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SPECIAL NOTES I

1. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE,
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED.

2. APIIS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANU-
FACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP
THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND
SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS
UNDER LOCAL, STATE, OR FEDERAL LAWS.

3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER
PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND CONDI-
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET.

4. NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU-
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV-
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL-
ITY FOR INFRINGEMENT OF LETTERS PATENT.

5. GENERALLY, APl STANDARDS ARE REVIEWED AND REVISED, REAF-

FIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS. SOMETIMES A ONE-

TIME EXTENSION OF UP TO TWO YEARS WILL BE ADDED TO THIS REVIEW I
CYCLE. THIS PUBLICATION WILL NO LONGER BE IN EFFECT FIVE YEARS AF-

TER ITS PUBLICATION DATE AS AN OPERATIVE API STANDARD OR, WHERE

AN EXTENSION HAS BEEN GRANTED, UPON REPUBLICATION. STATUS OF THE

PUBLICATION CAN BE ASCERTAINED FROM THE APl AUTHORING DEPART-

MENT [TELEPHONE (202) 682-8000]. A CATALOG OF API PUBLICATIONS AND

MATERIALS IS PUBLISHED ANNUALLY AND UPDATED QUARTERLY BY API,

1220 L STREET, N.W., WASHINGTON, D.C. 20005.

Copyright © 1995 American Petroleum Institute
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FOREWORD

The Chapter 11.1, “Volume Correction Factors,” tables are jointly developed and pub-
lished by the American Petroleum Institute (API), the American Society for Testing and
Materials (ASTM), and the Institute of Petroleum (IP) as API Manual of Petroleum Mea-
surement Standards (MPMS) Chapter 11.1 (API Standard 2540), ASTM D1250, and IP
200, respectively. This standard is also designated as an American National Standard
(American National Standard Institute) under the designation of ANSI/ASTM D1250, and
has been adopted by the International Standards Organization as ISO/91-1:1992.

With the 1990 amendments to the Clean Air Act and the resulting regulations requiring
greater use of reformulated gasolines, there has been an increasing demand for methyl zerz-
butyl ether (MTBE) as a blending agent for those gasolines. The accurate transfer of MTBE
requires that the volume being transferred be temperature compensated back to customary
reference conditions. Within the United States those conditions are 60°F and the maximum
of saturation pressure or atmospheric pressure. Most other countries have reference condi-
tions of 15°C and the maximum of saturation pressure or atmospheric pressure.

This addendum has been approved through the API and IP standardization process, and
has been submitted to ASTM Committee D02 on Petroleum Products and Lubricants, and
ISO/TC 28, Petroleum Products and Lubricants, Subcommittee 3, Static Petroleum Mea-
surement, for concurrent review as a draft addendum to D1250 and ISO/91-1:1992.

Due to the high priority APl member companies have assigned to these revised vol-
ume correction factor tables for MTBE, this addendum is being published as approved
through the API and IP standardization process while awaiting completion of the ASTM
and ISO review procedures. At the conclusion of the ASTM and ISO review, this docu-
ment will be published as an addendum to D1250 and I1SO 91-1.

The API Committee on Static Petroleum Measurement currently has a project underway
to address volume correction of MTBE gasoline blends and commercial grades of
MTBE and other oxygenates. The results of this study will be available from the Measure-
ment Coordinator upon completion of the project.

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

Suggested revisions are invited and should be submitted to the Measurement Coordina-
tor, Exploration and Production Department, American Petroleum Institute, 1220 L Street,
N.W., Washington, D.C. 20005.
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Addendum to Chapter 11.1—Volume Correction Factors

Volume Il (Table 6C), Individual and Specialized Applications,
Volume Correction for MTBE to 60°F

Volume IX (Table 54C), Individual and Specialized Applications,
Volume Correction for MTBE to 15°C

1 Scope
1.1 INTRODUCTION

With the recent emphasis on reformulated gasolines, there
is an increasing demand to use methyl rert-butyl ether
(MTBE) as a blending agent for reformulated gasolines. The
accurate transfer of MTBE requires that the volume being
transferred be temperature compensated back to customary
reference conditions. Within the United States, those condi-
tions are 60°F and the maximum of saturation pressure or at-
mospheric pressure. Most other countries have reference
conditions of 15°C and the maximum of saturation pressure
or atmospheric pressure.

1.2 PURPOSE

The purpose of this addendum is to provide the users of
the API Manual of Petroleum Measurement Standards Chap-
ter 11.1, “Volume Correction Factors,” Volume III (Table 6C)
and Volume IX (Table 54C), “Individual and Specialized Ap-
plications,” with revised volume correction factor tables for
methyl tert-butyl ether (MTBE). These tables are used for
calculating the volume of mixtures composed predominantly
of MTBE at standard conditions from volumes at other con-
ditions. These tables apply to commercially available mix-
tures containing at least 85 weight percent MTBE.

1.3 SAFETY CONSIDERATIONS

This standard does not purport to address the safety prob-
lems, if any, associated with the use of this publication. It is
the responsibility of the user of this standard to establish the
appropriate safety and health practices and to determine the
applicability of regulatory limitations prior to its use.

2 Referenced Publications

The most recent editions of the following standards are
cited in this addendum:

API
Manual of Petroleum Measurement Standards
Chapter 11.1, “Volume Correction Factors”
Volume III, Table 6C, “Individual and Special

ht por American Petroleum Institute
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Applications, Volume Correction to 60°F
Against Thermal Expansion Coefficients at
60°F”

Volume IX, Table 54C, “Individual and Special
Applications, Volume Correction to 15°C
Against Thermal Expansion Coefficients at
15°C”

ASTM!'
D1250 Petroleum Measurement Tables
Volume III, Table 6C, “Volume Correction Fac-
tors for Individual and Special Applications,
Volume Correction to 60°F Against Thermal
Expansion Coefficients at 60°F”
VYolume IX, Table 54C, “Volume Correction
Factors for Individual and Special Applications,
Volume Correction to 15°C Against Thermal
Expansion Coefficients at 15°C”

IP?
200 Petroleum Measurement Tables
Volume III, Table 6C, “Individual and Special
Applications, Volume Correction to 60°F
Against Thermal Expansion Coefficients at
60°F”
Volume IX, Table 54C, “Individual and Special
Applications, Volume Correction to 15°C
Against Thermal Expansion Coefficients at
15°C”
ISO?
91/1 Petroleum Measurement Tables
“Part 1: Tables Based on Reference Tempera-
tures of 15°C and 60°F”

Section 5 contains a list of references for MTBE density.

1American Society for Testing and Materials, 1916 Race Street, Philadel-

phia, Pennsylvania 19103-1187

2Institute of Petroleum, 61 New Cavendish Street, London WIMSAR,
United Kingdom

3International Organization for Standardization, ISO publications are avail-
able from ANSI (American National Standards Institute, 11 West 42nd
Street, New York, New York 10036).
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3 Significance and Use
3.1 GENERAL

These tables are suitable for use in calculating volumes of
MTRBE mixtures as outlined in 1.2. The information gained
from this method can be used to determine quantities of
MTBE in tanks, shipping containers, and other storage con-
tainers typically used in the petroleum industry.

3.2 RECOMMENDED USE OF VOLUME
CORRECTION FACTORS FOR MTBE

It is recommended for pure MTBE that either Volume III,
Table 6C—with a mean coefficient of thermal expansion,
O, Of 789.0 x 10°8 °F'—or Volume IX, Table 54C—with a
mean coefficient of thermal expansion, o, of 1420.2 x 10
°C'—be used from API Chapter 11.1 of the Manual of Pe-
troleum Measurement Standards. The use of these tables for
commercial grades of MTBE is expected to introduce an ad-
ditional uncertainty of iess than 0.1 percent. The attached Ta-
bles 6C and 54C are an abridged version of the results
available from the computer subroutines for Tables 6C and
54C. Interpolation of the printed tables will provide answers
that differ no more than 1 in the last significant figure from
the computer subroutines.

4 Basic Data
4.1 USE OF DATA OBTAINED

Density data obtained from the open literature for pure
methyl fert-butyl ether (MTBE) were used for comparison
against several tables proposed for correcting MTBE vol-
umes. The data of Jangkolmulkachai, et. al [1] were fit using
a 60°F density of 745.3 kg/m3 (261.23 1b/bbl). This gave an
overall fit over the range of 0°C to 60°C (32°F to 140°F) of
+0.1 percent. An equivalent fit of the data was obtained us-
ing a 15°C density of 745.9 kg/m® and a mean coefficient of
thermal expansion of 1420.2 x 10 °C". This data was com-
pared to API Tables 6A, 6B, and a special fit of Table 6C.
The best fit of the data was obtained using Table 6C. An
equivalent fit was obtained using Table 54C.

4.2 COMPARISON TO PREVIOUS DATA

A review of the density data available for MTBE indicated
that there were only two sources of experimental data for
MTBE at temperatures other than 20°C or 25°C,
Jangkamolkachai, et. al [1] and Obama, et. al [2]. Only 20°C
or 25°C data were reported by Aim and Cipriam [3]}, Fen-
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wick, et. al [4], Timmermans [5], and the Thermodynamics
Research Center [6]. Although the API Monograph Series
[7] reports data at other temperatures, it was found that the
reported data was generated by fitting a correlation to the se-
lected 20°C density. Obama, et. al [2] reported a coefficient
of thermal expansion for MTBE at 25°C of 1.423 x 107
°C! (791 x 10°® °F") for data in the range of 15°C to 35°C
(59°F to 95°F). The data of Obama, et. al [2] and
Jangkamolkachai, et. al [1] were fit to the following equa-
tions:

VCF = ;”— =exp(-auAt(1+080,A1)
60

and

VCF = £ = exp(-0,,A1(1+ 0.80,,A1)) @)
15

Equation 1 was fit to the experimental data according to
the procedures outlined in Chapter 11.1, Volume III, with
both 0y, and pg, as adjustable parameters.

Equation 2 was fit according to the procedures outlined in
Chapter 11.1, Volume IX, with both a5 and p, ; as adjustable
parameters.

5 References for MTBE Density

1. A. Jangkamolkachai, G. C. Allred, and W. R. Parrish,
“Densities and Excess Molar Volumes of Methyl rert-Butyl
Ether with Hydrocarbons from 255.4 to 333.2 K,” Journal of
Chemical Engineering Data, 1991, pp. 481-484.

2. M. Obama, Y. Oodera, N. Kohama, T. Yanase, Y. Saito,
and K. Kusano, “Densities, Molar Volumes, and Cubic
Expansion Coefficients of 78 Aliphatic Ethers,” Journal of
Chemical Engineering Data, 1985, pp. 1-5.

3. K. Aim and M. Ciprian, “Vapor Pressures, Refractive In-
dex at 20°C and Vapor-Liquid Equilibria at 101.325 kPa in
the Methyl zerr-Butyl Ether—Methanol System,” Journal of
Chemical Engineering Data, 1989, pp. 100-103.

4. J. O. Fenwick, D. Harrop, and A. J. Head, “Thermody-
namic Properties of Organic Oxygen Compounds 41. En-
thalpies of Formation of Eight Ethers,” Journal of Chemical
Thermodynamics 7, 1975, p. 943.

5. J. Timmermans, Physicochemical Constants of Pure Or-
ganic Substances, 2nd edition, Elseveir, New, York, 1965.
6. “Selected Values of Properties of Chemical Compounds,”
Thermodynamics Research Center, Data Project, Texas
A&M University, College Station, Texas, extant 1980.

7. APl Monograph Series “tert-Butyl Methyl Ether,” API
Publication 723, University Microfilms International, Ann
Arbor, MI, 1984.
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VoLumMe Il—TaBLE 8C AND VOLUME IX—TABLE 54C 3
Table 6C—Volume Correction Factors for MTBE
Factors for Correction of Volume to 60°F
Temp Temp Temp Temp Temp
{°F) VCF (°F) VCF °F VCF (°F) VCF °F) VCF
00 1.0466 250 1.0274 500 1.0079 750 098812 1000 096816
05 1.0462 25.5 1.0270 50.5 1.0075 755 098773 100.5 0.96776
1.0 1.0458 26.0 1.0266 510 1.0071 76.0 098733 101.0  0.96736
1.5 1.0455 265 1.0262 515 1.0067 765 098693 1015  0.96696
20  1.0451 27.0 1.0258 520 1.0063 77.0 098653 1020 0.96656
25 1.0447 275 1.0254 525 1.0059 77.5 098614 102.5  0.96615
30 1.0443 280 1.0250 53.0 1.0055 78.0 098574 103.0 0.96575
3.5  1.0439 285 1.0247 535 1.0051 785 098534 103.5  0.96535
40 1.0435 290 1.0243 54.0 1.0047 79.0 098494 1040 0.96495
4.5 1.0432 29.5 1.0239 545 1.0043 795 0.98455 104.5 096455
50 1.0428 300 1.0235 550 1.0039 80.0 098415 1050 096415
55 1.0424 305 1.0231 555 1.0035 805 098375 1055 0.96374
6.0 1.0420 310 1.0227 56.0 1.0032 810 098335 1060 0.96334
6.5 10416 315 10223 565 1.0028 815 098295 106.5 0.96294
70 1.0412 320 1.0219 570 1.0024 8§20 098255 107.0 0.96254
7.5 1.0409 325 1.0215 575 1.0020 825 098216 107.5 096213
8.0 1.0405 330 10212 58.0 1.0016 83.0 098176 108.0 0.96173
8.5  1.0401 335 1.0208 58.5 1.0012 835 098136 108.5 0.96133
90 1.0397 340 1.0204 59.0 1.0008 84.0 0.98096 109.0 0.96093
9.5 1.0393 345  1.0200 595  1.0004 845 098056 109.5 0.96052
100 1.0389 350 1.0196 60.0 1.0000 850 098016 1100 096012
105 1.0386 355 10192 60.5 099961 855 097976 1105 095972
11.0 1.0382 360 10188 61.0 099921 86.0 097937 111.0 095932
11.5  1.0378 365 1.0184 61.5 099882 86.5 097897 111.5 0.95891
120 1.0374 370 1.0180 62.0 099842 870 097857 112.0 095851
125 10370 375 10177 62.5 099803 87.5 097817 1125 095811
13.0 1.0366 380 1.0173 630 099763 88.0 097777 113.0 095770
135 1.0363 385 1.0169 63.5 0.99724 885 097737 1135 095730
140 1.0359 39.0 1.0165 640 0.99684 89.0 097697 1140 0.95690
145 1.0355 395 1.0161 64.5 0.99645 89.5 097657 1145  0.95649
150 1.0351 400 1.0157 65.0 0.99605 900 097617 1150 0.95609
155 1.0347 405 1.0153 65.5 0.99565 90.5 097577 1155 095569
160 1.0343 41.0 1.0149 66.0 099526 91.0 0.97537 1160  0.95528
165 1.0339 41.5 1.0145 66.5 0.99486 915 0971497 116.5 0.95488
170 1.0336 420 1.0141 67.0 099447 920 097457 1170 0.95448
175 1.0332 425 10137 67.5 099407 925 097417 1175  0.95407
180 1.0328 430 1.0134 68.0 099368 93.0 097377 1180 0.95367
185 1.0324 435 1.0130 68.5 0.99328 935 097337 1185 0.95327
190 1.0320 440 1.0126 69.0 099288 940 097297 119.0 0.95286
195 1.0316 445 10122 69.5 0.99249 945 097257 1195 0.95246
200 1.0312 450 1.0118 70.0 099209 950 097217 1200  0.95205
205 10309 455 10114 705 099170 955 091177 1205 0.95165
21.0 1.0305 46.0 1.0110 71.0 099130 960 097137 121.0 095125
215 10301 465 1.0106 715 0.99090 96.5 0.97097 1215  0.95084
220 1.0297 470 1.0102 720 099051 970  0.97057 1220 0.95044
225 1.0293 475  1.0098 725 099011 97.5 097017 1225  0.95003
230 1.0289 48.0 1.0094 73.0 098971 98.0 0.96977 123.0  0.94963
235 1.0285 485 1.0090 73.5 098932 98.5 0.96936 1235 0.94922
240 10281 49.0 1.0087 740 098892 99.0 0.96896 1240 0.94882
245 10278 495 1.0083 745 098852 995  0.96856 1245 094842
250 1.0274 500 1.0079 750 098812 1000 096816 1250 094801
Note: This table is generated using o = 789.0 x 10°¢ °F!
Documents
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Table 54C—Volume Correction Factors for MTBE

Factors for Correction of Volume to 15°C

Temp Temp Temp Temp Temp
(°C) VCF (°C) VCF (°C) VCF °C) VCF (°C) VCF
-20.00 1.0489 -6.00 1.0295 8.00 1.0099 22.00 0.99003 36.00 0.96993
-19.75 1.0485 =575 1.0292 825 1.0096 2225 0.98967 36.25 0.96956
-19.50 1.0482 -5.50 1.0288 8.50 1.0092 22.50 0.98932 36.50 0.96920
-19.25 1.0479 -5.25 1.0285 8.75 1.0089 2275 0.9889% 36.75  0.96884
-19.00 1.0475 -5.00 1.0281 9.00 1.0085 23.00 0.98860 37.00 0.96848
-18.75 1.0472 475 1.0278 925 1.0081 2325 0.98824 37.25 0.96812
-18.50 1.0468 450 1.0275 9.50 1.0078 23.50 0.98789 3750  0.96776
-18.25 1.0465 -4.25 1.0271 975 1.0074 23.75 0.98753 37.75 0.96740
-18.00 1.0461 4.00 1.0268 10.00 1.0071 2400 0.98717 38.00 0.96704
-17.75 1.0458 -3.75 1.0264 10.25 1.0067 24.25 0.98681 38.25  0.96668
-17.50 1.0455 -3.50 1.0261 10.50 1.0064 24.50 0.98646 38.50 0.96631
-17.25 1.0451 -3.25 1.0257 10.75 1.0060 2475  0.98610 3875  0.96595
-17.00 1.0448 -3.00 1.0254 11.00 1.0057 25.00 0.98574 39.00 0.96559
-16.75 1.0444 275 1.0250 11.25 1.0053 25.25 0.98538 39.25  0.96523
-16.50 1.0441 -2.50 1.0247 11.50 1.0050 25.50 0.98502 39.50  0.96487
-16.25 1.0437 -2.25 1.0243 11.75 1.0046 25.75 0.98467 3975  0.96451
-16.00 1.0434 2.00 1.0240 12.00 1.0043 26.00 0.98431 40.00 0.96415
-15.75 1.0430 -1.75  1.0236 1225 1.0039 2625 0.98395 40.25  0.96378
-15.50 1.0427 -1.50 1.0233 12.50 1.0035 26.50 0.98359 40.50 0.96342
-15.25 1.0424 -1.25  1.0229 1275 1.0032 26.75 0.98323 40.75  0.96306
-15.00 1.0420 -1.00 1.0226 13.00 1.0028 27.00 0.98287 41.00 0.96270
-14.75 1.0417 -0.75 1.0222 13.25 1.0025 27.25 0.98252 4125 096234
-14.50 1.0413 050 1.0219 13.50 1.0021 27.50 0.98216 41.50 0.96197
-14.25 1.0410 -0.25 1.0215 13.75 1.0018 2775 0.98180 41.75 0.96161
-14.00 1.0406 0.00 1.0212 14.00 1.0014 28.00 0.98144 4200 0.96125
-13.75 1.0403 0.25 1.0208 1425 1.0011 2825 0.98108 4225  0.96089
-13.50 1.0399 0.50 1.0205 14.50 1.0007 28.50 0.98072 4250 0.96052
-13.25 1.0396 0.75 1.0201 1475 1.0004 28.75 0.98036 4275 096016
-13.00 1.0393 1.00 1.0198 15.00 1.0000 29.00 0.98000 43.00  0.95980
-12.75 1.0389 125 1.0194 1525 0.99964 2025 0.97964 43.25 0.95944
-12.50 1.0386 1.50 1.0191 15.50 0.99929 29.50 0.97929 43.50  0.95907
-12.25 1.0382 1.75 1.0187 15.75 0.99893 29.75 097893 43.75 095871
-12.00 1.0379 2.00 1.0184 16.00 0.99858 30,00 0.97857 4400  0.95835
-11.75 1.0375 225 1.0180 16.25 0.99822 3025 0.97821 4425 0.95799
-11.50 1.0372 2.50 1.0177 16.50 0.99787 30.50 0.97785 44.50 0.95762
-11.25 1.0368 275 1.0173 16.75 0.99751 30.75 0.97749 4475  0.95726
-11.00 1.0365 3.00 1.0170 17.00 0.99716 31.00 097713 4500 0.95690
-10.75 1.0361 3.25 1.0166 17.25 0.99680 31.25 097677 4525 0.95654
-10.50 1.0358 350 1.0162 17.50 0.99645 31.50 0.97641 4550 0.95617
-10.25 1.0354 375 1.0159 17.75 0.99609 31.75  0.97605 45.75 0.95581
-10.00 1.0351 4.00 1.0155 18.00 0.99573 3200 0.97569 46.00 0.95545
-9.75 1.0348 4.25 1.0152 1825 (0.99538 3225 0.97533 4625  0.95508
-9.50 1.0344 450 1.0148 18.50 0.99502 3250 0.97497 46.50  0.95472
-9.25 1.0341 475 1.0145 1875 0.99467 3275 0.97461 46.75  0.95436
-9.00 1.0337 5.00 1.0141 19.00 0.99431 33.00 0.97425 47.00 0.95399
-8.75 1.0334 525 1.0138 19.25 0.99395 3325 097389 47.25  0.95363
-8.50 1.0330 5.50 1.0134 19.50 0.99360 3350 0.97353 47.50  0.95327
-8.25 1.0327 5.75 1.0131 19.75 099324 3375 097317 47.75 0.95290
-8.00 1.0323 6.00 1.0127 20.00 0.99288 3400 0.97281 48.00 0.95254
-7.75 1.0320 6.25 1.0124 20.25 0.99253 3425 0.97245 48.25 0.95218
-7.50 1.0316 6.50 1.0120 20.50 0.99217 3450 0.97209 48.50  0.95181
-7.25 1.0313 6.75 1.0117 20.75 0.99181 3475 0.97173 48.75  0.95145
-7.00 1.0309 7.00 1.0113 21.00 0.99146 35.00 0.97137 49.00 0.95108
-6.75 1.0306 7.25 1.0110 21.25 0.99110 3525 0.97101 49.25  0.95072
-6.50 1.0302 7.50 1.0106 21.50 0.99074 3550 0.97065 49.50 0.95036
-6.25 1.0299 7.75 1.0103 21.75 0.99039 3575 0.97029 49.75  0.94999 |
-6.00 1.0295 8.00 1.0099 22.00 0.99003 36.00 0.96993 50.00 0.94963

Note: This table is generated using o5 = 1420.2 x 10% °C?!
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These tables or the mathematical relationships represented thereby may be used
by anyone desiring to do so, but the American Petroleum Institute, the American
Society for Testing and Materials, and the Institute of Petroleum and their respec-
tive members and the U.S. National Bureau of Standards shall not be held respon-
sible or liable in any way for loss or damage, including, but not limited to, conse-
quential damage, resulting from such usage or for violation of any federal, state, or
municipal laws, regulations, or practices of the United States or of any foreign
country.

The tables included in this volume and the subroutines from which they were
generated are voluntary standards and were developed under the auspices of the
joint API/ASTM Committee on Static Petroleum Measurement in part from data
generated by a project funded by the American Petroleum Institute at the U.S.
National Bureau of Standards, Gaithersburg, Maryland.

Inquiries concerning application of the tables or the computer subroutines should
be addressed to:

American Petroleum Institute

Measurement Coordination

1220 L Street, NW,

Washington, D.C. 20005

Library of Congress Catalog Card Number: 80-68070

ISBN 0-89364-032-8 (Volume IX)
ISBN (-89364-021-2 (10 Volume Set)
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FOREWORD

The Objectives

The complete collection of the jointly issued AP/ASTM-IP tables of which this
volume is a part is the result of close cooperation between the American Petroleum
Institute (API), the Institute of Petroleum (London) (IP), and the American Soci-
ety for Testing and Materials (ASTM). The overall objective of this effort was to
meet the worldwide need for a uniform and authoritative publication, based on the
most accurate information available. This publication serves as a basis for standard-
ized calculations of measured quantities of petroleum fluids regardiess of point of
origin, destination, or units of measure used by custom or statute. To meet the
objective of worldwide standardized measurement practices, the American Na-
tional Standards Institute (ANSI) and the British Standards Institute (BSI) have
also been closely involved nationally, resulting in the acceptance of the revised
tables as an American National Standard and as a British Standard. In addition, in
their respective capacities as Secretariat of the International Organization for Stan-
dardization TC/28 and of TC/28 SC3, ANSI and BSI have been instrumental in
progressing the revised tables towards their adoption as an international standard
by the International Organization for Standardization.

Historical Notes

The present collection supersedes all previous editions of the petroleum measure-
ment Tables ANSI/ASTM D1250, IP200, and API Standard 2540. Action is being
taken in ISO/TC 28 for the corresponding tables listed in ISO R91 and the tables
in the addendum to R91 to be superseded by the present revised collection.

In view of the progress of metrication in countries formerly using the British
system of weights and measures, demand for the revision of the British edition does
not justify the considerable work involved. The present edition will therefore be
withdrawn on the same date as the corresponding metric and American editions are
published and will not be replaced.

For the metric edition the new standard covers products with densities in the
range 610.0 to 1076.0 kg/m?® (0.610 to 1.076 g/mL). The tables for densities below
this range, covering liquefied petroleum gases, have not been revised.

The original tables, which were developed in the late 1940s, were based on the
1916 data of Bearce and Peffer (1916) and represent thirty years of evolution. The
history of this evolution is summarized by Hall et al. (1975).

Present Development

Downer and Inkley (1972) demonstrated that the original tables were not satis-
factory representations of many petroleum fluids of current importance. In 1974 the
American Petroleum Institute (API) and the United States National Bureau of
Standards (NBS) initiated a research program funded by the API which intended
to provide the solid scientific base for the development of more accurate, conse-
quently more equitable, measurement tables. The result of this program was precise
density data on 349 different fluids representing a wide variety of refined products
and 66.8 percent of the world crude production in 1974. The completion of this
five-year, $500,000 project in March 1979 opened the way for modernizing the
tables. Using the NBS density data and taking advantage of publications of out-
standing technical authorities, a Joint API-ASTM Physical Properties Working
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Group produced this present collection of the Petroleum Measurement Tables. The
development and results of the work are described by Hankinson et al. (1979).

Conceptual Departure

A major conceptual departure from previous versions is inherent in the recogni-
tion of the present and future position of computers in the petroleum industry. The
actual Standard represented by this volume and the companion volumes is neither
the hardcopy printed tables nor the set of equations used to represent the density
data but is an explicit implementation procedure used to develop computer subrou-
tines. The standardization of an implementation procedure implies the standardiza-
tion of the set of mathematical expressions, including calculational sequence and
round-off procedures, used within the computer code. Absolute adherence to the
outlined procedures will ensure that all computers and computer codes of the
future, meeting the stated specifications and restrictions, will be able to produce
identical results. Hence, the published implementation procedures are the primary
Standard, the distributed subroutines are the secondary standard, and the published
tables are produced for convenience.

Acknowledgments

The task of completing this project could not have been accomplished without
many substantial contributions by a considerable number of individuals and compa-
nies. It is impossible to single out any specific individuals for special mention.
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PREFACE

The Petroleum Measurement Tables, Volume Correction Factors (Volumes |
through X), are, with this edition, incorporated into API's Manual of Petroleum
Measurement Standards. These tables form Section 1 of Chapter 11, “‘Physical
Properties Data.”” To simplify the transition from the American Society for Testing
and Materials’ (ASTM) publication of the original tables to API's publication in
1980, the original ASTM numerical designations have been retained for the indi-
vidual tables.

The numbering system used throughout Volumes I through X corresponds to the
numbering system of the Manual of Petroleum Measurement Standards. The system
consists of a series of fields separated by decimai points. The first two fields (11.1)
indicate chapter and section of the manual; the third field gives the ASTM table
number. Therefore, although not serial, 11.1.5, 11.1.6, 11.1.23, 11.1.24, 11.1.33,
and 11.1.54 are the major headings used. All other headings are subordinate to the
three field headings.

Volumes I through IX, which are designed for field use. are arranged on a
functional basis rather than on a topical basis.

First Series—Volumes |, il, and il

These three volumes contain TABLES 5 and 6, the tables for the °API, °F, 60°F

base series, plus examples to guide the user. Each volume contains specific data

as follows:

Volume I  —Generalized Crude Oils (TABLES 5A and 6A)

Volume II —Generalized Products (TABLES 5B and 6B)

Volume III —Individual and Special Applications (TABLE 6C) and an appen-
dix describing the equations and constants used and the densities
and coefficients of thermal expansion of each NBS sample.

Second Series—Volumes IV, V, and VI

These three volumes contain TABLES 23 and 24, the tables for the relative

density, °F, 60°F base series, plus examples to guide the user. Each volume

contains specific data as follows:

Volume IV —Generalized Crude Oils (TABLES 23A and 24A)

Volume V. —Generalized Products (TABLES 23B and 24B)

Volume VI —Individual and Special Applications (TABLE 24C) and an appen-
dix describing the equations and constants used and the densities
and coefficients of thermal expansion of each NBS sample.

Third Series—Volumes Vil, VIii, and IX

These three volumes contain TABLES 53 and 54, the tables for the kilogram per
cubic metre, °C, 15°C base series, plus examples to guide the user. Each volume
contains specific data as follows:

Volume VII —Generalized Crude Oils (TABLES 53A and 54A)

Volume VIII—Generalized Products (TABLES 53B and 54B)

Volume IX —Individual and Special Applications (TABLE 54C) and an appen-
dix describing the equations and constants used and the densities
and coefficients of thermal expansion for each NBS sample.

Volume X provides a complete breakdown of the Petroleum Measurement
Tables, Volume Correction Factors, and references appropriate volumes for the
location of specific tables. Volume X is the key volume of the entire set and contains
the actual Standard, the implementation procedures, and the instructions for the
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use of the computer subroutines. The history and development of the project are
also included in Volume X under 11.1.6.
Inquiries concerning the application of the tables or the computer subroutines

should be addressed to—

American Petroleum Institute

Measurement Coordination

1220 L Street, NW.

Washington, D.C. 20005
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OFFICERS OF THE COMMITTEE ON
PETROLEUM MEASUREMENT AND
THE JOINT API/ASTM COMMITTEE ON
STATIC PETROLEUM MEASUREMENT
AT SIGNIFICANT MILESTONES
IN THE DEVELOPMENT OF THE
PETROLEUM MEASUREMENT TABLES
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ISO Advisor
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COPM

COSM

COPM

COSM

API/NBS Project

Committee
CcOopPM

COSM

COPM

COsSM
COPM

COPM

COsSM
COPM

COPM

Physical Proper-

ties Working
Group, COSM
COPM

COSM

COPM

COPM

Table 6 Task
Force, COSM

C. Webber

Sun Oil Company

R. A. Hartmann

Exxon Corporation

A. H. Hall

Shell Oil Company

T. L. Hillburn

Phiilips Petroleum Company

R. F. Meeker

Texaco Inc.

R. A. Hartmann

Exxon Corporation

T. L. Hillburn

Phillips Petroleum Company

B. Messer, Jr.

Mobil Research and Development
Corporation

T. L. Hillburn

Phillips Petroleum Company

R. A. Hartmann

Exxon Corporation

B. Messer, Jr.

Mobil Research and Development
Corporation

W. D. Fulton

Explorer Pipeline Company

B. S. Tharp

Atlantic Richfield Company

R. A. Hartmann

Exxon Corporation

R. W. Hankinson

Phillips Petroleum Company

K. E. Bailey

Williams Pipeline Company
C. M. Owen

SOHIO Pipe Line Company
B: S. Tharp

Atlantic Richfield Company
R. A. Hartmann

Exxon Corporation

R. W. Hankinson

Phillips Petroleum Company
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API MEASUREMENT COORDINATORS
DURING THE PROJECT DEVELOPMENT
AND IMPLEMENTATION

1974-1978
1978-Present

W. N. Seward
J. K. Walters

MEMBERS OF THE COSM
PHYSICAL PROPERTIES WORKING GROUP
ACTIVE IN THE DEVELOPMENT EFFORT

Kurt A. Beyreis

Mobil Sales and Supply
Judith J. Bigby

Phillips Petroleum Company
Theresa Krolikowski Buck
Union Carbide Corporation

Marshall C. Clegg
Standard Oil Company of California

Terry A. Coker

Phillips Petroleum Company

Howard M. Davis, Jr.

Marathon Pipeline Company

Frank P. Gielzecki

Imperial Oil, Lid.

Risdon W. Hankinson (Chairman,
Working Group)

Phillips Petroleum Company

Raymond M. Henry

Gulf Research and Development
Company

Clyde M. Owen (Vice-Chairman,

COSM)
SOHIO Pipe Line Company

Mark A. Plummer
Marathon Oil Company
C. Steven Pringle

Texas Eastern Corporation
Richard G. Segers

Exxon Corporation
Gerald W. Singletary
Texas Eastern Corporation

James K. Walters
American Petroleum Institute

Karen 1. West

Mobil Research and Development
Corporation

L. D. Wiener

Mobil Research and Development
Corporation

Gael Williams (now retired)

Standard Oil Company of California

E. K. Van Horne
Mobil Oil Corporation
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MEMBERS OF THE INSTITUTE OF PETROLEUM
MEASUREMENT AND SAMPLING COMMITTEE AND THE
CALCULATION AND TABLES SUBCOMMITTEE
ACTIVE IN THE DEVELOPMENT OF THE PETROLEUM
MEASUREMENT TABLES

J.R. Spencer Chairman, Measurement and British Petroleum. Ltd.

Sampling Committee

B.C. Ferguson Past-Chairman, Measurement Caleb Brett. Lid.
and Sampling Committee
Chairman, ISO TC/28 SC3

L. Downer Chairman, Institute of British Petroleum
Petroleum Tables Research
Subcommittee
B. O’Shaughnessy British Petroleum
Research
O.W. Molony British Standards
Institution
P.D. OConnell Institute of Petroleum

COPM—API Committee on Petroleum Measurement

COSM—Joint API/ASTM Subcommittee on Static Petroleum Measurement
NBS—U.S. National Bureau of Standards

ISO—International Organization for Standardization
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Chapter 11—Physical Properties Data

SECTION 1—VOLUME CORRECTION FACTORS

11.1.54 TABLES 54A, 54B, and 54C—
Correction of Volume to 15°C
Against Density at 15°C and
Thermal Expansion Coefficients

TABLES 54A, 54B, and 54C give the factors for
converting liquid petroleum volumes measured at ob-
served temperatures to the corresponding volumes at
15°C.

The data are presented in three tables to maximize
accuracy while maintaining convenience of use:

TABLE 54A Generalized Crude Oils
(see Volume VII)

TABLE 54B Generalized Products
(see Volume VIII)

TABLE 54C Volume Correction Factors for Indi-
vidual and Special Applications

TABLES 54A and 54B use density at 15°C to obtain
volume correction factors. TABLE 54C uses experi-
mentally determined thermal expansion coefficients to
obtain volume correction factors.

The development and intended use of these tables is
described in 11.1.6 in Volume X. The parameters K
and K, may be found in 11.1.54.7.1.

The limits of these tables are illustrated in Figure
IX-1, IX-2, and IX-3.

150> /
", -
Tamp i 90 1
OC m |
Data Range
18 1 1
~""1075.0 824.0 778.5 758.0
Density kg/m®
Figure [X-1 — Data Limits for TABLE 54A, Generalized Crude Qils
150~
+20 Z 125
Temp o5
© W D T raid
- -t 1
1075.0 8240 7785 853.0
Density kg/m®
Figure iX-2 — Data Limits for TABLE 54B, Generalized Products
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IX-2 CraPTER 11—PHYSICAL PROPERTIES DaTA

150

\

W

Toemp //f i r s = 95
¢ &L a2
Data Range
v T 1674

Thermal Expansion Coefficient x 106 (°c—1)
Figure IX~3 — Data Limits for TABLE 54C, Volume Correction Factors for Individual and Special Applications

11.1.54.7 TABLE 54C—Volume Correction Factors
for Individual and Special Applications,
Volume Correction to 15°C Against
Thermal Expansion Coefficients at 15°C

TABLE 54C gives volume correction factors to con-
vert petroleum liquid volumes to the corresponding vol-
ume at 15°C. The table presents tabular entries of vo-
lume correction factors against thermal expansion coef-
ficients and temperature. The values were computed
from the basic equation used to represent volume cor-
rection factors.

VCF = EXP [-arA/(1 + 0.8azAr)] (1)

ar = a at the base temperature
At =1-T

! = any temperature

T = base temperature

In this form the equation is independent of the group
or substance. It can be used with any valid method of
obtaining the thermal expansion coefficient for a given
fluid as long as a statistically significant number of
points are obtained. A minimum of ten such points is
recommended. The appendix (11.1.54.7.1) to Table
54C presents values of the thermal expansion coef-
ficient along with the base density for each of the NBS
samples. In addition, values of the constants K, and K 1
are given for each major group. These constants relate
the thermal expansion coefficient to base density by

oy = Kot Kier )
Pr

This table and its primary subroutine allow the use of
measured data for previously unstudied fluids to sup-
plement those data included in the initial data base.
High precision density data obtained from the labora-
tory for a fluid of interest may be reduced by
Equation 1 to obtain prand ;. TABLE 54C may then
be entered with the o so determined.
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TABLE 54C, when used with a minimum of ten data
points, allows one to extract the highest degree of
accuracy from the base data. It is suggested that
TABLE 54C be used when:

1. TABLES 54A and 54B do not adequately represent
the thermal expansion properties of the fluids of
interest;

2. Precise thermal expansion coefficients may be ob-
tained directly or indirectly by experiment (As an exam-
ple, high precision density data may be used to compute
the coefficients.); and

3. Buyers and sellers agree that, for their use, a greater
degree of equity can be obtained.

The temperature ranges of this table are:

o+ 108 °C
486 to 918 —18 to 150
918 t0 954 —18 to 125
954 to 1674 —18to 95

The volume correction factors given in this table are
based on data from the U.S. National Bureau of Stan-
dards (NBS) and from other published data. The ap-
pendix to this table presents values of the thermal ex-
pansion coefficients at 15°C for each of the samples
included in the NBS data set. Portions of the tempera-
ture ranges represent areas beyond these data. Thus,
mathematical techniques were employed to extrapolate
beyond temperature ranges of the given data to deter-
mine the volume correction factors for these areas.
These factors are denoted by an asterisk (*). Extension
of this table beyond the ranges shown is not intended.

Increments used in this table for determining the vol-
ume correction factors are 0.25°C and 4 units for a.
Interpolation between either temperature or thermal
expansion coefficient is not intended since there is no
practical method of interpolation that will produce the
accuracy obtainable from the Standard.

Documents


http://www.avadocuments.com/doc/api-mpms-11-1-9-1980-1987-add-1995-scan
http://www.avadocuments.com/doc/api-mpms-11-1-9-1980-1987-add-1995-scan

API MPMS*11.1 VOLxIX 80 MM 0732290 0525277 456 WM

SecTion 1—VoLume CORARECTION FACTORS 1X-3
This table must be entered with a known °C kg/m?
thermal expansion coefficient at 15°C and with an 14.927 868.211
observed temperature. 15.918 868.0219
20.212 864.5136
Example 1 24.955 861.187
What is the volume at 15°C of 786 470 cubic metres 29.621 857.908
at 20°C of a lubricating oil with coefficient of thermal 32.878 855.615
expansion 701.6 = 107 per °C? 35.427 853.818
1. Enter the table with the column headed “Coefficient 40.162 850.475
of Thermal Expansion” at 702.0. Note that against ob- 42.017 849.163
44.865 847.148

served “Temperature” of 20°C the volume correction
factor is 0.9965. Hence one m® of oil measured at 20°C
occupies a volume of 0.9965 m’.

2. Then 786 470 m> measured at 20°C occupies a vol-

ume at 15°C of
786 470 * 0.9965 = 783 717.36 m">.
or
783 717 net cubic metres.
3. Note that interpolation is not used.

Example 2

The laboratory reports the following experimental
data for a specific petroleum fluid:

From these data thermal expansion coefficient at
15°C is 805.468 * 107° reciprocal °C. (Note: A mini-
mum of the ten data pairs is suggested if this type of
procedure is used.)

What is the net volume at 15°C of 270 000 barrels of
this petroleum fluid at 25°C?

Enter the table in the column “Coefficient of Ther-
mal Expansion,” headed 804.0 and note that against
observed “Temperature at 25°C the volume correction
factor is 0.9919. Therefore the net volume at 15°C is

270 000 * 0.9919 = 267 813.0
or
267 813 net barrels.
Note that interpolation is not used.

(Text continues on page IX-7 following TABLE 54C.)
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SEeCTION 1—VOLUME CORRECTION FACTORS IX-5

API/ASTM-IP PETROLEUM MEASUREMENT TABLE

TABLE 54C, VCF FOR INDIVIDUAL AND SPECIAL APPLICATIONS

VOLUME CORRECTION TO 15 DEGREES C

(C) COPYRIGHT 1880
AMERICAN PETROLEUM INSTITUTE

ALL RIGHTS RESERVED

THIS TABLE AND THE SUBROUTINE FROM WHICH IT WAS GENERATED
IS A VOLUNTARY STANDARD AND WAS DEVELOPED UNDER THE
AUSPICES OF THE JOINT API/ASTM COMMITTEE ON STATIC
PETROLEUM MEASUREMENT IN PART FROM DATA GENERATED BY A
PROJECT FUNDED BY THE AMERICAN PETROLEUM INSTITUTE AT THE
U.S. NATIONAL BUREAU OF STANDARDS, GAITHERSBURG, MARYLAND.

INQUIRIES CONCERNING ITS APPLICATION SHOULD BE
ADDRESSED TO:

AMERICAN PETROLEUM INSTITUTE
MEASUREMENT COORDINATION
2101 L STREET, N.W.
WASHINGTON, DC 20037

ERECIECECE JEJE UK R R R R R R R R R R R SRR R AR R R - R ]

* THIS TABLE OR THE MATHEMATICAL RELATIONSHIPS

* REPRESENTED THEREBY MAY BE USED BY ANYONE WISHING
* TO DO SO, BUT THE AMERICAN PETROLEUM INSTITUTE.

* THE AMERICAN SOCIETY FOR TESTING AND MATERIALS,

® AND THE INSTITUTE OF PETROLEUM AND THEIR

* RESPECTIVE MEMBERS AND THE U.S. NATIONAL BUREAU

* OF STANDARDS, SHALL NOT BE HELD RESPONSIBLE OR

* LIABLE IN ANY WAY FROM LOSS OR DAMAGE, INCLUDING,
* BUT NOT LIMITED TO, CONSEQUENTIAL DAMAGE,
RESULTING FROM SUCH USAGE OR FOR VIOLATION OF
ANY FEDERAL, STATE OR MUNICIPAL LAWS, REGULATIONS
OR PRACTICES OF THE UNITED STATES OR OF ANY
FOREIGN COUNTRY.
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