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Introduction 
The most reliable means of determining and verifying the accuracy of an Automatic Custody 
Transfer (ACT) liquid sales meter is to compare a measured volume of liquid through the meter 
against the known volume of a bi-directional meter prover system.  The actual comparison of these 
volumes is referred to as a "meter proving".  To ensure proving accuracy, it is necessary to collect 
fluid data, which will be used in making calculations to determine "true volume". 
 
The basic principle of operation of the bi-directional meter prover is to provide an accurate and 
repetitive displacement of liquid through a pre-calibrated volume between two detector switches. 
Accurate displacement of the liquid is accomplished by forcing an inflatable spheroid through the 
calibrated section of pipe using fluid energy from the stream being metered and recording the 
metered volume.  A ratio is determined between the known volume displaced and the volume 
indicated by the meter.  This ratio is the "Meter Factor".  Meter Factor is what we multiply the 
counter register by to obtain true volume. 
 
Prover Volume 
The volume of the prover is expressed as a round trip, meaning that the spheroid has been diverted 
from one launch chamber through the calibrated section and back.  The prover volume is 
determined from a calibration test or "Water Draw" using water as a test fluid with the prover 
volume corrected to a pressure of 0 PSIG and a temperature of 60 degrees F.  When the prover is 
operated, it is necessary to correct prover volume for the following conditions: 
 
1.  Liquid Temperature Correction (Ctl) - This correction is applied to the prover only when the 

meter being calibrated is equipped with an automatic temperature compensating device to allow 
a true volume comparison.  This correction is obtained from the appropriate API Tables found 
under Chapter 11 of the API Manual of Petroleum Measurement Standards Standard 2540 or 
from the calculations obtained from the API Manual of Petroleum Measurement Standards, 
Chapter 11, Section 1 and is used to correct the volume of the prover to 60 degrees F. When 
proving a meter with an automatic temperature compensating device it is referred to as a "net" 
proving.  The liquid temperature at the prover is obtained from accurate thermometers installed 
on the prover inlet and outlet connections.  When proving a meter without an automatic 
temperature compensating device it is necessary to apply the liquid temperature correction (Ctl) 
to both the prover volume and the meter volume.  The temperature of the meter is read on an 
accurate thermometer installed as close as possible to the meter.  When the temperature of the 
prover is the same as the temperature of the meter, the liquid temperature correction factors will 
cancel.  When proving a meter without an automatic temperature compensating device it is 
referred to as a "gross" proving. 

 
2.  Prover Expansion Due to Pressure (Cps) - This correction is applied only to the prover and is 
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obtained from the API Manual of Petroleum Measurement Standards, Chapter 12, Section 2 for 
standard wall provers, or, from the equation shown for special wall provers.  This correction is 
used to correct for prover volume change due to the effect pressure has on steel. 

 
3.  Prover Expansion Due to Temperature (Cts) - This correction is applied only to the prover and 

is obtained from the API Manual of Petroleum Measurement Standards, Chapter 12, Section 2. 
This correction is used to correct for prover volume change due to the effect temperature has on 
steel. 

 
4.  Liquid Compression (Cpl) - The liquid pressure correction is a factor used to correct prover 

volume due to the effect pressure has on the liquid being proved.  This correction is used to 
correct for compressibility of the liquid to a base pressure of 0 PSIG and is obtained from the 
API Manual of Petroleum Measurement Standards, Chapter 11, Section 2.1 or from calculations 
obtained from the API Manual of Petroleum Measurement Standards, Chapter 11, Section 2.2. 

 
Meter Volume (Temperature Corrected) 
The volume metered by a positive displacement custody transfer meter is displayed on a 
mechanical counter driven by a mechanical gear train.  The gear train is also used to drive an 
automatic mechanical temperature compensating device used to correct volume to a base of 60 
degrees F at a designated specific gravity or API gravity.  The same meter gear train is connected 
to a high resolution electronic photo-pulser that is used to provide a transmitted output of 1000 
electrical pulses per revolution of the gear train to an Electronic Prover Counter.  In the case of a 
4" Smith Series F4 meter, this electrical output is equivalent to 200 pulses per metered gallon or 
8400 pulses per barrel.  When the meter is proved it is necessary to convert the pulses per metered 
gallon into equivalent units for comparison to "Prover Volume" in order to develop a "Meter 
Factor".  During a "net" proving, it is necessary to correct metered volume for the following 
conditions: 
 
1.  Pulse Factor of Meter - is the factor based on the number of pulses per gallon or barrel 

generated by the photo-pulser transmitter installed on the meter.  The units must be the same 
(i.e., gallons or barrels) as used for the prover. 

 
2.  Liquid Temperature Correction (Ctl) - This correction is applied to the prover only when the 

meter being calibrated is equipped with an automatic temperature compensating system to allow 
a true volume comparison.  This correction is used to correct the volume of the product to 60 
degrees F. 

 
3.  Liquid Compression (Cpl) - The liquid pressure correction is a factor used to correct meter 

volume due to the effect pressure has on the liquid being metered.  This correction is used to 
correct for compressibility of the liquid to a base of 0 PSIG. 

 
Proving Procedures 
Meters should be calibrated under actual operating conditions of pressure, temperature and flow.  
Before proving a meter, product should be circulated long enough to insure that the meter, the 
meter case, the meter internal operating parts, the automatic temperature compensation device and 
the meter prover temperatures are equalized.  The spheroid should be reversed several times by 
manipulation of the four-way prover valve to stabilize the temperature.  During movement of the 
spheroid, the vent valves located on each launch chamber should be operated to remove all air or 
vapor from the prover system. 
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The Electronic Prover Counter should be checked before each proving.  The counter is equipped 
with a test switch which will allow testing of the photo-pulser (attached to the meter to be 
calibrated) to ensure that a total of 1000 pulses per revolution in being received from the meter 
being calibrated.  A satisfactory proving will not be possible if the photo-pulser is off more than 
plus or minus one count in 1000. 
 
Round Trip - Consists of moving the spheroid from one end of the prover and then moving it back 
to the starting position.  A round trip proving run should start from the same end of the prover each 
time.  The Electronic Prover Counter should be zeroed before starting the spheroid movement and 
then wait to zero the register until a full round trip has been recorded. (Example: Initial 5776 - 
Total 11568).  The total pulses registered for a round trip are considered a basic proving run.  
Usually a complete proving consists of five (5) consecutive round trips of the spheroid.  In some 
cases seven (7) round trips are made and the highest and lowest run are discarded with the five 
remaining to be averaged. A series of five consecutive round trips that agree within 0.05% are 
generally considered as an acceptable test of a meters performance. 
 
The temperature of the liquid should always be taken at the inlet and at the outlet of the prover.  
These temperatures should be recorded during each complete trip of the spheroid and the average 
of these temperatures will be the temperature of the liquid in the prover. 
 
Calculation of Meter Factor - Using Temperature Compensated Meter 
The "Meter Factor" is the correction to all the changes that can affect the meter.  The relation 
between the quantity of a liquid indicated on the register of the meter and the true quantity of the 
liquid that has passed through the meter during the same time interval is called "Meter Output".  
This relation can express itself in various ways, but for operation, it is expressed more commonly 
as "Meter Factor".  This "Meter Factor" is a mathematical expression obtained as a product 
between the division of the quantity that passes through the meter in a given time and the quantity 
of volume indicated by the counter at the same time.  The true measurement of volume that passes 
through the meter is then, the product of multiplying the digits indicated on the counter register by 
the "Meter Factor". 
 
The "Meter Factor" based on 0 PSIG and 60 degrees F. for an automatic temperature corrected 
meter is obtained from the following mathematical expression; 
 
Meter Factor =  Gross round trip prover volume x prover liquid temperature correction (Ctl) x 

prover expansion of metal due to pressure (Cps) x prover expansion of metal due 
to temperature (Cts) x prover liquid compressibility factor (Cpl) divided by round 
trip temperature corrected meter pulses per unit volume (pulses per gallon or 
pulses per barrel) x meter liquid compressibility factor (Cpl) 

 
The "Composite Meter Factor" based on normal operating pressure and average temperature 
conditions for an automatic temperature corrected meter is obtained from the following 
mathematical expression; 
 
Composite Meter Factor = Meter Factor (at 0 PSIG and 60 degrees F) x meter liquid 

compressibility factor (Cpl - at average operating meter pressure) 
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Calculation of Meter Factor - Non-Temperature Compensated Meter 
The "Meter Factor" based on 0 PSIG and 60 degrees F. for a non- temperature corrected meter is 
obtained from the following mathematical expression; 
 
Meter Factor =  Gross round trip prover volume x average prover liquid temperature correction 

(Ctl) x prover expansion of metal due to pressure (Cps) x prover expansion of 
metal due to temperature (Cts) x prover liquid compressibility factor (Cpl) divided 
by round trip meter pulses per unit volume (pulses per gallon or pulses per barrel) 
x average meter liquid temperature correction (Ctl) x meter liquid compressibility 
factor (Cpl) 

 
The "Composite Meter Factor" based on operating pressure and average temperature for a non-
temperature corrected meter is obtained from the following mathematical expression; 
 
Composite Meter Factor = Meter Factor (at 0 PSIG and 60 degrees F) x meter liquid 

compressibility factor (Cpl - at average operating meter pressure) 
 
Meter Factor Deviation 
Meter factor deviation is the drift between meter provings.  The allowable drift is based on the 
individual company requirements as agreed upon between buyer and seller.  If the meter factor on 
a mechanically temperature corrected meter consistently drifts over several provings it may be 
necessary to prove the meter on both "gross" and "net" to determine the exact cause of the drift. 
 
Inspection and Maintenance 
The characteristics of the metered liquid generally determine the frequency of meter inspections 
and repairs.  Meters susceptible to damage by wear or excessive tolerance will require more 
frequent inspections in order to prevent malfunctions.  A good preventative maintenance program 
will always insure reliable performance. Inspections, maintenance and provings should be 
documented on each meter in order to develop statistical data. 
 
When putting a new or repaired meter in service, the inlet and outlet block valves should be 
opened gradually to permit the displacement of air or gases that might exist inside the meter. 
Failure to slowly eliminate vapors may result in structural damage to the meter. 
 
Calculations 
Attached are examples of proving reports and tabulated correction factors.  These proving reports 
are included for information only and not intended as a required method of operation. 
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