthalene. GENERAL TOXICITY: Exposure to naphthalene has been
reported to cause methemoglobinemia andlor hemalytic anemia, especially in humans deficient in

the enzyme glucose--phosphate dehydrogenase. Laboratory animals given repeated oral doses
aof naphthalene have developed cataracts. REPRODUCTIVE TOXICITY AND BIRTH DEFECTS:
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Maphthalene did not cause birth defects when administered orally to rabbits. rats, and mice
during pregnancy, but slightly reduced Iitter size in mice at dose levels that were lethal to the
oregnant females. Maphthalens has been reporied to cross the human placenta. GENETIC
TOXICITY: Maphthalens caused chromosome aberrations and sister chromatid exchanges in
Chinese hamster ovary cells, but was not a mutagen in several other in-vitro tests.
CARCINOGEMNICITY: In a study conducted by the National Texicology Program (MTP). mice
exposed to 10 or 30 ppm of naphthalense by inhalation daily for two years had chronic
inflammation of the nose and lungs and increased incidences of metaplasia in those tissues. The
incidence of benign lung tumors (alveclarbronchiclar adenomas) was significantly increased in
the high-dose female group but not in the male groups. In another two-year inhalation study
conducted by NTP, exposure of rats to 10, 30, and 80 ppm naphthalens caused increases in the
incidences of a variety of nonneoplastic lesions in the nose. Increases in nasal umors were s=en
in both sexes, including offactony neurchlastomas in females at 0 ppm and adenomas of the
respiratory epithelium in males at all exposure levels. The relevance of these effects to humans
has not been established. Mo carcinogenic effect was reported in a 2-year feeding study in rats
recaiving naphthalene at 41 mg'kgiday.

This product may contain significant amounts of Polynuclear Aromatic Hydrocarbons (PAH's)
which have been shown to cause skin cancer after prolonged and freguent contact with the skin
of test animals. Brief or intermittent skin contact with this product is not expected to have serious
affects if it is washed from the skin. While skin cancer is unlikely to gcour in human beings
following use of this product. skin contact and breathing. of mists, vapors or dusts should be
reduced fo a minimum.

SECTION 12 ECOLOGICAL INFORMATION

ECOTOXICITY

88 hour{s) LCS0: 21-210 mygil (Salmo gairdneri)

48 hour(s) ECE0: 20-210 mg/l {Daphnia magna)

T2 howr(s) ECEO: 2.8-25 mgd (Raphidocellus subcapitata)
This material is expecied to ke toxic to aguatic organisms.

ENVIRONMENTAL FATE

Om release fo the environment the lighter components of diesel fusl will generally evaporate but
depending on lozal environmental conditions (temperature, wind, mixing or wave action, soil type,
ete. ) the remaindsr may become dispersed in the water column or absorbed to soil or sadiment.
Diesal fusl would not be expecied to be readily bicdegradable. In a modified Strum test (OECD
method 3018} approximately 40% bicdegradation was recorded over 28 days. However, it has
oeen shown that mest hydrocarbon components of diesel fuel are degraded in soil in the
presence of axygen. Under anaerobic conditions, such as in anoxic sediments, rates of
niodegradation are negligible.

SECTION 13 DISPOSAL CONSIDERATIONS

Use material for its intended purposs or recyele if possible. This material, if # must be discarded,
may meet the criteria of a hazardous waste as defined by US EFA under RCRA (40 CFR 281) or
other State and lozal regulations. Measurement of cerfain physical properties and analysis for
regulated components may be necessary to make a correct determination. If this material is
classified as a hazardous wasie, federal law requires disposal at a eensed hazardous waste
disposal facility.
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I SECTION 14 TRANSPORT INFORMATICON

The description shown may nof apply fo all shipping situations. Consult 42CFR, or appropriate
Dangerous Goods Regulations, for additional description requirements (2.g.. technizal nams) and
mode-specific or quantity-specific shipping reguirements.

DOT Shipping Description: GAS OIL. Combustible Liquid, UN1202.11
IMOAMDG Shipping Description: GAS CIL3 UM1202,011, FLASH POINT SEE SECTION §
ICACWIATA Shipping Description: GAS OIL.3,JN1Z202.11,

I SECTION 15 REGULATORY INFORMATICON

EPCRA 311/312 CATEGORIES:

1. Immediate (Acute) Health Effects: YES 2. Delayed (Chronic) Health Effecis: YES
3. Fire Hazard: YES 4. Sudden Release of Pressure Hazard: MO &, Reactivity Hazard: MO

REGULATCORY LISTS SEARCHED:

01-1=IARC Group 1 03=EPCRA 313

01-2A=1ARC Group 24 04=CA Proposition 85

01-28=IARC Group 28 05=MA RTE

02=NTP Carcinagen D8=NJ RTK
07=PARTK

The following components of this matenial are found on the regulatory lists indicated.

Diesal Fuel Mo. 2 or

Distillates, straight run middle (gas oil, light) 08

Kerosine 05, 05, 07

Maphthalens 01-28, 02, 03, 04, 05, 08, O7

CERCLA REPORTAELE QUANTITIES{RGVEPCRA 302 THRESHOLD PLANNING
QUANTITIESITPG):

Component Component RGQ [Component TPG Product RGQ

Maphthalens 100 lbs Mone 55558 lbs

CHEMICAL INVENTORIES:

All components comply with the following chemical inventory requirements: AICE [Australia), DEL
{Canada), EINECS (European Union), IECSC (China), KECI (Korea), PICCS (Philippines), TSCA
{United States).

MEW JERSEY RTK CLASSIFICATION:
Refer to components listed in Section 2. Under the Mew Jersey Right-fo-Fnow Act L. 18832
Chapter 315 M.J.5.A. 34:54-1 et. =s=q., the product is to be identfied as follows: DIESEL FUEL

WHMIS CLASSIFICATION:

Class B, Division 3: Combustible Liquids

Class D, Division 2, Subdivision A Very Toxic Material -
Carcinogenicity

Class O, Division 2, Subdivision B: Toxic Material -
Skin or Eye Irritation
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SECTION 16 OTHER INFORMATION

“NFPA RATINGS: Health: 0 Flammability: 2 Reactvity: O

{0-L=ast, 1-Shght, 2-Moderate, 3-High, 4-Extreme, PPE:- Personal Protection Equipment Index
recammendation, *- Chronic Effect Indicatar). These values are obtained using the guidelines or
opublished evaluations prepared by the Mational Fire Protection Association (NFPA) or the
Mational Paint and Coaling Association (for HMIS ratings).

Additional Product Mumber(s): CPS225114, CPS2281158, CPS2251580, CP3268174,
CPS270005, CPS270084, CPS270085, CPS270086, CPS271008, CPS272083, CPE272102,
CP5272126, CPS272152, CPS272185, CPS272180, CPS272185, CPS272583, CPE272601,
CP5272093, CPS272793, CPS273003, CPS273030, CPS273053, CRS275000

REVISION STATEMEMNT: This revision updates the following sections of this Materal Safety
Data Sheet: 1,5

Revision Date: 02/14/2005

ABEBREVIATIONS THAT MAY HAVE BEEN USED IN THIS DOCUMENT:

TLY - Threshold Limit Walue TWA - Time Weighted Average

(ZTEL - Short-term Exposure Limit FEL - Permissible Exposure Limd

CAS - Chemical Abstract Senvice Number

BCGEIH - Amencan Conference of Government IMOIMOE - International Maritme Dangerous Goods

Industrial Hygenists ode

AP - Amencan Petroleum nstiute IMSCS - Materia! Safety Data Shest

CWK - ChevronTexaco WFPA - National Fire Protection Association (UISA)
DT - Department of Transportation (USA) MTP - Mational Toxicolegy Program (USA)

IART - Internationa’ Agency for Reseanch on DEHA - Ocoupationa! Safety and Health Adrinistration
Cancer

Prepared according to the OSHA Hazard Communication Standard (28 CFR 1810.1200) and the
AMSI MEDS Standard (2400.1) by the Chevron Texaco Energy Research & Technaology
Company, 100 Chevron Way, Richmond, California 84302,

The abowe information is based on the data of which we are aware and is believed to be
correct as of the date hereof. Since this infermation may be applied under conditions
beyond our control and with which we may be unfamiliar and since data made available
subsequent to the date hereof may suggest medifications of the infermation, we do not
assume any responsibility for the results of its use. This information is furnished upon
condition that the person receiving it shall make his own determination of the suitability of
the material for his particular purpose.
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	The following is excerpted from “Pump Efficiency Test Rebate



