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ABSTRACT

In many geologic environments, fluids have compositions that are approximated by the
H2O-NaCl system.  When minerals grow in the presence of such fluids, some of the
solution is trapped in the growing mineral as fluid inclusions.  The salinity, temperature
of homogenization, and pressure of homogenization are required to predict the trapping
conditions of the fluid inclusion. In the laboratory the salinity and the temperature of
homogenization of the trapped fluid are easily determined however, the pressure of
homogenization cannot be determined directly, and must be calculated from an equation
of state.

A statistical model that relates the vapor pressure of H2O-NaCl to the fluid
temperature and composition has been developed.  The model consists of equations that
predict the vapor pressure of H2O-NaCl from the eutectic temperature (–21.2ºC) to
1500ºC and for all compositions between the pure end-members.  The model calculates
the vapor pressure based on the composition (wt% NaCl) and the temperature of
homogenization, which can be directly obtained from laboratory studies of fluid
inclusions.  This information in turn can be used to construct the isochore, or line of
constant volume, along which the fluid inclusion was trapped.  Finally the isochore can
be used to determine the temperature and pressure at which the host mineral of the fluid
inclusion was trapped.



iii

Dedication

I wish to dedicate this project to my Grandmother “Nana” Mabel Light.  She has been a
strong influence in my education.  Without her help and determination to see me succeed
in life, none of this would have happened.  Thank you Nana.

Acknowledgments

I wish to thank Dr. Robert J. Bodnar for advising me through this study.  I would like to
also thank my committee members Dr. Cahit Coruh and Christine M. Anderson-Cook for
their help and input into the model development.  I would like to thank Alyaa Zahran of
the Department of Statistics at Virginia Tech for programming help and guidance in
learning and understanding the SAS statistical program that was used for constructing the
model.  I owe a large debt of gratitude to my family and friends who have supported me
throughout my college career.



iv

TABLE OF CONTENTS

Abstract……………………………………………………………………………………ii

Dedication...........................................................................................................................iii

Acknowledgements............................................................................................................iii

Table of Contents................................................................................................................iv

List of Figures......................................................................................................................v

List of Tables.....................................................................................................................vii

Introduction………………………………………………………………………………..1

Sources of PTX Data for H2O-NaCl………………………………………………………2

Liquid + vapor phase envelope data………………………………………...……3
H2O liquid + vapor (L + V) curve…………………………………………3
Locus of liquid + vapor + ice (L + V + I) triple points………………...….3
Locus of liquid + vapor + hydrohalite (L + V + HH) triple points………..3
Locus of liquid + vapor + halite (L + V + H) triple points………………..4
NaCl liquid + vapor (L + V) curve………………………………………..4
Locus of H2O-NaCl critical points………………………………………...4

Data within the two-phase (liquid + vapor) field……………………...………….5
High temperature, high salinity region……………………………………6

Model Development……………………………………………………………………….6

Comparison of Predicted and Experimental Values………………………………………9

Predicted Phase Equilibria and Applications……………………………………....……10

Summary…………………………………….……………………..…………………….11

References…………………...………………………………………………….....…….12

Appendix A. List of published PTX data used in regression………………………..…..50

Appendix B. Input code used by SAS program for regression…………………………121

Vita………...……………………………………………………………………………124



v

List of Figures

Figure 1.  Distorted, schematic P-T projection of the H2O-NaCl liquid-vapor
                envelope……………………………………………………………………...17

Figure 2. Schematic representation showing a typical cooling path followed by a
                liquid rich fluid inclusion…………………………………………………….18

Figure 3. TX projection of the H2O-NaCl critical locus…………………….………….19

Figure 4. PT projection of the high temperature, high salinity data………….……...…20

Figure 5. Schematic P-T projection of H2O-NaCl isopleths…………………...……….21

Figure 6. PT projection showing the relationships between Eqs.1, 2, and 3 at
               374ºC…………………………………………………………………….....…22

Figure 7. Comparison of pressures predicted by Eqns. 1 and 2 at 300ºC……...…....….23

Figure 8. Comparison of pressures predicted by Eqns. 2 and 3 at 484ºC…………...….24

Figure 9. PT projection of isopleths where Eqns. 1 and 3 join…………………………25

Figure 10. Relative error histogram of published versus predicted data…………….….26

Figure 11. Comparison of predicted vs. published pressures for 20 wt% NaCl………..27

Figure 12. Comparison of predicted vs. published pressures along the H2O-NaCl critical
                 locus……………………………….……………………………….………..28

Figure 13. Comparison of predicted vs. published pressures along the H2O-NaCl liquid +
                 vapor + ice curve…………………………...……………………….………..29

Figure 14. Comparison of predicted vs. published pressures along the H2O-NaCl liquid +
                 vapor + halite curve………………….…………………………….…………30

Figure 15. Comparison of predicted vs. published pressures along the H2O liquid + vapor
                 curve……………………...…………………………………………...………31

Figure 16. PT projection of H2O-NaCl system from –21º to 5ºC…………..……………32

Figure 17. PT projection of H2O-NaCl system from 0º to 50ºC………..…..……………33

Figure 18. PT projection of H2O-NaCl system from 25º to 75ºC…………..……………34

Figure 19. PT projection of H2O-NaCl system from 50º to 125ºC…………..…………..35



vi

List of Figures

Figure 20. PT projection of H2O-NaCl system from 100º to 225ºC……..……………..36

Figure 21. PT projection of H2O-NaCl system from 190º to 400ºC……………………37

Figure 22. PT projection of H2O-NaCl system from 350º to 900ºC……………………38

Figure 23. PT projection of H2O-NaCl system from 0º to 1500ºC……………………..39

Figure 24. PX projection of H2O-NaCl system from 0 to 30 wt% NaCl……………….40

Figure 25. PX projection of H2O-NaCl system from 0 to 100 wt% NaCl…………...…41

Figure 26. TX projection of H2O-NaCl system from 0 to 100 wt% NaCl………...……42

Figure 27. Model application showing predicted liquid vapor curve for 10 wt%
                 NaCl…………………………………………………………………………43

Figure 28. Model application showing predicted liquid vapor curve for 25 wt%
                 NaCl…………………………………………………………………………44

Figure 29. Model application showing predicted liquid vapor curve for 40 wt%
                 NaCl…………………………………………………………………………45



vii

List of Tables

Table 1. List of published data for PTX properties of H2O-NaCl…………….………..46

Table 2. Coefficients predicted by SAS for Eqn. 1……………………………………..47

Table 3. Coefficients predicted by SAS for Eqn. 2……………………………………..48

Table 4. Coefficients predicted by SAS for Eqn. 3……………………………………..49



1

A Model for the PTX Properties of H2O-NaCl

ABSTRACT

In many geologic environments, fluids have compositions that are approximated by the
H2O-NaCl system.  When minerals grow in the presence of such fluids, some of the
solution is trapped in the growing mineral as fluid inclusions.  The salinity, temperature
of homogenization, and pressure of homogenization are required to predict the trapping
conditions of the fluid inclusion. In the laboratory the salinity and the temperature of
homogenization of the trapped fluid are easily determined however, the pressure of
homogenization cannot be determined directly, and must be calculated from an equation
of state.

A statistical model that relates the vapor pressure of H2O-NaCl to the fluid
temperature and composition has been developed.  The model consists of equations that
predict the vapor pressure of H2O-NaCl from the eutectic temperature (–21.2ºC) to
1500ºC and for all compositions between the pure end-members.  The model calculates
the vapor pressure based on the composition (wt% NaCl) and the temperature of
homogenization, which can be directly obtained from laboratory studies of fluid
inclusions.  This information in turn can be used to construct the isochore, or line of
constant volume, along which the fluid inclusion was trapped.  Finally the isochore can
be used to determine the temperature and pressure at which the host mineral of the fluid
inclusion was trapped.

INTRODUCTION

Saline aqueous solutions are common in a wide variety of geologic environments,
ranging from seawater (Brown et al., 1995) and basinal brines (Collins, 1975) through
deep crustal fluids associated with granulite grade metamorphism (Touret, 1986; Newton
et al., 1998) to silicic igneous plutons (Roedder and Bodnar, 1997). When minerals
precipitate in these environments some of the fluid is trapped as inclusions (Roedder,
1984). In order to interpret microthermometric data obtained from these fluid inclusions
requires information on the pressure, volume, temperature, and composition (PVTX)
properties of the fluid.  Various workers have shown that PVTX properties of more
complex saline aqueous solutions are often more dependent upon salinity than chemical
composition, and that the PVTX properties of the fluid are reasonably well approximated
by the system H2O-NaCl (Bodnar, 1983; Zhang and Frantz, 1987).

The H2O-NaCl system is an example of a binary system in which the solubility
curve does not intersect the critical curve (Morey, 1957).  The H2O-NaCl system is
characterized by a large region of PTX space in which fluid immiscibility, represented by
coexisting higher salinity liquid and lower salinity vapor, is possible (Figure 1).  The
H2O-NaCl liquid-vapor two-phase region is bounded by the liquid-vapor curve for pure
H2O, that extends from the triple point of pure water (TP H2O: T = 0.01ºC, P = 0.006 bar)
to the critical point of H2O (CP H2O: T = 374.1ºC, P = 220 bars); the ice-liquidus
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(L+V+I) or ice melting curve that extends from the triple point of H2O to the eutectic
point (E, I+L+V+Hydrohalite (HH); T = -21.2°C, P ≈ 0.001 bars); the locus of liquid-
vapor-hydrohalite triple points (L+V+HH) which extends from the eutectic to the
peritectic point, (P, L+V+Halite (H) +HH; T = 0.1°C, P ≈ 0.004 bars); the locus of liquid-
vapor-halite triple points (L+V+H) that extends from the peritectic (P) to the NaCl triple
point (TP NaCl: T = 801ºC, P ≈ 1 bar); the NaCl liquid-vapor curve that extends from the
NaCl triple point to the NaCl critical point (CP NaCl: T ≈ 3327ºC, P ≈ 235 bars).  Finally,
the liquid-vapor field is bounded by the locus of critical points that extends from the
critical point of H2O to the critical point of NaCl (Figure 1).  Within the region of PT
space bounded by these various phase surfaces, a given bulk composition may exist as
either a single phase liquid or single phase vapor, or may split into two coexisting phases
(Sourirajan and Kennedy, 1962; Bodnar et al., 1985a).

Figure 2 shows a representative cooling path for an H2O-NaCl fluid inclusion that
was trapped in the liquid field at Tf, Pf and which homogenizes to the liquid phase.  Once
trapped, the fluid inclusion will follow the isochore until it intersects the liquid-vapor
curve corresponding to the inclusion salinity (Th, Ph; Figure 2).  When the isochore
intersects the liquid-vapor curve, a vapor bubble will nucleate and grow as the inclusion
continues to cool along the liquid-vapor curve.  In the laboratory this process can be
reversed by heating the inclusion and observing phase changes under the microscope.
The homogenization temperature is easily determined in this manner; but the pressure at
homogenization (Ph) cannot be directly measured.  However, if the inclusion salinity is
known, the pressure at Th may be obtained from one of several sources that describe
vapor pressures of H2O-NaCl solutions.  Then, the formation conditions (Tf, Pf; Figure 2)
can be estimated by calculating the inclusion isochore as described by Bodnar and Vityk
(1994).

Experimental data for the H2O-NaCl system are extensive, with the majority of
the data for temperatures below 500ºC.  Only a few studies (c.f., Keevil, 1942; Sourirajan
and Kennedy, 1962; Urusova, 1974, 1975; Bodnar et al., 1985a; Knight and Bodnar,
1989;) report experimental data for PVTX properties of H2O-NaCl above 500ºC.  Various
empirical and theoretical models have been published that describe the PTX properties of
H2O-NaCl (Carlson et al., 1960; Haas, 1976; Pitzer and Pabalan, 1986; Knight and
Bodnar, 1989; Anderko and Pitzer, 1993; Bodnar, 1993; Bodnar and Vityk, 1994; Thiéry
and Dubessy, 1998).  While these and other models adequately describe the PTX
properties of H2O-NaCl, they have limited applicability to fluid inclusion studies because
they describe only a limited portion of the system H2O-NaCl and/or require input not
easily obtained by microthermometric analysis of fluid inclusions.

The goal of this study was to develop a model to predict the vapor pressures of
H2O-NaCl solutions as a function of temperature and salinity, using only data easily
obtainable through microthermometric analyses of fluid inclusions.  This has been
accomplished using previously published PTX data for H2O-NaCl (Table 1).

SOURCES OF PTX DATA FOR H2O-NaCl

Hundreds of studies have been published describing the PTX properties of H2O-NaCl.
Most of these studies cover only a limited range of PTX space, most report data for only
two of the three (PTX) parameters, and very few studies provide data for temperatures
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above 500°C.  PTX data published before the mid-1970s have been summarized in Potter
et al. (1975) and Potter (1978).  Some of the more recent PTX data that are relevant to the
present study are described below.  In the discussion to follow, we first describe those
PTX data that define the limits of the liquid + vapor field in the H2O-NaCl system,
followed by those data for vapor pressures of H2O-NaCl within the two-phase field.
Published experimental, theoretical, and empirical data for the H2O-NaCl system are
listed in Table 1. Data used to develop the model described here are marked with an
asterisk (Table 1).

Liquid + Vapor Phase Envelope Data

 H2O liquid + vapor (L + V) Curve
Numerous studies have been published that describe vapor pressures along the H2O liquid
+ vapor (L + V) curve.  In this study we have elected to use the vapor pressures reported
by Haar et al. (1984), which is based on a rigorous evaluation and statistical analysis of
available PVT data for H2O (L +V, Figure 1).

Locus of liquid + vapor + ice  (L + V + I) triple points
Addition of salt to H2O results in lowering of the freezing temperature and lowering of
the vapor pressure of the H2O-NaCl liquid + vapor + ice (L + V + I) triple points.  As a
result, the triple points migrate from the triple point of H2O (TPH2O) to lower
temperature and pressure with increasing salinity, ending at the eutectic (E; Figure 1).
While there have been many studies that have measured the depression of the freezing
temperature as a function of salinity, very few workers have determined the vapor
pressure along the locus of liquid + vapor + ice triple points.  Potter et al. (1978)
measured the freezing point of five different H2O-NaCl solutions and combined these
results with previously published data to develop an equation describing freezing point
depressions of H2O-NaCl.  More recently, Hall et al. (1988) conducted an experimental
study that corrected the higher salinity results published by Potter et al. (1978).  Using
data from Hall et al. (1988), Bodnar (1993) developed an equation that describes the
salinity of H2O-NaCl liquids as a function of the final ice melting temperature.  None of
these studies provided data on the vapor pressure along the liquid + vapor + ice phase
boundary.  However, Burruss and Hollister (1979) report a vapor pressure for the H2O-
NaCl eutectic (T = -21.2ºC, liquid + vapor + ice + hydrohalite) of 0.001 bars, which is
essentially identical to the vapor pressure (0.00094 bars) for water ice at this same
temperature (Fisher, 1988).  Also, Bodnar (2001) noted that equilibrium vapor pressures
along the liquid + vapor + ice curve for aqueous solutions having a range of compositions
and salinities is approximated by the vapor pressure of pure water ice at the same
temperature. Therefore, TX data from Bodnar (1993) were paired with data for the vapor
pressure of ice from Fischer (1988) to generate PTX data for the L + V + I curve (Figure
1).

Locus of liquid + vapor + hydrohalite (L + V + HH) triple points
For salinities greater than that at the eutectic point (23.2 wt%), and lower than that at the
peritectic point (26.2 wt%; T = 0.1°C), the solid phase in equilibrium with liquid + vapor
is hydrohalite, NaCl•2H2O (L + V + HH; Figure 1).  For vapor pressures along the locus
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of liquid + vapor + hydrohalite triple points, we assumed a linear relationship between
the pressure at the eutectic (0.001 bars) and that at the peritectic (0.004 bars), and
interpolated between these two temperatures to calculate the pressure along the L + V +
HH curve.

Locus of liquid + vapor + halite (L + V + H) triple points
Numerous workers have published data for NaCl solubility under vapor-saturated
conditions, i.e., along the liquid + vapor + halite (L + V + H) curve. Older data (early
1900’s) are summarized in the International Critical Tables published by the National
Research Council (1928).  Pre-mid-1970s data are summarized in Potter et al. (1975) and
Potter (1978).  Those studies that cover a significant temperature (and salinity) range and
also provide vapor pressure data include Keevil (1942), Sourirajan and Kennedy (1962),
Haas (1976), Potter et al. (1977), Pitzer and Pabalan (1986), and Sterner et al. (1988).
Morey and Chen (1956) published PT data along the H2O-NaCl vapor-saturated
solubility curve, but did not provide information on the composition. Sterner et al. (1988)
developed an empirical relationship for salinity as a function of the halite dissolution
temperature along the L + V + H curve, and also presented vapor pressures along the
solubility curve.

In this study, data from Keevil (1942), Haas (1976), Sterner et al. (1988) and
Bischoff and Pitzer (1989) were used to model the three-phase liquid + vapor + halite
curve in the H2O-NaCl system.  The triple point of NaCl (T = 801°C, P = 0.0005 bars)
reported by Pitzer and Pabalan (1986) was also used.

NaCl liquid + vapor (L + V) curve
Ewing and Stern (1974) experimentally determined the PTX properties of NaCl along the
liquid-vapor curve up to 967°C.  These data were combined with PT data for the critical
point of NaCl (T ≈ 3327°C, P ≈ 235 bars; CPNaCl, Figure 1) from Carlson et al. (1960)
to model PT conditions along the NaCl liquid + vapor curve (L-V NaCl, Figure 1).

Locus of H2O-NaCl critical points
Ölander and Liander (1950), Carlson et al. (1960), Sourirajan and Kennedy (1962),
Khaibullin and Borisov (1966), Urusova (1974), Bischoff and Pitzer (1989) and Knight
and Bodnar (1989) have published critical point data for the system H2O-NaCl.  Marshall
and Jones (1974) and Marshall (1990) also present critical data for H2O-NaCl solutions
as a function of temperature, however, the critical pressure was not included in their
study.

The critical data from Bischoff and Pitzer (1989) show good agreement with the
data of Knight and Bodnar (1989) and Khaibullin and Borisov (1966), and the TX
projection of the Knight and Bodnar data show good agreement with the theoretical TX
projection of Marshall (1990). Data from Bischoff and Pitzer (1989), Knight and Bodnar
(1989) and Khaibullin and Borisov (1966) were used along with data for the critical point
of NaCl from Carlson et al. (1960) to constrain the location of the H2O-NaCl critical
curve.  Data from Ölander and Liander (1950) were not used to define the critical curve
because these data differ significantly from the other studies.

Critical data for H2O-NaCl are available for compositions up to 30 wt% NaCl,
and for pure NaCl.  This leaves a gap between 30 and 100 wt% NaCl, corresponding to
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temperatures from 820° and 3327°C.  To generate data to constrain the locus of critical
points between 30 and 100 wt% NaCl, equation 1 from Knight and Bodnar (1989) was
used to define the TX conditions up to 21 wt% NaCl (584°C).  Note that the location of
the critical curve for compositions greater than 30wt% NaCl is not constrained by
experimental data and is only used to define an end-point for liquid-vapor curves in this
study.  Then, a smooth curve was drawn connecting the lower salinity (and lower
temperature) with the pure NaCl critical point.  The shape of the curve was drawn to be
consistent with the locus of critical points shown schematically in Figure 1.  The TX
curve determined in this manner is shown in Figure 3, and is described by the following
relationship from 21 to 100 wt% NaCl:

T(ºC) = 586.5 – (20.647 * X) + (1.119 * X2) – (6.369x10-4 * X3)
where X is salinity in weight percent.  The TX projection of the critical curve determined
in this manner is shown on Figure 3.

Critical pressures were generated using equation 4 from Knight and Bodnar
(1989) for salinities up to and including 20 wt% NaCl.  The shape of the curve was drawn
to be consistent with the locus of critical points shown schematically in Figure 1.  The PT
curve determined in this manner is shown in Figure 4, and is described by the following
relationship from 20 to 100 wt% NaCl:

P(bars) = -2074 + (418 * TK) – (9.8 * TK
2)

where TK is equal to temperature (in Kelvins) divided by 100. The PT projection of the
critical curve using temperatures and pressures calculated as described above is shown on
Figure 4.

Data within the two-phase (liquid + vapor) field

Numerous workers have published PTX data for H2O-NaCl within the two-phase liquid +
vapor field (L + V, Figure 1).  Pre-mid-1970s data are summarized in Potter et al. (1975)
and Potter (1978).  Most of these studies are limited to low temperatures (< 200° -
300°C).  Sourirajan and Kennedy (1962), Fabuss and Korosi (1966), Khaibullin and
Borisov (1966), Urusova and Ravich (1971), Urusova (1975), Haas (1976), Bodnar et al.
(1985a), Bischoff et al. (1986), and Bischoff and Pitzer (1989) have published liquid +
vapor phase equilibrium and/or vapor pressure data for H2O-NaCl that cover a wide
range of temperatures and salinities.

Data from Fabuss and Korosi (1966), Khaibullin and Borisov (1966), Haas
(1976), Bodnar et al. (1985a) were all in reasonably good agreement and were used in
model development.  Bischoff and coworkers (Bischoff et al., 1986; Bischoff and
Rosenbauer, 1988; Bischoff and Pitzer, 1989; Bischoff, 1991) conducted a series of
experimental and theoretical studies of PVTX properties of H2O-NaCl from 300º to
500ºC and from 58 to 581.8 bars.  These data are in agreement with other published
experimental data for H2O-NaCl except those of Sourirajan and Kennedy (1962), which
showed higher vapor pressures than the trend presented by Bischoff and Pitzer (1989).
Data from Sourirajan and Kennedy (1962) were not used in model development because
compositions of the liquid phase are not given, except for liquids on the three-phase (L +
V + H) curve and these data are from Keevil (1942).  Data from Urusova (1975) and
Urusova and Ravich (1971) were not used in model development.
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High temperature, high salinity region
Very few data are available for temperatures above 500ºC (Carlson et al., 1960; Urusova,
1974, 1975; Bodnar et al., 1985a; Pitzer and Pabalan, 1986; Knight and Bodnar, 1989).
Keevil (1942) presents data for salinities up to 77 wt% NaCl (646.2°C) along the liquid +
vapor + halite curve, and Bodnar et al. (1985a) present limited data within the liquid +
vapor field up to 1000°C (72.9 wt% NaCl).  Ewing and Stern (1974) present data along
the NaCl liquid + vapor curve to 967°C.  Thus, no data are available to constrain the
model between about 1000° and 3327°C (the critical temperature of NaCl).  Due to the
lack of data in this large region of PTX space, the liquid + vapor curves predicted in early
versions of the predicted crossing isopleths in the high temperature region in violation of
thermodynamic constraints on phase equilibria (Pichavant et al., 1982; Ramboz et al.,
1982).

To eliminate this problem, synthetic data points were generated for use in model
development by drawing smooth isoplethal curves from the L + V + H triple point curve
to the locus of critical points (Figure 4).  Incorporating these data into the regression
model described below resulted in predicted vapor pressures that are consistent with the
inferred topology of the H2O-NaCl system (c.f., Pitzer, 1984; Pitzer and Pabalan, 1986;
Anderko and Pitzer, 1993).  Moreover, these high temperature predictions merged
smoothly with available lower temperature data.  However, it should be recognized that
the isopleths for salinities greater than about 70 wt% and/or temperatures greater than
about 1000°C are unconstrained by experimental data.

MODEL DEVELOPMENT

The goal of this study was to develop a mathematically simple empirical model
describing the relationship between vapor pressure of H2O-NaCl solutions as a function
of temperature and salinity.  A prime consideration was that the model should be “user
friendly” to facilitate and encourage its use.  While the accuracy of vapor pressure
prediction was certainly important, this was not the most important criterion used to
evaluate the success of the model.  [We do not wish to minimize the importance of
accuracy in research.  The decision to sacrifice maximum accuracy in return for a
topologically correct model that covers the complete range of PTX conditions
encountered in crustal and upper mantle environments is based on the fact that natural
inclusions rarely contain only H2O-NaCl.  Thus, the uncertainty in predicted inclusion
formation pressures resulting from inaccuracy of the model is considered to be small
compared to errors associated with natural fluid compositional variations.]  As such, the
goal was to produce a “reasonably accurate” numerical model that predicts the correct
topology for the H2O-NaCl system.  Specifically, the model was required to have the
following monotonicity characteristics (Figure 5):

 At any temperature T, the vapor pressure P of a solution with a salinity X + ∆X is
lower than the vapor pressure of a solution with a salinity X.

 The critical temperature of a solution with a salinity X + ∆X is higher than the critical
temperature of a solution with a salinity X.
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 For a given salinity, the vapor pressure at temperature T + ∆T is greater than the
vapor pressure at temperature T.

This topology is consistent with the colligative properties of electrolyte solutions
(freezing point depression, vapor pressure lowering and boiling point elevation) (Barrow,
1973).  An important implication of these constraints is that no two liquid isopleths may
intersect (of course, a liquid isopleth and a vapor isopleth may intersect; Bodnar et al.
1985).

Data for PTX properties of H2O-NaCl were compiled and examined for consistency
within individual data sets and between data sets.  When there was disagreement between
data sets, the various data sources were evaluated to determine which data were more
correct.  When a satisfactory explanation for the differences could not be identified, those
data that were more consistent with larger data sets or which were more generally
accepted by the scientific community were used.   Data from Sourirajan and Kennedy
(1962) showed considerable difference from most other published sources with exception
of Keevil (1942).  Anderko and Pitzer (1993) presented vapor pressure data for critical
conditions that were elevated compared to other studies and did not fit the trend for the
locus of critical points when compared to PTX data reported by other authors. The data
that were excluded from the regression analysis accounted for less than 2% of all the data
listed in Appendix A.

Experimental PTX data as well as some previously compiled data (c.f., Haas,
1976; Haar et al., 1984) were assembled and evaluated for consistency with the other
published data (Table 1).  Data that did not fit the overall data trend were removed and
not used in the regression model.  A complete list of all data used in the regression
analysis is presented in Appendix A.

Weighted linear regression analysis was used to model the vapor pressure of H2O-
NaCl with a seventh-order polynomial equation. This order of polynomial with all cross-
product terms of T and X was selected because it balanced relative simplicity with quality
of fit to the data.  The model was designed to fit the equation parameters with the form:

Log10(P) = B00 + B01X + B10T + B11X*T + B20T2 +
                   B12T* X2 … + B07X7 +B70T7 + Σ

where P = vapor pressure in bars, T = temperature in Kelvins/100, X = weight percent
NaCl/100, Bij = fitting parameters for the terms, Ti and Xj, estimated by using weighted
least squares regression, Σ = errors (0, σ2 W), 0 represents central location of residuals, σ2

= variance (spread) of residuals, and W = weight ((1.0001-X)/1.0001)*(2.5/T).  The
weighting function W is more dependent upon salinity than temperature.  This gave
salinities with lower concentrations and at lower temperatures a higher weight.  This
method of weighting was used because of the greater coverage of experimental PTX data
that define the lower temperature, lower salinity portion of the H2O-NaCl liquid + vapor
region.  Converting pressures to the log10 scale minimized errors associated with the six
order of magnitude of variation in pressure over the temperature and composition range
studied.  That is, errors appeared to be proportional to the response value (multiplicative
error), so reducing the range in magnitude of the response variable (P) reduced fitting
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errors at higher pressure. By giving different weights to the data, a better fit was obtained
at lower temperatures and salinities.

Model development to determine which terms to include in the final model
utilized a stepwise, backward elimination regression approach.  The model results were
compared to published data and evaluated by examining differences from the published
results.

The goal of this study was to produce a relatively simple model describing the
PTX behavior of H2O-NaCl over the range of PTX conditions encountered in the earth’s
crust.  The initial model tested was a simple first order equation.  Vapor pressures
predicted by the model were compared with published values. Progressively higher order
models were considered and for each model that was evaluated, percent errors
(({Vppublished – Vppredicted}/Vppublished)x 100) and the fit “monotonicity rules” described
above were examined.  A further criterion for success was that the model results must
predict the correct topology of the H2O-NaCl system as described above. We defined a
successful model as one that predicted vapor pressures within ± 5% of the known (or
experimental) value for at least 90% of the data. If the model failed to meet the fit criteria
for the residuals (90% of errors within ± 5%) and topology restrictions, a higher order
polynomial was tested.  Finally, success was evaluated based on the percentage of the
predicted values with large errors (>5%) that fell within the temperature and composition
range (50º - 1000ºC, 0 – 90 wt% NaCl) corresponding to most fluid inclusions formed at
crustal PTX conditions.  That is, a larger error was considered to be acceptable in that
region of PTX space where few fluid inclusions are trapped, which also corresponds to
the PTX region in which there are few data to constrain the model.  This process
continued until all criteria were satisfied and any further increase in the order of the
polynomial equation did not substantially improve the overall fit of the model.

In evaluating the quality of fit of the model, it is important to remember that over
the range of temperature (-21.2º to 1500ºC) and salinity (0 – 100 wt% NaCl) that the
model applies, the vapor pressure varies by 6 orders of magnitude (from about 0.001 bars
at the H2O-NaCl eutectic to about 2400 bars at the maximum on the locus of critical
points).  Thus, a 1 bar error for a vapor pressure of 1000 bars is small in an absolute sense
and as a percentage error, where as the same 1 bar error for a vapor pressure of 0.1 bar is
small in an absolute sense but very large in a relative sense.  For this reason, both the
absolute error and the percentage error were considered in evaluating the degree of fit.
Finally, it should be noted that the main goal of this effort was to produce a simple model
to predict vapor pressures of H2O-NaCl to interpret microthermometric results from fluid
inclusions.  Specifically, the vapor pressure at homogenization simply represents the
trapping pressure for inclusions trapped in a boiling (immiscible) system, or the starting
pressure (P) and temperature (T) for the isochore for an inclusion trapped in the single-
phase liquid field.  As very few (none?) natural inclusions have homogenization
temperatures below about 25ºC, or have salinities greater than about 90 wt% NaCl,
relatively larger errors in these regions were considered to be acceptable.  Thus, while the
final model predicts reasonably accurate vapor pressures in that part of the H2O-NaCl
system that is most applicable to fluid inclusion studies (50º < T < 1000ºC, 0 < X < 90
wt% NaCl), somewhat larger errors result outside of this range as described below.
Finally, the predicted vapor pressure was evaluated for general adherence to the topology
rules for the H2O-NaCl system as mentioned above.



9

The original plan was to develop a single equation that would predict vapor
pressures for H2O-NaCl over the range of PTX conditions encountered in the earth’s
crust.  However, this approach was abandoned when it was found that one simple
equation would not represent H2O-NaCl PTX phase equilibria over the entire liquid-
vapor region and satisfy the required monotonicity conditions.  It was then decided to use
two equations to represent H2O-NaCl PTX equilibria, one below the critical temperature
of H2O (374.1ºC, Equation 1; Table 2) and one above (Equation 3; Table 4).  The
equations reasonably predict the vapor pressures of H2O-NaCl from –21.2º to 1500ºC,
but a slight discontinuity in slope was found where the equations merged at 374°C.  A
third equation (Equation 2; Table 3) was developed to produce a smooth merger between
equations 1 and 3 (Figure 6) as described below.  Note that the region above 1500°C,
where no experimental data exist, is not described by any of the equations.

Equation 1 adequately describes vapor pressures from –21.2º to 374ºC (Equation
1, Table 2).  The equation has an R2 value of approximately 1.000.  The R2 is the fraction
of the variability of the response, pressure, explained by the model (Montgomery and
Peck, 1992).  The high temperature equation (Equation3; Table 4) predicts vapor
pressures for H2O-NaCl solutions between 350ºC and 1500ºC and with an R2 of
approximately 0.9983.

Although, the low temperature (Equation 1) and high temperature (Equation 3)
equations adequately represent the experimental data (i.e., the residuals are within the
acceptable limits), a minor discontinuity in slopes was observed where the equations
joined.  A third equation (Equation 2, Table 3) was developed to span the temperature
range where the low and high temperature equations converge to remove the
discontinuity. The merge equation covers the temperature range 300º-484ºC and has an
R2 of approximately 1.000.  The merge equation was developed using the predicted
values from equations 1 and 3 between 250º and 500ºC.  An equation of the same form as
that used for the low temperature (Equation 1) and high temperature (Equation 3)
equations was used.  The merge equation (Equation 2) joins smoothly with the low
temperature equation at 300°C, and with the high temperature equation at 484°C,
resulting in a smooth continuous vapor pressure curve up to 1500°C or the critical
temperature, whichever is lower.  Figure 7 shows the comparison of predicted pressures
where equations 1 and 2 merge at 300ºC, and Figure 8 shows the comparison of predicted
pressures where equations 2 and 3 merge at 484ºC.  Selected isopleths spanning the
temperature range where the low and high temperature equations join are shown on
Figure 9.

COMPARISON OF PREDICTED AND EXPERIMENTAL VALUES

Figure 10 is a summary histogram showing the agreement between predicted vapor
pressures and published data.  According to Figure 10, 90% of the predicted values are
within ± 5% of published values. All of the data from National Research Council (1928),
Fabuss and Korosi (1966), Haas (1976), Haar et al. (1984) and Bodnar (1993, using the
vapor pressure of H2O-ice from Fisher, 1988) are predicted within ± 5% by the model.
Most of the data from Khaibullin and Borisov (1966) Keevil (1942) Sourirajan and
Kennedy (1962) and Knight and Bodnar (1989) are predicted within ± 10% by the model.
Most of the data from Bodnar et al. (1985a), Bischoff and Pitzer (1989), and the single
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data point from Carlson et al. (1960) show poorer agreement with model predictions,
differing by more than ± 10%. Data from Sourirajan and Kennedy (1962) are included in
Figure 10, because data from Sourirajan and Kennedy are often used to interpret
microthermometric results from fluid inclusions even though these data were not used in
model construction.

Figure 11 compares the predicted vapor pressure for a composition of 20 wt%
NaCl with published data for this same composition (Khaibullin and Borisov, 1966;
Urusova and Ravich, 1971; Urusova, 1974,1975; Haas, 1976; Bischoff and Pitzer, 1989;
Knight and Bodnar, 1989) and shows good agreement between the predicted and
published pressures with exception to Urusova (1974).  Figure 12 is a comparison of
predicted and published data showing close agreement for critical points of H2O-NaCl
solutions with exception of Sourirajan and Kennedy (1962). Figure 13 compares
predicted and published vapor pressures along the liquid + vapor + ice curve. Figure 14
compares predicted and published vapor pressures along the liquid + vapor + halite curve
and shows close agreement between the predicted and published data.  Figure 15
compares predicted and published vapor pressures along the pure H2O liquid + vapor
curve.

PREDICTED PHASE EQUILIBRIA AND APPLICATIONS

Due to the ~6 order of magnitude range in pressure in going from the eutectic (P = 0.001
bar) to the maximum on the critical locus (P ≈ 2400 bar), it is not possible to show all
calculated PTX data on a single diagram.  As a result, phase relations predicted by the
model are shown in a series of PT diagrams (Figures 16 - 23).  PX relationships are
shown in Figures 24 and 25, and Figure 26 is a TX projection predicted by the model.

Application of the model described here to interpret results from fluid inclusion
studies can best be described with a few examples.  Consider a two-phase (liquid +
vapor) fluid inclusion that has an ice melting temperature of          -6.6°C and a
homogenization temperature of 250°C.  According to Bodnar (1993), an ice melting
temperature of -6.6°C corresponds to a salinity of 10 wt% NaCl.  Using the model
developed here, the vapor pressure curve for 10 wt% NaCl has been calculated and is
shown on Figure 27.  Using the technique described by Bodnar (1983) and Bodnar et al.
(1985b), the inclusion described above is estimated to contain 17 volume percent vapor at
room temperature.  During heating, the bubble will shrink and disappear at the
homogenization temperature of 250°C, and the internal pressure in the inclusion at
homogenization will be 37 bars.  If there is evidence that the fluid inclusion was trapped
in a boiling system, then the homogenization temperature and pressure are equal to the
trapping temperature and pressure.  If no evidence of boiling is observed, then the
inclusion was trapped at some temperature and pressure along the isochore that originates
at 250°C and extends into the one-phase liquid field (Figure 27). The inclusion isochore
has a slope of 13.9 bars/°C (Bodnar and Vityk, 1994).  Thus, if the inclusion were
trapped at 350°C, the trapping pressure would be 1427 bars (Figure 27).

As another example, consider a two-phase (liquid + vapor) fluid inclusion that has
a hydrohalite melting temperature of –8.6°C and a homogenization temperature of 400°C.
According to data from Sterner et al. (1988), a hydrohalite melting temperature of –8.6°C
corresponds to a salinity of 25 wt% NaCl.  The vapor pressure curve for 25 wt% NaCl
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has been calculated and is shown on Figure 28.  Using the technique described by Bodnar
(1983) and Bodnar et al. (1985b), the inclusion described above is predicted to contain 28
volume percent vapor at room temperature.  During heating, the bubble will shrink and
disappear at the homogenization temperature of 400°C, and the internal pressure in the
inclusion at homogenization will be 224 bars.  As described in the previous example, if
the fluid inclusion was trapped in a boiling system, then the homogenization temperature
and pressure are equal to the trapping temperature and pressure.  If no evidence of boiling
is observed, then the inclusion was trapped at some temperature and pressure along the
isochore that originates at 400°C and extends into the one-phase liquid field (Figure 28).
The inclusion isochore has a slope of 8.9 bars/°C (Bodnar and Vityk, 1994).  Thus, if the
inclusion were trapped at 600°C, the trapping pressure would be 2004 bars.

For a final example, consider a three-phase (liquid + vapor + halite) fluid
inclusion that has a halite melting temperature of 323°C and a homogenization
temperature of 600°C.  According to Sterner et al. (1988), the solubility of NaCl in water
at 332°C is 40 wt%.  The vapor pressure curve for 40 wt% NaCl has been calculated and
is shown on Figure 29.  During heating, the halite will shrink and disappear at 323°C,
while the bubble will disappear at 600°C.  The internal pressure in the inclusion at
homogenization will be 603 bars.  As described in the previous example, if the fluid
inclusion was trapped in a boiling system, then the homogenization temperature and
pressure are equal to the trapping temperature and pressure.  If no evidence of boiling is
observed, then the inclusion was trapped at some temperature and pressure along the
isochore that originates at 600°C and extends into the one-phase liquid field (Figure 29).
The inclusion isochore has a slope of 7.5 bars/°C (Bodnar and Vityk, 1994).  Thus, if the
inclusion were trapped at 800°C, the trapping pressure would be 2102 bars (Figure 29).

SUMMARY

The system H2O-NaCl is a binary H2O-salt system that can be used as a suitable analog
for understanding the PTX conditions of more complex saline-aqueous solutions, which
are found in a wide range of geologic crustal environments.  H2O-NaCl filled inclusions
yield information about formation (trapping) conditions that can be inferred from
measurements taken from microthermometric studies.  PTX conditions for the liquid +
vapor region range from 0.001 to ≈ 2400 bars, –21.2º to ≈ 3327ºC and 0 to 100 wt%
NaCl.

Previous PTX studies of the system H2O-NaCl have been summarized within this
study.  Numerous studies have focused on the PTX phase equilibria of H2O-NaCl, with
most experimental data at or below 500ºC.  Most previous theoretical and empirical
models have presented methods to determine the PTX conditions of H2O-NaCl solutions
and do not allow calculation of vapor pressures with measurements taken directly from
microthermometric phase equilibria studies.  This study has empirically determined the
PTX relations of the system H2O-NaCl for temperatures up to 1500ºC and for salinities
ranging from 0 to 100 wt% NaCl with predicted pressures up to ≈ 2400 bars.  This model
will be useful for fluid inclusion research because it will allow vapor pressure calculation
from microthermometric data observed from phase equilibria changes.  The model
predicts vapor pressures for saline-aqueous filled fluid inclusions from
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microthermometric measurements directly obtained from fluid inclusion heating and
freezing studies.
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APPENDIX A

Published PTX Data on H2O-NaCl Phase Equilibria Used in Regression.

Bischoff and Pitzer (1989)

Temperature (ºC) Pressure (bars) Composition (wt% NaCl)
300 58 37.5
300 60 35.23
300 65 29.88
300 70 24.19
300 75 17.49
300 80 9.83
300 83 5.04
300 84 3.18
300 85 1.1
300 85.8 0
310 67 38.4
310 70 35.14
310 75 30.28
310 80 25.42
310 85 19.49
310 90 13
310 95 5.77
310 97 2.55
310 98.6 0
320 76 39.3
320 80 35.69
320 85 31.29
320 90 27.01
320 95 22.09
320 100 16.66
320 105 10.81
320 110 3.95
320 112.8 0
330 86 40.2
330 90 36.97
330 95 33.11
330 100 29.16
330 105 25.26
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330 110 20.6
330 115 15.64
330 120 10.26
330 125 4.25
330 128.5 0
340 95 41.2
340 100 37.86
340 105 34.67
340 110 31.29
340 120 24.31
340 125 20.12
340 130 15.89
340 135 11.23
340 140 6.21
340 145 0.5
340 145.9 0
350 105 42.2
350 110 39.25
350 115 36.61
350 120 33.73
350 125 30.79
350 130 28.01
350 135 24.75
350 140 21.08
350 145 17.42
350 150 13.54
350 155 9.41
350 157 7.68
350 160 4.71
350 163 2
350 165.2 0
360 117 43
360 120 41.28
360 125 38.8
360 130 36.5
360 135 34
360 140 31.3
360 145 28.4
360 150 25.5
360 155 22.5
360 160 19.4
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360 165 16
360 170 12.4
360 175 8.6
360 177 7
360 180 5
360 183 2.5
360 185 0.6
360 186.5 0
370 130 44
370 135 41.5
370 140 39.3
370 145 37.1
370 150 34.75
370 155 32.5
370 160 30
370 165 27.2
370 170 24.7
370 175 22
370 180 18.9
370 185 15.9
370 190 12.5
370 195 9.1
370 200 6
370 202 5
370 205 3.2
370 208 1.1
370 210.3 0
373 134 44.3
373 140 41.25
373 145 39
373 150 36.7
373 155 34.5
373 160 32.1
373 165 29.9
373 170 27.4
373 175 25
373 180 22.3
373 185 19.5
373 190 16.6
373 195 13.3
373 200 10
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373 205 6.75
373 210 3.9
373 215 1.2
373 216 0.55
373 217 0.25
373 217.5 0.18
373 217.9 0

375.5 137 44.5
375.5 140 43.07
375.5 145 41
375.5 150 38.9
375.5 155 36.7
375.5 160 34.52
375.5 165 32.2
375.5 170 29.8
375.5 175 27.4
375.5 180 24.8
375.5 185 22.25
375.5 190 19.6
375.5 195 17
375.5 200 14
375.5 205 10.75
375.5 210 7.5
375.5 215 4.5
375.5 217 3.4
375.5 220 1.75
375.5 222 0.69
375.5 223.5 0.09
380 143 44.75
380 150 41.69
380 155 39.77
380 160 37.86
380 165 35.78
380 170 33.63
380 175 31.39
380 180 29.05
380 185 26.73
380 190 24.19
380 195 21.66
380 200 19.15
380 205 16.4
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380 210 13.54
380 215 10.39
380 220 7.39
380 225 4.56
380 230 1.92
380 232 1.05
380 233.2 0.35
390 156 45.7
390 160 44.49
390 165 42.75
390 170 41.28
390 175 39.5
390 180 37.6
390 185 36.06
390 190 33.8
390 195 31.8
390 200 29.75
390 205 27.5
390 210 25.4
390 215 23.25
390 220 20.85
390 225 18.5
390 230 16
390 235 13.35
390 240 10.6
390 245 7.75
390 250 5.1
390 255 2.4
390 257 1.18
400 172 46.5
400 180 44.18
400 185 42.5
400 190 41
400 195 39.5
400 200 38
400 205 36.1
400 210 34.25
400 215 32.4
400 220 30.5
400 225 28.6
400 230 26.6
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400 235 24.7
400 240 23.5
400 245 20.5
400 250 18.35
400 255 16.15
400 260 13.7
400 265 11.5
400 270 8.6
400 275 6.15
400 280 3.45
400 280.7 2.22
410 186 47.4
410 190 46.32
410 195 45.11
410 200 43.79
410 205 42.43
410 210 41.12
410 215 39.68
410 220 38.3
410 225 36.79
410 230 35.23
410 235 33.63
410 240 31.98
410 245 30.28
410 250 28.64
410 255 26.83
410 260 24.86
410 265 23.06
410 270 21.08
410 275 18.78
410 280 16.91
410 285 14.86
410 290 12.4
410 295 10
410 300 8
410 305 5
410 306 3.56
420 202 48.8
420 205 48
420 210 46.92
420 215 45.8
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420 220 44.65
420 225 43.39
420 230 42.1
420 235 40.87
420 240 39.51
420 245 38.12
420 250 36.79
420 255 35.32
420 260 33.82
420 265 32.37
420 270 30.89
420 275 29.26
420 280 27.58
420 285 25.86
420 290 24.08
420 295 22.37
420 300 20.6
420 305 18.66
420 310 16.66
420 315 14.7
420 320 12.5
420 325 10.5
420 330 8.2
420 334 4.75
430 218 50
430 220 49.58
430 225 48.52
430 230 47.51
430 235 46.47
430 240 45.42
430 245 44.18
430 250 43.23
430 255 41.94
430 260 40.78
430 265 39.6
430 270 38.39
430 275 36.97
430 280 35.69
430 285 34.39
430 290 33.05
430 295 31.59
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430 300 30.08
430 305 28.64
430 310 27.16
430 315 25.64
430 320 24.08
430 325 22.37
430 330 20.6
430 335 18.5
430 340 17
430 345 15
430 350 13.1
430 355 11.5
430 360 9.5
430 363 6.1
440 235 51.1
440 240 50
440 245 49.23
440 250 48.23
440 255 47.36
440 260 46.4
440 265 45.26
440 270 44.18
440 275 43.23
440 280 42.19
440 285 41.12
440 290 39.94
440 295 38.91
440 300 37.68
440 305 36.52
440 310 35.32
440 315 34.2
440 320 32.86
440 325 31.49
440 330 30.28
440 335 28.84
440 340 27.37
440 345 26.08
440 350 24.53
440 355 23.17
440 360 21.55
440 365 19.88
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440 370 18.2
440 375 16.5
440 380 15
440 385 13.5
440 390 11.2
440 394 7.5
450 250 52.5
450 255 51.5
450 260 50.8
450 265 49.93
450 270 49.09
450 275 48.23
450 280 47.36
450 285 46.47
450 290 45.57
450 295 44.65
450 300 43.71
450 305 42.75
450 310 41.78
450 315 40.78
450 320 39.77
450 325 38.74
450 330 37.5
450 335 36.42
450 340 35.32
450 345 34.2
450 350 33.05
450 355 31.88
450 360 30.69
450 365 29.47
450 370 28.22
450 375 26.94
450 380 25.42
450 385 24.08
450 390 22.5
450 395 21.31
450 400 20
450 405 18.5
450 410 17.1
450 415 15.4
450 420 12.6
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450 423 8.8
475 286 56.2
475 290 55.8
475 295 55
475 300 54.31
475 305 53.54
475 310 52.9
475 315 52.24
475 320 51.44
475 325 50.76
475 330 50.07
475 335 49.23
475 340 48.52
475 345 47.8
475 350 46.92
475 355 46.17
475 360 45.42
475 365 44.49
475 370 43.71
475 375 42.75
475 380 41.94
475 385 41.12
475 390 40.11
475 395 39.25
475 400 38.21
475 405 37.33
475 410 36.42
475 415 35.51
475 420 34.39
475 425 33.44
475 430 32.28
475 435 31.29
475 440 30.28
475 445 29.26
475 450 28.01
475 455 26.94
475 460 25.7
475 465 24.8
475 470 23.5
475 475 22
475 480 21
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475 485 19
475 490 17
475 495 13.6
475 496.8 11.3
500 324 60.7
500 330 60
500 335 59.4
500 340 58.99
500 345 58.3
500 350 57.72
500 355 57.25
500 360 56.65
500 365 56.05
500 370 55.31
500 375 54.69
500 380 54.18
500 385 53.54
500 390 52.9
500 395 52.24
500 400 51.64
500 405 50.9
500 410 50.21
500 415 49.51
500 420 48.81
500 425 48.09
500 430 47.51
500 435 46.62
500 440 46.02
500 445 45.26
500 450 44.49
500 455 43.71
500 460 42.91
500 465 42.1
500 470 41.28
500 475 40.45
500 480 39.6
500 485 38.74
500 490 37.86
500 495 36.97
500 500 36.06
500 505 35.14
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500 510 34.2
500 515 33.25
500 520 32.47
500 525 31.29
500 530 30.18
500 535 29.16
500 540 28.1
500 545 27.2
500 550 26.3
500 555 25
500 560 23.6
500 565 22.5
500 570 21
500 575 19
500 580 16.35
500 581.8 13.6

Bodnar (1993) with Fisher (1988)

Temperature (ºC) Pressure (bars) Composition (wt% NaCl)
0 0.00611 0
-1 0.00563 1.74
-2 0.00518 3.39
-3 0.00476 4.96
-4 0.00437 6.45
-5 0.00402 7.86
-6 0.00369 9.21
-7 0.00338 10.49
-8 0.0031 11.7
-9 0.00284 12.85
-10 0.0026 13.94
-11 0.00237 14.97
-12 0.00217 15.96
-13 0.00198 16.89
-14 0.00181 17.79
-15 0.00165 18.63
-16 0.0015 19.45
-17 0.00137 20.22
-18 0.00125 20.97
-19 0.00113 21.68
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-20 0.00103 22.38
-21 0.00094 23.05
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Bodnar et al. (1985)

Temperature (ºC) Pressure (bars) Composition (wt% NaCl)
550 500 48.95
600 500 58.7
650 500 66.5
700 500 69.8
750 500 70.8
775 500 71.85
800 500 75.9
825 500 76.15
625 750 48.65
700 750 59.6
775 750 66.3
800 750 67.25
650 1000 35.65
700 1000 48.85
750 1000 56
800 1000 60.85
825 1000 63.25
850 1000 66.35
900 1000 68
1000 1000 72.35
700 1100 44.2
800 1100 58.6
800 1200 52.95
800 1300 50.6
850 1300 57.2
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Carlson et al. (1960)

Temperature (ºC) Pressure (bars) Composition (wt% NaCl)
3327 230.9466075 100
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Ewing and Stern (1974)

Temperature (ºC) Pressure (bars) Composition (wt% NaCl)
807 0.000593816 100
827 0.000857394 100
847 0.001220296 100
867 0.001713188 100
887 0.002371798 100
907 0.003246391 100
927 0.00439296 100
947 0.0058795 100
967 0.007784672 100
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Fabuss and Korosi (1966)

Temperature (ºC) Pressure (bars) Composition (wt% NaCl)
75 0.38416 0.58187
75 0.37163 5.52916
75 0.35736 10.47826
75 0.34977 12.76315
75 0.33361 17.15640
100 1.00976 0.58314
100 0.97804 5.54089
100 0.94157 10.49858
100 0.92242 12.78693
100 0.87946 17.18535
125 2.30943 0.58586
125 2.24098 5.56362
125 2.15676 10.54079
125 2.11315 12.83203
125 2.01872 17.24150
150 4.73674 0.59065
150 4.59355 5.60576
150 4.41944 10.61182
150 4.33048 12.91654
150 4.14495 17.34376
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Haar et al. (1984)

Temperature (ºC) Pressure (bars) Composition (wt% NaCl)
0.01 0.00612 0.0

1 0.00657 0.0
2 0.00706 0.0
3 0.00758 0.0
4 0.00814 0.0
5 0.00873 0.0
6 0.00935 0.0
7 0.01002 0.0
8 0.01073 0.0
9 0.01148 0.0
10 0.01228 0.0
11 0.01313 0.0
12 0.01403 0.0
13 0.01498 0.0
14 0.01599 0.0
15 0.01706 0.0
16 0.01819 0.0
17 0.01938 0.0
18 0.02064 0.0
19 0.02198 0.0
20 0.02339 0.0
21 0.02488 0.0
22 0.02645 0.0
23 0.02810 0.0
24 0.02985 0.0
25 0.03169 0.0
26 0.03363 0.0
27 0.03567 0.0
28 0.03782 0.0
29 0.04008 0.0
30 0.04246 0.0
31 0.04495 0.0
32 0.04758 0.0
33 0.05034 0.0
34 0.05323 0.0
35 0.05627 0.0
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36 0.05945 0.0
37 0.06280 0.0
38 0.06630 0.0
39 0.06997 0.0
40 0.07381 0.0
41 0.07784 0.0
42 0.08205 0.0
43 0.08646 0.0
44 0.09108 0.0
45 0.09590 0.0
46 0.10094 0.0
47 0.10621 0.0
48 0.11171 0.0
49 0.11745 0.0
50 0.12344 0.0
51 0.12970 0.0
52 0.13623 0.0
53 0.14303 0.0
54 0.15012 0.0
55 0.15752 0.0
56 0.16522 0.0
57 0.17324 0.0
58 0.18159 0.0
59 0.19028 0.0
60 0.19932 0.0
61 0.20873 0.0
62 0.21851 0.0
63 0.22868 0.0
64 0.23925 0.0
65 0.25022 0.0
66 0.26163 0.0
67 0.27347 0.0
68 0.28576 0.0
69 0.29852 0.0
70 0.31176 0.0
71 0.32549 0.0
72 0.33972 0.0
73 0.35448 0.0
74 0.36978 0.0
75 0.38563 0.0
76 0.40205 0.0
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77 0.41905 0.0
78 0.43665 0.0
79 0.45487 0.0
80 0.47373 0.0
81 0.49324 0.0
82 0.51342 0.0
83 0.53428 0.0
84 0.55585 0.0
85 0.57815 0.0
86 0.60119 0.0
87 0.62499 0.0
88 0.64958 0.0
89 0.67496 0.0
90 0.70117 0.0
91 0.72823 0.0
92 0.75614 0.0
93 0.78495 0.0
94 0.81465 0.0
95 0.84529 0.0
96 0.87688 0.0
97 0.90945 0.0
98 0.94301 0.0
99 0.97759 0.0
100 1.01320 0.0
101 1.04990 0.0
102 1.08770 0.0
103 1.12660 0.0
104 1.16670 0.0
105 1.20790 0.0
106 1.25030 0.0
107 1.29390 0.0
108 1.33880 0.0
109 1.38500 0.0
110 1.43240 0.0
111 1.48120 0.0
112 1.53130 0.0
113 1.58290 0.0
114 1.63580 0.0
115 1.69020 0.0
116 1.74610 0.0
117 1.80340 0.0
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118 1.86230 0.0
119 1.92280 0.0
120 1.98480 0.0
121 2.04850 0.0
122 2.11390 0.0
123 2.18090 0.0
124 2.24960 0.0
125 2.32010 0.0
126 2.39240 0.0
127 2.46660 0.0
128 2.54250 0.0
129 2.62040 0.0
130 2.70020 0.0
131 2.78200 0.0
132 2.86570 0.0
133 2.95150 0.0
134 3.03930 0.0
135 3.12930 0.0
136 3.22140 0.0
137 3.31570 0.0
138 3.41220 0.0
139 3.51090 0.0
140 3.61190 0.0
141 3.71530 0.0
142 3.82110 0.0
143 3.92920 0.0
144 4.03980 0.0
145 4.15290 0.0
146 4.26850 0.0
147 4.38670 0.0
148 4.50750 0.0
149 4.63100 0.0
150 4.75720 0.0
151 4.88610 0.0
152 5.01780 0.0
153 5.15230 0.0
154 5.28960 0.0
155 5.42990 0.0
156 5.57320 0.0
157 5.71940 0.0
158 5.86870 0.0



71

159 6.02110 0.0
160 6.17660 0.0
161 6.33530 0.0
162 6.49730 0.0
163 6.66250 0.0
164 6.83100 0.0
165 7.00290 0.0
166 7.17830 0.0
167 7.35700 0.0
168 7.53940 0.0
169 7.72520 0.0
170 7.91470 0.0
171 8.10780 0.0
172 8.30470 0.0
173 8.50530 0.0
174 8.70980 0.0
175 8.91800 0.0
176 9.13030 0.0
177 9.34640 0.0
178 9.56660 0.0
179 9.79090 0.0
180 10.01900 0.0
181 10.25200 0.0
182 10.48900 0.0
183 10.73000 0.0
184 10.97500 0.0
185 11.22500 0.0
186 11.47900 0.0
187 11.73800 0.0
188 12.00100 0.0
189 12.26900 0.0
190 12.54200 0.0
191 12.81900 0.0
192 13.10100 0.0
193 13.38800 0.0
194 13.68000 0.0
195 13.97600 0.0
196 14.27800 0.0
197 14.58500 0.0
198 14.89700 0.0
199 15.21400 0.0
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200 15.53700 0.0
201 15.86400 0.0
202 16.19700 0.0
203 16.53600 0.0
204 16.88000 0.0
205 17.22900 0.0
206 17.58400 0.0
207 17.94500 0.0
208 18.31100 0.0
209 18.68400 0.0
210 19.06200 0.0
211 19.44600 0.0
212 19.83600 0.0
213 20.23200 0.0
214 20.63400 0.0
215 21.04200 0.0
216 21.45700 0.0
217 21.87800 0.0
218 22.30500 0.0
219 22.73800 0.0
220 23.17800 0.0
221 23.62500 0.0
222 24.07800 0.0
223 24.53800 0.0
224 25.00500 0.0
225 25.47900 0.0
226 25.95900 0.0
227 26.44600 0.0
228 26.94100 0.0
229 27.44200 0.0
230 27.95100 0.0
231 28.46700 0.0
232 28.99000 0.0
233 29.52100 0.0
234 30.05900 0.0
235 30.60400 0.0
236 31.15700 0.0
237 31.71800 0.0
238 32.28600 0.0
239 32.86300 0.0
240 33.44700 0.0
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241 34.03900 0.0
242 34.63900 0.0
243 35.24700 0.0
244 35.86300 0.0
245 36.48800 0.0
246 37.12100 0.0
247 37.76200 0.0
248 38.41200 0.0
249 39.07000 0.0
250 39.73700 0.0
251 40.41200 0.0
252 41.09600 0.0
253 41.78900 0.0
254 42.49100 0.0
255 43.20200 0.0
256 43.92200 0.0
257 44.65100 0.0
258 45.39000 0.0
259 46.13700 0.0
260 46.89500 0.0
261 47.66100 0.0
262 48.43700 0.0
263 49.22300 0.0
264 50.01800 0.0
265 50.82300 0.0
266 51.63800 0.0
267 52.46300 0.0
268 53.29800 0.0
269 54.14300 0.0
270 54.99900 0.0
271 55.86400 0.0
272 56.74000 0.0
273 57.62700 0.0
274 58.52400 0.0
275 59.43100 0.0
276 60.35000 0.0
277 61.27900 0.0
278 62.21900 0.0
279 63.17000 0.0
280 64.13200 0.0
281 65.10500 0.0
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282 66.08900 0.0
283 67.08500 0.0
284 68.09200 0.0
285 69.11100 0.0
286 70.14100 0.0
287 71.18300 0.0
288 72.23700 0.0
289 73.30300 0.0
290 74.38000 0.0
291 75.47000 0.0
292 76.57200 0.0
293 77.68600 0.0
294 78.81300 0.0
295 79.95200 0.0
296 81.10300 0.0
297 82.26800 0.0
298 83.44500 0.0
299 84.63500 0.0
300 85.83800 0.0
301 87.05400 0.0
302 88.28300 0.0
303 89.52600 0.0
304 90.78200 0.0
305 92.05100 0.0
306 93.33400 0.0
307 94.63100 0.0
308 95.94200 0.0
309 97.26700 0.0
310 98.60500 0.0
311 99.95800 0.0
312 101.32600 0.0
313 102.70700 0.0
314 104.10400 0.0
315 105.51000 0.0
316 106.94000 0.0
317 108.38000 0.0
318 109.84000 0.0
319 111.31000 0.0
320 112.79000 0.0
321 114.29000 0.0
322 115.81000 0.0
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323 117.34000 0.0
324 118.89000 0.0
325 120.46000 0.0
326 122.04000 0.0
327 123.64000 0.0
328 125.25000 0.0
329 126.88000 0.0
330 128.52000 0.0
331 130.19000 0.0
332 131.87000 0.0
333 133.57000 0.0
334 135.28000 0.0
335 137.01000 0.0
336 138.76000 0.0
337 140.53000 0.0
338 142.32000 0.0
339 144.12000 0.0
340 145.94000 0.0
341 147.78000 0.0
342 149.64000 0.0
343 151.52000 0.0
344 153.42000 0.0
345 155.33000 0.0
346 157.27000 0.0
347 159.22000 0.0
348 161.20000 0.0
349 163.20000 0.0
350 165.21000 0.0
351 167.25000 0.0
352 169.31000 0.0
353 171.38000 0.0
354 173.48000 0.0
355 175.61000 0.0
356 177.75000 0.0
357 179.92000 0.0
358 182.11000 0.0
359 184.32000 0.0
360 186.55000 0.0
361 188.81000 0.0
362 191.10000 0.0
363 193.40000 0.0



76

364 195.74000 0.0
365 198.09000 0.0

365.5 199.28000 0.0
366 200.48000 0.0

366.5 201.68000 0.0
367 202.89000 0.0

367.5 204.11000 0.0
368 205.33000 0.0

368.5 206.56000 0.0
369 207.80000 0.0

369.5 209.05000 0.0
370 210.30000 0.0

370.5 211.56000 0.0
371 212.83000 0.0

371.5 214.11000 0.0
372 215.39000 0.0

372.5 216.69000 0.0
373 217.99000 0.0

373.5 219.30000 0.0
373.976 220.55000 0.0
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Haas (1976)

Temperature (ºC) Pressure (bars) Composition (wt% NaCl)
80 0.474 0
85 0.578 0
90 0.701 0
95 0.845 0
100 1.013 0
105 1.208 0
110 1.433 0
115 1.691 0
120 1.985 0
125 2.321 0
130 2.701 0
135 3.131 0
140 3.614 0
145 4.155 0
150 4.76 0
155 5.433 0
160 6.18 0
165 7.008 0
170 7.92 0
175 8.925 0
180 10.027 0
185 11.234 0
190 12.552 0
195 13.989 0
200 15.551 0
205 17.245 0
210 19.08 0
215 21.063 0
220 23.201 0
225 25.504 0
230 27.979 0
235 30.635 0
240 33.48 0
245 36.524 0
250 39.776 0
255 43.245 0
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260 46.94 0
265 50.872 0
270 55.051 0
275 59.487 0
280 64.192 0
285 69.175 0
290 74.449 0
295 80.025 0
300 85.917 0
305 92.136 0
310 98.697 0
315 105.612 0
320 112.899 0
325 120.571 0
80 0.459 5.0000
85 0.560 5.0000
90 0.679 5.0000
95 0.819 5.0000
100 0.982 5.0000
105 1.171 5.0000
110 1.388 5.0000
115 1.638 5.0000
120 1.924 5.0000
125 2.249 5.0000
130 2.618 5.0000
135 3.034 5.0000
140 3.502 5.0000
145 4.027 5.0000
150 4.613 5.0000
155 5.266 5.0000
160 5.991 5.0000
165 6.792 5.0000
170 7.677 5.0000
175 8.651 5.0000
180 9.719 5.0000
185 10.889 5.0000
190 12.167 5.0000
195 13.559 5.0000
200 15.073 5.0000
205 16.715 5.0000
210 18.493 5.0000
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215 20.415 5.0000
220 22.487 5.0000
225 24.718 5.0000
230 27.116 5.0000
235 29.689 5.0000
240 32.446 5.0000
245 35.395 5.0000
250 38.544 5.0000
255 41.904 5.0000
260 45.483 5.0000
265 49.290 5.0000
270 53.336 5.0000
275 57.631 5.0000
280 62.184 5.0000
285 67.007 5.0000
290 72.110 5.0000
295 77.505 5.0000
300 83.203 5.0000
305 89.218 5.0000
310 95.561 5.0000
315 102.245 5.0000
320 109.286 5.0000
325 116.697 5.0000
80 0.44200 10.0000
85 0.54000 10.0000
90 0.65500 10.0000
95 0.79000 10.0000
100 0.94700 10.0000
105 1.12900 10.0000
110 1.33800 10.0000
115 1.57900 10.0000
120 1.85500 10.0000
125 2.16800 10.0000
130 2.52400 10.0000
135 2.92500 10.0000
140 3.37600 10.0000
145 3.88200 10.0000
150 4.44700 10.0000
155 5.07600 10.0000
160 5.77400 10.0000
165 6.54700 10.0000
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170 7.39900 10.0000
175 8.33700 10.0000
180 9.36700 10.0000
185 10.49400 10.0000
190 11.72500 10.0000
195 13.06600 10.0000
200 14.52400 10.0000
205 16.10600 10.0000
210 17.81900 10.0000
215 19.67000 10.0000
220 21.66500 10.0000
225 23.81400 10.0000
230 26.12300 10.0000
235 28.60100 10.0000
240 31.25400 10.0000
245 34.09300 10.0000
250 37.12400 10.0000
255 40.35700 10.0000
260 43.80100 10.0000
265 47.46400 10.0000
270 51.35600 10.0000
275 55.48700 10.0000
280 59.86500 10.0000
285 64.50200 10.0000
290 69.40700 10.0000
295 74.59200 10.0000
300 80.06700 10.0000
305 85.84400 10.0000
310 91.93500 10.0000
315 98.35200 10.0000
320 105.10800 10.0000
325 112.21800 10.0000
80 0.42300 15.0000
85 0.51600 15.0000
90 0.62600 15.0000
95 0.75500 15.0000
100 0.90500 15.0000
105 1.07900 15.0000
110 1.28000 15.0000
115 1.51100 15.0000
120 1.77400 15.0000
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125 2.07400 15.0000
130 2.41400 15.0000
135 2.79800 15.0000
140 3.22900 15.0000
145 3.71300 15.0000
150 4.25400 15.0000
155 4.85600 15.0000
160 5.52400 15.0000
165 6.26300 15.0000
170 7.07900 15.0000
175 7.97600 15.0000
180 8.96100 15.0000
185 10.04000 15.0000
190 11.21700 15.0000
195 12.50100 15.0000
200 13.89500 15.0000
205 15.40900 15.0000
210 17.04700 15.0000
215 18.81700 15.0000
220 20.72600 15.0000
225 22.78100 15.0000
230 24.98900 15.0000
235 27.35800 15.0000
240 29.89500 15.0000
245 32.60900 15.0000
250 35.50700 15.0000
255 38.59700 15.0000
260 41.88900 15.0000
265 45.38900 15.0000
270 49.10800 15.0000
275 53.05300 15.0000
280 57.23500 15.0000
285 61.66300 15.0000
290 66.34600 15.0000
295 71.29500 15.0000
300 76.51900 15.0000
305 82.03000 15.0000
310 87.83900 15.0000
315 93.95800 15.0000
320 100.39700 15.0000
325 107.17100 15.0000
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80 0.40000 20.0000
85 0.48800 20.0000
90 0.59200 20.0000
95 0.71400 20.0000
100 0.85600 20.0000
105 1.02100 20.0000
110 1.21100 20.0000
115 1.42900 20.0000
120 1.67900 20.0000
125 1.96300 20.0000
130 2.28500 20.0000
135 2.64900 20.0000
140 3.05900 20.0000
145 3.51800 20.0000
150 4.03100 20.0000
155 4.60200 20.0000
160 5.23600 20.0000
165 5.93700 20.0000
170 6.71200 20.0000
175 7.56400 20.0000
180 8.49900 20.0000
185 9.52300 20.0000
190 10.64200 20.0000
195 11.86100 20.0000
200 13.18600 20.0000
205 14.62300 20.0000
210 16.17900 20.0000
215 17.86100 20.0000
220 19.67500 20.0000
225 21.62700 20.0000
230 23.72500 20.0000
235 25.97600 20.0000
240 28.38700 20.0000
245 30.96600 20.0000
250 33.71900 20.0000
255 36.65500 20.0000
260 39.78200 20.0000
265 43.10800 20.0000
270 46.64000 20.0000
275 50.38800 20.0000
280 54.36000 20.0000
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285 58.56500 20.0000
290 63.01200 20.0000
295 67.71000 20.0000
300 72.66900 20.0000
305 77.89900 20.0000
310 83.41100 20.0000
315 89.21400 20.0000
320 95.32100 20.0000
325 101.74200 20.0000
80 0.37000 25.0000
85 0.45300 25.0000
90 0.55000 25.0000
95 0.66300 25.0000
100 0.79600 25.0000
105 0.95000 25.0000
110 1.12800 25.0000
115 1.33200 25.0000
120 1.56600 25.0000
125 1.83200 25.0000
130 2.13400 25.0000
135 2.47600 25.0000
140 2.86000 25.0000
145 3.29100 25.0000
150 3.77300 25.0000
155 4.31000 25.0000
160 4.90700 25.0000
165 5.56700 25.0000
170 6.29600 25.0000
175 7.09900 25.0000
180 7.98000 25.0000
185 8.94600 25.0000
190 10.00100 25.0000
195 11.15100 25.0000
200 12.40100 25.0000
205 13.75900 25.0000
210 15.22900 25.0000
215 16.81800 25.0000
220 18.53200 25.0000
225 20.37800 25.0000
230 22.36300 25.0000
235 24.49200 25.0000
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240 26.77300 25.0000
245 29.21400 25.0000
250 31.82000 25.0000
255 34.60100 25.0000
260 37.56200 25.0000
265 40.71200 25.0000
270 44.05800 25.0000
275 47.60900 25.0000
280 51.37300 25.0000
285 55.35700 25.0000
290 59.57200 25.0000
295 64.02400 25.0000
300 68.72500 25.0000
305 73.68200 25.0000
310 78.90500 25.0000
315 84.40500 25.0000
320 90.19200 25.0000
325 96.27700 25.0000
160 4.52300 30.0000
165 5.13800 30.0000
170 5.81800 30.0000
175 6.56800 30.0000
180 7.39200 30.0000
185 8.29500 30.0000
190 9.28300 30.0000
195 10.36100 30.0000
200 11.53500 30.0000
205 12.81000 30.0000
210 14.19200 30.0000
215 15.68700 30.0000
220 17.30200 30.0000
225 19.04200 30.0000
230 20.91400 30.0000
235 22.92500 30.0000
240 25.08000 30.0000
245 27.38800 30.0000
250 29.85500 30.0000
255 32.48700 30.0000
260 35.29300 30.0000
265 38.28000 30.0000
270 41.45500 30.0000
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275 44.82600 30.0000
280 48.40100 30.0000
285 52.18800 30.0000
290 56.19500 30.0000
295 60.42100 30.0000
300 64.90500 30.0000
305 69.62500 30.0000
310 74.60100 30.0000
315 79.84200 30.0000
320 85.35900 30.0000
325 91.16100 30.0000
80 0.465 2.8400
85 0.568 2.8400
90 0.689 2.8400
95 0.831 2.8400
100 0.996 2.8400
105 1.187 2.8400
110 1.408 2.8400
115 1.662 2.8400
120 1.951 2.8400
125 2.281 2.8400
130 2.655 2.8400
135 3.077 2.8400
140 3.552 2.8400
145 4.084 2.8400
150 4.679 2.8400
155 5.341 2.8400
160 6.076 2.8400
165 6.889 2.8400
170 7.786 2.8400
175 8.773 2.8400
180 9.857 2.8400
185 11.044 2.8400
190 12.340 2.8400
195 13.752 2.8400
200 15.287 2.8400
205 16.953 2.8400
210 18.756 2.8400
215 20.705 2.8400
220 22.808 2.8400
225 25.071 2.8400
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230 27.504 2.8400
235 30.114 2.8400
240 32.911 2.8400
245 35.902 2.8400
250 39.098 2.8400
255 42.507 2.8400
260 46.138 2.8400
265 50.002 2.8400
270 54.108 2.8400
275 58.466 2.8400
280 63.088 2.8400
285 67.983 2.8400
290 73.163 2.8400
295 78.640 2.8400
300 84.426 2.8400
305 90.533 2.8400
310 96.974 2.8400
315 103.763 2.8400
320 110.914 2.8400
325 118.444 2.8400
80 0.457 5.5200
85 0.558 5.5200
90 0.677 5.5200
95 0.816 5.5200
100 0.979 5.5200
105 1.167 5.5200
110 1.384 5.5200
115 1.633 5.5200
120 1.917 5.5200
125 2.241 5.5200
130 2.609 5.5200
135 3.024 5.5200
140 3.490 5.5200
145 4.013 5.5200
150 4.597 5.5200
155 5.248 5.5200
160 5.969 5.5200
165 6.768 5.5200
170 7.650 5.5200
175 8.620 5.5200
180 9.685 5.5200
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185 10.850 5.5200
190 12.124 5.5200
195 13.511 5.5200
200 15.019 5.5200
205 16.655 5.5200
210 18.427 5.5200
215 20.342 5.5200
220 22.407 5.5200
225 24.630 5.5200
230 27.019 5.5200
235 29.583 5.5200
240 32.329 5.5200
245 35.267 5.5200
250 38.405 5.5200
255 41.752 5.5200
260 45.318 5.5200
265 49.111 5.5200
270 53.142 5.5200
275 57.421 5.5200
280 61.957 5.5200
285 66.762 5.5200
290 71.845 5.5200
295 77.220 5.5200
300 82.896 5.5200
305 88.887 5.5200
310 95.206 5.5200
315 101.864 5.5200
320 108.877 5.5200
325 116.259 5.5200
80 0.449 8.0600
85 0.548 8.0600
90 0.665 8.0600
95 0.802 8.0600
100 0.961 8.0600
105 1.146 8.0600
110 1.359 8.0600
115 1.603 8.0600
120 1.883 8.0600
125 2.201 8.0600
130 2.562 8.0600
135 2.969 8.0600
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140 3.427 8.0600
145 3.941 8.0600
150 4.514 8.0600
155 5.153 8.0600
160 5.862 8.0600
165 6.646 8.0600
170 7.512 8.0600
175 8.464 8.0600
180 9.510 8.0600
185 10.654 8.0600
190 11.904 8.0600
195 13.266 8.0600
200 14.746 8.0600
205 16.353 8.0600
210 18.092 8.0600
215 19.971 8.0600
220 21.998 8.0600
225 24.180 8.0600
230 26.525 8.0600
235 29.041 8.0600
240 31.737 8.0600
245 34.620 8.0600
250 37.699 8.0600
255 40.983 8.0600
260 44.481 8.0600
265 48.203 8.0600
270 52.157 8.0600
275 56.354 8.0600
280 60.803 8.0600
285 65.515 8.0600
290 70.500 8.0600
295 75.770 8.0600
300 81.335 8.0600
305 87.208 8.0600
310 93.401 8.0600
315 99.926 8.0600
320 106.797 8.0600
325 114.029 8.0600
80 0.441 10.4700
85 0.538 10.4700
90 0.653 10.4700
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95 0.787 10.4700
100 0.943 10.4700
105 1.124 10.4700
110 1.333 10.4700
115 1.573 10.4700
120 1.848 10.4700
125 2.160 10.4700
130 2.514 10.4700
135 2.914 10.4700
140 3.363 10.4700
145 3.867 10.4700
150 4.430 10.4700
155 5.057 10.4700
160 5.752 10.4700
165 6.522 10.4700
170 7.371 10.4700
175 8.306 10.4700
180 9.331 10.4700
185 10.454 10.4700
190 11.681 10.4700
195 13.017 10.4700
200 14.469 10.4700
205 16.045 10.4700
210 17.751 10.4700
215 19.595 10.4700
220 21.583 10.4700
225 23.723 10.4700
230 26.024 10.4700
235 28.491 10.4700
240 31.135 10.4700
245 33.962 10.4700
250 36.982 10.4700
255 40.202 10.4700
260 43.633 10.4700
265 47.281 10.4700
270 51.158 10.4700
275 55.272 10.4700
280 59.633 10.4700
285 64.251 10.4700
290 69.137 10.4700
295 74.300 10.4700
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300 79.753 10.4700
305 85.506 10.4700
310 91.572 10.4700
315 97.963 10.4700
320 104.691 10.4700
325 111.771 10.4700
80 0.432 12.7500
85 0.528 12.7500
90 0.640 12.7500
95 0.771 12.7500
100 0.925 12.7500
105 1.102 12.7500
110 1.307 12.7500
115 1.543 12.7500
120 1.812 12.7500
125 2.118 12.7500
130 2.456 12.7500
135 2.857 12.7500
140 3.298 12.7500
145 3.792 12.7500
150 4.344 12.7500
155 4.959 12.7500
160 5.641 12.7500
165 6.396 12.7500
170 7.229 12.7500
175 8.145 12.7500
180 9.151 12.7500
185 10.252 12.7500
190 11.454 12.7500
195 12.765 12.7500
200 14.189 12.7500
205 15.734 12.7500
210 17.407 12.7500
215 19.215 12.7500
220 21.164 12.7500
225 23.262 12.7500
230 25.517 12.7500
235 27.936 12.7500
240 30.528 12.7500
245 33.299 12.7500
250 36.259 12.7500
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255 39.416 12.7500
260 42.777 12.7500
265 46.353 12.7500
270 50.152 12.7500
275 54.183 12.7500
280 58.456 12.7500
285 62.980 12.7500
290 67.766 12.7500
295 72.823 12.7500
300 78.163 12.7500
305 83.797 12.7500
310 89.736 12.7500
315 95.992 12.7500
320 102.578 12.7500
325 109.506 12.7500
80 0.423 14.9200
85 0.517 14.9200
90 0.627 14.9200
95 0.756 14.9200
100 0.906 14.9200
105 1.080 14.9200
110 1.281 14.9200
115 1.512 14.9200
120 1.775 14.9200
125 2.076 14.9200
130 2.416 14.9200
135 2.800 14.9200
140 3.232 14.9200
145 3.716 14.9200
150 4.257 14.9200
155 4.860 14.9200
160 5.528 14.9200
165 6.268 14.9200
170 7.084 14.9200
175 7.983 14.9200
180 8.968 14.9200
185 10.048 14.9200
190 11.226 14.9200
195 12.510 14.9200
200 13.907 14.9200
205 15.421 14.9200
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210 17.061 14.9200
215 18.832 14.9200
220 20.742 14.9200
225 22.799 14.9200
230 25.009 14.9200
235 27.380 14.9200
240 29.919 14.9200
245 32.635 14.9200
250 35.535 14.9200
255 38.628 14.9200
260 41.922 14.9200
265 45.425 14.9200
270 49.147 14.9200
275 53.096 14.9200
280 57.281 14.9200
285 61.712 14.9200
290 66.399 14.9200
295 71.352 14.9200
300 76.581 14.9200
305 82.096 14.9200
310 87.910 14.9200
315 94.034 14.9200
320 100.479 14.9200
325 107.258 14.9200
80 0.414 16.9800
85 0.506 16.9800
90 0.613 16.9800
95 0.740 16.9800
100 0.887 16.9800
105 1.057 16.9800
110 1.254 16.9800
115 1.480 16.9800
120 1.738 16.9800
125 2.032 16.9800
130 2.365 16.9800
135 2.742 16.9800
140 3.165 16.9800
145 3.639 16.9800
150 4.169 16.9800
155 4.759 16.9800
160 5.414 16.9800
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165 6.139 16.9800
170 6.939 16.9800
175 7.819 16.9800
180 8.785 16.9800
185 9.842 16.9800
190 10.997 16.9800
195 12.256 16.9800
200 13.624 16.9800
205 15.108 16.9800
210 16.714 16.9800
215 18.450 16.9800
220 20.322 16.9800
225 22.337 16.9800
230 24.502 16.9800
235 26.825 16.9800
240 29.314 16.9800
245 31.975 16.9800
250 34.816 16.9800
255 37.846 16.9800
260 41.073 16.9800
265 44.505 16.9800
270 48.151 16.9800
275 52.019 16.9800
280 56.119 16.9800
285 60.459 16.9800
290 65.049 16.9800
295 69.900 16.9800
300 75.020 16.9800
305 80.420 16.9800
310 86.112 16.9800
315 92.106 16.9800
320 98.415 16.9800
325 105.049 16.9800
80 0.405 18.9500
85 0.494 18.9500
90 0.600 18.9500
95 0.723 18.9500
100 0.867 18.9500
105 1.034 18.9500
110 1.226 18.9500
115 1.448 18.9500
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120 1.700 18.9500
125 1.988 18.9500
130 2.314 18.9500
135 2.682 18.9500
140 3.097 18.9500
145 3.561 18.9500
150 4.080 18.9500
155 4.658 18.9500
160 5.300 18.9500
165 6.009 18.9500
170 6.793 18.9500
175 7.655 18.9500
180 8.601 18.9500
185 9.637 18.9500
190 10.768 18.9500
195 12.001 18.9500
200 13.341 18.9500
205 14.795 18.9500
210 16.369 18.9500
215 18.070 18.9500
220 19.904 18.9500
225 21.879 18.9500
230 24.001 18.9500
235 26.277 18.9500
240 28.715 18.9500
245 31.323 18.9500
250 34.107 18.9500
255 37.076 18.9500
260 40.238 18.9500
265 43.601 18.9500
270 47.173 18.9500
275 50.963 18.9500
280 54.980 18.9500
285 59.232 18.9500
290 63.729 18.9500
295 68.480 18.9500
300 73.495 18.9500
305 78.785 18.9500
310 84.359 18.9500
315 90.229 18.9500
320 96.406 18.9500
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325 102.901 18.9500
80 0.395 20.8200
85 0.483 20.8200
90 0.586 20.8200
95 0.706 20.8200
100 0.847 20.8200
105 1.010 20.8200
110 1.198 20.8200
115 1.414 20.8200
120 1.662 20.8200
125 1.943 20.8200
130 2.262 20.8200
135 2.623 20.8200
140 3.028 20.8200
145 3.483 20.8200
150 3.991 20.8200
155 4.557 20.8200
160 5.185 20.8200
165 5.880 20.8200
170 6.647 20.8200
175 7.491 20.8200
180 8.418 20.8200
185 9.432 20.8200
190 10.541 20.8200
195 11.748 20.8200
200 13.061 20.8200
205 14.486 20.8200
210 16.028 20.8200
215 17.695 20.8200
220 19.492 20.8200
225 21.427 20.8200
230 23.507 20.8200
235 25.738 20.8200
240 28.128 20.8200
245 30.683 20.8200
250 33.412 20.8200
255 36.323 20.8200
260 39.422 20.8200
265 42.718 20.8200
270 46.220 20.8200
275 49.935 20.8200
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280 53.872 20.8200
285 58.040 20.8200
290 62.447 20.8200
295 67.104 20.8200
300 72.020 20.8200
305 77.203 20.8200
310 82.666 20.8200
315 88.418 20.8200
320 94.470 20.8200
325 100.834 20.8200
80 0.385 22.6100
85 0.470 22.6100
90 0.571 22.6100
95 0.689 22.6100
100 0.826 22.6100
105 0.986 22.6100
110 1.169 22.6100
115 1.381 22.6100
120 1.622 22.6100
125 1.898 22.6100
130 2.210 22.6100
135 2.562 22.6100
140 2.959 22.6100
145 3.404 22.6100
150 3.901 22.6100
155 4.454 22.6100
160 5.069 22.6100
165 5.750 22.6100
170 6.501 22.6100
175 7.328 22.6100
180 8.235 22.6100
185 9.229 22.6100
190 10.315 22.6100
195 11.498 22.6100
200 12.785 22.6100
205 14.181 22.6100
210 15.692 22.6100
215 17.326 22.6100
220 19.088 22.6100
225 20.985 22.6100
230 23.023 22.6100
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235 25.211 22.6100
240 27.554 22.6100
245 30.060 22.6100
250 32.736 22.6100
255 35.590 22.6100
260 38.630 22.6100
265 41.863 22.6100
270 45.297 22.6100
275 48.941 22.6100
280 52.803 22.6100
285 56.891 22.6100
290 61.214 22.6100
295 65.782 22.6100
300 70.603 22.6100
305 75.688 22.6100
310 81.046 22.6100
315 86.687 22.6100
320 92.622 22.6100
325 98.863 22.6100
80 0.375 24.3200
85 0.458 24.3200
90 0.556 24.3200
95 0.671 24.3200
100 0.805 24.3200
105 0.961 24.3200
110 1.140 24.3200
115 1.346 24.3200
120 1.583 24.3200
125 1.851 24.3200
130 2.156 24.3200
135 2.501 24.3200
140 2.889 24.3200
145 3.324 24.3200
150 3.810 24.3200
155 4.352 24.3200
160 4.954 24.3200
165 5.620 24.3200
170 6.355 24.3200
175 7.165 24.3200
180 8.054 24.3200
185 9.027 24.3200
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190 10.091 24.3200
195 11.251 24.3200
200 12.512 24.3200
205 13.880 24.3200
210 15.362 24.3200
215 16.964 24.3200
220 18.691 24.3200
225 20.552 24.3200
230 22.551 24.3200
235 24.697 24.3200
240 26.996 24.3200
245 29.455 24.3200
250 32.081 24.3200
255 34.882 24.3200
260 37.865 24.3200
265 41.038 24.3200
270 44.409 24.3200
275 47.986 24.3200
280 51.777 24.3200
285 55.791 24.3200
290 60.035 24.3200
295 64.520 24.3200
300 69.254 24.3200
305 74.246 24.3200
310 79.507 24.3200
315 85.046 24.3200
320 90.874 24.3200
325 97.002 24.3200
80 0.364 25.9600
85 0.445 25.9600
90 0.540 25.9600
95 0.652 25.9600
100 0.783 25.9600
105 0.935 25.9600
110 1.110 25.9600
115 1.311 25.9600
120 1.542 25.9600
125 1.804 25.9600
130 2.102 25.9600
135 2.439 25.9600
140 2.818 25.9600
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145 3.244 25.9600
150 3.719 25.9600
155 4.249 25.9600
160 4.838 25.9600
165 5.490 25.9600
170 6.210 25.9600
175 7.003 25.9600
180 7.873 25.9600
185 8.827 25.9600
190 9.870 25.9600
195 11.006 25.9600
200 12.242 25.9600
205 13.584 25.9600
210 15.037 25.9600
215 16.608 25.9600
220 18.303 25.9600
225 20.129 25.9600
230 22.091 25.9600
235 24.198 25.9600
240 26.454 25.9600
245 28.869 25.9600
250 31.448 25.9600
255 34.199 25.9600
260 37.129 25.9600
265 40.246 25.9600
270 43.558 25.9600
275 47.073 25.9600
280 50.798 25.9600
285 54.742 25.9600
290 58.914 25.9600
295 63.322 25.9600
300 67.976 25.9600
305 72.884 25.9600
310 78.055 25.9600
315 83.501 25.9600
320 89.231 25.9600
325 95.256 25.9600
85 0.432 27.5300
90 0.524 27.5300
95 0.633 27.5300
100 0.761 27.5300
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105 0.908 27.5300
110 1.079 27.5300
115 1.275 27.5300
120 1.500 27.5300
125 1.756 27.5300
130 2.047 27.5300
135 2.376 27.5300
140 2.746 27.5300
145 3.162 27.5300
150 3.627 27.5300
155 4.145 27.5300
160 4.721 27.5300
165 5.359 27.5300
170 6.064 27.5300
175 6.840 27.5300
180 7.693 27.5300
185 8.628 27.5300
190 9.649 27.5300
195 10.764 27.5300
200 11.976 27.5300
205 13.292 27.5300
210 14.718 27.5300
215 16.260 27.5300
220 17.923 27.5300
225 19.716 27.5300
230 21.643 27.5300
235 23.712 27.5300
240 25.929 27.5300
245 28.301 27.5300
250 30.835 27.5300
255 33.540 27.5300
260 36.420 27.5300
265 39.486 27.5300
270 42.743 27.5300
275 46.200 27.5300
280 49.865 27.5300
285 53.746 27.5300
290 57.851 27.5300
295 62.189 27.5300
300 66.769 27.5300
305 71.600 27.5300
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310 76.692 27.5300
315 82.053 27.5300
320 87.695 27.5300
325 93.628 27.5300
135 2.311 29.0300
140 2.673 29.0300
145 3.079 29.0300
150 3.533 29.0300
155 4.040 29.0300
160 4.603 29.0300
165 5.227 29.0300
170 5.917 29.0300
175 6.677 29.0300
180 7.513 29.0300
185 8.428 29.0300
190 9.430 29.0300
195 10.522 29.0300
200 11.711 29.0300
205 13.002 29.0300
210 14.402 29.0300
215 15.915 29.0300
220 17.549 29.0300
225 19.310 29.0300
230 21.203 29.0300
235 23.237 29.0300
240 25.416 29.0300
245 27.749 29.0300
250 30.242 29.0300
255 32.902 29.0300
260 35.737 29.0300
265 38.754 29.0300
270 41.961 29.0300
275 45.365 29.0300
280 48.974 29.0300
285 52.797 29.0300
290 56.841 29.0300
295 61.116 29.0300
300 65.630 29.0300
305 70.392 29.0300
310 75.412 29.0300
315 80.698 29.0300
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320 86.262 29.0300
325 92.113 29.0300
170 5.768 30.4700
175 6.512 30.4700
180 7.330 30.4700
185 8.227 30.4700
190 9.209 30.4700
195 10.280 30.4700
200 11.446 30.4700
205 12.713 30.4700
210 14.087 30.4700
215 15.573 30.4700
220 17.178 30.4700
225 18.908 30.4700
230 20.770 30.4700
235 22.769 30.4700
240 24.913 30.4700
245 27.209 30.4700
250 29.662 30.4700
255 32.282 30.4700
260 35.074 30.4700
265 38.046 30.4700
270 41.205 30.4700
275 44.560 30.4700
280 48.119 30.4700
285 51.889 30.4700
290 55.878 30.4700
295 60.096 30.4700
300 64.550 30.4700
305 69.250 30.4700
310 74.206 30.4700
315 79.426 30.4700
320 84.920 30.4700
325 90.699 30.4700
200 11.178 31.8600
205 12.421 31.8600
210 13.769 31.8600
215 15.229 31.8600
220 16.806 31.8600
225 18.506 31.8600
230 20.337 31.8600
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235 22.304 31.8600
240 24.413 31.8600
245 26.673 31.8600
250 29.090 31.8600
255 31.670 31.8600
260 34.421 31.8600
265 37.351 31.8600
270 40.467 31.8600
275 43.777 31.8600
280 47.289 31.8600
285 51.010 31.8600
290 54.949 31.8600
295 59.114 31.8600
300 63.515 31.8600
305 68.160 31.8600
310 73.058 31.8600
315 78.219 31.8600
320 83.653 31.8600
325 89.369 31.8600
225 18.098 33.1900
230 19.898 33.1900
235 21.833 33.1900
240 23.909 33.1900
245 26.134 33.1900
250 28.514 33.1900
255 31.057 33.1900
260 33.770 33.1900
265 36.660 33.1900
270 39.734 33.1900
275 43.001 33.1900
280 46.468 33.1900
285 50.144 33.1900
290 54.037 33.1900
295 58.154 33.1900
300 62.506 33.1900
305 67.100 33.1900
310 71.947 33.1900
315 77.055 33.1900
320 82.435 33.1900
325 88.096 33.1900
250 27.925 34.4700
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255 30.431 34.4700
260 33.105 34.4700
265 35.955 34.4700
270 38.989 34.4700
275 42.215 34.4700
280 45.639 34.4700
285 49.271 34.4700
290 53.119 34.4700
295 57.191 34.4700
300 61.497 34.4700
305 66.044 34.4700
310 70.842 34.4700
315 75.902 34.4700
320 81.233 34.4700
325 86.844 34.4700
260 32.813 35.0000
265 35.646 35.0000
270 38.663 35.0000
275 41.870 35.0000
280 45.277 35.0000
285 48.891 35.0000
290 52.719 35.0000
295 56.772 35.0000
300 61.058 35.0000
305 65.586 35.0000
310 70.365 35.0000
315 75.404 35.0000
320 80.715 35.0000
325 86.306 35.0000
270 38.213 35.7000
275 41.396 35.7000
280 44.778 35.7000
285 48.366 35.7000
290 52.170 35.7000
295 56.197 35.7000
300 60.456 35.7000
305 64.957 35.7000
310 69.710 35.7000
315 74.722 35.7000
320 80.006 35.7000
325 85.570 35.7000
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290 51.156 36.8900
295 55.136 36.8900
300 59.348 36.8900
305 63.801 36.8900
310 68.505 36.8900
315 73.469 36.8900
320 78.704 36.8900
325 84.220 36.8900
80 0.353 27.47200
85 0.431 27.59600
90 0.522 27.72500
95 0.629 27.85900
100 0.754 27.99800
105 0.897 28.14300
110 1.063 28.29300
115 1.253 28.44800
120 1.470 28.60800
125 1.716 28.77400
130 1.994 28.94500
135 2.308 29.12200
140 2.659 29.30400
145 3.053 29.49100
150 3.491 29.68300
155 3.978 29.88100
160 4.516 30.08400
165 5.111 30.29200
170 5.765 30.50500
175 6.483 30.72400
180 7.268 30.94800
185 8.125 31.17800
190 9.058 31.41300
195 10.072 31.65300
200 11.170 31.89800
205 12.357 32.14900
210 13.639 32.40500
215 15.019 32.66600
220 16.502 32.93200
225 18.093 33.20400
230 19.797 33.4810
235 21.619 33.76400
240 23.564 34.05200
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245 25.636 34.34500
250 27.841 34.64300
255 30.183 34.94700
260 32.668 35.25600
265 35.301 35.57000
270 38.086 35.88900
275 41.029 36.21400
280 44.133 36.54400
285 47.404 36.88000
290 50.845 37.22100
295 54.461 37.56700
300 58.253 37.91800
305 62.226 38.27500
310 66.379 38.63700
315 70.713 39.00400
320 75.227 39.37600
325 79.918 39.75400
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National Research Council (1928)

Temperature (ºC) Pressure (bars) Composition (wt% NaCl)
0.01 0.00467 26.25
10 0.00920 26.3
20 0.01760 26.4
30 0.03187 26.5
40 0.05547 26.65
50 0.09267 26.85
60 0.14934 27.05
70 0.23334 27.3
80 0.35361 27.6
90 0.52215 27.85

100 0.75202 28.15
108.67 1.01336 28.4

110 1.06003 28.45
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Keevil (1942)

Temperature (ºC) Pressure (bars) Composition (wt% NaCl)
183 7.36633 30.66

205.1 11.91582 31.46
230.2 19.54559 32.64
246.7 25.41231 33.61
254.6 27.87451 34.18
299.3 56.77240 37.30
327.3 79.54013 39.74
344.4 97.56584 41.25
354.3 107.80980 42.08
385.7 146.92125 45.54
410 181.27043 47.33

442.5 233.14883 50.32
467.5 272.56425 52.08
485.5 298.30080 54.53
514.2 339.54008 56.38
550.5 375.00383 62.03
600 393.85028 69.35

646.2 373.38263 76.79
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Khaibullin and Borisov (1966)

Temperature (ºC) Pressure (bars) Composition (wt% NaCl)
100 0.98067 1
110 1.45138 1
120 1.99075 1
130 2.70664 1
140 3.59904 1
150 4.71700 1
160 6.11935 1
170 7.89435 1
180 9.90472 1
190 12.35638 1
200 15.39644 1
210 18.92683 1
220 22.84949 1
230 28.83155 1
240 33.34261 1
250 39.52080 1
260 46.48352 1
270 54.52497 1
280 63.64516 1
290 72.07888 1
300 85.31786 1
310 97.57617 1
320 111.79581 1
330 127.48645 1
340 144.94229 1
350 164.45752 1
360 185.14955 1
370 207.90098 1
380 232.90794 1
386 248.59858 1
100 1.01008 2
110 1.42196 2
120 1.97114 2
130 2.68702 2
140 3.56962 2
150 4.68758 2
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160 6.08012 2
170 7.84532 2
180 9.90472 2
190 12.25831 2
200 15.39644 2
210 18.73070 2
220 22.75143 2
230 27.55669 2
240 33.14648 2
250 39.32467 2
260 46.18932 2
270 54.13271 2
280 63.25289 2
290 73.54988 2
300 84.82752 2
310 96.79164 2
320 110.81515 2
330 126.50579 2
340 144.15776 2
350 162.59426 2
360 182.50176 2
370 206.42998 2
380 230.84854 2
390 256.93423 2
392 262.32789 2
100 0.99047 3.5
110 1.39254 3.5
120 1.89268 3.5
130 2.65760 3.5
140 3.53039 3.5
150 4.64835 3.5
160 6.03109 3.5
170 7.76687 3.5
180 9.79684 3.5
190 12.16025 3.5
200 15.20031 3.5
210 18.53457 3.5
220 22.45723 3.5
230 27.26249 3.5
240 32.85228 3.5
250 38.93240 3.5
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260 45.60092 3.5
270 53.34818 3.5
280 62.37029 3.5
290 72.56921 3.5
300 83.84686 3.5
310 95.32064 3.5
320 109.34415 3.5
330 125.03479 3.5
340 142.19643 3.5
350 161.02519 3.5
360 181.52109 3.5
370 204.95899 3.5
380 228.00461 3.5
390 253.50190 3.5
400 280.96052 3.5

402.5 288.31551 3.5
100 0.98067 5
110 1.37293 5
120 1.91230 5
130 2.62818 5
140 3.49117 5
150 4.59932 5
160 5.98206 5
170 7.68841 5
180 9.70858 5
190 12.06218 5
200 15.10224 5
210 18.33844 5
220 22.35916 5
230 27.06635 5
240 32.46001 5
250 38.54013 5
260 45.01252 5
270 52.56364 5
280 61.58576 5
290 71.68661 5
300 82.86619 5
310 94.33997 5
320 108.06928 5
330 123.56379 5
340 140.72543 5
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350 159.35806 5
360 179.16750 5
370 202.01699 5
380 224.86648 5
390 250.06958 5
400 278.50886 5
410 306.45781 5

417.5 331.17057 5
100 0.91202 7.5
110 1.34351 7.5
120 1.88288 7.5
130 2.56934 7.5
140 3.43233 7.5
150 4.52087 7.5
160 5.89380 7.5
170 7.58054 7.5
180 9.58110 7.5
190 11.86605 7.5
200 14.80804 7.5
210 18.04424 7.5
220 21.86883 7.5
230 26.47796 7.5
240 31.87161 7.5
250 37.85367 7.5
260 44.22799 7.5
270 51.58298 7.5
280 50.30811 7.5
290 70.11755 7.5
300 81.39520 7.5
310 92.67284 7.5
320 105.71569 7.5
330 121.11213 7.5
340 137.78343 7.5
350 156.71027 7.5
360 175.53904 7.5
370 196.62333 7.5
380 219.86509 7.5
390 244.67592 7.5
400 271.74227 7.5
410 299.69122 7.5
420 331.85704 7.5
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430 360.98279 7.5
435 389.81434 7.5
100 0.93163 10
110 1.32390 10
120 1.84365 10
130 2.52031 10
140 3.37349 10
150 4.45222 10
160 5.81534 10
170 7.47267 10
180 9.46342 10
190 11.76798 10
200 14.51384 10
210 17.55390 10
220 21.37850 10
230 25.88956 10
240 31.18515 10
250 37.16720 10
260 43.44346 10
270 50.60231 10
280 58.93797 10
290 68.64655 10
300 79.72806 10
310 91.00571 10
320 101.89109 10
330 118.85660 10
340 135.52790 10
350 153.47407 10
360 171.91057 10
370 192.79874 10
380 215.35403 10
390 239.28226 10
400 264.77955 10
410 293.41497 10
420 324.99238 10
430 358.13886 10
100 0.88260 15
110 1.25525 15
120 1.76520 15
130 2.45166 15
140 3.27542 15



114

150 4.31493 15
160 5.63882 15
170 7.25692 15
180 9.20844 15
190 11.47378 15
200 14.02351 15
210 17.06357 15
220 20.59397 15
230 25.88956 15
240 30.00835 15
250 35.79427 15
260 41.77633 15
270 48.54292 15
280 56.38824 15
290 65.60649 15
300 76.29574 15
310 87.86758 15
320 99.83170 15
330 114.24747 15
340 129.74198 15
350 146.70748 15
360 164.55559 15
370 185.05149 15
380 207.31258 15
390 230.45628 15
400 254.97290 15
410 281.94119 15
420 312.04760 15
430 342.64435 15
440 374.31983 15
100 0.83357 20
110 1.17680 20
120 1.70636 20
130 2.35360 20
140 3.13813 20
150 4.11879 20
160 5.42308 20
170 7.01175 20
180 8.86521 20
190 10.98345 20
200 13.53318 20
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210 16.47517 20
220 20.00557 20
230 24.22243 20
240 29.02768 20
250 34.51941 20
260 40.30533 20
270 46.97385 20
280 54.62304 20
290 63.35096 20
300 73.45181 20
310 84.53332 20
320 96.30130 20
330 110.03061 20
340 124.74059 20
350 140.52929 20
360 158.37740 20
370 178.28490 20
380 199.85953 20
390 221.33609 20
400 244.18559 20
410 271.84034 20
420 298.80863 20
430 328.03244 20
440 357.94273 20
100 0.78453 25
110 1.11796 25
120 1.61810 25
130 2.25553 25
140 3.00083 25
150 3.93247 25
160 5.20733 25
170 6.72736 25
180 8.51217 25
190 10.59118 25
200 12.84671 25
210 15.88677 25
220 19.31910 25
230 23.33983 25
240 27.94895 25
250 33.34261 25
260 39.12853 25
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270 45.60092 25
280 52.95591 25
290 61.48770 25
300 71.09821 25
310 81.39520 25
320 92.18251 25
330 104.14662 25
340 117.67980 25
350 133.37044 25
360 151.51274 25
370 170.34151 25
380 191.72001 25
390 212.80431 25
400 235.35960 25
410 260.36656 25
420 288.11938 25
430 316.95093 25
440 347.84188 25
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Knight and Bodnar (1989)

Temperature (ºC) Pressure (bars) Composition (wt% NaCl)
374 220 0
405 298 3.2
404 298 3.2
421 337 5
421 337 5
467 458 10
466 458 10
513 598 15
514 598 15
566 755 20
565 755 20
611 840 22.5
668 945 25
664 945 25
730 1184 27.5
729 1184 27.5
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Pitzer and Pabalan (1986)

Temperature (ºC) Pressure (bars) Composition (wt% NaCl)
800 0.0005 100
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APPENDIX B

Input Code Used by SAS for Regression

options ls=85;

data d1;
 infile 'C:X.txt'  dlm='09'x firstobs=2 missover;
 input t p x;
 t=t;
 t2=t*t;
 t3=t2*t;
 t4=t3*t;
 t5=t4*t;
 t6=t5*t;
 t7=t6*t;
 t8=t7*t;
 t9=t8*t;
 t10=t9*t;
 x=x;
 x2=x*x;
 x3=x2*x;
 x4=x3*x;
 x5=x4*x;
 x6=x5*x;
 x7=x6*x;
 x8=x7*x;
 xt=x*t;
 xxt=x2*t;
 xtt=x*t2;
 xxxt=x3*t;
 xxtt=x2*t2;
 xttt=x*t3;
 xxxxt=x4*t;
 xxxtt=x3*t2;
 xxttt=x2*t3;
 xtttt=x*t4;
 xxxxxt=x5*t;
 xxxxtt=x4*t2;
 xxxttt=x3*t3;
 xxtttt=x2*t4;
 xttttt=x*t5;
 xxxxxxt=x6*t;
 xxxxxtt=x5*t2;
 xxxxttt=x4*t3;
 xxxtttt=x3*t4;
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 xxttttt=x2*t5;
 xtttttt=x*t6;
 xxxxxxxt=x7*t;
 xxxxxxtt=x6*t2;
 xxxxxttt=x5*t3;
 xxxxtttt=x4*t4;
 xxxttttt=x3*t5;
 xxtttttt=x2*t6;
 xttttttt=x*t7;
 logp=log10(p);
 w1=(((1.0001-x)/1.0001)*(2.5/t));
 index=_n_;
run;

title1 'Regression model with weight w1';
*----------------------------------------;
PROC reg data=d1 outest=param1;
model logp=t t2 t3 t4 t5 t6 t7 x x2 x3 x4 x5 x6 x7 xt xxt
xtt xxxt xxtt xttt xxxxt xxxtt xxttt xtttt xxxxxt xxxxtt
xxxttt xxtttt xttttt xxxxxxt xxxxxtt xxxxttt xxxtttt
xxttttt xtttttt / selection=backward;
weight w1;
 output out=bw1 r=resid1 p=yhatw1;
run;
data predw1;
 set bw1 (keep=  x t p logp yhatw1 resid1 index);
 phatw1=10**yhatw1;
 resw1=p-phatw1;
 res_p1=(resw1/p)*100;
run;
proc print data=param1;
format intercept t t2 t3 t4 t5 t6 t7 t8 x x2 x3 x4 x5 x6 x7
x8 xt xxt xtt xxxt xxtt xttt xxxxt xxxtt xxttt xtttt xxxxxt
xxxxtt xxxttt xxtttt xttttt xxxxxxt xxxxxtt xxxxttt xxxtttt
xxttttt xtttttt comma20.19;
run;

title1 ' ';

*               begin merging the residual from all models
;
*
___________________________________________;
data b4b4w1;
 merge predw1;
 by index;
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run;

data all;
 merge b4b4w1;
 by index;
run;

*               begin creating categories for levels of x
and t ;
*
________________________________________________;
data all_cat;
 set all;
if (t<100) then do;
   t_plot=1;
   t_cat='<100';
   end;
  else if (t<150) then do ;
   t_plot=2;
   t_cat='<150';
  end;
  else if (t<200) then do;
   t_plot=3;
   t_cat='<200';
  end;
  else if (t<250) then do;
   t_plot=4;
   t_cat='<250';
  end;
  else if (t<300) then do;
   t_plot=5;
   t_cat='<300';
  end;
  else if (t<350) then do;
   t_plot=6;
   t_cat='<350';
  end;
  else if (t<400) then do;
   t_plot=7;
   t_cat='<400';
  end;
  else do ;
   t_plot=8;
   t_cat='>=400';
  end;
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if (x=0) then do;
   x_plot=1;
   x_cat='=0   ';
  end;
  else if (x<0.25) then do;
   x_plot=2;
   x_cat='<.25  ';
  end;
  else if (x<0.5) then do;
   x_plot=3;
   x_cat='<.5  ';
  end;
  else if (x<10) then do;
   x_plot=4;
   x_cat='<10  ';
  end;
  else if (x<15) then do;
   x_plot=5;
   x_cat='<15  ';
  end;
  else if (x<25) then do;
   x_plot=6;
   x_cat='<25  ';
  end;
  else do;
   x_plot=7;
   x_cat='>=25  ';
  end;
run;

PROC FREQ ;
  TABLES t_cat / norow nocol nopct;
RUN;
PROC FREQ ;
  TABLES x_cat / norow nocol nopct;
RUN;
data test;
set all_cat (keep=t p x phatw1 resw1 res_p1);
run;
Proc sort;
by descending x;
run;
* To print the residuals;
proc print;
run;
*                       begin residual plots;
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*                       ____________________;
data short;
set all_cat;
if t<1100;
run;
title1 'Residual Plots';
* --------------------;
data short;
set all_cat;
if t<1100;
run;

title1 'Residual Plots';
* --------------------;
proc plot data=all_cat;
 plot resw1  * (x t)/VREF=0;
 plot resw1*x=t_plot /VREF=0;
 plot resw1*t=x_plot/VREF=0;
run;
proc plot data=short;
 plot resw1  *  t/VREF=0;
 plot resw1*t=x_plot/VREF=0;
run;
title1 'Residual in percent Plots';
* -------------------------------;

title1 'Residual in logarithm Plots';
* ----------------------------------;
proc plot data=all_cat;
 plot residw1  * (x t)/VREF=0;
 plot resid*x=t_plot/VREF=0 ;
 plot resid*t=x_plot/VREF=0;
run;
data datax5;
set test;
if x=.0000;
run;
proc plot data=datax5;
 plot resw1 * t/VREF=0;
run;
proc plot data=datax5;
 plot res_p1 * t/VREF=0;
run;
quit;
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