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SPECIAL NOTES

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

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

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

Nothing contained in any API publication is to be construed as granting any right, by im-
plication or otherwise, for the manufacture, sale, or use of any method, apparatus, or product
covered by letters patent. Neither should anything contained in the publication be construed
as insuring anyone against liability for infringement of letters patent.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least ev-
ery five years. Sometimes a one-time extension of up to two years will be added to this re-
view cycle. This publication will no longer be in effect five years after its publication date
as an operative API standard or, where an extension has been granted, upon republication.
Status of the publication can be ascertained from the API Authoring Department [telephone
(202) 682-8000]. A catalog of API publications and materials 1s published annually and up-
dated quarterly by API, 1220 L Street, N.W., Washington, D.C. 20005.

This document was produced under API standardization procedures that ensure appro-
priate notification and participation in the developmental process and is designated as an
API standard. Questions concerning the interpretation of the content of this standard or
comments and questions concerning the procedures under which this standard was devel-
oped should be directed in writing to the director of the Authoring Department (shown on
the title page of this document), American Petroleum Institute, 1220 L Street, N.W., Wash-
ington, D.C. 20005. Requests for permission to reproduce or translate all or any part of the
material published herein should also be addressed to the director.

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 publi-
cation 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.

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

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

All rights reserved. No part of this work may be reproduced, stored in a retrieval system,
or transmitted by any means, electronic, mechanical, photocopying, recording or other-
wise, without prior written permission from the publisher. Contact the Publisher, API
Publishing Services, 1220 L Street, N.W., Washington, D.C. 20005.

Copyright ©® 1996 Amencan Petroleum Institute
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FOREWORD

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; how-
ever, the institute makes no representation, warranty, or guarantee in connection with this
publication an hereby expressly disclaims any liability or responsibility for loss or dam-
age resulting 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 Coordi-
nator of the Exploration and Production Department, American Petroleum Institute, 1220
L Street, N.W., Washington, D.C. 20005.
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Chapter 12—Calculation of Petroleum Quantities

SECTION 3—VOLUMETRIC SHRINKAGE RESULTING FROM
BLENDING LIGHT HYDROCARBONS WITH CRUDE OILS

0 Introduction

The transportation of crude o1l and products can bring hydrocarbons of different densi-
ties and properties together in situations where the liquids are mixed. This mixing of hy-
drocarbons of different properties is known to result in volumetric discrepancies from the
ideal combination, which would yield a total volume representing the sum of the compo-
nents. The discrepancy 1s most often a shrinkage resulting from the smaller molecules of the
light matenal filling the voids of the heavier molecules. An analogy is the addition of Ping-
Pong balls to a room already filled with basketballs. A considerable number of the smaller
balls can be added before the voids are filled. Thus, the combined volume is less than the
sum of the two components. Likewise, as the balls become more and more different in size,
the shrinkage increases. The same is true for hydrocarbon liquids where the molecule size
is directly related to density.

The petroleum industry first concerned itself with volumetric shrinkage in the 1950s
when 1t became advantageous to mix small volumes of butane, natural gasoline, condensate,
and other light or volatile hydrocarbons with crude oil for transportation in existing
pipelines. Each component was measured at the receipt point and the combined stream was
measured at the delivery terminal. There was a recognized loss that was identified as vol-
umetric shrinkage. To quantify this loss, API initiated efforts that ultimately led to the pub-
lication of API Bulletin 2509C 1n 1962 based on data made available by eight o1l and
pipeline companies. The equation published in the bulletin made it possible to predict the
shrinkage and separate this predictable loss from the real loss/gain of the system. The
2509C correlation recommendation was to calculate shrinkage at concentrations up to 21
percent of the lighter component.

Increased marine movements and terminaling of crude oils during the 1980s escalated
the mixing of crude oils of different gravities and crude oils with condensates or other light
hydrocarbons in marine vessels, shore tanks, and pipeline systems. Each of these opera-
tions experienced losses due to shrinkage. With the many problems and uncertainties as-
sociated with reconciliation of marine transfers, it again became important to improve the
determination of the volume reduction resulting from mixing of hydrocarbons. Simultane-
ously, there was interest in improving the database to support various predictions and cus-
tody transfer applications, primarily in pipeline systems handling a wide range of fluids.

These interests motivated the API Committee on Petroleum Measurement to seek im-
proved data to cover a wider range of products and mixture ratios. Initial efforts at enlarg-
ing the database with a planned laboratory test program proved unjustifiably expensive and
prohibitive. Ultimately the search for data led to the discovery of recent studies by Booker!
and by Schuchardt.? Results from these works were combined with the data used to derive
API Bulletin 2509C, as collected in unpublished reports by Childress? and Scott.* Analy-
sis of these data, achieved largely through the efforts of G. Thomson and P. Richmond of
Phillips Petroleum Company, has resulted in the new correlation equation and accompa-
nying tables presented in this document.

'D.R. Booker. “Volumetric Shrinkage of Spiked Crude Qils,” Ph.D. Thesis, University of Exeter, England, August
1989,

?K. Schuchardt. “Volumetric Shrinkage Resulting from Blending Crude Oils,” DGMK-Project 405-2, July 1991.

SH.M. Childress. “Volume Shrinkage Occurring in Blending Indirect Products Such as Butane, Natural Gasoline,
and Produced Distillates with Crude,” Project No. 1237, Exxon Research and Engineering Company, May 1955.

*P.R. Scott. “Volumetric Shrinkage of Crude-Volatile Blends,” Technical Report No. 3-61, Shell Pipeline Corpo-
ration, Houston, Texas, January 1962,
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2 CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

The majority of the available data covering blends of light and heavy hydrocarbons in-
dicates that the change in volume is a shrinkage. However, there are ample data in the work
by Booker, showing expansion of certain mixtures of crude oils with light hydrocarbons.
Similar diversity in behavior is observed in mixtures of two and three pure components, as
documented in the review by Battino.> These results were excluded from the database used
to derive this new correlation, because they cannot be predicted simply on the basis of den-
sity. Also, because there are few data available showing the vanation of shrinkage with tem-
perature and pressure, these variables have been ignored in deriving the new equation.
Therefore, it is recommended that the correlation be used only for predictions near 15°C
(60°F) and between 100 kilopascals (15 pounds per square inch absolute) and 700 kilo-
pascals (115 pounds per square inch absolute), since the data were obtained under these
conditions.

For situations where there may be a doubt about the applicability of the new equation or
tables, it is recommended that one of the test methods discussed in Appendix C be used to
provide the best possible analysis for a specific application.

1 Scope

This standard provides a procedure to quantify the volume shrinkage that occurs when
blending lighter hydrocarbons (580—890 kilograms per cubic meter, 112—-27 degrees API)
with crude oils (644-979 kilograms per cubic meter, 88—13 degrees APT). Shrinkage factors
are computed from the standard densities of the hydrocarbon and the crude oil (in either
International System of Units [SI] or customary units) and the volume fraction of the hy-
drocarbon. The standard also recommends precautions when using the tables and provides
guidance about the range of components it covers.

The purpose of this standard is to provide a procedure to quantify the volume reduction
that occurs when mixing hydrocarbons of different density or API gravity. The standard
provides shrinkage factors related to inverse density (metric system) or gravity (customary
system) differentials for blends of 0 to 100 percent light with heavy hydrocarbons. The ta-
bles are entered with density differentials of Standard conditions and percentage light hy-
drocarbon in total mix.

2 References

API

Bul 2509C  Volumetric Shrinkage from Blending Volatile Hydrocarbons
with Crude Oils. (Superseded by the Manual of Petroleum Measurement
Standards Chapter 12.3)

3 History and Development

In 1962, the API Admixture Measurement Committee adopted the following empirical
formula suggested by Rossini and known as API 2509C.
S, =0.0000214C~0:070¢ G176 (1)

Where:
§; = shrinkage factor, as decimal fraction of lighter component volume.

C = concentration, in liquid volume percent of lighter component in mixture.

G = gravity difference, in degrees API.

*Rubin Battino. “Volume Changes on Mixing for Binary Mixtures of Liguids,” Chem. Rev. 71(1), 5 (1971).
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Eight oil and pipeline companies provided volumetric shrinkage data. There were 460 data
points at light component concentrations up to 21 percent and 48 data points at light compo-
nent concentrations between 21 and 50 percent. Most of the data came from Childress.?

Later work at Shell Oil by Scott* indicated that shrinkage values calculated from Equa-
tion 1 could be significantly in error for concentrations above 30 percent. He also noted
that Equation 1 does not predict a maximum shrinkage near 50 percent or return to O for
100 percent concentration. Scott measured volumetric shrinkage data to about 90 percent
light and developed a correlation with maximum shrinkage near 50 percent that returns to
0 for 100 percent concentration. (See Figure B-3.)

In the 1980s, with changes in oil movements resulting in greatly increased intermixing
of crudes, condensates, and light hydrocarbons and recognition that there were potential
shortcomings in the API 2509C shrinkage correction tables, there was an increased inter-
est in more accurately accounting for shrinkage by broadening the base of crudes evalu-
ated in development of the shrinkage tables. To address these concerns, a Committee on
Dynamic Petroleum Measurement (CODM) Working Group was organized in the spring
of 1980 to review and revise API Bulletin 2509C.

At first, enlarging the shrinkage database with laboratory tests was considered but the es-
timated costs were prohibitive. As an alternate solution, an extensive literature search was
undertaken, which is summarized below. The literature search resulted in a selection of
shrinkage information from four main sources, which provided a wider database covering
essentially the full range of O to 100 percent concentrations of light in heavy hydrocarbon
mixes.

Robinson,® in his work, proposed a spiked crude density prediction method based on
the COSTALD’ equation. However, any theoretical advantages were lost because the five
COSTALD parameters (critical temperature, critical pressure, acentric factor, characteris-
tic volume, and molecular weight) were correlated as a function of crude o1l density at
15°C. Also, Booker! determined that the Robinson approach does not perform as well as the
API 2509C procedure. |

Schuchardt? measured volumetric shrinkage for a wide variety of Western Europe
crude/condensate/product mixtures. He noted that a density-difference-based correlation
could not explain all volumetric shrinkage (or expansion). However, the overall trend of
his data does support the use of density difference as a correlating parameter.

Booker measured volumetric shrinkage data for seven crudes (two North Sea, one
Dorset, and four African) spiked with six light paraffinic mixtures (boiling ranges of
3040°C to 120-160°C), n-heptane, cyclohexane, toluene, and Lucini condensate. Ashcroft,
Booker, and Turner® correlated Booker’s light paraffinic volume shrinkage data using Equa-
tion 1 modified to predict zero shrinkage at a 100 percent spike. Interestingly, all of
Booker’s crude samples expanded when spiked with toluene or cyclohexane, and some
crudes expanded when spiked with heavier paraffinic mixtures.

Equation 1 was modified to predict zero shrinkage at a 100 percent spike as suggested
by Ashcroft, Booker, and Turner and presented to the API Volumetric Shrinkage Commit-
tee.? Shrinkage was correlated as percent of total volume. The ranges of density of oil and
light hydrocarbon are given in Table 1. More complete information on the data sets 1s given
in Appendix B.

SE.R. Robinson. “Calculate Density of Spiked Crudes,” Hydrocarbon Processing, pp. 115-120, May 1983,

"R.W. Hankinson and G.W. Thomson. “A New Correlation for Saturated Densities of Liquids and Their Mixtures,”
AIChE Journal, pp. 633663, Volume 25, Number 4, July 1979.

88.J. Ashcroft, D.R. Booker, and J.C. Turner. “Find Shrinkage of Spiked Crudes.” Hydrocarbon Processing, pp.
109-111, October 1991,

°P.C. Richmond. “Comparison of API 2509C and Alternative Equations to Schuchardt, Childress, and Scott Data,”
presented at Ritz-Carlton Pentagon City, October 23, 1991.
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Table 1—Density Ranges of Fluids Used in Shrinkage Measurements Selected
for Derivation of New Correlation

Heavy Components Light Components
kg/m? °API kg/m? °API
Data (15°C Gravity (15°C Gravity Number of

Source 101.325 kPa) (60°F, 14.7 psia)  101.325kPa) (60°F, 14.7 psia) Data Sets
Childress 644-936 88.2-19.6 581826 112.0-39.7 268
Scott 735-854 61.0-34.1 586743 110.0-58.9 42
Schuchardt T127-979 63.1-13.0 T15-889 66.4-27.6 307
Booker 833-915 38.3-23.1 630-761 03.1-54.4 198
Overall 644979 88.2-13.0 581-889 112.0-27.6

4 Data and Mathematical Model Selection

The data used to derive the correlation presented in this document originated from four
separate experimental studies, authored by Childress, Scott, Schuchardt, and Booker. The
ranges of density of oil and light hydrocarbon are given in Table 1. The data are described
in more detail in Tables B-1 to B-4. Available information on the sources and densities of
crudes and light components is included, together with the number of data sets and sum-
marized statistical data. Sources of the data are also shown graphically in Figure B-1.

The selection of an appropriate mathematical model was based on the ability of differ-
ent correlations to predict the experimental results. As expected from the form of the equa-
tion, API 2509C performs very poorly above a 25 percent spike. This is apparent from the
large deviations between predicted and experimental values (i.e. the absolute residuals)
plotted in Figure B-6.

Improvement was obtained by selecting the form of correlation equation proposed by
Ashcroft et al.® Figure B-6 shows the average absolute residuals determined using the
model of Ashcroft et al., and Figure B-7 plots those obtained by fitting all of the data to an
equation of the same form. Statistical differentiation between these latter two equations
was achieved using an F-test as suggested by Beck and Arnold.!? This test confirmed that
the new equation presented in this standard gives the best prediction of the available ex-
perimental data over the entire range of compositional variation.

Data sets that exhibited the anomalous behavior of expansion rather than shrinkage were
not used in deriving the new correlation. This included Booker’s toluene and cyclohexane
spiked crude data sets and Schuchardt’s results from crude blends with gasoil.

The available experimental data were obtained at somewhat different temperatures and
pressures. The older Childress and Scott data were obtained at 60°F and 100 psig, whereas
the Booker and Schuchardt data apply to 15°C and ambient atmospheric pressure. Booker
also reported results obtained at 25°C, but corrected these to 15°C using API correlations.
The new correlation presented in this standard was derived from the data as presented in the
referenced sources, with no attempt to normalize to a standard pressure and temperature.
For the Booker data sets obtained at 25°C, the values corrected to 15°C, as given by
Booker, were used.

5 Recommended Standard

5.1 STANDARD FOR CALCULATING SHRINKAGE

The standard is the printed tables in either SI or customary units found in Section 8 be-
low. The equations used to generate the standard are also provided (see Section 5.3) and
can be used to develop computer subroutines to replicate the results in the printed table.

05 V. Beck, and K.J. Amold. Parameter Estimation in Engineering and Science, John Wiley & Sons, New York
(1977).
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5.2 DISCRIMINATION LEVELS

The following discrimination levels as given in Table 2 are suggested for the variables
required in this standard. Use of these discriminations will provide uniform calculation re-
sults consistent with the precision of the tables and the equations.

Table 2—Discrimination Levels for Calculations

Customary Units Variable SI Units
XX.0 barrels Component volumes XXX m?
XX .X degrees AP  Component density XXX X kg/m?
XXX percent Percent light component XXX percent

XXX degrees API  API gravity difference —_—

—_ Inverse density difference 0.XXXX (m/kg) x 10°
AKX XXXX percent S = volumetric shrinkage XX . XXXX percent
XX.0 barrels Shrinkage volume XXX m?

5.3 EQUATIONS

The following equations were used to calculate the tables for predicting volumetric

shrinkage:
Customary Units:

S = 4.86 % lﬂ_EC{lﬂlﬁ] —_ C)ﬂ,EIE'GZ,EE (2)
Where:
S = volumetric shrinkage, as percent of the total mixture ideal volume.
C = concentration in liquid volume percent of lighter component.

G = gravity difference, in degrees APL

ST Units:
S = 2.69 X 10*C (100 — O)°819 (1/dL — 1/dH)*28 (3)
Where:
S = volumetric shrinkage, as percent of total mixture ideal volume.
C = concentration in liquid volume percent of lighter component.
(1/dL — 1/dH) = inverse density difference of light (dL) and heavy (dH) components,

in m>/kg.

Note: To assist those who will use calculators and tables to calculate the shrinkage volume, Table 4 has been de-
veloped to provide values for (1/dL — 1/dH).

5.4 EXAMPLES USING THE TABLES
5.4.1 For Customary System of Units
Example:
Blend 95,000 bbl 30.7°API crude with 5,000 bbl 86.5°API natural gasoline.
Step 1: Find the percentage of the light component (C).
C= 13;}%{100) = 3%
Step 2: Find the API gravity difference (G).
G =86.5-30.7=55.8°

Step 3: Determine the shrinkage factor (S).

* Go to Table 3 for shrinkage values near 5 percent light component and 55.8°API grav-
ity difference.
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6 CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

5%
35 0.0941
55.8
56 0.0980

 Since the gravity difference falls between two table entries, linear interpolation must be
used, as follows:

(55.8 — 55)
= (). + i — . 1) = -
S = 0.0941 (56 — 55) (0.0980 — 0.0941) = 0.0972%
Step 4: Determine the physical shrinkage.
Shrinkage = 100,000 X ”‘f;;"z — 97 bbl

Step 5: Determine the mixture volume.
Volume = 100,000 — 97 = 99,903 bbl

5.4.2 For Sl System Units

Example:

Blend 9,500 m® of 872.0 kg/m3 crude with 500.0 m? of 648.0 kg/m?> natural gasoline.
Step 1: Find the percentage of the light component (C).

500.0
10,000
Step 2: Compute the inverse density factor 1000 X (1/dL — 1/dH).

« Go to Table 4 for the inverse density factors surrounding 648 kg/m?® light component
density and 872 kg/m? crude density.

C =

(100) = 5%

880 872 870
640 0.4261 0.4131
648 Al A2
650 0.4021 0.3890

» Compute intermediate quantities AJ and A2.

648 — 640
Al = 0.4261 + 0.4021 — 0.4261) = 0.4069
0426 (650—640)( )
648 — 640
= (. + : — 0. = 0.
A2 = 04131 (ﬁsﬂ_m)mmn 0.4131) = 0.3938

 Compute the final interpolated inverse density factor.

872 — 880
870 — 880

Step 3: Determine the shrinkage factor (5).

* Go to Table 5 for shrinkage values near 5 percent light component and 0.3964 inverse
density factor.

1000 (1/dL — 1/dH) = 0.4069 + ( )(0.3933 — 0.4069) = 0.3964

5%
0.3900 0.0946
0.3964
0.4000 0.1003
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SECTION 3—VOLUMETRIC SHRINKAGE RESULTING FROM BLENDING LIGHT HYDROCAREBONS WITH CRUDE OILs

» Because the inverse density factor falls between two table entries, linear interpolation
must be used, as follows:

0.3964 — 0.3900
= 0.0946 + 0.1003 — 0.0946) = 0.0982%
S 9 (0_4 —0.390{])( 0.0946) = 0.098
Step 4: Determine the physical shrinkage.
Shrinkage = 10,000 X 0.11)332 = 9.8 m?

Step 5: Determine the mixture volume.
Volume = 10,000 — 9.8 = 9,990.2 m?

6 Precautions on Use of the New MPMS Chapter 12.3
Equations and Tables

6.1 EFFECT OF TEMPERATURE AND PRESSURE ON VOLUMETRIC
SHRINKAGE

The new correlation 1s based on experimental data gathered at conditions of absolute
pressure in the range of 100-700 kilopascals, 15-115 pounds per square inch absolute, and
temperatures near 15°C or 60°F. Thus, it is recommended that all shrinkage calculations
be limited to conditions within that range.

6.2 DIFFERENCE BETWEEN CUSTOMARY AND METRIC TABLES

Shrinkage factors obtained from Table 3 in customary units will not necessarily be nu-
merically equivalent to factors determined from Tables 4 and 5 in SI units. This difference
is partially the result of the difference in standard temperatures (60°F versus 15°C), but
even after volume correction using the API correlation, shrinkage factors may show a rel-
ative difference of as much as 0.4 percent. For custody transfer purposes, it is therefore rec-
ommended that buyers and sellers agree on which set of tables they will use.

6.3 LIMITATIONS AND ALTERNATIVES

The correlation equation or tables given in this text can predict volumetric shrinkage
within the stated precision for mixtures of hydrocarbons over a relatively wide range in
density difference and mixture ratios. However, the available experimental data suggest
that factors other than density difference atfect the volumetric behavior. Current under-
standing 1s insufficient to allow accurate prediction of the effect of composition, and thus
experimental confirmation is recommended for hydrocarbon types not represented in the
existing data sets. It is recommended that when an accurate shrinkage is required for spe-
cific mixtures or when there are extenuating circumstances that may make use of the shrink-
age tables questionable, the shrinkage may be determined by testing the individual
components in a qualified lab using one of the test methods included in Appendix C.

6.4 EXCLUSIONS

Users of this standard are cautioned that the equations presented are strictly empirical in
nature, derived by obtaining a “best fit” between available experimental data and values
predicted by a mathematical equation. For this reason, the equation should only be used to
predict shrinkage for mixtures within the overall density range shown in Table 1. In addi-
tion, although the influence of parameters other than density difference is not addressed in
this correlation, there is indication within the available data that shrinkage is affected by
compositional and other variations.

The tables or equations provided here are not to be used for volumetric corrections that
might be necessary for the blending of gasoline components (including oxygenates, or the
newer reformulated fuels) as these materials were not included in the data referenced above.
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a8 CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

7 Precision Statement

The new correlation equation presented in this report predicts mixture volumes within
+0.04 percent of the experimental values for 75 percent of the regressed data over the en-
tire range of blend ratios.

Correlation of volumetric shrinkage with density difference is dependent on the accuracy
of determination of the fluid densities. Other factors not included in this correlation, par-
ticularly compositional uniqueness, will affect the reliability of the predicted shrinkage
value.

The values of percent total shrinkage presented in Tables 3 and 5 are given with four
digits after the decimal. Note that the prediction and measurement errors support only two
digit resolution at most (XX.XX percent shrinkage). The additional digits are provided for
convenience in calculations involving custody transfer quantities. If the correlation is being
used to correct values for a fluid balance determination, one should note that the predicted
shrinkage is technically defensible to two digits.

8 Shrinkage Tables

The following tables are the standard for calculation of volumetric shrinkage. (See ex-
amples in 5.4.)

a. Volumetric Shrinkage Percentage Factors for Blending Two Hydrocarbons with Gravity
Differences from 10° to 100°API and from 1 to 99 percent Light Hydrocarbon Component
in Total Blend (Table 3)

This table is entered with the difference in API gravity between the light and heavy hy-
drocarbon components and the percentage by volume of the light hydrocarbon in the mix
to obtain a percentage shrinkage of the total volume of the mixture. Multiplication of the
percentage factor extracted from the table (divided by 100) by the total volume of the mix-
ture equals the volumetric shrinkage that occurs from mixing the light with the heavy hy-
drocarbon component.

b. Inverse Density Difference in m3/kg X 10° for Light Hydrocarbon Densities from 580
to 890 kg/m? at 15°C and Heavy Hydrocarbon Densities from 980 to 640 kg/m? at 15°C
(Table 4—Metric)

This table 1s entered with the densities of the light and heavy components in kilograms
per cubic meter to obtain the inverse of the light component density (dL) minus the inverse
of the heavy component density (dH), required to enter the SI version Table 5, for deter-
mination of volumetric shrinkage.

c. Volumetric Shrinkage Percentage Factors for Blending Two Hydrocarbons with Differ-
ences in Inverse Densities at 15°C in m?/kg Determined from Table 4 and from 1 to 99 Per-
cent Light Hydrocarbon Component in Total Blend (Table 5—Metric)

This table is entered with the difference between inverse densities of the light and heavy
components (from Table 4) and the percentage light component in the total mix to deter-
mine a percentage shrinkage of the total volume of the mixture. Multiplication of the per-
centage factor extracted from the table (divided by 100) by the total volume of the mixture
equals the volume shrinkage that occurs from mixing the light with the heavy hydrocarbon
component.
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SECTION 3—VOoLUMETRIC SHRINKAGE REsuLTinG FRom BLEnDING LigHT Hybrocarsons WiTH Crupe OiLs

Table 3—Volumetric Shrinkage Percentage Factors for Blending Two
Hydrocarbons with Gravity Differences from 10°API to 100°API and from
1 to 99 Percent Light Hydrocarbon Component in Total Blend

Customary Units
Gravity Light-Product Concentration
r:gi?;? Percent Shrinkage
API) 1 - 2 3 4 5 6
10 0.0004 0.0008 0.0012 0.0016 0.0019 0.0023
11 0.0005 0.0010 0.0015 0.0019 0.0024 0.0029
12 0.0006 0.0012 0.0018 0.0024 0.0029 0.0035
13 0.0007 0.0014 0.0021 0.0028 0.0035 0.0042
14 0.0009 0.0017 0.0025 0.0034 0.0042 0.0049
15 0.0010 0.0020 0.0030 0.0039 0.0049 0.0058
16 0.0012 0.0023 0.0034 0.0045 0.0056 0.0067
17 0.0013 0.0027 0.0039 0.0052 0.0065 0.0077
18 0.0015 0.0030 0.0045 0.0059 0.0074 0.0088
19 0.0017 0.0034 0.0051 0.0067 0.0083 0.0099
20 0.0019 0.0038 0.0057 0.0076 0.0094 0.0111
21 0.0022 0.0043 0.0064 0.0084 0.0105 0.0125
22 0.0024 0.0048 0.0071 0.0094 0.0116 0.0139
23 0.0027 0.0053 0.0079 0.0104 0.0129 0.0153
24 0.0029 0.0058 0.0087 0.0115 0.0142 0.0169
25 0.0032 0.0064 0.0095 0.0126 0.0156 0.0185
26 0.0035 0.0070 0.0104 0.0138 0.0170 0.0203
27 0.0038 0.0076 0.0113 0.0150 0.0186 0.0221
28 0.0042 0.0083 0.0123 0.0163 0.0202 0.0240
29 0.0045 0.0090 0.0133 0.0176 0.0219 0.0260
30 0.0049 0.0097 0.0144 0.0191 0.0236 0.0281
31 0.0053 0.0104 0.0155 0.0205 0.0254 0.0303
32 0.0057 0.0112 0.0167 0.0221 0.0274 0.0325
33 0.0061 0.0120 0.0179 0.0237 0.0293 0.0349
34 0.0065 0.0129 0.0192 0.0253 0.0314 0.0374
35 0.0069 0.0138 0.0205 0.0271 0.0336 0.0399
36 0.0074 0.0147 0.0218 0.0289 0.0358 0.0426
37 0.0079 0.0156 0.0233 0.0307 0.0381 0.0453
38 0.0084 0.0166 0.0247 0.0327 0.0405 0.0482
39 0.0089 0.0176 0.0262 0.0347 0.0430 0.0511
40 0.0094 0.0187 0.0278 0.0367 0.0455 0.0541
41 0.0100 0.0198 0.0294 0.0388 0.0481 0.0573
42 0.0105 0.0209 0.0310 0.0410 0.0509 0.0605
43 0.0111 0.0220 0.0328 0.0433 0.0537 0.0638
44 0.0117 0.0232 0.0345 0.0456 0.0566 0.0673
45 0.0123 0.0244 0.0363 0.0480 0.0595 0.0708
46 0.0129 0.0257 0.0382 0.0505 0.0626 0.0745
47 0.0136 0.0270 0.0401 0.0530 0.0657 0.0782
48 0.0143 0.0283 0.0421 0.0556 0.0690 0.0820
49 0.0150 0.0297 0.0441 0.0583 0.0723 0.0860
30 0.0157 0.0311 0.0462 0.0611 0.0757 0.0900
51 0.0164 0.0325 0.0483 0.0639 0.0792 0.0942
52 0.0171 0.0340 0.0505 0.0668 0.0828 0.0985
53 0.0179 0.0355 0.0528 0.0697 0.0864 0.1028
54 0.0187 0.0370 0.0551 0.0728 0.0902 0.1073
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CHAPTER 12—CALCULATION CF PETROLEUM QUANTITIES

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units
Gravity Light-Product Concentration
D&?&T Percent Shrinkage
API) 1 2 3 4 5 6
33 0.0195 0.0386 0.0574 0.0759 0.0941 0.1119
56 0.0203 0.0402 0.0598 0.0791 0.0980 0.1166
57 0.0211 0.0419 0.0623 0.0823 0.1020 0.1214
58 0.0220 0.0436 0.0648 0.0857 0.1062 0.1263
59 0.0228 0.0453 0.0674 0.0891 0.1104 0.1313
60 0.0237 0.0471 0.0700 0.0925 0.1147 0.1364
61 0.0246 0.0489 0.0727 0.0961 0.1191 0.1417
62 0.0256 0.0507 0.0754 0.0997 0.1236 0.1470
63 0.0265 0.0526 0.0782 0.1034 0.1282 0.1525
64 0.0275 0.0545 0.0811 0.1072 0.1329 0.1581
65 0.0285 0.0565 0.0840 0.1111 0.1377 0.1638
66 0.0295 0.0585 0.0870 0.1150 0.1425 0.1696
67 0.0305 0.0605 0.0900 0.1190 0.1475 0.1755
68 0.0316 0.0626 0.0931 0.1231 0.1526 0.1815
69 0.0326 0.0647 0.0963 0.1273 0.1577 0.1877
70 0.0337 0.0669 0.0995 0.1315 0.1630 0.1939
71 0.0348 0.0691 0.1028 0.1358 0.1684 0.2003
72 0.0360 0.0713 0.1061 0.1402 0.1738 0.2068
73 0.0371 0.0736 0.1095 0.1447 0.1794 0.2134
74 0.0383 0.0759 0.1129 0.1493 0.1850 0.2201
75 0.0395 0.0783 0.1164 0.1539 0.1908 0.2269
76 0.0407 0.0807 0.1200 0.1586 0.1966 0.2339
77 0.0419 0.0831 0.1236 0.1634 0.2026 0.2410
78 0.0432 0.0856 0.1273 0.1683 0.2086 0.2482
79 0.0444 0.0881 0.1311 0.1733 0.2148 0.2555
30 0.0457 0.0907 0.1349 0.1783 0.2210 0.2629
81 0.0470 0.0933 0.1388 0.1835 0.2274 0.2705
82 0.0484 0.0959 0.1427 0.1887 0.2338 0.2781
83 0.0497 0.0986 0.1467 0.1939 0.2404 0.2859
84 0.0511 0.1014 0.1508 0.1993 0.2470 0.2939
85 0.0525 0.1041 0.1549 0.2048 0.2538 0.3019
86 0.0539 0.1069 0.1591 0.2103 0.2606 0.3101
87 0.0554 0.1098 0.1633 0.2159 0.2676 0.3183
88 0.0568 0.1127 0.1676 0.2216 0.2747 0.3267
89 0.0583 0.1156 0.1720 0.2274 0.2818 0.3353
90 0.0598 0.1186 0.1764 0.2333 0.2891 0.3439
91 0.0613 0.1216 0.1809 0.2392 0.2965 0.3527
92 0.0629 0.1247 0.1855 0.2453 0.3039 0.3616
93 0.0644 0.1278 0.1901 0.2514 0.3115 0.3706
94 0.0660 0.1310 0.1948 0.2576 0.3192 0.3798
95 0.0677 0.1342 0.1996 0.2639 0.3270 0.3890
96 0.0653 0.1374 0.2044 0.2702 0.3349 0.3984
97 0.0709 0.1407 0.2093 0.2767 0.3429 0.4080
08 0.0726 0.1440 0.2142 0.2833 0.3510 0.4176
99 0.0743 0.1474 0.2193 0.2899 0.3593 0.4274
100 0.0760 0.1508 0.2243 0.2966 0.3676 0.4373
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SECTION 3—VoLUMETRIC SHRINKAGE ReEsuLTinGg FRom BLenDinG LIGHT Hybrocareons WiTH Crupe OiLs

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units

Gravity Light-Product Concentration
[ggig: ;‘;ﬂ Percent Shrinkage
API) 7 8 9 10 11 12
10 0.0027 0.0030 0.0034 0.0037 0.0040 0.0043
11 0.0033 0.0037 0.0042 0.0046 0.0030 0.0054
12 0.0040 0.0046 0.0051 0.0056 0.0061 0.0066
13 0.0048 0.0055 0.0061 0.0067 0.0073 0.0079
14 0.0057 0.0065 0.0072 0.0079 0.0087 0.0094
15 0.0067 0.0076 0.0084 0.0093 0.0101 0.0110
16 0.0078 0.0088 0.0098 0.0108 0.0117 0.0127
17 0.0089 0.0101 0.0112 0.0124 0.0135 0.0146
18 0.0101 0.0115 0.0128 0.0141] 0.0154 0.0166
19 0.0115 0.0130 0.0145 0.0159 0.0174 0.0188
20 0.0129 0.0146 0.0163 0.0179 0.0195 0.0211
21 0.0144 0.0163 0.0182 0.0200 0.0218 0.0236
22 0.0160 0.0181 0.0202 0.0223 0.0243 0.0262
23 0.0177 0.0201 0.0224 0.0247 0.0269 0.0290
24 0.0195 0.0221 0.0247 0.0272 0.0296 0.0320
25 0.0214 0.0243 0.0271 0.0298 0.0325 0.0351
26 0.0234 0.0266 0.0296 0.0326 0.0355 0.0384
27 0.0256 0.0289 0.0323 0.0355 0.0387 0.0419
28 0.0278 0.0314 0.0351 0.0386 0.0421 0.0455
29 0.0301 0.0341 (0.0380 0.0418 0.04356 0.0493
30 0.0325 0.0368 0.0410 0.0452 0.0493 0.0532
31 0.0350 0.0397 0.0442 0.0487 0.0531 0.0574
32 0.0376 0.0426 0.0473 0.0523 0.0571 0.0617
33 0.0404 0.0457 0.0510 0.0562 0.0612 0.0662
34 0.0432 0.0490 0.0546 0.0601 0.0655 0.0708
35 0.0462 0.0523 0.0583 0.0642 0.0700 0.0757
36 0.0492 0.0558 0.0622 0.0685 0.0746 0.0807
37 0.0524 0.0594 0.0662 0.0729 0.0794 0.0859
38 0.0557 0.0631 0.0703 0.0775 0.0844 0.0913
39 0.0591 0.0669 0.0746 0.0822 0.0896 0.0968
40 0.0626 0.0709 0.0791 0.0871 0.0949 0.1026
41 0.0662 0.0750 0.0837 0.0921 0.1004 0.1085
42 0.0700 0.0793 0.0684 0.0973 0.1061 0.1146
43 0.0738 0.0836 0.0932 0.1027 0.1119 0.1210
44 0.0778 0.0881 00983 0.1082 0.1179 0.1275
45 0.0819 0.0928 0.1034 0.1139 0.1241 0.1342
46 0.03861 0.0975 0.1087 0.1197 0.1305 0.1411
47 0.0904 0.1024 0.1142 0.1258 0.1371 (0.14582
48 0.0949 0.1075 0.1198 0.1319 0.1438 (0.1554
49 0.0994 0.1126 0.1256 0.1383 0.1507 0.1629
50 0.1041 0.1180 0.1315 0.1448 0.1578 0.1706
51 0.1089 0.1234 0.1376 0.1515 0.165] 0.1785
52 0.1139 0.1290 0.1438 0.1584 0.1726 0.1866
53 0.1189 0.1347 0.1502 0.1654 0.1803 ().1948
54 0.1241] 0.1406 0.1567 0.1726 0.1881 0.2033
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Table 3—Volumetric Shrinkage Table (Continued)

Customary Units
Gravity Light-Product Concentration
D&?;T Percent Shrinkage
APT) 7 8 5 10 11 12
35 0.1294 0.1466 0.1634 0.1800 0.1962 0.2120
56 0.1348 0.1527 0.1703 0.1875 0.2044 0.2209
57 0.1404 0.1590 0.1773 0.1952 0.2128 0.2300
58 0.1461 0.1655 0.1845 0.2031 0.2214 0.2393
59 0.1519 0.1720 0.1918 0.2112 0.2302 0.2488
60 0.1578 0.1788 0.1993 0.2195 0.2392 0.2585
61 0.1639 0.1856 0.2070 0.2279 0.2484 0.2685
62 0.1700 0.1926 0.2148 0.2365 0.2578 0.2786
63 0.1764 0.1998 0.2228 0.2453 0.2673 0.2890
64 0.1828 0.2071 0.2309 0.2542 0.2771 0.2995
65 0.1894 0.2145 0.2392 0.2634 0.2871 0.3103
66 0.1961 0.2221 0.2477 0.2727 0.2973 0.3213
67 0.2029 0.2299 0.2563 0.2822 0.3076 0.3325
68 0.2099 0.2378 0.2651 0.2919 0.3182 0.3439
69 0.2170 0.2458 0.2741 0.3018 0.3290 0.3556
70 0.2243 0.2540 0.2832 0.3119 0.3399 0.3674
71 0.2316 0.2624 0.2926 0.3221 0.3511 0.3795
72 0.2391 0.2709 0.3020 0.3326 0.3625 0.3918
73 0.2468 0.2795 0.3117 0.3432 0.3741 0.4043
74 0.2545 0.2883 0.3215 0.3540 0.3859 0.4171
75 0.2625 0.2973 0.3315 0.3650 0.3978 0.4300
76 0.2705 0.3064 0.3417 0.3762 0.4100 0.4432
77 0.2787 0.3157 0.3520 0.3876 0.4225 0.4566
78 0.2870 0.3251 0.3625 0.3992 0.4351 0.4702
79 0.2955 0.3347 0.3732 0.4109 0.4479 0.4841
80 0.3041 0.3444 0.3840 0.4229 0.4609 0.4982
g1 0.3128 0.3543 0.3951 0.4350 0.4742 0.5125
82 0.3217 0.3644 0.4063 0.4474 0.4876 0.5270
83 0.3307 0.3746 0.4177 0.4599 0.5013 0.5418
84 0.3398 0.3850 0.4292 0.4726 0.5152 0.5568
83 0.3491 0.3955 0.4410 0.4856 0.5292 0.5720
86 0.3586 0.4062 0.4529 0.4987 0.5435 0.5875
87 0.3682 0.4170 0.4650 0.5120 0.5581 0.6032
88 0.3779 0.4280 0.4773 0.5255 0.5728 0.6191
89 0.3877 0.4392 0.4897 0.5392 0.5877 0.6353
90 0.3977 0.4505 0.5024 0.5531 0.6029 0.6517
91 0.4079 0.4620 0.5152 0.5673 0.6183 0.6683
92 0.4182 0.4737 0.5282 0.5816 0.6339 0.6851
93 0.4286 0.4855 0.5413 0.5961 0.6497 0.7022
04 0.4392 0.4975 0.5547 0.6108 0.6657 0.7196
95 0.4499 0.5097 0.5683 0.6257 0.6820 0.7372
06 0.4608 0.5220 0.5820 0.6408 0.6985 0.7550
97 0.4718 0.5345 0.5959 0.6561 0.7152 0.7730
98 0.4830 0.5471 0.6100 0.6717 0.7321 0.7913
99 0.4943 0.5599 0.6243 0.6874 0.7493 0.8098
100 0.5057 0.5729 0.6388 0.7033 0.7666 0.8286
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SecTioN 3—VOLUMETRIC SHRINKAGE RESULTING FROM BLENDING LIGHT HYDROCARBONS WITH CrUDE QILS

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units

Gravity Light-Product Concentration
]::gf:gr:;? Percent Shrinkage
APT) 13 14 15 16 17 18
10 0.0047 0.0050 0.0053 0.0056 0.0059 0.0062
11 0.0058 0.0062 0.0066 0.0069 0.0073 0.0077
12 0.0071 0.0075 0.0080 0.0085 0.0089 0.0093
13 0.0085 0.0091 0.0096 0.0102 0.0107 0.0112
14 0.0101 0.0107 0.0114 0.0120 0.0126 0.0133
15 0.0118 0.0125 0.0133 0.0141 0.0148 0.0155
16 0.0136 0.0145 0.0154 0.0163 0.0171 0.0180
17 0.0156 0.0167 0.0177 0.0187 0.0197 0.0206
18 0.0178 0.0190 0.0202 0.0213 0.0224 0.0235
19 0.0202 0.0215 0.0228 0.0241 0.0254 0.0266
20 0.0227 0.0242 0.0257 0.0271 0.0285 0.0299
21 0.0253 0.0270 0.0287 0.0303 0.0319 0.0334
22 0.0282 0.0300 0.0319 0.0337 0.0354 0.0372
23 0.0312 0.0333 0.0353 0.0373 0.0392 0.0411
24 0.0344 0.0366 0.0389 0.0411 0.0432 0.0453
25 0.0377 0.0402 0.0427 0.0451 0.0474 0.0497
26 0.0412 0.0440 0.0467 0.0493 0.0519 0.0544
27 0.0449 0.0479 0.0509 0.0537 0.0565 0.0593
28 0.0488 0.0521 0.0553 0.0584 0.0614 0.0644
29 0.0529 0.0564 0.0599 0.0632 0.0665 0.0698
30 0.0571 0.0609 0.0647 0.0683 0.0719 0.0754
31 0.0616 0.0657 0.0697 0.0736 0.0775 0.0812
32 0.0662 0.0706 0.0749 0.0792 0.0833 0.0873
33 0.0710 0.0757 0.0804 0.0849 0.0893 0.0937
34 0.0760 0.0811 0.0860 0.0909 0.0956 0.1003
35 0.0812 0.0866 0.0919 0.0971 0.1022 0.1071
36 0.0866 0.0924 0.0980 0.1035 0.1089 0.1142
37 0.0922 0.0983 0.1043 0.1102 0.1160 0.1216
38 0.0979 0.1045 0.1109 0.1171 0.1232 0.1292
39 0.1039 0.1109 0.1176 0.1243 0.1307 0.1371
40 0.1101 0.1174 0.1246 0.1317 0.1385 0.1452
41 0.1165 0.1242 0.1318 0.1393 0.1465 0.1536
42 0.1230 0.1313 0.1393 0.1471 0.1548 0.1623
43 0.1298 0.1385 0.1470 0.1553 0.1633 0.1712
44 0.1368 0.1459 0.1549 0.1636 0.1721 0.1805
45 0.1440 0.1536 0.1630 0.1722 0.1812 0.1900
46 0.1514 0.1615 0.1714 0.1811 0.1905 0.1997
47 0.1590 0.1656 0.1800 0.1902 0.2001 0.2098
48 0.1668 0.1780 0.1889 0.1995 0.2099 0.2201
49 0.1749 0.1865 0.1980 0.2091 0.2200 0.2307
50 0.1831 0.1953 0.2073 0.2190 0.2304 0.2415
51 0.1916 0.2044 0.2169 0.2291] 0.2410 0.2527
52 0.2002 0.2136 0.2267 0.2395 0.2519 0.2641
33 0.20091 0.2231 0.2367 0.2501 0.2631 0.2758
54 0.2182 0.2328 0.2470 0.2610 0.2746 0.2879
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Table 3—Volumetric Shrinkage Table (Continued)

Customary Units
Gravity Light-Product Concentration
[;Elﬁm““ Percent Shrinkage
APT) 13 14 15 16 17 18
55 0.2275 0.2427 0.2576 0.2721 0.2863 0.3002
56 0.2371 0.2529 0.2684 0.2835 0.2983 0.3127
57 0.2469 0.2633 0.2795 0.2952 0.3106 0.3256
58 0.2568 0.2740 0.2908 0.3072 0.3232 0.3388
59 0.2670 0.2849 0.3023 0.3194 0.3360 0.3523
60 0.2775 0.2960 0.3141 0.3318 0.3491 0.3660
61 0.2881 0.3074 0.3262 0.3446 0.3625 0.3801
62 0.2990 0.3190 0.3385 0.3576 0.3762 0.3944
63 0.3101 0.3308 0.3511 0.3709 0.3902 0.4091
64 0.3215 0.3429 0.3639 0.3844 0.4045 0.4240
65 0.3330 0.3553 0.3770 0.3983 0.4190 0.4393
66 0.3448 0.3679 0.3904 0.4124 0.4339 0.4549
67 0.3569 0.3807 0.4040 0.4268 0.4490 0.4707
68 0.3691 0.3938 0.4179 0.4414 0.4644 0.4869
69 0.3816 0.4071 0.4320 0.4564 0.4802 0.5034
70 0.3943 0.4207 0.4464 0.4716 0.4962 0.5202
71 0.4073 0.4345 0.4611 0.4871 0.5125 0.5373
72 0.4205 0.4486 0.4760 0.5029 0.5291 0.5547
13 0.4339 0.4629 0.4912 0.5189 0.5460 0.5724
74 0.4476 0.4775 0.5067 0.5353 0.5632 0.5904
75 0.4615 0.4923 0.5225 0.5519 0.5807 0.6088
76 0.4757 0.5 [}Tﬂ 0.5385 0.5688 0.5985 0.6274
77 0.4901 0.5228 0.5548 0.5861 0.6166 0.6464
78 0.5047 0.5384 0.5713 0.6036 0.6350 0.6657
79 0.5196 0.5543 0.5882 0.6213 0.6537 0.6853
80 0.5347 0.5704 0.6053 0.6394 0.6728 0.7053
81 0.5500 0.5868 0.6227 0.6578 0.6921 0.7256
82 0.5656 0.6034 0.6403 0.6765 0.7117 0.7461
83 0.5815 0.6203 0.6583 0.6954 0.7317 0.7670
84 0.5976 0.6375 0.6765 0.7147 0.7519 0.7883
85 0.6139 0.6549 0.6950 0.7342 0.7725 0.8098
86 0.6305 0.6726 0.7138 0.7540 0.7934 0.8317
87 0.6474 0.6906 0.7329 0.7742 0.8145 0.8539
88 0.6645 0.7088 0.7522 0.7946 0.8360 0.8765
89 0.6818 0.7273 0.7718 0.8154 0.8579 0.8994
90 0.6994 0.7461 0.7918 0.8364 0.8800 0.9226
01 0.7172 0.7651 0.8120 0.8577 0.9025 0.9461
92 0.7353 0.7844 0.8324 0.8794 0.9252 0.9700
93 0.7537 0.8040 0.8532 0.9013 0.9483 0.9942
94 0.7723 0.8239 0.8743 0.9236 0.9717 1.0187
95 0.7911 0.8440 0.8956 0.9461 0.9955 1.0436
96 0.8103 0.8644 0.9173 0.9690 1.0195 1.0688
97 0.8296 0.8850 0.9392 0.9922 1.0439 1.0944
98 0.8493 0.9060 0.9614 1.0156 1.0686 1.1203
99 0.8691 0.9272 0.9839 1.0394 1.0936 1.1465
100 0.8893 0.9487 1.0067 1.0635 1.1189 1.1731
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SECTION 3—VOLUMETRIC SHRINKAGE RESULTING FROM BLENDING LIGHT HYDROCARBONS WITH CRUDE QILS

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units
Gravity Light-Product Concentration
[EEF&::;? Percent Shrinkage
API) 19 20 21 22 23 24
10 0.0064 0.0067 0.0070 0.0072 0.0075 0.0077
11 0.0080 0.0083 0.0087 0.0090 0.0093 0.0096
12 0.0097 0.0102 0.0106 0.0109 0.0113 0.0117
13 0.0117 0.0122 0.0127 0.0131 0.0136 0.0140
14 0.0139 0.0144 0.0150 0.0156 0.0161 0.0166
15 0.0162 0.0169 0.0176 0.0182 0.0188 0.0194
16 0.0188 0.0196 0.0203 0.0211 0.0218 0.0225
17 0.0216 0.0225 0.0234 0.0242 0.0251 0.0259
18 0.0246 0.0256 0.0266 0.0276 0.02835 0.0295
19 0.0278 0.0290 0.0301 0.0312 0.0323 0.0333
20 0.0312 0.0326 0.0338 0.0351 0.0363 0.0375
21 0.0349 0.0364 0.0378 0.0392 0.0406 0.0419
22 0.0388 0.0405 0.0420 0.0436 0.0451 0.0466
23 0.0430 0.0448 0.0465 0.0482 0.0499 0.0515
24 0.0474 0.0493 0.0513 0.0532 0.0550 0.0568
25 0.0520 0.0542 0.0563 0.0583 0.0604 0.0623
26 0.0568 0.0592 0.0615 0.0638 0.0660 0.0681
27 0.0619 0.0645 0.0671 0.0695 0.0719 0.0743
28 0.0673 0.0701 0.0729 0.0755 0.0781 0.0807
29 0.0729 0.0760 0.078% 0.0818 0.0847 0.0874
30 0.0788 0.0821 0.0853 0.0884 0.0915 0.0944
31 0.0849 0.0884 0.0919 0.0953 0.0986 0.1018
32 0.0912 0.0951 0.0988 0.1024 0.1060 0.1094
33 0.0979 0.1020 0.1060 0.1099 0.1137 0.1173
34 0.1048 0.1092 0.1134 0.1176 0.1217 0.1256
35 0.1119 0.1166 01212 0.1256 0.1300 0.1342
36 0.1193 0.1244 0.1292 0.1340 0.1386 0.1431
37 0.1270 0.1324 0.1376 0.1426 0.1475 0.1523
38 0.1350 0.1407 0.1462 0.1516 0.1568 0.1619
39 0.1432 0.1493 0.1551 0.1608 0.1664 0.1717
40 0.1518 0.1581 0.1643 0.1704 0.1762 0.1819
41 0.1605 0.1673 0.1738 0.1802 0.1364 0.1925
42 0.1696 0.1767 0.1837 0.1904 0.1970 0.2033
43 0.1790 0.1865 0.1938 0.2009 0.2078 0.2146
44 0.1886 0.1965 0.2042 0.2117 0.2190 0.2261
45 0.1985 0.2068 0.2149 0.2228 0.2305 0.2380
46 0.2087 0.2175 0.2260 0.2343 0.2424 0.2502
47 0.2192 0.2284 0.2374 0.2461 0.2546 0.2628
48 0.2300 0.2396 0.2490 0.2582 0.2671 0.2757
49 0.2410 0.2512 0.2610 0.2706 0.2799 0.2890
50 0.2524 0.2630 0.2733 0.2834 0.2931 0.3026
51 0.2641 0.2751 0.2859 0.2964 0.3067 0.3166
52 0.2760 0.2876 0.2989 0.3099 0.3205 0.3309
33 0.2883 0.3004 03121 0.3236 0.3348 0.3456
54 0.3008 0.3134 0.3257 0.3377 0.3493 0.3607
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CHAPTER 12—CaLcuLATION OF PETROLEUM QUANTITIES

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units
Gravity Light-Product Concentration
[ge?;iﬂ Percent Shrinkage
API) 19 20 21 22 23 24

35 0.3137 0.3268 0.3397 0.3521 0.3643 0.3761
56 0.3268 0.3405 0.3539 0.3669 0.3795 0.3918
57 0.3403 0.3546 0.3685 0.3820 0.3952 0.4080
58 0.3540 0.3689 0.3834 0.3975 0.4112 0.4245
9 0.3681 0.3836 0.3986 0.4133 0.4275 0.4413
60 0.3825 0.3985 0.4142 0.4294 0.4442 0.4586
61 0.3972 0.4139 0.4301 0.4459 0.4613 0.4762
62 0.4122 0.4295 0.4463 0.4627 0.4787 0.4942
63 0.4275 0.4454 0.4629 0.4799 0.4965 0.5125
64 0.4431 0.4617 0.4798 0.4975 0.5146 0.5313
65 0.4591 0.4783 0.4971 0.5154 0.5331 0.5504
66 0.4753 0.4953 0.5147 0.5336 0.5520 0.5699
67 0.4919 0.5126 0.5327 0.5522 0.5713 0.5898
68 0.5088 0.5302 0.5510 0.5712 0.5909 0.6100
69 0.5260 0.5481 0.5696 0.5906 0.6109 0.6307
70 0.5436 0.5664 0.5886 0.6103 0.6313 0.6517
71 0.5614 0.5850 0.6080 0.6303 0.6520 0.6731
72 0.5796 0.6040 0.6277 0.6507 0.6732 0.6949
73 0.5982 0.6233 0.6477 0.6715 0.6947 0.7171
74 0.6170 0.6429 0.6681 0.6927 0.7166 0.7397
75 0.6362 0.6629 0.6889 0.7142 0.7388 0.7627
76 0.6557 0.6832 0.7100 0.7361 0.7615 0.7861
17 0.6755 0.7039 0.7315 0.7584 0.7845 0.8099
78 0.6957 0.7245 0.7533 0.7810 0.8079 0.8341
79 0.7162 0.7463 0.7755 0.8040 0.8317 0.8587
80 0.7370 0.7680 0.7981 0.8274 0.8559 0.8836
81 0.7582 0.7900 0.8210 0.8512 0.8805 0.9090
82 0.7797 0.8124 0.8443 0.8753 0.9055 0.9348
83 0.8016 0.8352 0.8680 0.8999 0.9309 0.9610
84 0.8238 0.8583 0.8920 0.9248 0.9567 0.9876
85 0.8463 0.5818 0.9164 0.9501 0.9828 1.0146
86 0.8692 0.9056 0.9412 0.9758 1.0094 1.0421
87 0.8924 0.9298 0.9663 1.0018 1.0363 1.0699
88 0.9159 0.9544 0.9918 1.0283 1.0637 1.0981
89 0.9393 0.9793 1.0177 1.0551 1.0915 1.1268
90 0.9641 1.0045 1.0440 1.0823 1.1196 1.1559
91 0.9887 1.0302 1.0706 1.1099 1.1482 1.1854
92 1.0136 1.0562 1.0976 1.1379 1.1772 1.2153
93 1.0389 1.0825 1.1250 1.1663 1.2065 1.2456
94 1.0646 1.1092 1.1528 1.1951 1.2363 1.2763
95 1.0906 1.1363 1.1809 1.2243 1.2665 1.3075
96 1.1169 1.1638 1.2005 1.2539 1.2971 1.3391
97 1.1436 1.1916 1.2384 1.2839 1.3281 1.3711
98 1.1707 1.2198 1.2677 1.3143 1.3596 1.4036
99 1.1981 1.2484 1.2974 1.3450 1.3914 1.4364
100 1.2259 1.2773 1.3274 1.3762 1.4236 1.4697
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SECTION 3—VOLUMETRIC SHRINKAGE ResuLting FrROM BLENDING LIGHT HYprOocarBoNS WIiTH Crupe QiLs

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units
Gravity tht-Fmduc[ Concentration
[EET;EEE Percent Shrinkage
APT) 25 26 27 28 29 30
10 0.0079 0.0082 0.0084 0.0086 0.0088 0.0090
11 0.0099 0.0102 0.0104 0.0107 0.0110 0.0112
12 0.0120 0.0124 0.0127 0.0130 0.0134 0.0137
13 0.0145 0.0149 0.0153 0.0157 0.0160 0.0164
14 0.0171 0.0176 0.0181 0.0185 0.0190 0.0194
15 0.0200 0.0206 0.0212 0.0217 0.0222 0.0227
16 0.0232 0.0239 0.0245 0.0251 0.0257 0.0263
17 0.0266 0.0274 0.0282 0.0289 0.0296 0.0302
18 0.0304 0.0312 0.0321 0.0329 0.0337 0.0344
19 0.0343 0.0353 0.0363 0.0372 0.0381 0.0389
20 0.0386 0.0397 0.0408 0.0418 0.0428 0.0438
21 0.0431 0.0444 0.0456 0.0467 0.0478 0.0489
22 0.0480 0.0493 0.0507 0.0520 0.0532 0.0544
23 0.0531 0.0546 0.0561 0.0575 0.0589 0.0602
24 0.0585 0.0602 0.0618 0.0634 0.0649 0.0663
25 0.0642 0.0660 0.0678 0.0695 0.0712 0.0728
26 0.0702 0.0722 0.0742 0.0760 0.0779 0.0796
27 0.0765 0.0787 0.0808 0.0829 0.0849 0.0868
28 0.0831 0.0855 0.0878 0.0900 0.0922 0.0943
29 0.0901 0.0926 0.0951 0.0975 0.0999 0.1021
30 0.0973 0.1001 0.1028 0.1054 0.1079 0.1103
31 0.1048 0.1078 0.1108 0.1136 0.1163 0.1189
32 0.1127 0.1159 0.1191 0.1221 0.1250 0.1278
33 0.1209 0.1244 0.1277 0.1310 0.1341 0.1371
34 (0.1294 0.1331 0.1367 0.1402 0.1435 0.1468
35 0.1383 0.1422 0.1461 0.1498 0.1534 0.1568
36 0.1474 0.1517 0.1558 0.1597 0.1635 0.1672
37 0.1569 0.1614 0.1658 0.1700 0.1741 0.1780
38 0.1668 0.1716 0.1762 0.1807 0.1850 0.1891
39 0.1770 0.1820 0.1869 0.1917 0.1963 0.2007
40 0.1875 0.1928 0.1980 0.2031 0.2079 0.2126
4] 0.1983 0.2040 0.20093 0.2148 0.2200 0.2249
42 0.2095 0.2155 0.2213 0.2270 0.2324 0.2376
43 0.2211 0.2274 0.2335 0.2395 0.2452 0.2507
44 0.2330 0.2397 (.2461 0.2524 0.2584 0.2642
45 0.2452 0.2523 0.2591 0.2656 0.2720 0.2781
46 0.2578 0.2652 0.2724 0.2793 0.2860 0.2924
47 0.2708 0.2785 0.2861 0.2933 0.3003 0.3071
48 0.2841 0.2922 0.3001 0.3077 0.3151 0.3222
49 0.2978 0.3063 0.3146 0.3225 0.3303 0.3377
50 0.3118 0.3207 0.3294 0.3378 (.3458 0.3536
51 0.3262 0.3356 0.3446 0.3534 0.3618 0.3700
32 0.3410 0.3508 0.3602 0.3693 0.3782 0.3867
53 0.3561 0.3663 0.3762 0.3857 0.3950 0.4039
54 0.3716 0.3823 0.3926 0.4025 0.4122 0.4215
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CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units

Gravity Light-Product Concentration
[Egi:;: Percent Shrinkage
API) 25 26 27 28 29 30
55 0.3875 0.3986 0.4093 0.4197 0.4298 0.4395
56 0.4038 0.4153 0.4265 0.4373 0.4478 0.4579
37 0.4204 0.4324 0.4441 0.4553 0.4662 0.4767
38 0.4374 0.4499 0.4620 0.4738 0.4851 0.4960
59 0.4548 0.4678 0.4804 0.4926 0.5044 0.5157
60 0.4725 0.4861 0.4992 0.5118 0.5241 0.5359
61 0.4907 0.5047 0.5183 0.5315 0.5442 0.5565
62 0.5092 0.5238 0.5379 0.5516 0.5648 0.5775
63 0.5281 0.5433 0.5579 0.5721 0.5857 0.5989
64 0.5474 0.5631 0.5783 0.5930 0.6072 0.6208
65 0.5671 0.5834 0.5991 0.6143 0.6290 0.6432
66 0.5872 0.6040 0.6203 0.6361 0.6513 0.6660
67 0.6077 0.6251 0.6420 0.6583 0.6740 0.6892
68 0.6286 0.6466 0.6640 0.6809 0.6972 0.7129
69 0.6499 0.6685 0.6865 0.7039 0.7208 0.7370
70 0.6715 0.6908 0.7094 0.7274 0.7448 0.7616
71 0.6936 0.7135 0.7327 0.7513 0.7693 0.7866
72 0.7161 0.7366 0.7564 0.7757 0.7942 0.8121
73 0.7390 0.7601 0.7806 0.8004 0.8196 0.8380
T4 0.7623 0.7841 0.8052 0.8257 0.8454 0.8645
75 0.7859 0.8084 0.8302 0.8513 0.8717 0.8913
76 0.8100 0.8332 0.8557 0.8774 0.8984 0.9186
77 0.8345 0.8584 0.8816 0.9040 0.9256 0.9464
78 0.8595 0.8841 0.907% 0.9309 0.9532 0.9747
79 0.8848 0.9101 0.9347 0.9584 0.9813 1.0034
80 0.9105 0.9366 0.9618 0.9863 1.0099 1.0326
81 0.9367 0.9635 0.9895 1.0146 1.0389 1.0623
82 0.9633 0.9908 1.0176 1.0434 1.0683 1.0924
83 0.9503 1.0186 1.0461 1.0726 1.0983 1.1230
84 1.0177 1.0468 1.0750 1.1023 1.1287 1.1541
85 1.0455 1.0754 1.1044 1.1325 1.1596 1.1857
86 1.0738 1.1045 1.1343 1.1631 1.1909 1.2177
87 1.1024 1.1340 1.1646 1.1941 1.2227 1.2502
88 1.1315 1.1639 1.1953 1.2257 1.2550 1.2833
89 1.1611 1.1943 1.2265 1.2576 1.2877 1.3167
90 1.1910 1.2251 1.2582 1.2901 1.3210 1.3507
91 1.2214 1.2564 1.2903 1.3230 1.3547 1.3852
92 1.2522 1.2881 1.3228 1.3564 1.3888 1.4201
93 1.2835 1.3202 1.3558 1.3902 1.4235 1.4556
94 1.3152 1.3528 1.3893 1.4246 1.4586 1.4915
95 1.3473 1.3859 1.4232 1.4593 1.4943 1.5279
96 1.3798 1.4193 1.4576 1.4946 1.5304 1.5648
97 1.4128 1.4533 1.4925 1.5303 1.5669 1.6023
98 1.4463 1.4877 1.5278 1.5666 1.6040 1.6402
99 1.4801 1.5225 1.5635 1.6032 1.6416 1.6786
100 1.5144 1.5578 1.5998 1.6404 1.6796 1.7175
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Secnion 3—VoLUMETRIC SHRINKAGE ResuLting From BLenoing LigHT Hyorocareons WiTH Cruoe QILs

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units

Gravity Light-Product Concentration
?ﬂﬁ? Percent Shrinkage
API) 31 32 33 34 35 36
10 0.0092 0.0094 0.0096 0.0097 0.0099 0.0101
11 0.0114 0.0117 0.0119 0.0121 0.0123 0.0125
12 0.0139 0.0142 0.0145 0.0148 0.0150 0.0152
13 0.0167 0.0171 0.0174 0.0177 0.0180 0.0183
14 0.0198 0.0202 0.0206 0.0210 0.0213 0.0216
15 0.0232 0.0237 0.0241 0.0245 0.0249 0.0253
16 0.0269 0.0274 0.0279 0.0284 0.0289 0.0293
17 0.0309 0.0315 0.0321 0.0326 0.0332 0.0337
18 0.0352 0.0359 0.0365 0.0372 0.0378 0.0384
19 0.0398 0.0406 0.0413 0.0421 0.0428 0.0434
20 0.0447 0.0456 0.0465 0.0473 0.0481 0.0488
21 0.0500 0.05310 0.0519 0.0528 0.0537 0.0546
22 0.0556 0.0567 0.0577 0.0588 0.0597 0.0607
23 0.0615 0.0627 0.0639 0.0650 0.0661 0.0671
24 0.0677 0.0691 0.0704 0.0716 0.0728 0.0740
25 0.0744 0.0758 0.0773 0.0786 0.0799 0.0812
26 0.0813 0.0829 0.0845 0.0860 0.0874 0.0888
27 (0.0886 0.0904 0.0921 0.0937 0.0953 0.0968
28 0.0963 0.0982 0.1001 0.1018 0.1035 0.1051
29 0.1043 0.1064 0.1084 0.1103 0.1121 0.1139
30 0.1127 0.1149 0.1171 0.1192 0.1211 0.1230
31 0.1214 0.1239 0.1262 0.1284 0.1306 0.1326
32 0.1305 0.1332 0.1357 0.1381 0.1404 0.1425
33 0.1400 0.1428 0.1455 0.1481 0.1506 0.1529
34 0.149% 0.1525 0.1558 0.1585 0.1612 0.1637
35 0.1601 0.1633 0.1664 0.1694 0.1722 0.1749
36 0.1708 0.1742 0.1774 0.1806 0.1836 0.1865
37 0.1818 0.1854 0.1889 0.1922 0.1954 0.1985
38 0.1932 0.1970 0.2007 0.2043 0.2077 0.2109
39 0.2049 0.2090 0.2130 0.2167 0.2203 0.2238
40 0.2171 0.2215 0.2256 0.2296 0.2334 (0.2371
41 0.2297 0.2343 0.2387 0.2429 0.2470 0.2508
42 0.2427 0.2475 0.2522 0.2566 0.2609 0.2650
43 0.2560 0.2612 0.2661 0.2708 0.2753 0.2796
44 0.2698 0.2752 0.2804 0.2854 0.2901 0.2946
45 0.2840 0.2897 0.2951 0.3004 0.3054 0.3101
46 0.2986 0.3046 0.3103 0.3158 0.3210 0.3261
47 0.3136 0.3199 0.3259 0.3317 0.3372 0.3424
48 0.3290 0.3356 0.3419 0.3480 0.3538 (.3593
49 0.3449 0.3518 0.3584 0.3647 0.3708 0.3766
50 0.3611 0.3684 0.3753 0.3819 0.3883 0.3943
51 0.3778 0.3854 0.3926 0.3996 0.4062 0.4125
52 0.3949 0.4028 0.4104 0.4176 0.4246 0.4312
53 0.4124 0.4207 0.4286 0.4362 0.4434 0.4503
54 0.4304 0.4390 04473 0.4552 0.4627 0.4700
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CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units
(;rravitjr Light-Product Concentration
D&g Percent Shrinkage
APT) 31 32 33 34 35 36
35 0.4488 0.4578 0.4664 0.4746 0.4825 0.4900
56 0.4676 0.4770 0.4859 0.4945 0.5027 0.5106
37 0.4869 0.4966 0.5059 0.5149 0.5234 0.5316
58 0.5066 0.5167 0.5264 0.5357 0.5446 0.5531
59 0.5267 0.5372 0.5473 0.5570 0.5663 0.5751
60 0.5473 0.5582 0.5687 0.5788 0.5884 0.5976
61 0.5683 0.5796 0.5906 0.6010 0.6110 0.6205
62 0.5898 0.6015 0.6129 0.6237 0.6341 0.6440
63 0.6117 0.6239 0.6356 0.6469 0.6576 0.6679
64 0.6340 0.6467 0.6589 0.6705 0.6817 0.6923
65 0.6568 0.6700 0.6826 0.6946 0.7062 0.7172
66 0.6801 0.6937 0.7067 0.7193 0.7312 0.7426
67 0.7038 0.7179 0.7314 0.7443 0.7567 0.7685
68 0.7280 0.7426 0.7565 0.7699 0.7827 0.7949
6% 0.7526 0.7677 0.7821 0.7960 0.8092 0.8218
70 0.7777 0.7933 0.8082 0.8225 0.8362 0.8492
71 0.8033 0.8194 0.8348 0.8496 0.8637 0.8771
72 0.8293 0.8459 0.3618 0.8771 0.8917 0.9056
73 0.8558 0.8729 0.8894 0.9051 0.9201 0.9345
74 0.8828 0.9004 0.9174 0.9336 0.9491 0.9639
75 0.9102 0.9284 0.9459 0.9626 0.9786 0.9939
76 0.9381 0.9569 0.9749 0.9921 1.0086 1.0244
77 0.9665 0.9858 1.0044 1.0222 1.0392 1.0554
78 0.9954 1.0153 1.0344 1.0527 1.0702 1.0869
79 1.0247 1.0452 1.0649 1.0837 1.1017 1.1189
80 1.0545 1.0756 1.0953 1.1152 1.1338 1.1515
81 1.0848 1.1065 1.1273 1.1473 1.1663 1.1845
82 1.1156 1.1379 1.1593 1.1798 1.1994 1.2181
83 1.1469 1.1698 1.1918 1.2129 1.2330 1.2523
84 1.1786 1.2022 1.2248 1.2465 1.2672 1.2869
83 1.2109 1.2351 1.2583 1.2806 1.3018 1.3221
86 1.2436 1.2684 1.2923 1.3152 1.3370 1.3579
87 1.2768 1.3023 1.3268 1.3503 1.3727 1.3941
88 1.3105 1.3367 1.3618 1.3859 1.4090 1.4300
89 1.3447 1.3716 1.3974 1.4221 1.4457 1.4683
90 1.3794 1.4070 1.4334 1.4588 1.4830 1.5062
91 1.4146 1.4429 1.4700 1.4960 1.5209 1.5446
92 1.4503 1.4793 1.5071 1.5338 1.5593 1.5836
93 1.4865 1.5162 1.5447 1.5720 1.5982 1.6231
94 1.5232 1.5536 1.5828 1.6108 1.6376 1.6632
95 1.5604 1.5916 1.6215 1.6502 1.6776 1.7038
96 1.5981 1.6300 1.6607 1.6901 1.7181 1.7449
97 1.6363 1.6690 1.7004 1.7305 1.7592 1.7867
98 1.6750 1.7085 1.7406 1.7714 1.8008 1.8289
99 1.7142 1.7485 1.7814 1.8129 1.8430 1.8718
100 1.7539 1.7890 1.8227 1.8549 1.9151
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SECTION 3—VOLUMETRIC SHRINKAGE RESULTING FROM BLENDING LIGHT HYDROCARBONS WITH CRUDE OILS

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units
Gravity Light-Product Concentration
[?Bﬂ;r;ze Percent Shrinkage
API) 37 38 39 40 41 42
10 0.0102 0.0103 0.0105 0.0106 0.0107 0.0108
11 0.0127 0.0128 0.0130 0.0132 0.0133 0.0134
12 0.0155 0.0157 0.0159 0.0161 0.0162 0.0164
13 0.0185 0.0188 0.0190 0.0193 0.0195 0.0197
14 0.0220 0.0223 0.0225 0.0228 0.0231 0.0233
15 0.0257 0.0261 0.0264 0.0267 0.0270 0.0273
16 0.0298 0.0302 0.0306 0.0309 0.0313 0.0316
17 0.0342 0.0347 0.0351 0.0355 0.0359 0.0363
18 0.0390 0.0395 0.0400 0.0405 0.0409 0.0413
19 0.0441 0.0447 0.0452 0.0458 0.0463 0.0467
20 0.0495 0.0502 0.0508 0.0514 0.0520 0.0525
21 0.0554 0.0561 0.0568 0.0575 0.0581 0.0587
22 0.0615 0.0624 0.0632 0.0639 0.0646 0.0653
23 0.0681 0.0650 0.0699 0.0708 0.0715 0.0723
24 0.0751 0.0761 0.0770 0.0780 0.0788 0.0796
25 0.0824 0.0835 0.0846 0.0856 0.0865 0.0874
26 0.0901 0.0913 0.0925 0.0936 0.0946 0.0956
27 0.0982 0.0995 0.1008 0.1020 0.1031 0.1041
28 0.1067 0.1081 0.1095 0.1108 0.1120 0.1131
29 0.1155 0.1171 0.1186 0.1200 0.1213 0.1226
30 0.1248 0.1265 0.1282 0.1297 0.1311 0.1324
31 0.1345 0.1364 0.13381 0.1397 0.1413 0.1427
32 0.1446 0.1466 0.1485 0.1502 0.1519 0.1534
33 0.1551 0.1573 0.1593 0.1611 0.1629 0.1646
34 0.1661 0.1683 0.1705 0.1725 0.1744 0.1762
35 0.1774 0.1798 0.1821 0.1843 0.1863 0.1882
36 0.1892 0.1918 0.1942 0.1965 0.1987 0.2007
37 0.2014 0.2041 0.2067 0.2092 0.2115 0.2136
38 0.2140 0.2169 0.2197 0.2223 0.2247 0.2270
39 0.2271 0.2302 0.2331 0.2358 0.2384 0.2409
40 0.2405 0.2438 0.2469 0.2499 0.2526 0.2552
4] 0.2545 0.2580 0.2612 0.2643 0.2672 0.2699
42 0.2688 0.2725 0.2760 0.2793 0.2823 0.2852
43 0.2837 0.2875 0.2912 0.2947 0.2979 0.3009
44 0.2989 0.3030 0.3069 0.3105 0.3139 0.3171
45 0.3146 0.3189 0.3230 0.3268 0.3304 0.3338
46 0.3308 0.3353 0.3396 0.3436 0.3474 0.3509
47 0.3474 0.3522 0.3567 0.3600 0.3649 0.3686
438 0.3645 0.3695 0.3742 0.3786 0.3828 0.3867
44 0.3821 0.3873 0.3922 0.3969 0.4012 0.4053
50 0.4001 0.4055 0.4107 0.4156 0.4201 0.4244
51 0.4186 0.4243 0.4297 0.4348 0.4395 0.4440
52 0.4375 0.4435 0.4491 0.4545 0.4594 0.4641
53 0.4569 0.4632 0.4691 0.4746 0.4798 0.4847
54 0.4768 0.4833 0.4895 0.4953 0.5007 0.5058
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CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units
Gravity Light-Product Concentration
Dﬁg Percent Shrinkage
APT) 37 38 39 40 41 42

35 0.4972 0.5040 05104 0.5165 0.5221 0.5274
26 0.5180 0.5251 0.5318 0.5381 0.5440 0.5495
57 0.5394 0.5467 0.5537 0.5603 0.5664 0.5722
58 0.5612 0.5689 0.5761 0.5829 0.5893 0.5953
59 0.5835 0.5915 0.5990 0.6061 0.6128 0.6190
60 0.6063 0.6146 0.6224 0.6298 0.6367 0.6432
61 0.6296 0.6382 0.6463 0.6540 0.6611 0.6679
62 0.6534 0.6623 0.6707 0.6787 0.6861 0.6931
63 0.6776 0.6869 0.6956 0.7039 0.7116 0.7188
64 0.7024 0.7120 0.7211 0.7296 0.7376 0.7451
65 0.7277 0.7376 0.7470 0.7559 0.7642 0.7719
66 0.7535 0.7637 0.7735 0.7826 0.7912 0.7993
67 0.7797 0.7904 0.8003 0.8099 0.8188 0.8271
63 0.8065 0.8175 0.8280 0.8378 0.8470 0.8556
69 0.8338 0.8452 0.8560 0.8661 0.8756 0.8845
70 0.8616 0.8734 0.8845 0.8950 0.9048 0.9140
71 0.8900 0.9021 0.9136 0.9244 0.9346 0.9441
12 0.9188 0.9313 0.9432 0.9544 0.9649 0.9747
73 0.9481 0.9611 0.9733 0.9849 0.9957 1.0058
74 0.9780 0.9914 1.0040 1.0159 1.0271 1.0375
75 1.0084 1.0222 1.0352 1.0475 1.0590 1.0697
76 1.0393 1.0535 1.0669 1.0796 1.0914 1.1025
77 1.0708 1.0854 1.0992 1.1122 1.1245 1.1359
78 1.1027 1.1178 1.1320 1.1455 1.1580 1.1698
79 1.1352 1.1507 1.1654 1.1792 1.1922 1.2043
80 1.1683 1.1842 1.1993 1.2135 1.2269 1.2393
81 1.2018 1.2182 1.2338 1.2484 1.2621 1.2749
82 1.2359 1.2528 1.2688 1.2838 1.297% 1.3111
83 1.2706 1.2879 1.3043 1.3198 1.3343 1.3478
84 1.3057 1.3236 1.3404 1.3563 1.3712 1.3851
85 1.3414 1.3598 1.3771 1.3934 1.4087 1.4230
86 1.3777 1.3965 1.4143 1.4311 1.4468 1.4615
87 1.4145 1.4338 1.4521 1.4693 1.4854 1.5005
88 1.4518 1.4717 1.4904 1.5081 1.5246 1.5401
89 1.4897 1.5101 1.5293 1.5474 1.5644 1.5803
90 1.5282 1.5490 1.5688 1.5874 1.6048 1.6211
91 1.5672 1.5886 1.6088 1.6279 1.6457 1.6624
92 1.6067 1.6286 1.6494 1.6689 1.6873 1.7044
93 1.6468 1.6693 1.6905 1.7106 1.7294 1.7469
94 1.6874 1.7105 1.7323 1.7528 1.7721 1.7900
05 1.7287 1.7523 1.7746 1.7956 1.8153 1.8338
96 1.7704 1.7946 1.8173 1.8390 1.8592 1.8781
97 1.8127 1.8375 1.8609 1.8830 1.9037 1.9230
98 1.8556 1.8810 1.9049 1.9275 1.9487 1.9685
99 1.8991 1.9250 1.9495 1.9727 1.9943 2.0146
100 1.9431 1.9696 1.9947 20184 2.0406 2.0613
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SECTION 3—VOLUMETRIC SHRINKAGE ReEsuLTiNG FROM BLENDING LiIGHT HyDrOCARBONS WiTH CRuDE QILs

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units
r;}ravity Light-Product Concentration
E;gi:;f: Percent Shrinkage
API) 43 44 45 46 47 43
10 0.0105 0.0110 0.0111 0.0112 0.0112 0.0113
11 0.0136 0.0137 0.0138 0.0139 0.0140 0.0140
12 0.0165 0.0167 0.0168 0.0169 0.0170 0.0171
13 0.019% 0.0200 0.0202 0.0203 0.0205 0.0206
14 0.0235 0.0237 0.0239 0.0241 0.0242 0.0243
15 0.0275 0.0278 0.0280 0.0282 0.0283 0.0285
16 0.031% 0.0322 0.0324 0.0326 0.0328 0.0330
17 0.0366 0.0369 0.0372 0.0375 0.0377 0.0379
18 0.0417 0.0421 0.0424 0.0427 0.0429 0.0432
19 0.0472 0.0476 0.0479 0.0483 0.0486 0.0488
20 0.0530 0.0535 0.0539 0.0543 0.0546 0.0549
21 0.0593 0.0598 0.0602 0.0607 0.0610 0.0614
22 0.0659 0.0665 0.0670 0.0674 0.0679 0.0682
23 0.0729 0.0736 0.0741 0.0746 0.0751 0.0755
24 0.0804 0.0810 0.0817 0.0822 0.0828 0.0832
25 0.0882 0.0820 (0.0896 0.0903 0.0908 0.0913
26 0.0965 0.0973 0.0980 0.0987 0.0993 0.0999
27 0.1051 0.1060 0.1068 0.1076 0.1082 0.1088
28 0.1142 0.1152 0.1161 0.1169 0.1176 0.1183
29 0.1237 0.1248 0.1257 0.1266 0.1274 0.1281
30 0.1337 0.1348 0.1358 0.1368 0.1376 0.1384
31 0.1440 0.1453 0.1464 0.1474 0.1483 0.1491
32 0.1548 0.1562 0.1574 0.1585 0.1595 0.1603
33 0.1661 0.1675 (.1688 0.1700 0.1711 0.1720
34 0.1778 0.1793 0.1807 0.1820 0.1831 0.1841
35 0.1900 0.1916 0.1931 0.1944 0.1956 0.1967
36 0.2026 0.2043 0.2059 0.2073 0.2086 0.2097
37 0.2156 0.2174 0.2191 0.2207 0.2220 0.2232
38 0.2291 (.2311 0.2329 0.2345 0.2360 0.2372
39 0.2431 0.2452 0.2471 0.2488 0.2503 0.2517
40 0.2576 0.2597 0.2618 0.2636 0.2652 0.2667
41 0.2725 0.2748 0.2769 0.2789 0.2806 0.2821
42 0.2879 0.2903 0.2926 0.2946 0.2964 0.2981
43 0.3037 (.3063 0.3087 0.3108 0.3128 0.3145
44 0.3201 0.3228 0.3253 0.3276 0.3296 0.3314
45 0.3369 (0.3398 0.3424 0.3448 0.3469 0.3488
46 0.3542 0.3572 0.3600 0.3625 0.3648 0.3668
47 0.3720 0.3752 0.3781 0.3807 0.3831 0.3852
48 0.3903 0.3936 0.3967 0.3994 0.4019 0.4041
49 0.4091 0.4126 0.4158 0D.4187 0.4213 0.4236
50 0.4284 0.4320 0.4354 0.4384 0.4411 0.4435
51 0.4482 0.4520 0.4555 0.4587 0.4615 0.4640
52 0.4684 0.4724 0.4761 0.4794 0.4824 0.4850
53 0.4892 (0.4934 0.4972 0.5007 0.5038 0.5066
54 0.5105 0.5149 0.5189 0.5225 0.5257 0.5286

Copyright American Patroleum Instduta
Pravided by IHS under licensea with AP
Mo reproduction or natwarking parmitted without licansa fram IHS Mot tar Rasala



24

CHaPTER 12—CaALcuLATION OF PETROLEUM QUANTITIES

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units
Gravity Light-Product Concentration
Dﬁ;‘i‘f Percent Shrinkage
API) 43 a4 45 46 47 48

55 0.5323 0.5369 0.5410 0.5448 0.5482 0.5512
56 0.5547 0.5594 0.5637 0.5677 0.5712 0.5743
57 0.5775 0.5824 0.5869 0.5910 0.5947 0.5980
58 0.6009 0.6060 0.6107 0.6150 0.6188 0.6222
39 0.6248 0.6301 0.6350 0.6394 0.6434 0.6469
60 0.6492 0.6547 0.6598 0.6644 0.6685 0.6722
61 0.6741 0.6798 0.6851 0.6899 0.6942 0.6980
62 0.6996 0.7055 0.7110 0.7159 0.7204 0.7243
63 0.7255 0.7317 0.7374 0.7425 0.7472 0.7512
64 0.7521 0.7585 0.7644 0.7697 0.7745 0.7787
63 0.7791 0.7858 0.7919 0.7974 0.8023 0.8067
66 0.8067 0.8136 0.8199 0.8256 0.8308 0.8353
67 0.8349 0.8420 0.8485 0.8544 0.8597 0.8644
68 0.8635 0.8709 0.8777 0.8838 0.8893 0.8941
69 0.8928 0.9004 0.9074 0.9137 0.9194 0.9244
70 0.9225 0.9304 0.9376 0.9442 0.9500 0.9552
71 0.9529 0.9610 0.9684 0.9752 0.9813 0.9866
T2 0.9837 0.9921 0.9998 1.0068 1.0131 1.0186
73 1.0152 1.0238 1.0318 1.0390 1.0454 1.0511
74 1.0472 1.0561 1.0643 1.0717 1.0784 1.0843
75 1.0797 1.0889 1.0974 1.1050 1.1119 1.1180
76 1.1128 1.1223 1.1310 1.1389 1.1460 1.1522
T7 1.1465 1.1563 1.1652 1.1733 1.1806 1.1871
T8 1.1807 1.1908 1.2000 1.2084 1.2159 1.2225
79 1.2155 1.2259 1.2354 1.2440 1.2517 1.2586
80 1.2509 1.2615 1.2713 1.2802 1.2881 1.2952
81 1.2868 1.2978 1.3078 1.3170 1.3251 1.3324
82 1.3233 1.3346 1.3449 1.3543 1.3627 1.3702
83 1.3604 1.3720 1.3826 1.3923 1.4009 1.4086
34 1.3981 1.4100 1.4209 1.4308 1.4397 1.4476
85 1.4363 1.4485 1.4598 1.4699 1.4791 1.4872
86 1.4751 1.4877 1.4992 1.5097 1.5191 1.5274
87 1.5145 1.5274 1.5393 1.5500 1.5596 1.5682
88 1.5545 1.5677 1.5799 1.5909 1.6008 1.6096
89 1.5951 1.6087 1.6211 1.6324 1.6426 1.6516
90 1.6362 1.6502 1.662% 1.6745 1.6850 1.6942
91 1.6780 1.6923 1.7054 1.7173 1.7279 1.7374
92 1.7203 1.7350 1.7484 1.7606 1.7715 1.7812
93 1.7632 1.7783 1.7920 1.8045 1.8158 1.8257
94 1.8067 1.8222 1.8363 1.8491 1.8606 1.8707
95 1.8509 1.8667 1.8811 1.8942 1.9060 1.9164
96 1.8956 1.9118 1.9266 1.9400 1.9521 1.9627
97 1.9409 1.9575 1.9726 1.9864 1.9987 2.0097
98 1.9868 2.0038 2.0193 2.0334 2.0460 2.0572
99 2.0334 2.0507 2.0666 2.0810 2.0939 2.1054
100 2.0805 2,0982 2.1145 2,1292 2.1425 2.1542
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SECTION 3—VOLUMETRIC SHAINKAGE RESULTING FROM BLENDING LIGHT HYDROCARBONS WITH CRUDE OILS

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units
Gravity Light-Product Concentration
?i?ﬁf Percent Shrinkage
API) 49 50 51 52 33 54
10 00114 0.0114 0.0114 0.0115 0.0115 0.0115
11 0.0141 0.0142 0.0142 0.0143 0.0143 0.0143
12 0.0172 0.0173 0.0173 0.0174 0.0174 0.0174
13 0.0207 0.0207 0.0208 0.0209 0.0209 0.0209
14 0.0245 0.0246 0.0246 0.0247 0.0247 0.0248
15 0.0286 0.0287 0.0288 0.0289 0.0290 0.0290
16 0.0332 0.0333 0.0334 0.0335 0.0336 0.0336
17 0.0381 0.0382 0.0384 0.0385 0.0385 0.0386
18 0.0434 0.0436 0.0437 0.0438 0.0439 0.0439
19 0.0491 0.0493 0.0494 0.0496 0.0496 0.0497
20 0.0552 0.0554 0.0556 0.0557 0.0558 0.055%
21 0.0617 0.0619 0.0621 0.0623 0.0624 0.0624
22 0.0686 0.0688 0.0691 0.0692 0.0694 0.0694
23 0.0759 0.0762 0.0764 0.0766 0.0768 0.0768
24 0.0836 0.0839 0.0842 0.0844 0.0846 0.0847
25 0.0918 0.0921 0.0924 0.0927 0.0928 0.0929
26 0.1003 0.1007 0.1011 0.1013 0.1015 0.1016
27 (0.1094 0.1098 0.1102 0.1104 0.1106 0.1107
28 0.1188 0.1193 0.1197 0.1200 0.1202 0.1203
29 0.1287 0.1292 0.1296 0.1300 0.1302 0.1303
30 0.1390 0.1396 0.1401 0.1404 0.1407 0.1408
31 0.1498 0.1504 0.1509 0.1513 0.1516 0.1518
32 0.1611 0.1617 0.1623 0.1627 0.1630 0.1631
33 0.1728 0.1735 0.1741 0.1745 0.1748 0.1750
34 0.1850 0.1857 (.1863 0.1868 0.1871 0.1873
35 0.1976 0.1984 0.1990 0.1995 0.1999 0.2001
36 0.2107 0.2116 0.2122 0.2128 0.2132 0.2134
37 0.2243 0.2252 0.2259 0.2265 0.2265 0.2272
38 0.2384 0.2393 0.2401 0.2407 0.2411 0.2414
39 0.2529 0.2539 0.2547 0.2554 0.2559 0.2561
40 0.2679 0.2690 0.2699 0.2706 0.2711 0.2713
41 0.2835 0.2846 0.2855 0.2862 0.2868 0.2871
42 0.2995 0.3007 0.3016 0.3024 0.3029 0.3033
43 0.3160 0.3172 0.3183 0.3191 0.3196 0.3200
44 0.3330 0.3343 0.3354 0.3362 0.3368 0.3372
45 0.3505 0.3519 0.3530 0.3539 0.3546 0.3549
46 0.3685 0.3700 0.3712 0.3721 0.3728 0.3732
47 0.3870 0.3885 0.3898 0.3908 0.3915 0.3919
48 0.4060 0.4077 0.4090 0.4100 0.4108 0.4112
49 0.4256 0.4273 0.4287 0.4298 0.4305 0.4310
50 0.4456 0.4474 0.4489 0.4500 0.4508 0.4513
51 0.4662 0.4681 (0.4696 0.4708 0.4717 0.4722
52 0.4873 0.4893 0.4909 0.4921 0.4930 0.4935
53 0.5090 0.5110 0.5127 0.5140 0.5149 0.5154
54 0.5311 0.5332 0.5350 0.5363 0.5373 0.5379
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CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units
i;travit_‘,r Light-Product Concentration
[ng;;ﬁgﬂ Percent Shrinkage
API) 49 50 51 52 53 54

35 0.5538 0.5560 0.5578 0.5592 0.5603 0.5609
56 0.5770 0.5793 0.5812 0.5827 0.5838 0.5844
57 0.6008 0.6032 0.6052 0.6067 0.6078 0.6084
58 0.6251 0.6276 0.6296 0.6312 0.6324 0.6331
59 0.6499 0.6525 0.6547 0.6563 0.6575 0.6582
60 0.6753 0.6780 0.6802 0.6820 0.6832 0.6839
61 0.7013 0.7041 0.7064 0.7082 0.7004 0.7102
62 0.7278 0.7307 0.7330 0.7349 0.7362 0.7370
63 0.7548 0.7578 0.7603 0.7622 0.7636 0.7644
64 0.7824 0.7855 0.7881 0.7901 0.7915 0.7924
65 0.8105 0.8138 0.8164 0.8185 0.8200 0.8209
66 0.8393 0.8426 0.8454 0.8475 0.8490 0.8499
67 0.8685 0.8720 0.8748 0.8771 0.8786 0.8796
68 0.8984 0.9020 0.9049 0.9072 0.9088 0.9098
69 0.9288 0.9325 0.9355 0.9379 0.9396 0.9406
70 0.9597 0.9636 0.9667 0.9692 0.9709 0.9720
71 0.9913 0.9952 0.9985 1.0010 1.0028 1.0039
72 1.0234 1.0275 1.0308 1.0335 1.0353 1.0364
73 1.0561 1.0603 1.0638 1.0665 1.0684 1.0696
T4 1.0894 1.0937 1.0973 1.1001 1.1021 1.1033
73 1.1232 1.1277 1.1314 1.1343 1.1363 1.1375
76 1.1577 1.1623 1.1661 1.1690 1.1712 1.1724
71 1.1927 1.1975 1.2014 1.2044 1.2066 1.2079
78 1.2283 1.2332 1.2372 1.2404 1.2426 1.2440
79 1.2645 1.2696 1.2737 1.2769 1.2792 1.2806
80 1.3013 1.3065 1.3108 1.3141 1.3165 1.3179
81 1.3387 1.3440 1.3484 1.3518 1.3543 1.3557
82 1.3767 1.3822 1.3867 1.3902 1.3927 1.3942
83 1.4152 1.4209 1.42535 1.4291 1.4317 1.4333
84 1.4544 1.4602 1.4650 1.4687 1.4714 1.4729
85 1.4942 1.5002 1.5051 1.5089 1.5116 1.5132
86 1.5346 1.5407 1.5457 1.5496 1.5524 1.5541
87 1.5756 1.5819 1.5870 1.5910 1.5939 1.5956
88 1.6172 1.6236 1.6289 1.6330 1.6360 1.6378
89 1.6594 1.6660 1.6714 1.6757 1.6787 1.6805
90 1.7022 1.7090 1.71435 1.7189 1.7220 1.7239
91 1.7456 1.7526 1.7583 1.7627 1.7659 1.7678
92 1.7897 1.7968 1.8027 1.8072 1.8105 1.8124
93 1.8343 1.8416 1.8476 1.8523 1.8557 1.8577
04 1.8796 1.8871 1.8933 1.8981 1.9015 1.9035
95 1.9255 1.9332 1.9395 1.9444 1.9479 1.9500
06 1.9720 1.9799 1.9863 1.9914 1.9950 1.9971
97 2.0192 2.0272 2.0338 2.0390 2.0427 2.0449
08 2.0669 2.0752 2.0820 2.0872 2.0910 2.0933
99 2.1153 2.1238 2.1307 2.1361 2.1400 2.1423
100 2.1644 2.1730 2.1801 2.1856 2.1896 2.1919
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SECTION 3—VOLUMETRIC SHRINKAGE REsuLTinG FrOM BLENDING LigHT Hyorocareons WiTH Cruoe QiLs

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units
I.:}ravit}r Light-Product Concentration
]?giﬂ;r:;ﬂ Percent Shrinkage
APT) 55 56 57 58 59 60
10 0.0115 0.0115 0.0115 0.0115 0.0114 0.0114
11 0.0143 0.0143 0.0143 0.0143 0.0142 0.0142
12 0.0174 0.0174 0.0174 0.0174 0.0173 0.0173
13 0.0209 0.0209 0.0209 0.0209 0.0208 0.0207
14 0.0248 0.0248 0.0247 0.0247 0.0246 0.0245
15 0.0290 0.0290 0.0290 0.0289 0.0288 0.0287
16 0.0336 0.0336 0.0336 0.0335 0.0334 0.0333
17 0.0386 0.0386 0.0385 0.0385 0.0384 0.0382
18 0.0440 0.0439 0.0439 0.0438 0.0437 0.0435
19 0.0497 0.0497 0.0496 0.0496 0.0494 0.0493
20 0.0559 0.0559 0.0558 0.0557 0.0556 0.0554
21 0.0625 0.0624 0.0624 0.0623 0.0621 0.0619
22 0.0695 0.0694 0.0693 0.0692 0.0690 0.0688
23 0.0769 0.0768 0.0767 0.0766 0.0764 0.0761
24 0.0847 0.0847 0.0846 0.0844 0.0842 0.0839
25 0.0930 0.0929 0.0928 0.0926 0.0924 0.0921
26 0.1017 0.1016 0.1015 0.1013 0.1010 0.1007
27 0.1108 0.1107 0.1106 0.1104 0.1101 0.1097
28 0.1204 0.1203 0.1202 0.1200 0.1196 0.1192
29 0.1304 0.1303 0.1302 0.1299 0.1296 0.1292
30 0.1409 0.1408 0.1407 0.1404 0.1400 0.1395
31 0.1518 0.1517 0.1516 0.1513 0.1509 0.1504
32 0.1632 0.1631 0.1630 0.1626 0.1622 0.1617
33 0.1751 0.1750 0.1748 0.1745 0.1740 0.1734
34 0.1874 0.1873 0.1871 0.1868 0.1863 0.1856
35 0.2002 0.2001 (0.1999 (0.1995 0.1990 0.1983
36 0.2135 0.2134 0.2132 0.2128 0.2122 0.2115
37 0.2272 0.2271 0.2269 0.2265 0.2259 0.2251
38 0.2415 0.2414 0.2411 0.2407 0.2400 0.2392
39 0.2562 0.2561 0.2558 0.2553 0.2547 0.2538
40 0.2714 0.2713 0.2710 0.2705 0.2698 0.2689
41 0.2872 0.2871 0.2867 0.2862 0.2854 0.2845
42 0.3034 0.3033 0.3029 0.3024 0.3016 0.3005
43 0.3201 0.3200 0.3196 0.3190 0.3182 0.3171
44 0.3373 0.3372 0.3368 0.3362 0.3353 0.3342
45 0.3551 0.3549 0.3545 0.3539 0.3529 0.3517
46 0.3733 0.3732 03727 0.3720 0.3711 0.3698
47 0.3921 0.3919 0.3915 0.3907 0.3897 0.3884
48 04113 04112 0.4107 0.4100 0.4089 0.4075
49 0.4311 0.4310 0.4305 0.4297 0.4286 0.4271
50 0.4515 04513 0.4508 0.4499 0.4488 0.4472
51 0.4723 0.4721 0.4716 0.4707 0.4695 0.4679
52 0.4937 0.4935 0.4930 0.4920 0.4907 0.4891
33 0.5156 0.5154 0.5148 0.5139 0.5125 0.5108
54 0.5381 0.5379 0.5373 0.5362 0.5348 0.5330
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CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units
Gravity Light-Product Concentration
[;gf;‘“*;‘" Percent Shrinkage
API) 55 56 57 58 59 60
55 0.5611 0.5608 0.5602 0.5592 0.5577 0.5558
56 0.5846 0.5844 0.5837 0.5826 0.5811 0.5791
57 0.6087 0.6084 0.6077 0.6066 0.6050 0.6029
58 0.6333 0.6330 0.6323 0.6311 0.6295 0.6273
59 0.6584 0.6582 0.6575 0.6562 0.6545 0.6523
60 0.6842 0.6839 0.6831 0.6819 0.6801 0.6777
61 0.7104 0.7102 0.7094 0.7080 0.7062 0.7038
62 0.7373 0.7370 0.7362 0.7348 0.7328 0.7303
63 0.7647 0.7644 0.7635 0.7621 0.7601 0.7575
64 0.7926 0.7923 0.7914 0.7899 0.7879 0.7852
635 0.8211 0.8208 0.8199 0.8184 0.8162 0.8134
66 0.8502 0.8499 0.8489 0.8474 0.84351 0.8422
67 0.8799 0.8796 0.8786 0.8769 0.8746 0.8716
68 0.9101 0.9098 0.9087 0.9070 0.9046 0.9016
69 0.9409 0.9406 0.9395 0.9377 0.9353 0.9321
70 0.9723 0.9719 0.9708 0.9690 0.9665 0.9632
71 1.0043 1.0039 1.0027 1.0009 0.9982 0.9948%
72 1.0368 1.0364 1.0352 1.0333 1.0306 1.0271
73 1.0699 1.0695 1.0683 1.0663 1.0635 1.0599
T4 1.1036 1.1032 1.1020 1.0999 1.0970 1.0933
73 1.1379 1.1375 1.1362 1.1341 1.1311 1.1272
76 1.1728 1.1724 1.1711 1.1689 1.1658 1.1618
77 1.2083 1.2078 1.2065 1.2042 1.2010 1.1969
T8 1.2444 1.2439 1.2425 1.2402 1.2360 1.2327
79 1.2811 1.2806 1.2791 1.2767 1.2734 1.2690
80 1.3183 1.3178 1.3163 1.3139 1.3104 1.3059
81 1.3562 1.3557 1.3542 1.3516 1.3480 1.3434
82 1.3947 1.3941 1.3926 1.3900 1.3863 1.3816
83 1.4338 1.4332 1.4316 1.4289 1.4251 1.4203
84 1.4735 1.4729 1.4712 1.4685 1.4646 1.4596
85 1.5138 1.5132 1.5115 1.5086 1.5046 1.4995
86 1.5547 1.5541 1.5523 1.5494 1.5453 1.5400
87 1.5962 1.5956 1.5938 1.5908 1.5866 1.5812
88 1.6383 1.6377 1.6358 1.6328 1.6285 1.6229
89 1.6811 1.6804 1.6785 1.6754 1.6710 1.6653
90 1.7245 1.7238 1.7218 1.7186 1.7141 1.7082
91 1.7685 1.7678 1.7658 1.7625 1.7578 1.7518
92 1.8131 1.8124 1.8103 1.8069 1.8022 1.7960
93 1.8583 1.8576 1.8555 1.8520 1.8471 1.8408
94 1.9042 1.9035 1.9013 1.8977 1.8927 1.8863
95 1.9507 1.9499 1.9477 1.9441 1.9390 1.9323
96 1.9978 1.9971 1.9948 1.9911 1.9858 1.9790
97 2.0456 2.0448 2.0425 2.0387 2.0333 2.0263
98 2.0940 2.0932 2.0908 2.0869 2.0814 2.0743
99 2.1430 2.1422 2.1398 2.1358 2.1301 2.1229
100 2.1927 2.1919 2.1894 2.1853 2.1795 2.1721
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SeEcTION 3—VoLUMETRIC SHRINKAGE RESuLTinG FroM BLENDING LiGHT HyDRocareonSs WiTH CrUDE QILs

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units

'l;}l'ﬂ"-’it}’ Light-Product Concentration
?&;ﬁ:ﬂ Percent Shrinkage
API) 61 62 63 64 65 66
10 0.0114 0.0113 0.0112 0.0112 0.0111 0.0110
11 0.0141 0.0140 0.0140 0.0139 0.0138 0.0136
12 0.0172 0.0171 0.0170 0.0169 0.0168 0.0166
13 0.0206 0.0205 0.0204 0.0203 0.0201 0.0200
14 0.0244 0.0243 0.0242 0.0240 0.0238 0.0236
13 0.0286 0.0285 0.0283 0.0281 0.0279 0.0277
16 0.0331 0.0330 0.0328 0.0326 0.0323 0.0321
17 0.0381 0.0379 0.0376 0.0374 0.0371 0.0368
18 0.0434 0.0431 0.0429 0.0426 0.0423 0.0419
19 0.0490 0.0488 0.0485 0.0482 0.0478 0.0474
20 0.0551 0.0549 0.0545 0.0542 0.0538 0.0533
21 0.0616 0.0613 0.0610 0.0605 0.0601 0.0596
22 0.0685 0.0682 0.0678 0.0673 0.0668 0.0662
23 0.0758 0.0754 0.0750 0.0745 0.0739 0.0733
24 0.0835 0.0831 0.0826 0.0821 0.0815 0.0808
25 0.0917 0.0912 0.0907 0.0901 0.0894 0.0887
26 0.1003 0.0998 0.0952 0.0985 0.0978 0.0970
27 0.1093 0.1087 0.1081 0.1074 0.1066 0.1057
28 0.1187 0.1181 0.1175 0.1167 0.1158 0.1148
29 0.1286 0.1280 0.1272 0.1264 0.1254 0.1244
30 0.1390 0.1383 0.1375 0.1365 0.1355 0.1344
31 0.1497 0.1490 0.1481 0.1471 0.1460 0.1448
32 0.1610 0.1602 0.1592 0.1582 0.1570 0.1557
33 0.1727 0.1718 0.1708 0.1697 0.1684 0.1670
34 0.1849 0.1839 0.1829 0.1816 0.1803 0.1787
33 0.1975 0.1965 0.1953 0.1940 0.1926 0.1910
36 0.2106 0.2095 0.2083 0.2069 0.2054 0.2036
37 0.2242 0.2230 0.2217 0.2203 0.2186 0.2168
38 0.2382 0.2370 0.2356 0.2341 0.2323 0.2303
39 0.2527 0.2515 0.2500 0.2483 0.2465 0.2444
40 0.2678 0.2664 0.2649 0.2631 0.2611 0.2589
41 0.2833 0.2818 0.2802 0.2783 0.2762 0.2739
42 0.2993 0.2978 0.2960 0.2941] 0.2918 0.2894
43 0.3158 0.3142 0.3124 0.3103 0.3079 0.3053
44 0.3328 0.3311 0.3292 0.3270 0.3245 0.3218
45 0.3502 0.3485 0.3465 0.3442 0.3416 0.3387
46 0.3682 0.3664 0.3643 0.3618 0.3591 0.3561
47 0.3868 0.3848 0.3826 0.3800 0.3772 0.3740
48 0.4058 0.4037 0.4014 0.3987 0.3957 0.3924
49 0.4253 0.4232 0.4207 0.4179 0.4148 0.4113
50 0.4453 0.4431 0.4405 0.4376 0.4343 0.4300
31 0.4659 0.4636 0.4609 0.4578 0.4544 0.4505
52 0.4870 0.4846 0.4817 0.4785 0.4749 0.4709
53 0.5086 0.5061 - 05031 0.4998 (.4960 0.4913
34 0.5308 0.5281 0.5250 0.5215 0.5176 0.5132
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CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units
Gravity Light-Product Concentration
ﬁ?:;e Percent Shrinkage
API) 61 62 63 64 65 66
55 0.5534 0.5507 0.5475 0.5438 0.5397 0.5352
56 0.5767 0.5738 0.5704 0.5666 0.5624 0.5576
57 0.6004 0.5974 0.5939 0.5900 0.5855 0.5806
58 0.6247 0.6216 0.6179 0.6138 0.6092 0.6041
59 0.6495 0.6463 0.6425 0.6382 0.6334 0.6281
60 0.6749 0.6715 0.6676 0.6632 0.6582 0.6526
61 0.7008 0.6973 0.6932 0.6886 0.6834 0.6777
62 0.7273 0.7236 0.7194 0.7146 0.7092 0.7033
63 0.7543 0.7505 0.7462 0.7412 0.7356 0.7294
64 0.7819 0.7780 0.7734 0.7683 0.7625 0.7561
65 0.8100 0.8060 0.8013 0.7959 0.7899 0.7833
66 0.8387 0.8345 0.8296 0.8241 0.8179 0.8110
67 0.8680 0.8636 0.8586 0.8529 0.8464 0.8393
68 0.8978 0.8933 0.8881 0.8822 0.8755 0.8681
69 0.9282 0.9235 0.9181 0.9120 0.9051 0.8975
70 0.9591 0.9543 0.9488 0.9424 0.9353 0.9274
71 0.9906 0.9857 0.9799 0.9734 0.9661 0.9579
72 1.0227 1.0176 1.0117 1.0050 0.9974 0.9850
73 1.0554 1.0501 1.0440 1.0371 1.0292 1.0206
74 1.0887 1.0832 1.0769 1.0697 1.0617 1.0527
75 1.1225 1.1169 1.1104 1.1030 1.0947 1.0854
76 1.1569 1.1511 1.1444 1.1368 1.1282 1.1187
77 1.1919 1.1860 1.1791 1.1712 1.1624 1.1526
78 1.2275 1.2214 1.2143 1.2062 1.1971 1.1870
79 1.2637 1.2574 1.2500 1.2417 1.2323 1.2219
80 1.3004 1.2939 1.2864 1.2778 1.2682 1.2575
81 1.3378 1.3311 1.3234 1.3145 1.3046 - 1.2936
32 1.3758 1.3689 1.3609 1.3518 1.3416 1.3303
83 1.4143 1.4072 1.3990 1.3897 1.3792 1.3676
34 1.4535 1.4462 1.4378 1.4282 1.4174 1.4055
85 1.4932 1.4858 1.4771 1.4672 1.4562 1.4439
86 1.5336 1.5259 1.5170 1.5069 1.4955 1.4829
87 1.5745 1.5667 1.5575 1.5471 1.5355 1.5225
338 1.6161 1.6080 1.5987 1.5880 1.5760 1.5627
89 1.6583 1.6500 1.6404 1.6294 1.6172 1.6035
20 1.7011 1.6926 1.6827 1.6715 1.6589 1.6449
21 1.7445 1.7357 1.7256 1.7141 1.7012 1.6868
92 1.7885 1.7795 1.7692 1.7574 1.7441 1.7294
93 1.8331 1.8239 1.8133 1.8012 1.7876 1.7726
94 1.8784 1.8690 1.8581 1.8457 1.8318 1.8163
05 1.9242 1.9146 1.9035 1.8908 1.8765 1.8607
06 1.9707 1.9609 1.9495 1.9365 1.9219 1.9056
97 2.0178 2.0078 1.9961 1.9827 1.9678 1.9512
08 2.0656 2.0553 2.0433 2.0297 2.0144 1.9974
99 2.1140 2.1034 2.0911 2.0772 2.0615 2.0441
100 2.1630 2.1521 2.1396 2.1253 2.1003 2.0915
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SECTION 3—VOLUMETRIC SHRINKAGE REsSULTING FrROM BLENDING LIGHT HYDROCARBONS WITH CrUDE OILS

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units

Gravity Light-Product Concentration
?Dﬁ;:f ;ﬂ: Percent Shrinkage
API) 67 68 69 70 71 72
10 0.0109 0.0108 0.0106 0.0105 0.0104 0.0102
11 0.0135 0.0134 0.0132 0.0131 0.0129 0.0127
12 0.0165 0.0163 0.0161 0.0159 0.0157 0.0155
13 0.0198 0.0196 0.0194 0.0191 0.0189 0.0186
14 0.0234 0.0232 0.0229 0.0226 0.0223 0.0220
15 - 0.0274 0.0271 0.0268 0.0265 0.0261 0.0257
16 0.0318 0.0314 0.0311 0.0307 0.0303 0.0298
17 0.0365 0.0361 0.0357 0.0352 0.0348 0.0342
18 0.0415 0.0411 0.0406 0.0401 0.0396 0.0390
19 0.0470 0.0465 0.0460 0.0454 0.0448 0.0441
20 0.0528 0.0523 0.0517 0.0510 0.0503 0.0496
21 0.0590 0.0584 0.0578 0.0570 0.0563 0.0554
22 0.0656 0.0650 0.0642 0.0634 0.0626 0.0616
23 0.0726 0.0719 0.0711 0.0702 0.0692 0.0682
24 0.0800 0.0792 0.0783 0.0773 0.0763 0.0752
25 0.0878 0.0869 0.0859 0.0849 0.0837 0.0825
26 0.0961 0.0951 0.0940 0.0928 0.0916 0.0902
27 0.1047 0.1036 0.1024 0.1012 0.0998 0.0983
28 0.1137 0.1126 0.1113 0.1099 0.1084 0.1068
29 0,1232 0.1219 0.1206 0.1191 0.1175 0.1157
30 0.1331 0.1317 0.1302 0.1286 0.1269 0.1250
31 0.1434 0.1420 0.1404 0.1386 0.1367 0.1347
32 0.1542 0.1526 0.1509 (0.1490 0.1470 0.1449
33 0.1654 0.1637 0.1619 0.1598 0.1577 0.1554
34 0.1771 0.1752 0.1733 0.1711 0.1688 0.1663
35 0.1892 0.1872 (.1851 0.1828 0.1803 0.1777
36 0.2017 0.1996 (L1974 0.1949 0.1923 (0.1895
37 0.2147 0.2125 0.2101 0.2075 0.2047 0.2017
38 0.2282 0.2258 0.2233 0.2205 0.2175 0.2143
39 0.2421 0.2396 0.2369 0.2340 0.2308 0.2274
40 0.2565 0.2538 0.2510 0.2479 0.2445 0.2409
41 0.2713 0.2685 0.2655 0.2622 0.2587 0.2549
42 0.2867 0.2837 0.2805 0.2770 0.2733 0.2693
43 0.3025 0.2993 0.2960 0.2923 0.2883 0.2841
44 0.3187 0.3155 0.3119 0.3080 0.3039 0.2994
45 0.3355 0.3320 0.3283 0.3242 0.3198 0.3151
46 0.3527 0.3491 0.3451 0.3409 0.3363 0.3313
47 0.3705 0.3666 0.3625 0.3580 0.3532 0.3480
48 0.3887 0.3847 (0.3803 0.3756 (0.3705 0.3651
49 0.4074 0.4032 0.3986 0.3937 0.3884 0.3827
50 0.4266 0.4222 0.4174 0.4122 0.4067 0.4007
51 0.4463 0.4417 0.4367 0.4313 0.4255 0.4192
52 0.4665 0.4617 0.4565 0.4508 0.4447 0.4382
53 0.4872 0.4822 0.4767 0.4708 0.4645 0.4577
54 0.5084 0.5032 0.4975 0.4913 0.4847 0.4776
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CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units
Gravity Light-Product Concentration
D&i:;? Percent Shrinkage
API) 67 68 69 70 71 T2
55 0.5302 0.5247 0.5187 0.5123 0.5054 0.4980
56 0.5524 0.5467 0.5405 0.5338 0.5266 0.5189
57 0.5751 0.5692 0.5627 0.5558 0.5483 0.5402
58 0.5984 0.5922 0.5855 0.5782 0.5704 0.5621
5% 0.6222 0.6158 0.6088 0.6012 0.5931 0.5844
60 0.6465 0.6398 0.6326 0.6247 0.6163 0.6073
61 0.6713 0.6644 0.6568 0.6487 0.6400 0.6306
62 0.6967 0.6895 0.6817 0.6732 0.6641 0.6544
63 0.7226 0.7151 0.7070 0.6982 0.6888 0.6787
64 0.7490 0.7412 0.7328 0.7237 0.7140 0.7035
65 0.7759 0.7679 0.7592 0.7498 0.7397 0.7288
66 0.8034 0.7951 0.7861 0.7763 0.7659 0.7547
67 0.8314 0.8228 0.8135 0.8034 0.7926 0.7810
68 0.8600 0.8511 0.8415 0.8310 0.8198 0.8078
69 0.8891 0.8799 0.8699 0.8592 0.8476 0.8352
70 09188 0.9093 0.8989 0.8878 0.8758 0.8630
71 0.9489 0.9391 0.9285 0.9170 0.9046 0.8914
72 0.9797 0.9696 0.9586 0.9467 0.9339 0.9203
73 1.0110 1.0006 0.9892 0.9770 0.9638 0.9497
74 1.0429 1.0321 1.0204 1.0077 0.9941 0.9796
75 1.0753 1.0641 1.0521 1.0390 1.0250 1.0100
76 1.1082 1.0968 1.0843 1.0709 1.0565 1.0410
77 1.1418 1.1300 1.1171 1.1033 1.0884 1.0725
T8 1.1758 1.1637 1.1505 1.1362 1.1209 1.1045
79 1.2105 1.1980 1.1844 1.1697 1.1540 1.1371
80 1.2457 1.2328 1.2189 1.2038 1.1875 1.1701
81 1.2815 1.2683 1.2539 1.2383 1.2216 1.2038
82 1.3179 1.3042 1.2895 1.2735 1.2563 1.2379
83 1.3548 1.3408 1.3256 1.3092 1.2915 1.2726
84 1.3923 1.3779 1.3623 1.3454 1.3273 1.3078
85 1.4304 1.4156 1.3995 1.3822 1.3636 1.3436
86 1.4690 1.4538 1.4374 1.4196 1.4004 1.3799
87 1.5083 1.4927 1.4758 1.4575 1.4378 1.4168
88 1.5481 1.5321 1.5147 1.4960 1.4758 1.4542
89 1.5885 1.5721 1.5542 1.5350 1.5143 1.4921
90 1.6295 1.6126 1.5943 1.5746 1.5534 1.5306
91 1.6710 1.6538 1.6350 1.6148 1.5930 1.5697
92 1.7132 1.6955 1.6763 1.6555 1.6332 1.6093
93 1.7560 1.7378 1.7181 1.6968 1.6739 1.6494
94 1.7993 1.7807 1.7605 1.7387 1.7153 1.6901
05 1.8432 1.8242 1.8035 1.7812 1.7571 1.7314
96 1.8878 1.8683 1.8471 1.8242 1.7996 1.7732
97 1.9329 1.9129 1.8913 1.8678 1.8426 1.8156
98 1.9787 1.9582 1.9360 1.9120 1.8862 1.8586
99 2.0250 2.0041 1.9813 1.9568 1.9304 1.9021
100 2.0719 2.0505 2.0273 2.0022 1.9751 1.9462
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SECTION 3—VOLUMETRIC SHRINKAGE RESULTING FROM BLENDING LiGHT HYDROCARBONS WITH CrUDE OILS

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units

Gravity Light-Product Concentration
I?gi?ﬁlic Percent Shrinkage
AFT) 73 74 75 76 77 78
10 0.0101 0.0099 0.0097 0.0095 0.0093 0.0091
11 0.0125 0.0123 0.0120 0.0118 0.0116 0.0113
12 0.0152 0.0150 0.0147 0.0144 0.014] 0.0138
13 0.0183 0.0180 0.0176 0.0173 0.0169 0.0165
14 0.0216 0.0213 0.0209 0.0205 0.0200 0.0196
15 0.0253 0.0249 0.0244 0.0240 0.0234 0.0229
16 0.0294 0.0288 0.0283 0.0277 0.0272 0.0265
17 0.0337 0.0331 0.0325 0.0319 0.0312 0.0305
13 0.0384 0.0377 0.0370 0.0363 0.0355 0.0347
19 0.0434 0.0427 0.0419 0.0411 0.0402 0.0392
20 0.0458 0.0480 0.0471 0.0462 0.0452 0.0441
21 0.0546 0.0536 0.0526 0.0516 0.0505 0.0493
22 0.0607 0.0596 0.0585 0.0574 0.0561 0.0548
23 0.0671 0.0660 0.0648 0.0635 0.0621 0.0607
24 0.0740 0.0727 0.0714 0.0699 0.0684 0.0668
25 0.0812 0.0798 0.0783 0.0768 0.0751 0.0734
26 0.0888 0.0873 0.0857 0.0839 0.0821 0.0802
27 0.0968 0.0951 0.0934 0.0915 0.0895 0.0874
28 0.1051 (0.1033 0.1014 0.0994 0.0973 0.0950
29 0.1139 01119 0.1099 0.1077 0.1054 0.1029
30 0.1231 0.1209 0.1187 0.1163 0.1138 0.1112
31 0.1326 0.1303 0.1279 0.1254 0.1227 0.1198
32 0.1426 . 0.1401 0.1375 0.1348 0.1319 0.1288
33 0.1529 0.1503 0.1475 0.1446 0.1414 0.1382
34 0.1637 0.1609 0.1579 0.1547 0.1514 0.1479
35 0.1749 0.1719 0.1687 0.1653 0.1618 0.1580
36 0.1865 0.1833 0.1799 0.1763 0.1725 0.1685
37 0.1985 0.1951 0.1915 0.1876 0.1836 0.1793
38 0.2109 0.2073 0.2035 0.1994 0.1951 0.1906
39 0.2238 0.2200 0.2159 0.2116 0.2070 0.2022
40 0.2371 0.2330 0.2287 0.2242 0.2193 0.2142
4] 0.2508 0.2465 0.2420 0.2371 0.2320 0.2266
42 0.2650 0.2605 0.2556 0.2505 0.2451 0.2394
43 0.2796 0.2748 0.2697 0.2643 0.2586 0.2526
44 0.2947 0.2896 0.2842 0.2786 0.2726 0.2662
45 0.3101 0.3048 0.2992 0.2932 0.2869 0.2802
46 0.3261 0.3205 0.3146 0.3083 0.3016 0.2946
47 0.3425 0.3366 0.3304 0.3238 0.3168 0.30094
48 0.3593 0.3532 0.3466 0.3397 0.3324 0.3246
49 0.3766 0.3702 0.3633 0.3560 0.3484 0.3403
50 0.3944 0.3876 0.3804 0.3728 0.3648 0.3563
51 0.4126 0.4055 0.3980 0.3900 0.3816 0.3728
52 (0.4313 0.4239 0.4160 0.4077 (0.3989 0.3896
53 0.4504 0.4427 0.4345 0.4258 0.4166 0.4069
54 0.4700 0.4619 0.4534 0.4443 0.4348 0.4247
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CHAPTER 12—CaLcuLaTioN oF PETROLEUM QUANTITIES

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units
Gravity Light-Product Concentration
Dg;::: Percent Shrinkage
API) 73 74 75 76 77 78

55 0.4901 04817 04728 0.4633 0.4533 0.4428
56 0.5106 0.5019 0.4926 0.4827 0.4723 0.4614
57 0.5317 0.5225 0.5129 0.5026 0.4918 0.4804
58 0.5532 0.5437 0.5336 0.5229 0.5117 0.4998
39 0.5752 0.5653 0.5548 0.5437 0.5320 0.5197
60 0.5976 0.5874 0.5765 0.5650 0.5528 0.5400
61 0.6206 0.6099 0.5986 0.5867 0.5740 0.5607
62 0.6440 0.6330 0.6212 0.6088 0.5957 0.5819
63 0.6679 0.6565 0.6443 0.6315 0.6178 0.6035
64 0.6924 0.6805 0.6679 0.6545 0.6404 0.6256
65 0.7173 0.7050 0.6919 0.6781 0.6635 0.6481
66 0.7427 0.7299 0.7164 0.7021 0.6870 0.6710
67 0.7686 0.7554 0.7414 0.7266 0.7109 0.6944
68 0.7950 0.7814 0.7669 0.7516 0.7354 0.7183
69 0.8219 0.8078 0.7928 0.7770 0.7603 0.7426
70 0.8493 0.8347 0.8193 0.8029 0.7856 0.7674
71 0.8772 0.8622 0.8462 0.8293 0.8114 0.7926
12 0.9057 0.8901 0.8736 (.8562 0.8377 0.8183
73 0.9346 0.9186 0.9015 0.8835 0.8645 0.8444
74 0.9640 0.9475 0.9299 09114 0.8917 0.8710
75 0.9940 0.9769 0.9588 0.9397 0.9194 0.8981
76 1.0245 1.0069 0.9882 0.9685 0.9476 0.9256
77 1.0555 1.0374 1.0181 0.9978 0.9763 0.9536
78 1.0870 1.0683 1.0485 1.0276 1.0054 0.9821]
79 1.1190 1.0998 1.0794 1.0579 1.0351 1.0110
20 1.1516 1.1318 1.1109 1.0886 1.0652 1.0404
81 1.1847 1.1643 1.1428 1.1199 1.0958 1.0703
82 1.2183 1.1974 1.1752 1.1517 1.1269 1.1007
83 1.2524 1.2300 1.2081 1.1840 1.1585 1.1315
34 1.2871 1.2650 1.2416 1.2167 1.1905 1.1629
83 1.3223 1.2996 1.2755 1.2500 1.2231 1.1947
86 1.3580 1.3347 1.3100 1.2838 1.2561 1.2270
87 1.3943 1.3704 1.3450 1.3181 1.2897 1.2597
28 1.4311 1.4065 1.3805 1.3529 1.3237 1.2930
89 1.4684 1.4432 1.4165 1.3882 1.3583 1.3267
90 1.5063 1.4805 1.4531 1.4240 1.3933 1.3610
91 1.5448 1.5183 1.4901 1.4604 1.4289 1.3957
92 1.5837 1.5566 1.5277 1.4972 1.4649 1.4309
93 1.6233 1.5954 1.5659 1.5346 1.5015 1.4666
94 1.6633 1.6348 1.6045 1.5724 1.5386 1.5028
93 1.7039 1.6747 1.6437 1.6108 1.5761 1.5395
96 1.7451 1.7152 1.6834 1.6498 1.6142 1.5767
97 1.7868 1.7562 1.7237 1.6892 1.6528 1.6144
98 1.8291 1.7977 1.7644 1.7292 1.6919 1.6526
99 1.8720 1.8398 1.8058 1.7697 1.7315 1.6913
100 1.9153 1.8825 1.8476 1.8107 1.7717 1.7305

Copyright American Patraleum Institute

Pravided by IHS under licensea with AP

Mo reproduction or natwarking parmitted without licansa fram IHS Mat for Rasala



SecTioN 3—VoLumeTRIC SHARINKAGE ReEsuLTinGg From BLeEnDING LigHT HyprocareBons WITH Crupe Qs

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units

Gravity Light-Product Concentration
?&?ﬁl‘;ﬂ Percent Shrinkage
API) 79 80 81 82 83 84
10 0.0089 0.0086 0.0084 0.0081 0.0078 0.0075
11 0.0110 0.0107 0.0104 0.0101 0.0097 0.0094
12 0.0134 0.0131 0.0127 0.0123 0.0119 0.0114
13 0.0161 0.0157 0.0152 0.0147 0.0142 0.0137
14 0.0191 0.0186 0.0180 0.0174 0.0169 0.0162
15 0.0223 0.0217 0.0211 0.0204 0.0197 0.0190
16 0.0259 0.0252 0.0244 0.0237 0.0228 0.0220
17 0.0297 0.0289 0.0280 0.0272 0.0262 0.0253
18 0.0338 0.0329 0.0319 0.0309 0.029% 0.0288
19 0.0383 0.0372 0.0361 0.0350 0.0338 0.0326
20 0.0430 0.0418 0.0406 0.0393 0.0380 0.0366
21 0.0481 0.0463 0.0454 0.0440 0.0425 0.0409
22 0.0534 0.0520 0.0505 0.0489 0.0472 0.0455
23 0.0591 0.0575 0.0559 0.0541 0.0523 0.0503
24 0.0652 0.0634 0.0616 0.0596 0.0576 0.0535
25 0.0715 0.0696 0.0676 0.0654 0.0632 0.0609
26 0.0782 0.0761 0.0739 0.0716 0.0691 0.0666
27 0.0852 0.0829 0.0805 0.0780 0.0753 0.0725
28 0.0926 0.0901 0.0875 0.0847 0.0818 0.0788
29 0.1003 0.0976 0.0948 0.0918 0.0887 0.0854
30 0.1084 0.1055 0.1024 0.0992 0.0958 0.0922
31 0.1168 0.1137 0.1103 0.1069 0.1032 0.0994
32 0.1256 0.1222 0.1186 0.1149 0.1110 0.1069
33 0.1347 0.1311 0.1272 0.1232 0.1190 0.1146
34 0.1442 0.1403 0.1362 0.1319 0.1274 0.1227
33 0.1540 0.1499 0.1455 0.1409 0.1361 0.1311
36 0.1643 0.1598 0.1552 0.1503 0.1452 0.1398
37 0.1748 0.1701 0.1652 0.1600 0.1545 0.1438
38 0.1858 0.1808 0.1755 0.1700 0.1642 0.1581
39 0.1971 0.1918 0.1862 0.1804 0.1742 0.1678
40 0.2089 0.2032 0.1973 0.1911 0.1846 0.1777
41 0.2210 0.2150 0.2087 0.2021 0.1953 0.1880
42 0.2334 0.2271 0.2205 0.2136 0.2063 0.1987
43 0.2463 0.2397 0.2327 0.2253 0.2177 0.2096
44 0.2596 0.2525 0.2452 0.2375 0.2294 0.2209
45 0.2732 0.2658 0.2581 0.249% 0.2414 0.2325
46 0.2872 0.2795 0.2713 0.2628 0.2538 0.2444
47 0.3017 0.2935 0.2850 0.2760 0.2666 0.2567
48 0.3165 0.3080 0.2990 (.2896 0.2797 0.2694
49 0.3317 0.3228 0.3134 0.3035 0.2932 0.2823
50 0.3474 0.3380 0.3281 0.3178 0.3070 0.2956
31 0.3634 0.3536 0.3433 0.3325 0.3212 0.3093
32 0.3799 0.3696 0.3588 0.3475 0.3357 0.3233
53 0.3967 0.3860 0.3748 0.3630 0.3506 0.3376
34 0.4140 0.4028 0.3911 0.3788 0.3659 0.3523
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CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units
Gravity Light-Product Concentration
E;gfc?;? Percent Shrinkage
API) 79 80 81 82 83 84
55 0.4317 0.4200 0.4078 0.3950 0.3815 0.3674
56 0.4498 0.4377 0.4249 0.4115 0.3975 0.3828
57 0.4683 0.4557 0.4424 0.4285 0.4139 0.3986
58 0.4873 0.4741 0.4603 0.4458 0.4306 0.4147
59 0.5066 0.4930 0.4786 0.4635 0.4477 0.4312
60 0.5264 0.5122 0.4973 0.4816 0.4652 0.4480
61 0.5467 0.5319 0.5164 0.5001 0.4831 0.4652
62 0.5673 0.5520 0.5359 0.5190 0.5013 0.4828
63 0.5884 0.5725 0.5558 0.5383 0.5199 0.5007
64 0.6099 0.5934 0.5761 0.5580 0.5389 0.5190
65 0.6318 06148 0.5968 0.5780 0.5583 0.5377
66 0.6542 0.6365 0.6180 0.5985 0.5781 0.5567
67 0.6770 0.6587 0.6395 0.6194 0.5983 0.5762
68 0.7003 0.6814 0.6615 0.6407 0.6188 0.5960
69 0.7240 0.7044 0.6835 0.6624 0.6398 0.6161
70 0.7481 0.7279 0.7067 0.6845 0.6611 0.6367
71 0.7727 0.7519 0.7299 0.7069 0.6828 0.6576
72 0.7978 0.7762 0.7536 0.7299 0.7050 0.6789
73 0.8233 0.8010 0.7777 0.7532 0.7275 0.7006
74 0.8492 0.8263 0.8022 0.7769 0.7504 0.7227
75 0.8756 0.8519 0.8271 0.8010 0.7737 0.7451
76 0.9024 0.8781 0.8525 0.8256 0.7975 0.7680
77 0.9297 0.9046 0.8783 0.8506 0.8216 0.7912
78 0.9575 0.9316 0.9045 0.8760 0.8461 0.8148
79 0.9857 0.9591 0.9311 0.9018 0.8710 0.8388
80 1.0144 0.9870 0.9582 0.9280 0.8964 0.8632
81 1.0435 1.0153 0.9857 0.9547 0.9221 0.8880
82 1.0731 1.0442 1.0137 0.9818 0.9483 0.9132
83 1.1032 1.0734 1.0421 1.0093 0.9749 0.9388
84 1.1338 1.1031 1.0710 1.0372 1.0019 0.9648
85 1.1648 1.1333 1.1003 1.0656 1.0293 0.9912
86 1.1962 1.1639 1.1300 1.0944 1.0571 1.0180
87 1.2282 1.1950 1.1602 1.1236 1.0853 1.0452
88 1.2606 1.2266 1.1908 1.1533 1.1140 1.0728
89 1.2935 1.2586 1.2219 1.1834 1.1430 1.1008
90 1.3269 1.2910 1.2534 1.2139 1.1725 1.1292
91 1.3607 1.3240 1.2854 1.2449 1.2024 1.1580
92 1.3951 1.3574 1.3178 1.2763 1.2328 1.1872
93 1.4299 1.3913 1.3507 1.3082 1.2636 1.2168
94 1.4652 1.4256 1.3841 1.3404 1.2947 1.2469
95 1.5010 1.4604 1.4179 1.3732 1.3264 1.2773
96 1.5372 1.4957 1.4521 1.4064 1.3584 1.3082
97 1.5740 1.5315 1.4868 1.4400 1.3909 1.3395
08 1.6112 1.5677 1.5220 1.4741 1.4238 1.3712
99 1.6490 1.6044 1.5576 1.5086 1.4571 1.4033
100 1.6872 1.6416 1.5938 1.5435 1.4909 1.4358
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SecTion 3—VoLUMETRIC SHRINKAGE ReEsuLTing FroM BLenDing LiIGHT Hyprocareons WiTH Crupe OLs

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units

Gravity Light-Product Concentration
Igi;ﬂiﬂ Percent Shrinkage

API) 85 86 87 88 89 90
10 0.0072 0.0069 (0.0066 0.0062 0.0059 0.0055
11 0.0090 0.0086 0.0082 0.0078 0.0073 0.0068
12 0.0110 0.0105 (0.0100 0.0095 (.0085 0.0083
13 0.0132 0.0126 0.0120 0.0113 0.0107 0.0100
14 0.0156 0.0149 0.0142 0.0134 0.0127 0.0118
15 0.0182 0.0174 0.0166 0.0157 0.0148 0.0138
16 0.0211 0.0202 0.0192 0.0182 0.0172 0.0160
17 0.0242 0.0232 0.0221 0.0209 0.0197 0.0184
18 0.0276 0.0264 0.0251 0.0238 0.0224 0.0210
19 0.0312 0.0299 0.0284 0.0269 0.0254 0.0237
20 0.0351 0.0336 0.0320 0.0303 0.0285 0.0267
21 0.0393 0.0375 0.0357 0.0339 0.0319 0.0298
22 0.0437 0.0417 0.0397 0.0376 0.0355 0.0332
23 0.0483 0.0462 0.0440 0.0417 0.0392 0.0367
24 0.0532 0.0509 0.0485 0.0459 (.0432 0.0404
25 0.0584 0.0559 0.0532 0.0504 0.0474 0.0444
26 0.0639 0.0611 0.0582 0.0551 0.0519 0.0485
27 0.0696 0.0666 0.0634 0.0600 0.0566 0.0529
28 0.0756 0.0723 0.0689 0.0652 0.0614 0.0575
29 0.0819 0.0784 0.0746 0.0707 0.0666 0.0623
30 0.0885 0.0847 0.0806 0.0763 0.0719 0.0673
31 0.0954 0.0912 0.0869 0.0823 0.0775 0.0725
32 0.1026 0.0981 0.0934 0.0885 0.0833 0.0779
33 0.1100 0.1052 0.1002 0.0949 (0.0894 0.0836
34 0.1178 0.1126 0.1072 0.1016 0.0957 0.0895
35 0.1258 0.1203 0.1145 0.1085 0.1022 0.0956
36 0.1342 0.1283 0.1221 0.1157 0.1090 0.1019
37 0.1428 0.1366 0.1300 0.1232 0.1160 0.1085
38 0.1518 0.1451 0.1382 0.1309 0.1233 0.1153
39 0.1610 0.1540 0.1466 0.1389 0.1308 0.1223
40 0.1706 0.1631 0.1553 0.1471 0.1386 0.1296
41 0.1805 0.1726 0.1643 0.1556 0.1466 0.1371
42 0.1907 0.1823 0.1736 0.1644 0.1549 0.1448
43 0.2012 0.1924 0.1831 0.1735 0.1634 0.1528
44 0.2120 0.2027 0.1930 0.1828 0.1722 0.1610
45 0.2232 0.2134 0.2031 0.1924 0.1812 0.1695
46 0.2346 (0.2243 0.2136 0.2023 0.1906 0.1782
47 0.2464 0.2356 0.2243 0.2125 0.2001 0.1872
48 0.2585 0.2472 0.2353 0.2229 0.2100 0.1964
49 0.2710 0.2591 0.2467 0.2337 0.2201 0.2058
50 0.2837 0.2713 0.2583 0.2447 0.2305 0.2155
51 0.2968 0.2838 0.2702 0.2560 0.2411 0.2255
52 0.3103 0.2867 0.2825 0.2676 0.2520 0.2357
53 0.3241 0.3099 0.2950 0.2795 0.2632 0.2462
54 0.3382 0.3233 0.3078 0.2916 0.2747 0.2569
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CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units
f:'iravity Light-Product Concentration
IED'H::;E: Percent Shrinkage
API) 85 86 87 g8 39 90
55 0.3526 0.3372 0.3210 0.3041 0.2864 0.2679
56 0.3674 0.3513 0.3345 0.3168 0.2984 0.2791
57 0.3825 0.3658 0.3482 0.3299 0.3107 0.2906
58 0.3980 0.3806 0.3623 0.3432 0.3233 0.3023
59 0.4138 0.3957 0.3767 0.3569 0.3361 0.3144
60 0.4300 04111 0.3914 0.3708 0.3492 0.3266
61 0.4465 0.4265 0.4065 0.3851 0.3626 0.3392
62 0.4634 0.4431 0.4218 0.3996 0.3763 0.3520
63 0.4806 0.4595 0.4375 04144 0.3903 0.3651
64 0.4982 0.4763 0.4535 0.4296 0.4046 0.3784
65 0.5161 0.4935 0.4698 0.4451 0.4191 0.3920
66 0.5344 0.5109 0.4864 0.4608 0.4340 0.4059
67 0.5530 0.5288 0.5034 0.4769 0.4491 0.4201
68 0.5720 0.5469 0.5207 0.4933 0.4646 0.4345
69 0.5914 0.5654 0.5383 0.5100 0.4803 0.4492
70 0.6111 0.5843 0.5563 0.5270 0.4963 0.4642
71 0.6312 0.6035 0.5746 0.5443 0.5126 0.4795
72 0.6516 0.6231 0.5932 0.5619 0.5292 0.4950
73 0.6724 0.6430 0.6121 0.5799 0.5461 0.5108
74 0.6936 0.6632 0.6314 0.5982 0.5633 0.5269
75 0.7152 0.6838 0.6511 0.6167 0.5800 0.5433
76 0.7371 0.7048 0.6710 0.6357 0.5987 0.5599
77 0.7594 0.7261 0.6913 0.6549 0.6168 0.5769
78 0.7821 0.7478 0.7120 0.6744 0.6352 0.5941
79 0.8051 0.7698 0.7329 0.6943 0.6539 0.6116
80 0.8286 0.7922 0.7543 0.7145 0.6729 0.6294
81 0.8524 0.8150 0.7759 0.7350 0.6923 0.6475
82 0.8765 0.8381 0.7979 0.7559 0.7119 0.6658
83 0.9011 0.8616 0.8203 0.7771 0.7319 0.6845
84 0.9260 0.8855 0.8430 0.7986 0.7521 0.7035
85 0.9514 0.9097 0.8661 0.8204 0.7727 0.7227
86 0.9771 0.9343 0.8895 0.8426 0.7936 0.7422
87 1.0032 0.9592 0.9132 0.8651 0.8148 0.7620
88 1,0297 0.9845 0.9373 0.8880 0.8363 0.7822
89 1.0565 1.0102 0.9618 0.9111 0.8581 0.8026
90 1.0838 1.0363 0.9866 0.9346 0.8802 0.8233
91 1.1114 1.0627 1.0118 0.9585 0.9027 0.8443
92 1.1395 1.0896 1.0373 0.9827 0.9255 0.8656
93 1.1679 1.1167 1.0632 1.0072 0.9486 0.8872
94 1.1968 1.1443 1.0894 1.0320 0.9720 0.9091
95 1.2260 1.1723 1.1161 1.0573 0.9957 0.9313
96 1.2556 1.2006 1.1430 1.0828 1.0198 0.9538
97 1.2856 1.2293 1.1703 1.1087 1.0442 0.9766
98 1.3160 1.2584 1.1980 1.1349 1.0689 0.9997
99 1.3469 1.2878 1.2261 1.1615 1.0939 1.0231
100 1.3781 1.3177 1.2545 1.18584 1.1192 1.0468
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SECTION 3—VOLUMETRIC SHRINKAGE ResuLninGg FrRom BLENDING LIGHT HyDROCARBONS WITH CrRUDE OiLs

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units

Gravity Light-Product Concentration
]:E;i;r:{f Percent Shrinkage
API) 91 92 93 04 95 926
10 0.0051 0.0047 0.0042 0.0038 0.0033 0.0028
11 0.0063 0.0058 0.0053 0.0047 (L0041 0.0034
12 0.0077 0.0071 0.0064 0.0057 0.0050 0.0042
13 0.0093 (0.0085 0.0077 0.0069 0.0060 0.0050
14 0.0110 0.0101 0.0091 0.0081 0.0071 0.0060
15 0.0128 0.0118 0.0107 0.0095 0.0083 0.0070
16 0.0149 0.0137 0.0124 0.0110 0.0096 0.0081
17 0.0171 0.0157 0.0142 0.0127 0.0110 0.0093
18 0.0195 0.0179 0.0162 0.0144 0.0126 0.0106
19 0.0220 0.0202 0.0183 0.0163 0.0142 0.0120
20 0.0247 0.0227 0.0206 0.0183 0.0160 0.0134
21 0.0277 0.0254 0.0230 0.0205 0.0178 0.0150
22 0.0308 0.0282 0.0256 0.0228 0.0198 0.0167
23 0.0340 0.0312 0.0283 0.0252 0.0220 0.0185
24 0.0375 0.0344 0.0312 0.0278 0.0242 0.0204
25 0.0412 0.0378 0.0342 0.0305 0.0266 0.0224
26 0.0450 0.0413 0.0374 0.0334 0.0290 0.0244
27 0.0491 0.0450 0.0408 0.0364 0.0316 0.0266
28 0.0533 0.0489 0.0443 0.0395 0.0344 0.0289
29 0.0577 0.0530 0.0480 0.0428 0.0372 0.0314
30 0.0624 0.0573 0.0519 0.0462 0.0402 0.0339
31 0.0672 0.0617 0.0559 0.0498 0.0434 0.0365
32 0.0723 0.0663 0.0601 0.0536 0.0466 0.0392
33 0.0775 0.0712 0.0645 0.0574 0.0500 0.0421
34 0.0830 0.0762 0.0690 0.0615 0.0535 0.0451
35 0.0886 0.0814 0.0737 0.0657 0.0572 0.0481
36 0.0945 0.0868 0.0786 0.0701 0.0610 0.0513
37 0.1006 0.0924 0.0837 0.0746 0.0645 0.0546
38 0.1069 0.0982 0.0890 0.0792 0.0690 0.0581
39 0.1135 0.1042 0.0944 0.0841 0.0732 0.0616
40 0.1202 0.1103 0.1000 0.0891 0.0775 0.0653
41 0.1272 0.1167 0.1058 0.0942 0.0820 0.0690
42 0.1343 0.1233 0.1118 0.0996 0.0867 0.0729
43 0.1417 0.1301 0.1179 0.1050 0.0914 0.0770
44 0.1494 0.1371 0.1243 0.1107 0.0964 0.0811
45 0.1572 0.1443 0.1308 0.1165 0.1014 0.0854
46 0.1653 0.1518 0.1375 0.1225 0.1066 0.089%8
47 0.1736 0.1594 0.1444 0.1287 0.1120 0.0943
48 0.1822 0.1672 0.1515 0.1350 0.1175 0.0989
49 0.1909 0.1753 0.1588 0.1415 0.1232 0.1037
50 0.1999 0.1835 0.1663 0.1482 0.1290 0.1086
51 0.2092 0.1920 0.1740 0.1550 0.1349 0.1136
52 0.2186 (.2007 0.1819 0.1620 0.1410 0.1187
53 0.2283 0.2096 0.1899 0.1692 0.1473 0.1240
54 0.2383 (1.2187 0.1982 0.1766 0.1537 0.1294
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CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units
Gravity Light-Product Concentration
]:nge?: Percent Shninkage
APT) 91 92 93 94 95 96
55 0.2484 0.2281 0.2067 0.1841 0.1603 0.1349
56 0.2589 0.2376 0.2153 0.1918 0.1670 0.1406
57 0.2695 0.2474 0.2242 0.1997 0.1739 0.1463
58 0.2804 0.2574 0.2333 0.2078 0.1809 0.1523
59 0.2916 0.2677 0.2425 0.2161 0.1881 0.1583
60 0.3030 0.2781 0.2520 0.2245 0.1954 0.1645
61 0.3146 0.2888 0.2617 0.2331 0.2029 0.1708
62 0.3265 0.2997 0.2716 0.2419 0.2106 0.1773
63 0.3386 0.3109 0.2817 0.2509 0.2184 0.1839
64 0.3510 0.3222 0.2920 0.2601 0.2264 0.1906
65 0.3636 0.3338 0.3025 0.2695 0.2346 0.1974
66 0.3765 0.3456 0.3132 0.2790 0.2429 0.2044
67 0.3896 0.3577 0.3241 0.2887 0.2513 0.2116
68 0.4030 0.3700 0.3353 0.2987 0.2600 0.2188
69 0.4167 0.3825 0.3466 0.3088 0.2688 0.2262
70 0.4306 0.3953 0.3582 0.3191 0.2777 0.2338
71 0.4447 0.4082 0.3659 0.3296 0.2869 0.2415
72 0.4591 0.4215 0.3819 0.3402 0.2962 0.2493
73 0.4738 0.4349 0.3941 0.3511 0.3056 0.2573
74 0.4887 0.4486 0.4065 0.3622 0.3153 0.2654
75 0.5039 0.4626 0.4192 0.3734 0.3251 0.2736
76 0.5193 0.4768 0.4320 0.3849 0.3350 0.2820
77 0.5351 0.4912 0.4451 0.3965 0.3452 0.2905
78 0.5510 0.5059 0.4584 0.4084 0.3555 0.2992
79 0.5673 0.5208 0.4719 0.4204 0.3659 0.3080
80 0.5838 0.5359 0.4856 0.4326 0.3766 0.3170
81 0.6005 0.5513 0.4996 0.4451 0.3874 0.3261
82 0.6176 0.5670 0.5137 0.4577 0.3984 0.3353
83 0.6349 0.5828 0.5281 0.4705 0.4096 0.3447
84 0.6525 0.5990 0.5428 0.4835 0.4209 0.3543
85 0.6703 0.6154 0.5576 0.4968 0.4324 0.3640
86 0.6834 0.6320 0.5727 0.5102 0.444] 0.3738
87 0.7068 0.6489 0.5880 0.5238 0.4560 0.3838
88 0.7255 0.6660 0.6035 0.5376 0.4680 0.3939
89 0.7444 0.6834 0.6192 0.5517 0.4802 0.4042
90 0.7636 0.7010 0.6352 0.5659 0.4926 0.4146
91 0.7831 0.7189 0.6514 0.5803 0.5052 0.4252
92 0.8029 0.7370 0.6679 0.5950 0.5179 0.4359
93 0.8229 0.7554 0.6845 0.6098 0.5308 0.4468
94 0.8432 0.7741 0.7014 0.6249 0.5439 0.4579
95 0.8638 0.7930 0.7186 0.6401 0.5572 0.4690
96 0.8847 0.8121 0.7359 0.6556 0.5707 0.4804
97 0.9058 0.8316 0.7535 0.6713 0.5843 0.4919
98 0.9273 0.8512 0.7713 0.6872 0.5982 0.5035
99 0.9490 0.8712 0.78%4 0.7033 0.6122 0.5153
100 0.9710 0.8914 0.8077 0.7196 0.6263 0.5272
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SECTION 3—VOLUMETRIC SHRINKAGE ReEsuLTinGg From BLENDING LigHT HyDROCARBONS WiTH CRUDE OILS

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units

'?Il'ﬂ‘h"h}' Light-Product Concentration
Isgf;;;? Percent Shrinkage
API) 97 98 99
10 0.0022 0.0016 0.0009
11 0.0027 0.0020 0.0011
12 0.0033 0.0024 0.0014
13 0.0040 0.0029 0.0017
14 00048  0.0034 0.0020
15 0.0056 0.0040 0.0023
16 0.0065 0.0047 0.0027
17 0.0074 0.0054 0.0031
18 0.0084 0.0061 0.0035
19 0.0095 0.0069 0.0040
20 0.0107 0.0078 0.0045
21 0.0120 0.0087 0.0050
22 0.0133 0.0097 0.0055
23 0.0148 0.0107 0.0061
24 0.0163 0.0118 0.0067
25 0.0178 0.0129 0.0074
26 0.0195 0.0141 0.0081
27 0.0213 0.0154 0.0088
28 0.0231 0.0167 0.0096
29 0.0250 0.0181 0.0104
30 0.0270 0.0196 0.0112
31 0.0291 0.0211 0.0121
32 0.0313 0.0227 0.0130
33 0.0336 0.0244 0.0139
34 0.0360 0.0261 0.0149
35 0.0384 0.0279 0.0159
36 0.0410 0.0297 0.0170
37 0.0436 0.0316 0.0181
38 0.0464 0.0336 0.0192
39 0.0492 0.0356 0.0204
40 0.0521 0.0378 0.0216
4] 0.0551 0.0400 0.0229
42 0.0582 0.0422 0.0242
43 0.0614 0.0445 0.0255
44 0.0648 0.0469 0.0269
45 0.0682 0.0494 0.0283
46 0.0717 0.0519 0.0297
47 0.0753 0.0545 0.0312
48 0.0790 0.0572 0.0328
49 0.0828 0.0600 0.0343
50) 0.0867 0.0628 0.0360
51 0.0907 0.0657 0.0376
52 (0.0948 0.0687 0.0393
53 0.0990 0.0717 0.0411
54 0.1033 0.0749 0.0429
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42 CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

Table 3—Volumetric Shrinkage Table (Continued)

Customary Units
Gravity ' Light-Product Concentration
]:Ei?;‘: Percent Shrinkage
APT) o7 98 99
55 0.1077 0.0781 0.0447
56 0.1122 0.0813 0.0466
57 0.1168 0.0847 0.0485
58 0.1216 0.0881 0.0505
59 0.1264 0.0916 0.0525
60 0.1313 0.0952 0.0545
61 0.1364 0.0988 0.0566
62 0.1415 0.1026 0.0587
63 0.1468 0.1064 0.0609
64 0.1521 0.1103 0.0631
65 0.1576 0.1142 0.0654
66 0.1632 0.1183 0.0677
67 0.1689 0.1224 0.0701
68 0.1747 0.1266 0.0725
69 0.1806 0.1309 0.0750
70 0.1866 0.1353 0.0775
71 0.1928 0.1397 0.0800
12 0.1990 0.1443 0.0826
73 0.2054 0.1489 0.0852
74 0.2118 0.1536 0.0879
75 0.2184 0.1583 0.0807
76 0.2251 0.1632 0.0934
7 0.2319 0.1681 0.0963
78 0.2389 0.1731 0.0991
79 0.2459 0.1782 0.1021
80 0.2531 0.1834 0.1050
&1 0.2603 0.1887 0.1080
82 0.2677 0.1940 0.1111
83 0.2752 0.1995 0.1142
84 0.2828 0.2050 0.1174
83 0.2906 0.2106 0.1206
36 0.2984 0.2163 0.1239
&7 0.3064 0.2221 0.1272
38 0.3145 0.2279 ° 0.1305
89 0.3227 0.2339 0.1339
90 0.3310 0.2399 0.1374
91 0.3395 0.2460 0.1409
92 0.3480 0.2523 0.1444
03 0.3567 0.2586 0.1481
94 0.3655 0.2649 0.1517
95 0.3744 0.2714 0.1554
96 0.3835 0.2780 0.1592
97 0.3927 0.2846 0.1630
98 0.4019 0.2913 0.1668
99 04114 0.2982 0.1707
100 0.4209 0.3051 0.1747
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SECTION 3—VOLUMETRIC SHRINKAGE RESULTING FROM BLENDING LiGHT HyDrROCARBONS WITH CrUDE QILS

Table 4—Inverse Density Difference in m%kg x 103
for Light Hydrocarbon Densities from 580 to 890 kg/m?3 at 15°C and Heavy
Hydrocarbon Component Densities from 980 to 640 kg/m*® at 15°C

Light
C%“;ﬁ:;:;m Heavy Component Density (kg/m?)

(kg/m?) 980 970 960 950 940 930
380 0.7037 0.6932 0.6825 0.6715 0.6603 0.6489
590 0.6745 0.6640 0.6532 0.6423 0.6311 0.6196
600 0.6463 0.6357 0.6250 0.6140 0.6028 0.5914
610 0.6189 0.6084 0.5977 0.5867 0.5755 0.5641
620 0.5925 0.5820 0.5712 0.5603 0.5491 0.5376
630 0.5669 0.5564 0.5456 0.5347 0.5235 0.5120
640 0.5421 0.5316 0.5208 0.5099 0.4987 0.4872
6350 0.5181 0.5075 0.4968 0.4858 0.4746 0.4632
660 0.4947 0.4842 0.4735 0.4625 0.4513 0.4399
670 0.4721 0.4616 0.4509 0.4399 0.4287 0.4173
680 0.4502 0.4397 0.4289 0.4180 0.4068 0.3953
690 0.4289 0.4183 0.4076 0.3966 0.3854 0.3740
700 0.4082 0.3976 0.3869 0.3759 0.3647 0.3533
710 0.3880 0.3775 0.3668 0.3558 0.3446 0.3332
720 0.3685 0.3580 0.3472 0.3363 0.3251 0.3136
730 0.3495 0.3389 0.3282 0.3172 0.3060 0.2946
740 0.3309 0.3204 0.3097 0.2987 0.2875 0.2761
750 0.3129 0.3024 0.2917 0.2807 0.2695 0.2581
760 0.2954 0.2849 0.2741 0.2632 0.2520 0.2405
770 0.2783 0.2678 0.2570 0.2461 0.2349 0.2234
780 0.2616 0.2511 0.2404 0.2254 0.2182 0.2068
790 (0.2454 0.2349 0.2242 0.2132 0.2020 0.1906
800 0.2296 0.2191] 0.2083 0.1974 0.1862 0.1747
810 0.2142 0.2036 0.1929 0.1819 0.1707 0.1593
8§20 0.1991 0.1886 0.1778 0.1669 0.1557 0.1442
830 0.1844 0.1739 0.1632 0.1522 0.1410 0.1296
540 0.1701 0.1595 0.1488 0.1378 0.1266 0.1152
850 0.1561 0.1455 0.1348 0.1238 0.1126 0.1012
860 0.1424 0.1319 0.1211 0.1102 0.0990 0.0875
870 0.1290 0.1185 0.1078 0.0968 0.0856 0.0742
880 0.1160 0.1054 0.0947 0.0837 0.0725 0.0611
890 0.1032 0.0927 0.0819 0.0710 0.0598

Note: Inverse Density Difference Values in this table have been multiplied by 1000 for convenient tabulation. For
example, the first value, 0.7037, should be read 0.7037 X 1073,
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CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

Table 4—Inverse Density Difference m3/kg X 10° (Continued)

Light
CEZE:E;M Heavy Component Density (kg/m?)
(kg/m>) 920 910 900 890 880 870

580 0.6372 0.6252 0.6130 0.6005 0.5878 0.5747
590 0.6080 0.5960 0.5838 0.5713 0.5586 0.5455
600 0.5797 0.5678 0.5556 0.5431 0.5303 0.5172
610 0.5524 0.5404 0.5282 0.5157 0.5030 0.4899
620 0.5259 0.5140 0.5018 0.4893 0.4765 0.4635
630 0.5003 0.4884 0.4762 0.4637 0.4500 0.4379
640 0.4755 0.4636 0.4514 0.4389 0.4261 0.4131
650 0.4515 0.4396 0.4274 0.4149 0.4021 0.3890
660 0.4282 0.4163 0.4040 0.3916 0.3788 0.3657
670 0.4056 0.3936 0.3814 0.3689 0.3562 0.3431
680 0.3836 0.3717 0.3595 0.3470 0.3342 0.3212
690 0.3623 0.3504 0.3382 0.3257 0.3129 0.2999
700 0.3416 0.3297 0.3175 0.3050 0.2922 0.2791
710 0.3215 0.3095 0.2973 0.2849 0.2721 0.2590
720 0.3019 0.2900 0.2778 0.2653 0.2525 0.2395
730 0.2829 0.2710 0.2588 0.2463 0.2335 0.2204
740 0.2644 0.2525 0.2402 0.2278 0.2150 0.2019
750 0.2464 0.2344 0.2222 0.2097 0.1970 0.1839
760 0.2288 0.2169 0.2047 0.1922 0.1794 0.1664
770 0.2117 0.1998 0.1876 0.1751 0.1623 0.1493
T80 0.1951 0.1832 0.1709 0.1585 0.1457 0.1326
790 0.1789 0.1669 0.1547 0.1422 0.1295 0.1164
800 0.1630 0.1511 0.1389 0.1264 0.1136 0.1006
810 0.1476 0.1357 0.1235 0.1110 0.0982 0.0851
820 0.1326 0.1206 0.1084 0.0959 0.0831 0.0701
830 0.1179 0.105% 0.0937 0.0812 0.0685 0.0554
840 0.1035 0.0916 0.0794 0.0669 0.0541
850 0.0895 0.0776 0.0654 0.0529
860 0.0758 0.0639 0.0517
870 0.0625 0.0505
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SECTION 3—VOLUMETRIC SHRINKAGE ReESULTING FROM BLENDING LIGHT HYDROCARBONS WiTH CruDE QiLs

Table 4—Inverse Density Difference m3/kg x 102 (Continued)

Light
Cﬂﬂngii]:;m Heavy Component Density (kg/m?)

(kg/m?) 860 850 840 830 820 810
580 0.5613 0.5477 0.5337 0.5193 0.5046 (.4896
590 0.5321 0.5184 0.5044 0.4901 0.4754 0.4603
600 0.503% 0.4902 0.4762 0.4618 0.4472 0.4321
610 0.4766 0.4629 0.4489 0.4345 0.4198 0.4048
620 0.4501 0.4364 0.4224 0.4081 0.3934 0.3783
630 0.4245 0.4108 0.3968 0.3825 0.3678 0.3527
640 0.3997 0.3860 0.3720 0.3577 0.3430 0.3279
650 0.3757 0.3620 0.3480 0.3336 0.3189 0.3039
660 0.3524 0.3387 0.3247 0.3103 0.2956 0.2806
670 0.3297 0.3161 0.3021 0.2877 0.2730 0.2580
680 0.3078 0.2941 0.2801 0.2658 0.2511 0.2360
690 0.2865 0.2728 0.2588 0.2445 0.2298 0.2147
700 0.2658 0.2521 0.2381 0.2238 0.2001 0.1940
710 0.2457 0.2320 0.2180 0.2036 0.1889 0.1739
720 0.2261 0.2124 0.1984 0.184] 0.1694 0.1543
730 0.2071 0.1934 0.1794 0.1650 0.1504 0.1353
740 0.1886 0.1749 0.1609 0.1465 0.1318 0.1168
750 0.1705 0.1569 0.1429 0.1285 0.1138 0.0988
760 0.1530 0.1393 0.1253 0.1110 0.0963 0.0812
770 0.1359 0.1222 0.1082 0.0939 0.0792 0.0641
780 0.1193 0.1056 0.0916 0.0772 0.0625
790 0.1030 0.0894 0.0753 0.0610
800 0.0872 0.0735 0.0595
810 0.0718 0.0581
820 0.0567
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CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

Table 4—Inverse Density Difference m3/kg x 10° (Continued)

Light
Cgﬂgﬁ;m Heavy Component Density (kg/m?)
(kg/m?) 800 790 780 770 760 750

580 0.4741 0.4583 0.4421 0.4254 0.4083 (0.3908
390 0.4449 0.4291 04129 0.3962 0.3791] 0.3616
600 0.4167 0.4008 0.3846 0.3680 0.3500 (0.3333
610 0.3893 0.3735 0.3573 0.3406 0.3236 0.3060
620 0.3629 0.3471 0.3309 0.3142 0.2971 0.2796
630 0.3373 0.3215 0.3053 0.2886 0.2715 0.2540
640 0.3125 0.2967 0.2804 0.2638 0.2467 0.2292
650 0.2885 0.2726 0.2564 0.2398 0.2227 0.2051
660 0.2652 0.2493 0.2331 0.2165 0.1994 0.1818
670 0.2425 0.2267 0.2105 0.1938 0.1767 0.1592
680 0.2206 0.2048 0.1885 0.1719 0.15438 0.1373
650 0.1993 0.1835 0.1672 0.1506 0.1335 0.1159
700 0.1786 0.1627 0.1465 0.1299 0.1128 0.0952
710 0.1585 0.1426 0.1264 0.1097 0.0927 0.0751
720 0.1389 0.1231 0.1068 0.0902 0.0731 0.0556
730 0.1199 0.1040 0.0878 0.0712 0.0541
740 0.1014 0.0855 0.0693 0.0527
750 0.0833 0.0675 0.0513
760 0.0658
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CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

Table 4—Inverse Density Difference m3/kg x 10° (Continued)

Light
Cgﬂgﬁ;m Heavy Component Density (kg/m?)
(kg/m?) 800 790 780 770 760 750

580 0.4741 0.4583 0.4421 0.4254 0.4083 (0.3908
390 0.4449 0.4291 04129 0.3962 0.3791] 0.3616
600 0.4167 0.4008 0.3846 0.3680 0.3500 (0.3333
610 0.3893 0.3735 0.3573 0.3406 0.3236 0.3060
620 0.3629 0.3471 0.3309 0.3142 0.2971 0.2796
630 0.3373 0.3215 0.3053 0.2886 0.2715 0.2540
640 0.3125 0.2967 0.2804 0.2638 0.2467 0.2292
650 0.2885 0.2726 0.2564 0.2398 0.2227 0.2051
660 0.2652 0.2493 0.2331 0.2165 0.1994 0.1818
670 0.2425 0.2267 0.2105 0.1938 0.1767 0.1592
680 0.2206 0.2048 0.1885 0.1719 0.15438 0.1373
650 0.1993 0.1835 0.1672 0.1506 0.1335 0.1159
700 0.1786 0.1627 0.1465 0.1299 0.1128 0.0952
710 0.1585 0.1426 0.1264 0.1097 0.0927 0.0751
720 0.1389 0.1231 0.1068 0.0902 0.0731 0.0556
730 0.1199 0.1040 0.0878 0.0712 0.0541
740 0.1014 0.0855 0.0693 0.0527
750 0.0833 0.0675 0.0513
760 0.0658
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48 CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

‘Table 4—Inverse Density Difference m®kg x 10° (Continued)

Light
Cﬂ[}ﬁﬁ? ir:;nt Heavy Component Density (kg/m?)

(kg/m?) 680 670 660 650 640
580 0.25335 0.2316 0.2090 0.1857 0.1616
590 0.2243 0.2024 0.1798 0.1565 0.1324
600 0.1961 0.1741 0.1515 0.1282 0.1042
610 0.1688 0.1468 0.1242 0.1009 0.0768
620 0.1423 0.1204 0.0978 0.0744 0.0504
630 0.1167 0.0948 0.0722
640 0.0919 0.0700
650 0.0679
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SECTION 3—VOLUMETRIC SHRINKAGE ResuLting FrRom BLenping LigHT Hyprocareons WiTH Crupe OiLs

Table 5—Volumetric Shrinkage Percentage Factors for Blending
Two Hydrocarbons with Differences in Inverse Densities at 15°C
in m3/kg Determined from Table 4 and from 1 to 99 Percent Light Hydrocarbon
Component in Total Blend

Differﬂncé Light-Product Concentration
?:f :; :;:: :: Percent Shrinkage
(m*/kg) X 10° 1 2 3 4 5 6
0.0700 0.0004 0.0008 0.0012 0.0015 0.0019 0.0022
0.0800 0.0005 0.0010 0.0016 0.0021 0.0026 0.0030
0.0900 0.0007 0.0014 0.0020 0.0027 0.0033 0.0040
0.1000 0.0009 0.0017 0.0026 0.0034 0.0043 0.0051
0.1100 0.0011 0.0022 0.0032 0.0043 0.0053 0.0063
0.1200 0.0013 0.0026 0.0039 0.0052 0.0064 0.0077
0.1300 0.0016 0.0032 0.0047 0.0062 0.0077 0.0092
0.1400 0.0019 0.0038 0.0056 0.0074 0.0092 0.0109
0.1500 0.0022 0.0044 0.0065 0.0086 0.0107 0.0127
0.1600 0.0026 0.0051 0.0076 0.0100 0.0124 0.0148
0.1700 0.0029 0.0058 0.0087 0.0115 0.0143 0.0170
0.1800 0.0034 0.0067 0.0099 0.0131 0.0162 0.0193
0.1900 0.0038 0.0075 0.0112 0.0148 0.0184 0.0219
0.2000 0.0043 0.0085 0.0126 0.0167 0.0206 0.0246
0.2100 0.0048 0.0095 0.0141 0.0186 0.0231 0.0275
0.2200 0.0053 0.0105 0.0157 0.0207 0.0257 0.0305
0.2300 0.0059 0.0117 0.0173 0.0229 0.0284 0.0338
0.2400 0.0065 0.0128 0.0191 0.0252 0.0313 0.0372
0.2500 0.0071 0.0141 0.0210 0.0277 0.0343 0.0409
0.2600 0.0078 0.0154 0.0229 0.0303 0.0376 0.0447
0.2700 0.0085 0.0168 0.0250 0.0330 0.0409 0.0487
0.2800 0.0092 0.0182 0.0271 0.0359 0.0445 0.0529
0.2900 0.0100 0.0198 0.0294 0.0389 0.0482 0.0573
0.3000 0.0108 0.0214 0.0318 0.0420 0.0520 0.0619
0.3100 0.0116 0.0230 0.0342 0.0452 0.0561 0.0667
0.3200 0.0125 0.0247 0.03638 0.0486 0.0603 0.0717
0.3300 0.0134 0.0265 0.0395 0.0522 0.0647 0.0769
0.3400 0.0143 0.0284 0.0422 0.0559 0.0692 0.0824
0.3500 001353 0.0303 0.0451 0.0597 0.0740 0.0880
0.3600 0.0163 0.0324 0.0481 0.0636 0.0789 0.0938
0.3700 0.0174 0.0344 0.0512 0.0677 0.0839 0.0999
0.3800 0.0185 0.0366 0.0544 0.0720 0.0892 0.1061
0.3900 0.0196 0.0388 0.0578 0.0764 0.0946 0.1126
0. 4000 0.0207 0.0411 0.0612 0.0809 0.1003 0.1193
04100 0.0219 0.0435 0.0647 0.0856 0.1061 0.1262
0.4200 0.0232 0.0460 0.0684 0.0904 0.1121 (0.1333
0.4300 0.0245 0.0485 0.0722 0.0954 0.1182 0.1407
0.4400 0.0258 0.0511 0.0761 0.1005 0.1246 0.1482
0.4500 0.0271 0.0538 0.0801 0.1058 0.1312 0.1560
0.4600 0.0285 0.0566 0.0842 0.1113 0.1379 0.1641
0.4700 0.0300 0.0594 0.0884 0.1169 0.1448 0.1723
0.4800 0.0314 0.0623 0.0927 0.1226 0.1520 0.1808
0.4900 0.0329 0.0653 0.0972 0.1285 0.1593 0.1895
0.5000 0.0345 0.0684 0.1018 0.1346 0.1668 0.1984
0.5100 0.0361 0.0716 0.1065 0.1408 0.1745 0.2076

Note: Difference of Inverse Density Values in this table have been multiplied by 1000 for convenient tabulation.
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CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
of Inverse Percent Shrinkage
(m*kg) X 10° 1 2 3 4 5 6
0.5200 0.0377 0.0748 0.1113 0.1472 0.1824 0.2170
0.5300 0.0394 0.0782 0.1162 0.1537 0.1905 0.2266
0.5400 0.0411 0.0816 0.1213 0.1604 0.1988 0.2365
0.5500 0.0429 0.0850 0.1265 0.1672 0.2073 0.2466
0.5600 0.0447 0.0886 0.1318 0.1742 0.2159 0.2569
0.5700 0.0465 0.0923 0.1372 0.1814 0.2248 0.2675
0.5800 0.0484 0.0960 0.1428 0.1888 0.2339 0.2783
0.5900 0.0503 0.0998 0.1485 0.1963 0.2432 0.2894
0.6000 0.0523 0.1037 0.1542 0.2039 0.2527 0.3007
0.6100 0.0543 0.1077 0.1602 0.2118 0.2624 0.3122
0.6200 0.0563 0.1118 0.1662 0.2198 0.2724 0.3240
0.6300 0.0554 0.1159 0.1724 0.2279 0.2825 0.3360
0.6400 0.0606 0.1201 0.1787 0.2363 0.2928 0.3483
0.6500 0.0628 0.1245 0.1851 0.2448 0.3033 0.3609
0.6600 0.0650 0.1289 0.1917 0.2534 0.3141 0.3736
0.6700 0.0672 0.1334 0.1984 0.2623 0.3250 0.3867
0.6800 0.0696 0.1379 0.2052 02713 0.3362 0.4000
0.6900 0.0719 0.1426 0.2121 0.2805 0.3476 0.4135
0.7000 0.0743 0.1474 0.2192 0.2898 0.3592 0.4273
0.7100 0.0767 0.1522 0.2264 0.2993 0.3710 0.4413
0.7200 0.0792 0.1572 0.2338 0.3090 0.3830 0.4556
0.7300 0.0818 0.1622 0.2412 0.3189 0.3952 0.4702
0.7400 0.0843 0.1673 0.2488 0.3290 0.4077 0.4850
0.7500 0.0870 0.1725 0.2566 0.3392 0.4204 0.5001
0.7600 0.0896 0.1778 0.2644 0.3496 0.4332 0.5154
0.7700 0.0923 0.1831 0.2724 0.3602 0.4464 0.5310
0.7800 0.0951 0.1886 0.2806 0.3709 0.4597 0.5469
0.7900 0.0979 0.1942 0.2888 0.3818 0.4732 0.5630
0.8000 0.1007 0.1998 0.2972 0.3930 0.4870 0.5793
0.8100 0.1036 0.2056 0.3058 0.4042 0.5010 0.5960
0.8200 0.1066 0.2114 0.3144 0.4157 0.5152 0.6129
0.8300 0.1096 0.2173 0.3232 0.4274 0.5296 0.6301
0.8400 0.1126 0.2233 0.3322 0.4392 0.5443 0.6475
0.8500 0.1157 0.2294 0.3413 0.4512 0.5592 0.6652
0.8600 0.1188 0.2356 0.3505 0.4634 0.5743 0.6832
0.8700 0.1220 0.2419 0.3599 0.4758 0.5896 0.7015
0.8800 0.1252 0.2483 0.3694 0.4883 0.6052 0.7200
0.8900 0.1285 0.2548 0.3790 0.5011 0.6210 0.7388
0.9000 0.1318 0.2614 0.3888 0.5140 0.6370 0.7578
0.9100 0.1351 0.2680 0.3987 0.5271 0.6533 0.7772
0.9200 0.1386 0.2748 0.4088 0.5404 0.6698 0.7968
0.9300 0.1420 0.2817 0.4190 0.5539 0.6865 0.8167
0.9400 0.1455 0.2886 0.4293 0.5676 0.7034 0.8368
0.9500 0.1491 0.2957 0.4398 0.5814 0.7206 0.8572
0.9600 0.1527 0.3028 0.4504 0.5955 0.7380 0.8780
0.9700 0.1563 0.3101 0.4612 0.6097 0.7556 0.8989
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SECTION 3—VOLUMETRIC SHRINKAGE REsuLTiNG FrROM BLenDING LiIgHT Hyorocarsons WiTH Crupe OiLs

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
ﬂ;; :;:E Percent Shrinkage
(m/kg) x 10° 7 8 9 10 11 12
0.0700 0.0026 0.0029 0.0033 0.0036 0.0039 0.0042
0.0800 0.0035 0.0040 0.0044 0.0049 0.0053 0.0058
0.0900 0.0046 0.0052 0.0058 0.0064 0.0070 0.0075
0.1000 0.0058 0.0066 0.0074 0.0081 0.008% 0.0096
0.1100 0.0073 0.0082 0.0092 0.0101 0.0110 0.0119
0.1200 0.0089 0.0100 0.0112 00123 0.0134 0.0145
0.1300 0.0106 0.0120 0.0134 0.0148 0.0161 0.0174
0.1400 0.0126 0.0143 0.0159 0.0175 0.0191 0.0206
0.1500 0.0147 0.0167 0.0186 0.0205 0.0223 0.0242
0.1600 0.0171 0.0193 0.0216 0.0238 0.0259 0.0280
0.1700 0.0196 0.0222 0.0248 0.0273 0.0297 0.0321
0.1800 0.0223 0.0253 0.0282 0.0311 0.,0339 0.0366
0.1900 0.0253 0.0286 0.0319 0.0351 0.0383 0.0414
0.2000 0.0284 0.0322 0.0359 0.0395 0.0431 0.0465
0.2100 0.0317 0.0360 0.0401 0.0442 0.0481 0.0520
0.2200 0.0353 0.0400 0.0446 0.0491 0.0535 0.0578
0.2300 0.0391 0.0443 0.0493 0.0543 0.0592 0.0640
0.2400 0.0430 0.0488 0.0544 0.0599 0.0652 0.0705
0.2500 0.0472 0.0535 0.0597 0.0657 0.0716 0.0774
0.2600 0.0517 0.0585 0.0653 0.0718 0.0783 0.0846
0.2700 0.0563 0.0638 0.0711 0.0783 0.0854 0.0923
0.2800 0.0612 0.0693 0.0773 0.0851 0.0927 0.1002
0.2500 0.0663 0.0751 0.0837 0.0922 0.1005 0.1086
0.3000 0.0716 0.0811 0.0904 0.0996 0.1085 0.1173
0.3100 0.0772 0.0874 0.0974 0.1073 0.1169 0.1264
0.3200 0.0829 0.0940 0.1048 0.1154 0.1257 0.1359
0.3300 0.0890 0.1008 0.1124 0.1237 0.1349 0.1458
0.3400 0.0952 0.1079 0.1203 0.1324 0.1444 0.1560
0.3500 0.1017 0.1153 0.1285 0.1415 0.1542 0.1667
0.3600 0.1085 0.1229 0.1370 0.1509 0.1645 0.1778
0.3700 0.1155 0.1308 (0.1459 0.1606 0.1751 0.1892
0.3800 0.1227 0.1390 0.1550 0.1707 0.1860 0.2011
0.32900 0.1302 0.1475 0.1645 0.1811 0.1974 0.2133
0.4000 0.1380 0.1563 0.1742 0.1919 0.2091 0.2260
0.4100 0.1459 0.1653 0.1843 0.2030 0.2212 0.2391
0.4200 0.1542 0.1747 0.1947 0.2144 0.2337 0.2526
0.4300 0.1627 0.1843 0.2055 0.2262 0.2466 0.2665
0.4400 0.1714 0.1942 0.2165 0.2384 0.2599 0.2809
0.4500 0.1805 0.2044 0.2279 0.2510 0.2735 0.2957
0.4600 0.1897 0.2149 0.2396 0.2639 0.2876 0.3109
0.4700 0.1993 0.2257 0.2517 0.2771 0.3020 0.3265
0.4800 0.2091 0.2368 0.2640 0.2907 0.3169 0.3425
0.4500 0.2191 0.2482 0.2768 0.3047 0.3322 0.3590
0.5000 0.2295 0.2599 0.2898 0.3191 0.3478 0.3759
0.5100 0.2400 0.2719 0.3032 0.3338 0.3639 0.3933
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CHAPTER 12—CaLcuLATiON OF PETROLEUM QIUANTITIES

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
ﬁ:::;: Percent Shrinkage
(m*/kg) x 103 7 8 9 10 11 12
0.5200 0.2509 0.2842 0.3169 0.3490 0.3803 0.4111
0.5300 0.2621 0.2968 0.3310 0.3644 0.3972 0.4294
0.5400 0.2735 0.3098 0.3454 0.3803 D.4145 0.4480
0.5500 0.2851 0.3230 0.3601 0.3966 0.4322 0.4672
0.5600 0.2971 0.3366 0.3752 0.4132 0.4504 0.4868
0.5700 0.3093 0.3504 0.3507 0.4302 0.4689 0.5068
0.5800 0.3219 0.3646 0.4065 0.4476 0.4879 0.5273
0.5900 0.3346 0.3791 0.4227 0.4654 0.5073 0.5483
0.6000 0.3477 0.3939 0.4392 0.4836 0.5271 0.5697
0.6100 0.3611 0.4090 0.4560 0.5021 0.5473 0.5916
0.6200 0.3747 0.4245 0.4733 0.5211 0.5680 0.6139
0.6300 0.3886 0.4402 0.4908 0.5405 0.5891 0.6367
0.6400 0.4028 0.4563 0.5088 0.5602 0.6106 0.6600
0.6500 04173 0.4727 0.5271 0.5804 0.6326 0.6838
0.6600 0.4321 0.4895 0.5458 0.6009 0.6550 0.7080
0.6700 0.4472 0.5066 0.5648 0.6219 0.6779 0.7327
0.6800 0.4625 0.5240 0.5842 0.6433 0.7012 0.7579
0.6900 0.4782 0.5417 0.6040 0.6650 0.7249 0.7835
0.7000 0.4942 0.5598 0.6241 0.6872 . 0.7491 0.8096
0.7100 0.5104 0.5782 0.6446 0.7098 0.7737 0.8362
0.7200 0.526% 0.5969 0.6655 0.7328 0.7988 0.8633
0.7300 0.5438 0.6160 0.6868 0.7562 0.8243 0.8909
0.7400 0.5609 0.6354 0.7084 0.7801 0.8502 0.9190
0.7500 0.5783 0.6551 0.7304 0.8043 0.8767 0.9476
0.7600 0.5961 0.6752 0.7528 0.8290 0.9035 0.9766
0.7700 0.6141 0.6956 0.7756 0.8540 0.9309 1.0062
0.7800 0.6324 0.7164 0.7988 0.8795 0.9587 1.0362
0.7900 0.6511 0.7375 0.8223 0.9055 0.9869 1.0667
0.8000 0.6700 0.7590 0.8462 0.9318 1.0156 1.0978
0.8100 0.6893 0.7808 0.8706 0.9586 1.0448 1.1293
0.8200 0.7088 0.8029 0.8953 0.9858 1.0745 1.1613
0.8300 0.7287 0.8254 0.9203 1.0134 1.1046 1.1939
0.8400 0.7488 0.8483 0.9458 1.0414 1.1351 1.2269
0.8500 0.7693 0.8715 0.9717 1.0699 1.1662 1.2605
0.8600 0.7501 0.8950 0.9979 1.0988 1.1977 1.2946
0.8700 0.8112 0.9189 1.0246 1.1282 1.2297 1.3291
0.8800 0.8326 0.9432 1.0516 1.1580 1.2622 1.3642
0.8900 0.8544 0.9678 1.0791 1.1882 1.2951 1.3998
0.9000 0.8764 0.9928 1.1069 1.2188 1.3285 1.4359
0.9100 0.8988 1.0181 1.1352 1.2499 1.3624 1.4726
0.9200 0.9215 1.0438 1.1638 1.2815 1.3968 1.5097
0.9300 0.9445 1.0699 1.1929 1.3135 1.4316 1.5474
0.9400 0.9678 1.0963 1.2223 1.3459 1.4670 1.5856
0.9500 0.9914 1.1230 1.2522 1.3788 1.5028 1.6243
0.9600 1.0154 1.1502 1.2824 1.4121 1.5391 1.6636
0.9700 1.0396 1.1777 1.3131 1.4458 1.5759 1.7034
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SECTION 3—VOLUMETRIC SHRINKAGE ReEsuLTiNG FROM BLENDING LIGHT HYDROCARBONS WiTH Crupe OiLs

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
Eg;:;f{:: Percent Shrinkage
(m/kg) X 10° 13 14 15 16 17 18
0.0700 0.0046 0.0049 0.0052 0.0055 0.0057 0.0060
0.0800 0.0062 0.0066 0.0070 0.0074 0.0078 0.0082
0.0%00 0.0081 0.0086 0.0092 0.0097 0.0102 0.0107
0.1000 0.0103 0.0110 0.0116 0.0123 0.0129 0.0136
0.1100 0.0128 0.0136 0.0145 0.0153 0.0161 0.0169
0.1200 0.0156 0.0166 0.0176 0.0186 0.0196 0.0206
0.1300 0.0187 0.0200 0.0212 0.0224 0.0235 0.0247
0.1400 0.0221] 0.0236 0.0251 0.0265 0.0279 0.0292
0.1500 - 0.0259 0.0277 0.0293 0.0310 0.0326 0.0342
0.1600 0.0300 0.0320 0.0340 0.0359 0.0378 0.0396
0.1700 0.0345 0.0368 0.0390 0.0412 0.0434 0.0455
0.1800 0.0393 0.0419 0.0445 0.0470 0.0494 D.0518
0.1900 0.0444 0.0474 0.0503 0.0531 0.0559 0.0586
0.2000 0.0499 0.0533 0.0565 0.0597 0.0628 0.0659
0.2100 0.0558 0.0596 0.0632 0.0668 0.0702 0.0736
0.2200 0.0621 0.0662 0.0703 0.0742 0.0781 0.0819
0.2300 0.0687 0.0733 0.0778 0.0821 0.0864 0.0906
0.2400 0.0757 0.0807 0.0857 0.0905 0.0952 0.0998
0.2500 0.0831 0.0886 0.0940 0.0993 0.1045 0.1096
0.2600 0.0908 0.0969 0.1028 0.1086 0.1143 0.1198
0.2700 0.0990 0.1056 0.1121 0.1184 0.1246 0.1306
0.2800 0.1076 0.1148 D.1218 0.1286 0.1353 0.1419
0.2900 0.1165 0.1243 0.1319 0.1394 0.1466 0.1537
0.3000 0.1259 0.1343 0.1425 0.1506 0.1584 0.1661
0.3100 0.1357 0.1447 0.1536 0.1622 0.1707 0.1790
0.3200 0.1458 0.1556 0.1651 0.1744 0.1835 0.1924
0.3300 0.1564 0.1669 0.1771 0.1871 0.1969 0.2064
0.3400 0.1675 0.1787 0.1896 0.2003 0.2107 0.2200
0.3500 0.1789 0.1909 0.2025 0.2140 0.2251 0.2360
0.3600 0.1908 0.2035 0.2160 0.2282 0.2400 0.2517
0.3700 0.2031 0.2166 0.2299 0.2429 0.2555 0.2679
0.3800 0.2158 0.2302 0.2443 0.2581 0.2715 0.2847
0.3900 0.2290 0.2443 0.2592 0.2738 0.2881 0.3020
0.4000 0.2426 0.2588 0.2746 0.2901 0.3052 0.3200
0.4100 0.2566 0.2738 0.2905 0.3069 0.3229 0.3385
0.4200 0.2711 0.2892 0.3069 0.3242 0.3411 0.3576
0.4300 0.2861 0.3052 0.3239 0.3421 0.3599 0.3774
0.4400 0.3015 0.3216 0.3413 0.3605 0.3793 0.3977
0.4500 0.3173 0.3385 0.3592 0.3795 0.3593 0.4186
0.4600 0.3336 0.355% 0.3777 0.3990 0.4198 0.4401
0.4700 0.3504 0.3738 0.3967 0.4190 0.4409 0.4622
0.4800 0.3676 0.3922 0.4162 0.4396 0.4625 0.4849
0.4500 0.3853 0.4110 0.4362 0.4608 0.4848 0.5083
0.5000 0.4035 0.4304 0.4568 0.4825 0.5077 0.5322
0.5100 0.4221 0.4503 0.4779 0.5048 0.5311 0.5568
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CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
-‘:I;f:g:g:: Percent Shrinkage
(m/kg) X 103 13 14 15 16 17 18

0.5200 0.4412 0.4707 0.4995 0.5276 0.5552 0.5820
0.5300 0.4608 0.4916 0.5217 0.5511 0.5798 0.6078
0.5400 0.4809 0.5130 0.5444 0.5751 0.6050 0.6343
0.5500 0.5014 0.5349 0.5676 0.5996 0.6309 0.6614
0.5600 0.5224 0.5573 0.5914 0.6248 0.6573 0.6891
0.5700 0.5439 0.5803 0.6158 0.6505 0.6844 0.7175
0.5800 0.5659 0.6037 0.6407 0.6768 0.7121 0.7465
0.5900 0.5884 0.6277 0.6662 0.7037 0.7404 0.7762
0.6000 D.6114 0.6523 0.6922 0.7312 0.7693 0.8065
0.6100 0.6349 0.6773 0.7188 0.7593 0.7989 0.8375
0.6200 0.6589 0.7029 0.7459 0.7880 0.8290 0.8691
0.6300 0.6834 0.7290 0.7736 0.8172 0.8598 0.9014
0.6400 0.7084 0.7557 0.8019 0.8471 0.8913 0.9344
0.6500 0.7338 0.7828 0.8308 0.8776 0.9234 0.9680
0.6600 0.7598 0.8106 0.8602 0.9087 0.9561 1.0023
0.6700 0.7863 0.8389 0.8902 0.9404 0.9894 1.0373
0.6800 0.8134 0.8677 0.9208 0.9727 1.0234 1.0729
0.6900 0.8409 0.8970 0.9519 1.0056 1.0580 1.1092
0.7000 0.8689 0.9270 0.9837 1.0392 1.0933 1.1462
0.7100 0.8975 0.9574 1.0160 1.0733 1.1293 1.1839
0.7200 0.9266 0.9884 1.0490 1.1081 1.1659 1.2222
0.7300 0.9562 1.0200 1.0825 1.1435 1.2031 1.2613
0.7400 0.9863 1.0522 1.1166 1.1795 1.2410 1.3010
0.7500 1.0170 1.0849 1.1513 1.2162 1.2796 1.3415
0.7600 1.0481 1.1181 1.1366 1.2535 1.3188 1.3826
0.7700 1.0798 1.1519 1.2225 1.2914 1.3587 1.4244
0.7800 1.1121 1.1863 1.2590 1.3299 1.3993 1.4669
0.7900 1.1449 1.2213 1.2961 1.3691 1.4405 1.5102
0.8000 1.1782 1.2568 1.3338 1.4090 1.4824 1.5541
0.8100 1.2120 1.2929 1.3721 1.4464 1.5250 1.5988
0.8200 1.2464 1.3296 1.4110 1.4906 1.5683 1.6441
0.8300 1.2813 1.3665 1.4506 1.5323 1.6122 1.6902
0.8400 1.3168 1.4047 1.4907 1.5748 1.6563 1.7370
0.8500 1.3528 1.4431 1.5315 1.6178 1.7022 1.7845
0.8600 1.3894 1.4821 1.5729 1.6616 1.7482 1.8327
0.8700 1.4265 1.5217 1.6149 1.7059 1.7949 1.8817
0.8800 1.4641 1.5619 1.6575 1.7510 1.8422 1.9313
0.8900 1.5023 1.6027 1.7008 1.7967 1.8903 1.9817
0.9000 1.5411 1.6440 1.7447 1.8430 1.9391 2.0329
0.9100 1.5804 1.6860 1.7892 1.8200 1.9886 2.0847
0.9200 1.6203 1.7285 1.8343 1.9377 2.0387 2.1373
0.9300 1.6607 1.7716 1.8801 1.9861 2.0896 2.1907
0.9400 1.7017 1.8154 1.9265 2.0351 2.1412 2.2448
0.9500 1.7433 1.8597 1.9735 2.0848 2.1935 2.2996
0.9600 1.7854 1.9046 2.0212 2.1352 2.2465 2.3551
0.9700 1.8281 1.9502 2.0696 2.1862 2.3002 24114
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SECTION 3—VOLUMETRIC SHRINKAGE REsSULTING FROM BLENDING LIGHT HYDROCARBONS WITH CrUDE QLS

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
?}f;::;ir:: Percent Shrinkage
(m/kg) X 10° 19 20 21 22 23 24
0.0700 0.0063 0.0065 0.0068 0.0071 0.0073 0.0075
0.0800 0.0085 0.0089 0.0092 0.0096 0.0099 0.0102
0.0900 0.0111 0.0116 0.0121 0.0125 0.0129 0.0134
0.1000 0.0142 0.0148 0.0154 0.0159 0.0165 0.0170
0.1100 0.0176 0.0184 0.0191 0.0198 0.0205 0.0211
0.1200 0.0215 0.0224 0.0233 0.0241 0.0249 0.0258
0.1300 0.0258 0.0269 0.0279 0.0289 0.0299 0.0309
0.1400 0.0305 0.0318 0.0331 0.0343 0.0355 0.0366
0.1500 0.0357 0.0372 0.0387 0.0401 0.0415 0.0428
0.1600 0.0414 0.0431 0.0448 0.0465 0.0481 0.0496
0.1700 0.0475 0.0495 0.0515 0.0534 0.0552 0.0570
0.1800 0.0541 0.0564 0.0586 0.0608 0.0629 0.0649
0.1900 0.0613 0.0638 0.0663 0.0688 0.0711 0.0734
0.2000 0.0688 0.0717 0.0746 0.0773 0.0800 0.0825
0.2100 0.0770 0.0802 (0.0833 0.0864 0.0894 0.0923
0.2200 0.0856 0.0892 0.0027 0.0961 0.0994 0.1026
0.2300 0.0947 0.0987 0.1025 0.1063 0.1100 0.1135
0.2400 (0.1043 0.1087 0.1130 0.1171 0.1212 0.1251
0.2500 0.1145 0.1193 0.1240 0.1286 0.1330 0.1373
0.2600 0.1252 0.1305 0.1356 0.1406 0.1454 0.1501
0.2700 0.1365 0.1422 0.1478 0.1532 0.1585 0.1636
0.2800 0.1483 (0.1545 0.1606 0.1665 0.1722 0.1778
0.2900 0.1606 0.1674 0.1739 0.1803 0.1865 0.1926
0.3000 0.1735 0.1808 0.1879 0.1948 0.2015 0.2081
0.3100 0.1870 0.1949 0.2025 0.2099 0.2172 0.2242
0.3200 0.2010 0.2095 0.2177 0.2257 0.2335 0.2410
0.3300 0.2157 0.2247 0.2335 0.2421 0.2505 0.2586
0.3400 0.2308 0.2405 0.2500 0.2592 0.2681 0.2768
0.3500 0.2466 0.2570 0.2671 0.2769 0.2864 0.2957
0.3600 0.2630 0.2740 0.2848 0.2952 0.3054 0.3153
0.3700 0.2799 0.2917 0.3031 0.3143 0.3251 0.3356
0.3800 0.2975 0.3100 0.3221 0.3340 0.3455 0.3567
0.3900 0.3156 0.3289 0.3418 0.3543 0.3666 0.3784
0.4000 0.3344 0.3484 0.3621 0.3754 0.3883 0.4009
0.4100 0.3538 0.3686 0.3831 0.3971 0.4108 0.4241
0.4200 0.3737 0.3894 0.4047 0.4196 (0.4340 0.4481
0.4300 0.3943 0.4109 0.4270 0.4427 0.4580 0.4728
0.4400 0.4156 0.4330 0.4500 0.4665 0.4826 0.4982
0.4500 0.4374 0.4558 0.4736 0.4910 0.5080 0.5244
0.4600 0.4599 (0.4792 0.4980 0.5163 0.5341 0.5514
0.4700 0.4830 0.5033 0.5230 0.5422 0.5609 0.5791
0.4800 0.5067 0.5280 0.5487 0.5689 0.5885 0.6075
0.4900 0.5311 0.5534 0.5751 0.5963 0.6168 0.6368
0.5000 0.5562 0.5795 0.6023 0.6244 0.6459 0.6668
0.5100 .D.SEI':? 0.6063 0.6301 0.6532 0.6757 0.6976
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CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
{E‘E[::E:: Percent Shrinkage
(m3/kg) X 10° 19 20 21 22 23 24

0.5200 0.6082 0.6337 0.6586 0.6828 0.7063 0.7292
0.5300 0.6352 0.6619 0.6878 0.7131 0.7377 0.7616
0.5400 0.6628 0.6907 0.7178 0.7441 0.7698 0.7947
0.5500 0.6912 0.7202 0.7484 0.7759 0.8027 0.8287
0.5600 0.7202 0.7504 0.7798 0.8085 0.8363 0.8634
0.5700 0.7498 0.7813 0.8119 0.8418 0.8708 0.8990
0.5800 0.7801 0.8129 0.8448 0.8758 0.9060 0.9353
0.5900 0.8111 0.8452 0.8784 0.2106 0.9420 0.9725
0.6000 0.8428 0.8782 0.9127 0.9462 0.9788 1.0105
0.6100 0.8752 0.9119 0.9477 0.9825 1.0164 1.0493
0.6200 0.9083 0.9464 0.9835 1.0157 1.0548 1.0889
0.6300 0.9420 0.9815 1.0201 1.0575 1.0940 1.1294
0.6400 0.9764 1.0174 1.0573 1.0962 1.1340 1.1707
0.6500 1.0116 1.0540 1.0954 1.1356 1.1748 1.2128
0.6600 1.0474 1.0914 1.1342 1.1759 1.2164 1.2558
0.6700 1.0839 1.1294 1.1738 1.2169 1.2588 1.2996
0.6800 1.1212 1.1682 1.2141 1.2587 1.3021 1.3442
0.6900 1.1591 1.2078 1.2552 1.3013 1.3461 1.3897
0.7000 1.1978 1.2481 1.2970 1.3447 1.3910 1.4361
0.7100 1.2372 1.2891 1.3397 1.3889 1.4368 1.4833
0.7200 1.2772 1.3309 1.3831 1.4339 1.4833 1.5313
0.7300 1.3180 1.3734 1.4273 1.4797 1.5307 1.5803
0.7400 1.3596 1.4166 1.4722 1.5263 1.5789 1.6300
0.7500 1.4018 1.4607 1.5180 1.5738 1.6280 1.6807
0.7600 1.4448 1.5055 1.5645 1.6220 1.6779 1.7322
0.7700 1.4885 1.5510 1.6119 1.6711 1.7287 1.7846
0.7800 1.5330 1.5973 1.6600 1.7210 1.7803 1.8379
0.7900 1.5781 1.6444 1.7089 1.7717 1.8328 1.8921
0.8000 1.6241 1.6922 1.7586 1.8232 1.8861 1.9471
0.8100 1.6707 1.7408 1.8091 1.8756 1.9403 2.0031
0.8200 1.7181 1.7902 1.8605 1.9288 1.9953 2.0599
0.8300 1.7663 1.8404 1.9126 1.9829 20512 2.1176
0.8400 1.8151 1.8913 1.9656 2.0378 2.1080 2.1762
0.8500 1.8648 1.9431 2.0193 2.0935 2.1657 2.2358
0.8600 1.9152 1.9956 2.0739 2.1501 22242 2.2962
0.8700 1.9663 20489 2.1293 2.2075 2.2836 2.3575
0.8800 2.0183 2.1030 2.1855 2.2658 2.3439 2.4197
0.8900 2.0709 2.1579 2.2425 2.3249 2.4051 2.4829
0.9000 2.1244 2.2135 2.3004 2.3849 2.4671 2.5470
0.9100 2.1786 2.2700 2.3591 2.4458 2.5301 2.6119
0.9200 2.2335 2.3273 2.4186 2.5075 2.5939 26778
0.9300 2.2893 2.3854 2.4790 2.5700 2.6586 2.7447
0.9400 2.3458 2.4442 2.5402 2.6335 2.7243 28124
0.9500 2.4031 2.5039 2.6022 2.6978 2.7908 2.8811
0.9600 2.4611 2.5644 2.6651 2.7630 2.8582 2.9507
0.9700 2.5200 2.6257 2.7288 2.8290 2.9265 3.0213
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SEcTION 3—VOLUMETRIC SHRINKAGE RESULTING FROM BLENDING LIGHT HyYDROCARBONS WITH CRUDE OILS

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
= Im‘iﬂFSﬁ Percent Shrinkage
Densities
(m/kg) x 10° 25 26 27 28 29 30
0.0700 0.0078 0.0080 0.0082 0.0084 0.0086 0.0088
0.0800 0.0105 0.0108 0.0111 0.0114 0.0117 0.0119
0.0900 0.0138 0.0142 0.0145 0.0149 0.0153 0.0156
0.1000 0.0175 0.0180 0.0185 0.0190 0.0194 0.0199
0.1100 0.0218 0.0224 0.0230 0.0236 0.024] 0.0247
0.1200 0.0265 0.0273 0.0280 0.0287 0.0294 0.0301
0.1300 0.0319 0.0328 0.0336 0.0345 0.0353 0.0361
0.1400 0.0377 0.0388 0.0398 0.0409 0.0418 0.0428
0.1500 0.0441 0.0454 0.0466 0.0478 0.0490 0.0501
0.1600 0.0511 0.0526 0.0540 0.0554 0.0567 0.0580
0.1700 0.0587 0.0604 0.0620 0.0636 0.0651 0.0666
0.1800 0.0669 0.0688 0.0707 0.0725 0.0742 0.0759
0.1900 0.0757 0.0778 0.0799 0.0820 0.0839 0.0858
0.2000 0.0851 0.0875 0.0899 0.0921 0.0943 0.0965
0.2100 0.0951] 0.0978 0.1004 0.1030 0.1054 0.1078
0.2200 0.1057 0.1087 0.1117 0.1145 0.1172 0.1199
0.2300 0.1170 0.1203 0.1236 0.1267 0.1297 0.1327
0.2400 0.1289 0.1326 0.1362 0.1396 0.1430 0.1462
0.2500 0.1415 0.1455 0.1494 0.1532 0.1569 0.1604
0.2600 0.1547 0.1591 0.1634 0.1676 0.1716 0.1754
0.2700 0.1686 0.1734 0.1781 0.1826 0.1870 0.1912
0.2800 0.1832 0.1884 0.1935 0.1984 0.2032 0.2077
(.2900 0.1984 0.2041 0.2096 0.2149 0.2201 0.2250
0.3000 0.2144 0.2205 0.2265 0.2322 0.2378 0.2431
0.3100 0.2310 0.2376 0.2441 0.2502 0.2562 0.2620
0.3200 0.2484 0.2555 0.2624 0.2690 0.2755 0.2817
0.3300 0.2664 0.2741 0.2814 0.2886 0.20955 0.3021
0.3400 0.2852 0.2934 0.3013 0.3089 0.3163 0.3234
0.3500 0.3047 0.3134 0.3218 0.3300 0.3379 0.3455
0.3600 0.3249 0.3342 0.3432 0.3519 0.3603 0.3684
0.3700 0.3458 0.3557 0.3653 0.3746 0.3836 0.3922
0.3800 0.3675 0.3780 0.3882 (0.398] 0.4076 0.4168
0.3900 (0.3899 0.4011 0.4119 0.4224 0.4325 0.4422
0.4000 0.4131 0.4249 0.4364 0.4475 0.4582 0.4685
0.4100 0.4370 0.4495 0.4617 0.4734 0.4847 0.4956
0.4200 0.4617 0.4749 0.4877 0.5001 0.5121 0.5236
0.4300 0.4872 0.5011 0.5146 0.5277 0.5403 0.5525
0.4400 0.5134 0.5281 0.5423 0.5561 0.5694 0.5822
0.4500 0.5404 0.5558 0.5708 0.5853 0.5993 0.6128
0.4600 0.5681 0.5844 0.6002 0.6154 0.6301 0.6443
0.4700 0.5967 0.6138 0.6303 0.6463 0.6618 0.6767
0.4800 0.6260 0.6440 0.6613 0.6781 0.6943 0.7100
0.4900 0.6562 0.6750 0.6931] 0.7107 0.7277 0.7441
0.5000 0.6871 0.7068 0.7258 0.7442 0.7620 0.7792
0.5100 0.7188 0.7394 0.7593 0.7786 0.7972 0.8152
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CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

Table 5—\Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
cg:::;i_r:: Percent Shrinkage
(m?/kg) X 103 25 26 27 28 29 30
0.5200 0.7514 0.7729 0.7937 0.8139 0.8333 0.8521
0.5300 0.7847 0.8072 0.8289 0.8500 0.8703 0.8899
0.5400 0.8189 0.8423 0.8650 0.8870 0.9082 0.9287
0.5500 0.8539 0.8783 0.9020 0.9249 0.9470 0.9684
0.5600 0.8897 0.9152 0.9398 0.9637 0.9867 1.0090
0.5700 0.9263 0.9528 0.9785 1.0034 1.0274 1.0505
0.5800 0.9638 0.9914 1.0181 1.0440 1.0689 1.0930
0.5900 1.0021 1.0308 1.0586 1.0854 1.1114 1.1365
0.6000 1.0412 1.0711 1.059% 1.1278 1.1548 1.1808
0.6100 1.0812 1.1122 1.1422 1.1712 1.1992 1.2262
0.6200 1.1221 1.1542 1.1853 1.2154 1.2445 1.2725
0.6300 1.1638 1.1971 1.2293 1.2606 1.2907 1.3198
0.6400 1.2063 1.2408 1.2743 1.3066 1.3379 1.3680
0.6500 1.2497 1.2855 1.3201 1.3537 1.3860 1.4173
0.6600 1.2940 1.3310 1.3669 1.4016 1.4351 1.4675
0.6700 1.3391 1.3775 1.4146 1.4505 1.4852 1.5187
0.6800 1.3851 1.4248 1.4632 1.5003 1.5362 1.5708
0.6%900 1.4320 1.4730 1.5127 1.5511 1.5882 1.6240
0.7000 1.4798 1.5221 1.5632 1.6028 1.6412 1.6782
0.7100 1.5284 1.5722 1.6145 1.6555 1.6951 1.7333
0.7200 1.5779 1.6231 1.6668 1.7092 1.7500 1.7895
0.7300 1.6283 1.6750 1.7201 1.7638 1.8060 1.8467
0.7400 1.6796 1.7277 1.7743 1.8193 1.8629 1.9048
0.7500 1.7318 1.7814 1.8294 1.8759 1.9207 1.9640
0.7600 1.7849 1.8360 1.8855 1.9334 1.9796 2.0242
0.7700 1.8389 1.8916 1.9426 1.9919 2.0395 2.0855
0.7800 1.8938 1.9481 2.0006 20514 2.1004 2.1478
0.7900 1.9497 2.0055 2.0595 2.1118 2.1623 2.2111
0.8000 2.0064 2.0638 2.1194 2.1733 2.2252 2.2754
0.8100 2.0640 2.1231 2.1803 2.2357 2.2892 2.3407
0.8200 2.1226 2.1833 2.2422 2.2991 2.3541 2.4072
0.8300 2.1821 2.2445 2.3050 2.3635 2.4201 2.4746
0.8400 2.2425 2.3067 2.3688 2.4290 2.4871 2.5431
0.8500 2.3038 2.3697 2.4336 2.4954 2.5551 2.6127
0.8600 2.3661 2.4338 2.4994 2.5628 2.6241 2.6833
0.8700 2.4292 24988 2.5661 2.6313 2.6042 2.7549
0.8800 2.4934 2.5648 2.6339 2.7008 2.7654 2.8277
0.8900 2.5584 2.6317 2.7026 2.7712 2.8375 2.9015
0.9000 2.6245 2.6996 2.7724 2.8427 2.9107 2.9763
0.9100 2.6914 2.7685 2.8431 29153 2.9850 3.0523
0.9200 2.7593 2.8383 2.9148 2.0888 3.0603 3.1293
0.9300 2.8282 2.9092 2.9876 3.0634 3.1367 3.2074
0.9400 2.8980 2.9810 3.0613 3.1390 3.2141 3.2866
0.9500 2.9688 3.0538 3.1361 3.2157 3.2926 3.3668
0.9600 3.0405 3.1276 3.2119 3.2934 3.3722 3.4482
0.9700 3.1132 3.2023 3.2886 3.3721 3.4528 3.5306
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SECTION 3—VOLUMETRIC SHRINKAGE RESULTING FROM BLENDING LIGHT HyDROCARBONS WITH Crupe OlLs

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
1;2?;:{: Percent Shrinkage
(m3fkg) X 10° 31 32 33 34 35 36
0.0700 0.0090 0.0092 0.0093 0.0095 0.0097 0.0098
0.0800 0.0122 0.0124 0.0127 0.0129 0.0131 0.0133
0.0900 0.0160 0.0163 0.0166 0.0169 0.0172 0.0174
0.1000 0.0203 0.0207 0.0211 0.0215 0.0218 0.0221
0.1100 0.0252 0.0257 0.0262 0.0267 0.0271 0.0275
0.1200 0.0307 0.0314 0.0319 0.0325 0.0330 0.0336
0.1300 0.0369 0.0376 0.0383 0.0390 0.0397 0.0403
0.1400 0.0437 0.0446 0.0454 0.0462 0.0470 0.0477
0.1500 0.0511 0.0521 0.0531 0.0541 0.0550 0.0558
0.1600 0.0592 0.0604 0.0615 0.0626 0.0637 (0.0647
0.1700 0.0680 0.0694 0.0707 0.0719 0.0731 0.0743
0.1800 0.0775 0.0790 0.0805 0.0819 0.0833 0.0846
0.1900 0.0876 0.0894 0.0911 0.0027 0.0942 0.0957
0.2000 0.0985 0.1005 0.1024 0.1042 0.1059 0.1076
0.2100 0.1101 0.1123 01144 0.1164 0.1184 0.1202
0.2200 0.1224 0.1249 0.1272 0.1295 0.1316 0.1337
0.2300 0.1355 0.1382 0.1408 0.1433 0.1457 0.1479
0.2400 0.1493 0.1523 0.1551 0.1579 0.1605 0.1630
0.2500 0.1638 0.1671 0.1703 0.1733 0.1762 0.1789
0.2600 0.1792 0.1828 0.1862 0.1895 0.1926 0.1956
0.2700 0.1953 0.1992 0.2029 0.2065 0.2099 0.2132
0.2800 0.2122 0.2164 0.2205 0.2244 0.2281 0.2317
0.2900 0.2298 0.2344 0.2388 0.2431 0.2471 0.2509
0.3000 0.2483 0.2533 0.2580 0.2626 0.2670 0.2711
0.3100 0.2676 0.2729 0.2781 0.2830 0.2877 0.2922
0.3200 0.2877 0.2934 0.2989 0.3042 0.3093 0.3141
0.3300 0.3086 0.3147 0.3207 0.3263 0.3317 0.3369
0.3400 0.3303 0.3369 0.3432 0.3493 0.3551 0.3607
0.3500 0.3529 0.3599 0.3667 0.3732 0.3794 0.3853
0.3600 0.3763 0.3838 0.3910 0.3979 0.4045 0.4109
0.3700 0.4005 0.4085 0.4162 0.4236 0.4306 0.4373
0.3800 0.4256 0.434]1 0.4423 0.4501 0.4576 0.4648
0.3900 0.4516 0.4606 0.4693 0.4776 0.4855 0.4931
0.4000 0.4784 0.4880 0.4972 0.5060 0.5144 0.5224
0.4100 0.5061 0.5163 0.5260 0.5353 0.5442 0.5527
0.4200 0.5347 0.5454 0.5557 0.5655 0.5749 0.5839
0.4300 0.5642 0.5755 0.5863 0.5967 0.6066 0.6161
0.4400 0.5946 0.6065 0.6179 0.6288 0.6392 0.6492
0.4500 0.6258 0.6383 0.6503 0.6619 0.6729 0.6833
0.4600 0.6580 0.6711 (.6838 0.695%9 0.7074 0.7185
0.4700 0.6911 0.7049 0.7181 0.7308 0.7430 0.7546
0.4800 0.7250 0.7395 0.7534 0.7668 0.7795 0.7917
0.4900 0.7599 0.7751 0.7897 0.8037 0.8170 0.8298
0.5000 0.7958 0.8117 0.8269 0.8416 (0.8356 0.8689
0.5100 0.8325 0.8492 0.8651 0.8804 0.8951 0.9050
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CHAPTER 12—CaLcuLaTioN OF PETROLEUM QUANTITIES

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
ﬂé::;ﬁ: Percent Shrinkage
(m?/kg) X 10° 31 32 33 34 35 36

0.5200 0.8702 0.8876 0.9043 0.9203 0.9356 0.9502
0.5300 0.9088 0.9270 0.9444 0.9611 0.9771 0.9924
0.5400 0.94584 0.9674 0.9856 1.0030 1.0197 1.0356
0.5500 0.9889 1.0087 1.0277 1.0458 1.0632 1.0798
0.5600 1.0304 1.0510 1.0708 1.0897 1.1078 1.1251
0.5700 1.0728 1.0943 1.1148 1.1346 1.1534 1.1714
0.5800 1.1162 1.1385 1.1599 1.1805 1.2001 1.2188
0.5900 1.1606 1.1838 1.2060 1.2274 1.2478 1.2672
0.6000 1.2059 1.2300 1.2532 1.2753 1.2965 1.3167
0.6100 1.2522 1.2773 1.3013 1.3243 1.3463 1.3673
0.6200 1.2995 1.3255 1.3504 1.3743 1.3972 1.4190
0.6300 1.3478 1.3747 1.4006 1.4254 1.4491 1.4717
0.6400 1.3971 1.4250 1.4518 1.4775 1.5021 1.5255
0.6500 1.4474 1.4763 1.5041 1.5307 1.5561 1.5804
0.6600 1.4986 1.5286 1.5573 1.5849 1.6112 1.6364
0.6700 1.5509 1.5819 1.6117 1.6402 1.6674 1.6934
0.6800 1.6042 1.6362 1.6670 1.6965 1.7247 1.7516
0.6%00 1.6585 1.6916 1.7234 1.7539 1.7831 1.8109
0.7000 1.7138 1.7480 1.7809 1.8124 1.8426 1.8713
0.7100 1.7701 1.8055 1.8395 1.8720 1.5031 1.9328
0.7200 1.8275 1.8640 1.8991 1.9327 1.9648 1.9954
0.7300 1.8859 1.9235 1.9597 1.9944 2.0276 2.0592
0.7400 1.9453 1.9842 20215 2.0572 20914 2.1240
0.7500 2.0057 2.0458 2.0843 2.1212 2.1564 2.1901
0.7600 2.0672 2.1085 2.1482 2.1862 2.2225 2.2572
0.7700 2.1298 2.1723 2.2132 2.2524 2.2898 2.3255
0.7800 2.1933 22372 2.2793 2.3196 2.3582 2.3549
0.7900 2.2580 2.3031 2.3464 2.3880 24277 2.4655
0.8000 2.3237 2.3701 2.4147 2.4574 2.4983 2.5372
0.8100 2.3504 24382 2.4841 2.5280 2.5701 2.6101
0.8200 2.4583 2.5074 2.5546 2.5998 2.6430 2.6842
0.8300 2.5271 2.5777 2.6262 2.6726 27170 2.7594
0.8400 2.5971 2.6490 2.6988 2.7466 2.7922 2.8358
0.8500 2.6681 27215 2.71727 2.8217 2.5686 29133
0.8600 2.7402 2.7950 2.8476 2.8980 2.9461 29921
0.8700 2.8134 2.8697 2.9236 29754 3.0248 3.0720
0.8800 2.8877 2.9454 3.0008 3.0539 3.1047 3.1531
0.8900 2.9631 3.0223 3.0791 3.1336 3.1857 3.2354
0.9000 3.0395 3.1003 3.1586 3.2145 3.2679 3.3189
0.9100 3.1171 3.1794 3.2392 3.2965 3.3513 3.4035
0.9200 3.1957 3.2596 3.3209 3.3797 3.4358 3.4894
0.9300 3.2755 3.3409 3.4038 3.4640 35216 3.5765
0.9400 3.3563 3.4234 3.4878 3.5495 3.6085 3.66438
0.9500 3.4383 3.5070 3.5730 3.6362 3.6966 3.7543
0.9600 3.5214 3.5917 3.6593 3.7241 3.7859 3.8450
0.9700 3.6055 3.6776 3.7468 3.8131 3.8765
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SECTION 3—VOLUMETRIC SHRINKAGE RESULTING FROM BLENDING LIGHT HyprocareBons WiTH Crupe Qs

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration

of Inverse :

Densities Percent Shrinkage

(m/kg) X 10° 37 38 39 40 4] 42

0.0700 0.0100 0.0101 0.0102 0.0104 0.0105 0.0106
0.0800 0.0135 0.0137 0.0139 0.0140 0.0142 0.0143
0.0900 0.0177 0.0179 0.0181 0.0184 0.0186 0.0187
0.1000 0.0225 0.0228 0.0231 0.0233 0.0236 0.0238
0.1100 0.027% 0.0283 0.0287 0.0290 0.0293 0.0296
0.1200 0.0341 0.0345 0.0350 0.0354 0.0358 0.0361
0.1300 0.0409 0.0414 0.0420 0.0425 0.0429 0.0434
0.1400 0.0484 0.0491 0.0497 0.0503 0.0508 0.0513
0.1500 0.0566 0.0574 0.0581 0.0588 0.0595 0.0601
0.1600 0.0656 0.0665 0.0674 0.0682 0.0689 0.0696
0.1700 0.0753 0.0764 0.0773 0.0783 0.0791 0.0799
0.1800 0.0858 0.0870 0.0881 (0.0892 0.0901 0.0910
0.1900 0.0971 0.0984 0.0997 0.1009 0.1020 0.1030
0.2000 0.1091 0.1106 0.1120 0.1134 0.1146 0.1158
0.2100 0.1220 0.1236 0.1252 0.1267 0.1281 0.1294
0.2200 0.1356 0.1375 0.1392 0.1409 0.1424 0.1439
0.2300 0.1501 0.1521 0.1541 0.1559 0.1576 0.1592
0.2400 0.1654 0.1676 0.1698 0.1718 0.1737 0.1754
0.2500 0.1815 0.1840 0.1863 0.1885 0.1906 0.1926
0.2600 0.1985 0.2012 0.2038 0.2062 0.2085 0.2106
0.2700 0.2163 0.2193 0.2221 0.2247 0.2272 0.2295
0.2800 0.2350 0.2382 0.2413 (0.244] 0.2468 0.2493
0.2900 0.2546 0.2581 0.2614 0.2645 0.2674 0.2701
0.3000 0.2751 0.2788 0.2824 0.2857 0.2889 0.2918
0.3100 0.2964 0.3005 0.3043 0.3079 0.3113 0.3145
0.3200 0.3187 0.3230 0.3271 (0.L3310 0.3347 0.338]
0.3300 0.3418 0.3465 0.3509 0.3551 0.3590 0.3626
0.3400 0.3659 0.3709 0.3756 0.3801 0.3843 0.3882
0.3500 0.3909 0.3963 0.4013 0.4061 0.4105 0.4147
0.3600 0.4169 0.4225 0.4279 0.4330 0.4378 0.4422
0.3700 0.4437 (0.4498 0.4555 0.4609 0.4660 0.4707
0.3800 0.4715 0.4780 0.4841 0.4898 0.4952 0.5002
0.3900 0.5003 0.5071 0.5136 0.5197 0.5254 0.5307
0.4000 0.5300 0.5373 0.5441 0.5506 0.5566 0.5623
0.4100 0.5607 0.5684 0.5756 0.5825 0.5889 0.5948
0.4200 0.5924 0.6005 0.6081 0.6154 0.6221 0.6284
0.4300 0.6251 0.6336 0.6417 0.6493 0.6564 0.6631
0.4400 0.6587 0.6677 0.6762 0.6842 0.6917 0.6987
0.4500 0.6933 0.7028 0.7117 0.7202 0.7281 0.7355
0.4600 0.7290 0.7389 0.7483 0.7572 0.7655 0.7733
0.4700 (.7656 0.7760 0.7859 0.7952 0.8040 08121
0.4800 0.8032 0.8142 0.8246 0.5343 0.8435 0.8521
0.4900 0.8419 0.8534 0.8643 0.8745 (0.8841] 0.8931
0.5000 0.8816 0.8936 0.9050 0.9157 0.9258 0.9352
0.5100 0.9223 0.9345 0.9468 0.9580 0.9686 0.9784
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CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
ﬂ];:: :E: Percent Shrinkage
(m3fkg) X 10° 37 38 39 40 41 42
0.5200 0.9641 0.9772 0.9897 1.0014 1.0124 1.0227
0.5300 1.0068 1.0206 1.0336 1.0458 1.0573 1.0681
0.5400 1.0507 1.0650 1.0786 1.0914 1.1034 1.1146
0.5500 1.0956 1.1105 1.1247 1.1380 1.1505 1.1622
0.5600 1.1415 1.1571 1.1718 1.1857 1.1988 1.2109
0.5700 1.1885 1.2048 1.2201 1.2346 1.2481 1.2608
0.5800 1.2366 1.2535 1.2695 1.2845 1.2986 1.3118
0.5900 1.2857 1.3033 1.3199 1.3356 1.3502 1.3639
0.6000 1.3360 1.3542 1.3715 1.3877 1.4030 1.4172
0.6100 1.3873 1.4062 1.4241 1.4410 1.4569 1.4716
0.6200 1.4397 1.4593 1.4779 1.4954 1.5119 1.5272
0.6300 1.4932 1.5136 1.5328 1.5510 1.5681 1.5840
0.6400 1.5478 1.5689 1.5889 1.6077 1.6254 1.6419
0.6500 1.6035 1.6254 1.6461 1.6656 1.6839 1.7010
0.6600 1.6603 1.6829 1.7044 1.7246 1.7435 1.7612
0.6700 1.7182 1.7416 1.7638 1.7847 1.8043 1.8226
0.6800 1.7772 1.8015 1.8244 1.8460 1.8663 1.8853
0.65900 1.8373 1.8624 1.8862 1.9085 1.9295 1.949]1
0.7000 1.8986 1.9245 1.9491] 1.9722 1.9938 2.0141
0.7100 1.9610 1.9878 2.0131 2.0370 2.0594 2.0803
0.7200 2.0246 2.0522 2.0784 2.1030 2.1261 2.1477
0.7300 2.0892 2.1178 2.1448 2.1702 2.1940 2.2163
0.7400 2.1551 2.1845 2.2123 2.2385 2.2631 2.2861
0.7500 2.2220 2.2524 2.2811 2.3081 2.3335 2.3572
0.7600 2.2602 2.3215 2.3510 2.3789 2.4050 2.4294
0.7700 2.3595 2.3917 2.4221 2.4500 24778 2.5029
0.7800 2.4299 2.4631 2.4945 2.5240 2.5518 2.5777
0.7900 2.5015 2.5357 2.5680 2.5984 2.6270 2.6536
0.8000 2.5743 2.6095 2.6427 2.6740 2.7034 2.7308
0.8100 2.6483 26844 2.7186 2.7508 2.7811 2,8093
0.8200 2.7234 2.7606 2.7957 2.8289 2.8600 2.8890
0.8300 2.7997 2.8379 2.8741] 2.9081 2.9401 2.9699
0.8400 2.8772 2.9165 2.9536 2.9886 3.0215 3.0521
0.8500 2.9559 2.9963 3.0344 3.0704 3.1041 3.1356
0.8600 3.0358 3.0772 31164 3.1534 3.1880 3.2204
0.8700 3.1165 3.1594 3.1997 3.2376 3.2732 3.3064
0.8800 3.1991 3.2428 3.2841 3.3231 3.3596 3.3937
0.8900 3.2826 3.3275 3.3699 3.4098 3.4473 3.4822
0.9000 3.3673 3.4133 3.4568 34978 3.5362 3.5721
0.9100 3.4533 3.5004 3.5450 3.5870 3.6264 3.6632
0.9200 3.5404 3.5887 3.6344 3.6775 37179 3.7557
0.9300 3.6287 3.6783 3.7251 3.7693 3.8107 3.8494
0.5400 3.7183 3.7691 3.8171 3.8623 3.9048 3.9444
0.9500 3.8091 3.8611 3.9103 3.9567 4.0001 4.0407
0.9600 3.9011 3.9544 4.0048 4.0523 4.0968 4.1384
0.9700 3.9944 4.0490 4.1005 4.1491 4.1947 4.2373
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SECTION 3—VOLUMETRIC SHRINKAGE REsuLTING FrROM BLENDING LicHT HyDrROCcARBONS WiTH CRUDE OILS

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
g::?;ﬁ: Percent Shrinkage
(m¥/kg) % 10° 43 44 45 46 47 48
0.0700 0.0107 0.0108 0.0108 0.0109 0.0110 0.0110
0.0800 0.0145 0.0146 0.0147 0.0148 0.0149 0.0150
0.0900 0.0189 0.0191 0.0192 0.0194 0.0195 0.0196
0.1000 0.0241 0.0243 0.0245 0.0246 0.0248 0.0249
0.1100 0.0299 0.0302 0.0304 0.0306 0.0308 0.0310
0.1200 0.0365 0.0368 0.0371 0.0373 0.0375 0.0378
0.1300 0.0438 0.0441 0.0445 0.0448 0.0451 0.0453
0.1400 0.0518 0.0523 0.0527 0.0530 0.0534 0.0537
0.1500 0.0606 0.0612 0.0616 0.0621 0.0624 0.0628
0.1600 0.0703 0.0709 0.0714 0.0719 0.0723 0.0727
0.1700 0.0807 0.0814 0.0820 0.0826 0.0831 0.0835
0.1800 0.0919 0.0927 0.0934 0.0941 0.0946 0.0952
0.1900 0.1040 0.1048 0.1057 0.1064 0.1071 0.1076
0.2000 0.1169 0.1178 0.1188 0.1196 0.1203 0.1210
0.2100 0.1306 0.1317 0.1327 0.1337 0.1345 0.1352
0.2200 0.1452 0.1465 0.1476 0.1486 0.1495 0.1504
0.2300 0.1607 0.1621 0.1633 0.1645 0.1655 0.1664
0.2400 0.1771 0.1786 0.1800 0.1812 0.1824 0.1834
0.2500 0.1944 0.1960 0.1975 0.1989 0.2001 0.2012
0.2600 0.2125 0.2143 0.2160 0.2175 0.2189 0.2201
0.2700 0.2316 0.2336 0.2354 0.2371 0.23 85 0.2398
0.2800 0.2517 0.2538 0.2558 0.2575 0.2592 0.2606
0.2900 0.2726 0.2749 0.2771 0.2790 0.2807 0.2823
0.3000 0.2945 0.2970 0.2993 0.3014 0.3033 0.3050
0.3100 0.3174 0.3201 0.3226 0.3248 0.3268 0.3286
0.3200 0.3412 0.3441 0.3468 0.3492 0.3514 0.3533
0.3300 0.3660 0.3691 0.3720 0.3746 0.3769 0.3790
0.3400 0.3918 0.3951 0.3982 0.4010 0.4035 0.4057
0.3500 0.4186 0.4221 0.4254 0.4284 04310 0.4334
0.3600 0.4463 0.4501 0.4536 0.4568 0.4596 0.4621
0.3700 0.4751 0.4791 0.4829 0.4862 0.4893 0.4919
0.3800 0.5049 0.5092 0.5131 0.5167 0.5199 0.5228
0.3900 0.5357 0.5403 0.5444 0.5482 0.5516 0.53547
0.4000 0.5675 0.5724 0.5768 0.5808 0.5844 0.5876
0.4100 0.6004 0.6055 0.6102 0.6145 0.6183 0.6217
0.4200 0.6343 0.6397 0.6447 0.6492 0.6532 0.6568
0.4300 0.6693 0.6750 0.6802 0.6849 0.6892 0.6930
0.4400 0.7053 0.7113 0.7168 0.7218 0.7263 0.7303
0.4500 0.7423 0.7487 0.7545 0.7597 0.7645 0.7686
0.4600 0.7805 0.7872 0.7932 0.7988 0.8037 0.8081
0.4700 0.8197 0.8267 0.8331 0.8389 0.8441 0.8488
0.4800 0.8600 0.8674 0.8741 0.8802 0.8856 0.8905
0.4900 0.9014 0.9091 0.9162 0.9225 0.9283 0.9334
0.5000 0.9439 0.9520 0.9593 0.9660 0.9720 09774
0.5100 0.9875 0.9959 1.0036 1.0106 1.0169 1.0225
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CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
ﬁ::;ﬁ: Percent Shrinkage
(m?/kg) X 10° 43 44 45 46 47 48
0.5200 1.0322 1.0410 1.0491 1.0564 1.0630 1.0688
0.5300 1.0780 1.0872 1.0956 1.1033 1.1101 1.1162
0.5400 1.1250 1.1346 1.1434 1.1513 1.1585 1.1648
0.5500 1.1730 1.1830 1.1922 1.2005 1.2080 1.2146
0.5600 1.2222 1.2326 1.2422 1.2509 1.2586 1.2655
0.5700 1.2726 1.2834 1.2934 1.3024 1.3105 1.3176
0.5800 1.3240 1.3353 1.3457 1.3551 1.3635 1.3709
0.5900 1.3767 1.3884 1.3992 1.4089 1.4177 1.4254
0.6000 1.4304 1.4426 1.4538 1.4639 1.4730 1.4811
0.6100 1.4854 1.4980 1.5096 1.5202 1.5296 1.5380
0.6200 1.5415 1.5546 1.5667 1.5776 1.5874 1.5961
0.6300 1.5987 1.6124 1.6249 1.6362 1.6464 1.6354
0.6400 1.6572 1.6713 1.6843 1.6960 1.7066 1.7159
0.6500 1.7168 1.7315 1.7449 1.7570 1.7680 1.7776
0.6600 1.7776 1.7928 1.8067 1.8193 1.8306 1.8406
0.6700 1.8396 1.8553 1.8697 1.8827 1.8944 1.9048
0.6800 1.9028 1.9191 1.9339 1.9474 1.9595 1.9702
0.6900 1.9672 1.9840 1.9994 2.0133 2.0259 2.0369
0.7000 2.0329 2.0502 2.0661 2.0805 2.0934 2.1049
0.7100 2.0097 21176 2.1340 2.1489 2.1622 2.1740
0.7200 2.1677 2.1862 2.2031 2.2185 2.2323 2.2445
0.7300 2.2370 2.2560 2.2735 2.2894 2.3036 2.3162
0.7400 2.3074 23271 2.3451 2.3615 2.3762 2.3892
0.7500 2.3792 2.3994 2.4180 2.4349 2.4500 24634
0.7600 2.4521 2.4730 2.4922 2.5095 2.5251 2.5390
0.7700 2.5263 2.5478 2.5676 2.5855 2.6015 2.6158
0.7800 2.6017 2.6239 2.6442 2.6627 2.6792 2.6939
0.7900 2.6784 2.7012 2.7221 27411 2. 7582 2.7733
0.8000 2.7563 27798 2.8013 2.8209 2.8384 2.8539
0.83100 2.8355 2.8597 2.8818 2.9019 2.9200 29359
0.8200 2.9159 2.9408 2.9636 2.9843 3.0028 3.0192
0.8300 2.9976 3.0232 3.0466 3.0679 3.0870 3.1038
0.8400 3.0806 3.1069 3.1310 3.1528 3.1724 3.1898
0.8500 3.1649 3.1919 3.2166 3.2390 3.2592 3.2770
0.8600 3.2504 3.2781 3.3035 3.3266 3.3473 3.3656
0.8700 3.3372 3.3657 3.3918 3.4154 3.4367 3.4554
0.8800 3.4253 3.4545 3.4813 3.5056 3.5274 3.5467
0.8900 3.5147 3.5447 3.5722 3.5971 3.6194 3.6392
0.9000 3.6054 3.6362 3.6643 3.6899 3.7128 3.7331
0.9100 3.6974 3.7289 3.7578 3.7840 3.8076 3.8284
0.9200 3.7907 3.8230 3.8526 3.8795 3.9036 3.9250
0.9300 38853 39184 30488 3.9763 4.0010 4.0229
0.9400 3.9812 4.0152 4.0463 4.0745 4.0998 4.1222
0.9500 4.0784 4.1132 4.1451 4.1740 4.1999 42229
0.9600 41770 4.2126 42452 4.2748 4.3014 4.3249
0.9700 4.2768 43133 4.3467 4.3770 4.4042 4. 4283
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SECTION 3—VoLUMETRIC SHRINKAGE RESULTING FrOM BLENDING LiIGHT HYDROCARBONS WITH CRuDe OiLs

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
‘g;ﬁ;f:: Percent Shrinkage
(m¥/kg) X 10° 49 50 51 52 53 54
0.0700 0.0111 0.0111 0.0112 0.0112 0.0112 0.0112
0.0800 0.0150 0.0151 0.0152 0.0152 0.0152 0.0152
0.0900 0.0197 0.0198 0.0198 0.0199 0.0199 0.0199
0.1000 0.0250 0.0251 0.0252 0.0253 0.0253 0.0253
0.1100 0.0311 0.0312 0.0313 0.0314 0.0315 0.0315
0.1200 0.0379 0.0381 0.0382 0.0383 0.0384 0.0384
0.1300 0.0455 0.0457 0.0459 0.0460 0.0461 0.0461
0.1400 0.0539 0.0541 0.0543 0.0544 0.0545 0.0546
0.1500 0.0631 0.0633 0.0635 0.0637 0.0638 0.0639
0.1600 0.0731 0.0734 0.0736 0.0738 0.0739 0.0740
0.1700 0.0839 0.0843 0.0845 0.0847 0.0849 0.0850
0.1800 0.0956 0.0960 0.0963 0.0965 0.0967 0.0968
0.1900 0.1081 0.1086 0.1089 0.1092 0.1094 0.1095
0.2000 0.1216 0.1220 0.1224 0.1228 0.1230 0.1231
0.2100 0.1359 0.1364 0.1369 0.1372 0.1374 0.1376
0.2200 0.1511 0.1517 0.1522 0.1526 0.1528 0.1530
0.2300 0.1672 0.1678 0.1684 0.1688 0.1691 0.1693
0.2400 0.1842 0.1850 0.1856 0.1860 0.1864 0.1866
0.2500 0.2022 0.2030 0.2037 0.2042 0.2045 0.2048
0.2600 0.2211 0.2220 0.2227 0.2233 0.2237 0.2239
0.2700 0.2410 0.2419 0.2427 0.2433 0.2438 0.2440
0.2800 0.2618 0.2628 0.2637 0.2644 0.2648 0.2651
0.2900 0.2836 0.2847 0.2857 0.2864 0.2869 0.2872
0.3000 0.3064 0.3076 0.3086 0.3094 0.3100 0.3103
0.3100 0.3302 0.3315 0.3326 0.3334 0.3340 0.3344
0.3200 0.3550 0.3564 0.3575 0.3585 0.3591 0.3595
0.3300 0.3808 0.3823 (L3835 0.3845 0.3852 0.3856
0.3400 0.4076 0.4092 0.4105 04116 0.4123 0.4128
0.3500 0.4354 0.4372 0.4386 0.4397 0.4405 0.4410
0.3600 0.4643 0.4662 0.4677 0.4689 0.4697 0.4702
0.3700 0.4943 0.4962 0.4978 0.4991] 0.5000 0.5005
(0.3800 0.5252 0.5273 0.5291 0.5304 0.5314 0.5319
0.3900 0.5573 0.5595 0.5613 0.5628 0.5638 0.5644
0.4000 0.5904 0.5928 0.5947 0.5962 0.5973 0.5979
0.4100 0.6246 0.6271 0.6291 0.6307 0.6319 0.6325
0.4200 0.6599 0.6625 0.6647 0.6663 0.6676 0.6683
0.4300 0.6962 0.6990 0.7013 0.7031 0.7043 0.7051
0.4400 0.7337 0.7366 0.7390 0.7409 0.7422 0.7430
0.4500 0.7723 0.7754 0.7779 0.7799 0.7813 0.7821
0.4600 0.8120 0.8152 0.8179 0.8199 0.8214 0.8223
0.4700 0.8528 0.8562 0.8590 0.8611 0.8627 0.8636
0.4800 0.8947 0.8983 0.9012 0.9035 0.9051 0.9061
0.4900 0.9378 0.9415 0.9446 0.9470 0.9487 0.9497
0.5000 0.9820 0.9855 0.9891 0.9916 0.9934 0.9945
0.5100 1.0273 1.0314 1.0348 1.0374 1.0393 1.0404
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66 CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
of Inverse Percent Shrinkage
(m/kg) X 10° 49 50 51 52 53 54
0.5200 1.0738 1.0781 1.0816 1.0844 1.0863 1.0875
0.5300 1.1215 1.1260 1.1296 1.1325 1.1346 1.1358
0.5400 1.1703 1.1750 1.1788 1.1818 1.1840 1.1852
0.5500 1.2203 1.2252 1.2292 1.2323 1.2345 1.2359
0.5600 1.2715 1.2766 1.2807 1.2840 1.2863 1.2877
0.5700 1.3239 1.3291 1.3335 1.3369 1.3393 1.3407
0.5800 1.3774 1.3829 1.3874 1.3909 1.3935 1.3950
0.5900 1.4322 1.4379 1.4426 1.4462 1.4488 1.4504
0.6000 1.4881 1.4940 1.4989 1.5027 1.5054 1.5071
0.6100 1.5453 1.5514 1.5565 1.5604 1.5632 1.5649
0.6200 1.6036 1.6100 1.6153 1.6194 1.6223 1.6240
0.6300 1.6632 1.6698 1.6753 1.6795 1.6826 1.6844
0.6400 1.7240 1.7309 1.7365 1.7409 1.7441 1.7460
0.6500 1.7860 1.7932 1.7990 1.8036 1.8068 1.8088
0.6600 1.8493 1.8567 1.8627 1.8675 1.8708 1.8729
0.6700 1.9138 1.9215 1.9277 1.9326 1.9361 1.9382
0.6800 1.9796 1.9875 1.9939 1.9990 2.0026 2.0048
0.6900 2.0466 2.0547 2.0614 20667 2.0704 2.0726
0.7000 2.1148 2.1233 2.1302 2.1356 2.1394 2.1417
0.7100 2.1843 2.1930 2.2002 2.2058 2.2098 2.2121
0.7200 2.2551 2.2641 2.2715 22772 22814 2.2838
0.7300 2.3272 2.3364 2.3441 2.3500 2.3542 2.3568
0.7400 2.4005 2.4101 2.4179 2.4240 2.4284 2.4310
0.7500 2.4751 2.4850 2.4931 2.4994 2.5039 2.5066
0.7600 2.5510 2.5611 2.5695 2.5760 2.5807 2.5834
0.7700 2.6281 2.6386 2.6472 2.6539 2.6587 2.6616
0.7800 2.7066 27174 2.7263 2.7332 2.7381 2.7411
0.7900 2.7664 2.7975 2.8066 2.8137 2.8188 2.8219
0.8000 2.8674 2.8789 2.8883 2.8956 2.9008 2.9040
0.8100 2.9498 2.9616 29712 2.9788 2.9842 2.9874
0.8200 3.0335 3.0456 3.0555 3.0633 3.0688 3.0721
0.8300 3.1185 3.1310 3.1412 3.1491 3.1548 3.1582
0.8400 3.20438 3.2176 3.2281 3.2363 3.2421 3.2456
0.8500 3.2925 3.3056 3.3164 3.3248 3.3308 3.3344
0.8600 33815 3.3950 3.4060 3.4147 3.4208 3.4245
0.8700 34718 3.4856 3.4970 3.5059 3.5122 3.5160
0.8800 3.5634 3.5777 3.5893 3.5984 3.6049 3.6088
0.8900 3.6564 3.6710 3.6830 3.6923 3.6990 3.7030
0.9000 3.7508 3.7658 3.7780 3.7876 3.7945 3.7985
0.9100 3.8465 3.8018 3.8744 3.8842 3.8913 3.8955
0.9200 3.9435 3.9593 39722 3.9822 3.9894 3.9938
0.9300 40419 4.0581 40713 40816 4.0890 40934
0.9400 4.1417 4.1582 4.1718 4.1824 4.1899 4.1945
0.9500 4.2429 4.2598 42737 4.2845 4,2923 4,2969
0.9600 4.3454 4.3627 4.3769 4.3880 4.3960 4.4007
0.9700 4.4493 4.4670 4.4816 4.4930 4.5011 4.5059
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SEcTiON 3—VOLUMETRIC SHRINKAGE ReEsuLTinGg From BLENDING LIGHT HyDrocAaRBONS WITH Crupe QILs

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
{g;? ;E :: Percent Shrinkage
(m/kg) x 10° 55 56 57 58 59 60
0.0700 0.0112 0.0112 0.0112 0.0112 0.0112 0.0111
0.0800 0.0152 0.0152 0.0152 0.0152 0.0152 0.0151
0.0900 0.0199 0.0199 0.0199 0.0199 0.0198 0.0198
0.1000 0.0254 0.0253 0.0253 0.0253 0.0252 0.0251
0.1100 0.0315 0.0315 0.0315 0.0314 0.0313 0.0312
0.1200 0.0384 0.0384 0.0384 0.0383 0.0382 0.0381
0.1300 0.0461 0.0461 0.0460 0.0460 0.0458 0.0457
0.1400 0.0546 0.0546 0.0545 0.0544 0.0543 (0541
0.1500 0.0639 0.0639 0.0638 0.0637 0.0635 0.0633
0.1600 0.0740 0.0740 0.0739 0.0738 0.0736 0.0733
0.1700 0.0850 0.0850 0.0849 0.0847 0.0845 (.0842
0.1800 0.0969 0.0968 0.0067 0.0965 0.0963 0.0959
0.1900 0.1096 0.1095 0.1094 0.1092 0.1089 0.1085
0.2000 0.1232 0.1231 0.1230 0.1227 0.1224 0.1220
0.2100 0.1376 0.1376 0.1374 0.1372 0.1368 (.1363
0.2200 0.1530 0.1530 0.1528 0.1525 0.1521 0.1516
0.2300 0.1694 0.1693 0.1691 0.1688 0.1684 0.1678
0.2400 0.1866 0.1866 0.1863 0.1860 0.1855 0.1849
0.2500 0.2048 0.2048 0.2045 0.2041 0.2036 0.2029
0.2600 0.2240 0.2239 0.2237 0.2232 0.2226 0.2219
0.2700 0.2441 0.2440 0.2438 0.2433 0.2427 0.2418
0.2800 0.2652 0.2651 0.2648 0.2643 0.2636 0.2627
0.2900 0.2873 0.2872 0.2869 0.2863 0.2856 0.2846
0.3000 0.3104 0.3103 0.3099 0.3094 0.3085 0.3075
0.3100 0.3345 0.3344 0.3340 0.3334 0.3325 0.3314
0.3200 0.3596 0.3595 0.3591 0.3584 0.3575 0.3562
0.3300 0.3858 0.3856 0.3852 0.3844 0.3834 0.3821
0.3400 0.4129 0.4128 0.4123 0.4115 0.4104 0.4090
0.3500 0.4411 0.4410 0.4405 0.4396 0.4385 0.4370
0.3600 0.4704 0.4702 0.4697 0.4688 0.4676 0.4660
0.3700 0.5007 0.5005 0.5000 0.4990 0.4977 0.4560
0.3800 0.5321 0.5319 0.5313 0.5303 0.5289 0.5271
0.3900 0.5646 0.5644 0.5637 0.5627 0.5612 0.5593
0.4000 0.5981 0.5979 0.5972 0.5961 0.5945 0.5925
0.4100 0.6328 0.6325 0.6318 0.6306 0.6290 0.6268
0.4200 0.6685 0.6682 0.6675 0.6662 0.6645 0.6622
0.4300 0.7053 0.7051 0.7043 0.7030 0.7011 0.6987
0.4400 0.7433 0.7430 0.7422 0.7408 0.7388 0.7363
0.4500 0.7824 0.7821 0.7812 0.7797 0.7777 0.7750
0.4600 0.8226 0.8223 0.8213 0.8198 0.8176 0.8149
0.4700 0.8639 0.8636 0.8626 0.8610 0.8587 0.8558
0.4800 0.9064 0.9061 0.9050 0.9033 0.9010 0.8979
0.4900 0.9500 0.9497 0.9486 0.9468 0.9443 0.9411
0.5000 0.9948 0.9944 0.9933 0.9915 0.9888 0.9855
0.5100 1.0408 1.0404 1.0392 1.0372 1.0345 1.0310
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CHAPTER 12—CaALcuULATION oF PETROLEUM QUANTITIES

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
"gﬁf{:::: Percent Shrinkage
(m3/kg) X 10° 55 56 57 58 59 60
0.5200 1.0879 1.0875 1.0862 1.0842 1.0813 1.0777
0.5300 1.1362 1.1357 1.1345 1.1323 1.1293 1.1255
0.5400 1.1856 1.1852 1.1838 1.1816 1.1785 1.1745
0.5500 1.2363 1.2358 1.2344 1.2321 1.2289 1.2247
0.5600 1.2881 1.2876 1.2862 1.2838 1.2504 1.2760
0.5700 1.3412 1.3407 1.3362 1.3366 1.3331 1.3286
0.5800 1.3954 1.3949 1.3933 1.3907 1.3870 1.3823
0.5900 1.4509 1.4503 1.4487 1.4460 1.4422 1.4373
0.6000 1.5076 1.5070 1.5053 1.5025 1.4985 1.4934
0.6100 1.5655 1.5649 1.5631 1.5602 1.5561 1.5508
0.6200 1.6246 1.6240 1.6221 1.6191 1.6148 1.6093
0.6300 1.6850 1.6843 1.6824 1.6793 1.6748 1.6691
0.6400 1.7466 1.7459 1.7439 1,7407 1.7361 1.7301
0.6500 1.8094 1.8087 1.8067 1.8033 1.7985 1.7924
0.6600 1.8735 1.8728 1.8707 1.8672 1.8622 1.8559
0.6700 1.9389 1.9381 1.9359 1.9323 1.9272 1.9206
0.6800 2.0055 2.0047 2.0024 1.9987 1.9934 1.9866
0.6900 2.0733 2.0725 2.0702 2,0663 2.0609 2.0538
0.7000 2.1425 2.1417 2.1392 2.1352 2.1296 2,1223
0.7100 2.2129 2.2121 2.2096 2.2054 2.1996 2.1921
0.7200 2.2846 2.2837 2.2812 2.2769 2.2709 2.2631
0.7300 2.3576 2.3567 2.3540 2.3496 2.3434 2.3354
0.7400 2.4319 2.4310 2.4282 2.4236 2.4173 2.4090
0.7500 2.5075 2.5065 2.5037 2.4990 2.4924 2.4839
0.7600 2.5843 2.5833 2.5804 2.5756 2.5688 2.5600
0.7700 2.6625 2.6615 2.6585 2.6535 2.6465 2.6375
0.7800 2.7420 2.7410 2.7379 2.7327 2.7255 2.7162
0.7900 2.8228 2.8217 2.8186 2.8133 2.8058 2.7963
0.8000 2.9050 2.9038 2.9006 2.8951 2,8875 2.8776
0.8100 2.0884 2.9873 2.9839 2.9783 2.9704 2.9603
0.8200 3.0732 3.0720 3.0686 3.0628 3.0547 3.0443
0.8300 3.1593 3.1581 3.1545 3.1486 3.1403 3.1296
0.8400 3.2468 3.2455 3.2419 3.2358 3.2272 3.2162
0.8500 3.3356 3.3343 3.3305 3.3243 3.3155 3.3042
0.8600 3.4257 3.4244 3.4205 3.4141 3.4051 3.3935
0.8700 3.5172 3.5159 3.5119 3.5053 3.4961 3.4841
0.8800 3.6101 3.6087 3.6046 3.5978 3.5883 3.5761
0.8900 3.7043 3.7029 3.6987 3.6917 3.6820 3.6694
0.9000 3.7999 3.7984 3.7941 3.7870 3.7770 3.7641
0.9100 3.8068 3.8953 3.8909 3.8836 3.8734 3.8602
0.9200 3.9951 3.9936 3.9891 39816 3.9711 3.9576
0.9300 4.0948 4.0933 4.0886 40810 4.0702 4.0563
0.9400 4.1959 4.1943 4.1896 4.1817 41707 4.1564
0.9500 4.2984 4.2967 4.2919 4.2838 4.2725 4.2579
0.9600 4.4022 44005 4.3956 43873 4.3758 4.3608
0.9700 4.5075 4.5058 4.5007 4.4922 44804 44651
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SECTION 3—VOLUMETRIC SHRINKAGE ResuLTing From BLENDING LIGHT HyDrROCARBONS WiTH CRUDE QOILS

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
g;r?;fi: Percent Shrinkage
(m*kg) % 10° 61 62 63 64 65 66
0.0700 0.0111 0.0110 0.0110 0.0109 0.0108 0.0107
0.0800 0.0150 0.0150 0.0149 0.0148 0.0147 0.0145
0.0900 0.0197 0.0196 0.0195 0.0193 0.0192 0.0190
0.1000 0.0250 0.0249 0.0247 0.0246 0.0244 0.0242
0.1100 0.0311 0.0309 0.0307 0.0305 0.0303 0.0301
0.1200 0.0379 0.0377 0.0375 0.0372 0.0370 0.0367
0.1300 0.0455 0.0453 0.0450 0.0447 0.0444 0.0440
0.1400 0.0539 0.0536 0.0533 0.0529 0.0525 0.0521
0.1500 0.0630 0.0627 0.0624 0.0619 0.0615 0.0610
0.1600 0.0730 0.0727 0.0723 0.0718 0.0712 0.0706
0.1700 0.0839 0.0834 0.0830 0.0824 0.0818 0.0811
0.1800 0.0955 0.0951 0.0945 0.0939 0.0932 0.0924
0.1900 0.1081 0.1075 0.1069 0.1062 0.1054 0.1045
0.2000 0.1215 0.1209 0.1202 0.1194 0.1185 0.1175
0.2100 0.1358 0.1351 0.1343 0.1334 0.1324 0.1313
0.2200 0.1510 0.1502 0.1493 0.1483 0.1472 0.1460
0.2300 0.1671 0.1662 0.1653 0.1642 0.1629 0.1616
0.2400 0.1841 0.1832 0.1821  0.1809 0.1795 0.1780
0.2500 0.2021 0.2010 0.1999 0.1985 0.1970 0.1954
0.2600 0.2210 0.2198 0.2186 02171 0.2155 0.2137
0.2700 0.2408 0.2396 0.2382 0.2366 0.2348 0.2329
0.2800 0.2616 0.2603 0.2588 0.2571 0.2551 0.2530
0.2900 0.2834 0.2820 0.2804 0.2785 0.2764 0.2741
0.3000 0.3062 0.3047 0.3029 0.3009 0.2986 0.2961
0.3100 0.3300 0.3283 0.3264 0.3242 0.3218 0.3191
0.3200 0.3547 0.3530 0.3509 0.3486 0.3459 0.3430
0.3300 0.3805 0.3786 0.3764 0.3739 0.3711 0.3680
0.3400 0.4073 0.4053 0.4029 0.4002 0.3972 0.3939
0.3500 0.4352 0.4330 0.4305 0.4276 0.4244 0.4208
0.3600 0.4640 0.4617 0.4590 0.4559 0.4525 0.4487
0.3700 0.4939 0.4915 0.4886 0.4853 0.4817 0.4776
0.3800 0.5249 0.5223 0.5192 0.5158 0.5119 0.5076
0.3900 0.5569 0.5541 0.5509 0.5472 0.5431 0.5385
0.4000 0.5900 0.5871 0.5836 0.5798 0.5754 0.5705
0.4100 0.6242 0.6211 0.6174 0.6133 0.6087 0.6036
0.4200 0.6594 0.6561 0.6523 0.6480 0.6431 0.6377
0.4300 0.6958 0.6923 0.6883 0.6837 0.6785 0.6728
0.4400 0.7332 0.7296 0.7253 0.7205 0.7150 0.7090
0.4500 0.7718 0.7679 0.7634 0.7583 0.7526 0.7463
0.4600 0.8114 0.8074 0.8027 0.7973 0.7913 0.7846
0.4700 0.8522 0.8479 0.8430 0.8374 0.8311 0.8241
0.4800 0.8941 0.8896 0.8845 0.8786 0.8719 0.8646
0.4900 0.9372 0.9325 0.9270 0.9209 0.9139 0.9062
0.5000 0.9813 0.9764 0.9707 0.9643 0.9570 0.9489
0.5100 1.0267 1.0215 1.0156 1.0088 1.0012 0.9927
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CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
t;;::ifir:: Percent Shrinkage
(m*/kg) x 10° 61 62 63 64 65 66
0.5200 1.0731 1.0678 1.0615 1.0545 1.0465 1.0377
0.5300 1.1208 1.1152 1.1087 1.1013 1.0930 1.0837
0.5400 1.1696 1.1637 1.1569 1.1492 1.1406 1.1309
0.5500 1.2195 1.2134 1.2064 1.1983 1.1893 1.1792
0.5600 1.2707 1.2643 1.2570 1.2486 1.2392 1.2287
0.5700 1.3230 1.3164 1.3087 1.3000 1.2902 1.2793
0.5500 1.3765 1.3696 1.3617 1.3526 1.3424 1.3310
0.5900 1.4312 1.4241 1.4158 1.4063 1.3957 1.3839
0.6000 1.4871 1.4797 1.4711 1.4613 1.4502 1.4380
0.6100 1.5442 1.5365 1.5276 1.5174 1.5059 1.4932
0.6200 1.6026 1.5946 1.5853 1.5747 1.5628 1.5496
0.6300 1.6621 1.6538 1.6442 1.6332 1.6209 1.6072
0.6400 1.7229 1.7143 1.7043 1.6929 1.6801 1.6660
0.6500 1.7849 1.7759 1.7656 1.7538 1.7406 1.7259
0.6600 1.8481 1.8389 1.8281 1.8160 1.8023 1.7871
0.6700 1.9126 1.9030 1.8919 1.8793 1.8651 1.8404
0.6800 1.9783 1.9684 1.9569 1.9439 1.9292 1.9129
0.6900 2.0452 2.0350 2.0231 2.0096 1.9945 1.9777
0.7000 2.1134 2.1029 2.0906 2.0767 2.0610 2.0436
0.7100 2.1829 2.1720 2.1593 2.1449 2.1288 2.1108
0.7200 2.2536 2.2424 2.2293 2.2144 2.1977 2.1792
0.7300 2.3256 2.3140 2.3005 2.2852 2.2680 2.2488
0.7400 2,3989 2.3869 2.3730 2.3572 2.3394 2.3197
0.7500 2.4735 2.4611 2.4468 2.4304 24121 2.3918
0.7600 2.5493 2.5365 2.5218 2.5049 2.4861 2.4651
0.7700 2.6264 26133 2.5981 2.5807 2.5613 2.5397
0.7800 2. 7048 2.6913 2.6756 2.6578 2.6377 2.6155
0.7900 2. 7845 2.7706 2.7545 2.7361 2.7155 2.6926
0.8000 2.8656 2.8512 2.8346 2.8157 2.7945 2.7709
0.8100 2.9479 2.9331 2.9161 2.8966 2.8748 2.8505
0.8200 30315 3.0164 2.9988 2.9788 2.9563 29314
0.8300 3.1165 3.1009 3.0828 3.0623 3.0352 3.0135
0.8400 3.2027 3.1867 3.1682 3.1470 3.1233 3.0970
0.8500 3.2903 32739 3.2548 3.2331 3.2087 3.1817
0.8600 3.3793 3.3624 3.3428 3.3205 3.2054 3.2676
0.8700 3.4695 3.4522 3.4321 3.4092 3.3835 3.3549
0.8800 3.5611 3.5433 3.5227 3.4992 3.4728 3.4435
0.8900 3.6540 3.6358 3.6146 3.5905 3.5634 3.5334
0.9000 3.7483 3.7296 3.7079 3.6831 3.6554 3.6245
0.9100 3.8440 3.8247 3.8025 3.7771 3.7486 3.7170
0.9200 3.9409 39212 3.8984 3.8724 3.8432 3.8108
0.9300 4.0393 40191 3.9957 3.9690 3.9391 3.9059
0.9400 4.1390 41183 4.0043 4.0670 4.0364 4.0023
0.9500 4.2401 42189 4.1943 4.1663 4.1349 4.1000
0.9600 4.3425 4.3208 4.2956 4.2670 42348 4.1991
0.9700 4.4463 4.4241 4.3983 4.3690 4.3361 4.2995
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SECTION 3—VOLUMETRIC SHRINKAGE ResuLTinGg From BLENDING LIGHT HyDrOcaRBONS WiTH CrUDE OlLs

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
‘g:;]':iﬁ:: Percent Shrinkage
(m*kg) X 10° 67 68 69 70 71 72
0.0700 0.0106 0.0105 0.0104 (.0103 0.0101 0.0100
0.0800 0.0144 0.0143 0.0141 0.0139 0.0137 0.0135
0.0900 0.0188 0.0186 0.0184 0.0182 0.0180 0.0177
0.1000 0.0240 0.0237 0.0234 0.0232 0.0228 0.0225
0.1100 0.0298 0.0295 0.0291 0.0288 0.0284 0.0280
0.1200 0.0363 0.0359 0.0355 0.0351 0.0346 0.0341
0.1300 0.0436 0.0431 0.0426 0.0421 0.0415 0.0409
0.1400 0.0516 0.0511 0.0505 0.0499 0.0492 0.0485
0.1500 0.0604 0.0598 0.0591 0.0584 0.0576 0.0567
0.1600 0.0700 0.0692 0.0685 0.0676 0.0667 0.0657
0.1700 0.0803 0.0795 0.0786 0.0776 0.0766 0.0735
0.1800 0.0915 0.0906 0.0895 0.0884 0.0872 0.0860
0.1900 0.1035 0.1025 0.1013 0.1000 0.0987 0.0972
0.2000 0.1164 0.1152 0.1139 0.1125 0.1109 0.1093
0.2100 0.1301 0.1287 0.1273 0.1257 0.1240 0.1222
0.2200 0.1446 0.1431 0.1415 0.1397 0.1379 0.1358
0.2300 0.1600 0.1584 0.1566 0.1547 0.1526 0.1503
0.2400 0.1763 0.1745 0.1725 0.1704 0.1681 0.1656
0.2500 0.1936 0.1916 0.1894 0.1870 0.1845 0.1818
0.2600 0.2117 0.2095 0.2071 (.2045 0.2018 0.1988
0.2700 0.2307 0.2283 0.2257 0.2229 0.2199 0.2167
0.2800 0.2506 0.2480 0.2452 0.2422 0.2389 0.2354
0.2900 0.2715 0.2687 0.2656 0.2623 0.2588 0.2550
0.3000 0.2933 0.2903 0.2870 0.2834 0.2796 0.2755
0.3100 0.3161 0.3128 0.3093 0.3054 0.3013 0.2969
0.3200 0.339% 0.3363 0.3325 0.3284 0.3239 0.3192
0.3300 0.3645 0.3607 0.3566 0.3522 0.3475 0.3424
0.3400 0.3902 0.3861 0.3818 0.3770 0.3720 0.3665
0.3500 0.4168 0.4125 0.4079 0.4028 0.3974 0.3915
0.3600 0.4445 0.4399 (0.4349 0.4295 0.4237 0.4175
0.3700 0.4731 0.4683 (.4629 0.4572 0.4510 0.4444
0.3800 0.5028 0.4976 (0.4920 0.4859 0.4793 0.4723
0.3900 0.5335 0.5280 0.5220 0.5155 0.5086 0.5011
0.4000 (.5652 0.5593 0.5530 0.5461 0.5388 0.5309
0.4100 0.5979 0.5917 0.5850 0.5778 0.5700 0.5616
0.4200 0.6317 0.6252 0.6181 0.6104 0.6022 0.5934
0.4300 0.6665 0.6596 0.6521 0.6441 0.6354 0.6261
0.4400 0.7024 0.6951 0.6872 0.6787 0.66596 0.6597
0.4500 0.7393 0.7317 0.7234 0.7144 0.7048 0.6944
0.4600 0.7773 0.7692 0.7605 0.7511 0.7410 0.7301
0.4700 0.8163 0.8079 0.7987 0.7889 0.7782 0.7668
0.4800 0.8565 (.8476 0.8380 0.8276 0.8165 0.8045
0.4900 0.8977 (0.8884 0.8784 0.8675 0.8558 0.8432
0.5000 0.9400 0.9303 0.9198 0.9084 0.8961 0.8820
0.5100 0.9834 0.9733 0.9622 0.9503 0.9375 0.9238
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CHAPTER 12—CaLcuLaTiON OF PETROLEUM QUANTITIES

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
of Ioverse Percent Shrinkage
(m3/kg) % 10° 67 68 69 70 71 72
0.5200 1.0280 1.0173 1.0058 0.9933 0.9799 0.9656
0.5300 1.0736 1.0625 1.0505 1.0374 1.0234 1.0085
0.5400 1.1203 1.1088 1.0962 1.0826 1.0680 1.0524
0.5500 1.1682 1.1561 1.1430 1.1289 1.1136 1.0973
0.5600 1.2172 1.2046 1.1910 1.1762 1.1603 1.1433
0.5700 1.2673 1.2542 1.2400 1.2246 1.2081 1.1904
0.5800 1.3186 1.3050 1.2902 1.2742 1.2570 1.2386
0.5900 1.3710 1.3568 1.3414 1.3248 1.3069 1.2878
0.6000 1.4245 1.4098 1.3938 1.3766 1.3580 1.3381
0.6100 1.4793 1.4640 1.4474 1.4294 1.4102 1.3895
0.6200 1.5351 1.5193 1.5020 1.4834 1.4634 1.4420
0.6300 1.5922 1.5757 1.5578 1.5385 1.5178 1.4956
0.6400 1.6504 1.6333 1.6148 1.5948 1.5733 1.5502
0.6500 1.7097 1.6921 1.6729 1.6522 1.6299 1.6060
0.6600 1.7703 1.7520 1.7322 1.7107 1.6876 1.6629
0.6700 1.8321 1.8131 1.7926 1.7704 1.7465 1.7209
0.6800 1.8950 1.8754 1.8542 1.8312 1.8065 1.7800
0.6900 1.9591 1.9389 1.9169 1.8932 1.8676 1.8403
0.7000 2.0245 2.0036 1.9808 1.9563 1.9299 1.9017
0.7100 2.0910 2.0694 2.0460 2.0206 1.9934 1.9642
0.7200 2.1588 2.1365 2.1122 2.0861 2.0579 2.0278
0.7300 22277 2.2047 2.1797 2.1527 2.1237 2.0926
0.7400 2.2979 2.2742 2.2484 2.2206 2.1906 2.1585
0.7500 2.3694 2.3449 2.3183 2.2896 2.2587 2.2256
0.7600 2.4420 2.4168 2.3894 2.3598 2.3279 22938
0.7700 25159 2.4899 2.4616 24311 2.3984 2.3632
0.7800 2.5910 2.5642 2.5351 2.5037 2.4700 2.4338
0.7900 2.6673 2.6398 2.6099 2.5775 2.5428 2.5055
0.8000 2.7450 2.7166 2.6858 2.6525 2.6167 2.5784
0.8100 2.8238 2.7946 2.7629 2.7287 2.6919 2.6525
0.8200 2.9039 2.8739 2.8413 2.8061 2.7683 27277
0.8300 2.9853 2.9545 2.9210 2.8848 2.8459 2.8042
0.8400 3.0679 3.0362 3.0018 2.9646 2.9246 2.8818
0.8500 3.1518 3.1193 3.0839 3.0457 3.0046 2.9606
0.8600 3.2370 3.2036 3.1673 3.1280 3.0858 3.0406
0.8700 3.3235 3.2891 3.2518 32116 3.1682 3.1218
0.8800 3.4112 3.3760 3.3377 3.2963 3.2519 3.2043
0.8900 3.5003 3.4641 3.4248 3.3824 3.3368 3.2879
0.9000 3.5906 3.5535 3.5132 3.4696 3.4228 3.3727
0.9100 3.6822 3.6441 3.6028 3.5582 3.5102 3.4588
0.9200 3.7751 3.7361 3.6937 3.6479 3.5987 3.5460
0.9300 3.8693 3.8293 3.7859 3.7390 3.6886 3.6345
0.9400 3.9648 3.9238 3.8793 3.8313 3.7796 3.7242
0.9500 4.0616 4.0197 3.9741 3.9248 3.8719 3.8152
0.9600 4.1598 4.1168 4.0701 4.0197 3.9655 3.9074
0.9700 4.2592 42152 4.1674 41158 4.0603 4.0008
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SECTION 3—VOLUMETRIC SHRINKAGE ReEsuLTiNG From BLENDING LiIGHT HyDrOCARBONS WITH CruUDE QiLs

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
Cg;:;if: Percent Shrinkage
(m3kg) X% 103 73 74 75 76 77 78
0.0700 0.0098 0.0097 0.0095 0.0093 0.0091 0.0089
0.0800 0.0133 0.0131 0.0128 0.0126 0.0123 0.0120
0.0000 0.0174 0.0171 0.0168 0.0165 0.0161 0.0157
0. 1000 0.0221 0.0218 0.0214 0.0209 0.0205 0.0200
0.1100 0.0275 0.0271 0.0266 0.0260 0.0255 0.0249
0.1200 0.0336 0.0330 0.0324 0.0317 0.0310 0.0303
0.1300 0.0403 0.0396 0.0389 0.0381 0.0373 0.0364
0.1400 0.0477 0.0469 0.0460 0.0451 0.0441 0.0431
0.1500 0.0558 0.0549 0.0539 0.0528 0.0516 0.0504
0.1600 0.0647 0.0636 0.0624 0.0611 0.0598 0.0584
0.1700 0.0743 0.0730 0.0716 0.0702 0.0687 0.0671
0.1800 0.0846 0.0832 0.0816 0.0800 0.0783 0.0764
0.1900 0.0957 0.0941 0.0923 0.0905 0.0885 0.0865
0.2000 0.1076 0.1057 0.1038 0.1017 0.0995 0.0972
0.2100 0.1202 0.1182 0.1160 0.1137 0.1112 0.1086
0.2200 0.1337 0.1314 0.1290 0.1264 0.1237 0.1208
0.2300 0.1479 0.1454 0.1427 0.1399 0.1368 0.1337
0.2400 0.1630 0.1602 0.1573 0.1541 0.1508 0.1473
0.2500 0.1789 0.1759 0.1726 0.1691 0.1655 0.1617
0.2600 0.1957 0.1923 0.1887 0.1850 0.1810 0.1768
0.2700 0.2132 0.2096 0.2057 0.2016 0.1972 0.1927
0.2800 0.2317 0.2277 0.2235 0.2190 0.2143 0.2093
0.2900 0.2510 0.2467 0.2421 0.2373 0.2321 0.2268
0.3000 0.2711 0.2665 0.2616 0.2563 0.2508 0.2450
0.3100 0.2922 0.2872 0.2819 0.2762 0.2703 0.2640
0.3200 0.3141 0.3087 0.3030 0.2970 0.2006 0.2838
0.3300 0.3370 0.3312 0.3250 0.3185 0.3117 0.3044
0.3400 0.3607 0.3545 0.3479 0.3410 0.3336 0.3259
0.3500 0.3853 0.3787 0.3717 0.3643 0.3564 0.3481
0.3600 0.4109 0.4038 0.3964 0.3884 0.3801 0.3712
0.3700 0.4374 0.4299 0.4219 0.4135 0.4046 0.3952
0.3800 0.4648 0.4568 0.4484 0.4394 0.4299 0.4200
0.3900 0.4932 0.4847 0.4757 0.4662 0.4562 0.4456
0.4000 0.5225 0.5135 0.5040 0.4939 0.4833 0.4720
0.4100 0.5527 0.5432 0.5332 0.5225 0.5113 0.4994
0.4200 0.5839 0.5739 0.5633 0.5520 0.5401 0.5276
0.4300 0.6161 0.6056 0.5943 0.5825 0.5699 0.5567
0.4400 0.6493 0.6381 0.6263 0.6138 0.6006 0.5866
0.4500 0.6834 0.6717 0.6593 0.6461 0.6322 0.6175
0.4600 0.7185 0.7062 0.6931 0.6793 0.6646 0.6492
0.4700 0.7546 0.7417 0.7280 0.7134 0.6980 0.6818
0.4800 0.7918 0.7782 0.7638 0.7485 0.7324 0.7154
0. 4900 0.8299 0.8156 0.8005 0.7845 0.7676 0.7498
0.5000 0.8690 (0.8541 0.8383 0.8215 0.8038 0.7851
0.5100 0.9091 0.8935 0.8770 0.8594 0.8409 0.8214
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CHAPTER 12—CALcCULATION OF PETROLEUM QUANTITIES

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
cg:ﬁ;::: Percent Shrinkage
(m?/kg) % 10° 73 74 75 76 77 78
0.5200 0.9503 0.9340 0.9167 0.8984 0.8790 0.8586
0.5300 0.9925 0.9754 0.9574 0.9382 0.9180 0.8967
0.5400 1.0357 1.0179 0.9990 0.9791 0.9580 0.9357
0.5500 1.0799 1.0614 1.0417 1.0209 0.9989 0.9757
0.5600 1.1252 1.1059 1.0854 1.0637 1.0408 1.0166
0.5700 1.1715 1.1514 1.1301 1.1075 1.0837 1.0585
0.5800 1.2189 1.1980 1.1758 1.1523 1.1275 1.1013
0.5900 1.2674 1.2456 1.2226 1.1981 1.1723 1.1451
0.6000 1.3169 1.2943 1.2703 1.2449 1.2181 1.1898
0.6100 1.3675 1.3440 1.3191 1.2927 1.2649 1.2355
0.6200 1.4191 1.3948 1.3689 1.3416 1.3127 1.2822
0.6300 1.4718 1.4466 1.4198 1.3914 1.3614 1.3298
0.6400 1.5256 1.4995 1.4717 1.4423 1.4112 1.3784
0.6500 1.5805 1.5534 1.5246 1.4942 1.4620 1.4280
0.6600 1.6365 1.6084 1.5787 1.5471 1.5138 1.4786
0.6700 1.6936 1.6646 1.6337 1.6011 1.5666 1.5302
0.6800 1.7518 1.7217 1.6898 1.6561 1.6204 1.5827
0.6900 1.8111 1.7800 1.7470 1.7121 1.6752 1.6363
0.7000 1.8715 1.8394 1.8053 1.7692 1.7311 1.6909
0.7100 1.9330 1.8998 1.8646 1.8274 1.7880 1.7465
0.7200 1.9956 1.9614 1.9251 1.8866 1.8459 1.8031
0.7300 2.0594 2.0241 1.9866 1.9469 1.9049 1.8607
0.7400 2.1243 2.0878 2.0492 2.0082 1.9649 1.9193
0.7500 2.1903 2.1527 2.1128 2.0706 2.0260 1.9789
0.7600 2.2574 2.2187 2.1776 2.1341 2.0881 2.0396
0.7700 2.3257 2.2858 2.2435 2.1987 2.1513 2.1013
0.7800 2.3952 2.3541 2.3105 2.2643 2.2155 2.1640
0.7900 2.4658 2.4235 2.3786 2.3310 2.2808 2.2278
0.8000 2.5375 2.4940 2.4478 2.3989 2.3472 2.2926
0.8100 2.6104 2.5656 2.5181 2.4678 2.4146 2.3585
0.8200 2.6845 2.6384 2.5895 2.5378 2.4831 2.4254
0.8300 2.7597 2.7123 2.6621 2.6089 2.5527 2.4934
0.8400 2.8361 2.7874 2.7358 2.6811 2.6233 2.5624
0.8500 2.9136 2.8637 2.8106 2.7544 2.6951 2.6325
0.8600 2.9924 2.9411 2.8866 2.8289 2.7679 2.7036
0.8700 3.0723 3.0196 2.9637 2.9044 2,8419 2.7758
0.8800 3.1534 3.0993 3.0419 29811 2.9169 2.8491
0.8900 3.2357 3.1802 3.1213 3.0589 2.9930 2.9235
0.9000 3.3192 3.2623 3.2018 3.1378 3.0702 2.9989
0.9100 3.4039 3.3455 3.2835 3.2179 3.1486 3.0754
0.9200 3.4898 3.4299 3.3664 3.2991 3.2280 3.1530
0.9300 3.5769 3.5155 3.4504 3.3814 3.3086 3.2317
0.9400 3.6652 3.6023 3.5356 3.4649 3.3902 3.3115
0.9500 3.7547 3.6903 3.6219 3.5495 3.4730 3.3924
0.9600 3.8454 3.7794 3.7094 3.6353 3.5569 3.4743
0.9700 3.9373 3.8698 3.7981 3.7222 3.6420 3.5574
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SecTiON 3—VoLuMETRIC SHRINKAGE RESULTING FROM BLENDING LIGHT HyDrOCAREONS WiTH Crupe QiLs

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
g;;:;fir:s Percent Shrinkage
(m/kg) X 10° 79 80 81 82 83 84
0.0700 0.0087 0.0084 0.0082 0.0079 0.0076 0.0074
0.0800 0.0117 0.0114 0.0111 0.0107 0.0104 0.0100
0.0900 0.0153 0.0149 0.0145 0.0140 0.0136 0.0131
0.1000 0.0195 0.0190 0.0184 0.0178 0.0172 0.0166
0.1100 0.0242 0.0236 0.0229 0.0222 0.0214 0.0206
0.1200 0.0296 0.0288 0.0279 0.0271 0.0261 0.0252
0.1300 0.0355 0.0345 0.0335 0.0325 0.0314 0.0302
0.1400 0.0420 0.0409 0.0397 0.0384 0.0371 (0.0358
0.1500 0.0492 0.0478 0.0465 0.0450 0.0435 0.0418
0.1600 0.0570 0.0554 0.0538 0.0521 0.0503 0.0485
0.1700 0.0654 0.0637 0.0618 0.0598 0.0578 0.0557
0.1800 0.0745 0.0725 0.0704 0.0682 0.065% 0.0634
0.1900 0.0843 0.0820 0.0796 0.0771 0.0745 0.0717
0.2000 0.0948 0.0922 0.0895 0.0867 0.0837 0.0806
0.2100 0.1059 0.1030 0.1000 0.0969 0.0936 0.0901
0.2200 0.1178 0.1146 0.1112 0.1077 0.1041 0.1002
0.2300 0.1303 0.1268 0.1231 0.1192 0.1152 0.1109
0.2400 0.1436 0.1397 0.1356 0.1314 0.1269 0.1222
0.2500 0.1576 0.1534 0.1489 0.1442 0.1393 0.1341
0.2600 0.1724 0.1677 0.1628 0.1577 0.1523 0.1467
0.2700 0.1878 0.1828 0.1774 0.1718 0.1660 0.1599
0.2800 0.2041 0.1986 0.1928 0.1867 0.1803 0.1737
0.2900 0.2211 0.2151 0.2088 0.2023 0.1954 0.1881
0.3000 0.2388 0.2324 0.2256 0.2185 0.2111 0.2033
0.3100 0.2574 0.2504 0.2431 0.2355 0.2274 0.2190
0.3200 0.2767 0.2692 0.2614 0.2531 0.2445 0.2355
0.3300 0.2968 0.2888 0.2504 0.2715 0.2623 0.2526
0.3400 0.3177 0.3091 0.3001 0.2907 0.2808 0.2704
0.3500 0.3394 0.3303 0.3206 0.3105 0.2999 0.2839
0.3600 0.3619 0.3522 0.3419 0.3311 0.3198 0.3080
0.3700 0.3853 0.3749 0.3639 0.3525 0.3405 0.3279
0.3800 0.4094 0.3984 0.3868 0.3746 0.3618 0.3484
0.3900 0.4344 0.4227 0.4104 0.3974 0.3839 0.3697
0.4000 0.4602 0.4478 0.4347 0.4210 0.4067 0.3917
0.4100 0.4869 0.4737 0.4599 0.4454 0.4302 0.4143
0.4200 0.5144 0.5005 0.4859 0.4706 0.4545 0.4377
0.4300 0.5427 0.5281 0.5127 0.4965 0.4796 0.4619
0.4400 0.5719 0.5565 0.5403 0.5232 0.5054 0.4867
(0.4500 0.6020 0.5857 0.5687 0.5508 0.5320 0.5123
0.4600 0.6329 0.6158 0.5979 0.5791 0.5593 (.5386
0.4700 0.6648 0.6468 0.6279 0.6082 0.5874 0.5657
0.4800 0.6974 0.6786 0.6588 0.6381 0.6163 0.5935
0.4900 0.7310 0.7113 0.6905 0.6688 0.6460 0.6221
0.5000 0.7655 0.7448 0.7231 0.7003 0.6764 0.6514
0.5100 0.8008 0.7792 0.7565 0.7326 0.7077 0.6815
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CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
gg:iﬁ: Percent Shrinkage
(mi/kg) X 10° 79 80 81 82 83 84
0.5200 0.8371 0.8145 0.7907 0.7658 0.7397 0.7124
0.5300 0.8742 0.8506 0.8258 0.7998 0.7725 0.7440
0.5400 0.9123 0.8877 0.8618 0.8346 0.8062 0.7764
0.5500 0.9513 0.9256 0.8986 0.8703 0.8406 0.8095
0.5600 0.9912 0.9644 0.9363 0.9068 0.8759 0.8435
0.5700 1.0320 1.0041 0.9748 0.9441 09119 0.8782
0.5800 1.0737 1.0447 1.0143 0.9823 0.9488 0.9137
0.5500 1.1164 1.0862 1.0546 1.0214 0.9865 0.9501
0.6000 1.1600 1.1287 1.0958 1.0613 1.0251 0.9872
0.6100 1.2046 1.1720 1.1379 1.1020 1.0644 1.0251
0.6200 1.2501 1.2163 1.1808 1.1436 1.1046 1.0638
0.6300 1.2965 1.2615 1.2247 1.1861 1.1457 1.1033
0.6400 1.3439 1.3076 1.2695 1.2295 1.1876 1.1437
0.6500 1.3923 1.3547 1.3152 1.2737 1.2303 1.1848
0.6600 1.4416 1.4026 1.3617 1.3188 1.2739 1.2268
0.6700 1.4919 1.4516 1.4052 1.3645 1.3183 1.2696
0.6800 1.5431 1.5014 1.4577 1.4117 1.3636 1.3132
0.6900 1.5953 1.5523 1.5070 1.4595 1.4098 1.3576
0.7000 1.6485 1.6040 1.5573 1.5082 1.4568 1.4029
0.7100 1.7027 1.6567 1.6084 1.5578 1.5047 1.4490
0.7200 1.7579 1.7104 1.6606 1.6082 1.5534 1.4960
0.7300 1.8141 1.7651 1.7136 1.6596 1.6030 1.5438
0.7400 1.8712 1.8207 1.7676 1.7119 1.6535 1.5924
0.7500 1.9294 1.8773 1.8225 1.7651 1.7049 1.6419
0.7600 1.9885 1.9348 1.8784 1.8192 1.7572 1.6922
0.7700 2.0487 1.9934 1.9352 1.8743 1.8104 1.7434
0.7800 2.1099 2,0529 1.9930 1.9302 1.8644 1.7955
0.7900 2.1720 2.1134 2.0518 1.9871 1.9194 1.8484
0.8000 2.2352 2.1749 2.1115 2.0449 1.9752 1.9022
0.8100 2.2994 2.2373 2.1721 2.1037 2.0320 1.9568
0.8200 2.3647 2.3008 22337 2.1634 2.0896 2.0123
0.8300 2.4309 2.3633 2.2863 2.2240 2.1482 2.0687
0.8400 2.4982 2.4308 2.3599 2.2856 2.2076 2.1260
0.8500 2.5666 24972 24244 2.3481 2.2680 2.1841
0.8600 2.6359 2.5647 2.4900 2.4115 2.3293 2.2432
0.8700 2.7063 2.6332 2.5565 24759 2.3915 2.3031
0.8800 2.7778 2.7028 2.6240 2.5413 2.4546 2.3639
0.8900 2.8503 2.7733 2.6924 2.6076 2.5187 2.4256
0.9000 29238 2.8448 2.7619 2.6749 2.5837 2.4882
0.9100 2.9984 29174 2.8324 2.7431 2.6496 2.5516
0.9200 3.0741 2.9910 2.9038 2.8124 2.7165 2.6160
0.9300 3.1508 3.0657 2.9763 2.8825 2.7843 2.6813
0.9400 3.2286 3.1414 3.0498 2.9537 2.8530 2.7475
0.9500 3.3074 3.2181 3.1243 3.0258 2.9227 2.8146
0.9600 3.3873 3.2958 3.1997 3.0989 2.9933 2.8826
0.9700 3.4683 3.3746 3.2762 3.1730 3.0648 2.9515
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SECTION 3—VOLUMETRIC SHRINKAGE REsuLTinG FrRom BLENDING LigHT HyDrRocARBONS WiTH CRUDE OILs

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
tg;:::g: Percent Shrinkage
(m’/kg) X 10° 85 86 87 88 89 90
0.0700 0.0071 0.0068 0.0064 0.0061 0.0057 0.0054
0.0800 0.0096 0.0092 0.0087 0.0083 0.0078 0.0073
0.0900 0.0125 0.0120 0.0114 0.0108 0.0102 0.0093
0.1000 0.0159 0.0152 0.0145 0.0137 0.0129 0.0121
0.1100 0.0198 0.0189 0.0180 0.0171 0.0161] 0.0150
0.1200 0.0242 0.0231 0.0220 0.0208 0.0196 0.0183
0.1300 0.0290 0.0277 0.0264 0.0250 0.0235 0.0220
0.1400 0.0343 0.0328 0.0312 0.0296 0.0279 0.0261
0.1500 0.0402 0.0384 0.0366 0.0346 0.0326 0.0305
0.1600 0.0465 0.0445 0.0424 0.0401 0.0378 0.0353
0.1700 0.0534 0.0511 0.0486 0.0461 0.0434 0.0406
0.1800 0.0609 0.0582 0.0554 0.0525 0.0494 0.0462
0.1900 0.0689 0.0658 0.0627 0.0594 0.0559 0.0523
0.2000 0.0774 0.0740 0.0705 0.0667 0.0629 0.0588
0.2100 0.0865 0.0827 0.0788 0.0746 0.0703 0.0657
0.2200 0.0962 0.0920 0.0876 0.0829 0.0781 0.0731
0.2300 0.1064 0.1018 0.0969 0.0918 0.0865 0.0809
0.2400 0.1173 0.1122 0.1068 0.1012 0.0953 0.0891
0.2500 0.1287 0.1231 0.1172 0.1110 0.1046 0.0978
0.2600 0.1408 0.1346 0.1282 0.1214 0.1143 0.1069
0.2700 0.1534 0.1467 0.1397 0.1323 0.1246 0.1165
0.2800 0.1667 0.1594 0.1517 0.1437 0.1354 0.1266
0.2900 0.1806 0.1727 0.1644 0.1557 0.1467 0.1372
0.3000 0.1951 0.1865 0.1776 0.1682 0.1584 0.1482
0.3100 0.2102 0.2010 0.1914 0.1813 0.1707 0.1597
0.3200 0.2260 0.2161 0.2057 0.1949 0.1836 0.1717
0.3300 0.2424 0.2318 0.2207 0.2091 0.1969 0.1842
0.3400 0.2595 0.2481 0.2362 0.2238 0.2108 0.1971
0.3500 0.2772 0.2651 0.2524 0.2391 0.2252 0.2106
0.3600 0.2956 0.2827 0.2691 0.2549 0.2401 0.2246
0.3700 0.3147 0.3009 0.2865 0.2714 0.2556 0.2391
0.3800 0.3344 0.3198 0.3044 0.2884 0.2716 0.2540
0.3900 0.3548 0.3393 0.3230 0.3060 0.2882 0.2695
0.4000 0.3759 0.3594 0.3422 0.3242 0.3033 0.2856
0.4100 0.3977 0.3803 0.3620 0.3430 0.3230 0.3021
0.4200 0.4201 0.4017 0.3825 0.3623 0.3412 0.3192
0.4300 0.4433 0.4239 0.4036 0.3823 0.3600 0.3367
0.4400 0.4672 0.4467 0.4253 0.4029 0.3794 0.3549
0.4500 0.4917 0.4702 0.4476 0.4240 0.3994 0.3735
0.4600 0.5170 0.4943 0.4706 0.4458 0.4199 0.3927
0.4700 0.5430 0.5192 0.4943 (.4682 0.4410 0.4125
0.4800 0.5697 0.5447 0.5186 0.4913 0.4627 0.4327
0.4900 0.5971 0.5709 0.5435 (1L.5149 0.4849 0.4536
0.5000 0.6252 0.5978 0.5692 0.5392 0.5078 0.4749
0.5100 0.6541 0.6254 0.5955 0.5641 0.5313 0.4969
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CHarPTER 12—CALcULATION OF PETROLEUM QUANTITIES

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
(g:t?:: Percent Shrinkage
(m¥kg) X 10° 85 86 87 88 89 90

0.5200 0.6837 0.6538 0.6224 0.5896 0.5553 0.5194
0.5300 0.7141 0.65828 0.6500 0.6158 0.5800 0.5424
0.5400 0.7452 0.7125 0.6783 0.6426 0.6052 0.5660
0.5500 0.7770 0.7429 0.7073 0.6701 0.6311 0.5902
0.5600 0.8096 0.7741 0.7370 0.6982 0.6575 0.6150
0.5700 0.8429 0.8060 0.7673 0.7269 0.6846 0.6403
0.5800 0.8770 0.8386 0.7984 0.7563 0.7123 0.6662
0.5900 0.9119 0.8719 0.8301 0.7864 0.7406 0.6927
0.6000 0.9475 0.9060 0.8625 0.8171 0.7695 0.7197
0.6100 0.9839 0.9408 0.8957 0.8485 0.7991 0.7474
0.6200 1.0210 0.9763 0.9295 0.8805 0.8293 0.7756
0.6300 1.0590 1.0126 0.9640 0.9132 0.8601 0.8044
0.6400 1.0977 1.0496 0.9993 0.9466 0.8915 0.8338
0.6500 1.1372 1.0874 1.0352 0.9807 0.9236 0.8638
0.6600 1.1775 1.1259 1.0719 1.0154 0.9563 0.8944
0.6700 1.2185 1.1651 1.1093 1.0508 0.9897 0.9256
0.6800 1.2604 1.2052 1.1474 1.0869 1.0237 0.9574
0.6900 1.3031 1.2460 1.1862 1.1237 1.0583 0.9899
0.7000 1.3465 1.2875 1.2258 1.1612 1.0936 1.0229
0.7100 1.3908 1.3298 1.2661 1.1994 1.1296 1.0565
0.7200 1.4358 1.3729 1.3071 1.2382 1.1662 1.0907
0.7300 1.4817 1.4168 1.3489 1.2778 1.2034 1.1256
0.7400 1.5284 1.4614 1.3914 1.3181 1.2413 1.1610
0.7500 1.5759 1.5068 1.4346 1.3590 1.2799 1.1971
0.7600 1.6242 1.5530 1.4786 1.4007 1.3192 1.2338
0.7700 1.6734 1.6000 1.5233 1.4431 1.3591 1.2711
0.7800 1.7233 1.6478 1.5688 1.4861 1.3996 1.3091
0.7900 1.7741 1.6964 1.6150 1.5299 1.4409 1.3477
0.8000 1.8257 1.7457 1.6620 1.5745 1.4828 1.3869
0.8100 1.8782 1.7959 1.7098 1.6197 1.5254 1.4267
0.8200 1.9315 1.8468 1.7583 1.6656 1.5687 1.4672
0.8300 1.9856 1.8986 1.8075 1.7123 1.6127 1.5083
0.8400 2.0405 1.9511 1.8576 1.7597 1.6573 1.5501
0.8500 2.0964 2.0045 1.9084 1.8078 1.7026 1.5925
0.8600 2.1530 2.0587 1.9600 1.8567 1.7486 1.6355
0.8700 2.2105 2.1137 2.0123 1.9063 1.7953 1.6792
0.8800 2.2689 2.1695 2.0654 1.9566 1.8427 1.7235
0.8900 2.3281 2.2261 2.1193 2.0077 1.8908 1.7685
0.9000 2.3882 2.2835 2.1740 2.0595 1.9396 1.8141
0.9100 2.4491 2.3418 2.2295 2.1120 1.9891 1.8604
0.9200 2.5109 2.4009 2,2857 2.1653 2.0393 1.9074
0.9300 2.5735 2.4608 2.3428 2.2193 2.0902 1.9550
0.9400 2.6371 25213 2.4006 2,.2741 2.1418 2.0032
0.9500 2.7015 2.5831 2.4592 2.3297 2.1941 2.0521
0.9600 2.7667 2.6455 2.5187 2.3860 2.2471 2.1017
0.9700 2.8329 2.7088 2.5789 2.4430 2.3008 2.1520
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SECTION 3—VOLUMETRIC SHRINKAGE ReEsuLTiNG FrROM BLENDING LicHT Hyorocarsons WiTH CrRuDE OiLs

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
1:;1:;?{:: Percent Shrinkage
(m3fkg) X 10° 91 92 93 94 95 96
0.0700 0.0050 0.0046 0.0041 0.0037 0.0032 0.0027
0.0800 0.0068 0.0062 0.0056 0.0050 0.0044 0.0037
0.0900 0.0088 0.0081 0.0073 0.0065 0.0057 0.0048
0.1000 0.0112 0.0103 0.0093 0.0083 0.0072 0.0061
0.1100 0.0140 0.0128 0.0116 0.0103 0.0090 0.0076
0.1200 0.0170 0.0156 0.0142 0.0126 0.0110 0.0092
0.1300 0.0204 0.0187 0.0170 0.0151 0.0132 0.0111
0.1400 0.0242 0.0222 0.0201 0.0179 0.0156 0.0131
0.1500 0.0283 0.0260 0.0235 0.0210 0.0183 0.0154
0.1600 0.0328 0.0301 0.0273 0.0243 0.0212 0.0178
0.1700 0.0376 0.0346 0.0313 0.0279 0.0243 0.0204
0.1800 0.0429 0.0394 0.0357 0.0318 0.0277 0.0233
0.1900 0.0485 0.0445 0.0404 0.0360 0.0313 0.0263
0.2000 0.0545 0.0501 0.0454 0.0404 0.0352 0.0296
0.2100 0.0610 0.0560 0.0507 0.0452 0.0393 0.0331
0.2200 0.0678 0.0622 0.0564 0.0502 0.0437 0.0368
0.2300 0.0750 0.0689 0.0624 0.0556 0.0484 0.0407
0.2400 0.0826 0.0759 0.0687 0.0612 0.0533 0.0449
0.2500 0.0907 0.0833 0.0755 0.0672 0.0585 0.0493
0.2600 0.0992 0.0911 0.0825 0.0735 0.0640 0.0539
0.2700 0.1081 0.0992 0.0899 0.0801 0.0697 0.0587
0.2800 0.1174 0.1078 0.0977 0.0870 0.0758 0.0638
0.2900 0.1272 0.1168 0.1058 0.0943 0.0821 0.0691
0.3000 0.1375 0.1262 0.1143 0.1019 0.0887 0.0746
0.3100 0.1481 0.1360 0.1232 0.1098 0.0956 0.0804
0.3200 0.1592 0.1462 0.1325 0.1180 0.1027 0.0865
0.3300 0.1708 0.1568 0.1421 0.1266 0.1102 0.0928
0.3400 0.1828 0.1679 0.1521 0.1355 0.1180 0.0993
0.3500 0.1953 0.1793 0.1625 0.1448 0.1260 0.1061
0.3600 0.2083 0.1912 0.1733 0.1544 0.1344 0.1131]
0.3700 0.2217 0.2035 0.1844 0.1643 0.1430 0.1204
0.3800 0.2356 0.2163 0.1960 0.1746 0.1520 0.1279
0.3900 0.2500 0.2295 0.2080 0.1853 0.1613 0.1357
0.4000 0.2649 0.2431 0.2203 0.1963 0.1709 0.1438
0.4100 0.2802 0.2572 0.2331 0.2077 0.1808 0.1521
0.4200 0.2960 0.2718 0.2463 0.2194 0.1910 0.1607
0.4300 0.3123 0.2867 0.2598 0.2315 0.2015 0.1696
0.4400 0.3291 0.3022 0.2738 0.2439 0.2123 0.1787
0.4500 0.3465 0.3180 0.2882 0.2568 0.2235 0.1881
0.4600 0.3643 0.3344 0.3030 0.2699 0.2350 0.1978
0.4700 0.3826 0.3512 0.3182 0.2835 0.2468 0.2077
0.4800 0.4014 (.3685 0.3339 0.2975 0.2589 0.2179
0.4900 0.4207 (0.3862 0.3500 03118 0.2714 0.2284
0.5000 (0.4405 0.4044 0.3665 0.3265 0.2842 0.2392
0.5100 0.4609 0.423] 0.3834 0.3415 0.2973 0.2502
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CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
01:22:1::: Percent Shrinkage
(m/kg) X 10° 91 02 93 94 95 96
0.5200 D.4817 0.4422 0.4007 0.3570 0.3108 0.2616
0.5300 0.5031 0.4619 0.4185 0.3729 0.3245 0.2732
0.5400 0.5250 0.4820 0.4367 0.3891 0.3387 0.2851
0.5500 0.5475 0.5026 0.4554 0.4057 0.3532 0.2973
0.5600 0.5704 0.5236 0.4745 0.4227 0.3680 0.3097
0.5700 0.5939 0.5452 0.4940 0.4401 0.3831 0.3225
0.5800 0.6179 0.5673 0.5140 0.4579 0.3986 (0.3355
0.5900 0.6425 0.5898 0.5345 0.4761 0.4145 0.3489
0.6000 0.6676 0.6129 0.5553 0.4947 0.4306 0.3625
0.6100 0.6932 0.6364 0.5767 0.5137 0.4472 0.3764
0.6200 0.7194 0.6604 0.5984 0.5331 0.4641 0.3906
0.6300 0.7461 0.6850 0.6207 0.5529 0.4813 0.4051
0.6400 0.7734 0.7100 0.6434 0.5732 0.4989 0.4200
0.6500 0.8012 0.7356 0.6665 0.5938 0.5169 0.4351
0.6600 0.8296 0.7616 0.6901 0.6148 0.5352 0.4505
0.6700 0.8586 0.7882 0.7142 0.6363 0.5538 0.4662
0.6800 0.8881 0.8153 0.7387 0.6581 0.5729 0.4822
0.6900 0.9181 0.8428 0.7637 0.6804 0.5923 0.4985
0.7000 0.9487 0.8710 0.7892 0.7031 0.6120 0.5152
0.7100 0.9799 0.8996 0.8152 0.7262 0.6321 0.5321
0.7200 1.0117 0.9287 0.8416 0.7497 0.6526 0.5493
0.7300 1.0440 0.9584 0.8685 0.7737 0.6735 0.5669
0.7400 1.0769 0.9886 0.8958 0.7981 0.6947 0.5847
0.7500 1.1103 1.0193 0.9237 0.8229 0.7163 0.6029
0.7600 1.1444 1.0506 0.9520 D.8481 0.7382 0.6214
0.7700 1.1790 1.0824 0.9808 0.8737 0.7606 0.6402
0.7800 1.2142 1.1147 1.0101 0.8998 0.7833 0.6593
0.7900 1.2500 1.1475 1.0398 0.9264 0.8063 0.6787
0.8000 1.2864 1.1809 1.0701 0.9533 0.8298 0.6985
0.8100 1.3233 1.2148 1.1008 0.9807 0.8536 0.7185
0.8200 1.3605 1.2493 1.1321 1.0085 0.8779 0.7389
0.8300 1.3990 1.2843 1.1638 1.0368 0.9025 0.7596
0.8400 1.4377 1.3199 1.1960 1.0655 0.9274 0.7807
0.8500 1.4770 1.3560 1.2287 1.0946 0.9528 0.8020
0.8600 1.5170 1.3926 1.2619 1.1242 0.9786 0.8237
0.8700 1.5575 1.4298 1.2956 1.1542 1.0047 0.8457
0.8800 1.5986 1.4675 1.3298 1.1847 1.0312 0.8680
0.8900 1.6403 1.5058 1.3645 1.2156 1.0581 0.8907
0.9000 1.6826 1.5447 1.3997 1.2470 1.0854 0.9137
0.9100 1.7256 1.5841 1.4354 1.2788 1.1131 0.9370
0.9200 1.7691 1.6241 1.4717 1.3111 1.1412 0.9606
0.9300 1.8133 1.6646 1.5084 1.3438 1.1697 0.9846
0.9400 1.8580 1.7057 1.5456 1.3769 1.1986 1.0089
0.9500 1.9034 1.7474 1.5834 1.4106 1.2278 1.0335
0.9600 1.9494 1.7896 1.6216 1.4447 1.2575 1.0585
0.9700 1.9960 1.8324 1.6604 1.4792 1.2876 1.0838
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SECTION 3—VOLUMETRIC SHRINKAGE RESULTING FROM BLENDING LIGHT HYDROCARBONS WITH CRUDE QILS

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
g:r? ;ﬁ: Percent Shrinkage
(m?/kg) X 10° 97 08 99
0.0700 0.0022 0.0016 0.0009
0.0800 0.0029 0.0021 0.0012
0.0600 0.0038 0.0028 0.0016
0.1000 0.0045 0.0035 0.0020
0.1100 0.0060 0.0044 0.0025
0.1200 0.0074 0.0053 0.0031
0.1300 0.0089 0.0064 0.0037
0.1400 0.0105 0.0076 0.0044
0.1500 0.0123 0.0089 0.0051
0.1600 0.0142 0.0103 0.0059
0.1700 0.0163 0.0118 0.0068
0.1800 0.0186 0.0135 0.0077
0.1900 0.0210 0.0152 0.0087
0.2000 0.0236 0.0171 0.0098
0.2100 0.0264 0.0192 0.0110
0.2200 0.0294 0.0213 0.0122
0.2300 0.0325 0.0236 0.0135
0.2400 0.0358 0.0260 0.0149
0.2500 0.0393 0.0285 0.0163
0.2600 0.0430 0.0312 0.0178
0.2700 0.0469 0.0340 0.0194
(.2800 0.0509 0.036% 0.0211
(0.2900 0.0552 0.0400 0.0229
0.3000 0.0596 0.0432 0.0247
0.3100 0.0642 0.0465 0.0266
0.3200 0.0690 0.0500 0.0287
0.3300 0.0740 0.0537 0.0307
0.3400 0.0793 0.0575 0.0329
0.3500 0.0847 0.0614 0.0351
0.3600 0.0903 0.0654 0.0375
0.3700 0.0961 0.0697 0.0399
0.3800 0.1021 0.0740 0.0424
0.3900 0.1084 0.0786 0.0450
0.4000 0.1148 0.0832 0.0477
0.4100 0.1215 0.0880 0.0504
0.4200 0.1283 0.0930 0.0533
0.4300 0.1354 0.0981 0.0562
0.4400 0.1427 0.1034 0.0592
0.4500 0.1502 0.1089 0.0623
0.4600 0.1579 0.1144 0.0655
0.4700 0.1658 0.1202 0.0688
0.4800 0.1740 0.1261 0.0722
0.4900 0.1824 0.1322 0.0757
0.50:00 0.1910 0.1384 0.0793
0.5100 0.1998 0.1448 0.0829
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82 CHaPTER 12—CaLcuLaTiON OF PETROLEUM QUANTITIES

Table 5—Volumetric Shrinkage Table (Continued)

Difference Light-Product Concentration
ﬂé::;iir:: Percent Shrinkage
(m?/kg) X 10° 97 98 99
0.5200 0.2088 0.1514 0.0867
0.5300 0.2181 0.1581 0.0905
0.5400 0.2276 0.1650 0.0945
0.5500 0.2373 0.1720 0.0985
0.5600 0.2473 0.1792 0.1026
0.5700 0.2574 0.1866 0.1069
0.5800 0.2679 0.1942 0.1112
0.5900 0.2785 0.2019 0.1156
0.6000 0.2894 0.2098 0.1201
0.6100 0.3005 0.2178 0.1247
0.6200 0.3118 0.2260 0.1254
0.6300 0.3234 0.2344 0.1342
0.6400 0.3353 0.2430 0.1391
0.6500 0.3473 0.2517 0.1442
0.6600 0.3596 0.2607 0.1493
0.6700 0.3722 0.2698 0.1545
0.6800 0.3850 0.2790 0.1598
0.6900 0.3980 0.2885 0.1652
0.7000 0.4113 0.2981 0.1707
0.7100 0.4248 0.3079 0.1763
0.7200 0.4385 0.3179 0.1820
0.7300 0.4525 0.3280 0.1878
0.7400 0.4668 0.3384 0.1937
0.7500 0.4813 0.3489 0.1998
0.7600 0.4961 0.3596 0.2059
0.7700 0.5111 0.3704 0.2121
0.7800 0.5263 0.3815 0.2185
0.7900 0.5418 0.3927 0.2249
0.8000 0.5576 0.4042 0.2314
0.8100 0.5736 0.4158 0.2381
0.8200 0.5899 0.4276 0.2448
0.8300 0.6064 0.4396 0.2517
0.8400 0.6232 0.4517 0.2587
0.8500 0.6403 0.4641 0.2657
0.8600 0.6576 0.4766 0.2729
0.8700 0.6751 (0.4894 0.2802
0.8800 0.6930 0.5023 0.2876
0.8900 0.7110 0.5154 0.2951
0.9000 0.7294 0.5287 0.3027
0.9100 0.7480 0.5422 0.3105
0.9200 0.7668 0.5559 0.3183
0.9300 0.7860 0.5697 0.3262
0.9400 0.8054 0.5838 0.3343
0.9500 0.8251 0.5980 0.3425
0.9600 0.8450 0.6125 0.3507
0.9700 0.8652 0.6271 0.3591
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APPENDIX A—CORRELATING EQUATIONS AND SELECTING
A MATHEMATICAL MODEL

In selecting a suitable mathematical model, the selected equations were evaluated and
various correlations were regressed and compared using a model building F-test as detailed
below.

For comparison purposes, the API 2509C (Rossini) equation was written in terms of to-
tal volume shrinkage as follows:

S = 0.0000214092% G1.76 (A-1)
Where:
S = volume shrinkage, as percent of total volume.
C = concentration, in liquid volume percent of lighter component in mixture.
G = gravity difference, in degrees APL.

This equation 1s plotted in Figure B-2 of Appendix B. Beyond about 30 volume percent,
this equation is essentially an extrapolation of the Childress volume shrinkage data.
Scott proposed the following equation:

S=K\K, (A-2)
Where:

K, = gravity factor
= 0.00147G + 0.000933G* + 0.000000317G".

K,= concentration factor
= 0.00712C — 0.0000227C2 — 0.000000485C3.

This equation 1s plotted in Figure B-3. The concentration factor was selected to predict
a shrinkage of 0 percent at 0 percent and 100 percent spikes.

Ashcroft, Booker, and Turner regressed the following correlation to Booker’s light paraf-
finic spiked crude data (for comparison purposes it is written in terms of total volume
shrinkage):

§ =294 X 107%C (100 — C)¥892G2%34 (A-3)

This equation 1s plotted in Figure B-4.
A modified API 2509C equation was also considered. The following three correlations
were regressed using the Childress, Scott, Schuchardt, and Booker volumetric shrinkage

data:
S =3.22 X 1078C (100 — C)G?%0 (A-4)
S =486 X% 10"8C (100 — C)0819G228 (A-5)
§ = 4.89 X 1078¢%% (100 — C)0819G228 (A-6)

A model building F-test suggested by Beck and Arnold!? was used to determine which
parameters are needed (F values were compared with F o.(1, n — p) = 3.84).

This test indicates that Equation A-5 should be used; this equation has the same form
as that chosen by Ashcroft, Booker, and Turner. Equation A-5 is plotted in Figure B-5. This
form retains the API 2509C equation simplicity, but unlike 2509C, Equation A-5 predicts
0 percent shrinkage at 0 and 100 percent spike.

Equation A-5, the Ashcroft, Booker, and Turner correlation, and the API 2509C equation
were compared to the Childress, Scott, Schuchardt, and Booker volumetric shrinkage data.
The Scott equation was not considered further, because it was compared to Equation A-4
and was found to overpredict shrinkage for volume percent greater than 25 percent.
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84 CHaPTER 12—CaLcuLAaTION OF PETROLEUM QUANTITIES

The fit to the volumetric shrinkage data was quantified using the following error mea-

sures:
N |[s<— 55,
The average absolute error = Z [ = Ji }
i=1
N [SC - SE).
The average bias error = Z = i
i=1]

The root-mean-square error

N
(5 - S
P
Where:

SE = experimental volumetric shrinkage, as percent of total volume.
§€ = calculated volumetric shrinkage, as percent of total volume.
N = number of data points.

These values were computed both with respect to data from each source individually
and with respect to data from all sources. Discrete volume percent concentration ranges
were used because these error measures are strongly dependent on volume percentage con-
centration. The API 2509C equation was not applied for volume percent spikes greater than
50 percent.
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Table B-1—Childress Data Set

Note: Total number of data points = 268; overall average residual = 0.014; standard deviation of absolute residual = 0.03,
"Expressed in kilograms per cubic meter at 101.3 kilopaseals and 15°C,

Actual experimental shrinkage value minus value caleulated using new correlation equation,

“Actual residualiexperimental shrinkage value,

Density Density Average Number

Name or Source Light of Crude of Light Average Relative of Data
of Crude Oil Crode Type Component Oif Component” IResiduﬂI" Residual® Sels
Racoon Bend, TX Naphthenic Condensate 936.2 651.2 0.0303 0.1579 B
Taleo Intermediate Intermediate 931.5 3260 =0.0033 -0.3420 9
Talco Intermediate Condensate 930.9 631.2 -0.0021 0.0733 51
Boling Mixed Gasoline 8927 1260 0.0216 0.1783 14
Arkansas Iniermediale Condensate §81.6 b31.2 00201 0.0554 14
Arkansas Intermediate Intermediate 881.6 §26.0 0.0004 0.2838 L
TCO #A-2 Paraffinic Condensate 8713 631.2 0.0313 0.1850 14
Anahuac Intermediale Condensate 8319 1428 ~0.0140 0.0357 12
Not available Naphthenic Condensate §48.3 7%.1 0.0296 (.5460 16
West Texas Intermediate Natural gasoline §44.3 650.9 ~0.0018 ~0.0754 10
Imogine Paralfinic Natural gasoline 8373 (66,2 00121 0.2304 8
Mississippi Iniermediate Natural gasoline §26.0 688.9 00155 .3023 3
Mississippi Infermediate Condensate §26.0 (444 0.0131 0.2614 §
Not available Condensate Butane 149 581.1 00490 00812 14
Not available Condensale Condensate 149 6444 00190 (4469 14
Nol available Condensate Butane 64 4 5811 0.0207 (13339 10
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Table B-2—Scott Data Set

Density Density Average Number

Name or Source of Crude of Light Average Relative of Dala
of Cude Ol Crude Type or Component® Residual® - Resicual’ Sels
KCL A Lea Absorplion 834.0 034.2 00480 (11280 12
Redwater Windfall 8304 1432 0.01260 0.3340 §
HVI Sour Fourleen 1.2 6754 (.0740 (3660 1
Woodriver n-butane 1351 585.9 0.0310 0.0950 1
Woodriver n-hutane 499 585.9 -00370 =0.2100 -

Note: Total number of data points = 42; overall average residual = 0.036; standard deviation of absolute residual = 0.04,
"Expressed in kilograms per cubic meter at 1013 kilopascals and 15°C.

"Actual experimental shrinkage value minus value calculated using new correlation equation,

‘Actual residualiexperimental shrinkage value,
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Table B-3—Schuchardt Data Set

Density ~ Densily Average | Number

Name or Source of Crude of Light Average Relative of Dala
- of Crude Ol Crude Type O Component* _Rﬂ&iﬁiﬂﬂlh Residual Sels
Bolivar Coastal Nol specified 4788 Various ~{),0487 -0.2397 9
Bolivar Coastal Noi specified 954.6 Various =0.0210 ~0.3921 9
Bolivar Coastal Not specified 913.7 Various -0.0132 0.2219 58
Bolivar Coastal Not specified 9119 Various =0.0228 -0.1397 Il
Souedie Not specified 911.2 Various =0.0226 -1.3242 10
Emsland Nol specified §99.7 Various =0.0335 0.6972 0
Rabi Counda Nol specified §59.8 Various =0.0890 14521 10
Soviet Export Nol specified 856.4 Various =(.0144 06217 0
Amna Nol specified 8439 Various =0.0106 10237 10
Anoco Wax Nol specified 8313 Various 0.0321 04224 40
Hassi'R Mel Not specified 1710 Various =0.0174 ~(.18% 10

Note: Total number of data points = 307; overall average residual = ~0.025; standard deviation of absolute residual = 0.03,

"Expressed i kilograms per cubic meter at 1013 kilopascals and 13°C,

"Actual experimental shrinkage value minus value caleulated using new correlation equation,

“Actual residualfexperimental shrinkage valug,
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Figure B-3—Scott’'s Equation Surface Plot
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Figure B-5—API 12.3 Surface Plot
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Figure B-6—Volumetric Shrinkage Error Average Absolute Error—All Data
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Figure B-7—Volumetric Shrinkage Error Average Bias Error—All Data
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APPENDIX C—TEST METHODS FOR DETERMINING
VOLUMETRIC SHRINKAGE

C.1 Shrinkage Determination from Density and Volume
Measurements Made Using a Pychometer

C.1.1 SUMMARY

This method provides a simple, low-cost method for determining shrinkage resulting
from hydrocarbon blending. It involves measurements of mass and volume of each com-
ponent, and of the resulting blend volume, using a large volume pycnometer. With careful
technique, excellent precision can be obtained on suitable hydrocarbon blends.

C.1.2 EQUIPMENT

The method uses a custom-designed double-neck pycnometer, of nominal 1000 cubic
centimeters volume, with etched markings on one of the necks, as shown in Figure C-1.
This design allows air to escape from the vessel as the second component is added. Tem-
perature of the fluids in the pycnometer must be carefully controlled and measured during
volume measurements.

A thermostat-controlled bath of sufficient size to allow submersion of the pycnometer,
and capable of maintaining the temperature stable to =0.01°F (*0.006°C) is recommended.
A balance capable of weighing about 800 grams with a resolution of 0.01 gram is required.

C.1.3 CALIBRATION

The pycnometer 1s calibrated using air-free distilled water. Readings of the neck cali-
brations are made for several different masses of water, equilibrated at the temperature of
interest. The exact volumes of water coinciding with the measured masses are calculated us-
ing the known density of water at the calibration temperature. Care should be taken to wipe
all water from the outside of the pycnometer and to allow it to equilibrate to room temper-
ature when it 1s removed from the bath for weighing. Likewise, sufficient time must be al-
lowed for temperature equilibrium each time the pycnometer is put into the bath.
Temperature equilibrium can be confirmed by noting the constancy of the volume. Volume
measurements should be made while the pycnometer is still mostly within the bath and
should be recorded to the nearest 0.05 cubic centimeters.

C.1.4 SAMPLE SELECTION AND PREPARATION

Considerable thought and care must be taken in deciding where and how samples are
collected, if the samples are to be truly representative of much larger hydrocarbon volumes.
This 1s particularly true of crude oils, which often contain small amounts of gas, water, or
solids dispersed unevenly throughout a large batch. Guidance on sampling of crude oils is
available from API and other sources.

C.1.5 MEASUREMENT PROCEDURE

The densities of each of the components of the desired blend are first determined sepa-
rately by filling the pycnometer with a measured mass, equilibrating at the measurement
temperature, and recording the volume.

The desired blend 1s prepared by weighing the appropriate mass of each component into
the pycnometer, such that the total volume after mixing and temperature equilibrium falls
within the calibrated region of the graduations on the pycnometer. Mixing is achieved with
a large magnetic stir bar, the mass of which 1s included with the pycnometer in the initial
weilghing. Care should be taken to ensure that all of the liquid has drained from the neck
above the liquid meniscus, prior to final volume reading. Mixing must be sufficient to en-
sure homogeneity, but not so vigorous that air 1s drawn 1nto the blend. The pycnometer
should be thoroughly cleaned and dried between each measurement.
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Figure C-1—Double-Neck Pycnometer
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C.1.6 CALCULATIONS

The density of each component at the measurement temperature is calculated directly
from its measured mass and volume. The volume fraction of component A in the blend is
calculated from the masses of the components and the measured densities. The shrinkage
factor can then be determined as the ratio of the measured blend volume to the sum of the
calculated volumes of the individual components.

If the shrinkage factor is to be used for volumetric corrections, it should be determined
at the temperature that corresponds with the metered volumes (in other words, if the meters
are calibrated to read volumes corrected to 15°C, the shrinkage measurements should be
made at 15°C). Alternatively, the densities and volumes can be corrected to standard tem-
perature, using appropriate API correlations, and then the calculated shrinkage factor will
apply to the standard temperature.

C.1.7 PRECISION AND ACCURACY

Based on a consideration of the measurement resolution and error propagation, values
determined by this method will have a minimal error of =0.01 percent shrinkage. Actual
experimental precision and accuracy are unknown.

C.2 Shrinkage Determination from Density Measurements
Obtained with a Densitometer!’

C.2.1 SUMMARY

Precise measurements of the densities of the crude oil, the light hydrocarbon, and the
desired blend are made at a fixed temperature and pressure, using an oscillating tube den-
sitometer. The volumetric discrepancy (shrinkage or expansion) is calculated from the mix-
ture composition and the density data.

C.22 EQUIPMENT

The density measurements are made using an oscillating (vibrating) tube densitometer.
This instrument has a glass U tube into which a small sample is placed and allows mea-
surement of the period of natural oscillation of the tube. Instruments of various precision are
available; an instrument with six or seven digits i1s recommended.

Since the liquids of interest have relatively high temperature coefficients of expansion,
the accuracy of the density measurements, and thus of the shrinkage factor, depends di-
rectly on the precision of temperature control of the sample in the U tube. Short-term tem-
perature stability (about 15 minutes) of =0.001°C, at the desired temperature (usually
15°C), can be obtained by circulating fluid from a high precision temperature-controlled
bath through the jacket around the U tube. Several designs of custom-built thermostat-con-
trolled baths with this precision have been described in the literature.!!! Some commer-
cially available designs also meet the required specifications. The temperature stability and
accuracy of the final configuration (bath plus densitometer) should be verified by mount-
Ing a temperature-sensing probe of suitable resolution (for example, a platinum resistance
thermometer, with an appropriate electronic readout) into the center of the U tube jacket.
Some instruments are designed with internal temperature control, eliminating the need for
a separate bath, but checks of the temperature should still be included.

'1S.1. Ashcroft, et al. “Density Measurements by Oscillating Tube.” J. Chem. Soc. Faraday Trans. 86(1), 145
(1990).
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An electronic balance, with a resolution of 0.001 gram, and containers or syringes suit-
able for mixing about 50 cubic centimeters of blend are required.

C.23 CALIBRATION

The density of the fluid in the U tube of an oscillating tube densitometer is related to
the period of oscillation of the tube. To quantify this relationship, the densitometer must
be calibrated with two fluids of accurately known density. The density of the test fluid d
can then be calculated from Equation C-1.

(’2 o EJ

d=(d, - d) +d, (C-1)
B 7.2 =72
2 1

where d,, d,, 7; and 7, refer to the known densities and measured oscillation periods of the
two calibration fluids respectively, and 7 is the observed oscillation period of the U tube
filled with the test fluid.

The most commonly used calibration fluids are water and air. These are chosen because
densities of pure water and dry air are known with high precision and accuracy; data are
usually provided in the instrument manual. Recommendations on calibration have been
provided by Ashcroft et al.® and by Fitzgerald et al.!2 The density obtained using an oscil-
lating tube densitometer is affected by the viscosity of the fluid being measured. Correction
for viscosity has been described in detail by Fitzgerald et al.

C.2.4 SAMPLE SELECTION AND PREPARATION

Isolating small samples of each of the two hydrocarbon liquids from much larger batches
often requires considerable thought and effort. Stock tank crudes often contain small
amounts of water and suspended solids, and gas bubbles may also be evolving. If the sam-
ple to be measured is to be truly representative, these “impurities” should be present in the
measurement subsample.

However, water and solids are often heterogeneously distributed in crude oils, making it
difficult to obtain a truly representative sample. In addition, samples containing dispersed
solids, water droplets, and particularly gas bubbles usually give much less stable density
readings. In order to improve the measurement stability, it may be necessary to remove or
reduce these impunties. Gas bubbles may be removed by sonicating the sample for a few
minutes.

The lighter hydrocarbon component may also contain dispersed water and solids, as well
as dissolved and dispersed gases. As for the heavier component, a compromise must usu-
ally be made between representativeness of the sample and acceptable measurement pre-
C1S10M.

There are a number of different possible approaches for preparing samples of the
blended components. The best approach is the one that is most effective for the hydrocar-
bons of interest, and some initial optimization of the method may be required. Care must
be taken to ensure that loss of volatile components is minimized during transfers and sub-
sequent mixing, and that the resulting blend is homogeneously mixed, without addition of
air bubbles.

One method that has proven effective in previous work involves the use of small glass
or plastic syringes. Samples of each of the two hydrocarbon liquids are drawn into sepa-
rate 25 cubic centimeter syringes. The amounts of each are adjusted to give the desired
blend composition and determined exactly by weighing the syringe before and after draw-
ing in the sample. The syringes are then connected together via a small Teflon coupling,
care being taken to displace the air from the coupling before completing the connection to
the second syringe.

2H. Fitzgerald, et al. “An Assessment of Laboratory Density Meters,.” Petroleum Review, November 1992, p. 544.
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Mixing is then achieved by forcing all of the liquid from one syringe into the other and
repeating this 5—10 times or until mixing is complete.

C.2.5 DENSITY MEASUREMENTS

Each sample to be measured is transferred via syringe to the glass U tube in the densi-
tometer. A sufficient sample is injected to flush all of the air from the tube, and then the
outlet end is capped. The sample is then allowed to come to temperature equilibrium, most
easily judged by monitoring the stability of the density readout. Readings on three sepa-
rate subsamples of the blend are recommended to verify that homogeneity has been
achieved.

C.2.6 CALCULATIONS

Determination of the volumetric shrinkage requires the masses and densities of the two
components and the density of the blend, all determined at the same known temperature. If
the shrinkage is to be applied to volume data corrected to a standard temperature, then the
densities should either be measured at the same standard temperature or corrected to the
standard temperature using the appropriate API density-temperature correlation.

The volume fraction of the lighter component A is defined here as the ratio

F,=__ YA
(V, + V)

where V, and V are the original volumes of the components A and B. F, can be calcu-
lated from the masses and densities according to Equation C-3.

FA — MAdE
M,dg + Mgd,
where M, , Mg, d,, and dy refer to the masses and densities of components A and B, re-
spectively.
The shrinkage factor is here defined as the ratio
— (Vo T Ve) — Vmix
V,+ Vg
with symbols as defined above. Subscript MIX refers to the blended mixture. S can be cal-
culated from F and the densities using Equation C-5.

(C-2)

(C-3)

3

(C-4)

dg(1 — F,) +d,F,

§=1- (C-5)

dypix
Shrinkage factor 1s often expressed as a percentage by multiplying § by 100.

C.2.7 PRECISION AND ACCURACY

The precision of this method is limited directly by the stability of the density measure-
ments. In applications with real crude oil-hydrocarbon blends, using the instrumentation
described above, factors other than instrument resolution and temperature stability appear
to limit precision in densities to about *2 X 10~* grams per cubic centimeter. This un-
certainty in density measurements translates to a precision of 0.02 volume percent in cal-
culated values of the shrinkage factor (for example, if S is calculated to be 0.45 percent,
the 95 percent confidence limits are 0.43 to (.47 percent).

C.3 Shrinkage Measurement Utilizing Specific Gravity
Method

The shrinkage 1s determined for mixtures of two components by comparing the exper-
imentally determined specific gravity of the mixtures with the theoretical specific gravities
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that the same components should have shown under conditions of ideal mixing. Tests us-
ing this method must be conducted under constant-temperature conditions. The crude oil or
heavier component is poured into a glass-stoppered graduated cylinder. To this is added,
from a buret, the measured volume of the lighter component. The buret must be extended
beneath the surface of the heavier component to minimize evaporation loss. The graduated
cylinder is stoppered and inverted repeatedly to ensure mixing of the two components.
Equilibrium temperature is determined with the aid of a thermometer. The gravity of both
components and the resulting mixture is determined by the use of precise equipment such
as hydrometers and pycnometers.

The theoretical specific gravity of each ensuing blend is calculated from the volume per-
cent of each component and the specific gravity of the original samples. Comparison of the
theoretical and experimentally determined gravity of the mixture is a measurement of the
volume shrinkage.

Because the technique and equipment used in this method preclude a high degree of ac-
curacy, it should not be expected that the results will be as reliable as those from the two
methods previously described. Temperature control of = 1°F and basic volumetric mea-
surement accurate to approximately 0.4 percent make this procedure unsuitable for use
when the proportion of the lighter component in a mixture is small. Data obtained by this
method were among the first results that indicated the existence of shrinkage when
petroleum components were mixed. Better control equipment and instrumentation would
improve the procedure.

C.4 Shrinkage Measurement Utilizing Modified
P-V-T Apparatus

C.4.1 DESCRIPTION OF EQUIPMENT

The equipment for this test consists of two pressure-volume cells and a calibrated mer-
cury pump interconnected, as shown in Figure C-2, and placed in a constant-temperature
water bath.

The temperature of the bath should be controlled with £0.001 of 60°F (or other selected
test temperature). A suggested method of controlling the temperature of the water bath is
to combine a constant output refrigeration system with an extremely sensitive electrical
heating system. The refrigeration system when operated alone should provide a bath tem-
perature of approximately 58°F or approximately 2°F lower than the selected test temper-
ature. Current to the resistance coils of the electrical heating system should be controlled
by an electronic relay activated by a highly precise mercury-type thermoregulator. Tem-
peratures should be read with a precision-grade thermometer or the equivalent. This equip-
ment, operating properly, should have little trouble 1n maintaining a constant bath
temperature within the +0.001°F.

All measurements should be made at a constant pressure of 100 pounds per square inch
gauge (or other selected test pressure). The test pressure should exceed the vapor pressure
of the most volatile component to prevent the formation of gases in the test system with re-
sulting errors. It is suggested that a 200 pounds per square inch gauge test gauge, with 1
pound per square inch divisions, be used. This gauge should be calibrated to 0.1 pound per
square inch accuracy by comparison with a deadweight tester. A hairline should be scribed
on the gauge face at the 100 pounds per square inch point (or other selected test pressure)
and all readings should be made at that point. The gauge should be rechecked with dead-
weilght tester after each analysis.

Only compression-type fittings should be used to connect Valve 1 with Line D. This type
of fitting has been found to reduce the possibility of errors resulting from trapped air or
valve holdup.

Mo reproduction or natwarking parmitiad withoul licansa fram IHS Mot tar Rasala



SECTION 3—VOLUMETRIC SHRINKAGE RESULTING FROM BLENDING LIGHT HYDROCARBONS WITH CRUDE QILS

105

Copyright American Patroleum Instduta
Pravidad by IHS under licansa with AP

C.4.2 PROCEDURE DURING PREPARATION AND FILLING OF
EQUIPMENT FOR SHRINKAGE TEST

For purposes of clarity in this procedure, the terms “heavier component” (for example,
crude oil) and “lighter component” (pentane, butane, etc.) are defined as follows: the heav-
ier component is the petroleum product contained in Cell A at the beginning of the test; the
lighter component is the petroleum product contained in Cell B, a portion of which is to be
transferred into Cell A and mixed with the heavier component.

1. With Valve 1 removed and Valve 5 closed, pour approximately 400 milliliters of mer-
cury into Cell A. Next, fill the remainder of space in Cell A with a weighed quantity of the
heavier component, approximately 1,100 milliliters. The volume of this heavier component
1s calculated by dividing its weight by its specific gravity. Replace and close Valve 1.

2. Before Cell B 1s connected to the apparatus, fill it with the lighter component to be tested.
This lighter component floats on a layer of mercury in the cell. Filling the cell is accom-
plished by the technique normally used in subsurface sample analyses, whereby fluids are
transferred under pressure from one container to another by displacement with mercury. At
the end of the transfer, sufficient mercury is left in Cell B to maintain a seal above Valve 6
at all umes. This prevents entrance of the lighter component into Valve 6 or Line F. With
Valves 2 and 6 closed, Cell B is then connected into the system shown in Figure C-2. Open
Valves 3 and 4.

3. Evacuate lines between Mercury Pump C and closed Valves 5 and 6. Fill these evacuated
lines with mercury by means of Mercury Pump C.

4. Open Valve 6. With Pump C inject sufficient mercury into Cell B to raise the cell pres-
sure to 100 pounds per square inch gauge (or other selected base pressure) at bath temper-
ature.

5. Open Valve 2. Slightly loosen the Line D connection at closed Valve 1. By mercury
displacement at 100 pounds per square inch gauge, slowly purge the lighter component
through Line D allowing trapped air and some lighter component to be vented at the loos-
ened Line D connection at Valve 1. Tighten the loosened Line D connection and close
Valve 4. Valves 2 and 6 are now left open.
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Figure C-2—Modified P-V-T Apparatus for Measuring Shrinkage of
Petroleum Admixtures
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6. Open Valve 5 into Cell A. By mercury injection with Pump C, raise the pressure in
Cell A to 100 pounds per square inch gauge (or other selected base pressure) at bath tem-
perature.

7. Open Valve 4 so that the pump is connected to both Cells A and B with only Valve 1
closed. The system is now checked for leaks by allowing it to stand at constant 100-pounds
per square inch gauge pressure for 1 hour or longer. Any leakage would cause a pressure
drop in the constant-volume system and constant-temperature system.

8. After the system is proven to be free of leaks as described in Step 7, the system consti-
tutes a closed constant-volume unit consisting of Mercury Pump C, Cells A and B, and con-
necting valves and lines. In this system, maintained at constant temperature, only actual
change in volume of fluids in the system will cause a change in pressure. Thus, any shrink-
age occurring upon mixing of heavier and lighter components will be reflected in pressure
drop. The volume of mercury that must be injected to prevent pressure drop during com-
ponent mixing measures the amount of shrinkage that occurred.

C.4.3 PROCEDURE DURING SHRINKAGE TEST
At this point in the procedure, the valves should be positioned as follows:

I. Valves 2, 5, and 6 remain open and undisturbed throughout the remainder of the test.
2. Valves 3 and 4 hereafter are closed or are opened only to fixed positions. Thus, variations
in the volume of the system resulting from changes in valve positions are controlled. All
volumetric measurements are made with Valve 1 closed, thus preventing further addition
of the lighter component to Cell A.

Determination of shrinkage occurring upon mixing heavier and lighter components re-
quires that the lighter component be transferred from Cell B to Cell A, which already con-
tains the heavier component. In Cell A, the two components are mixed. The resulting
shrinkage is measured as the volume of mercury that must be injected into Cell A to main-
tain a pressure of 100 pounds per square inch gauge in the constant-temperature system.
The procedure is as follows:

1. Close Valve 4 and record initial pump reading with Valve 3 open and Valve 1 closed. With
Mercury Pump C, withdraw mercury from Cell A. Close Valve 3 and open Valve 4. Record
the reading of the mercury pump at 100 pounds per square inch gauge. Open Valve 1 and
displace a measured volume of the lighter component into Cell A. Close Valve 1 and take
another reading of the mercury pump at 100 pounds per square inch gauge. The difference
in pump readings measures the volume of the lighter component injected into Cell A.

2. Close Valve 4 and open Valve 3. Mix the contents of Cell A by repeatedly inverting the
cell, meanwhile maintaining 100 pounds per square inch gauge pressure in the cell by the
addition of mercury with Pump C. When the pressure becomes a constant 100 pounds per
square inch gauge at a definite pump position, regardless of continued agitation, no further
shrinkage is occurring and the final pump reading is recorded. The shrinkage that has oc-
curred is calculated as the volumetric difference between the initial pump reading (see pre-
ceding step) and the final 100 pounds per square inch gauge pump reading just obtained.
This volumetric shrinkage is calculated to a percentage basis by dividing by the total vol-
ume of the lighter component added and multiplying by 100.

Accuracy:

1. Volume measurement: Pump accuracy = 0.001 turns = 0.00129 milliliters.

2. Temperature: Temperature controlled at 60°F *0.001.

3. Sample weight: The heavier component 1s weighed into the pressure-volume cell with
an accuracy of 0.1 grams in approximately 1,000 grams.

4. Specific gravity: The specific gravity of the heavier component should be measured on
a precise balance to an accuracy of 0.0001. The specific gravity is used to convert the
weight of the heavier component (see preceding paragraph) to its equivalent volume.
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The overall measurement accuracy—including mercury pump accuracy, temperature
bath variation, sample weight accuracy, and the specific gravity accuracy—is 0.002
muilliliters for a total test volume of approximately 1,200 mulliliters.

C.5 Shrinkage Measurement Utilizing Visual Volumetric
Apparatus

The apparatus in Figure C-3, operated at constant temperature, permits visual measure-
ment of volumetric shrinkage resulting from the mixing of two dissimilar petroleum com-
ponents. When properly calibrated, the equipment is designed to give experimental data for
concentrations as low as 2.5 percent by volume of the lighter component in a two-compo-
nent system. Auxiliary equipment required 1s a Reid vapor pressure temperature bath, ac-
curate to 0.1°F, and a pressure gauge (usually O to 100 pounds per square inch), accurate to
1 pound per square inch.

The overall measurement accuracy, including reading accuracy of the calibrated buret
and temperature bath vanation (assuming correct compressibility correction of the test lig-
uids and equipment), is 0.036 milliliters for the smallest chamber combination (total test
volume, 269 milliliters) and 0.051 milliliters for the largest chamber combination (total test
volume, 626 milliliters), based on butane and a 40-degree API gravity crude o1l mixture.

C.5.1 PROCEDURE

The apparatus shown in Figure C-3 is assembled using the appropriate parts. Flasks,
bulbs, and sight glass are interchanged to obtain different percentages of blends. Table
C-1 shows the combinations of flasks and bulbs used to obtain these various blend per-
CﬂﬂtﬂgES.

To determine the shrinkage for a blend containing approximately 10 percent by volume
of lighter components, use Flask 1 and Bulb 1 in the assembly. Force the heavier compo-
nent via a vaportight line into the calibrated Flask 1 through Valve 1 until it is well above
Valve 2.

Note: In order to minimize evaporation losses, the pressure in the apparatus should be higher than the vapor pres-
sure of the components at the existing temperature.

After closing Valves 3 and 4, the apparatus is placed in the constant-temperature bath
and Valve 2 is closed when the sample has reached test temperature (30 minutes). The ex-
cess heavier component is then drained from the apparatus at Valve 3. The lighter compo-
nent is forced into the calibrated Bulb 1 through Valve 3 until the liquid level reaches
Valve 4. The apparatus is then inverted, and the lighter component is forced out at Valve 4
by its own vapor pressure or by draining. The lighter component is again forced into Bulb
1 until the liquid level is near the center mark of the calibrated glass section. Valve 4 is then
opened momentarily to allow the pressure in the upper chamber to reach the vapor pres-
sure of the lighter component at the existing conditions. A small 0 pounds per square inch
absolute to 100 pounds per square inch absolute gauge, or one of appropriate range, is at-
tached to Valve 4.

The apparatus is again placed in the constant-temperature bath until both the lighter and
heavier components have reached test temperature (30 minutes). Valve 4 1s opened slightly,
and the vapor pressure (P,) and liquid level, both the upper level and lower meniscus, are
read and recorded. The meniscus 1s used when possible but the meniscus of some dark
blends cannot be read. The difference between the upper level before and after blending
will then represent the shrinkage. Liquid levels are estimated to the nearest 0.02 milliliter,
and the true vapor pressure 1s estimated to the nearest 1 pound per square inch absolute.
The apparatus should not be removed from the constant-temperature bath. Valve 2, between
the two components, 1s then opened completely. The apparatus 1s rocked gently to ensure
that no gas bubbles have been trapped, and the liquid level in the calibrated section is again
estimated as described previously.
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Note: For use with high-vapor-pressure components, it is necessary to determine the volumetric expansion of the
equipment at various anticipated pressures and temperatures and to know the approximate compressibility char-
acteristics of the components and blends.

After reading and recording both the upper level and lower meniscus with Valve 2 open,
the apparatus is removed from the bath, Valve 4 is closed, and the two components are
mixed until a homogeneous blend results. This is done by alternately holding the apparatus
upright and then in an inverted position and gently shaking. At least 15 to 20 cycles over a
period of 10 to 15 minutes are required to obtain a homogeneous blend.
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Figure C-3—Visual Volumetric Apparatus for Measuring Shrinkage
of Petroleum Admixtures
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Table C-1—Approximate Composition of Blends
When Various Combinations of Bulbs and
Flasks Are Used?®

Lighter Component

Flask No. Bulb No. (Percent by Volume)
1 Nane 204
2 None 5to7
1 1 10
1 3 15
1 = 20
1 1.4 25
2 30
2 35
2 3,2 45
2 2.4 50

4Dther combinations will result in different percentage blends.

The apparatus 1s again returned to the constant-temperature bath until the blend has
reached the test temperature. The volume and true vapor pressure (P,) are read and recorded
to the nearest 0.02 milliliter and I pound per square inch absolute, respectively. The shrink-
age 1s noted from the volumetric change resulting from the blend of the two components.

C.5.2 CALCULATION

The increase in volume resulting from the dissolved vapors is calculated and added to
the determined volume decrease by use of Table C-2 and the equation:

C=(F, —F)S

C = volume correction, in mlliliters.
F, = pressure factor for P,.
F, = pressure factor for P,.

S = vapor space, in milliliters.

The increase in volume, in milliliters, resulting from the lower pressure is determined
from previously prepared tables, based on the expansion of the equipment and the com-
pressibility of the components, and added to the determined volume decrease:

sv=_4 (100

H + L

6V = volume decrease as percent of total blend volume.

A = corrected volume change on mixing, in milliliters.
H_ = corrected volume of the heavier component, in milliliters.
L = corrected volume of the lighter component, in milliliters.

This method can be used under field conditions by qualified technical personnel, pro-
vided proper allowance 1s made for its range of accuracy and the conditions under which the
data will be applied. The necessity of correct calibration of the test equipment and proper
correction for the effects of compressibility is emphasized.

Mo reproduction or natwarking parmitted without licansa fram IHS Mot tar Rasala



110 CHAPTER 12—CALcuLATION OF PETROLEUM QUANTITIES

Table C-2—Pressure Factors for Hydrocarbon Vapors
(Correction for Liquid Contained in Vapor Space)

Pressure
(P)
Pounds per Pounds per Pressure
Square Inch Square Inch Factor
Gauge Absolute (F)

0 0.0000

3 0.0015

10 0.0030

0 15 0.0045
5 20 0.0060
10 23 0.0075
15 30 0.0090
20 35 0.0104
25 40 0.0118
30 45 0.0133
35 50 0.0148
45 60 0.0174
35 T0 0.0209
65 80 0.0240
75 90 0.0270
835 100 0.0300
105 120 0.0363
125 140 0.0425
145 160 0.0490
165 180 0.0556
185 200 0.0620

Copyright American Patroleum Instduta
Pravided by IHS under licensea with AP
Mo reproduction or natwarking parmitted without licansa fram IHS Mot tar Rasala



10/38—XX

Copyright American Palraleumn Institute
Pravidad by IHS under licensa with AP
Mo reproduction or natwarking parmitted without licansa fram IHS Mot tar Rasala



Additional copies available from APl Publications and Distribution:
(202) 682-8375

Information about API Publications, Programs and Services
is available on the World Wide Web at: http://www.api.org

American 1220 L Street, Northwest
L ) Petroleum  Washington, D.C. 20005-4070
Institute 202-682-8000 Order No. H12031

Copyright American Patroleum Instduta
Pravidad by IHS under licansa with AP

Mo reproduction or natwarking parmitiad withoul licansa fram IHS Mot tar Rasala



