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Data reported in following: E. W. Jacobson, E. E. Ambrosius, J. W. Dashiell, and C. L. Crawford, “Compressibility of Liquid

Hydrocarbons,” Proc. API 25 [IV] 39-41 (1945).

FIG. 33-—Mean Compressibility of Liquid Hydrocarbons Based on Data from Zero to 1.000 psig.

MEASTREMENT OF PETROTEUM | 1ot Hyprocarposs vy P MyeTrp 10

NATIONAL BUREAU OF STANDARDS
CALIBRATION OF
LIQUID CAPACITY FIELD STANDARDS
Graduated Neck Type

To be acceptable for test and certification by the National Bureau of
Standards, liquid capacity f£ield standards of the graduated neck type
should be so designed and constructed that they are suitable for their
intended use. The Bureau reserves the right to decline to test any field

~F A AATmA AL FNn S A s rrlaa AT A m A amrn A A T dmrn A E S m A A mmaere e T A A e PR

S I a—— - R L B e e i TR

- [v)
struction, or condition.

Liguid capacity field standards of this type normally are associated
with liquid petroleum products and are used ‘‘todeliver.’’ In order that
the results of calibrations made at the National Bureau of Standards may be,
as nearly as possible, directly applicable to this normal method of use,
unless otherwise requested, capacity field standards of this type are
calibrated ‘‘to deliver.’’ Calibrations are made at 60°F., with a drainage
period, after the main flow ceases, of 10 seconds for field standards of
10 gallons and less, and 30 seconds for field standards above 10 gallons,
and for meter provers.

The APT, ASME, ASTM, and other national groups have adopted 80°F. as
the reference temperature for the measurement of petroleum and petroleum
products.

If, for a particular service, a different basis of calibration is
required, a full description of the special requirements should be given
in writing at the time the standard is submitted.

A National Bureau of Standards Certificate is issued to document the
results of calibration of each liquid capacity field standard if the gage-
scale can be so adjusted that the correction to the indicated capacity is
not greater than one part in 2000 (0.08%) . A National Bureau of Standards
Report is issued when the correction is in excess of one part in 2000, but not
greater than one part in 1000 (0.10%). If the gage-scale cannot be so
adjusted that the correction is within one part in 1000, the results of
calibrationare reported in letter form only.

Attention is directed to National Bureau of Standards Handbook 45,
Testing of Measuring Equipment, wherein testing procedures with liquid
capacity field standards are described in full.

H. 5. Bean, Chief,

Capacity, Density and
Fluid Meters Section,

Mechanics Division

Effective March 2, 1953
FIG. 30.
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DATE , 19

ANMERICANY PETROI FUANT INSTITHTE

METER PROVER REPORT NO. .
GRAVIMETRIC METHOD

MAKE AND SIZE

OF METER

TYPE OF CRUDE OIL OR PRODUCT

LOCATION ____.

METER NO.

TEMPERATURE-
-.-—— . COMPENSATED?

FRUVER 1ANK WVMIEADUREMEN]T DAIA HKUN NU. | HUN NU. 2 HUN NU. 3 HUN NO. 4
1. Rate, bbl per hr
2. Observed liquid gravity and temperature
3. Corrected gravity at 60 F
4. Closing scale reading, b
5. Opening scale reading, lb )
6. Net weight measured in prover, Ib
7. Conversion factor, |b per bbl
8. Corrected bbl measured in prover, 6 =7
METERED VOLUME DATA

9. Line pressure, psi
10. Calibration pressure, psi
11. Line temperature, deg F
12. Closing meter reading
13. Opening meter reading
14. Barrels registered
15. Temperature correction factor
16. Pressure correction factor (use prover pressure)
17. Net barrels metered, 14 XX 15 X 16
18. Meter factor (for zero line pressure), 8 =17

19. Average meter factor
REMARKS:

20. Average pressure

correction factor
21. Meter factor to be
used, 19 X 20
SIGNED BY: .. . - SIGNED BY:. . — -
FOR: . T e FOR: . — - - -
SHEET NO.__

Note: Figures in italics refer to items listed on left-hand side of this form.

FIG. 35.

MivvcrrienenT o Prrrarroar oo Hynraocappoye py 80 MeTren

ROLLED FOR STRENGTH

BAIL FASTENED TO NECK

WITH STRONG TRUNNIONS
TO PREVENT DISTORTION
WHEN LIFTING FILLED

GLASS GAGE TUBE OF NOT

ALL CONTAINER SEAMS

TO BE LEAKPROOF

\l —  —
f iD R m\
SEALING WIRE \>zo SAFETY
31 IN. MIN, ’
4" IN. MAX. \\
-
H = =
sTOP %y_ |
\ AL nDATURD
ADJUSTABLE SCALE ;
GRADUATED IN CUBIC :
INCHES—AT LEAST 15 ‘
GRADUATIONS ABOVE AND 5
15 GRADUATIONS o=
BELOW ZERO MARK ) B ¢
T~ !
& J. ——— LESS THAN ; IN. ID
METAL TAG SUPPLIED BY 1
CERTIFYING AGENCY £ —
SHOWING WHETHER MEASURE N
IS CALIBRATED “TO CONTAIN"
OR “TO DELIVER”
35°

TOTAL HEIGHT:
«—1" 18 IN. MINIMUM
24 IN, MAXIMUM

_.—BANDS—16 U.S. GAGE
MINIMUM

PLANE OF BASE
MUST BE AT TRUE
RIGHT ANGLE TO
VERTICAL AXIS

CONCAVE BOTTOM TO
PREVENT CHANGE DUE
TO LIQUID WEIGHT

WALLS AND BOTTOM—
“ 22 U.S. GAGE MINIMUM

N, —

NOT LESS THAN 10 IN,

NOT OVER 12 IN. DIAMETER

Y

FIG. 26—Typical 5-Gal Test Measure (See Alternate Gage Glass Design, Fig. 27).
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56 AMERICAN PeTROLEUAN INSTITUTE

METER-PROVING REPORT—BIDIRECTIONAL PISTON DISPLACEMENT METHOD

OWNER OF METER

bATE - LOCATION

METER NO. SIZE MAKE

TRUCK NO. -
PRODUCT SPECIFICATIONS

PRODUCT USED FOR TEST

FINAL TOTALIZER READING — INITIAL TOTALIZER READING

GALLONS USED

DESCRIPTION OF QUANTITIES _ RUN NO. 1 * RUN NO. 2 ; RUN NO. 3 ‘ RUN NO. 4 |

RUN NO. 5

METER REGISTRATION DATA

1. Final meter reading _ v '

N

. Initial meter reading

od

Registration by meter

4. Average temperature @ meter

[3,]

. Factor for meter temperature

(<23

. Corrected registration by meter, 3 X 5

TEST VOLUME DATA

7. Quantity displaced

8. Temperature @ inlet end

9

Temperature @ outlet end

10. Average temperature displaced liquid

11. Factor for displaced liquid (temperature)

12. Average pressure displaced liquid

13. Average pressure @ source

14. Press. diff.; disp. liqguid vs. source, 12 — 13

15. Factor for displaced liquid (pressure)

16. Factor for prover volume (temperature)

17. Factor for prover volume (pressure)

18. Corrected test volume, 7 X 11 X 15X 16X 17

PERFORMANCE COMPUTATIONS

19. Elapsed time for run, min and sec

20. Elapsed time for run, min

21. Average rate of flow, 18 - 20

22. Meter accuracy, 6 - 18

23. Register adjustment prior to run

PROVING OPERATOR

SIGNED BY L
METER OWNER

WITNESSED BY .

CHECKED BY .

METER ACCURACY AS LEFT_— __ PER CENT AT RATEOF FLOWOF________ GPM AND

Note: Figures in italics refer to items listed on left-hand side of this form.

FIG. 37.

-PSl

MEASURFMENT OF Prayror et T1oum Hybrooarross ry B Ao rrw 1<

EXPANSION CHAMBER

<mqu e RELIEF VALVE
PRESSURE SIGHT 0r>mm/ PRESSURE —
GAGE N GAGE /
RELIEF VALVE p ﬂu AW Av\\nmr_mn VALVE
ALVE
THERMOMETER THERMOMETER
] =\\ PISTON METER PROVER CYLINDER /m
VAt X
4
1 L b
hnd “.L.,
i b
1.7 ol
| STRAINER
- \m_OI,_. GLASS SIGHT GLASS
. g _/._
| % AN |
2-POSITION, RELIEF
4-PORT VALVE J VALVE
INLET
DIFFERENTIAL <>r<m/ P u_ _
\\oﬁ.rma
FIG. 22—Schematic Operating Diagram of Bidirectional Piston Displacement Prover.
[~ SUMP-PUMP DISCHARGE PSTON 7'@ —
SUMP A @
TRIPPER NO. 1 o TRIPPER NO. 2 RECEIVING
® BLEED & m>xmm_./ ®
® ®% _ull_ T _H_H_ P e Mﬁ
’ T @: PeT 2 2 T T @

/V.m._.oz METER PROVER SECTION
LAUNCHING

© © BARREL ©® © ©
SCRAPER
r>czn:_21m|/r
BARREL

PISTON BARREL BLOCK VALVES

KICKER LINE BLOCK VALVE

KICKER VALVES

LINE BLOCK VALVE

CHECK VALVE

MAIN CROSSOVER VALVE

CROSSOVER VALVE

DRAIN VALVE TO SUMP

BLEED VALVE

PRESSURE VALVE FROM SUMP OR LINE

PRESSURE GAGES AT ENDS OF METER PROVER SECTION
THERMOMETERS AT ENDS OF METER PROVER SECTION
PRESSURE GAGES AT METERS

THERMOMETERS AT METERS

®

§66808600000.00)

9 TOTALIZER COUNTER

m h \O)—‘_mn).—._oz COUNTER

NO. 2

METER
HM.MTImo_.mzo_c

——» FROM STORAGE

Note: May be installed upstream from meters with appropriate changes in piping.

&

F1G. 23—Unidirectional Piston Displacement Prover Installation Downstream from Meters.
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FIG. 18—Schematic Operating Diagram of Volumetric Prover for Vapor Displacement.

FLEXIBLE CONNECTION

SR ANERICAN PETROTFUNT INSTITUTE
VAPOR-CONDENSING METER PROVER TEST REPORT
STATION: TYPE OF SERVICE: _umOUC.O._J .ﬂmm._..;ZO.“\!\\U‘).ﬂm“
METER MAKE: SIZE: MODEL: SERIAL NO.: DATE LAST CALIBRATION:
CALIBRATED MANUFACTURER CERTIFICATE DATE LAST
W@Km_\w\<o_lc_\<_m SERIAL NO.: i va_um" NO.: B CALIBRATION:
- . ‘ mcz>zo. 1/ RUN NO. 2| RUN NO. 3| RUN NO. 4| AVERAGE _ REMARKS
1. Vapor temperature after venting o , | h
2. Temp. @ meter @ 15%, prover capacity \W N . v )
3. Temp. @ meter @ 509, prover capacity R B
4. Temp. @ meter @ 859, prover capacity o
5. Average temperature @ meter ‘ o
6. Prover temperature @ end of test \ -
7. Temp. difference between 5 and ¢ o T
8. Press. @ meter @ 159, prover capacity
9. Press. @ meter @ 509, prover capacity
10. Press. @ meter @ 859, prover capacity
11. Average pressure @ meter
12. Prover pressure @ end of test ‘
13. Press. difference between 17 and 72 B B o -
14. Correction for temp. difference, 7
15. Correction for condensed vapor
16. Correction for compress. of liquid, 13
17. Total correction a
18. Calibrated volume of prover
19. Corrected prover volume, 18 + 17
20. Final meter reading - B ,
21. Initial meter reading
22. Meter registration, 20 ;WE N ) -
23. Meter error, gal: 22 — 19
24. Meter error, per cent: 23 - 3: - o
25. Meter factor, 19 = 22 o
26. Elapsed time run, min and sec v o
27. Elapsed time run, min
28. Average flow rate, 19 — 26 ) | m
SIGNED BY: SIGNED BY:
FOR: _ [ FOR: -

Note: Figures in italics refer to items listed on left-hand side of this form.

FIG. 39.
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FIG. 19—Schematic Operating Diagram of Open Gravimetric System.
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SECTION CALIBRATED

SHEET oF
COMPANY

REPORT OF CALIBRATION OF UNIDIRECTIONAL PISTON PROVER

TEST NO. DATE MADE

CALIBRATED BY

PRODUCT USED
BATCH NO.

APt GRAVITY @ 60 F_____

DESCRIPTION OF MASTER METERS EMPLC YED.

WHERE LAST *ROVED

METER PERFORMANCES TAKEN FROM TE 3T METER CURVES NO.

BASE VOLUME BY PRIOR TEST OCTANE (ATTACH TEST METER CURVES HERETO.
DATE________ AND PRODUCT USED FOR PRIOR TEST TYPES OF PISTON REMARKS
RUN NO. 1 RUN NO. 2 RUN NO. 3
TOTALS TOTALS i + TOTALS
DESCRIPTION OF QUANTITIES "/IMETER “B" METER “C" ALL METER “A” METER “B”|METER “C” ALL METER “A”|M_ TER “B" METER * ALL
METERS METERS ‘ , METERS
1. Final meter reading—totalizer register .
2. In’i:rlal meter reading—totalizer register
3. Registration by meter—totaiizer register
4. Final meter reading—calibration register
5. Injtial meter reading—calibration register
6. Registration by meter—calibration register
7. Time piston received Hr Min Sec Hr Min Scc Hr Mi Sec
8. Time piston jaunched He Min Sec Hr Min Sec Hr M: . Sec
9. Elapsed time for piston run, min Hr Min Sec = Min 7H|- Min Sec = Min | Hr Mi Sec = Min
10. Rate of flow during run, gpm: 6 =9 i '
11. Meter factor from factor vs. rate curve : 1
12. Reg:stration corr. by meter factor, 6 X 17 B |
13. Meter pressure during this run :
14. Meter pressure during proof )
15. Diff. in meter operating press., 13 — 14 .
16. }aclor for press. diff. (see Par. 3046) 5
17. Temperature @ meter during this run
71; 7Far;rtor for meter temp. (Table 6, D 1250) )
19. Registration @ 60 F and 0 psig, 12 X 16 X 18 -
20. Prover pressures @ Trip No. 1 and Ne. 2 At No. 1 At No. 2 Average At No. 1 At No. 2 Average At No. 1 At No. 2 Average
21. Prover temp. @ Trip No. 1 and No. 2 At No. 1 At No. 2 Average 7At No. 1 At No. 2 Average At No. t At No. 2 Average
22, Facter for prover pressure (see Par. 2122) -
23. Factor for prover temp. (see Par. 3045) -
24. Factor for liquid pressure (see Par. 3046) -
25. Factor for tiquid temp. (Table 6, D 1250) )
26. Base prover volume, gal @ 60 F and 0 psi l - - - T N
27. Base prover volume, bbl @ 60 F and 0 psi } i i h
FORMULAS: 9= {hr 60) 4 min .. (sec - 60) SIGNED BY _FOR BASE VOLUME FROM RUN NO. 1
16 =11 [1.00 14—13 . wh i
-0+ ¢ Y(F)]. where Fis from Table 1L, Appendix B g\ anep gy FOR BASE VOLUME FROM RUN NO. 2
19 =12 X 16 X 18
26= 19+ 22 X 23 X 24 X 25 WITNESSED BY_ ______ FOR - BASE VOLUME FROM RUN NO. 3.
27 =26 <+ (42.00) CHECKED O.K. BN FOR__ AVERAGE BV, TOBE USED=—___ - —__ BBL @ 60 F AND 0 PSIG
Note Figures in italics refer to items listed on teft-hand side of this form,
FIG. 41.
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Tempera-
ture of
Water in
Prover
(Degrees

~ ctliitoaa

APPENDIX B

TABLE I—Volumetric Corrections for Use in Water Calibrations of Prover Tanks

Temperature in Measure Lower than in Prover by Dcgrees Fahrenheit

(Multiply Measured Volume by Correction Factor to Give Volume at Prover Temperature)

T - —— =TT
10 9 8 7 6 5 4 3 2 1

0.99989 0.99993 0.99996 0.99998

0.99988 0.99992 0.99995 0.99997 0.99998

0.99987 0.99991 0.99994 0.99996 0.99997 0.99999

0.99987 0.99991 0.99994 0.99996 0.99997 0.99998 0.99999

0.99983 0.99987 0.99991 0.99994 0.99996 0.99997 0.99998 0.99999 1.00000

0.99984 0.99987 0.99992 0.99995 0.99996 0.99998 0.99999 1.00000 1.00000 1.00000
0.99988 0.99993 0.99996 0.99997 0.99999 1.00000 1.00001 1.00001 1.00001 1.00000
0.99994 0.99997 0.99999 1.00000 1.60002 1.00002 1.00003 1.00003 1.00002 1.00001
0.99999 1.00001 1.00002 1.00003 1.00004 1.00005 1.00004 1.00004 1.00003 1.00001
1.00003 1.00005 1.00006 1.00007 1.00007 1.00007 1.00006 1.00005 1.00004 1.00002
1.00008 1.00009 1.00010 1.00010 1.00010 1.00009 1.00008 1.00007 1.00005 1.00002
1.00012 1.00013 1.00013 1.00013 1.00012 1.00011 1.00010 1.00008 1.00005 1.00002
1.00017 1.00017 1.00017 1.00016 1.00015 1.00014 1.00012 1.00009 1.00006 1.00003
1.00021 1.00021 1.00021 1.00020 1.00018 1.00016 1.00014 1.00011 1.00008 1.00004
1.00026 1.00025 1.00024 1.00023 1.00021 1.00018 1.00015 1.00012 1.00008 1.00004
1.00030 1.00029 1.00028 1.00026 1.00023 1.00020 1.00017 1.00014 1.00009 1.00005
1.00035 1.00034 1.00032 1.00030 1.00027 1.00024 1.00020 1.00015 1.00011 1.00006
1.00040 1.00038 1.00036 1.00033 1.00030 1.00026 1.00021 1.00017 1.00012 1.00005
1.00045 1.00042 1.00039 1.00036 1.00035 1.00028 1.00024 1.00018 1.00012 1.00006
1.00048 1.00045 1.00042 1.00039 1.00034 1.00030 1.00024 1.00018 1.00012 1.00006
1.00052 1.00049 1.00045 1.00041 1.00036 1.00031 1.00025 1.00019 1.00012 1.00006
1.00057 1.00053 1.00048 1.00044 1.00039 1.00033 1.00027 1.00020 1.00014 1.00007
1.00060 1.00056 1.00051 1.00046 1.00040 1.00034 1.00027 1.00021 1.00015 1.00007
1.00064 1.00060 1.00054 1.00048 1.00042 1.00036 1.00030 1.00023 1.00015 1.00008
1.00069 1.00063 1.00057 1.00051 1.00045 1.00039 1.00032 1.00024 1.00017 1.00009
1.00073 1.00067 1.00061 1.00054 1.00048 1.00041 1.00033 1.00026 1.00018 1.00008
1.00076 1.00070 1.00063 1.00057 1.00050 1.00042 1.00035 1.00027 1.00018 1.00009
1.00079 1.00073 1.00067 1.00060 1.00052 1.00045 1.00036 1.00027 1.00018 1.00009
1.00083 1.00076 1.00070 1.00062 1.00055 1.00046 1.00037 1.00028 1.00019 1.00009
1.00087 1.00080 1.00073 1.00065 1.00057 1.00048 1.00039 1.00030 1.00020 1.00010
1.00091 1.00084 1.00076 1.00068 1.00059 1.00050 1.00041 1.00031 1.00021 1.00011
1.00095 1.00087 1.00079 1.00070 1.00061 1.00052 1.00042 1.00032 1.00021 1.00010
1.00098 1.00090 1.00081 1.00072 1.00063 1.00053 1.00043 1.00033 1.00021 1.00011
1.00101 1.00092 1.00083 1.00074 1.00064 1.00054 1.00043 1.00032 1.00021 1.00010
1.00105 1.00096 1.00087 1.00077 1.00067 1.00056 1.00045 1.00034 1.00023 1.00012
1.00108 1.00099 1.00089 1.00079 1.00069 1.00057 1.00047 1.00035 1.00025 1.00012
1.00112 1.00102 1.00092 1.00082 1.00071 1.00060 1.00049 1.00038 1.00025 1.00013
1.00115 1.00105 1.00095 1.00084 1.00073 1.00062 1.00051 1.00038 1.00026 1.00012
1.00118 1.00108 1.00097 1.00086 1.00075 1.00064 1.00051 1.00039 1.00025 1.00012
1.00121 1.00110 1.00099 1.00088 1.00077 1.00064 1.00052 1.00038 1.00025 1.00012
1.00124 1.00113 1.00102 1.00091 1.00078 1.00066 1.00053 1.00040 1.00027 1.00014
1.00128 1.00117 1.00106 1.00093 1.00081 1.00068 1.00055 1.00042 1.00029 1.00015
1.00131 1.00120 1.00107 1.00095 1.00082 1.00069 1.00056 1.00043 1.00029 1.00014
1.00135 1.00122 1.00110 1.00097 1.00084 1.00071 1.00058 1.00044 1.00029 1.00015
1.00137 1.00125 1.00112 1.00099 1.00086 1.00073 1.00059 1.00044 1.00029 1.00014
1.00140 1.00127 1.00114 1.00101 1.00088 1.00074 1.00059 1.00045 1.00029 1.00015
1.00142 1.00129 1.00116 1.00103 1.00089 1.00074 1.00060 1.00045 1.00030 1.00015
1.00145 1.00132 1.00119 1.00105 1.00090 1.00076 1.00061 1.00046 1.00031 1.00016
1.00148 1.00135 1.00121 1.00106 1.00092 1.00077 1.00062 1.00047 1.00032 1.00016
1.00152 1.00138 1.00123 1.00109 1.00094 1.00079 1.00064 1.00049 1.00033 1.00016
1.00156 1.00141 1.00127 1.00112 1.00097 1.00082 1.00067 1.00051 1.00035 1.00018
1.00157 1.00143 1.00128 1.00113 1.00098 1.00083 1.00067 1.00051 1.00034 1.00016
1.00161 1.00146 1.00131 1.00116 1.00101 1.00085 1.00069 1.00052 1.00034 1.00017
1.00163 1.00148 1.00133 1.00118 1.00102 1.00086 1.00069 1.00051 1.00035 1.00017
1.00166 1.00151 1.00136 1.00120 1.00104 1.00087 1.00069 1.00053 1.00035 1.00018
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FIG. 4—Installation Diagram—DMetered Tank Truck Loading Rack.
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FIG. 5—Schematic Operating Diagram of Oil Well Production Meter Installation Using Stock Tank or Open Prover,
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TABLE II (Continued)

API Gravity 6OF/60F
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TABLE II (Continued)

TROLEDUM

INSTIIL 1Y

API Gravity 60F/60F
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h1. Operation of standby or spare meters.

{. Minimum and maximum meter flow rates and other
operating conditions, such as pressure and temperature.

j. Sealing of meters and bypass valves.

k. Procedure for volume adjustment in the event of
meter failure or mismeasurement.

. Taking of samples.
m. Procedures for items not included in the foregoing
but which may be important for a specific location.
5005 The frequency with which any particular
T -

e e T I I P 1 Ta 4

I T S I R e T S SO

chronological or throughput terms. The service under
which a meter operates should be studied and, through
experience, a frequency of meter proving should be
established which will maintain the accuracy of the
meter within the tolerance limit of the user. Meter-
proving reports, if analyzed, should indicate the follow-
ing:

¢. Maintenance interval.

b. Proving interval.

c. Constancy of performance.

5006 Meters should be maintained in accordance
with the manufacturers’ instructions. A definite main-
tenance schedule should be established to provide ade-
quate servicing of the meter and auxiliary equipment.

By oppeve veoar | T _L/,jt,}i,,11;),71 ™
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Meters should always be proved after servicing. Me-
ters stored for a long period should be kept under cover
and should have their working parts oiled to minimize
corrosion.

MAINTENANCE OF ACCURACY OF PROVER
SYSTEMS

5007 Any change (additions, deletions, or repairs)
of volumetric prover appurtenances in or connected to

the calibrated prover volume, or any internal corrosion

v arcnimnlatinn Af farsian NS ) IRy DRI T

rrataeial
: LU0 ULl

calibrated volume of the prover. The prover should be
recalibrated after any significant change in gage glasses,
thermometer wells, spray lines, or other appurtenances.
It should be inspected frequently for internal corrosion;
and for accumulation of sediment, rust, valve lubricant,
and other foreign material. Gage scales should be in-
spected frequently and the prover recalibrated if there
is any indication of gage scale movement, The piston
used in a piston displacement prover must be maintained
in satisfactory condition to provide an adequate seal
against the cylindrical chamber through which it moves,

5008 With gravimetric provers it is possible that
the accuracy of the scales can be affected by such things
as physical damage, corrosion of critical operating parts,
connection interference, settlement, wind effects, wear
of the knife edges, and friction.
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047
047
047
047
048
048
048

048
049
049

049
049
049

050
050
050
050
usl
051
051
051
051
051
052
052
052
052
053
053
053
053
053
053
053
054
054
054
054

055
055
055

056
056
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TABLE 1I (Continued)

API OS&Q 80F/60F

12 43 44 45 46 47 48 49 50 51 52
047 047 048 049 050 051 052 053 053 054 055
047 048 048 049 0350 051 052 053 054 035 056
047 048 049 050 050 051 052 053 054 055 056
047 048 049 050 051 051 052 053 054 055 056
047 048 049 050 051 052 052 053 054 055 056
047 048 049 050 051 052 053 054 054 055 057
U0 UsY  U4Y  UdU UdL Udz Ud3 Ud4 Udd UdO UdY
048 049 050 050 051 052 053 054 055 056 057
048 049 050 051 051 052 053 054 055 056 057
048 049 050 051 052 053 053 054 055 056 0S8
048 049 050 051 052 053 054 055 056 057 058
049 049 050 051 052 053 054 055 056 057 058
049 050 050 051 052 0S3 054 055 0356 057 058
049 050 051 051 052 053 054 055 056 057 058
049 050 051 052 053 053 054 055 056 058 059
049 050 051 052 053 054 055 056 057 058 059
049 050 051 052 053 054 055 056 057 058 059
050 050 051 052 053 054 055 056 057 058 059
050 051 051 052 053 054 055 056 057 058 060
050 051 052 053 054 055 056 057 058 059 060
050 051 052 053 054 055 056 057 058 059 060
050 051 052 053 054 055 056 057 058 059 060
051 051 052 053 054 055 056 057 058 059 060
051 052 052 053 054 055 056 057 058 060 061
051 052 053 054 055 056 057 058 059 060 061
051 052 053 054 055 056 057 0S8 059 060 061
051 052 053 054 055 056 057 058 039 060 061
051 032 US3 US4 U35 US6 057 058 059 060 Q62
052 053 053 054 055 056 058 059 060 061 062
052 053 054 055 056 057 058 059 060 061 062
052 053 054 055 056 057 058 059 060 061 062
052 053 054 055 056 057 058 059 060 061 063
052 053 054 055 056 057 058 059 061 062 063
053 053 054 055 057 058 059 060 06l 062 063
053 054 055 056 057 058 059 060 061 062 063
053 054 055 056 057 058 059 060 061 062 064
053 054 055 056 057 058 059 060 061 063 064
053 054 055 056 057 058 059 061 062 063 064
053 054 055 057 058 059 060 061 062 063 065
054 055 056 057 038 059 060 061 062 064 065
054 055 056 057 058 059 060 061 063 064 065
054 055 056 057 058 059 060 062 Q63 064 065
054 055 056 057 058 059 061 062 063 064 066
054 056 057 058 059 060 061 062 063 065 066
055 056 057 058 059 060 061 062 064 065 066
055 056 057 058 059 060 061 063 064 065 066
055 056 057 058 059 060 062 063 064 065 067
055 056 057 058 060 061 062 063 064 066 067
055 057 058 059 060 061 062 063 065 066 067
056 057 058 059 060 061 062 064 065 066 068
056 057 058 059 060 062 063 064 065 066 068
056 057 058 059 061 062 063 064 065 067 068
056 058 059 060 061 062 063 065 066 067 068
057 058 059 060 061 062 064 065 066 067 069
057 058 059 060 061 063 064 065 066 068 069

54
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e
059
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061
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061
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064
064
004

065
065
065
066
066
066
066
067
067
067
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068
068

069
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061
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061
061
062
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062
063

063
063
064
064
064
064
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065
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066
066
067

067
068
068

068
069
069

069
070
070

071
071
071

072
072
072
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073
073
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074
074
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57
061
061
061
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062
062
062
063

063
063
064
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065
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065
066
066
066
067
067

067
068
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069
069

070
070
070
070
071
071

072
072
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076
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064
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065

076

078
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068
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070
071
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071
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072
072
073
073
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075
075
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078
078
078
079
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067
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070
071
071
071
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ExaMrLE:

Assume that a meter is proved at 80 F on 65 deg
API at 60 F gasolinc and 1,000 psi meter case pres-
sure and has a meter factor of 1.0062. The vapor
pressure is 10 psia, which is less than atmospheric.
At some subsequent time the operating pressure
within the meter is reduced to 750 psi, but other
conditions remain the same. It is desired to continue
measurement by meter without further provings. The
meter is made of cast steel and is assumed to have
negligible strain as a result of pressure. F is deter-
FTRTRI (ﬂ,»((rAC o HA.n’ 353 o1 Tabic th, Appendix
B. Then the meter factor at the lower pressure equals
the meter factor at the higher pressure times the vol-
ume at the higher pressure over the volume at the

lower pressure:

Ve[l (Pn—P.) F]

MF atP, = AVAﬁ.mﬁw:vAﬂMﬂwwwﬂwmumeﬂmwﬂ

~ MFatP, MHMNHWW w
v i
= 1.0062 10 3B
= 1.0062 W%iww — 1.0039

Wien uquids are bemg measured which have a vapor
pressure above atmospheric, the volumes measured
during proving (both prover and metered volumes)
must be corrected for pressure to the vapor pressure of
the liquid at the observed temperature.

4011 Corrections for pressure effects on liquids
with a vapor pressure above atmospheric are somewhat
more involved than for liquids with lower vapor pres-
sures because the volume corrections for temperature
for products as given by the ASTM D 1250 tables also
include the correction for pressure at equilibrium. Thus
a meter factor cannot be applied to the reading of a me-
ter measuring a liquid with a vapor pressure above at-
mospheric, and operating at various temperatures and
a constant pressure, to correct the meter registration to
a base temperature and pressure. It is usually most
convenient, in proving meters used in measuring high-
vapor-pressure liquids, to determine a meter factor
which will correct the meter registration to the actual
volume at operating temperature and pressure. If the
measured volume is desired at a base temperature and
equilibrium pressure, corrections for pressure are ap-
plied to correct the measured liquid volume from the
measured pressure to the equilibrium pressure at the
measured temperature, in accordance with Table II,
Appendix B. Adjustments are then made by use of the
ASTM D 1250 tables to correct the volume from the
observed temperature to the desired base temperature.
The following is an example based on the use of a non-
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temperature-compensated meter.  Appropriate  steps
may be omitted where a temperature-compensated me-
ter is used.

a. A meter is used to measure a liquid with specific
gravity of 0.508 at 60 F.

b. The meter is operated at 500 psig and 85 F during
proving and registers 16.5 bbl.

c. The observed volume in a volumetric prover is 16.6
bbl, at a temperature of 90 F and a pressure of 300 psig.

d. The liquid vapor pressure is:

~e e

o TUMT alb =Ud
92 psigat 60 F
138 psigat 85F
149 psigat 90 F

172 psigat 100 F

To find the meter factor, the following steps should
be taken:

a. Correct the observed volume in the prover to stand-
ard conditions.

1. Correct the observed volume in the prover from
90 F and 300 psig to 90 F and 149 psig:

Volume at 90 F and 149 psig (V,.) =
Volume at 90 F and 300 psig (Vi) )
i (P,_P) F (See Par. 3046.)

The compressibility factor from Table II, Appendix
B, for a liquid of 0.508 specific gravity at 90 F is
0.0000486; thus-

Volume at 90 F and 149 psig

= 16.6+[1—(300—149) 0.0000486]
= 16.7227 bbl

2. Correct from 90 F and 149 psig to 60 F and 92
psig:
(Volume at 90 F) (correction factor) = volume at 60 F

The correction factor from ASTM D 1250 Table 24
for correcting the volume of a liquid of 0.508 specific
gravity from 90 F to 60 F is 0.9486; thus:

(16.7227)(0.9486) = 15.8632 bbl

which is the observed volume in the prover corrected
to 60 F and 92 psig.

b. Correct the prover volume at standard conditions to
the volume at metered conditions.

1. Correct volume from 60 F and 92 psig to 85 F
and 138 psig. From ASTM D 1250 Table 24, the
factor is 0.9576; thus:

15.8632-+-0.9576 = 16.5656 bbl

2. Correct volume from 85 F and 138 psig (V,) to
85 F and 500 psig (V). The compressibility factor
from Table II, Appendix B, is 0.0000470. From
Par. 3046,

Vy, = <c ﬁﬂnlAwublamwhv Huu_
= 16.5656 [t - (500—-138) 0.0000470]
= 16.5656 [1 —(362) 0.0000470]
= 16.2838 bbl
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TABLE 1I (Continued)

APT Gravity 60F/60F

il 62 63 64 65 64 67 68 69
066 067 068 070 071 Q72 73 075 076 078 079
066 067 069 070 071 072 074 075 077 078 079
066 068 069 070 071 073 074 075 077 078 080
066 068 069 070 072 073 074 076 077 079 080
067 068 069 071 072 073 075 076 078 079 080
067 068 070 071 072 074 075 076 078 079 081
Jur o UUs UIU Uil Mo U U0 Uld U0 UBy uoL
068 069 070 072 073 074 076 077 079 080 081
068 069 070 072 073 075 076 077 079 080 082
068 069 071 072 073 075 076 078 079 081 082
068 070 071 072 074 075 077 078 079 081 082
069 070 071 073 074 075 077 078 080 081 083
069 070 072 073 074 076 077 079 080 082 083
069 071 072 073 075 076 078 079 080 082 033
070 071 072 074 075 076 078 079 081 082 084
070 071 072 074 075 077 078 080 081 083 084
070 071 073 074 076 077 079 080 081 083 084
070 072 073 075 076 077 079 080 082 083 085
071 072 073 075 076 078 079 081 082 084 085
071 072 074 075 077 078 080 081 082 084 085
071 073 074 075 077 078 080 081 083 084 086
072 073 074 076 077 079 080 082 083 085 086
072 073 075 076 078 079 080 082 083 085 087
072 073 075 077 078 079 081 082 084 085 087
072 074 075 077 078 080 081 083 084 036 087
073 074 076 077 079 080 081 083 084 086 088
073 074 076 077 079 080 082 083 085 086 088
G750 073 076 u7s uTy Osi UBZ U4 UBS usT  UBY
074 075 077 078 080 081 082 084 086 087 089
074 075 077 078 080 081 083 084 086 083 090
074 076 077 079 080 082 083 085 086 088 090
075 076 078 079 080 082 083 035 087 089 0950
075 076 078 079 081 082 084 085 087 089 091
075 077 078 080 081 083 084 086 088 089 091
076 077 079 080 081 083 084 086 088 090 092
076 077 079 080 082 083 085 087 089 090 092
076 078 079 081 082 084 085 087 089 091 093
077 078 079 081 082 084 086 087 089 091 093
077 078 080 081 083 084 086 088 090 092 093
077 079 080 082 083 085 086 088 09 092 094
077 079 080 082 084 085 087 089 09 092 094
078 079 081 082 084 085 087 089 091 093 095
078 080 081 083 084 086 088 090 091 093 095
078 080 081 083 085 086 088 090 092 094 096
079 080 082 083 085 087 089 090 092 094 096
079 081 082 084 085 087 089 091 093 095 096
079 081 082 084 086 088 089 091 093 095 097
080 081 083 084 086 088 090 092 09 095 097
080 082 083 085 087 088 050 092 094 09 098
080 082 084 085 087 089 091 093 094 096 098
081 082 084 085 087 089 091 093 095 097 098
081 083 084 086 088 090 091 093 095 097 099
081 083 085 086 088 090 092 094 095 097 099
082 083 085 087 089 090 092 094 09 098 100
082 084 085 087 089 091 093 094 096 098 100

-

081
081
081
081
082
082
ubL
083
083
083
084
084
084
085
085
086
086
086
087
087
088
088
088
089
089
090
090
U9 1
091
091
092
092
093
093
094
094
094
095
095
096
096
097
097
097
098
098
099
099
099
100
100
100
101
101
102
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082

083
083
083
084
Ud+4
084
085
085
085
086
086
087
087
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088
088
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089
090
090
091
091
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092
uy2

093
094
054
094
095
095
096
096
097
097
097
098
098
099

099
100
100
100
101
101
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102
103
103
104

T4
v
084
084
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085
085S
udd
086
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087
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093
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uv4
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099

099
100
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accurately determined. The net weight of the liquid
sample is the gross weight minus the tare weight. The
density of the sample, in pounds per gallon, is deter-
mined by dividing the net weight by the volume of the
sample in the bottle. The results obtained by this
method are “apparent” unless corrected for air buoy-
ancy.

3056 The Westphal balance is an instrument de-
signed for the measurement of density or specific gravity
by means of the hydrostatic weighing method. It con-
sists of a sensitive analytical balance for determining
the buoyant effect of the liquid being tested upon a to-
tally immersed plummet ot a predetermined volume.
The result is “apparent” specific gravity unless corrected
for the buoyancy of the air, or unless the instrument is
calibrated to compensate for an average air density to
give “true” specific gravity. The Westphal balance
should be checked periodically against a laboratory
standard to assure that no damage has occurred to the
balance knife edges and mechanism.

Calculation of Weight per Unit Volume
OPEN PROVERS

3057 In the case of proving into an open gravi-
metric tank, the “apparent” weight of the test draft is
read from the scale sincc the quantity weighed is af-
fected by air buoyancy. The ASTM D 1250 tables give
the “apparent” weight of petroleum liquids correspond-
mg to “true” APl or specific gravity. The weight per
unit volume (W), as used in the calculation of the
volume measured in the prover, is read directly from
these tables.

CLOSED PROVERS

3058 1In the case of proving into a closed gravi-
metric tank, the “true” weight of the test draft is the
difference between the indicated gross and tare weights,
inasmuch as the air buoyancy effects on the prover and
liquid at the start and end of the proof run are equal.
Because the ASTM D 1250 tables show the “apparent”
weight of liquid. it is necessary to correct “apparent”
weight to “true” weight by adding the effect of air
buoyancy to the published “apparent” weight. The
weight per unit volume (W), to be used in the calcu-
lation of the volume measured in the prover, is obtained
as follows:

W, — apparent weight per unit volume, from
ASTM D 1250 tables + air buoyancy per unit volume

The method of determining the “air buoyancy per unit
volume” is discussed in Par, 3059 through Par. 3060.

Air Buoyancy Determination

3059 The air buoyancy correction applied to any
“apparent” weight to convert it to “true” weight is cal-
culated by multiplying the air density by the difference

between the volume of the object weighed and the vol-
ume of thc weights required to balance it on an even
arm balance. The buoyancy correction is added to the
“apparent” weight of the liquid to obtain the “true”
weight of the liquid.

Exact formulas for this purposc are cumbersome to
use, and it is not always convenient to find the volume
of the scale weights. However, it can be shown that,
for practical field purposes, the buoyancy correction
may be simply expressed as follows:

B=(0.9)(d) (V)

LA Y O

B = air buoyancy, in pounds per cubic foot.

d, = air density, in pounds per cubic foot.

V = volume of liquid at “apparent” weight, in cubic
feet.

il

Therefore, the buoyancy correction per gallon becomes
(0.9) (da)
7.4805

and the correction per barrel becomes
B (barrel) =(0.9) (d,) (5.6146) = (5.05314) (d,)

In computing meter performance, the maximum ex-
pected error arising through the use of this formula will
not exceed plus or minus 0.005 per cent.

In using the gravimetric method of proving into a
closed prover, a table of “true” weights of the liquid
being metered mav he nseful if an average or conetant
air buoyancy correction is acceptable in the measure-
ment procedure.

3060 To determine the buoyant eflect of air, it is
necessary to know the air density. For the most precise
possible determination of air density at the time and
place of the test, a sling psychrometer shall be used in
the determination of dry- and wet-bulb temperatures of
the air; and an acceptable barometer, corrected for local
elevation, shall be used for measurement of atmospheric
pressure at the time of the test. The air density may
then be determined by the following equation:

B (gallon) = =(0.12030) (d.)

d, = Pa—0.38p,
*T0.754T,
Where:
d, = density of atmospheric air, in pounds per cubic

foot.

T. = absolute temperature of atmospheric air, in de-
grees fahrenheit +460.

p. = barometric pressure, in inches of mercury at
32 F.

p. = partial vapor pressure of water in atmosphere,
in inches of mercury

- Py — Pulimty)
0 2,800-1.3t,
P« = saturated water vapor pressure at wet-bulb tem-

perature, in inches of mercury (from steam
tables corresponding to t.).

t, = dry-bulb temperature, in degrees fahrenheit.

t, = wet-bulb temperature, in degrees fahrenheit.



vLT OLT L9T 91 791 681 950 €61 0OSI L¥L s¥I Tvl Ob1 LET vEl 1€l 8CI 9TI €71 0CI
CLT 891 §91 €91 091 LST +&1 IST 8¥1 SpL ¢bl OFI 8€l SE€Il Tel 0Ll LTT +C1 TTQ 611
0L1 991 ¢91 191 8€I <SI ¢TSI 6¥1 91 +$vI T¥T 6¢€1 9¢l €€l I€T QCI STI €Tl 0TI 8II
891 $91 191 6SI 98T €SI OSI Lyl SPT TP OPL LET +E€1 TEL 6Ci LTI +TL 1T 611 91l
S91 291 651 LSL ST IST 8¢l S+vI  ¢Fl Iy1l 8€l 9¢T €€1 0¢T 8Tl STI TTL 0TI LIT SII
P9I 191 8SI SST T8I e¥l oF1 ¥l 1Pl 6€£1 LED ¥ET 1€l 6T 9TL ¥CI ICL 61T 911 ¥IIL
791 65T LST ¥SL 1ST 8bT SPI €FD  6€l Q€T SE€T €¢I 0¢€l LT €21 ¢CCl 0Tl LIV SIL €11
191 8SIL 9ST ¢€§1 OST 9vI +¥I  IPT  8el 9¢€l pel T1el 671 921 €CL 121 611 9I1 ¥II CII
091 LST +ST ISI 8PI SvI THT OFT L€l Sel TeT Oel LTI STL Tl oTl 8IL SIT €Il III
8ST 9€T €SI 0SI Lyl ¥l I¥l e6gl 9¢l pel 1€1 6C1 9Tl ¢TI ITI S8IT 9SIT 11 <CII Olt
LST $ST 1SL 8¥T Syl el Orl 8¢l  Sel  €€1 0¢€l LTI STE TCT 020 LIT SIT €11 111 601
9¢1 €SI 0SSt (YD +p1 THL 6tl L&l ¥el 1€l 6T1 9TI $TI 1CT 611 911 +¥I1 Til OIT 801
vSL ¢Sl 6bI 9FL ¢pi OVl 8¢l S€T €€l Otl 8TI €¢I ¢TI 0OCTL 811 Sl #LL CTIT 601 LOI
€SI IST 8¥1 svl vl etl LED veI  Cel e6¢t 921 ¢l 1Tl 611 LIV SEI ZHD III 801 901
¢S 0SL LvT v¥D IvD 8¢l 9¢L g€l T€l Q2L STI ¢¢l 0TI 8IT 917 #11 CIT OIl LOL SOI
I€L 6PT 9PT €0 OFL LEl SET <1 Ol LTL ¥ TCY oIt LIT SI0L €11 I1V 601 901 oI
OST LPT ¥P1 TPL 6t1 9t »el  T¢l 8¢L 9¢l ¢¢I 121 8IT 9ll #Ii CTLL OLL 801 901 01
ebl 9vl ¢ri OFT 8¢l Sel €€l O¢l Lot s¢r <2l 611 Li1 SIT €Il 111 601 LOI SOOI €01
8YI SvI THT 6¢l LET ¥ET TEL 6CL 921 $TL 1TL 611 LIT SIT €11 111 8OT 90L #0101 <TOL
LYl +vv1  I¥D 8€1 9¢1 €€l 1€l 8ZI STIL €Tl 0Tl 81T 91T P$IT TIL OIT LOL SOf <01 101
9F1 ¢¥L Op1 LET €€1 Tel 0el  LZ1 #C1 TTL 611 LIT SIL €Il TIT 601 LOT ¢SOf €01 7101
SPL vl 6£1 9€I ¥el el oCI 9TI ¢TI 1IC¢l 811 SIL +il TIT OIT 801 900 +#0I 201 001
vl IPT 8E€T S¢€L €€I 0€l 8T1 ST 221 0T LIl 911 +#IT TIT 60T LOT ¢OT €01 (01 660
ebT OF1 L&D PET TET 6CI LTI ¥»TY 1C1 611 LIT SIT ¢IT ITI 80 901 +OL TOL 101 660
bl 6tl 9¢l €€l 1€l 8¢l 9CI ¢€CF 0Tl 81T 91T +IT ¢TIt OIL 80f 901 +01 TOI 001 860
Lyl 8el S€T  €€1 0¢l LTI STT  CCl 611 LIT SIT €Il TIL 601 LOI SOI €00 [I0I 660 860
Ovl  LET PET TEL 6Tl 9CL $TL 1TT 8IT OSIT %11 CTIT OIT 80T 90T +01 <TOT 001 660 L60
6ET 9%l ¢€€T T€r 8¢E 9CTL €71 0T 8IT 91l ¥I1 <CIT OIT 8O 90I %01 <TO1T 001 860 960
8¢t SET CET OE€T LTI ST Tl 0TI LIT SIT €11 TIT 601 LOL SOT €01 100 660 L60 S60
LET vET CE€L 6Tl 9Cl ¢TI ICI 6Ll 91T ¥IT ¢€IT OII 80t 901 #0I <TO01 00l 660 L60 €£60
9¢t €€T 1€L 8T 927l ¢€T1 0Oc¢t QIT 9fT #IT TIL OIT 80T SO €0T <TOI 00T 860 960 60
CEL €€l 0€1 LTI STE CTL oIl LIT SIT €1l 11T 60l LOI SOT €0l 10T 660 860 960 +60
yel CE€T 6C1 9CI T 1TL 6f0  LIL ¥IL €11 OIT 801 901 +0l TOI 001 660 L60 S60 €60
vel T1el §TT 9¢l €¢I 12l 8IrT 91t ¥IT CTIT OIr 801 901 #OI <Ol OO0L 860 960 tv63 T60
€el 0¢€r 8Tl <sTi Tl 0Tl LIl ST €IT 11D 601 LOT €SOI €01 T0T 660 860 960 +60 160
el 0€L LTY vl TTi ell LIT SIT €11 1LL 60l 901 +0I <COL 00l 660 L60 S60 €60 160
1¢l 621 9T1 ¢CL Tt SII 911 +i1 CTIL Ol 80l 90T +01 <TOL OO0l 860 960 +60 760 060
1el 8C1 S§TI ¢¢l 0Tl 8I1 SiT #IT TIIT 601 LOT SOL €Ol 101 660 860 960 +60 T60 060
0€T LTT ¥T1 Tl oO¢l LIL SIt €11 TIT 601 901 SOOI €01 10T 660 L60 S60 €60 160 680
6Cl 9¢l ¢TI 121 eil 91T #IT CTIT OLL 800 901 %01 ¢TOT 00 860 960 +60 T60 160 680
8CL STT ¢TI OcTt QIt 9IT 1T <1l OIl LOT SOI €017 101 660 860 960 +60 T60 060 880
LZ1 STT TTI oTl 81T SIT €Il TIT 601 LOT SOT €06 10[ 660 L60 S60 €60 160 060 880
L2l vTL 7T 61l LIT ¥I1L ¢€IT TIT 80T 90T +OI CTOI Q0T 860 L60 S60 €60 160 680 L8O
9¢l €¢I 121 611 911 +¥IT TIT OIT 801 90l +O0T TOT 00T 860 960 v60 T60 060 680 L8O
¢¢r €20 021 811 SI1 €IT TIT 601 LOT SOT €01 101 660 L60 S60 €60 <T60 060 830 980
vTI TTL 0TI LIT SID €11 111 601 LOT €SOT €01 101 660 L60 S60 €60 160 680 880 980
vl 120 611 LIT 1T TLL OIL 8OI 90T 01 <TOI 001 860 960 +60 T60 160 680 L80 680
¢€¢l 1TT e6IT OSIT +I1L CTIT OIT LOT SOL €0I 10T 660 L60 960 ¥60 T60 060 880 L8O SRO
€Ct 0¢t 8IT SIT €IT IIT 601 LOL SOI €0I 101 660 L60 S60 €60 160 060 880 980 €80
¢l 0T LIT SIT €11 ITL 801 901 +#0T <TOT 001 660 L60 S60 €60 160 680 L8O 980 #80
121 611 91T +IT <TI1 Ol 80T 90T +¥01 <TOL O00I 860 960 +60 760 160 680 L8O S80 +80
Il 81T 91T +I1L YEL 600 LOVT SOT €0l 10l 660 860 960 +60 <C60 060 880 L80 S80 €80
0Cl S8IT SI11 €IT T1it 60T LOI SOl €07 TOT 660 L60 S60 €60 T60 060 880 980 PR0O €80
ocl L1 SIT CTIY OfY 801 60l POI  TOT 00T 660 L60 S60 t£60 160 680 K80 9%0 +80 T80
08 6L 82 LY 92 ) FL gL oL 12 0L 69 39 L9 99 c9 9 £9 kA 10
Jd09/09 S3ACIH 1AV
(panunuo)) I TAV.L

cL xmruv/ dd Ad J/C:x/beafT~c-Cﬁ-/-~cxrgm 40 _/_~/;m~v,pwz

8¢l

RIES 1R |

ERRS EETy )]

amjire
~roduwa g,

st Jy3om ssoif oy pue ‘sidwes pinbr ay) jJo swnjoa
uMouy ) M [Inj Ajeone)soIpAy paf[y si 9[10q SyL,
‘paurwiia)ap A[ojeindoe st Aywedes umouy oexd Aug Jo
9M10q PIsOo[d e Jo IYSam are) oy Isjewoudid oy
Jo uonelieA e SI poyloul 91109 uof[ed,, L <CCOe
‘sanied paysaraul ayl 0] 9[qe)doodoe JUSLIOINSLA
J0o KomINOOE SOAIF UDIYym poIIow o[qeyns ISYJ0 SUOS
10 LS-0¥1C uoneddnd VVON Uilm a5ueplodde ut oq
[[BYS UONRUIWLIGP AJARIS og1oads JO poylewl J9jswWou
-0Ad o} ‘spinbi| wnsjonad sinssaxd-1odea-y3y jo aseo
oy} uf ‘sonfeA Juatedde, ore paurelqo Sinsal Ayl pue
‘e JO 1099 juBAONQ Sy} 10§ 1091100 JOU SS0OP POYIIW
SIYL, “42outouddq Avjpidvorg uiydry £q spmbry fo {11
-AvaL) ol102dS pup K11sUa(] 10f 153 [ [0 poylapN pADpuDls
S§-Ip6 d uonpudisaq W.ISY Ul PAQLIISSp pue BMOYS
‘poulunIgIep Aareindoe pur Apseo ortow st opdwes
S} JO SWNJOA AU YOIYm Ul pU® ‘sa[qqnq Ie Iyl yim
J[quoil 3yl sdjeuwyd eyl 1dpvwoudid vy o -SurySiem
pue uEEmm a1 ur so[qqnq JIre Juiproar ‘Iorowroudsid
oYy Sutuedo ur vom 2I0XJ g ISNII 2IBD ‘DOYIdW SIY} uf
"SAPO7) 152 & 42 AWS P 01 yudwopddns ‘suonpuiiag
-aq Ausuag .m; :ck ‘smpapddy pup SpusUwNASUy Ul
PaqLIosap pue uUMoys are s1ajawoudAd jo sadA) uowwos
[BI9AQS "pasn g Aewl UOLIEUTULIRIAD AJARIS JO poyjowr
ooq Auaeid oywads 10 1x30woudskd oyl  FCOE
‘AyIAri§ onay 10 e JO 30070
ueAonq 3y} I0J PajdalIod SANIARIS 91BdIpUL 0} PAJRIGIRD
oIe S9JL)S PAU[) Yl Ul PIINIDBINUBW  SISJOWOIPAL]
"LS-0¥1C uonedlqnd VVON Hia 20uepioddoe ul aq
pInoys 21np3doId oyl ‘Og-T 1591 0] Pasn SI 19J3WOIPAY
Ay UM (poyiapy 4219wi0UpK[) SIONPoLg SIf pup
wnsjoyad o &nani |dy 40f 153 ] {0 poyiapy paopunis
I$C-£8C (q Houvudisaq WISE UM 20UBPIOIOE ul aq
pInoys i232woIpAy sy) Suisn 10§ ampasoxd oy, “Anaeid
ogroads 10 [dV JO UOHBUIWLIAWP 23U} IO judunI)sur
pasn Apuanbaly jsowt dy) SI 19)oWOIPAY Y], €CO¢

UOHBUIULIDII(] AMAvIS) oyRadg a0 [J¥

‘sonsed
pa1saIaiul Ayl 03 9qeidasde SI Yomym poylow 9jqelns
J3YI0 QWOS 10 SpoyIapy 152 pup suonpofloads spo
w3102 PAYINbIT :£G-0F [T UONDIGN ¥ ¥ ON YIM
90UBPIODDE Ul 3q [[eys ses wnafonad payganbif 107 ainpad
-01d Surpdwes sy, "00ST piEpuElS [V Ul pauIno aIe
ampadoxd Surduies oy Jo sprelaq peraew Suraq pinbig
911 JO ATABIS OYI0ads X0 [dV 2Y) SUIWIIP 03 Pasn dq 0}
st opdures SIMY, “unt 1s3) yoes JuLInp I3 Yl JO peaye
pauIeIqO 9q Isnw jue} YIom dy) 03 Suimop pmbi paisy
-aw 3y Jo sapeiuasardar st yomm odwes v gepe

ammpasoag Surjdueg

‘pmbiy 3591 ayy
jo ordwes sanejussardar e Jo AjaeIs ogroads 1o [V oUl

Sursn £q $9[qel YYON 10 WISV 91qedidde woiy paurw
-1919p st (-1,) oswnjoa jun 13d Jystom YL, TCOE

awnjoA uf) Jad 1S

‘sonadord [eorsAyd sy surwirsiap 01 1odea sy jo
sis[eur 91eInooe sannbar 1aysuely Iodea 10 1B yons 0]
Zununoooe 1ado1g -Sury Suump Jes01d o) woxy paoerd
-s1p (4 41) 10dea 10 IIE KU JO JYSI9M ([} IOJ JUNOIIE O}
A1essaoou oq Aeur 1 ‘Suraord ormounavi3d uy  geQe

Jodep jo ySropm

“aInjeIadwa) 9OUISTAI SUIES A} 3B
st own|oA jtun 1ad JySam ayy Jurpraoad ‘omnjerodws) Aue
e paje[no[ed 9q Aew 19A01d 2y} UI PAINSEIW SWNJOA Y],

'spunod ur ‘Aressasou
Ire Jo AourAonq I0J PIJOAIInd “J ()9 I8
pinbif 331 a3 jo swnjoa yrun Jad JySteom = J 09 A2Mm
spunod ur ‘pmbi] 3593
[enpisal pue 1ar01d o3 Jo YFom oIpy = T
'spunod ur ‘Ieao1d ay) woxy
pooerdsip 1odea 10 ‘se§ ‘are jo jySom = Am
.mﬁcsoa ul

‘pinbij 1893 pue 19a0d Y3 JO JYTiom ss018 — O
"4 09 e Joa01d url parnsesw swinjoA = g 09 =~ A
EXERYY
m 094°M .
I>>>+;>> = d09 %A
1SMOJ[O] SB

e[nuIof € uy passaxdxe aq Aew roaord orjauaei3 pasop
10 uddo ue Ul PAINSEIW SWNOA NI} YL  GFOE
"HONEBISPISUOD Jurlrodwl Ue osfe st I1e Jo Aduekong
oy} Jo 1099 oYy ‘Guraoid Jo porpeu SIYl uj pPourLId)
-ap st A11aRIS og10ads 10 IV U1 yomys e aanjeroduwo)
pue anssaid QousIojal Ayl J0j oq [[IM POYIdW OLIIW
-1ABI3 9y} AQ pautwINop swnjoa oy], -idaoxd oy ojur
pazaaw pinbif oy Jo jySrem Jou 2y 01 Sutpuodsoriod
QUWIN[OA Y} BINJ[BD 0} IOPIO Ul PIUIULIASP A[918Ind
-0e 2q jsnw pinbif 1891 o Jo Ayaeid ogeds 10 gy
ay3 ‘Sunaoud jo spoylow oSLndunARIS Oyl Ul QFOE

HHAOYd DTYLANIAVYD X4 ddMN
SVAIK dINNTOA dNUL 40 NOLLVNINYALAd

*SUONIpUOD
90UAIJaI 1B SUWINJOA 211) TUNB[NOED UAYM PAIAPISUOI 3]
jsnuwt sty [, -oanjeraduia) ur AFueDd B M SINO00 YoIgm
arnssard 1odea ur 98ueyd 9 I0j I0JOE] UONIIIIOD NS
-so1d & apnour ouraydsounye saoqe ainssard 1odea v Sur
-AeY] spinbi| 10] $10108) UON31109 dWN[OA 35U, "((OZ
‘uoneusIsep J1 ‘0$TT  uoneusisap WISV) sa1qrr
TUUIQINSDIPN  WNdjo1ad J[-IWLSY WOlJ PIUIUIdNID
st a1njeradwidy ur dueyo yua pinbif 193 jo awinjoa ur
osueyd oYl I0j (¥)) 1010V} UOTIIIIOd 3yl 2FOE

amierddund ], ur
ofuey) yum pmbry 189], jJo swnjop w oSuey

g xipuaddy ‘IT J1qeL
pue ¢¢ ‘S ur umoys aie s10joey Aupigissaidwo))

JLLIL v/~ INTTOUL: ~nm NVOII :/( Sc



74

Temper-
ature
(Dogrees
Fahren-
heit)

20
21
22
23
24
25
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TABLE II (Continued)

INQTITUTF

API Gravity 60F/60F

81
095
096
096
097
097
097
uro

098

095
100
100

101
101
102

103
103
104

104
105
105

106
107
107
108
108
108
109
109
110
110
111
111
112
112
112
113
113
114
114
115

116
117
118

119
119
120
121
121

82
097
097

098
099
099
1Uy
100
101
101
101
102
102
103
103

104
105
105

106
106
107

108
108
109

109
110
110

111
112
112

113
113
114

115
116
116
117
117
118
119
119
120
121
121
122
122
123
123

83
099

100
100
101
101
1ue
102
102
103

104
104
105

106
106
107
107
108
108
108
109
109
110
110
111
i1i
111
112
112
113
113
114
114
115
115
116
116
117
118
118
119

120
120
121
122
122
123
123
124
124
125
125

84
101
101
102
102
103
103
11U+
104
105
105
105
106
106
107

108
108
109

109
110
110

111
112
112
113
i3
113
114

115
115
116

117
118
118

119
120
121
121
122
122
123
123
124
124
125
126
126
127
127
128

85
103
103
104
104
105
105
1
106
107
107
107
108
108
109
109
110
110
111
11l
111
112
112
113
113
114
114
115
1i5
116
116
117
117
118
118
119
120
120
121
121
122
123
123
123
124
125
125
126
126
127
127
128
129
130
130
131

86
105
105
106
106
107
107
1U0
108
108
109
109
110
110
111
111
112
112
113
113
113
114
114
115
115
116
116
117
1is
118
119
119
120
120
121
121
122
123
123
124
124
125
125
126
126
127
128
128
129
130
130
131
131
132
133
133

87
107
107
108
108
109
109
iy
110
110
111
111
112
112
113
113
114
114
115
115
116
116
117
117
118
118
119
119
129
120
121
122
122
123
123
124
124
125
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126
127
127
128
128
129
130
130
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132
133
133
134
135
135
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88

109
109
110
110
111
111
111
112
112
113
113
114
114
115
115
116
tie
117
117
118
118
119
119
120
120
121
122
122
123
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124
124
125
126
126
127
127
128
129
129
130
130
131
132
132
133
133
134
135
135
136
137
137
138
139

89
11t
111
112
112
113
113
L4
114
115
115
115
116
116
117
117
118
113
119
119
120
121
121
122
122
123
123
124
125
125
126
126
127
127
128
129
130
130
131
131
132
132
133
134
134
135
135
136
137
137
138
139
139
140
141
142

90
113
113
114
114
115
115
110
116
117
117
117
118
118
119
119
120
121
121
122
122
123
124
124
125
125
126
127
127
128
128
129
130
130
131
131
132
133
133
134
134
135
136
136
137
137
138
139
139
140
141
142
142
143
144
144

91
115
115
116
116
117
117
118
118
119
119
120
120
121
121
122
123
123
124
124
125
125
126
127
127
128
129
129
130
131
131
132
132
133
134
134

92

117
117
118
118
119
119
120
120
121
121
122
123
123
124
124
125
126
126
127
127
128
129
129
130
131
132
132
132
132
134
134
135
136
136
137
138
138
139
139
140
141
141
142
142
142
143
144
144
145
146
147
147
148
149
150

93

119
119
120
120
121
121
144
123
123
124
124
125
126
126
127
127
128
128
129
129
130
131
131
132
133
133
134
135
135
136
136
137
138
138
139
139
140
141
141
142
143
143
144
144
144
145
146
146
147
148
149
149
150
151
152

94

121
121
122
122
123
124
144

125
126
126
127
128
128
129
129
130
130

132
132
133

134
135
136
136
137
137
138
138
139
140
140
141
142
142
143

144
145
145

146
147
147
148
149
150
151

153
153
i54
155

95

123
123
124
125
125
126
L0

127
128
129
129
130
130
131
131
132
133
133
134
135
135

136
137
138
138
139
139
140
141
142
142

143
144
144
145
145
146
147
147

149
149
150
151
152
153
154
155
156
157
157
158

96
125
126
126
127
127
128
1238
129
129
130
131
131
132
132
133
134
134
135

136
137
137
138
139
139
140
141
141
142
143
143
144
144
145
145
146

147
147
148
149
150
151
152
153

155
156
156
157
158
159
159
160
161

97
127
128
128
129
129
130
13U
131
131
132
133
133
134

135
136
136
137
138
138
139
140
140
141

142
143
143
144
145
145
146
146
147
147
148
149
149
150
151
152
153
154
155
156
157
158
158
159
160
161
162
162

164

98

168

99
131

132
133
133
134
L35
135
136
136
137
138
138
139
140
140
141
141
142
143
144
144
145
145
146
146
147
148
148
149
150
151
152
152
153
154
155
156

158
158
159
160

162
163
164
165
166
167
168
169

170
171
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Where:

V.60 = net prover tank volume at 60 F and equilib-

rium pressure.

V. = volume at equilibrium pressure for observed
temperature T (see Par. 3046).

C,. = correction factor for change in prover tank
shell dimensions with change in pressure
(see Par. 2116 through Par. 2122).

C.. = correction factor for change in prover tank
shell dimensions with change in temper-
ature (see Par. 3045).

C, = correction factor for change in volume of test

tiriAd far ~hanmo in tammaratiies fana Daw

3047). ST
Change in Prover Tank Shell Dimensions with
Change in Temperature

3045 The correction factor (C,) for the change
in tank shell dimensions with change in temperature is
determined as follows:

Cy = 14 (T, —60) (En)
Where:

T, = temperature of the tank shell, usually assumed
to be the same as the average liquid temper-
ature in the prover tank, in degrees fahren-
heit.

coefficient of cubical expansion per degree fahr-
enheit of the material of which the tank is
made.

En

Thus C,, will be greater than 1.0000 when T, is greater
than 60 F and less than 1.0000 when T, is less than
60 F.

The coefficient of cubical expansion of a mild steel
tank, as recommended in ASA Standard B31.3-1959:
Petroleum Refinery Piping, is 0.0000182 per degree
fahrenheit. Based on this coefficient, the following table
of Cy, values shall be used for various temperatures of
liquid in mild steel prover tanks:

Temperature
(Degrees Fahrenheit) 0 2
20 0.999272 0.999308
30 0.999454 0.999490
40 0.999636 0.999672
50 0.999818 0.999854
60 1.000000 1.000036
70 1.000182 1.000218
S0 1.000364 1.000400
90 1.000546 1.000582
100 1.000728 1.000764
110 1.000910 1.000946
120 1.001092 1.001128

When provers made of materials other than mild steel
are used, the proper coeflicients of expansion of the
material shall be agreed upon by all parties involved
and these coefficients shall be used.

Change in Volume of Test Liquid with Change in
Pressure

3046 The formula for the liquid volume at a pres-
sure higher than equilibrium pressure and at any tem-
perature 7T is as follows:

Vy = V. [1—(Py,—P.)F]
Where:

V. = volume at equilibrium pressure and 7.

P. = equilibrium pressure at T if above atmospheric
pressure. in pounds per square inch eage. (If
equilibrium pressure is atmospheric pressure
or below, use zero gage pressure.)

V, = volume at any specific pressure above equilib-
rium pressure and at T. (May be prover
pressure, meter pressure, or any other de-
sired pressure.)

P, = pressure at V; and T, in pounds per square inch
gage.

F = compressibility factor per pound per square
inch gage for the liquid involved at tem-
perature T (from Fig. 33 or Table II).

For converting a known volume at a higher pressure
to the volume at equilibrium pressure, the following
form of the formula will be more convenient:

— <r L
¢ 1—-(P,—P)F

To convert a volume trom one known pressure £ to
the volume at a lower pressure P;, when both volumes
are above equilibrium pressure, the following formula
is used:

\%

_ 1—-(P,—-P)F
V=V (P F
Where:
P, = pressure at which the new volume is desired.
V; = volume at the lower pressure P,.

4 6 8
0.999345 0.999381 0.999418
0.999527 0.999563 0.999600
0.999709 0.999745 0.999782
0.999891 0.999927 0.999964
1.000073 1.000109 1.000146
1.000255 1.000291 1.000328
1.000437 1.000473 1.000510
1.000619 1.000655 1.000692
1.000801 1.000837 1.000874
1.000983 1.001019 1.001056
1.001165 1.001201 1.001238

Or, solving for V;,
Hlﬁmv:lmvcv HU

Vi=Vi_(p_P)F
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Temper-
afure
{Degrees
Fuhren-
heit)

20
21
22
23
24
25
20
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

v
<

N
i
358
2
3

60

[FRON
>
P ]

366
36/

396

413
415
418
420
423
425
428
430
432
435
438
440
442
445
448
451
454

458
460
463
466
468
471
474
477
480

397
400
402
404
406
409
411
413
417
419
421
424
426
428
431
433
435
437

442
445
448
450
452
455
458
461
464
466
469
472
475

402
405
407
409
411

442
444
447
450
453
456
459
461
464
467
470

I

364

366

378

405
408
410
412
415
417
419
422
424

ANTERICAN Pyairor riog
TABLE 11 (Continued)
Specifie Gravity 6017 760§

0.503 0.504 0.506 0.507 0.503 0.509 ]
346 342 335 2332 328 325 322
348 344 337 334 330 326 323
349 343 338 335 331 328 325
350 347 340 337 333 330 326
352 349 342 338 335 331 328
354 350 343 340 336 333 330
33b 304 34D o4l 33d 33> IS35L
358 354 347 343 340 336 333
360 356 349 345 342 338 335
362 358 350 347 343 340 336
363 360 352 349 345 342 338
365 362 358 354 350 347 343 340
367 363 360 356 352 349 345 342
369 365 362 358 354 350 347 344
371 367 363 360 356 352 349 345
373 369 365 362 358 354 350 347
375 371 367 364 360 356 352 349
377 373 369 365 362 358 354 350
379 375 371 367 364 360 356 352
381 377 373 369 366 362 358 354
383 379 375 371 367 364 360 356
385 381 377 373 369 366 362 358
387 383 379 375 371 368 364 360
389 385 381 377 373 370 366 362
391 387 383 379 375 372 368 364
393 389 385 381 377 374 370 366
395 391 387 383 379 376 372 368
397 393 389 385 381 377 374 370
400 395 391 387 383 379 376 372
402 397 393 389 385 381 377 374
404 400 395 391 387 383 379 376
407 402 397 393 389 385 381 378
409 404 400 395 391 387 383 379
411 407 402 397 393 389 385 381
414 409 405 400 396 391 387 383
416 412 407 403 398 393 389 385
419 414 409 406 400 396 392 388
422 416 412 408 403 398 394 390
424 419 414 410 406 401 396 392
426 421 417 412 408 404 399 394
428 424 420 415 410 406 401 396
430 426 422 417 412 408 404 400
432 428 424 420 416 411 406 402
435 430 426 422 418 414 409 405
437 432 428 424 420 416 412 408
440 434 431 426 422 418 414 410
442 437 432 428 424 420 416 412
445 440 435 431 427 423 418 414
448 443 438 433 429 425 420 417
450 446 441 435 431 427 423 419
452 448 444 438 433 429 426 422
456 450 446 441 436 432 428 424
458 453 449 444 438 434 430 426
462 456 451 447 442 436 432 428
465 459 454 449 444 439 434 430

426

0.512
310
317
318
320
321
323
34D
326
328
330
332
333
335
336
338
340
342
344
346
348
349
351
353
354

358
360
362
364
366
368
370
372
374
376
378
380
382
384
386
388
390
393
396
398
400
403
406
408
410
413
416
418
420
422

332
333
335

338
340
342
344
346
347
349
351
352
355

418

0.014

310
311
312
314
315
317

2140

321

342

349

353
355
357
359
361
363

367
369
371
373
375
371
379
381
383
385
387
389
392
394
396
400
402
404
406
409
412
414

0515
306
308
309
311
312
314
210
317
318
320
322
323
325
326
328
330
332
333
335
336
338

369

402
405
407
410

[ I
303
304
306
308
309
311
Jl
313
315
317
318
320
322

324
326
328
330
331
333
335
336
338
340
342
344
346
348
350
351
353
355
357
359
361
363
365
367
369
371
373
375
378
380
382
384
386
388
390
392
395
398
400
403
406

0.517
300
301
302
304
306
308
Uy
311
312
314
315
316
318
320
322
323
325
326
328
330
331
333
335
337
338
340
342
344
346
348
350
351
353
355
357
359
362
364
366
368
370
372
374
376
378
380
382
384
386
388
390
393
396
398
401

0.513
296
298

304
RIVY
307
309
311
312
313
315
317
318
320
322
323

326
328
330
332
333
335
337
339
340
342
344
346
348
350

354
356
358

362
364
366

370
372

376
378
380

384
386
388
391
394
396

0.519
293
295
296
298
300
301
RV2
304
306
308
309
311
312

315
316
318
320
322
323
325
326
328
330
332
334
335
337

392

MEASUREMINT O

IThe tlow into the prover should be continued until the
meter stops. When the meter stops, the inlet valve to
the prover should be closed, and final meter reading,
temperature, and pressure of the prover should be noted
and recorded. The top bleed valve is used to determine
if the prover is completely full. If the prover is not
liquid-full, the run should be disregarded. The actual
volume delivered into the prover will be the volume of
the prover less the volume of the condensed vapor
corrected for the diffcrence in temperature of the me-
tered stream and the temperature of the liquid in the
prover at the end of the test run. Proving of meters by

. v N . o e R v . .
::u-:(:.((.(..:»C(»i(::r:((_.\u:—(Ior\r:cT((-»Cr::.(L

from which corrections may be read directly.

Mechanical Displacement Provers (See Fig. 21,
22, and 23)

3032 The procedure for proving meters into piston
displacement provers is dependent upon the type of
prover which is used. These procedures are described
in the following paragraphs for the bidirectional piston
displacement prover and the unidirectional piston dis-
placement prover.

Bidirectional Piston Method (See Fig. 21 and
Fig. 22)

3033 The bidirectional piston prover involves the
use of a honed cylinder with a sealed piston, as illus-
trated m Fig. 21 and Fig. 22. The prover must be dis-
placed with liquid a sufficient number of times to assure
that it is full of liquid and free of vapor, as well as to
equalize temperatures in the prover. These displace-
ments are accomplished by alternately changing the two-
position, four-way, four-port valve from one position to
the other. Vapors, if present, can be released from the
cylinder through the vapor vent valves at the top ends
of the cylinder. The pressure differential valve, where
required, should be adjusted to insure that the liquid
entering and leaving the prover is not flashing to vapor.
The proof run is started by moving the piston to its
stop at either end of the cylinder, noting the initial meter
reading, and then changing the four-way valve to its
alternate position to start flow into the prover. When
the piston stroke is completed, the liquid flow through
the meter will automatically stop when the known and
precalibrated volume of liquid has been displaced from
the cylinder. The final meter reading is recorded along
with necessary pressures and temperatures observed
during the proof run.

Unidirectional Piston Methed (See Fig. 23)

3034 The unidirectional piston method of proving
involves using as a prover a section of the line in which
a meter, or meters, is installed, with a piston employed
to displace liquid between two reference points at the
extremities of the section. This piston may consist of a

Prrronrtat Lioum Hyorocavsons sy PO MyTER 22

23

stee! shalt equipped with conventionul rubber scraper
discs or cups mounted on each end, or other suitable
devices.

3035 A piston is inserted in the launching barrel,
and the barrel is filled with liquid. The valves at the
receiving barrel are arranged to permit receipt of a
piston into the receiving barrel. The initial meter read-
ing is made on the proving counter, or counters, and
the piston is launched into the prover section. The
proving counter will be engaged when the piston con-
tacts the first mechanical tripper (indicator) and will
be disengaged when it contacts the second tripper. Me-
Wl vilipuidiule idtlot AC( »r(rtr.FL oD L.( T»CCM Plugecoons
unless a temperature-compensated meter is used. When
the prover section is downstream from the meter, the
temperature and pressure at each tripper should be ob-
served and recorded when the piston strikes tripper
No. 2. When the prover section is upstream from the
meter, the temperature and pressure at each tripper
should be observed and recorded when the piston strikes
tripper No. 1. Such readings are averaged to find the
representative temperature and pressure of the displaced
volume of liquid. The piston will displace (or allow the
replacement of) a known volume of liquid from the
prover section which will be comparable to the indicated
registration on the meter counters. After the piston has
contacted tripper No. 2, the final meter reading is ob-
tained from the proving register. The elapsed time be-
tween the tripping of No. 1 and No. 2 is necessary in de-
termining the rate of flow  The true displaced volume
of the prover section is obtained by application of the
proper corrections to the base (calibrated) volume of
the prover, as described in Par. 3044,

Master Meter Method (See Fig. 25)

3036 The master meter method of proving meters
requires the use of a master meter of acceptable per-
formance to check the meter to be proved. The master
meter can be any one of a parallel battery of meters, a
portable meter, or a meter at a test station used specifi-
cally for proving meters. The master meter should be
reliable, consistent in its performance, and maintained
in the best operating condition. If used in portable
service, the master meter should be adequately protected
against damage in transportation, mishandling, and in-
stallation. The meter must be frequently proved with
an acceptable proving system at as many flow rates as
required and under conditions which simulate those
under which it will operate. Its accuracy is established
and must be maintained within the desired tolerances,
consistent with the quality of measurement accuracy
desired. In proving the master meter, a complete record
of all data should be kept in order that necessary cor-
rections may be applied when using the master meter
to prove meters under pressure and temperature condi-
tions different from those existing during the proof of the

aster meter.
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Temper-
ature
(Degrees
Fahren-
heit)

24

23

Avirricasy Proeorvrae Ieprre o
TABLE 11 (Continued)
Specific Gravity 60F/60F
§520 0.021 0.522 0.523 0.624 0.525 0.526 0.527 0.5%8 0.520 0.530 0.531 0.532 0.533 0.534 0.535 0.536 0.587 0.333 0.539
290 288 285 282 280 278 276 273 271 268 266 263 261 258 256 253 251 249 247 244
292 289 286 284 281 279 277 275 273 270 267 265 262 259 257 255 253 250 Z48 245
293 290 288 285 282 280 278 276 274 271 269 266 263 261 258 256 254 251 249 247
295 292 289 286 284 281 279 277 275 273 270 267 265 262 259 257 255 253 250 248
296 293 290 288 285 283 281 278 276 274 272 268 266 264 260 258 256 254 251 249
208 7295 292 289 286 284 282 279 278 275 273 270 267 265 262 260 257 255 253 251
300 296 293 290 288 286 283 281 279 276 274 271 269 266 264 261 259 250 234 252
301 298 295 292 289 287 285 282 280 278 275 273 270 267 265 263 260 257 255 253
302 300 296 293 291 288 286 283 281 279 276 274 272 269 266 264 261 259 256 254
304 301 298 295 292 290 287 285 283 280 278 275 273 270 268 265 263 260 258 255
306 302 300 296 294 291 289 286 284 281 279 276 274 272 269 266 264 261 259 257
308 304 301 298 295 292 290 288 285 283 280 278 275 273 270 268 265 263 260 258
309 306 302 300 296 294 291 289 287 284 282 279 277 274 272 269 267 264 262 259
311 308 304 301 298 295 293 290 288 286 283 280 278 275 273 271 268 265 263 260
312 309 306 302 300 296 294 291 289 287 284 281 279 277 274 272 269 267 265 262
313 311 308 304 301 298 295 293 291 288 286 283 281 278 275 273 271 268 1266 263
315 312 309 306 303 300 297 294 292 290 287 284 282 279 277 275 272 269 267 265
317 314 311 308 304 301 299 295 293 291 289 285 283 281 278 276 273 271 269 266
319 315 312 309 306 303 300 297 295 292 290 287 285 282 279 277 275 272 270 267
320 317 314 311 308 305 302 299 296 294 291 289 286 283 281 279 276 274 271 269
322 319 315 312 309 306 303 301 298 295 293 290 288 285 282 280 277 275 273 270
323 320 317 314 311 308 305 302 300 297 294 291 289 286 283 281 279 276 274 271
325 322 319 316 312 310 307 304 301 298 296 293 290 288 285 283 280 278 275 273
327 324 320 317 314 311 308 305 303 300 297 294 291 289 287 284 281 279 277 274
328 325 322 319 316 313 310 307 305 302 299 295 293 290 288 285 283 280 278 275
330 327 324 320 317 314 312 309 306 303 301 297 294 292 289 287 284 282 279 277
332 329 326 322 319 316 313 310 308 305 302 299 296 293 291 288 286 283 281 278
333 330 327 324 320 318 315 312 310 307 304 300 297 295 292 289 287 284 282 279
335 332 329 325 322 319 317 314 311 308 306 302 299 296 294 291 289 286 283 281
337 334 331 327 324 321 318 315 313 310 307 304 301 298 295 292 290 287 285 282
339 336 332 329 326 323 320 317 315 311 309 306 302 300 296 294 291 289 286 283
341 337 334 331 328 324 322 318 316 313 311 307 304 301 298 295 293 290 288 285
343 339 336 332 330 326 323 320 318 315 312 309 306 303 300 297 294 291 289 286
345 341 338 334 331 328 325 322 319 316 314 310 308 305 301 298 295 293 290 288
347 343 340 336 333 330 326 323 321 318 315 312 309 307 303 300 297 294 291 289
349 345 342 338 334 332 328 326 323 320 317 313 311 309 305 301 299 295 293 290
351 347 344 340 336 333 330 328 324 322 318 315 312 310 307 303 300 297 294 292
352 349 346 342 338 335 332 330 326 323 320 317 314 311 308 305 302 299 296 293
354 351 348 344 340 337 333 331 328 325 322 318 316 312 310 307 304 300 297 295
356 353 350 346 342 339 335 333 330 326 324 320 317 314 311 309 306 302 299 296
358 355 352 348 344 341 337 335 332 328 325 322 319 316 313 311 307 305 301 298
360 357 354 350 346 343 339 337 333 330 327 323 320 318 315 312 309 306 303 300
363 359 356 352 348 345 341 339 335 332 329 325 322 319 316 313 311 308 305 302
365 361 358 354 350 347 343 341 337 334 331 327 324 321 318 315 312 310 307 304
367 363 360 356 352 349 345 343 339 336 332 329 326 323 320 317 314 311 308 306
369 365 362 358 354 351 347 345 341 338 334 331 328 324 322 319 316 313 310 307
371 367 364 360 356 353 349 347 343 340 336 332 329 326 323 321 317 314 311 309
373 369 366 362 358 355 351 349 345 342 338 334 331 328 325 322 319 316 313 310
375 371 368 364 360 357 353 351 347 344 340 336 333 330 327 323 321 318 315 312
377 373 370 366 362 359 355 353 349 346 342 338 335 332 328 325 322 319 217 313
379 376 372 368 364 361 357 355 351 348 344 340 337 333 330 327 324 321 318 315
382 378 374 370 366 363 339 357 353 350 346 342 339 335 332 329 326 323 320 317
384 380 376 372 368 365 361 359 355 352 348 344 340 337 334 331 328 324 322 319
386 382 378 375 371 367 363 360 357 354 350 346 342 339 336 333 330 326 323 320
388 384 380 377 373 369 365 362 359 357 352 348 344 341 338 335 331 328 315 322

of the test liquid in order to reduce evaporation of the
test liquid during the subsequent proof run. Where this
is done, the spray should be turned on prior to each
emptying of the prover and closed off prior to zeroing
the liquid level.

3022 There arc certain variations inherent in the
foregoing gemeral procedure, arising primarily from
design differences, with respect to the method of estab-
lishing the starting liquid level or zero level at the begin-
ning of the proof run.

CLOSED VOLUMETRIC PROVERS

Water Displacement Method (See Fig. 15 and
Fig. 16)

3023 This method is applicable only to a closed
prover with a top and bottom graduated neck and with
immiscible liquids of different gravities. Variations of
equipment and piping are recognized according to which
of the following methods is used:

a. Dual-tank method.

b. Single-tank method, in which water is discharged to
an auxiliary tank or to waste.

The basic procedures for proving meters with either of
these methods are identical, the difference being in the
method of re-using or disposing of the water. For
simplification purposes, the dual-tank method is de-
scribed in the following paragraphs.

3024 The procedure for using the duai-tank water
displacement method in proving meters begins with the
complete filling of the second prover up to the vent
valve, water thus displacing air through the vent at the
top of the second prover. Before the vent valve is
completely closed, test liquid from the meter is admitted
to this second prover at the top, venting air and vapor
from the line to the prover until the line is liquid-full,
At this point, the valves on the interconnecting water
line to the first prover are opened and test liquid from
the meter is used to force the water from the second
prover into the bottom of the first prover. Flow is con-
tinued until the water begins to pass through the top
vent valve of the first prover, at which time flow is
stopped. Test liquid from the meter is admitted to the
top of the first prover, venting air and vapor through
the top vent until the line is liquid-full. At this point,
the first prover vent valve is closed and the system is
completely liquid-full. Additional test liquid is now
admitted to the first prover, displacing water to the
second prover, until the liquid-water meniscus is low-
ered to coincide with the upper zero mark of the first
prover and the water level of the second prover is made
to fall near the center of the bottom neck. The provers
are now in condition to start normal meter proving.

3025 To make the first meter proof, all valves ex-
cept the start-stop valve G and valve C are opened (see
Fig. 16). The pressure and opening reading on the
upper neck of the first prover are observed and re-

CAENT OF PETROTFEAT F1orgn HynprooaRBONS BY P METFER AR

corded. The meter is stopped by closing valve D, and
the opening meter reading is observed and recorded.
Flow is started by opening the start-stop valve G, and
the rate is established by rate valve F. As the water is
displaced into the second prover, it, in turn, displaces
test liquid above the water in the second prover back
through valve A to a point downstream from valve D.
Flow is continued at the properly adjusted rate until the
water-liquid meniscus appears in the bottom gage glass
of the first prover, at which time the start-stop valve G
is closed. The reading on the lower gage glass of the
first prover is then observed and recorded, along with
e temperature and pressure of the test iiquid m the
first prover and the closing meter reading. During the
filling of the first prover with test liquid, if the meter is
non-temperature-compensated, the temperature of the
metered stream should be determined and recorded
frequently enough to assure an accurate average tem-
perature of the liquid as it passes through the meter,
The metered volume is then compared with the prover
volume, as described in Sect. 1V, to obtain the meter
performance. This constitutes the first proof run.

3026 To make the second meter proof, the neces-
sary opening readings are made and the water-liquid
meniscus in the top neck of the second prover is ob-
served and recorded. The opening meter reading (which
may be the closing reading of the first run) is observed
and recorded. The flow of test liquid is started into the
second prover by, first, closing valve A, opening valve
C, closing valve E, and opening valve D; then opcning
the start-stop valve G. Proper rate is maintained by
means of rate valve F, established from the previous
run. Flow is continued until the water-liquid meniscus
appears in the bottom neck of the second tank. The
start-stop valve G is then closed; all readings are ob-
served; and calculations, made as in the first proof, are
repeated. If subsequent test runs are desired, the fore-
going procedures are repeated.

3027 The proving of meters by the single-tank
water displacement method is identical in principle and
is accomplished in a manner similar to the dual-tank
method described in the foregoing paragraphs. The
essential difference is that the water displaced from the
prover must be pumped back into the prover from a
supply source or from an auxiliary water-receiving
vessel.

Gas Displacement Method (See Fig. 17)

3028 The gas displacement method of proving
meters involves the application of gas pressure to the
inside of the prover to minimize evaporation loss of the
test liquid. This method of proving is applicable to the
top and bottom graduated-neck, top graduated-neck,
single-weir, and double-weir closed provers. The de-
termination of the lower zero level of liquid and the final
liquid level will be similar to that outlined for these
provers when used as open volumetric provers. A back-
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289
291
292
294
295
297
299
301
302
305
306
308
310
311
313
314
316

253

pya
273

313

268
269
271
272
273
275
276
277

280
281
283
284
286
287
289

292
294

296
298
300
302
304
306
307
308
310

249

251

302

306
308
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TABLE 11 (Continued)

INsTITITY

Specifie 954,1.,4 G0F /608

0547 0,045 0049 0550
227 225 225 22

228 226 224 222
229 227 225 223
230 228 226 224
231 229 227 225
233 231 228 226
3 P i Fanlv] Ll
235 233 231 229
236 234 232 230
237 235 233 23§
238 236 234 232
239 237 235 233
241 238 236 234
244 242 239 237 235
246 243 241 239 236
247 245 242 240 237
248 246 244 241 239
249 247 245 243 240
251 248 246 244 241
252 249 248 245 243
253 251 249 246 244
254 252 250 247 245
255 253 251 249 247
257 255 252 250 248
258 256 253 251 249
259 257 255 252 250
260 258 256 254 252
262 239 257 255 253
263 261 258 256 254
264 262 260 257 255
266 263 261 259 256
267 265 262 260 258
268 266 264 261 259
270 267 265 263 260
271 268 266 264 261
272 270 268 265 262
274 271 269 266 264
275 273 270 268 265
277 274 272 269 267
278 276 273 271 268
279 277 275 272 269
281 279 276 274 271
283 280 278 275 273
284 282 279 277 274
286 283 281 278 275
287 285 282 280 277
289 286 284 281 279
290 288 285 283 280
292 289 287 285 282
293 291 288 286 284
295 292 290 287 285
297 294 291 289 287
299 295 293 291 288
300 297 295 292 289
302 299 296 293 291

0.531
219
220
221

222
223
224
223
227
228
229
230
231

232
233

234
235
237
238
239
240
242
243
244
246
247
248
249
2514

252
253
254
255
257
258
259
260
261
263
264
265
267
269
270
271
273
275
276
278
279
281

283
284
286
287
289

0552
217
218
219
220
221
222
4L
224
225
227
228
229
230
231
232
233
235
236
237
238
240
241
242
243
244
246
247
248
249
251
252
253
254

257
258
259
260
262
263
264
266
2638
269
271
272
274
275
277
278
280
282
283

286

0,053

230
231
233
234
235

284

0.554
213
213
214
215
216
217
L1y
220
221
222
223
225
226
227
228
229
231
232
233
234
235
236
237
239
240
241
243
244
245
246
247
249
250

252
253
255
256
257
258
260
261
262
264
266

269
270
272
274
275
277
279
280
281

221
222
223
225
226
227
228
230
231

233
234
235
237
238
239
240
241
243
244
245
246
248
249
250
251

254
255
256
257
259
260
261
263
265
266
269
270
271
273
275
276
277
279

218
220
221
222
223
225
226
227
229
230
231
232
233
235
236
237
238
239
240
242
243
244

246
248
249

251
253
254

257
258
259
261
262
264
265
267
269
270
272
274
275
277

211
A YA
213
214
215
216
217
218
220
221
222
223
225
226

243
244
245
247
248
249
250
251
253
255
256
257
258
259
261
263
264
266
268
269
271
273
274

0,553
205
206
206
207
208
209
210
211
212

214

233
235
236
237
238
239
240
242
243

246
248
249
250
251
252
254

256
258
259
260
262
264
265
267
269
270
272

s

0.559
203
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
220
221
222
224
225
226
228
229
230
231
233
234
235
236
237
238
240
242
243
244
245
246
248
249
250
251
253
254
255
257
258

261
262
264
266
268
270

2. Gas displacement provers: Those in which vapor-
ization is retarded by displacement, by the test liquid,
of u saturated gas atmosphere from the prover.

3. Vapor displacement provers: Those in which
vaporization is retarded by displacement, by the test
liquid, of the saturated vapor of the test liquid from
the prover.

4. Vapor-condensing provers: Those which are
completely filled so that all vapor in the prover is
condensed.

5. Piston provers: Those in which a fixcd quantity
of the test liauid is disnlaced from the nrover hy
means of a free piston.

6. Master meter provers: Those in which the test
liquid used in a previously proved meter is measured
so that comparison of the measurements can be made.

3003 With the gravimetric methed, any one of the
following types of provers may be employed:

a. Open provers (see description in Par. 3002 and Fig.
19).
b. Closed provers (see description in Par. 3002 and
Fig. 20), including:

1. Gas displacement provers.

2. Vapor displacement provers.

3. Vapor-condensing provers.

GENERAL PROVISIONS

3004 A positive displacement meter should be
proved in its normal installation at the expected operat-
ing rates of flow, under the pressure and temperature at
which it will normally operate, and on the liquid which
it will measure in normal operation. Where it is not
practical to prove the meter on the liquid being metered,
the meter should be proved on a liquid having an API
gravity and viscosity as close as possible to those of the
liquid to be measured during normal operation. When
a meter is measuring several different liquids, the meter
should be proved on each liquid.

3005 There are many petroleum liquids of different
vapor pressures which are measured by meters. When
the liquid loss through evaporation during proving sig-
nificantly affects the liquid measurement, the proving
method must take into consideration means to control
the evaporation loss.

3006 The proving of a meter is somewhat in the
nature of a laboratory test and, when properly accom-
plished, can provide a high degree of measurement ac-
curacy. There are many details of the meter, its piping,
and proving system which can contribute to measure-
ment inaccuracies; for example, physical properties of
the measured liquid, temperature effects, corrosion, and
trapped air. Thorough periodic inspection of all provers
and their appurtenances should be made with sufficient
frequency to assure accuracy. It is essential that meter
performance data be observed and recorded carefully,
and that subsequent calculations be correct.

[
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3007 Each of the proving mcthods and provers has
advantages and disadvantages, depending upon the
liquid being metered and the type of operation. The
gravimetric method is advantageous where the metered
liquid is viscous or has a tendency to deposit wax, sand,
or other solids. These foreign materials have no effect
on the accuracy of the gravimetric method, whereas they
may cause scrious inaccuracies in the volumetric
method. The gravimetric method requires that the API
or specific gravity of the metered liquid be accurately
determined, as outlined in Par. 3053 through Par. 3056,
in order to have a hacic for converting weioht tn vnluma
The effect of the buoyancy of air, as outlined in Par.
3059 through Par. 3060, must be considered in gravi-
metric proving if the closest approach to accuracy is re-
quired. The volumetric method is advantageous where
gravity determinations may be difficult or of dubious
accuracy. The method is also more direct in that con-
versions from weight to volume are not required.

3008 There are two procedures for conducting a
meter proof run, as follows:

a. The standing start-and-stop procedure.
b. The running start-and-stop procedure.

The standing start-and-stop procedure utilizes standard
registers, and the opening and closing readings are ob-
tained at no-flow conditions. If flow is started too rap-
idly, the pressure in the piping may fall below the vapor
pressure of the liquid, causing vapor to pass through the
meter. Too rapid a change of velocity of the test liquid
may also cause hydraulic shock.

The running start-and-stop procedure involves ob-
taining the opening and closing meter readings of the
proof while the meter is in operation. Unless special
registers are used, the length of the run in this procedure
must be sufficient to make inaccuracies in reading at
start and finish insignificant. Special register equipment
may take readings photographically in synchronism with
the movement of test controls, or the meter may be
equipped with auxiliary or secondary registers which
may be started or stopped in conjunction with test con-
trols. In these procedures, any electrical or mechanical
lag in actuation of meter registers should be compen-
sated for in the calibration of the prover. It is important
that no excessive drag be introduced on the meter’s
measuring element from auxiliary registers and cquip-
ment.

3009 There are two general end results desired in
meter proving, usually dependent upon the type of serv-
ice in which a meter is to measure. First, it may be de-
sired to prove a meter and establish its performance
(by adjustment of its registration, if necessary) so that
its register will indicate the quantity of liquid actually
delivered within tolerances permitted by the operation
or by law. This is the normal practice in the case of a
meter operating on intermittent deliveries, such as a
tank truck meter or a loading rack meter at a terminal or
bulk plant. In such cases, the meter register is made to
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Temper-
ature
(Degrees
Fahren-
heit)
20
21
22
23
24
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TABLE 11 (Continued)

INQTITUTE

Specific Gravity 60F /60F

0.560
200
201
202

204
205
LUD

208
209
210
211
212
213
214

216
217
218
220
221
222
224

226
228
229
230
232
233
234
235
236
237
239
240
242
243
244
245
247
248
249
251
252
253

256
257

260
261
263
265
267

0.561
198
199
200
201
202
203
204
205
206
207
208
209
210
211

213
214
215

217
218
220

223
224
225
227
228
229
231
232
233
234
235
236
238
239

242
243
244
245
247
248
250

252
253
255

257
259
261
262
264

0.562
196
197
198
199
200
201
pAVY

204

206
207
208

210
211
212

214
215
216
218
219
220
221
223
224
226
227
228
229
230
232
233
234
236
237
238
240
241

244
245
246

249
250
251

254
255
257
258
259
261

0.563 0.564
195 193
196 194
196 195
198 196
199 197
200 198
PAVIV -
201 200
202 200
203 201
204 202
205 203
206 204
207 205
208 206
209 207
210 208
211 209
212 210
213 211
214 213
216 214
217 215
218 216
219 217
220 218
222 220
223 221
224 222
226 224
227 225
228 226
230 228
231 229
232 230
234 232
235 233
236 234
237 235
239 237
240 238
241 239
243 241
244 242
245 243
247 245
248 246
249 247
251 249
252 250
253 251
255 253
256 254
257 255
259 257

0.565
191
192
193
194
195
196
1917
198
199
200
201
201
202
203
204
205
206
207
208
209
210
212
213
214
215

217
219
220
222
223
224
225
227
228
230
231
232
233
235
236
237
239
240
241
243
244
245
246
248

250
252
253
255

0.566
189
190
191

193
194
19>
196

198
189
200
200
201
202
203
204
205
206
207
208
209
211
212

214
215
217

219
220
222
223
224
226
227
229
230
231
232
233
235
236
238
239
241
242
243
244

247
248
249
251
252

0.567
187
188

190
191
192
193

195
196
197

199
199
200
201
202
204
205
206
207
208
209

211
212
213
214
216
217
218
220
221
222
224
225
226
227
229
230
231

234
235
236
237
239
241
242
243
244
245

248
249

0.568 0.569
185 184
186 185
187 186
188 187
190 183
190 189
191 190
192 191
193 191
194 193
195 194
196 195
197 196
198 197
199 197
200 198
201 199
202 200
203 201
204 202
205 203
206 204
207 205
208 206
209 207
210 208
211 209
213 211
214 212
215 213
216 214
217 215
219 217
220 218
221 219
223 220
224 222
225 223
226 224
228 226
229 227
230 228
231 229
232 230
234 232
235 233
236 234
238 236
240 237
241 239
242 240
244 242
245 243
246 244
247 245

0.570 0.571 0.572

182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
199
200
201
202
203
204
205
206
207
209
210
211
212
213
214
216
217
218
220
221
222
223
224
226
227
228
229
231
232
233
235
236
238
240
241
242
244

180
181
182
183
184
185
1386
187
188
189
190
191
192
193
194
195
196
197
198
198
199
200
201
202
203
204
205
206
208
209
210
211
212
214
215
216
218
219
220
221
222
224
225
226
227
229
230
231
233
234
235
237
238
240
241

178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
199
200
202
203
204
205
206
207
208
209
211
212
213
214
216

236

240

0.578 0.574
177 175
178 176
179 177
180 178
180 179
181 180
182 138l
183 182
184 183
185 184
186 185
187 186
188 187
189 188
190 189
191 190
192 191
193 192
194 193
195 194
196 195
197 196
198 196
199 197
200 198
201 199
202 200
203 201
204 202
205 203
206 204
207 206
209 207
210 208
211 209
213 211
214 212
215 213
216 214
217 216
219 217
220 218
221 219
222 220
224 222
225 223
226 224
227 225
229 227
230 228
231 229
233 231
234 232
235 233
237 235

0.575 0.576 0.577 0.578 0.579

174
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
199
200
201
202
204
205
206
207
209
210
211
212
214
215
216
217
219
220
221
222
224
225
226
227
229
230
231
233

172
173
174
175
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
150
191
192
193
194
195
196
197
198
199
200
201
202
203
204
206
207
208
209
211
212
213
214
216
217
218
219
221
222
223
224
225
227
228
229
231

171
172
173
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
189
191
191
192
193
194
195
196
197
198
199
200
201
202
204
205
206
207
209
210
211
212
214
215
216
218
219
220
221
222
224
225
226
227
229

170
171
171
172
173
174
175
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
193
195
196
197

168
169
170
171
172
172
173
174
175
176
177
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
204
205
206
207
209
210
211
212
214
215
217
218
219
220
221
222
224
225
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2109 The calibration is repeated until two suc-
cessive volume determinations agree within 0.02 per
cent of the prover volume. The average of these two
volumes shall be used.

2110 The required graduations are marked on the
gage glass scales, and these scales are securely attached
and sealed as required.

CALIBRATION OF A GRAVIMETRIC PROVER
(See Fig. 19 and Fig. 20)

2111 The following paragraphs describe the
Scthod O Lliibiating a graviinvlile pluved di 00§ aia
atmospheric pressure. The question of “to contain” or
“to deliver” is not applicable.

2112 The first operation is to assure that the weigh
scale is on a firm foundation and that the platform is
level (see Par. 2019).

2113 The second operation is to install the tank,
complete with piping and appurtenances, on the scale.

2114 The third operation is to check the accuracy
and sensitivity of the scale in accordance with NBS
Handbook H 44, Tests shall be made with certified test
weights applied in approximately equal increments and
extending over the entire scale range. Two test runs
should be made—one by adding weights from zero to
full capacity, and the other by subtracting weights from
full to zero capacity.

2115 All instruments used in specific gravity deter-
minations and air density determinations related to the
use of the gravimetric prover shall be checked for
accuracy.

DETERMINATION OF PROVER VOLUME UN-
DER PRESSURE

2116 If a volumetric prover is to be used at a
pressure significantly above atmospheric pressure, a
correction factor should be determined to correct for
the resulting increase in prover volume over the volume
determined in calibrating the prover at atmospheric
pressure. This correction factor is referred to as Cp,
and will always be unity or greater. This factor should
be determined experimentally for each prover.

2117 For a prover that is to be used at a single
working pressure, a correction factor should be deter-
mined at that pressure. If it is to be used at varying
pressures, correction factors should be determined
throughout the range of such operating pressures and a
table, or curve, of pressure correction factors (Cp)
prepared. This should be done at the time the prover is
calibrated.

2118 Facilities should be provided for pressuring
the prover to its maximum operating pressure.

2119 For provers with top gage glasses, the first
operation is to fill the prover with water to a mark near
the top of the upper gage glass and record the gaged
volume of the water in the tank at atmospheric pressure.
Keeping the water temperature as nearly constant as

—a
N

s P Mugik

possible, gas or air is introduced under pressure into
the top of the prover, in reasonable pressure increments,
until the maximum operating pressure has been reached.
With each increment of pressure, the indicated volume
of the water and the prover pressure are recorded.

2120 The second operation is to reduce the pres-
sure, in reasonable decrements, from the high pressure
just obtained until atmospheric pressure has been
reached. As before, the incremental volume of water for
each pressure is recorded.

2121 If the prover does not have a top gage glass,
the volume change with pressure is determined hy firct
pressuring the prover with water to the maximum ex-
pected operating pressure and then withdrawing water
to reduce the pressure. The volume of water withdrawn
between each increment of pressure is accurately meas-
ured and recorded.

2122 A graph, or table, of pressure versus volume
change is prepared, and the percentage change in the
gaged volume from the actual atmospheric pressure
volume may be calculated. A table, or curve, of volume
correction factors is then prepared to cover the range
of operating pressures. The formula for finding the
factor C,, for a prover with neck or necks at any pres-
sure P, is as follows:

observed increase
in tank volume

caused by increase increase in pres-
in pressure sure

O - 1 T EIEEEEY
. (original tank volume)

= 1y Yat Q) = Vit Q) — (VatQ) (By—Po) (F)
(VatQ)
(Vo +Q)
(Va+Q)

decrease in liquid
volume caused by

=2—(P,—P) (F) -

Where:

C,. = pressure correction factor of prover tank.
P, — starting pressure (atmospheric) in prover tank,
in pounds per square inch absolute.
P, = operating (test) pressure in prover tank, in
pounds per square inch absolute.

observed volume in prover tank at pressure P,.

observed volume in prover tank at pressure P,.

calculated or measured volume of liquid be-

tween the bottom reference mark of the
prover tank and the stop valves.

F = compressibility factor for the liquid in the tank
(0.0000032 per psi increase above atmos-
pheric pressure for water from 1 psig to
1,000 psig).

For a vapor-condensing prover, the formula for find-
ing the factor C,, at any pressure P, is as follows:

i

fl

\Y
\%

=

AV
Ocm = H [/\&nl
Where:
C,s = pressure correction factor of prover tank.
V., = observed volume in prover tank at pressure P,.

AV = volume change attributable to pressure
= Vi—(V,+V) (P,—P) (F).
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without top or bottom neck. The volume of this prover
at 60 F and atmospheric pressure is determined by cali-
brating with water “to contain” with a “to deliver” test
measure.

2083 Pressure gages and other equipment items
which can create air pockets are removed. These items
will have their volumes determined separately. All
valves and openings on the bottom side and vertical
sides of the prover shall be closed prior to the calibra-
tion.

2084 The calibration of the prover begins by
emptying “to deliver” test measures of water into the
prover, allowing the required drain period for each test
measure after each emptying into the prover (see Par.
2043). The volume and temperature of water in each
test measure are recorded. As the level of water rises
and reaches the lowest and each succeeding opening,
from which pressure gages and other equipment items
were removed, these openings are plugged to eliminate
any air pockets. The prover is completely filled with
test liquid from the test measure, the volume of the test
liquid remaining in the test measure when the prover be-
comes full is determined (see Par. 2034), and this
volume is subtracted from the total volume. From the
record of the volume and temperature of each test meas-
ure, the volume corrected for temperature, as described
in Par. 2123 through Par. 2125, is determined; to this
is added the volume of the pressure gages and other re-
moved equipment.

2085 The calibration 1s repeated until two suc-
cessive readings agree within 0.02 per cent of the prover
volume. The average of these two volumes is used.

Calibration of a Bidirectional Piston Displacement
Prover (See Fig. 22)

2086 The following paragraphs describe the
method of calibrating a bidirectional piston displace-
ment prover, “to deliver” at 60 F and atmospheric pres-
sure, using either “to deliver” or “to contain™ test meas-
ures. Essentially, this consists of establishing the length
of stroke of the piston so that the desired volume of
liquid is repetitively delivered into a test measure.

2087 The first operation is to close the expansion
chamber valve and connect the inlet of the prover to a
suitable source of test liquid under pressure. The cylin-
der, hoses, lines, and valves are filled with the test
liquid; and the air is completely purged from all parts
of the prover by pumping liquid into the prover while,
at the same time, causing the piston to move back and
forth through the cylinder to its stops. During these
filling operations, the test liquid may be discharged to
a suitable sump or other vessel. While this shuttling of
the piston is being performed, air or vapor should be
blown out the vent on the downstream side of the piston
for each stroke. When the prover is free of air and full
of test liquid from the source to the outlet valve, the
vent line valves at each end of the cylinder should be
closed.

17
2088 The sccond operation is to move the piston
to either extremity of the cylinder until it stops and pre-
pare to receive the test liquid into a suitably sized test
measure, preferably having a capacity equal to the de-
sired displaced volume of the prover.

2089 The third operation is to record the pressure
in the prover with the entire system completely full of
test liquid under supply pump pressure. With the piston
in a stopped position at either end of the cylinder, the
two-position control valve is changed to permit the test
liquid from the prover to run into the test measure. The

,,,,,,, the liguild m Uil sl mvasuie is iveurdeu.
This volume is corrected for any temperature differ-
ences, as described in Par. 2123 through Par. 2125.

2090 The fourth operation is to adjust the stroke
length of the piston (by means of the adjustment de-
vice) to make the displaced volume of a single stroke
exactly equal to some nominal volume, e.g., 50.00 gal.
This is done by adjusting the piston stroke after every
successive delivery into the test measure until the meas-
ure indicates that the desired displacement has been
established. These runs are conducted as in the third
operation, and the number of them required will depend
on the accuracy with which the stroke adjustment is
made after each run.

2091 The calibration is repeated after the piston
stroke has been finally adjusted to insure repetitive dis-
placements within 0.02 per cent of the prover volume.
The piston stop should be locked in place by suitable
means and sealed.

2092 After the prover has been calibrated, it
should be thoroughly drained of the calibrating liquid,
particularly if water was employed, flushed thoroughly,
and filled with the liquid which will be employed in sub-
sequent meter proving. After filling, and while the
prover is idle, the expansion chamber should be opened
to both ends of the cylinder to allow for thermal expan-
sion of the liquid. When used for proving meters, the
expansion chamber should be closed off from the
prover, and the bypass line across the piston should be
tightly closed.

Calibration of the Unidirectional Piston Displace-
ment Prover (See Fig. 23)

2093 The following paragraphs describe the
method of calibrating a unidirectional free-piston dis-
placement prover, “to deliver” at 60 F and atmospheric
pressure, using a non-temperature-compensated master
meter unit.

2094 The unidirectional piston displacement prover
is calibrated by determining the volume of liquid dis-
placed by the movement of a piston from one reference
point to another reference point in a continuous length
of pipe, either upstream or downstream from the oper-
ating meter or meters. The volume between such refer-
ence points is the prover volume.

2095 A master meter calibration unit, having a
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TABLE 1I (Continued)

TErARES

Properyg

TroyrTe

Specific Gravity 60F/60F
A,

R
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0.600 0.601 0.602

145
145
146
147
147
148
149
149
150
151
151
152
153
153
154
155
155
156
157
157
158
159
159
160
161
162
162
163
164
165
166
167
168
169
170
171
172
173
174
175
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177
178
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180
181
182
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184
185
186
187
188
189
190
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146
146
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150
150
151
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155
155
156
157
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158
159
160
160
161
162
163
164
165
166
167
167
168
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172
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174
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176
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182
183
184
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186
187
188
189
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143
144
144
145
146
146
147
148
148
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150
150
151
151
152
153
154
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155
156
156
157
158
158
159
160
161
162
162
163
164
165
166
167
168
169
170
171
172
173
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175
177
178
179
180
181
182
183
184
185
186
187
188

0.603
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142
143
144
144
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145
146
147
147
148
149

150
151
151

153
153
154

155
156
157
157
158
159
160
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174

176
177
178

180
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184
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186

0.604
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143
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148
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0.605 0.606 0.607

140
141
141
142
142
143
144
145
145
146
146
147
147
148
149
149
150
150
151
152
152
153
154
154
155
156
157
157
158
159
160

162
163
164
165
166
167
168
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171
172
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175
176
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183
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140
141
141
142
142
143
144
144
145
145
146
147
147
148
148
149
150
150
151
151
152
153
153
154
155
156
156
157
158
159
160
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162
163
164
166
167
168
169
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175

177
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183
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141
141
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144
145
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146
146
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148
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150
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151
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153
153
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0.608
139
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141
141
142
142
143
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144
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145
146
146
147
148
148

149
150
151
151

152
153
154
154
155
156
157
158
158
159

161
162
163

165
166
168
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171
172

174
174
175
176
177
178

180

0.609
138
139
139
140
140
141
141
142
142
143
144
144
145
145
146
146
147
147
148
149
149
150
150

152
152
153
154
154
155
156
157
158
158
159
160
161
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164
165
167
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171
172
173
174

175
176
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179

138

139
139
140
140
141
141
142
142
143
144
144
145
145
146
146
147

148
149
149
150
150
151
152
152
153
154
154
155
156
157
157
158
159
160
161
162
163
164
166
167
168
169

171
172
173
174
174
175
176
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0.610

0.611
137
138
138
139
139
140
140
141
141
142
143
143
144
144

145
146
146

147
148
149
149
150
150
151
152
152
153
153
154
155
156
157
157
158
159
160
161
162
163
164
166
167
168
169
170
171
172
173
174
174

176
177

large provers. The best practice is to send small provers
to the National Bureau of Standards for calibration and
certification. It is possible, and permissible, to calibrate
such a prover by using a certified 5-gal measure, a
certified 1-gal measure, or both, and suitable glass
graduates. If it is convenient to dry such a prover after
each emptying, it may be calibrated “to contain”; and
when so calibrated, and so used, it will be most accurate
for measurement of liquid hydrocarbons. If the prover
is for use in calibrating large provers using water, then
it is more suitable to calibrate it “to deliver.” In either
case. the calibration operation will be done bv nourine
the measured volumes of water from a “to deliver” test
measure into the prover.

2063 The first operation is to thoroughly dry the
inside of the prover if it is to be calibrated “to contain.”
If it is to be calibrated “to deliver,” the first operation
is to fill the prover with water and then empty it, allow-
ing it to drain in accordance with Par. 2043.

2064 The second operation is to place the prover
in a level position, checking with a leveling instrument.

2065 The third operation is to determine the vol-
ume of the prover. The water is poured into the prover
from the certified test measure, one measure at a time,
A record of the temperature of the water in each meas-
ure is kept and suitably recorded, according to the pro-
cedure outlined in Par. 2123 through Par. 2125. The
prover is filled to a wholc-gallon volume level near the
center of the neck. This level is marked on the gage as
the temporary reference level. The temperature in the
prover is determined and, after making any necessary
temperature corrections, this temporary reference level
is reset as required.

2066 The calibration is repeated until two suc-
cessive volume determinations agree within 0.02 per
cent of the prover volume. The average of these two
volumes shall be used.

2067 The fourth operation is to calibrate the upper
neck, above and below the now established reference
level, by adding and/or extracting water and measuring
this water in a glass graduate, starting with the prover
filled to the established reference level. This may be
done conveniently by the use of a syringe. The prover
reference level and scale graduations are permanently
marked on the gage scale; the scale is firmly and ade-
quately fastened and sealed as required.

Calibration of Prover with Single Weir for Lower
Reference Level and with Top Neck (See
Fig. 11)

2068 The following paragraphs describe the
method of calibrating with water a prover with a single
weir for lower reference level and with a top neck, “to
deliver” at 60 F and atmospheric pressure. Either “to
deliver” or “to contain” test measures may be used.

2069 The first operation is to establish the lower
reference level of the prover by first filling the prover

gL TV RO s S by DY e o

with water to a level scveral inches above the weir bex
knife edge. After the water supply valve is closed, the
water in the prover is drained through the weir box
drain valve until flow ceases. Temporary reference level
identification marks are made on the lower gage glass
scale. Water is added and the procedure repeated until
the reference level has been definitely established. A
minimum of three chccks shall be made. Permanent
reference marks are established on the prover shell and
the gage glass scale for the lower reference level.

2070 The second operation is to calibrate the top
neck of the nrover The weir hav drain valve ic clhcad
and the prover is filled to a point near the top of the
upper gage glass scale. The withdrawal hose is attached
to a convenient drain connection and filled with water,
care being taken to ascertain that the hose is free of air.
A temporary mark is established on the upper gage
glass scale opposite the liquid level, which is observed
for several minutes to make certain that it remains the
same and that the system is free from leaks. The starting
temperature of the water in the prover is recorded. The
water is withdrawn into a suitably sized test measure.
Throughout the period when the water is within the
reading length of the gage glass, each decrement is
temporarily marked on the scale and the temperature
of each withdrawal is recorded according to Par. 2123.
The overall length between the upper and lower refer-
ence points on the gage glass scale is measured. Using
this length and correcting the volume for temperature,
the length of scale equivalent to a convenient increment
of corrected volume is computed and a suitable reading
scale is prepared.

2071 The third operation is to establish the volume
of the prover. The withdrawals are continued with the
use of test measures of suitable size. A pump may be
employed, providing it can be purged of air and does
not leak. The temperature and volume are recorded for
each withdrawal, as described in Par. 2123. The with-
drawal is completed through the weir box drain connec-
tion by the use of smaller test measures. When all flow
has ceased, the liquid level as shown in the lower gage
glass is examined. This level must coincide with the
marks established in the first operation at the lower ref-
erence level. The total volume of water withdrawn,
corrected for temperature as outlined in Par. 2123
through Par. 2125, shall be recorded as the calibrated
volume of the prover at 60 F and atmospheric pressure.
The condition of the drain hose, pump, and other with-
drawal equipment shall be the same at the end of the
last withdrawal as it was at the beginning of the first
withdrawal. The last withdrawal may be a partial test
measure volume. This partial test measure is converted
into linear inches of upper neck. A temporary upper
reference level is established near the center of the upper
gage glass scale as required to bring the volume of the
prover below the upper reference level to a whole unit
of volume. The scale is set to correspond with the final
reference level.
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GENERAL [NFORM ATION O

In the operation of positive 9%58305 meters 10
various gervices of in metering different liquids, there are
many practices O EOnm&st being tollowed bY various
meter operators- Many of these anma:mmm, aithough
not @Bmmsf mgsaﬁ&um? are very useful and hetpful.
The following @mnwmnmﬁrw include such Emoﬁomm\\.é
any cases, mn constderably more detay than 1% mcladed
in Sect. 1 through Sect- v of this standard. For the most
part, these suggestions are om»nmom.ﬁn@ cither by tyPe of
service or type of liquid.

ﬂwmcdmzo,m OF METER 332&@2?20@ OR
PROOF

obtaining tWO results which check each other within the
?aéms&:mr& allowable deviation, it is usually expedi-
ent to averagé the four factors obtained for these fout
runs and accept this average as the 88255& meter
factot. However, lack of R?omﬁn.e.&é of reasonably
consistent meter factors within tolerance may be indic-
ative of Bmogswoa defects. 1f inspection discloses

point.

HO?A?@E MASTER METER

1n using the @o?wgo master meter to prove meters
at jsolated ocations, a8 outlined in Par. 3036 and Part.

uptoa prover tank to prove the master meter, Of where
it 1s hooked up to the stationary meter 10 prove the

gtationary meter against the mastet, the pressure condi-
tion in the flexible hose should be the same when the

ER OM.MW?EOZ

n as it was when the
observe this

rformance i

might yield

.583.583 me aoHBwsos.

BULK PLANT

Oonwm.,o:mf
oading rac

AND LOADING RACK M

discrepancies
of Hiquid an

crepancy ™

ty compartm

e of a trac fifth wheel ©

oading 1ac
compartmen

27), 01 10-gal capacity put may be larger. 1O establish
uniform yvolume calibration, it s cssentiat that the vol-
ume of test measures be determined and certified by at
unbiased agency. The National Buread of Standards
(NBS) is established as the certifying agency. A certi-
fication will be made by the NBS oo the basis § using
water as the calibrating liquid (see Fig. 30, 31, and 32).
When using & test measure that has beent calibrated BY
the NBS, the actual capacity a8 shown on the certificate,
report, OF jettex should be used rathet than the nominal

Tiquids put whent desirable and wmﬁmomga {o all con~

corrosion products. Test Measures should be returned
to the National Bureau of gtandards coao&om?\ for a
recalibration and resealing

2043 The letter Of @Soﬁmmo order moooaﬁmzﬁbm
a test measuie being sent 1O the National Bureau of
gtandards * for calibrationt should state exactly how the

measure is 10 be calibrated; 1-€- whether it is to be cali-
prated “10 contain” Of “to detiver.” 1f the gage gcale

sion of vse because it was calibrated in that condition.
The drainag® time for test measures of 10-gal capacity

e

= Mailing address? National Bureat of gtandards Washing-
ton 25, D C.

Shipping address: Zumonu_ Buread of m.::aﬁdm, Atten-
tion: Capacity; Density, and Fluid Meters Qection, Washing-
ton 25, D. C.

My ,/f,,;:):‘z, oy Prirot o i O «?:Ez.;ﬁmcl‘n av PD NMETER

be 10 sec fr he {low ceases

¢ for measuic

¢hall be as
altbe made

e used 10 cali
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9. The hose siphon may be broken before all liquid is
drained from long compartment lines.

10. The temperature of liquid in the truck may change
between loading and unloading.

The truck meter installation should be checked
frequently to make sure that the meter and accessory
equipment are firmly secured in place. A truck involved
in an accident should have its metering equipment
checked and proved before it is re-used. The truck tank
should also be recalibrated.

2 8 £ 2 - -
TilLLInND METERS

The degree of accuracy required in products pipe-
lines or crude oil pipelines is usually sufficiently high to
justify the application of all principles advocated in this
standard. Written agreements are frequently prepared
to cover the measurement operations of the participating
parties, and many times individual companies prepare
their own manuals of practice intended to produce
metered measurements within their desired tolerances.

The care and precision with which pipeline meters
are proved and operated normally constitute a very im-
portant pipeline operating function because of the large
volumes measured, usually on a continuous basis.

There are many details in the successful and accurate
operation of meters in the field which cannot easily be
described in a text or manual but which are essential to
good metering. These are skills which the meter operator
must acquire through training and experience in the
field. They include such things as quality meter repair
and maintenance work; the elimination of human errors;
the detection of leaking valves; the recognition of air
troubles; and astuteness in determining specific gravities,
flow rates, meter readings, and temperature readings.

It is recommended that pipeline meter installations
normally be equipped with permanently installed meter-
proving equipment. In such an operation the “perma-
nently installed master meter method” may be used at
the discretion of the owners. Provision may also be
made for the temporary installation of previously proved
master meters in series with the regular operating meters
for meter-proving purposes. When meters are equipped
with removable measuring chambers or mechanisms as
a unit, such a unit may be removed from the meter case
and installed in a test case for proving at a testing labora-
tory. A preproved unit is installed in the case after re-
moval of the original unit for proving, where such pro-
cedure is agreeable to the parties involved.

Foremost among the provers employed are the top
and bottom graduated-neck provers, the single- and
double-weir provers, the water displacement provers,
the gravimetric provers, and the unidirectional and bi-
directional piston displacement provers. Frequently
the master meter method of proving is used in conjunc-
tion with one of these types of provers.

Products pipeline meters should be proved by a
method which eliminates or mitigates evaporation in the

test draft during the meter proof (see Par. 3005 and
Par. 3021).

It is usually necessary in pipeline metering to con-
trol or apply proper corrections for variations in operat-
ing flow rates, meter case operating pressures, tempera-
tures, and type of liquid or liquids being metered.
Temperatures of the metered liquid are read to the near-
est 0.1 F and API gravities to the nearest 0.1 deg;
pressures are determined with sufficient accuracy to
minimize errors resulting from liquid compressibility.

Because of the extreme temperature variation to
which liquids transported by pipeline are often sub-
jected, it 1s recommended that ASTM 1> 1250 ‘L'able 6
be used for liquids under 100 deg API gravity, and
Table 24 be used for liquids above 100 deg API
equivalent.

Many operators prove meters on every batch of liquid
they measure or for significant changes in flow rates;
others have adopted the policy of proving for every
liquid which varies approximately 5 deg API gravity
or more from the previous liquid.

In the operation of meters in pipeline service, par-
ticularly when the custody of the liquid being metered
is changed from shipper to transporter or from trans-
porter to consignee, there are a number of practices
which, if followed, will lead to a more general under-
standing among the parties involved of the responsibili-
ties of each. Some of these recommended practices are
as follows:

1. A representative of the meter owner shall conduct the
overall general measurement program, making avail-
able to all interested parties complete records of such
measurements.

2. A representative of the meter owner shall conduct the
calibration of the prover involved.

3. A representative of the other party, or parties, in-
volved shall be privileged to witness the calibration of
the prover involved.

4. A certificate of the calibration shall be prepared by
the owner. Both parties shall sign the certificate, indicat-
ing agreement of the capacity determined. Each inter-
ested party shall receive a copy of the prover tank cali-
bration certificate.

5. A representative of the meter owner shall perform
all provings of the meter involved.

6. A representative of the other party, or parties, in-
volved shall be privileged to witness all provings on
the meter involved and shall receive a copy of the prov-
ing reports.

7. Temperatures, pressures, and meter readings, as
well as other necessary data, shall be taken and re-
corded by the owner of the meter at intervals agreed
upon by all parties involved.

8. Records of the data recorded shall be furnished by
the owner to all interested parties as promptly as
possible.

Mueast REMENT OF PETROLEUM LIQUID 1Yy oROCARBONS By D MFETeR 11

section consistent with the necessary strength. The ex-
posed parts of the well should be insulated. The insula-
tion should extend at least 12 in. around the tank wall
from the thermometer well. The thermometer well shall
be deep enough for proper immersion of the thermom-
cter.

2017 Location of thermometers in the prover is
important. For the most part, the use of two thermom-
eters is recommended in volumetric provers larger than
10 gal and not over 500 gal. Three thermometers
should be used in prover vessels larger than 500 gal.
One thermometer should be in the upper third of the

. 1 1 oot PR B ETUS NN IS B S
.:r:i(Cr..w.C»r».(T»C(rLuLG((C».C:»r:t»C:(»::»(

of the main body of the prover; and a third thermom-
eter, if used, should be near the center of the main body
of the prover. For piston provers, the thermometers
should be located at the extremities of the meter prover
section. The temperature of the liquid shall be the
average of the readings of the thermometers used. For
gravimetric provers thermometers are not required.

2018 Pressure gages are required in closed provers.
The gages shall be reliable and of suitable range, cali-
brated to an accuracy of one per cent of full-scale read-
ing. Gage connections shall be short to avoid trapping
of vapors or liquids. In general, Instruments and Ap-
paratus, Part 2: Pressure Measurement, supplement to
ASME Power Test Codes, shall be followed.

2019 Gravimetric provers may be of either the
open or closed types, similar to volumetric provers (see
Par. 2003 through Par. 2005). The weigh scale may
be equipped either with a weigh beam and counterpoise
or with an automatic indicating dial. The scale gradua-
tions shall be no greater than 0.02 per cent of the maxi-
mum scale capacity. The maximum capacity of the
scale should be approximately 20 per cent greater than
the gross weight of the weigh tank when filled with the
test liquid and including all attachments to the tank.
Piping connections to the weigh tank shall be such that
no drag is introduced which might affect the accuracy
of the scale. The tolerance of the weigh scale shall be
the value of one of the minimum graduations on the
weigh beam or reading dial (see National Bureau of
Standards Handbook H 44: Specifications, Tolerances,
and Regulations for Commercial Weighing and Measur-
ing Devices or revisions thereof). When in use, gravi-
metric provers should be protected from air currents or
other disturbances. The weigh scales should be installed
level and plumb on suitable foundations. The mounting
of the weigh tank on the scale shall be such that the load
is centered and on a stiff frame. Typical designs of
gravimetric provers are shown in Appendix A (see Fig.
19 and Fig. 20).

DESCRIPTION OF PROVERS

2020 There are two general types of provers—
volumetric and gravimetric. The several kinds of volu-
metric provers are:

a. Top and bottom graduated-neck prover (see Fig.
14).

b. Top graduated-neck prover (sec Fig. ¥, 10, and 26).
c. Single-weir prover (see Fig. 11).
d. Double-weir prover (see Fiz. 12).

e. Vapor-condensing prover (see Fig. 24).
f. Bidirectional piston prover (see Fig. 21 and Fig.
22).

g. Unidirectional piston prover (see Fig. 23 ).
x.meﬁonﬁoan?gomAmnommm.mmv.

2021 The top and bottom graduated-neck prover
is a vessel which has a reduced cross-section, or neck,
located at both top and bottom to enable a more ac-
curate determination of incremental volume. It may be
used as either an open or closed prover and is suitable
for most liquids. Both the top and bottom necks should
have gage glasses, or other suitable means, for indicating
accurately the liquid level or the interface of test liquid.
There may be one or more gage scales on each neck
(see Fig. 9 and Fig. 14).

2022 The top graduated-neck prover is a vessel
which has a reduced cross-section, or neck, at the top
only and may be either open or closed. In use, the
bottom level is determined by completely draining the
vessel with suitable valving or by inverting the vessel
(see Fig. 9, 10, and 26).

2023 The single-weir prover is a vessel which has
a reduced cross-section at the top and a weir overflow
to establish the bottom level. It may be used as either
an open or closed prover and is suitable for most liquids
(see Fig. 11).

2024 The double-weir prover is a vessel which has
weir overflow connections at both top and bottom. The
top weir overflows into a supplementary vessel of re-
duced cross-section for determination of the incremental
volume of the overflow. This prover may be used either
open or closed and is suitable for most liquids (see Fig.
12).

2025 The vapor-condensing prover is a pressure
vessel without necks or gage glasses at either top or
bottom. Its total volume is accurately determined and,
in use, the vessel is completely emptied and completely
filled. It is used only for high-vapor-pressure products,
such as LPG, where the vapors can be condensed as the
vessel is filled (see Fig. 24).

2026 The bidirectional piston prover is a cylindri-
cal pressure vessel in which a sealed free piston recip-
rocates and displaces a fixed volume in each direction.
The end of each stroke is accurately established by suit-
able stops. This prover is used closed and is suitable
for most liquids (see Fig. 21 and Fig. 22).

2027 The unidirectional piston prover is one in
which a sealed free piston moves in a section of pipe
in one direction only, to displace a predetermined
volume between two known points in the cylinder.
These points are indicated by suitable mechanical or
electrical devices or both. The piston may be removed
from, and reinserted in, the pipe for each proving run.
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metering the heavier hydrocarbons. These same factors
require extremely accurate pressure, temperature, and
specific gravity determinations during proving of the
meter. Thus the calibration of instruments for the de-
termination of temperature, pressure, and specific grav-
ity is extremely critical. Thermometers with gradua-
tions of 0.2 F, read to 0.1 F, are quite often used for
L.PG meter proving.

LPG has a lower viscosity than most hydrocarbons,
and the range of accurate flow measurement for a given
installation may be less for LPG than for other liquids.

Vavorization of LPG before or in the meter is a pos-
sible source of measurement error. It is important,
when operating LPG meters near the vapor pressure of
the product, to maintain vapor elimination and pressure
regulation equipment in satisfactory operating condition
to avoid the passage of vapor through the measuring
chamber.

LPG must be kept under pressure while being metered
to maintain it in liquid form, and this fact gives rise to
certain problems in connection with its measurement.

The considerations of special import in the proving
of meters in LPG service arise from the following:

1. LPG is normally handled and metercd under rela-
tively high operating pressures, necessitating the appli-
cation of meters designed for such working pressures
and requiring closed provers.

2. LPG flashes to its vapor phase when pressure is re-
duced below its bubble point. For this reason it is
mandatory, in metering such liquids, to maintain the
pressure high enough so that no vapor is released during
the time it is passed through the meter. If there is any
tendency to flash vapor in or ahead of the meter, the
Uquid leastieent will be L ClioL, dsiuucis as st
meters will measure gases as well as liquid. LPG has a
higher coefficient of thermal expansion and is more com-
pressible as compared to motor grade gasolines or
distillates. For this reason, adequate and accurate ac-
counting of temperature and pressure variations is
cssential to precision measurement and to meter proving.

3. It is inadvisable to use the water displacement
method of meter proving for meters measuring dried
LPG because of the absorption of water.

MEASUREMENT OF PrTROLEUM Liouip HYDROCARBONS BY P MrETEIR 9

truck meters must be installed so that the outlet drain
Ievel is at a higher elevation than the body of the liquid
in the meter.

1032 Meters shall be installed in such a manner as
to minimize the effect of vibrating strains and the possi-
bility of mechanical damage.

INSTALLATION OF METERS ON LOADING
RACKS

1033 Fig. 4 is a schematic diagram showing a

typical meter installation at a loading rack for low-

e am e amammmseaen 1D T
VAEUL pacosdae iy Ui,

1034 Loading piping shall be designed to prevent
drainage of liquid from the meter, and to assure that
the terminus of undelivered liquid will occur at the
same point in the piping every time the flow through the
meter is stopped by closing the normally used loading
valve.

INSTALLATION OF METERS IN OIL WELL
SERVICE

1035 Fig. 5, 6, and 7 are schematic diagrams which
embody the essential items of a metering installation
used to measure crude oil, condensate, or distillate pro-
duced from wells. These installations should be de-
signed to prevent flashing caused by restrictions such as
strainers, thermometers, or other types of reduction in
the pipe area.

1036 The meter shall be installed between the oil-
gas separator and the liquid outlet control valve on the
oil-gas separator, according to Par. 1024 and 1037 and
Fig. 5, 6,0r 7.

1037 In intermittent flow installations, the outlet
control valve must provide a positive shutoff to prevent
separator drainage. Single-seated valves are recom-

mended for this service. In continuous flow installations,
pilot-operated or mechanically float-operated valves
may be used. Pilot-operated valves shall be of the
snap-acting, normally closed type; i.c., closing with
pilot supply failure. Where a throttling type of control
valve is used, the flow rate should never be permitted
to drop below the minimum allowable flow rate of the
meter.

1038 Where open proving equipment is used, as in
Fig. 5, a meter-proving connection shall be installed
and suitably valved so that flow may be diverted into
the prover and still maintain the normal operating meter
pivooue -\—:Fﬂ nc vy »LN(.

1039 Where closed proving equipment is used, as
in Fig. 6 and Fig. 7, a meter-proving connection may be
installed upstream or downstream of the liquid outlet
control valve. A means shall be provided to maintain
the normal operating meter pressure and flow rate.
Means may also be provided to maintain the prover at
the required reference pressure.

INSTALLATION OF METERS IN CRUDE OIL
PIPELINE GATHERING SERVICE

1040 Fig. 8 is a schematic diagram which embodies
the essential items for a fixed meter installation on grav-
ity or pumped gathering lines.

1041 An adequate means shall be provided to as-
sure that the stream is shut oft positively before air or
vapor from the producer tanks enters the meter. As
shown in Fig. &, either a liquid level shutofl valve
or a manually set predetermining device should be used
in each installation. The particular type of device used
might perform other functions than to assure that no air
or vapor enters the meter. For example, the manually
set quantity-predetermining device could also be used
to assure that the lease allowable is not exceeded.

SECTION II—METER PROVERS AND THEIR CALIBRATION

SCOPE

2001 This section covers equipment to be used in
proving positive displacement meters employed in the
several different categories previously mentioned. Pro-
cedures for the calibration of the different types of meter
provers are also included.

GENERAL PROVISIONS

2002 Positive displacement meters may be proved
by volumetric or gravimetric methods. The provers
described in this section may be either stationary or
portable. Proving cousists fundamentally in the meas-
urement of a quantity of liquid delivered by a meter in
a container of known volume or in which the contents
can be tweighed, or of that delivered by a previously
proven meter.

2003 Proving systems entirely closed to the atmos-
phere are essential for liquids of high vapor pressure.

Open provers, with or without evaporation control, or
closed provers may be used for liquids with low vapor
pressure (see Fig. 9, 10, 11, 12, 13, 19, and 26). With
closed provers evaporation control may be obtained
by employing a second low-vapor-pressure immiscible
liquid (water displacement method—see Fig. 15 and
Fig. 16). Gas presaturated with the liquid being
metered (gas displacement method) or the vapor from
the metered liquid (vapor displacement method—see
Fig. 17 and Fig. 18) may be used to isolate the test
liquid from the atmosphere. Some closed provers con-
fine the test liquid under sufficient pressure to preclude
evaporation while displacing a precalibrated volume of
liquid from the prover by mechanical means (piston dis-
placement method—sce Fig. 21 through Fig. 23). In
other closed provers, the vapors are condensed and
allowance is made for their condensed volume (vapor-
condensing method—see Fig, 24).
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temperature of 60 F and both weights being corrected
for the buoyancy of air.

30. Gravity selector: A mechanism used to adjust a
temperature compensator to change its performance ac-
cording to the coefficient of thermal expansion of the
liquid being metered.

31. High-vapor-pressure liquid: A liquid which, at
the proving temperature of the meter, has an absolute
vapor pressure equal to or higher than existing
atmospheric pressure.

32, Intermediate gears: The gear or system of gears
which transmits the motion of the measuring element
to the register, ticket printer, or both.

33. Laboratory graduate: See definition No. 26.

34. Low-vapor-pressure liquid: A liquid which, at
the proving temperature of the meter, has an absolute
vapor pressure less than existing atmospheric pressure.

35. LPG (liquefied petroleum gas): Any material
which is composed predominately of any of the follow-
ing hydrocarbons or mixtures of them: propane, pro-
pylene, butanes (nbutane or isobutane), and butylenes.

36. Master meter: A proved meter which serves as
a prover, either portable or stationary, connected in
series with the meter or meters to be proved.

37. Measurement, reference conditions of: The tem-
perature and pressure conditions to which the volume,
as determined by the meter, is to be corrected. The
temperature to which volume measurements are to be
corrected is usually 60 F. The reference pressure is
atmospheric pressurc, the absolute vapor pressure of
the liquid at 60 F, or a mutually agreed upon pressure.

38. Measuring chamber: The portion of a meter
which contains the measuring element.

39. Measuring element: The portion of a meter
which moves within the measuring chamber so as to
divide the liquid into segments as the liquid passes
through the meter.

40. Meniscus: The curved surface at the end of a
liquid column (see Par. 3015).

41. Meter, positive displacement: A device installed
in a piping system in which flowing liquid is constantly
and mechanically isolated into segments of known
volume. These segments of liquid are counted as they
are displaced and their accumulated total continuously
and instantaneously indicated in units of liquid quantity
by the meter register. These fixed-quantity liquid seg-
ments are united as they emerge from the measuring
element, along with that portion of liquid which “slips”
through the clearances between the moving parts of
the measuring element. Positive displacement meters
are generally differentiated by the type of mechanism
employed to isolate the liquid segments, i.e., by the
nature of their measuring element. The terms used to
describe the most common types of measuring elements
are: 1, nutating disc; 2, reciprocating piston; 3, oscil-
lating piston; 4, vane-type rotary; 5, bucket-type rotary;
6, lobed rotary; 7, helical rotary; and, 8, certain combi-
nations of these.

42. Meter accuracy: A number by which the meter
registration is divided to obtain the actual volume of
liquid passed through the meter. Tt is the reciprocal
of the meter factor (see definition No. 48). When
proving a meter, it is obtained by:

meter registration

Meter accuracy= - -
quantity measured in prover

1
~ meter factor

and actual throughput is obtained by:

A o1 a1 . .+ meter registration
a B wwdean LYY ({Ur»ﬁ\rr?
meter accuracy

43, Meter capacity, maximum: The maximum rate
of flow through a meter, as recommended by the meter
manufacturer, for any specific liquid.

44. Meter capacity, minimum: The minimum rate
of flow through a meter, as recommended by the meter
manufacturer, for any specific liquid.

45. Meter case: The outer portion of a meter which
encloses the measuring chamber.

46. Meter characteristic: A term somewhat broader
in scope than the term “meter performance”; the meter
performance under varying operating conditions.

47. Meter cover: The portion of a meter case which
must be removed to expose the measuring chamber and
the measuring element.

48. Meter factor: A number obtained by dividing the
actual quantity of liquid passed through a meter into a
prover or master meter by the indicated meter registra-
tion during the proof. It is the reciprocal of meter
accuracy (see definition No. 42). When proving a
meter, it is obtained by:

Meter factor = quantity measured in prover
- meter registration

1

" meter accuracy

and actual throughput is obtained by:
Actual throughput= (meter registration) (meter factor)

49. Meter performance: An expression of the rela-
tionship between the quantity of a given liquid indicated
by a meter register and the actual quantity of that liquid
which passed through the meter for the corresponding
period (see Par. 4002).

50. Meter reading: The number of units of volume,
or equivalent thereof, read directly from a meter register
at any particular moment.

51. Meter registration: The difference between open-
ing and closing meter readings during an interval of
operation of a meter.

52. Meter slippage: The volume of the liquid, at
any flow rate, which passes through a meter without
causing registration.

53. Over-or-under delivery: See definition No. 18.

54. Over-or-under registration. See definition No. 76.

MEASUREMENT OF PETROLEUM LIQUID HYDROCARBONS BY
POSITIVE DISPLACEMENT METER

SECTION I—INSTALLATION

SCOPE

1001 This section covers the installation of posi-

tive dienlarament metere their anyilinrv nravinoe eamin-

ment, and other accessories.

CHOICE OF METERS AND AUXILIARY
EQUIPMENT

1002 All types of meter installations must meet
certain fundamental requirements. These include ac-
curate proving facilities; adequate protective devices,
such as strainers, relief valves, and air or vapor elimi-
nators; and dependable pressure and flow controls. A
further fundamental installation requirement is that
physical conditions during operations and proving
should be identical.

1003 The following should be considered when
selecting a meter and its auxiliary equipment:

a. Range of operating rates of flow and whether flow is
continuous or intermittent.

b. Maximum operating pressure and maximum allow-
able pressure drop.

¢. Type of liquid, or liquids, meter will measure, in-
cluding viscosity and corrosivity.

d. Temperature range under which meter will operate
and the applicability of automatic temperature compen-
sation.

e. Type of register or ticket printer required and the
application of quantity-predetermining devices.

f. Degree of accuracy desired and ease of meter regis-
tration adjustment.

g. Type and method of proving to be employed.
h. Applicability of auxiliary meter register equipment.

i. Methods, cost, and frequency of routine mainte-
nance.

j. The quantity and size of foreign matter and the
quantity of water which may be carried in the liquid
stream.

k. Space available for meter installation.

1004 Automatic temperature compensators and
gravity selectors, if installed, shall be chosen to respond
to operating conditions within the measurement toler-
ances required.

1005 Manufacturers should be consulted regarding
specifications of their metering equipment, such as mini-
mum and maximum flow rates, operating pressures,

operating temperatures, materials of construction, and
installation details.

GENERAL INSTALLATION DEFAILS

1006 Each meter shall be installed in such a man-
ner as to prevent passage of air or vapor through it. In
some cases, it may be necessary to install air elimina-
tion equipment ahead of the meter in order to accom-
plish this objective.

1007 The entire installation shall be such that air
will not be introduced into the system through holes,
leaky valves, piping, glands of pump shafts, or con-
necting lines. The piping shall have no high points or
pockets where air or vapor might accumulate and be
carried to the meter by the added turbulence of an in-
creased rate of flow.

1008 Meters other than those designed for flow in
both directions shall be installed so that the flow cannot
be reversed.

1009 Spring-loaded or sclf-closing valves shall be
of such design that they will not open to admit air when
subjected to hydraulic hammering or to a vacuum.

1010 Any condition which tends to contribute to
the release of vapor from the liquid should be avoided
by proper design of the system.

1011 Meters and piping shall be installed so that
accidental drainage or vaporization of liquid is avoided.

1012 Lines from the meter to the prover shall be
installed so that the possibility of trapping air or vapor
is minimized. This can sometimes be accomplished by
sloping the meter calibration line upward to the prover
tank. The distance between a meter and its prover
should be as short as possible.

1013 Meter installations should be made in a man-
ner which will result in the maximum dependable oper-
ating life. In certain services, this requires that pro-
tective devices be installed to remove from the liquid
abrasive or other entrained particles which could stop
or cause premature wear of the metering mechanism.
If strainers, filters, sediment traps, settling tanks, water
absorbents, a combination of these items, or other
suitable devices are required, they shall be installed in
such a manner as to prevent flashing of the liquid prior
to its passage through the meter. These may be installed
singly or in interchangeable battery form, depending on
the importance of continuous service. In other services
where the liquid is clean, or where the type of meter in-
stalled does not require or warrant protection, the
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91. Throughput, gross. The indicated throughput
corrected only for meter performance.

92. Throughput, indicated (uncorrected): The dif-
ference between the opening meter reading and the clos-
ing meter reading.

93. Throughput, net: The gross throughput corrected
to 60 F and the reference pressure, and including a
correction for basic sediment and water where appli-
cable.

94. Vacuum breaker: An automatic means for pre-
venting a partial vacuum from being formed at a specific
point in a piping system.

95, Valve, back-pressure: A mechanical device 1or
maintaining a uniform upstream pressure.

96. Valve, differential: A mechanical device for
maintaining a fixed difference in pressure between two
points in a metered stream.

97. Vapor eliminator (separator): See definition
No. 3.

98. Vapor-equalizing line: A conduit installed to

connect the vapor spaces of the vessel being filled and
the onc being emptied.

99. Vapor pressure (absolute, true): The pressure
of a vapor corresponding to a given temperature at
which the liquid and vapor are in equilibrium. (See
also definitions No. 21, 31, 34, and 100.)

100. Vapor pressure, Reid: The vapor pressure of a
liquid at 100 F, as determined by the standard Reid
vapor pressure test [ASTM Designation D 323-58:
Standard Method of Test for Vapor Pressure of Petro-
leum Products (Reid Method)].

101. Volume, standard unit of: The United States
aallan  rantaining 721 TTQ  anhkic inchac One TTQ
barrel contains 42 U.S. gallons. The British imperial
gallon contains 277.420 British cubic inches or
277.418 U.S. cubic inches or 1.200955 U.S. gallons.
The U.S. barrel contains 34.9722 imperial gallons.

102. Weigh tank: A vessel mounted upon a weigh
scale in such a manner that any change in the weight
of the liquid in the vesscl is accurately reflected by the
indicating mechanism of the weigh scale.
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ALPHABETICAL INDEX

Accuracy curve, 4003, 30

Accuracy of proving results, 3005. 21
Accuracy of test mcasures, 2047, 13

Air buoyancy, 3059-3060, 29

Air elimination, 1006-1012, 7

Auxiliary equipment, choice of, 1002-1005. 7
Averaging meter factors, 3012, 22

BAasiC types Ol PIOvers, sUUL, JU; Appuiuia 0
Bidirectional piston provers, 2026, 11; 2086-2092, 173 3033, 25
Bulk plant metering, Appendix C

Bureau of Standards certificates, 2041-2043, 12

Calibration of provers, 2030-2115, 12

Capacity of prover, 2004, 10

Certification of test measures, 2041-2043, 12
Change in prover tank shell dimensions, 3045, 27
Change in volume of test liquid, 3046-3047, 27
Choice of auxiliary equipment, 1002-1005, 7
Choice of meters, 1002-1005, 7

Closed gravimetric proving methods, 3039-3043, 26
Closed provers, 2003, 93 3002-3003, 20

Closed volumetric proving methods, 3023-3037, 23
Compressibility factor, 4010-4011, 30
Construction of provers, 2005-2019, 10
“Contain,” 2042-2043, 13

Crude oil metering, Appendix C

Crude oil pipeline gathering service, 1040-1041, 9

Definitions, Appendix D

“Deliver,” 2042-2043, 13

Delivery, over-or-under, 4002, 30

Description of provers, 2020-2029, 11

Design of provers, Appendix A

Design of test measures, 2044-2045, 13
Double-weir provers, 2024, 11; 2074-2081, 16
Drainage of meters, 1011, 7

Drainage time for test measures, 2043, 13
Drawings, Appendix A

Evaporation control, 3005, 21; 3021, 22; 3039, 24; Appendix C

Filters, 1013, 7

Flow control, 1020, 8; 1024-1025, 8

Flow rates, 3004, 21; 4012, 32

Frequency of proving, 5005, 33; Appendix C

Gage glasses, 2012, 10

Gage scales, 2013, 10

Gas displacement provers, 3002-3003, 20

Gas displacement proving, 3028-3029, 23; 3040-3041, 26
General operating information, Appendix C

Gravimetric provers, 2029, 12; 2111-2115, 19
Gravimetric proving methods, 3003, 21 3038-3043, 26
Gravity determination, API or specific, 3053-3056, 28

Inaccuracies, measurement, 2042, 13; 3006, 21; Appendix C
Installation of meters, 1006-1041, 7

Loading rack metering, Appendix C

Loading rack meters, installation of, 1033-1034, 9
LPG metering, Appendix C

LPG provers, 2025, 113 Appendix C

Master meter to calibrate prover, 2100-2110, 18
Master meter, portable. Appendix C
Master meter provers, 2028, 12; 2100-2110, 18; 3002, 20
Master meter proving, 3036-3037, 23
Measurement inaccuracies, 2042, 13; 3006, 21; Appendix C
Measurement, reference conditions of, Appendix D
Measures, test (see ‘“T'est measures”)
Meniscus, 3015, 22; Appendix A
M otas amnnrasts EEATAIo I ¥} )
Meter factor, 4002, 30; 4010-4011, 30
Meter factors, averaging, 3012, 22
Metering, Appendix C

bulk plant

crude oil

loading rack

LPG

pipeline

product

tank truck
Meter performance (factor), 4001-4G12, 30
Meter-proving report form, 3017, 22
Meter, regular, Appendix C
Meters:

choice of, 1002-1005, 7

draipage of, 1011, 7

installation of, 1006-1041, 7

operation and maintenance of, 5001-5008, 32

protection of, 1013, 7; 5006, 33
Meter slippage, 4005, 30
Meter, standby, 1015. 8: Appendix C
Mismeasurement, 2042, 135 3006, 21; Appendix C
Multiple meter installation, 1015, 8

Nomenclature, Appendix D

Oil well service, installation of meters in, 1035-1039, 9
Open gravimetric proving methods, 3038, 26

Open provers, 2003, 9; 3002-3003, 20

Open volumetric proving methods, 3018-3022, 22
Operating information, general, Appendix C

Operation and maintenance of meters, 5001-5008, 32
Over-or-under delivery, 4002, 30

Over-or-under registration, 4002, 30

Pipe compounds, 1027, 8

Pipeline metering, Appendix C

Pipeline service, installation of meters in, 1028, 8

Piston displacement provers, 2026-2027, 11; 3002, 20

Piston displacement proving, 3032-3035, 25

Portable master meter, Appendix C

Preparation of provers, 2036-2040, 12

Pressure gage, 1022, 8

Pressure, reference, 4009, 30

Pressure surges, 1019, 8

Product metering, Appendix C

Proof runs, number required, 3011-3016, 22

Protection of meters, 1013, 7; 5006, 33

Protection of test measures, 2046, 13

Protective devices, 1013-1027, 7

Provers:
basic types of, 3001, 20; Appendix A
bidirectional piston, 2026, ¥1; 2086-2092, 17; 3033, 25
calibration of, 2030-2115, 12
capacity of, 2004, 10

FOREWORD

Prior to 1942, research on the accuracy of positive displacement meters was con-
ducted at the University of Oklahoma by the ASME Rescarch Committee on
Fluid Meters. The API Pipeline Technology Committee became interested in this
project. The Joint ASME-API Committee for Volumeter Research was appointed
to guide the research. This committee included representatives with special
knowledge of, and experience in, the technical phases of the meter measurement of
liquid petroleum hydrocarbons, namely, design, research, testing, and operation of
positive displacement meters. The committee also included qualified representatives
of all the major positive displacement meter manufacturers. The research program
was complcted, and the results were published in the Transactions of the American
Society of Mechanical Engineers, May 1943. Following the completion of the re-
search program, it became evident that uniform metering procedures should be
developed, lhe joint comnitice was then charged with the preparauon ol sucii
procedures.

The tentative standard methods prescribed in Bulletin No. TS 381: Proving
Positive Displacement Meters of the California Natural Gasoline Association; the
standard specifications for cold-water meters of the American Water Works Associa-
tion; and National Bureau of Standards Handbooks H 29, H 44, and H 45, adopted
by the National Conference on Weights and Measures, were reviewed. Data were
obtained from interested operators, manufacturers, and various technical groups.

In 1955 the name of the committee was changed to Joint ASME-API Petroleum
PD Meter Committee. The APIT part of the committee was transferred from a sub-
committee of the API Pipeline Technology Committee to full committee status in
the API Department of Technical Services. The ASME part of the committee
retained status as Subcommittee No. 11 under the ASME Research Committee on
Fluid Meters. In late 1957, the joint status with the American Society of Mechanical
Engineers was discontinued and the API Committee on Positive Displacement
Metering Measurement was organized.

Although this edition of the standard is sponsored only by the American
Petroleum Institute, the Institute gives full and complete acknowledgment to the
contribution made by the American Society of Mechanical Engineers in developing
the required technical material to assure accurate and successful measurement of
liquid hydrocarbons by the use of the positive displacement meter. Full acknowledg-
ment is given to the Joint ASME-API Petroleum PD Meter Committee for the
work done in compiling this standard, and to the ASME Research Committee on
Fluid Meters for the guidance given through the years in making this standard
technically correct.

The American Petroleum Institute takes no position as to whether or not any
method contained herein is covered by an existing patent, nor as to the validity of
any patent alleged to cover any such method. Furthermore, the information con-
tained in this standard does not grant the right, by implication or otherwise, for
manufacture, sale, or use in connection with any method, apparatus, or product
covered by letters patent; nor does it insure anyone against liability for infringement
of letters patent.

This standard may be used by anyone desiring to do so, but the American
Petroleum Institute shall not be held responsible or liable in any way either for any
loss or damage resulting therefrom or for any violation of any federal, state, or
municipal regulations with which it may conflict.

This standard does not endorse or advocate the preferential use of the positive
displacement meter, or any other type of meter, as compared with other means for
measuring lquid hydrocarbons. Its purpose, rather, is to describe and illustrate
methods and practices which are commercially acceptable in the use of positive dis-
placement meters. This standard is not intended to restrict in any way the future
development of positive displacement meters, nor to affect in any way metering
equipment of any type already installed and in operation.

The American Petroleum Institute recognizes that meters which do not come
within the definition of a positive displacement meter as defined herein are being
used in the metering of liquid hydrocarbons. The users of these other types of meters
may find sections of this standard useful, especially those on proving and installation.
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change in tank shell dimensions of, 3045, 27
closed, 2003, 9; 3002-3003, 20
construction of, 2005-2019, 10
description of, 2020-2029, 11
design of, Appendix A
double-weir, 2024, 11; 2074-2081, 16
gas displacement, 3002-3003, 20
gravimetric, 2029, 12; 2111-2115, 19
LPG, 2025, 11; Appendix C
master meter, 2028, 12; 2100-2110, 18; 3002, 20
open, 2003, 9; 3002-3003, 20
piston displacement, 2026-2027, 11; 3002, 20
preparation of, 2036-2040, 12
single-weir, 2023, 11; 2068-2073, 15
top and bottom graduated-neck, 2021, 11; 2048-2055, 13
top graduated-neck, 2022, 11; 2056-2067, 14
unidirectional piston, 2027, 113 2093-2099, 17
vapor-condensing, 2025, 113 2082-2085, 16 3002-3003, 20
vapor displacement, 3002-3003, 20
with vapor-equalizing line, 3030, 24; 3042, 26
volumetric, 2020, 113 2030-2110, 12
water displacement, 3002, 20
Prover tank shell dimensions, change in, 3045, 27
Prover volume under pressure, 2116-2122, 19
Proving conditions, 3004, 21
Proving, frequency of, 5005, 33; Appendix C
Proving methods, general:
gravimetric, 3038-3043, 26
closed, 3039-3043, 26
open, 3038, 26
volumetric, 3018-3037, 22
closed, 3023-3037, 23
open, 3018-3022, 22
Proving methods, specific:
gas displacement, 3028-3029, 23; 3040-3041, 26
master meter, 3036-3037, 25
piston displacement, 3032-3035, 25
vapor-condensing, 3031, 243 3043, 26
vapor displacement, 3030, 24; 3042, 26
water displacement, 3023-3027, 23
Proving rates, 3004, 21
Proving results, accuracy of, 3005, 21
Pulsations, 1019, 8

Reference conditions of measurement, Appendix D
Reference pressure, 4009, 30
Registration, over-or-under, 4002, 30

Regular meter, Appendix C
Report form, meter-proving, 3017, 22
Running start-and-stop method, 3008, 21

Seals, Appendix C

Single-weir provers, 2023, 11; 2068-2073, 15
Slippage, 4005, 30

Spring-loaded valves, 1009, 7

Standby meter, 1015, 8; Appendix C
Standing start-and-stop method, 3008, 21

Tank truck metering, Appendix C
Tank truck meters, installation of, 1029-1032, 8
Test liquid, change in volume of, 3046-3047, 27
Test measures:

accuracy of, 2047, 13

certification of, 2041-2043, 12

design of, 2044-2045, 13

drainage time for, 2043, 13

protection of, 2046, 13
Thermometers, 1021, 8
Top and bottom graduated-neck prover, 2021, 11; 2048-2055, 13
Top graduated-neck prover, 2022, 11; 2056-2067, 14
True volume, 3044-3060, 26

Unidirectional piston provers, 2027, 11; 2093-2099, 17

Valves, 1018, 8
spring-loaded, 1009, 7

Vapor-condensing provers, 2025, 11; 2082-2085, 16; 3002-
3003, 20

Vapor-condensing proving, 3031, 24; 3043, 26

Vapor displacement provers, 3002-3003, 20

Vapor displacement proving, 3030, 243 3042, 26

Vapor elimination, 1006-1012, 7

Vapor-equalizing line, 3030, 24; 3042, 26

Vaporization control, 3005, 21; 3021, 22; 3039, 26; Ap-
pendix C

Volume corrections with change in temperature, 2123-2125, 20

Volume of prover under pressure, 2116-2122, 19

Volumetric provers, 2020, 11; 2030-2110, 12

Volumetric proving methods, 3002, 20; 3018-3037, 22

Volume, true, 3044-3060, 26

Water displacement provers, 3002, 20
Water displacement proving, 3023-3027, 23
Westphal balance, 3056, 29



