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SPECIAL NOTES

API publications necessarily address problems of a general nature. With respect to partic-
ular circumstances, locd, state, and federal laws and regulations should be reviewed.

APl is not undertaking to meet the duties of employers, manufacturers, or suppliers to
warn and properly train and equip their employees, and others exposed, concerning health
and safety risks and precautions, nor undertaking their obligations under local, state, or fed-
eral laws.

Information concerning safety and health risks and proper precautions with respect to par-
ticular materials and conditions should be obtained from the employer, the manufacturer or
supplier of that material, or the material safety data sheet.

Nothing contained in any APl publication is to be construed as granting any right, by
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or prod-
uct covered by letters patent. Neither should anything contained in the publication be con-
strued as insuring anyone against liability for infringement of |etters patent.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at |east every
five years. Sometimes a one-time extension of up to two years will be added to this review
cycle. This publication will no longer be in effect five years after its publication date as an
operative API standard or, where an extension has been granted, upon republication. Status
of the publication can be ascertained from the APl Measurement Coordination Department
[telephone (202) 682-8000]. A catalog of API publications and materias is published annu-
aly and updated quarterly by API, 1220 L Street, N.W., Washington, D.C. 20005.

This document was produced under API standardization procedures that ensure appro-
priate notification and participation in the developmental process and is designated as an
API standard. Questions concerning the interpretation of the content of this standard or
comments and questions concerning the procedures under which this standard was devel -
oped should be directed in writing to the Measurement Coordinator, American Petroleum
Institute, 1220 L Street, N.W., Washington, D.C. 20005. Requests for permission to repro-
duce or trandate al or any part of the material published herein should also be addressed
to the director.

API standards are published to facilitate the broad availability of proven, sound engineer-
ing and operating practices. These standards are not intended to obviate the need for apply-
ing sound engineering judgment regarding when and where these standards should be
utilized. The formulation and publication of APl standards is not intended in any way to
inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking
requirements of an API standard is solely responsible for complying with all the applicable
requirements of that standard. APl does not represent, warrant, or guarantee that such prod-
ucts do in fact conform to the applicable API standard.

All rightsreserved. No part of this work may be reproduced, stored in aretrieval system, or
transmitted by any means, electronic, mechanical, photocopying, recording, or otherwise,
without prior written permission from the publisher. Contact the Publisher,

API Publishing Services, 1220 L Street, N.W,, Washington, D.C. 20005.

Copyright © 1998 American Petroleum Ingtitute
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FOREWORD

Chapter 4 of the Manual of Petroleum Measurement Sandards was prepared as a guide
for the design, ingtallation, calibration, and operation of meter proving systems commonly
used by the mgjority of petroleum operators. The devices and practices covered in this chap-
ter may not be applicable to dl liquid hydrocarbons under all operating conditions. Other
types of proving devices that are not covered in this chapter may be appropriate for use if
agreed upon by the partiesinvolved.

The information contained in this edition of Chapter 4 supersedes the information con-
tained in the previous edition (First Edition, May 1978), which is no longer in print. It also
supersedes the information on proving systems contained in APl Standard 1101, Measure-
ment of Petroleum Liquid Hydrocarbons by Positive Displacement Meter (First Edition,
1960); APl Standard 2531, Mechanical Displacement Meter Provers, APl Standard 2533,
Metering Viscous Hydrocarbons, and APl Standard 2534, Measurement of Liquid Hydrocar-
bons by Turbine-Meter Systems, which are no longer in print.

This publication is primarily intended for use in the United States and is related to the
standards, specifications, and procedures of the National Institute of Standards and Technol-
ogy (NIST). When the information provided herein is used in other countries, the specifica-
tions and procedures of the appropriate national standards organizations may apply. Where
appropriate, other test codes and procedures for checking pressure and electrical equipment
may be used.

For the purposes of business transactions, limits on error or measurement tolerance are
usualy set by law, regulation, or mutual agreement between contracting parties. This publi-
cation is not intended to set tolerances for such purposes; it is intended only to describe
methods by which acceptable approaches to any desired accuracy can be achieved. Chapter 4
now contains the following sections:

Section 1, “Introduction”

Section 2, “Conventiona Pipe Provers’
Section 3, “Small Volume Provers’
Section 4, “Tank Provers’

Section 5, “Master-Meter Provers’

Section 6, “Pulse Interpolation”

Section 7, “Field-Standard Test Measures’
Section 8, “Operation of Proving Systems”

API publications may be used by anyone desiring to do so. Every effort has been made by
the Ingtitute to assure the accuracy and reliability of the data contained in them; however, the
Institute makes no representation, warranty, or guarantee in connection with this publication
and hereby expressly disclaims any liability or responsibility for loss or damage resulting
fromits use or for the violation of any federal, state, or municipal regulation with which this
publication may conflict.

Suggested revisions are invited and should be submitted to the Measurement Coordinator,
American Petroleum Ingtitute, 1220 L Street, N.W., Washington, D.C. 20005.
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Chapter 4—Proving Systems

Section 4—Tank Provers

1 Introduction

Throughout this chapter a prover tank shall be considered
an open or closed volumetric measure that generally has a
graduated top neck and may have a graduated bottom neck.
The volume is established between a shut-off valve or bot-
tom-neck graduation and an upper-neck graduation.

The requirements in this chapter are intended for crude oil
and refined petroleum products. Meter proving requirements
for other fluids should be appropriate for the overall custody-
transfer accuracy and should be agreeable to the parties
involved.

2 Scope

This chapter specifies the characteristics of stationary
(fixed) or portable tank proversthat are in general use and the
procedures for their calibration. Guidelines are provided for
the design, manufacture, calibration and use of new and/or
replacement tank provers, and are not intended to make any
existing tank provers obsolete.

More specific design criteria are available in NIST! Hand-
book 105-3, Specifications and Tolerances for Graduated
Neck-Type Volumetric Field Standards (includes Provers, per
Section 1.1 of NIST 105-3). Consideration must also be given
to the requirements of any weights and measures authority
that may be involved.

3 Referenced Publications

The current editions of the following standards, codes, and
specifications are cited in this chapter:

API
Manual of Petroleum Measurement Standards
Chapter 1 MVocabulary
Chapter 4  Proving Systems
Chapter 5 Metering
Chapter 7 Temperature Determination

Chapter 11  Physical Properties Data

Chapter 12 Calculation of Petroleum Quantities

Chapter 13  Satistical Aspects of Measuring and
Sampling

NISTL
Handbook 105-3 Specifications and Tolerances for Grad-
uated Neck-Type \olumetric Field
Sandards

INationa Institute of Standards and Technology, Gaithersburg,
Maryland 20899.
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4 Equipment
4.1 GENERAL CONSIDERATIONS

All components of the tank prover installation, including
connecting piping, valves, and manifolds, shal be in accor-
dance with applicable pressure codes.

Once a closed tank prover is on stream, it becomes part of
the pressure system. Provisions should be made for expansion
and contraction, vibration, reaction to pressure surges, and
other process conditions. Consideration should be given to
the installation of valving to isolate the tank prover from line
pressure when the system is not in use or during maintenance.

All closed tank provers should be equipped with vent and
drain connections.

Provisions should be made for the disposa of liquids and/or
vaporsthat are drained or vented from the tank prover. The dis-
posal may be accomplished by pumping liquids or vapors back
into the system or by diverting them to a collecting point.

Blind flanges or valve connections should be provided on
either side of a double block-and-bleed valve in the tank
prover piping system. These connections can serve as loca
tions for proving portable meters or as a means of calibrating
the tank prover by the master-meter or waterdraw method.

4.2 VALVES

All valves used in atank prover system that can provide or
contribute to a bypass of liquid around the tank prover or the
meter or to leakage between the tank prover and the meter
shall be double block-and-bleed valves, or the system shall be
provided with valves and piping that are the equivalent. A
method for checking leakage in the valve system is required.

4.3 WIRING AND CONTROLS

All wiring devices and controls shall conform to the appli-
cable codes.

Electrical controls and components should be located in a
convenient place for operation and maintenance.

4.4 SAFETY DEVICES

Safety relief valves, with discharge piping and leak detection
fecilities, shall be ingtalled to control therma expansion of the
liquid in the tank prover and its connecting piping while they
are isolated from the main stream. Automatic and remote con-
trols should be protected with lockout switches or circuits or
both between remote and local panel locations to prevent acci-
dental remote operation while aunit is being controlled locally.
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2 CHAPTER 4—PROVING SYSTEMS

Safety devices and locks should be installed to prevent
inadvertent operation of, or unauthorized tampering with,
equipment. All automated or power-operated meter proving
systems should have emergency manua operators for use
during an accident or power failure.

Grounding devices should be provided to protect against
electrical shock or static discharge in both tank prover and
electrical instrumentation.

4.5 CLOSED SYSTEMS

If the liquid to be measured by meter has a high vapor pres-
sure, a closed tank proving system should be used. Open tank
provers (with or without evaporation control) or closed tank
provers may be used for liquids that have low vapor pressure.
The distinction between low-vapor-pressure liquid and high-
vapor-pressure liquid depends on whether its equilibrium vapor
pressure is less or greater than atmospheric pressure a the
operating temperature.

46 NECKS

Tank provers may have top and bottom graduated necks
(see Figures 1, 2, and 3) or atop graduated neck only (see
Figures4 and 5).

The top and bottom graduated-neck scale tank prover isa
vessel that has a reduced cross-section neck so that a more
accurate determination of incremental volume can be made.
It may he used as either an open or closed tank prover and is
suitable for most liquids. Both top and bottom necks should
have graduated scales and gauge glasses or other suitable
means for indicating the liquid level. Each neck may have
one or more gauge scales.

The top graduated-neck tank prover is a vessel that has a
reduced cross-section neck at the top only and may be either
open or closed. The neck should have gauge glasses or
another suitable means for indicating the liquid level. The
neck may have one or more gauge scales.

4.7 COUNTERS/REGISTERS

During meter proving operations there are occasions
when the meter registration, used in meter-factor calculations,
is derived from an auxiliary proving counter rather than from
the meter register. In such cases, steps shall be taken to ensure
that al volumes indicated by the proving counter are also
reflected in the meter register.

5 Design and Construction
5.1 GENERAL CONSIDERATIONS

The design of a tank proving system should include the
piping, instruments, and auxiliaries aswell asthe tank prover.
The design and materials used in construction and the
codes applicable to a closed pressure-type tank prover will

Copyright American Petroleum Institute
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depend on the maximum pressure to which the prover may be
subjected and the characteristics of the liquid to be metered.

The construction of a tank prover shall be strong and rug-
ged enough to prevent distortion of the vessel that would sig-
nificantly influence measurement when the tank prover isfull
of liquid at the proving pressure. Tank provers shall be con-
structed to ensure complete drainage of all liquid to the lower
reference level without trapping pockets of liquid or sedi-
ment. Changes of cross-sections should be gradual and suffi-
ciently sloped so that gas bubbles will not be trapped, but will
travel to the top of the tank prover. Asthe tank prover is emp-
tied, the liquid will quickly drain.

The tank prover should be as self-cleaning as possible so
that corrosive products, valve grease, and other foreign matter
will not collect inside. Arrangements should be made for peri-
odic internal inspection of the tank prover. Lining a tank
prover to prevent rust can, in some cases, greatly extend the
intervals between calibrations. Gauge glasses should be capa-
ble of being cleaned, or swabbed out, without being removed
from the tank prover.

Appurtenances should be installed in locations that are
convenient for quick and practical operation and precise
readability.

5.2 TEMPERATURE MEASUREMENT

Temperature measurement of the test liquid in both the
meter and the tank prover is essential. All temperature devices
should be checked with an NIST-certified thermometer, or a
precision thermometer that is traceable to a NIST-certified
thermometer. Temperature devices should be checked fre-
quently to ensure continued accurate indication (see API
MPMS Chapter 7—Temperature Determination).

Temperature devices of suitable range should be graduated in
fractional degrees and should be accurate within 1/2°F (1/4°C)
or better.

The location of temperature sensors in the tank prover is
important. The use of one sensor in tank provers that hold up
to 100 gallons (380 liters) is acceptable. The use of two sen-
sorsisrecommended in tank proversthat have a capacity of at
least 100 gallons (380 liters) but not more than 500 gallons
(1900 liters). Three sensors should be used in tank provers
that have a capacity of 500 gallons (1900 liters) or more. If
one sensor is used, it should be placed in the center of the
tank prover vertical height. If two sensors are used, one
should be located in the upper third of the vertical-tank height
and the other in the lower third. If three sensors are used, one
should be located within each third of the tank prover shell
height. When more than one sensor is used, sensors should be
equally spaced around the tank circumference.

Where tank prover operating pressure allows, temperature
sensors should be installed directly through the tank prover
shell without using athermowell. A stem immersion depth of
one third of the tank radius is recommended; however, amin-
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Figure 1—Closed Stationary Tank Prover

imum depth of 12 inches (30 centimeters) is desirable, pro-
vided that the sensor does not extend past the tank prover
center. If temperature sensor wells must be used in a tank
prover (for example, when pressureis great enough to require
them), the sensor well should be constructed so that it has the
smallest possible diameter and metallic section consistent
with the necessary strength.

5.3 PRESSURE MEASUREMENT

A pressure gauge is required on closed tank provers. The
gauge shall be of suitable range and calibrated to an accuracy
of 2 percent of full-scale reading. Gauge connections shall be
above the uppermost liquid level and sloped to avoid trapping
vaporsor liquids.

5.4 PROVER CAPACITY

The capacity of atank prover shall not be less than the vol-
ume delivered in 1 minute at the normal operating flow rate
through the meter to be proved. The capacity will preferably
be 11/2 times the volume delivered in 1 minute.

Copyright American Petroleum Institute
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The inside diameter of the necks on tank provers shall be
such that the smallest graduation represents no more than
0.02 percent of the total volume of the tank prover.

The inside diameter of the neck shall not be less than
378 inches (10 centimeters).

The capacity of the upper neck falling within the gauge-
glass length shall be at least 1.0 percent of the tank prover
volume, and the capacity of the lower neck falling within the
gauge-glass length shall be it least 0.5 percent of the tank
prover volume. When large-capacity meters are to be proved,
alonger reading range (larger neck capacity) may be required
to provide observation of the liquid level during the time
required for manipulating the valves.

5.5 CONNECTIONS

Tank prover inlet and outlet connections will depend on the
particular application involved. If a submerged fill pipe is
used, it shall be permanently installed and equipped with a
vapor bleed valve. The pipe shall be sized to accommodate
the maximum flow rate of the meter being proved (see
Figure 4) and to minimize splash and turbulence. The tank
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4 CHAPTER 4—PROVING SYSTEMS

/ Splash dome (optional)

0 0.5 percent of prover volume

Gauge glass and scale
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Y 0.5 percent of prover volume

Overlapping gauge glasses Temperature sensor

Swirl plate (optional) Cone bottom, dish bottom (optional)
Alternate gauge-glass zero design

for bottom of tank —/Gauge glass
Bottom inlet (optional)

Location of
starting
level (optional)

Bottom valve must be in vertical line \

0.5 percent of prover volume

Check drain

-
F!._JL

Discharge —/

Inlet or discharge

Drain for calibration purposes
and for zeroing liquid level

Figure 2—Open Stationary Prover Tank (Drain-to-Zero or Bottom Gauge-Glass Type)

prover outlet connections should be sized to permit rapid
emptying of the tank prover, and provisions made for indicat-
ing the drawdown level. All inlet and outlet valves shall be of
the double block-and-bleed type.

A vent should be provided at the highest point of the tank
prover to remove any gas that may accumul ate.

5.6 GAUGE GLASSES

Gauge glasses shall have aminimum inside diameter of %5
inch (16 millimeters), preferably larger. Shown in Table 1 is
the capillary rise for severa sizes of gauge glasses and water.
Gauge glass fittings on tank provers should be installed
directly into the walls of the neck or the body of the tank
prover. Additional gauge glasses may be provided to cover
the main body of the tank prover. The suggested maximum
length for any single gauge glass is 24 inches (60 centime-
ters). This length minimizes errors that result from tempera-
ture differences between the liquid in the gauge glass and in
the tank prover.

The gauge-glass scales shall be subdivided into the desired
increments. Scales shall be securely mounted behind or
immediately adjacent to the gauge glasses. They shall have
provisions for vertical adjustment and scaling into a perma-
nent position. Scales should be made of corrosion-resistant
metal with a coefficient of thermal expansion similar to that
of the tank prover material.

An upper gauge glass and scale shall cover at least 1.0 per-
cent of the nominal volume of the tank prover, while alower
gauge glass and scale shall cover at least 0.5 percent.

6 Tank Prover Calibration
6.1 GENERAL CONSIDERATIONS

Tank provers are normally calibrated at atmospheric pres-
sure using water. When tank provers are calibrated and oper-
ated at atmospheric pressure, no pressure-volume corrections
are needed; however, when a tank prover is to be operated at
pressures above atmospheric, a correction must be made for the
resulting increase in the tank prover volume over the volume
determined in the calibration at atmaospheric pressure. This cor-
rection should be experimentally determined during the cali-
bration (see 6.7).

Table 1—Capillary Rise in Glass Tubes with Varying
Water Quality

Capillary Rise, Inches

Tube Diameter,
Inches PureWater ~ Aerated Water  Dirty Water
5/8 0.025 0.0060 0.016
3/4 0.015 0.0035 0.012
1 0.005 0.0011 0.005
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6 CHAPTER 4—PROVING SYSTEMS

Temperature sensor

/ Bleed valve

Leveling jacks

Levels
Temperature sensor

Leveling jack

Drain valve 8

Gravity outlet

Figure 4—Portable Prover (Drain-to-Zero or Bottom Gauge-Glass Type)

Water is considered the best medium for calibration.
There are two industry-accepted methods of calibrating tank
provers:

a. Calibration by means of field standard test measures; or
b. Calibration by means of a master meter.

The preferred method, using field standard test measures,
involves either the determination of the volume of water
withdrawn from the full tank prover into field standard test
measures; or the determination of the volume of water taken
from field standard test measures to fill the tank prover. The
recommendation of this standard is that it is preferable to
calibrate a tank prover by withdrawing water into test mea-
sures, however, in certain installations it may be expedient
to reverse the procedure. In either case, the appropriate
water-volume corrections shall be applied, to compensate
for the temperature differences between the water in the
tank prover and thewater in the field standard test measures.

The second calibrating method involves using a master
meter, previously proved by a Master Prover, where tank
provers are large enough that the use of field standard test
measures is impractical, or when circumstances, such as
those found in the desert or the arctic, are not physically com-
patible with water calibration using test measures. With this
method, water or a stable low viscosity petroleum liquid may
be metered into or out of the tank prover, and correction fac-
tors applied as necessary.

The following general procedures apply to the calibration
of both permanently installed and portable tank provers:

a. The tank prover shall be internally cleaned and shall be
plumb and level.

b. All devices and instruments that affect the internal volume
of the prover, such as spray lines, temperature sensors, and
gauge glasses, shdl bein place.
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c¢. Tank provers, including dl valves, fittings, and blinds that
hold the test liquid, shall be checked for leaks.

d. Provisions should be made for convenient filling and with-
drawal of the test liquid.

6.2 PROCEDURAL UNCERTAINTY IN PROVER
CALIBRATION

MPMS Chapter 13 contains procedures to estimate the
standard deviation and uncertainty of meter prover caibration
procedures. Range limits of 0.02% between high and low
runs are normaly used to prescribe tank prover calibration
acceptance requirements. The estimated standard deviation of
the average of the two to five calibration runs that agree
within arange of 0.02% are shown in Table 2.

The uncertainty of the average at the 95% confidence level
of two to five calibration runs that agree within a range of
0.02% are shown in Table 3.

Table 2—Estimated Standard Deviation of Average
Tank Prover Calibration Sets

Estimated Standard Deviation
Number of Cal. Runs (Percent)
2 0.018
3 0.012
4 0.010
5 0.009

Table 3—Uncertainty of the Average at the 95%
Confidence Level of Prover Calibration Sets

Number of Cal. Runs Uncertainty
2 +0.159
3 +0.029
4 +0.016
5 +0.011
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Figure 5—Open Portable Prover Tank With Pump Assembly

6.3 TEMPERATURE STABILITY

The calibration of tank provers may be smplified, when
possible, by placing the tank prover, field standard test mea-
sures, and the liquid in a constant temperature enclosure for
enough time to allow the equipment and test liquid to reach an
equilibrium temperature. The calibration should preferably be
conducted under these conditions to minimize the temperature
changes of the equipment and test liquid during the calibra-
tion. Correction factors for the effects of temperature on water
and steel must be applied (see 6.6 and MPMS Chapter 12—
Calculation of Petroleum Quantities).

To prevent accumulation of air bubbles on theinside of the
tank prover walls, the tank prover should not be allowed to
stand full of water any longer than necessary to stabilize the
temperature before the calibration is started.

6.4 CALIBRATION BY THE WATERDRAW METHOD
6.4.1 Tank Provers With Top and Bottom Necks

In tank provers that have top and bottom necks, either of
two methods may be used to calibrate the lower and upper
necks. Thefirst method, described in this section, consists of
determining and marking the actual capacity of the tank
prover on the scale. The second method consists of installing
previously marked scales and preparing tank tables in appro-
priate units of measurement. Each method has both advan-
tages and disadvantages, and either method may be used if
agreeableto all the parties concerned.
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Thefollowing procedure describes amethod of calibrating a
tank prover with top and bottom necks at standard conditions
and at atmospheric pressure using water asacalibrating liquid:

a To remove any floating debris, the tank prover should be
filled to overflowing with water and allowed to stand for sev-
eral minutes; then the debris should be flushed off the top. All
drain valves should be checked for leaks. The withdrawd line
must be free from air. After filling, the water source shall be
disconnected at theinlet valve.

b. The upper neck shall be cdibrated. The water drawoff shall
be opened dightly until the water level appears at the extreme
top of the upper gauge glass; the valve shall then be closed.
This point should be temporarily marked on the gauge scale,
and the water withdrawas should be started. Decrements
should be marked on the gauge scal e as the water iswithdravn
onetest measure at atime from the tank prover into the chosen
test measure. When the level approaches the midpoint of the
upper gauge glass at the completion of a whole decrement, a
mark should be made on the scade and identified as the
assumed upper reference level. Withdrawal s should be contin-
ued, and the scale should be marked, as before, aslong asthe
liquid level remains in sight in the upper gauge glass. These
measured divisions may be subdivided as desired to complete
the calibration of the upper neck. The upper and lower necks
may be calibrated as a separate exercise.

c. Withdrawa of the water from the main body of the tank
prover should be continued, one test measure a atime, using a
conveniently sized field standard test measure until the water
level is approximately at the top of the lower gauge glass.
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8 CHAPTER 4—PROVING SYSTEMS

Withdrawals should be continued from this point with the test
measure used in the upper-scale operation, and the lower
gauge scale should be marked in the same decrements. The
lower reference level for the uncorrected nomina volume of
the tank prover should be set on awhole decrement mark mid-
point on the lower gauge scade. The volumes withdravn
between the upper and lower reference levels should be cor-
rected for any water temperature variations that may have
occurred during the calibration run, as described in 6.6. This
corrected total should be recorded as the corrected volume for
the run.

d. Finaly, the lower neck below the lower reference level
should be calibrated. Withdrawal should be continued one
field standard test measure at a time below the lower refer-
ence level until the liquid level reaches the lower end of the
gauge scale, which is marked at each measured interval.

This calibration should be repeated until two or more con-
secutive runs, after correction, agree within a range of 0.02
percent. The average of the consecutive tank prover volumes
shall be used as the calibrated volume of the tank prover.

The final operation is to permanently mark the upper and
lower reference levels, and all graduations, on both the upper
and lower scales, and to attach the scales securely and perma-
nently to the tank prover necks, sealing them to prevent unat-
tended or unauthorized movement.

6.4.2 Tank Provers With Top Neck and Bottom
Drain Valve

The following procedure describes the method of per-
forming a “to-deliver” calibration of a tank prover with a
top neck and a bottom drain valve as the lower reference
level at standard conditions, using water as the calibrating
liquid:

a. Water should be withdrawn into the test measure by one of

the following methods:
1. Gravity method. The piping should first be discon-
nected below the bottom valve. Water shall be withdrawn
through the bottom valve of the tank prover into test mea-
sures using a hose or pipe doped for free and complete
drainage. The bottom valve and any other drain valves
should be closed to perform a leak check. Tests for leaks
shall be made by pouring asmall volume of water into the
tank prover. After the leak check is made, the bottom
valve shall be opened to drain the water through the drain
hose. The prover and drain hose must be emptied, but the
hose should be left wet. The bottom valve shall then be
closed, and the tank prover filled with water to the
extreme top of the upper gauge glass. This liquid level
should be temporarily marked on the scale.
2. Pump method. If elevating the tank prover above the
test measures is not practical, a pump may be used. If a
pump is used, the hoses and pump should be purged of air,
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and with this pump running (pumping against a blocked
valve at the test measure filling ling), the bottom valve on
the tank prover shall be closed. The liquid level should
then be temporarily marked on the scale.
b. The upper neck shall be calibrated. Withdrawals should
be made using a suitable test measure. Decrements should
be marked on the gauge scale as the water is withdrawn.
Withdrawals should be continued one at a time as long as
theliquid level remains in sight in the upper gauge glass.
c. The body of the tank prover shall be calibrated using one
of the following methods:

1. Gravity method. Withdrawals shall be made through
the bottom valve with a conveniently sized test measure
until all the water has been withdrawn. The last with-
drawa may be a partial test measure volume, which must
be determined to the nearest 1 cubic inch (10 cubic centi-
meters). This partial volume should be converted into
linear inches (centimeters) of the upper neck. A temporary
upper reference level should be established near the center
of the scale, to bring the volume of the tank prover, below
the upper reference level, to a whole unit of volume. The
gauge scale should be marked at this temporary upper ref-
erence level. Throughout this operation, temperature
corrections should be made as described in 6.6.

2. Pump method. If a pump is used, the bottom valve must
be closed when the liquid level nears the bottom “zero”
before the pump is turned off. The pump and hoses may then
be disconnected, and a final withdrawal should be made
directly into asmall test measure or transfer container.

d. The calibration should be repested, starting with the tank
prover, filled to the new temporary reference level, until two
or more consecutive runs, after correction, agree within a
range of 0.02 percent. The average of the tank prover volumes
shall be used as the calibrated volume. The upper reference
level should be temporarily marked on the gauge glassor on a
part of the tank prover, immediately adjacent to the scale, so
that the scale may be removed for permanent marking.

e. All required graduations shall be permanently marked on
the upper gauge-glass scale and adjusted to the corrected
upper reference level; the scale shall be securely and perma-
nently attached to the prover neck and sealed to prevent
unintended or unauthorized movement.

6.4.3 Small Tank Provers With Top Neck and
Closed Bottom

Small tank provers with top necks and closed bottoms are
used to prove small meters and cdlibrate provers. The best
practice is to send small provers to the NIST, or another
approved competent laboratory, for calibration. It is possible
and permissible to calibrate small tank provers by using field
standard test measures and suitable glass graduates. If drying
the prover after each emptying is convenient, the prover may
be calibrated to contain; when the prover is calibrated and
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SECTION 4—TANK PROVERS 9

used in this manner, it will be most accurate for measuring
liquid hydrocarbons. If the prover is intended to cdibrate
large provers using water, then calibrating the prover to
deliver is more suitable.

The following procedure should be used to calibrate small
tank provers as described in this section:

a. Theinside of the prover should be thoroughly dried if the
prover is to be calibrated to contain. To calibrate the tank
prover “to deliver,” it must first be filled with water and then
emptied, alowing the water to drain for the prescribed
draining time.

b. The tank prover should be placed in a level position and
checked with aleveling instrument.

c. Water should be poured into the tank prover, one test mea-
sure at atime, from certified field standard test measures. The
temperature of the water in each test measure should be
recorded. Thetank prover should befilled to awhole unit vol-
ume level near the center of the neck. This level should he
marked on the gauge glass or tank prover shell as the tempo-
rary reference level. The temperature of the water in the tank
prover should now be determined; after any necessary tem-
perature corrections are made, the corrected volume should
be recorded for the run.

d. Thecalibration shall be repeated until two or more consec-
utive runs, after correction, agree within a range of 0.02
percent. The average of the volume shall be used as the cali-
brated volume.

e. Having started with the tank prover filled to the estab-
lished reference level, the upper neck, above and below the
established reference level, should be calibrated by adding or
extracting water and measuring it in a glass graduate. This
may be done conveniently by using a syringe. The tank
prover reference level and scale graduations should be perma-
nently marked on the gauge scale, and the scale should be
fastened and sedled.

6.5 CALIBRATION BY THE MASTER-METER
METHOD

In calibrating some tank provers, particularly large ones,
using amaster meter may be more expedient than filling indi-
vidual field standard test measures.

The following genera procedure shall be used for master-
meter calibration:

a A non-temperature compensated direct-drive master meter
shall be proved, and its meter factor shall be determined at the
intended flow rate, pressure, and temperature, using a cali-
brated master prover or field standard test measure, and the
same liquid with which the master meter is intended to cali-
brate the tank prover. The preferred test liquid is water;
however, a stable, low viscosity petroleum liquid may be
used, if the necessary temperature and pressure corrections
are available and accepted by all parties.
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b. Thetank prover shall be calibrated in accordance with the
appropriate method, except that volumes should be indicated
by the master meter rather than by counting test measures. If
the tank prover being calibrated is equipped with a neck or
necks, it is often more practical to calibrate the neck or necks
using test measures, and the body of the tank prover cali-
brated using the master meter.

c¢. Sufficient temperature readings shall betaken to compute the
average temperature of the metered liquid. Volume corrections
necessitated by temperature differences between the metered
liquid and theliquid in thefilled tank prover must be made.

The following procedure describes the use of a master meter
in a“to-ddiver” calibration of the body of atank prover, with
top and bottom necks, using water, at standard conditions:

a The top and bottom necks shall be calibrated using field
standard test measures.

b. The master meter shall be connected so that water may be
removed from the tank prover through the meter at the
required rate of flow. A pump may be required. The tank
prover should then be filled with water to the reference mark
in the upper neck, and the master meter should be sufficiently
purged during the filling operation to ensure that the master
meter and al the piping are full of water.
c. Thetank prover body should be calibrated by withdraw-
ing water from the tank prover through the master meter. -
The master meter reading, and water temperature, shall be
recorded. Water should be withdrawn until the level appears
at the top of the lower gauge-glass scale. During this with- -
drawal the master meter must be operated at the rate at -
which it was proved. The meter factor should be applied to
the observed meter volume, and temperature corrections
should be made to bring the metered volume to reference
conditions. A temperature correction for the steel in the tank
prover must also be made to the volume metered to deter-
mine the calibrated volume of the tank prover at standard
conditions. See MPMS Chapter 12—Calculation of Petro-
leum Quantities. If the master meter is stopped when water
reaches the top of the lower gauge-glass scale, the volume
from there, to the lower reference, must be determined from
the calibration in Item (&) to obtain total tank prover volume
to the lower reference level.

d. Thecalibration shall be repeated until two or more consec-
utive runs, after correction, agree within a range of 0.02
percent. The average of the tank prover volumes shall be used
asthe cdibrated volume.

e. The required graduations shall be marked on the gauge-
glass scales, which shall then be attached and sealed.

6.6 TEMPERATURE CORRECTIONS

Correction factors for the effects of temperature on water
and steel must be applied (see MPMS Chapter 12—Cal cula-
tion of Petroleum Quantities). The following procedure is
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10 CHAPTER 4—PROVING SYSTEMS

for the withdrawal of water from a tank prover into test
measures. If the tank prover isfilled from the test measures,
appropriate changes in the procedure must be made.

The following is the volume correction procedure, for a
change in the water temperature, during the calibration of a
prover:

a. The starting tank prover temperature shall be recorded. If
there is more than one thermometer in the tank prover, then
the average temperature shall be determined and recorded,
as the starting tank prover temperature.

b. The volume of each test measure withdrawal shall be
recorded.

c. The temperature of the water in each test measure with-
drawn shall be recorded. The temperature shall be measured
immediately after the volume isfilled and read.

d. The difference between the water temperature in each test
mesasure withdrawal and the average starting temperature in
the full tank prover shall be recorded as a temperature rise, or
a temperature drop, with respect to the average tank prover
starting temperature.

e. The temperature-correction factor for each test measure
volume shall be determined (see MPMS Chapter 11—Physi-
cal Properties Data), and multiplied by the volume of the test
measure. The sum of these corrected volumes is the tank
prover volume at reference conditions for this run (see MPMS
Chapter 12—Calculation of Petroleum Quantities).

6.7 DETERMINING A TANK PROVER VOLUME
UNDER PRESSURE

If atank prover is to be used at a pressure above atmo-
spheric, a correction must be made for the resulting increase
in the tank prover volume over the volume that was deter-
mined in calibrating the tank prover at atmospheric pressure.
This correction shall be experimentally determined, for each
tank prover, during the calibration procedure, and after the
tank prover has been caibrated at atmospheric pressure.

For atank prover that is used at asingle operating pressure,
a.correction factor should be determined at that pressure. If
the tank prover is used at varying pressures, correction factors
shall be determined throughout the range of operating pres-
sures. A table or graph of pressure-correction factors should
be prepared to provide the necessary correction data during
operation of the tank prover.

 Facilities are required to pressurize the tank prover to its
maximum operating pressure.

Tank proversthat have top gauge glasses must first befilled
with water, to a mark near the top of the upper gauge glass.
This gauged volume of the water in the tank prover at atmo-
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spheric pressure shall be recorded. While the water tempera-
ture is kept as constant as possible, gas or air should be
introduced into the top of the tank prover, in pressure incre-
ments, until the maximum operating pressure has been
reached. With each increment of pressure, the indicated vol-
umes of water at the pressure shall be recorded.

The next step is to reduce the pressure, in the same incre-
ments as above, until atmospheric pressure is reached. The
volume change in the water, between each increment of pres-
sure, shall be measured and recorded, along with the pressure
increment.

The average that results from the first and second steps, for
each pressure increment, is used to calculate the pressure-cor-
rection factor.

From the above data, a table or graph of volume-correction
factorsversus pressureis prepared for the tank prover operating
range. The formulafor finding the factor is given asfollows:

observed increasein
tank volumecaused — volume caused by
Factor = 1 + by increasein pressure  increasein pressure
beginning tank volume

decreasein liquid

1+ Vet Q-+ Q) ~[(Va* Q(P)(F)]

Va+Q
(Vp,+Q)
=2-(P)(F)—:-t—
MR (o)
where

P = observed pressure, in pounds per square inch
gauge (kilopascals).

V, = observed volumeinthe prover at O pounds per
sguare inch gauge (atmospheric pressure).

Vp = observed volumein the prover at pressure
increment.

Q = calculated or measured volume of water
between the bottom reference mark and the
drain valve used to control withdrawal (if appli-
cable).

F = compresshility factor for water, 0.0000032 per

pound per square inch gauge (0.00000047 kPa)
above atmospheric pressure.
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