11/15/2006

SOP 21

Standard Operating Procedure for

Calibration of LPG Provers

1
Introduction 

1.1 
Purpose of Test  


This procedure may be used to calibrate a volume standard used to test systems designed to measure and deliver liquefied petroleum gas (LPG) in the liquid state by definite volume, whether installed in a permanent location or mounted on a vehicle.  A schematic diagram of such a prover is shown in Figure 1, together with numbers, e.g., 1, 2, 3, and 4 to clarify the various operations described in the procedure.  The parts labeled A, B, and C are hose connections used in meter testing (versus prover calibrations).

1.2
Prerequisites 

1.2.1
Verify the unknown prover has been properly cleaned and vented with all petroleum products removed prior to submission for calibration to ensure laboratory safety. 

1.2.2 Verify that valid calibration certificates are available for the standard used in the test.

1.2.3 Verify that the standards to be used have sufficiently small standard uncertainties for the intended level of the calibration. 

1.2.4 Verify the availability of an adequate supply of clean water (GLP 10). 

1.2.5 Verify that the operator has had specific training in SOP 18, SOP 19, SOP 21, GMP 3, and SOP 20.  

1.2.6 Cylinder of nitrogen or compressed air and a proper pressure regulator.

1.2.7 Verify that the laboratory facilities meet the following minimum conditions to make possible the expected uncertainty achievable with this procedure: 

Table 1.
Laboratory environmental conditions

	Procedure
	Temperature
	Relative Humidity

	Volume Transfer
	18 (C to 27 (C, maximum change 2.0 (C/h
	40 % to 60 %

± 20 %, maximum change / 4 h


1.3 Field tests 

1.3.1 A “field” calibration is considered one in which a calibration is conducted in an uncontrolled environment, such as out-of-doors.  Calibrations conducted under field and laboratory conditions are not considered equivalent.

1.3.2
The care required for field calibrations includes proper safety, a clean and air-free water supply, measurement control programs, and a stable temperature-controlled environment shaded from direct sunshine to allow the prover, field standard, and test liquid (water) to reach an equilibrium temperature, with minimal evaporation. Environmental conditions should be controlled (or selected) to be as close to laboratory conditions as possible.  All data and appropriate environmental conditions must be documented regardless of test location.

2 Methodology  

2.1 Scope, Precision, Accuracy  



This procedure is applicable for the calibration of LPG provers with capacities of 100 L to 500 L (20 gal to 100 gal) or larger when appropriate.  Provers of the latter capacity (gal and in3 units) are encountered most frequently, hence the procedure is written with that in mind.  The changes necessary for testing provers of other capacities will be obvious and are not described in this document.  The agreement of duplicate measurements made within a short period of time on a given 100‑gal prover should be within 5 in3 (0.02 gal). The accuracy will depend on the uncertainty in the volume of the standard, on the care exercised in making the various measurements and temperature read​ings, and on correct application of the corresponding corrections. 

2.2 Summary  

The procedure is a modification of one described by M.W. Jensen in NBS Handbook 99, "Examination of Liquefied Petroleum Gas Liquid- Measuring Devices."  The LPG prover is calibrated with a known volume of water delivered into it from a standard prover of calibrated volume.  Depending on the respective volumes, multiple transfers may be required.  While these should be minimized, a maximum number of 15 transfers are permitted to ensure that final calibration uncertainties are sufficiently small to meet user applications.  The LPG prover is pressurized and the liquid level is measured at each of several values of applied pressure.  The calibration thus defines the capacity of the prover over its expected range of operational pressure. 

2.3 Equipment  

2.3.1 Calibrated standard prover of minimum volume of 10 gal but preferably of the same volume as the LPG prover, with recent calibration certificate traceable to NIST.

2.3.2 A funnel and a calibrated 1 gal flask (or other suitable size) with recent calibration certificate traceable to NIST, to calibrate the neck of prover. 
2.3.3 Calibrated thermometers (2) accurately calibrated to 0.1 (C, with recent calibration certificate traceable to NIST.

2.3.4 Meniscus reading device (See GMP 3).
2.3.5 Timing device (calibration is not required.)

2.3.6 Supply of clean water, preferably soft water (filtered if necessary) (GLP 10). 

2.3.7 Sturdy platform, with appropriate safety conditions, with sufficient height to hold standard and to permit transfer of water from it to the prover by gravity flow. 
2.3.8 Clean the pipe or tubing (hoses) to facilitate transfer of water from the laboratory standard to prover.  Nearly all LPG provers require reducers to be used between normal laboratory piping and the top hole on the prover.  Pipe and hose lengths should be minimized to reduce water retention errors.  Care must be taken during wet-downs and runs to ensure complete drainage and consistent retention in all hoses or pipes.
2.3.9 Compressed nitrogen cylinder or air, suitable regulator, and an appropriate pressure gauge.  The calibration relies on the accuracy of the pressure gauge on the prover.  It assumes that systematic errors in the prover pressure gauge will be present in field applications as well, thus calibration of the laboratory pressure gauge is not essential.

2.4 Procedure 

2.4.1
Preliminary Operations 

2.4.1.1 Install and level the standard(s) on a raised platform with appropriate security and safety ensured for the prover(s) and operator(s).  Provide pipe or tubing for delivery of water by most direct route to prover. 

2.4.1.2 Position and level the unknown prover where it can be reached from the elevated standard by the shortest feasible delivery system.

2.4.1.3 Remove the plug and relief valve (1) from the top, and extend the pipe into the hole.  This may require the use of a reducer and a short length of hose (about 1 inch in diameter).  If this is a tight fit, open the vapor return line valve (2) to provide an air bleed. 

Use the prover inlet line (3) as a gravity drain.  If necessary, remove the fitting on the end and connect a hose or pipe to make the necessary drain line.

Warning:  ensure that a check valve is not plumbed into the prover inlet line. If it is, remove the check valve, otherwise the prover will need to be drained via the plug in the bottom of the lower neck.

2.4.2 Cleanliness Check 

Both the standard and the prover must be internally clean.  This should be verified by checking that water drains properly from them.  If necessary, either or both should be cleaned with water and detergent (see GMP No. 6) to attain good drainage characteristics. 

2.4.3 Neck scale plate verification  
2.4.3.1 Fill the prover with water from the standard. Check the prover levels and adjust if necessary. Check the prover system for leaks.  This is a wet‑down run. 

2.4.3.2 Bleed the liquid level down to a graduation near the bottom of the upper neck.  "Rock" the prover to "bounce" the liquid level, momentarily, to ensure that it has reached an equilibrium level.  Read and record this setting.  This is in preparation for calibration of the neck scale. 

2.4.3.3 Remove the fill hose or pipe from the top and insert a funnel. 

2.4.3.4 Recheck the scale reading, then add 1 gal of water (or a volume equal to approximately ¼ or 1/5 of the graduated neck volume) from a suitable standard; record the scale reading. 

2.4.3.5 Repeat 2.4.3.4 by successive additions until water is near the top of the scale (the neck capacity is usually about 5 gal).  Record scale readings after each addition.  The closer the water is to the top of the neck, the harder it may be to "bounce" the liquid in the gauge. 

A plot of scale readings with respect to volume added should be linear and will be a gross check of the validity of this calibration.

2.4.3.6 Calculate and check accuracy of the neck scale for each interval.  The error should be less than 0.5 % of the graduated neck volume.  If more than this, the scale should be replaced or issue the NSCV and instructions to user.

2.4.3.7 The neck scale calibration value is calculated as follows:  
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Eqn. 1
where:
	NSCV
	Neck scale calibration value

	Vw
	Total volume of water added to neck
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	Scale reading, final
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	Scale reading, initial


2.4.4 Body Calibration

2.4.4.1 Drain the prover through its inlet valve and the liquid bleeder valve.  When the liquid reaches the top of the lower gauge glass, close the inlet valve and allow the water to drain from the interior of the prover into the lower neck for 30 s, while controlling the water flow and level with the bleeder valve until the liquid meniscus reaches the zero graduation. The liquid level should be exactly at the zero graduation and the bleeder valve closed simultaneously at the 30 s drain time. (Draining with the bleeder valve close to the zero mark should be started during the 30 s drain period but should not be completed before the end of the drain period.)

Alternatively, though not recommended, the prover may be completely drained with a 30 s drain time and then refilled with a funnel that has been wet down, and small volume of water to set the zero mark. Errors from this process will result due to the additional drain and retention time and other factors associated with the process.

2.4.4.2 Transfer 100 gal (or other suitable volume) from the standard in the usual manner, and record the standard and prover temperature readings.  If multiple transfers are required, record temperature of the standard at the time of each transfer, but that of the prover only after the final transfer.  "Rock" the prover to "bounce" the liquid in the upper gauge glass before reading.  Record the scale reading after the nominal volume has been transferred into the unknown LPG prover.

Note regarding temperature measurements: A digital temperature sensing device with a long cable can allow insertion of the probe into the standard and the unknown to enable direct liquid measurements at the bottom, middle, and top of the provers. If the prover thermometer wells are used, ensure that the prover has equalized with the temperature of the water.

2.4.4.3 Drain the LPG prover as described in 2.4.4.1 and make another test run. Record the temperatures of the standard(s) and the unknown and final scale reading. Calculate the prover error at 0 psig for each run using the appropriate equations in Section 3; these values are used to evaluate repeatability of the test only.  The error at 0 psig for the test runs should agree within 0.02 % of the prover volume or approximately one‑half the prover tolerance (i.e., 5 in3 on a 100 gal LPG prover). If the repeatability is larger than 0.02 % of the prover volume, continue until replicates agree within these limits, taking care to ensure that poor cleanliness, contamination, bubbles in hoses, leaking valves or seals are not contributing to poor repeatability. Repeatability problems may also be due to poor field conditions, such as when calibration is conducted in unstable environments. Repeatability problems must be corrected before calibration can be completed.

2.4.4.4 Replace the relief valve and plug in the top of the prover using suitable pipe joint compound or tape.  Allow water from 2.4.4.3 (the second run) to remain in prover.

2.4.5 Prover Adjustments

2.4.5.1 The internal pressure and hence the volume of the prover may vary during use. Accordingly, a pressure correction must be made using the data of steps 2.4.6.

To minimize the amount of correction needed when the prover is in use, the prover should be adjusted to indicate its nominal capacity when 100 psig is applied.  (An internal pressure of 100 psig is suggested as being convenient.)  If the actual volume of the prover is not near a convenient whole gallon value and cannot easily be adjusted to a whole gallon value, a prover correc​tion value can be computed (see 3.4) and added to the pressure correction values to obtain a set of combined prover and pressure correction values to be computed.  The pressure correction is computed in 3.4.

2.4.5.2 Use a cylinder of nitrogen or compressed air and a proper pressure regulator with an integrated pressure gauge.

Connect the cylinder regulator output to the vapor return fitting (2) near the top of the neck.  This may require fashioning a connection with steel pipe nipples or other appropriate materials and the existing fittings.  

Caution:  Ensure that all piping and fittings are rated for the pressures to which they will be exposed.

Make sure all valves are closed except the vapor return valve.  Verify that the final scale reading has not changed since it was recorded (if it has changed it may signal a leak in one of the valves or fittings), and then slowly introduce pressure until the installed prover gauge reads 100 psig.  Lightly tap the gauge to ensure that the gauge needle is not sticking.  "Bounce" the liquid in the neck, then read and record the liquid level at this applied pressure.

Return pressure to 0 psig and reapply pressure as above. This reading at 100 psig should agree with the above recorded reading within 0.02 % of the nominal volume of the prover. Leaking seals or valves may cause problems with repeatability of the gauge readings under pressure.

2.4.5.3 With the pressure in the prover at 100 psig, adjust the upper scale to read the nominal volume. This is accomplished by adjusting the upper scale so that the water level reading is:

Desired scale reading = VX60 – (VNOM * 1.00032)
 Eqn. 2
Take care to use like units in the calculation.  The calculation for VX60 is given in 3.1, Eqn 5.
Note: The correction factor 1.00032 corrects for the compres​sibility of the water at 100 psig. If the upper scale is not adjustable, see 2.4.5.4. 

2.4.5.4 For provers with only an adjustable lower scale (or one in which the upper scale is not adjustable), a prover correction, LC, may be calculated at 100 psig as follows:
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Eqn. 3
where:
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	Prover correction at 100 psig

	VX60
	Volume of unknown prover at 60( F
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	Nominal volume of prover
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	Upper scale reading at 100 psig

	1.00032
	Correction factor for the compressibility of water at 100 psig


Take care to use like units in the calculation.

If the prover correction is negative, move the bottom scale down to increase the prover volume.  If the prover correction is positive, move the bottom scale up to decrease the prover volume.  The distance h that the bottom scale is to be moved is:
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Eqn. 4
where:

	h
	Distance in inches the bottom scale is to be moved, up or down
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	Prover correction at 100 psig in cubic inches

	d
	Inside diameter of the lower neck of the prover in inches (as noted on identification plate)


2.4.6 Pressure Correction

2.4.6.1 Return pressure to 0 psig. Record the reading. Slowly introduce pressure until the installed prover gauge reads 50 psig.  Lightly tap the gauge to ensure that the gauge needle is not sticking. "Bounce" the liquid in the neck, then read and record the liquid level at this applied pressure.

2.4.6.2 Repeat step 2.4.6.1 at 100, 150, and 200 psig. Other pressure points in between those listed may be tested if so desired. (The water level should decrease 10 in3 to 15 in3 for each 50 psig increase in pressure, although this varies depending on the geometry and age of the LPG prover. Water level changes significantly greater than indicated may be due to leaking seals and/or valves.) Erratic pressure readings may also be due to air entrapment based on prover design; repeated pressurizing of the prover should eliminate entrapped air. Air entrapment problems due to design may need to be investigated and corrected.

2.4.6.3 Repeat step 2.4.6.1 as the pressure is bled down to 150, 100, 50, and 0 psig (atmospheric pressure). The readings should agree with those previously obtained within approximately 0.02 % of the nominal prover volume.  If the data are not linear with respect to pressure, repeat the series of measurements above to verify the nonlinearity of the readings.  Leaking seals or valves may cause problems with repeatability of the gauge readings under pressure.  The cause of repeatability errors must be identified and corrected before continuing the calibration.  
2.4.7 Final Operations 

2.4.7.1 Seal the bottom and top scales as specified by laboratory policy and as appropriate.  tc "Seal the bottom and top scales as appropriate.  " \l 4
2.4.7.2 Drain prover, then remove plug (5) at the lower neck to facilitate drainage below the lower gauge. If time permits, let the prover drain overnight. 

2.4.7.3 With the nitrogen cylinder or compressed air connected, blow nitrogen or air through the prover to remove remaining moisture. Be sure to blow out the drain line and any other portions of the system that may have become contaminated with water. 

2.4.7.4 If water has entered the pump‑off system, pour several gallons of alcohol into the prover and pump the alcohol through the system to remove the water to prevent it from freezing in the pump when LP gas is used. 

3
Calculations 

3.1
Single Delivery 

3.1.1
Calculate VX60, the volume of the unknown prover at 60 (F, using the following equation:
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  Eqn. 5
3.2 Multiple Deliveries 

3.2.1 Calculate VX60, the volume of the unknown prover at 60 (F, using the following equation:
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  Eqn. 6
Table 2.
Variables for VX60 equations
	Symbols Used in Equations

	VX60
	volume of the unknown vessel at 60 (F

	VS60
	volume of the standard vessel at 60 (F
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	density of the water in the standard prover where (1 is the density of the water for the first delivery, (2 is the density of the water for the second delivery, and so on until all N deliveries are completed

	(1, (2,..., (N
	volume difference between water level and the reference mark on the standard where the subscripts 1, 2,..., N, represent each delivery as above.  If the water level is below the reference line, ( is negative.  If the water level is above the reference line, ( is positive.  If the water level is at the reference line, ( is zero

NOTE: units must match volume units for the standard

	t1, t2, ..., tN
	temperature of water for each delivery with the subscripts as above

	(
	coefficient of cubical expansion for the standard in units / ºF

	ß
	coefficient of cubical expansion for the prover in units / ºF

	tx
	temperature of the water in the filled unknown vessel in units ºF

	(x
	density of the water in the unknown vessel in g/cm3

	Note:  Values for the density of water at the respective temperatures may be found in Table 9.8 (in NISTIR 6969). It may also be calculated using the formula given in GLP 10.


3.3 
Pressure Corrections  



Compute the pressure correction, Pcorr, at each pressure that the prover was read, after any adjustments, by correcting for the compressibility of the water.  The equation is:
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 Eqn. 7


where the water compressibility factor is 7.4 in3 or 0.032 gal for a 100 gallon prover and 1.8 in3 or 0.008 gal for a 25 gallon prover.  The compressibility value is 0.00032 gal per gallon for 100 psig.   The compressibility factor is given in both cubic inches and gallons so the proper unit can be selected depending upon the unit used for the scale readings.

Plot the pressure corrections.  If the corrections versus the pressure are linear, make a straight line best fit of the data and interpolate to obtain the pressure corrections for any desired pressure.  If the data is nonlinear, then perform a straight line interpolation between adjacent pressure readings to obtain pressure corrections at any desired intermediate pressures.  Alternatively, a best fit curve can be drawn for the nonlinear data and the pressure corrections interpolated from the graph for intermediate pressures.  See Appendix A for an example of the pressure corrections.

3.4
Prover Volume 

LPG provers are generally adjusted to the nominal value using 100 psig as the reference pressure. At 100 psig, the prover reading will be lower by at least 0.032 gal/gal than it was at 0 psig due to the compressibility of water under pressure.  Therefore, a prover of 100 gal should be set to read the VX60 value at 0 psig minus 7.4 in3.  (The water level on the prover’s upper scale will be below the calculated VX60 reading when pressurized to 100 psig).  The prover must not be set to read the VX60 value plus the compressibility factor at 0 psig because, in addition to compressibility of water, the prover expands as pressure is applied.

4 Measurement Assurance

4.1 If a check standard is used (See SOP 20, SOP 30), repeat the process for the unknown prover on the check standard without adjustments.

4.2 Plot the check standard volume and verify that it is within established limits.  Alternatively a t-test may be incorporated to check the observed value against an accepted value.
4.3 The mean of the check standard values is used to evaluate bias and drift over time.

4.4 Check standard values may be used to calculate the standard deviation of the measurement process.

4.5 If a check standard is not used, the laboratory will need to maintain a Range chart according to SOP 20 to determine the repeatability for this procedure. 

5
Assignment of Uncertainties

5.1 The limits of expanded uncertainty, U, include estimates of the standard uncertainty of the laboratory volumetric standards used, us, plus the uncertainty of measurement, um, at the 95 % level of confidence.  See SOP 29 for the complete standard operating procedure for calculating the uncertainty. 

5.2 The standard uncertainty for the standard, us, is obtained from the calibration report. The combined standard uncertainty, uc, is used and not the expanded uncertainty, U, therefore the reported uncertainty for the standard will usually need to be divided by the coverage factor k. 

5.3 Neck calibration uncertainty should be estimated based on the uncertainty of standards used, errors observed during calibration, and the repeatability of the neck calibration. 

5.4 Standard deviation of the measurement process from control chart performance (See SOP No. 20 and SOP 30)

5.4.1 The value for sp is obtained by estimation using the range from the control chart data for large volume transfer procedures.  
Note:  Fifteen is the maximum recommended number of deliveries from a laboratory standard to a prover under test to minimize calibration uncertainties to the levels identified previously. 

5.5 Other standard uncertainties usually included at for this type of calibration level include uncertainties associated with the ability to read the meniscus, only part of which is included in the process variability, viscosity effects, the cubical coefficient of expansion for the prover under test, use of proper temperature corrections, the accuracy of temperature measurements, water density equation, the compressibility of water, round robin data showing reproducibility, environmental variations over time, and bias or drift of the standard.

5.5.1 To properly evaluate uncertainties and user requirements (tolerances), assessment of additional user uncertainties may be required by laboratory staff.  Through proper use of documented laboratory and field procedures, additional uncertainty factors may be minimized to a level that does not contribute significantly to the previously described factors. Additional standard uncertainties in the calibration of field standards and their use in meter verification may include:  how the prover level is established, how delivery and drain times are determined, the use of a proper “wet-down” prior to calibration or use, whether gravity drain is used during calibration or whether the volume of water is eliminated by pumping, the cleanliness of the prover and calibration medium, prover retention characteristics related to inside surface, contamination or corrosion, and total drain times, and possible air entrapment in the water. Systematic errors may be observed between laboratory calibration practices where a gravity drain is used and field use where the pumping system is used. 

6
Report

6.1 Report results as described in SOP No. 1, Preparation of Calibration/Test Results, with the addition of the following:

6.1.1 For LPG provers, the total prover volume and uncertainty, reference temperature, material, coefficient of expansion (assumed or measured), any identifying markings, tolerances (if appropriate), laboratory temperature, water temperature, barometric pressure, relative humidity, out-of-tolerance conditions, and the total drain time from opening of the valve, including the 30 s drain after cessation of flow.


The report should also include a pressure correction table or chart, along with a note regarding possible differences in retention characteristics between water, the calibration medium, and LPG products.
Figure 1. LPG Prover Schematic

[image: image14.png]Prover Pressure Relief @
Vapor Discharge Line / Valve
and Valves Pressure Gage and Valve
Connect to

Supply Tank
@\ Vapor-inlet

Leveling Shelves

/Upper Neck and Gage

Thermometer Well

Prover Body

Prover-Discharge

L Neck and G
Line and Valve ower Neck an age

m / rover Inlet and Valve

Connect Meter
Discharge Line

Liquid Bleeder and Valve (3)
Pump Bypass

0707676707070707020020 0
4 $
(4

Pump Pressure

Relief Valve 4
Spring-Loaded Pump Bypass
@ Valve
< 110 Volit Power Cord
Connect to (3 Wire)

Supply Tank Prover Pump Discharge

Liquid Inlet Line and Valve Pump and Motor




Appendix A

SOP No. 21

Recommended Standard Operations Procedure for

Calibration of LPG Provers

1  
Compressibility of Water

The water compressibility factor is calculated based on an equation given in a paper by Frank E. Jones and Georgia L. Harris, "ITS-90 Density of Water Formulation for Volumetric Standards Calibration", as published in the Journal of Research of the National Institute of Standards and Technology, Vol. 97, No. 3, 1992.  
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where

	VNOM
	Nominal volume of Prover in gal

	kT
	Thermal compressibility of water in  (atm)-1

	P
	Pressure in atm


And
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where kT is in (kPa)-1
and 1 atm = 101 325 Pa (exactly).
The thermal compressibility of water for the reference temperature 60 (F (15.56 (C) is 4.66264002 x 10-9/kPa.  LPG provers are calibrated at a nominal reference point at a specified temperature and pressure, typically 60 (F and 100 psig.  A pressure of 100 psig correlates to 6.8 atmospheres.  The following equation was used to calculate the compressibility factor:

Compressibility factor = (VNom)(231)(kT)(P)
Compressibility factor = 100 gal (231 in3/gal)(4.72442x10-5/atm)(6.8 atm) = 7.4 in3 or 0.032 gal
1  
Example of Pressure Corrections

The following example is printed from a Lotus 1, 2, 3 program written by L. F. Eason, Metrologist (NC) to perform calculation for volume transfer.  The program was modified by Georgia Harris (NIST) to provide calculations and corrections for LPG prover testing.  
	VOLUME TRANSFER CALIBRATION ‑ METAL LPG PROVER

	DATE:  04/09/91

	   COMPANY NAME:

        ADDRESS:

    CITY, STATE:
	Handbook 145 Example

12321 Some Street

Anywhere, USA

	NOMINAL VOLUME OF PROVER:

PROVER SERIAL NO:

MANUFACTURER:

NUMBER OF DELIVERIES REQUIRED:
	100 GALLONS

100‑234LP

Provers Unlimited

1 (0‑15)

	DATA FOR INDIVIDUAL STANDARD DELIVERIES

	DROP

NO
	VOL

(GAL)
	METAL

(MS/SS)
	EXP

COEF
	TEMP

DEG C
	TEMP

DEG F
	WATER

DENSITY
	DELTA

(CU IN)

	1
	100
	stainless
	0.00003
	15.55
	59.99
	0.999013
	0

	       TYPE OF METAL FOR THE UNKNOWN:

 COEFFICIENT OF EXPANSION:

  WATER TEMPERATURE:

      WATER DENSITY:

    GAUGE AT 0 PSIG:

    GAUGE AT 50 PSIG:

  GAUGE AT 100 PSIG:

  GAUGE AT 150 PSIG:

  GAUGE AT 200 PSIG:

         DELIVERY VOLUME AT 60 °F:

  UNKNOWN PROVER'S ERROR AT 100 PSIG:
	mild steel

0.0000186 /°F

15.55  C

59.99  F

0.999013 g/cm3
0.09 gal

0.02 gal

‑0.05 gal

‑0.10 gal

‑0.16 gal

100.0000 VX60, gallons

4.2 in3

	ADJUSTMENT INSTRUCTIONS 

	To adjust prover to deliver exactly 100 gallons at 60 F, adjust scale to read -0.032 gallons or ‑7.4 in3, at 100 psig.  Move to ‑0.032 gals, ‑7.4 in3, by 0.34 inches if 4" lower scale. 

	PROVER PRESSURE CORRECTIONS 

	
	psig
	Pcorr
	Prover Error
	Prover Error
	Volume of the Adjusted Prover (gal)

	
	0 

50 

100 

150 

200 
	‑0.108

-0.054

0.000

0.034

0.078
	‑0.108 

‑0.054 

0.000 

0.034 

0.078 

  Adj.
	‑0.090 

‑0.036 

0.018 

0.052 

0.096 

Not  Adj.
	99.829

99.946

100.000

100.034

100.078
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� Non-SI units are predominately in common use in State legal metrology laboratories, and/or the petroleum industry for many volumetric measurements, therefore non-SI units have been used to reflect the practical needs of the laboratories performing these measurements as appropriate.  The majority of LPG provers in use are 20 gal, 25 gal, and 100 gal nominal sizes.  The volume of LPG provers is established at 60 ºF and 100 psig.
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VOLLPG

																																																						MACROS				SUBROUTINE TO TURN WINDOWS AND PANEL OFF																										DATA ENTRY SUBROUTINE																						INDEX OF RANGE NAMES

				*		*		*																																																{OFF} ->		{indicate "WAIT"}{paneloff}{windowsoff}												*REM:  Turn windows and panel off.										{ENTERDATA} ->				{OFF}								*REM:  Turn windows and panel off.														ADDRESS		I53		*REM:  Company Address

				*		VOLUMETRIC PROVER CALIBRATION/LPG		*																																																		{return}																										{right}/rncVOL~~								*REM:  Create range for standard's volume.														ADDROW		AC40		*REM:  Subroutine To Add A Row For Each Delivery

				*		WORKSHEET FOR NORTH CAROLINA		*																																																																												{right}/rncMET~~								*REM:  Create range for standard's metal type.														BRAND		K58		*REM:  Prover Manufacturer

				*		December 1999		*																																																		SUBROUTINE TO TURN WINDOWS AND PANEL ON																										{right 2}/rncTEMP~~								*REM:  Create range for standard's water temperature.														CITY		I54		*REM:  Company City And State

				*		FILE NAME: VOLUME.WK1, L.F. EASON		*																																																{ON} ->		{indicate "READY"}{panelon}{windowson}												*REM:  Turn windows and panel on.														{right 3}/rncDELTA~~								*REM:  Create range for standard's delta.														COUNTER		AB23		*REM:  For Loop Counter

				*		EDITED FOR LPG AND EXCEL BY G. HARRIS (NIST/OWM)		*																																																		{return}																										{left 7}{right}																						DENSITY		H111..I510		*REM:  Water Density Vertical Lookup Table

				*		*		*																																																																												{ON}								*REM:  Turn windows and panel on.														DROPS		K59		*REM:  Number Of Standard Deliveries Required

						This Worksheet Is Designed To Calculate Volume																																																				PROCESSING MACRO																										{getnumber "Enter Calibrated Volume Of Standard Prover: ",VOL}																						ENTERDATA		AP2		*REM:  Data Entry Routine For Each Standard

						Using The Volume Transfer Method.   Corrections For																																																		\A ->		{OFF}												*REM:  Turn windows and panel off.														{right}																						FIRST		F67		*REM:  First Delivery Number Location

						Water Temperatures, Material Cubical Coefficients																																																				{goto}REPORT~{down 2}{right 3}												*REM:  Position for first entries.														{getlabel "Enter Type Of Steel (MS or SS) For Standard: ",MET}																						GAUGE		K78		*REM:  Unknown Prover Gauge Reading

						Of Expansion, And Differences From Nominal Zero On																																																				{ON}												*REM:  Turn windows and panel on.														{right 2}																						INDEX		BA2..BB26		*REM:  This Range Name Index

						The Standards Are Used To Compute The Volume Of The																																																				{getlabel "Enter Company Name: ",NAME}{down}																										{getnumber "Enter Temperature Of Water (Deg C) For Standard: ",TEMP}																						INSTR1		AP37..AW39		*REM:  Review Instruction Screen

						Unknown Vessel At 60 Degrees F.  A Range Name Index																																																				{getlabel "Enter Street Address: ",ADDRESS}{down}																										{right 3}																						INSTR2		AP40..AW59		*REM:  File Retrieval Warning Screen

						Is Located At The Range Named "Index".																																																				{getlabel "Enter City And State: ",CITY}																										{getnumber "Enter Scale Reading Difference From 0 (cu in) For Standard: ",DELTA}																						MENU1		AC44..AG45		*REM:  Review, Print, Quit Menu

						** WARNING **																																																				{down 2}{right 2}												*REM:  Position For Nominal Value.														{OFF}								*REM:  Turn windows and panel off.														MENU2		AC51..AE52		*REM:  File Retrieval Exit Menu

						For All Features To Work Properly, This Empty File																																																				{getnumber "Enter Prover Nominal Volume: ",NOM}{down}																										{left 7}{down}																						NAME		I52		*REM:  Company Name

						Must Be Saved As VOLLPG.XLS On Default Drive.																																																				{getlabel "Enter Prover Serial No: ",SERIAL}{down}																										/rndVOL~/rndMET~/rndTEMP~/rndDELTA~								*REM:  Delete ranges for standard"s data														NOM		K56		*REM:  Nominal Volume Of Prover

						< PRESS [CTRL A] TO START THE PROGRAM >																																																				{getlabel "Enter Prover Brand: ",BRAND}{down}																																																OFF		AC2		*REM:  Turn windows and panel off.

																																																										{getnumber "Enter Number Of Deliveries Required: ",DROPS}																										DATA REVIEW SUBROUTINE																						ON		AC6		*REM:  Turn windows and panel on.

																																																										{OFF}												*REM:  Turn windows and panel off.										{REVIEW} ->				{OFF}						*REM:  Turn windows and panel off.																REPORT		F50..M88		*REM:  Report Print Range

																																																										{down 9}{left 5}												*REM:  Position to add rows.														{goto}REPORT~						*REM:  Position to beginning of report																RESULTS		F70		*REM:  Results Review Range

																																																						COUNTER->		2		{for COUNTER,1,DROPS-1,1,ADDROW}												*REM:  Call {ADDROW} for each delivery.														{up 3}{down 3}						*REM:  Position screen																REVIEW		AP21		*REM:  Review Routine

																																																										{goto}FIRST~												*REM:  Position for data entry.														/wwh/wwu						*REM:  Create unsychronized window																SERIAL		K57		*REM:  Prover Serial Number

																																																										{if DROPS>1}/df{bs}.{end}{down}~1~1~~												*REM:  Number delivery number column.														{goto}INSTR1~{window}						*REM:  Display review instructions																STEEL		K73		*REM:  Type Of Steel For Prover

																																																										{for COUNTER,1,DROPS,1,ENTERDATA}												*REM:  Call {ENTERDATA} for each delivery.														/wgpe						*REM:  Enable worksheet protection																UTEMP		K75		*REM:  Final Prover Water Temperature

																																																										{OFF}												*REM:  Turn windows and panel off.														{ON}						*REM:  Turn windows and panel on.																WATER		F107..I510		*REM:  Water Density Vertical Lookup Table

																																																										{goto}STEEL~{left 5}{up 3}{right 5}{down 3}												*REM:  Position For Unknown's Steel Entry.														/riREPORT~						*REM:  Input data into "report"																\A		AC10		*REM:  Start Up, Main Macro

																																																										{ON}												*REM:  Turn windows and panel on.														{OFF}						*REM:  Turn windows and panel off.

																																																										{getlabel "Enter Prover Steel Type (MS or SS): ",STEEL}																										/wgpd/wwc						*REM:  Disable protection, clear window

																																																										{down 2}																										{goto}RESULTS~						*REM:  Position to results

																																																										{getnumber "Enter Final Water Temperature: ",UTEMP}																										{ON}						*REM:  Turn windows and panel on.

																																																										{down 3}																										{menubranch MENU1}						*REM:  Call Review, Print, Quit Menu

																																																										{getnumber "Enter Unknown Prover Gauge Reading at 0 psig: ",GAUGE}{down 1}

																																																										{getnumber "Enter Gauge Reading at 50 psig: ",gage2}{down 1}

																																																										{getnumber "Enter Gauge Reading at 100 psig: ",gage3}{down 1}																										REVIEW INSTRUCTION MESSAGE

																																																										{getnumber "Enter Gauge Reading at 150 psig: ",gage4}{down 1}																						{INSTR1} ->				* Move Pointer To Desired Cell Using The Right Or Left Arrow Keys

																																																										{getnumber "Enter Gauge Reading at 200 psig: ",gage5}{down 1}																										* Make Desired Changes And Press <ENTER>

																																																										{down 10}{left 5}{up 18}																										* To Return To Menu, Press <ENTER> On An Unchanged Cell

																																																								{menubranch MENU1}																										INSTR2 ->

																																																						{ADDROW} ->				SUBROUTINE TO ADD AND COPY ROWS FOR THE

																																																										NEEDED NUMBER OF DELIVERIES

																																																										/wir~												*REM:  Call Review, Print, Quit Menu														*		*		*		*		*		*		*		*

																																																										/c{esc}{up}.{right 10}~~																										*														*

																																																										{down}																										*														*

																																																																																				*                       WARNING!														*

																																																								MENU1 ->		PRINT		REVIEW		NEW		QUIT						*REM:  Insert row.														*														*

																																																										PRINT PROVER TEST DATA		REVIEW AND/OR CHANGE DATA ENTRIES FOR SAME PROVER		ERASE DATA & BEGIN ANOTHER PROVER (WARNING! ORIGINAL FILE MUST BE VOLUME.WK1)		RETURN TO LOTUS						*REM:  Copy formulas from row above.														*   ORIGINAL BLANK FILE MUST BE NAMED VOLLPG.WK1 FOR														*

												* VOLUME TRANSFER CALIBRATION - METAL LPG PROVERS *														DATE:																														/pprREPORT~agpq				{REVIEW}		{goto}INSTR2~		{quit}																				*     THIS OPTION TO WORK.  IF IT IS NOT, RETURN TO														*

																										39051.553086342596																														{menubranch MENU1}						{menubranch MENU2}																						* PREVIOUS MENU BY ENTERING <R> OR BY PRESSING <ENTER>														*

														COMPANY NAME:				AMERIGAS																																																																		*     WHEN RETURN IS HIGHLIGHTED ON THE ABOVE MENU.														*

														ADDRESS:				1975 S Riverside Dr																																						MENU2 ->		RETURN		CONTINUE		QUIT																						*														*

														CITY, STATE:				Bloomington, CA 92316																																								RETURN TO PREVIOUS MENU, ORIGINAL BLANK FILE IS NOT VOLUME.WK1		CONTINUE WITH FILE RETRIEVAL, ORIGINAL BLANK FILE IS NAMED VOLUME.WK1		RETURN TO LOTUS																						*														*

																																																										{goto}RESULTS~		/frVOLLPG~																								*		*		*		*		*		*		*		*

														NOMINAL VOLUME OF PROVER:								100		GALLONS																																{menubranch MENU1}

																		PROVER SERIAL NO:				J/260/1

																		MANUFACTURER:				Miller Exchangers

														NUMBER OF DELIVERIES REQUIRED:								1		(0-15)

												*		*		* DATA FOR INDIVIDUAL STANDARD DELIVERIES *******										*

												DROP		VOL		METAL		EXP		TEMP		TEMP		WATER		DELTA

												NO		(GAL)		(MS/SS)		COEF		DEG C		DEG F		DENSITY		(CU IN)

												1		100		ss		0.0000265		15.55		59.99		0.999012		0		99.9011735262				Formula and data set for water density

																																(999.84847+0.06337563*B1-0.008523829*B1^2+6.943248E-05*B1^3-3.821216E-07*B1^4)/1000<br>

																																Jones/Harris, 1992

														METAL:								ms

														COEFFICIENT OF EXPANSION:								0.0000186		(CC/DEG F)								15		0.999096

																		WATER TEMPERATURE:				15.55		(DEG C)								17		0.998772

																		WATER TEMPERATURE:				59.99		(DEG F)								19		0.998402

																		WATER DENSITY:				0.999012		(G/CC)								20		0.998201

																		GAUGE AT 0 PSIG:				0.09		(GAL)								20.5		0.998096

																		GAUGE AT 50 PSIG:				0.02		(GAL)								22		0.997767

																		GAUGE AT 100 PSIG:				-0.05		(GAL)								25		0.997041

																		GAUGE AT 150 PSIG:				-0.10		(GAL)								40		0.992211

																		GAUGE AT 200 PSIG:				-0.16		(GAL)

														DELIVERY VOLUME AT 60 DEG F:								100.0000		(Z60, GALLONS)

														UNKNOWN PROVER'S ERROR AT 100 PSIG:								4.1		(CU IN)

												*		*		*		** ADJUSTMENT INSTRUCTIONS ******						*		*

														TO ADJUST PROVER TO DELIVER EXACTLY 100 GALLONS AT 60 DEG F,

														ADJUST SCALE TO READ -0.032 GALLONS OR -7.4 CU IN. AT 100 PSIG

														MOVE TO -0.032 GALS, -7.4 CU IN, BY 0.33 IN IF 4 IN LOWER SCALE

												*		*		*		** PROVER PRESSURE CORRECTIONS ******						*		*

														psig		* Corrections in gallons						Volume

														0		0.090		-0.108		-0.090		99.9100

														50		0.020		-0.054		-0.036		99.9639

														100		-0.050		0.000		0.018		100.0179

														150		-0.100		0.034		0.052		100.0518

														200		-0.160		0.078		0.096		100.0957

																		Adjusted		Not Adjusted

												WATER DENSITY TABLE

																TEMP		WATER

																DEG C		DENSITY

																0		0.999840

																1		0.999846

																2		0.999853

																3		0.999859

																4		0.999865

																5		0.999871

																6		0.999877

																7		0.999883

																8		0.999888

																9		0.999893

																10		0.999899

																11		0.999903

																12		0.999908

																13		0.999913

																14		0.999917

																15		0.999921

																16		0.999925

																17		0.999929

																18		0.999933

																19		0.999937

																20		0.999940

																21		0.999943

																22		0.999946

																23		0.999949

																24		0.999952

																25		0.999954

																26		0.999956

																27		0.999959

																28		0.999961

																29		0.999963

																30		0.999964

																31		0.999966

																32		0.999967

																33		0.999968

																34		0.999969

																35		0.999970

																36		0.999971

																37		0.999971

																38		0.999972

																39		0.999972

																40		0.999972

																41		0.999972

																42		0.999972

																43		0.999971

																44		0.999971

																45		0.999970

																46		0.999969

																47		0.999968

																48		0.999967

																49		0.999965

																50		0.999964

																51		0.999962

																52		0.999960

																53		0.999958

																54		0.999956

																55		0.999954

																56		0.999951

																57		0.999949

																58		0.999946

																59		0.999943

																60		0.999940

																61		0.999937

																62		0.999933

																63		0.999930

																64		0.999926

																65		0.999922

																66		0.999918

																67		0.999914

																68		0.999910

																69		0.999906

																70		0.999901

																71		0.999896

																72		0.999892

																73		0.999887

																74		0.999881

																75		0.999876

																76		0.999871

																77		0.999865

																78		0.999860

																79		0.999854

																80		0.999848

																81		0.999842

																82		0.999835

																83		0.999829

																84		0.999822

																85		0.999816

																86		0.999809

																87		0.999802

																88		0.999795

																89		0.999787

																90		0.999780

																91		0.999773

																92		0.999765

																93		0.999757

																94		0.999749

																95		0.999741

																96		0.999733

																97		0.999725

																98		0.999716

																99		0.999707

																100		0.999699

																101		0.999690

																102		0.999681

																103		0.999672

																104		0.999662

																105		0.999653

																106		0.999643

																107		0.999634

																108		0.999624

																109		0.999614

																110		0.999604

																111		0.999594

																112		0.999583

																113		0.999573

																114		0.999562

																115		0.999552

																116		0.999541

																117		0.999530

																118		0.999519

																119		0.999507

																120		0.999496

																121		0.999485

																122		0.999473

																123		0.999461

																124		0.999449

																125		0.999437

																126		0.999425

																127		0.999413

																128		0.999401

																129		0.999388

																130		0.999376

																131		0.999363

																132		0.999350

																133		0.999337

																134		0.999324

																135		0.999311

																136		0.999297

																137		0.999284

																138		0.999270

																139		0.999256

																140		0.999243

																141		0.999229

																142		0.999215

																143		0.999200

																144		0.999186

																145		0.999172

																146		0.999157

																147		0.999142

																148		0.999128

																149		0.999113

																150		0.999098

																151		0.999083

																152		0.999067

																153		0.999052

																154		0.999036

																155		0.999021

																156		0.999005

																157		0.998989

																158		0.998973

																159		0.998957

																160		0.998941

																161		0.998925

																162		0.998908

																163		0.998892

																164		0.998875

																165		0.998858

																166		0.998841

																167		0.998824

																168		0.998807

																169		0.998790

																170		0.998773

																171		0.998755

																172		0.998738

																173		0.998720

																174		0.998702

																175		0.998684

																176		0.998666

																177		0.998648

																178		0.998630

																179		0.998612

																180		0.998593

																181		0.998575

																182		0.998556

																183		0.998537

																184		0.998519

																185		0.998500

																186		0.998480

																187		0.998461

																188		0.998442

																189		0.998422

																190		0.998403

																191		0.998383

																192		0.998364

																193		0.998344

																194		0.998324

																195		0.998304

																196		0.998284

																197		0.998263

																198		0.998243

																199		0.998222

																200		0.998202

																201		0.998181

																202		0.998160

																203		0.998139

																204		0.998118

																205		0.998097

																206		0.998076

																207		0.998055

																208		0.998033

																209		0.998012

																210		0.997990

																211		0.997968

																212		0.997947

																213		0.997925

																214		0.997903

																215		0.997881

																216		0.997858

																217		0.997836

																218		0.997814

																219		0.997791

																220		0.997768

																221		0.997746

																222		0.997723

																223		0.997700

																224		0.997677

																225		0.997654

																226		0.997630

																227		0.997607

																228		0.997584

																229		0.997560

																230		0.997536

																231		0.997513

																232		0.997489

																233		0.997465

																234		0.997441

																235		0.997417

																236		0.997392

																237		0.997368

																238		0.997344

																239		0.997319

																240		0.997294

																241		0.997270

																242		0.997245

																243		0.997220

																244		0.997195

																245		0.997170

																246		0.997145

																247		0.997119

																248		0.997094

																249		0.997068

																250		0.997043

																251		0.997017

																252		0.996991

																253		0.996966

																254		0.996940

																255		0.996913

																256		0.996887

																257		0.996861

																258		0.996835

																259		0.996808

																260		0.996782

																261		0.996755

																262		0.996728

																263		0.996702

																264		0.996675

																265		0.996648

																266		0.996621

																267		0.996593

																268		0.996566

																269		0.996539

																270		0.996511

																271		0.996484

																272		0.996456

																273		0.996428

																274		0.996401

																275		0.996373

																276		0.996345

																277		0.996316

																278		0.996288

																279		0.996260

																280		0.996232

																281		0.996203

																282		0.996175

																283		0.996146

																284		0.996117

																285		0.996088

																286		0.996060

																287		0.996031

																288		0.996001

																289		0.995972

																290		0.995943

																291		0.995914

																292		0.995884

																293		0.995855

																294		0.995825

																295		0.995795

																296		0.995765

																297		0.995736

																298		0.995706

																299		0.995676

																300		0.995645

																301		0.995615

																302		0.995585

																303		0.995554

																304		0.995524

																305		0.995493

																306		0.995463

																307		0.995432

																308		0.995401

																309		0.995370

																310		0.995339

																311		0.995308

																312		0.995277

																313		0.995246

																314		0.995214

																315		0.995183

																316		0.995151

																317		0.995120

																318		0.995088

																319		0.995056

																320		0.995024

																321		0.994992

																322		0.994960

																323		0.994928

																324		0.994896

																325		0.994864

																326		0.994831

																327		0.994799

																328		0.994766

																329		0.994734

																330		0.994701

																331		0.994668

																332		0.994635

																333		0.994602

																334		0.994569

																335		0.994536

																336		0.994503

																337		0.994470

																338		0.994436

																339		0.994403

																340		0.994369

																341		0.994336

																342		0.994302

																343		0.994268

																344		0.994234

																345		0.994201

																346		0.994167

																347		0.994132

																348		0.994098

																349		0.994064

																350		0.994030

																351		0.993995

																352		0.993961

																353		0.993926

																354		0.993891

																355		0.993857

																356		0.993822

																357		0.993787

																358		0.993752

																359		0.993717

																360		0.993682

																361		0.993647

																362		0.993611

																363		0.993576

																364		0.993541

																365		0.993505

																366		0.993469

																367		0.993434

																368		0.993398

																369		0.993362

																370		0.993326

																371		0.993290

																372		0.993254

																373		0.993218

																374		0.993182

																375		0.993146

																376		0.993109

																377		0.993073

																378		0.993036

																379		0.993000

																380		0.992963

																381		0.992926

																382		0.992889

																383		0.992852

																384		0.992815

																385		0.992778

																386		0.992741

																387		0.992704

																388		0.992667

																389		0.992629

																390		0.992592

																391		0.992554

																392		0.992517

																393		0.992479

																394		0.992442

																395		0.992404

																396		0.992366

																397		0.992328

																398		0.992290

																399		0.992252





Current

		0

		50

		100

		150

		200



Pressure (psig)

Pressure Corr's (gal)

LPG Pressure Correction Chart
Adjusted Prover Data

Adjusted

-0.10787236

-0.05393618

0

0.03393618

0.07787236



Water Compressibility Factors

														John Houser, API 1101						atm		psi

		Water Compressibility												0.00032 gal per gal		7.392				13.6091922028		200

																				10.2068941521		150

				gal		in^3/gal		compressibility		atm				in^3		gal				6.804596		100

				100		231		4.66E-05		13.6		1.01325		14.8430		0.0642552812				3.4022980507		50

				100		231		4.66E-05		10.2		1.01325		11.1322		0.0481914609

				100		231		4.66E-05		6.8		1.01325		7.4215		0.0321276406

				100		231		4.66E-05		3.4		1.01325		3.7107		0.0160638203

				100		231		4.66E-05		7.48		1.01325		8.1636		0.0353404046

		Thermal compressibility of Water by Kell

		Jones/Harris, 1992										t		kT

												10		0.0000484449		atm

												15		0.0000473521		atm

												15.555		0.0000472461		atm

												20		0.0000464969		atm

		1 atm =		101.325		kPa						23		0.0000460832		atm

		1 kPa =		0.009869233		atm

		Prover  Nominal				Water Compressibility factor @15.56 C (60 F)

		100				7.4214148539		in^3		0.032127337		gal		0.0003212734		gal/gal

		50				3.710707427		in^3		0.0160636685		gal		0.0003212734		gal/gal

		25				1.8553537135		in^3		0.0080318343		gal		0.0003212734		gal/gal

		10				0.7421414854		in^3		0.0032127337		gal		0.0003212734		gal/gal
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