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Recommendations

An ideal data bank for geothermal energy utilization would permit
accurate calculations of the quantity of steam available to economically
produce electricity, and of hot water for heating or manufacturing pur-
poses. A reliable data system would include the following information:

1. Measurements at high temperatures and pressures of the properties

of geothermal brines (e.g.,Baca,Salton Sea) to include density, solubility,
enthalpy, viscosity and ionic strength. There is currently very little
available data, and this 1is both widely scattered in the published liter-

ature, and Targely unevaluated.

2. Laboratory instrumentation for measuring brine properties at high
temperatures and pressures, These instruments would be corrosion
resistant, have self-cleaning features to remove precipitated salts,
and be computer-automated to facilitate obtaining reproducible results.

3. Theoretically-based equations for use in calculating brine properties

at temperatures, pressures and concentrations where experimental values are
not available. Of special value is the calculation of properties of mixtures
such as the viscosity of NaCl and CaCl, solutions, the solubility of silica
in NaCl solutions, and the distributioﬁ of carbon-dioxide between the

liquid and gas phases.

4, Data on multigas equilibria at high temperatures and pressures, e.g.,
carbon dioxide-ammonia-hydrogen sulfide and methane in water and salt
solutions. These equilibrium constants are needed to characterize a hot
brine reservoir, and to predict the likely changes such as precipitation
taking place when a one phase hot brine flashes to a gas and liquid phase
under reduced pressures, with a change in liquid pH.

5. Experimentally obtained data on the solubility of rocks and minerals
to compare with those values calculated in the widely used publication
by Helgeson [28].

6. Experimental data on the principal dissolved species in a geothermal
brine to include the formation constants for each metal-ligand ratio to
high temperatures -and pressures, to compare with those values calculated
by the widely used WATEQ computer program [29].
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Tables of Recommended or Best Values

Table

1.

8.
9.

Viscosity of NaCl solutions, saturated vapor pressure (svp);

25 - 350 °C; 0 - 4 molal.

Thermal conductivity of NaCl solutions, svp; 20 - 330 °C;

0 - 4 molal.
Resistivity of NaCl solutions, 30 MPa; 25 - 350 °C; 0 - 4 molal.

Enthalpy of NaCl solutions, svp; 25 - 300 °C; 0 - 4.2777 molal

Heat capacity of NaCl solutions, svp; 25 - 300 °C; 0.4708 -
4,2777 molal. '

Solubility of NaCl, KCT1, CaC]Z, SiOz, svp; 25 - 350 °C.

SkeTeton table, density of NaCl solutions; 0.1 - 50 MPa; 0 - 4

molal; 25 - 350 °C.

Denéity of NaCl solutions; 2 MPa; 25 - 200 °C; 0 - 0.5 molal.

Vapor pressure of NaCl solutions; 25 - 325 °C; 0 - 4 molal.

Appendix I. Density of NaCl solutions at 5 °C intervals; svp;

5- 350 °C; T - 5 molal.

Density of NaCl solutions at 5 °C intervals; 100 - 1000
bars (0.1 - 100 MPa); 5 -350 °C; 0.25 - 5 molal

Enthalpy of NaCl solutions; svp; 0 - 300 °C; 0.25 -
25.00 percent by weight.

Heat capacity of NaCl solutions; svp; 0 - 300 °C;
0.25 - 25.00 percent by weight.

*Viscosity of NaCl solutions at 5 °C intervals; 0.1 - 50
MPa; 0 - 350 °C; 0 - 4 molal.

* Thermal conductivity of NaCl solutions; svp; 0 - 5
molal.

* Solubility of NaCl in steam; 350 - 450 °C; 10 - 25.9MPa
* Heat of solution at infinite dilution; svp; 0 - 300 °C.

* Standard state heat capacity of NaCl solutions; svp;
0 - 300 °C. ,

Appendix IIX* Viscosity of KC1 solutionsy 0.1 - 35 MPa; 25 - 150 °C;

0 - 5 molal.

*In preparation.
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ABSTRACT

A critical survey is made of selected basic data on those aquébus
solutions needed to model geothermal energy utilization. The data are
useful in the design and construction of power plants and for direct
use. The result of the survey is given as a current status of data.
More emphasis is placed on the viscosity, thermal conductivity and
density of sodium chloride solutions up to 350° C and 50 MPa. An

ideal data book for geothermal energy is described.
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Introduction

It is central to the utilization of our geothermal energy resources
that reliable data on hot aqueous solutions be readily available. Up to
now, the need has been to calculate and model the flow of heat as trans-
ported by a hot brine or by steam. These data are used to predict scale
formation in heat exchangers, corrosion in pipeTines, solids precipitation
in wells and the expected lifetime of a power p]ant. Future needs include

data on geopressured and magma systems, and hot dry rock.

The past ten years has seen a substantial growth in the quantity of
thermodynamic and transport data available to geothermal scientists and
engineers. Most of the experimental results and calculated values have
been published in the United Stated by the National Laboratories, the

U. S. Geological Survey and by universities. Important research outside

the United States is published by laboratories in New Zealand, Iceland, Scotland,
the USSR and West Germany. However, these data are widely scattered and
largely unevaluated. This data book provides selected evaluated data

which is available from one source.

Early ca1cu1atioﬁs for mode11ng géothermé] energy systems were
based on the enthalpy and heat capacity of pure water and steam; steam
tables were extensively used. Beginning about fifteen years ago,
research results were published by E11is[]] on the density of sodium

chloride and other solutions to more closely approximate a geothermal
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hot brine. Ca]éu]ations were generally made at saturated vapor pressures.
Extensive use was made of existing tabulations used by the petroleum
industry for viscosity, and in water desalination technology for thermal
conductivity, viscosity and density. For example, data on the viscosity
of NaCl solutions up to 150% C were available in the report. by Korosi

and Fabuss[zj published in 1968, and the series of curves in the publication

Pressure Buildup in Wells[3]. Density data for NaCl solutions to 300° ¢

were obtained from the correlation developed by Haas, which was published

in 1970L4.

The reliability of experimental measurements used to develop the
various correlations for the geothermal properties of aqueous solutions
is variable. This is especially true of measurements at high temperatures
and pressures. This is partly due to the corrosiveness of NaCl solutions
at high temperatures toward materials used in laboratory instruments;
gold-Tined bomb calorimeters and other resistant materials are required.
Other uncértainties include purity of solutions, calibration with known
standards, pressure corrections, and changes in solution concentrations

16 12 (tandard. An additional

due to the change from the 0~ to the C
uncertainty relates to data published as values relative to that of water:
references may not be given to which values for water were used in
calculating the relative values. There are so few experimental data at
high temperatures and pressures that one set of values are selected on

the premise that data with a large uncertainty are often better than no

data at all. Thermal conductivity is an example of this Tast case.
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A geothermal bfiné is»aﬁlaqheoUSjsblﬁtion with a_1a§ge nther of
dissolved solids and gases. The Concéntrations of thesé dissolved
substances varies from pg/L Tevels for heavy metals to over 30,000 g/L
for NaCl. However, the properties discussed here are governed mainly
by the major dissolved substances: NaCl, KC1 and CaC]z. The range of
conditions for geothermal hot brines are 20° - 350° C, 1 to 500 bar

{.1 - 50 MPa)and 0 - 5 m concentrations.

Additional information on basic data for geothermal energy calcu-
Tations is found in a number of publications including the following:

International Critical Tab1es[5]; Physical Properties of the Coexisting

Phase and Thermochemical Properties of the HEO Component in Boiling

NaCl So]utions[G]; Properties of Sea Water and Solutions Containing

[2];

Sodium Chloride, Potassium Chloride, Sodium Sulfate and Magnesium Sulfate

Thermodynamics of High Temperatures Brines[7]; Viscosity of Caplz, KC1

and NaCl So]ution§[8’9]. The results of recent research are published,
for example, in the Journal of Chemical and Engineering Data, and the
Journal of Solution Chemistry. Of special note is the recent book

Thermodynamics of Aqueous Systems with Industrial Applications, which

contains an excellent summary of basic data up to about the year 1979[10].
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TRANSPORT PROPERTIES

Transport properties for geothermal solutions are used to calculate
the ease with which a hot brine will flow or can be pumped, and to predict
how well the 1iquid conducts heat and electricity. The properties covered

here are viscosity, thermal conductivity and electrical resistivity.

Viscosity

Viscosity represents one property of geothermal fluids where very
vagood experimental data are available up to 150° C. Most of the recent
‘research in the United States has been published by Kestin for NaCl, KCI
~and CaC]2 for temperatures and pressures up to 150° ¢ and 35 MPa[8].
‘E]sewhere, important publications are those by Pepinov, Yusufova and
Lobkova for NaCl solutions up to 350° C; and by Semenyuk, Zarembo and

Fedorov covering temperatures to 356° C and pressures up to 150 MPa for

both NaCl and kc1E11J.

We developed a theoretically based correlation for NaCl solutions
using over 1,500 sg]ected experimental va]ues[gj. The‘mode1 used was
derived by Vand in 1948 for colloidal suspensions and solutions of non-
electrolytes; however, the equation has been used extensively for electro-

[27]

lytes such as NaCl after suitable modification:

oo 7 4am+ bm? o+ oom + dat(1 - ekm) . (1)
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00816

where a =
b= 0.0122
c = 0.000128
d = 0.000629
k = -0.7
T = temperature, %
m = molal concentration, g-moles NaCl/kg HéO
n = viscosity of NaCl solutions, cp
N viscosity of water, cp

Equation (1) reproduces data to an average of better than + 2%,
over the ranges 10 - 350 C, 0.1 - 50 MPa and 0 - 5 m. Table 1 consists
of viscosity values for NaCl solutions calculated from Eq. (1) at saturated
vapor pressures; water viscosity values are taken from the recent correlation
by Watson, Basu and Sengers[]ZJ. As shown in Table 1, the viscosity de-

creases with increasing temperature, and increases with increased salt

concentration. See Fig. 1.

The variation in relative viscosity at saturated vapor pressures
and temperatures between 150 - 350° C was calculated recently by Lindsay
using the Othmer ru]e[]3]. Lindsay's work prediéts a dip fn the relative
viscosity at thesé temperatures, followed by an increase at 350° C, and
agrees we]llwith experimental data published by Semenyuk, Zarehbo and
Fedorov[]1]. However, a linear increase is predicted by Eq. (1), and by

the data of Pepinov, Yusufova and Lobkova[]]]. Additional experimental

data over this temperature range are needed to clarify this point.
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Besides NaCl, the viscosity of both KCI and CaC12 solutions and
their mixtures is important. The viscosity of KC1 solutions is Tower than
those of NaCl solutions at equivalent concentrations; however, CaC]2 solutions
have a higher viscosity. The change in viscosity of 1 m solutions of NaCl,
KC1 and CaC]2 with temperature is shown in Fig. 1. More information on the

viscosity of geothermal solutions is contained in references 8, 9, 11, 12, 13.

Thermal Conductivity

The current published Titerature on the thermal conductivity of sodium
chloride solutions to high temperatures and pressures is not extensive; this
is especially true for data at temperatures above 80° ¢ and pressures
exceeding saturated vapor va1ues[]4]. Only one series of experimental
measurements is available to 150° C; by far the most extensive data are
contained in graphical form in the paper by Yusufova, Pépinov, Nikolaev
and Guseinov. However, while the Tatter publication consists of over 50
data points between 100° C and 330° C, accurate values cannot be read from
the graphs[]S].

Yusufova et al. measured the therma1 conductivity of aqueous NaCl
solutions from 20° - 330° C, and 5 - 25% weight. The data were corre-

lated with the  following equation for over 50 data points with a

reported deviation of 2%.
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MA, = 1.0 - (2.3434 X [ (7.924 x 1071 +
%)

(3.924 x 10°8)T2)s + (1.06 x 10°° - (2 x 10°8)T

o112 % 207 10)1%)82 (2)

where

s - _5844.3m
1000 + 58.443m

] T+ 273.15
A, = -0.92247 + 2.8395 ( —“§7§TTE—_') i

2 3
T + 273.15 T + 273.15 :
1.8007 <"§7§TT§“) + o.52577< e >

(3)

4
T + 273.15
0'07344<"Tﬁﬁi7?f“ )

We found Eq. (2) and Eq. (3) generally reproduce other expefimenté]
data to better than + 2% between 20 - 80° C; an exception is the data of
Korosi and Fabuss where the deviation ranges between +5.3% to +13.8%. Over
the range 100° - 150° C, the deviation between the calculated values and
the data of Korosi and Fabuss increases up to +31.6% at 150° C. However,
we assumed their values to be incorrect partly because they are consisteﬁt]y
higher than the other'experimental values at temperatures below 80° C, and
partly because Korosi and Fabuss felt their measurements should be considered
tentative. In addition, their data for sea water up to 150° C are consis-

(161,

tently Tower than those of Jamieson and Tudhope
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The thermal conductivity increases with increasing temperatures up to
a broad maximum near 140° C, then decreases with concentration, by a maximum
of 7% for 5m NaCl as compared®with pure water. Table 2 consists of smoothed
values for the thérma] conductivity of aqueous NaCl soluiions from 20° C to
330° C over the concentration range O to 4 molal, at saturated vapor pressures.

(171,

Additional information is obtained from the recent review by Jamieson

Electrical Resistivity

Physical measurements using instrumental methods are preferred for
locating potential geothermal reservoirs. Electrical resistivity is widely

used as one of the main instrumental methods for indicating a subsurface

hot brine.

Electrical resistivity data were recently published for geothermal
energy applications by Ucok, OThoeft and Ershaghi. Measurements were
made on NaCl, KC1 and CaC]2 solutions at a frequency of 1 KHZ and 30 MPa
for temperatures between 22° - 375° C. The resistivity decreases with
increasing temperature and-salt concentration for concentrations of 3 -
20 %w NaCl solutions; there is a broad minimum between about 250° C
and 325° C. At temperatures exceeding 325° C, the resistivity increases.
The correlation reproduces their experimental data to an accuracy of +
2%; calculations of resistivity values for any selected temperature and
concentration can be done using the BASIC program listed in the publica-

tion []8]. See Table 3.
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In'summary, theie]éctrica]yresiétivity oijaCl,.KC1_and CaC]z solutions
has been correlated for geothermal applications. “Data for fundamental use

such as ion-pair formation are obtained in the pubfications by both Ffanck”

and Marshall. See the literature cited in reference - 18.- - ---

THERMODYNAMIC PROPERTIES

-

The thermodynamic properties covered here are enthalpy and heat
capacity. Despite the need of experimental measurements to 350° ¢ and
50 MPa, the majority of data are still below 100° C, and at saturated
vapor pressures. The lack of data at higher temperatures and pressures
is so acute that only three or four newly published values are éufficient
cause for recalculating correlation equtions to improve the accuracy of a

fit. The most widely used thermodynamic data are those published by Pitzer.

Enthalpy

Pitzer; Bradley, Rogers and Peiper fit selected experimental data
to a 30 parameter theoretically based equation[7]. Values of the total
relative molal enthalpy at saturated vapor pressures agree with those
of Ensor and Andersoﬁ, and 'Méssikbmer and Wood to within + 60 J/flole
up to 750 C, and 250 J/mole at 100° C for 5 molal concentration. The
large value at ]OO0 C is attributed to incompatibility between the various ——--
types of data.. The 1dw molality heat of solution data published by Cobble

were fit within the stated experimental error. See Table 4, and Appendix I.
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The effect of added NaCl is to lower the enthalpy of pure water over
the temperature range 0° to 300° c. Maximally at 300° C, a 5 m NaCl solution
has a difference in enthalpy of about 500 KJ/kg as compared with pure water -
at the same temperature. The effect of pressure up to 100 MPa is given as
pressure correction terms with an uncertainty of 10 - 20% in the recent

publication by Rogers[]gj.

In summary, experimental data such as heat of solution and heat of
dilution needed to calculate the enthalpy of NaCl solutions at high temp-
eratures is limited. The most extensive tabulated values are calculated.

Recent calculations by Rogers extended the pressure range to include

pressures exceeding vapor saturated values.

Heat Capacity

Experimental data on heat capacity are available to 350° and 0.001-6
molal; however, only one set of data is available at pressures different
from vapor saturation. The experimental data were fit by Pitzer et a].[7].
The data below 1009 C were fit to better than 0.004 J/gm-°C, but the error
was as large as 0.01 J/gm—OC at high molalities at temperatures of 45° ¢
and 65° C. Also the error in the fit to experimental data increased with
increasing temperature and was + 0.03 J/mole-°C at 250° C for concentrations

below 5 molal; 0.05 J/mo1e—0C at 275° C; 0.17 J/mo]e—OC at 3OOOC; and the

error had an average value of (.56 J/mo]e—OC at 325° C and 16 J/mo]e—OC

at 350° C.
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2

Table 5 shows the decrease in heat capac1ty of NaCl so]utlons for
NaCl concentrat1ons between .4-4molal. At each concentrat1on5 the heat
capacity increases with temperature; the magnitude of the increase is

less as the concentration increases. Appendix I contains more data.

In summary, equations are available for providing tab1és of smooth
values for heat capacity to 350° C and 6 mo1a1.”:Howe§er?‘dapa are
needed at temperatures above 275° C, especially from 300° - 350° C,
and at pressures up to 50 MPa. The recent publication by Rogers contains
tables of pressuré-correction terms calculated for the heat capacity of

NaCl solutions up to 100 MPal19].

PHYSICAL PROPERTIES

Solubility

Solubility information is needed to predict scale formation in
pipes, flash tanks and turbines traceable to silica and calcite depositfon.
The solubility of NaCl, KC] and CaC]2 provides a means for ca]culat1ng
salt deposition onto heat exchangers and turb1nes and to estab]1sh an

upper Timit for the concentration of these salts at high temperatures.

The U. S. Geological Survey has been very active in publishing
| research results at high temperatures. Potter, Babcock'and Brown

‘ 20
published data on the solubility of NaCl and KC1 at high temperatures[ ];
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Potter and C]ynnevpublished similar corré1ations up to 100° ¢ for NaC1,

KCT and CaC12 so]utionsLZ]].

We have correlated both Potter and Clynne's data and the solubility

data for CaC]2 solutions in the Internatijonal Critical Tables to better

than + 1% with the following empirical equations:

W CaC]ZL = 34,81 +0.4136 T, 10 < T < 30°¢

1]

35.13 + 0.4495 T, 30 < T < 40°¢
52.17 + 0.07643 T, 40, < T < 100° C

]

52.805 + 0.06820 T - 1.666 x 10°% T2 + 1.984 x 10°6 13

for 50< T< 160° C (see Reference 21) 7
Table 6 consists of smoothed values for the solubilities of NaCl,

h

KCT, CaC]2 and silica from 25° - 350° C, and at saturated vapor pressures.
The solubility of CaCO3 depends on the pressure of CO2 gas; see Fig. 2.

As shown, the solubility increases with CO2 pressure, and decreases

with increasing temperature. Fig. 3 depicts the solubility of CO2

in water given as the Ostwald coefficient.

g COZ/cm3 (Tiquid phase)

Ostwald Coefficient = 3
g C0,/cm™ (vapor phase)

Information and tabulated values on the solubility of the following

substances at high temperatures are obtained from the references indicated:

NaCl in steam[zzj,SiO2 in water[23], CaC03[24], and C02[25]
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Density - Pl B

The varjation in density of NaCl §o1ution aé a function-of temperature
is useful in calculating pumping requirements for hot brines. For example,
a decrease in density may be reflected by a need for increased pump require-
ments because the volume of'hot brine will be incréased;‘ Densjt& Va]ues
are also needed to ca1cu1afe thevpressure débéndence bf;énthaipy; heat \ | ] #
capacity and activity coefficients ét‘hfgh femperatures, and to ta]cu]ate ‘ j

molal volumes. In the latter case, density data of the highest possible

accuracy are desired, e.g., < 10 parts per million.

The published data on density of aqueous NaCl solutions is extensive;
we used over 1,300 selected experimental values for temperatures up to

770° C and pressures to 270MPa in developing the following correlation:

“d = A+ Bx+CxP+ DX | | (4)
, p |
X = ¢y s LU czgaZT + c3ea3 (5)
‘ d = density, g/cm3; T= 0C; P = bar
10<T<350°¢C |

0.25<m<5 molal
vs<P<50 megapascal (500 bar)
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where
Cy = -9.9595 Cy = 7.0845 g = 3.9093
ay = -0.004539 a, = -0.0001638 ay = 0.00002551
(a] = -0.00500 for vapor saturated values)
A = -3.033405

B = 10.128163
C = -8.750567
2.663107

(e
1]

The experimental data are reproduced to a maximum deviation of +
2% over the entire range of concentration, 0° ¢ to 350° C, and pressures
up to 50 MPa. Values calculated from Eq. (4) and Eq. (5) are given in
Tables 7 and 8. Rogers, Bradley and Pitzer recently published very
accurate data for .05 - 4.4 m NaCl solutions from 75% - 200° ¢ at a
constant pressure of 20.27 bar[26]. The estimated uncertainty of their
measurements was + 2 X 1074 g/cm3 at 100° C, increased to + 5 x 107
g/cm3 at 200° C. The data exténded the highly accurate results published
earlier by E]lis[1] for Tower concentrations. Our density data in Table
8 calculated with Eq. (4) reproduce the data of E11is[]] and Rogers, Bradley
and Pitzer[26] to an average % difference of better than + 1%. Form = 0,
the density of water to 200° C is reproduced to + 1% by Eq. (4) and Eq. (5).
Fig. 4 shows the variation in density according to these equations at 500

bars (50 MPa), for 25 - 350° C and 1 - 5 m NaC1 solutions. Appendix I gives

density values at 5°C intervals for pressures up to 1000 bars.
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Al

Vapor Pressure

) ¥
v . *

P

Vapor pressure data for NaCl solutions cover the tempefafure,rqnge

25° - 700° C and concentrations from 0 to saturation. The experimental.

results published by Liu and Lindsay for 750_— 300° C have been Qide]y
[7] ' -

used

/
Correlation equations which reproduce vapor pressure data were

developed by Haas[6]. Haas gives a fab]e of data covering the temp-

erature range 80° - 325° ¢ and concentrations from 0 to saturation;
the standard error is 0.32% of the observed pressure (Table 9). The
vapor pressure decreases with increasing NaCl concentration, and increases

markedly at any particular concentration as the temperature increases.

The vapor pressure of NaCl solutions from 80° - 325° ¢ may be

calculated using the following corre]ation[G]:

In peeot 2P [10@ ~1.0] 4,106 (bars) (6)
z oz ' : )
where
w=2>—¢;
y=647.27—T,
2=T,+0.01
e,=12.50849
e,= —4.616918 X 103
€,=38.193455x10*

" e;=1.1965%10-1
e,=—1.013187x10-2
es=—5,7148x10*

e =2.9370Xx10° ‘
a,=5.93582x10~°
a;=-5.19386x10-°

- -1 |
InTy=(a+bT ) InT — - a,~1.23156 X 10>
s a=1.0+a,x+a2x2+a;,a:" b1=115420><10"°
b=0.0+b,2+b,x?+ b,x? b,=1.41254x10-7
' + b42?‘+ bg,275 ‘ b3= ""1.92476)(10_8

by=—-1.70717x10-*
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Tabulated values for the vapor pressure of 0.1 - 3.5m KC1 solutions
from 20 - 150° C are given by Fabuss and Korosi[z]; a correlation equation
for calculating the vapor pressure of CaC]2 solutions is also given in the

paper by Fabuss and Korosi on page 6—15[2].

SUMMARY AND CONCLUSIONS

In Summary, the content. of a databook main]y for industrial use
and engineering applications has been described. While the current data
are satisfactory in many respects, an jdeal databook requires extensive
experimental data at high temperatures and pressures. These data would
be correlated by theoretical equations, rather than empirically based
interpolating equations. These measurements and theory would be combined
so that the properties of mixtures of solids and gases in water could be
calculated for any temperature. In this way, the geothermal properties
of a hot brine are more closely approximated, thereby lending greater
credibility to predictiohs of some of the factors important to the lifetime
of a power plant such as maintenance of steam pressure, tendency toward scaling,

pumping requirements, brine treatment methodology and brine injection,

Page 17




—
.

g

10.

11.

LBL-12810 ;

'/ REFERENCES -

El1is, A. J. J Chem Soc. A, p. 1579 (1966).
Fabuss, B. M Korosi, A., Properties of Sea Water and So1ut1ons

Containing Sodium Chloride, Potass1um Chloride, Sodium Sulfate and
Magnesium Sulfate, Research and Development Progress Report No. 384,
U. S. Department of Interior, Office of Saline Water, Monsanto
Research Corp., Everett, MA (1968) .

Matthews, C. S. and Rosse11 D. G., eds., Pressure Buildup and

Flow Tests in Wells, Monograph Vo1ume I, H. L. Doherty Series,
Society of Petroleum Engineers, Dallas, TX (1967)

~Haas, J. L., Am. J. Sci., 269, 489 (1970)."

Washburn, E W., ed. Internat1ona1 Critical Tables, Vo1ume v,
McGraw-Hi1l, New York NY (1929).

Haas, J. L., Physical Properties of the Coexisting Phases and
Thermochemica] Properties of the H,0 Component in Boiling NaCl
Solutions, U. S. Geological Survey Bulletins 1421-A, 1421-B,
Reston, VA (1976).

Pitzer, K. S., Bradley, D. J., Rogers, P. S. Z., Peiper,

J. C., LBL-8973, Lawrence Berkeley Laboratory, Berkeley, CA

(1979).
Kestin, J., Khalifa, H. E., Correia, R. J., J. Phys. Chem. Ref.

Data, 10, 57-88 (1981).

Phillips, S. L., Ozbek, H., Igbene, A., - Litton, G., LBL-11586,
%awre?ce Berke]ey Laboratory, Berke]ey, CA (1980); 1Ibid., LBL-12265
1981

Newman, S. A., ed., Thermodynamics of Aqueous Systems with Industrial
App11cat1ons, ACS Sympos1um Series 133 American Chemical Society,
Washington, D.C. (1980).

Pepinov, R. I., Yusufova, V. D., Lobkova, N.V ., Russ.J. Phys.
Chem., 53, 172 (1979) Semenyuk E. N., Zarembo, V. I., Fedorov,
M. K., Zh. Prikl. Khim. (Len1ngrad) 50 315 (1977)

Watson, J.T.R., Basu, R. S., Sengers, J. V., J. Phys Chem. Ref.
Data, 9, 1255 (1980) : . ‘
Lindsay, W. L., Private Communications (1981).

Ozbek, H., Phi]11ps, S. L., J. Chem. Eng. Data,25, 263 (1980)
Yusufova, V. D., Pepinov, R I., Nikolaev, V. A., Guseinov, G. M.,
Inzh.-Fiz. Zh., 29, 600 (1975). ‘
Jamieson, D. T., Tudhope, J. S., Desalination, 8, 393 (1970).
Jamieson, D. T., J. Chem. Eng. Data, 24, 244 (1979).

Ucok, H., Ershaghl I., Olhoeft, G. R., J. Pet. Technol.,32, 717 (1980).

Rog?rs, P S. Z., LBL- 12356 Lawrence Berke]ey Laboratory, Berkeley,
CA (1981).
Potter, R. W., Babcock, R. S., Brown, D. L., J. Res. U. S. Geol.

Survey, 5, 389 (1977).

Potter, R. W., Clynne, M. A., J. Res. U. S. Geol. Survey, 6, 701
(1978); ibid., J. Chem. Eng. Data ‘24, 338.(1979).

Clark, S. P. "So]ub111ty", in Handbook of Physical Constants, The
Geological Soc1ety of America, Memoir 97, New York, NY, p. 419 (1966).

Page 18-




23.

24.
25.

26.

217,
28.
29.

LBL-12810

Fournier, R. 0., Rowe, J. J., Am. Mineral., 47, 897 (1962);

Ibid., 62 1052 (1977); Marshall, W. L., Geochim. Cosmochim. Acta,

44, 907 (1980).

Ellis, A. J., Am. J. Sci., 261, 259 (1963).

Ellis, A. J., Golding, R. M., Am. J. Sci., 261, 47 (1963); Schulze,
G., Prausnitz, J. M., LBL-12483, Lawrence Berkeley Laboratory,
Berkeley, CA (1981); Schubert, G., Straus, J. M., Am. J. Sci.,

281, 318 (1981) Namiot, A. Yu., Russ. J. Phys. Chem., 53, 1740 (1979),
Rogers, P. S. Z., Bradley, D. J., Pitzer, K. S., LBL-12407,

Lawrence Berkeley Laboratory, Berkeley, CA (1981).

Vand, V., J. Phys. Chem. , 52, 277 (1948); ibid., p. 300, p. 314.
Helgeson, H. C., Am. J. Sci. 267, 729 (1969).

Truesdell, A. H., Jones, B. F., J. Res. U.S. Geol. Surv. 2, 233 (1974).

UNITS CONVERSION

Percent weight =(100) (m)(M)/(1000+(n) (M)

Molality =(1000)(Percent weight)/(M)(100-Percent weight)

where:

mn = nolality

M = molecular weight:
CaeCl2 = 110.99

KC1 = 74,56

NaCl = 58,44

ft x 3.048 E-01 = m

ft-1bf x 1.355 818 E+00 = Joule

degree F(F°-32)/1.8 = °C

in x 2.54 E+00 = cm

psi x 6.894 757 E-03 = MPa 2
1 bar = 0,1MPa = 0.986 923 atm = 750.062 mm Hg = 14,5083 1b/in
1 mm H93= 1.333 2§ E-03 bar 3

1 g/ cm™ = 1 kg/m” E-03 = 62.427 961 1b/ft
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Tables 1T - 6 refef{to:sodium chloride aqueous»sofutionsL,

: EeY
S

Table I.Uiscosity,cp;at‘ndlal concenfrafion'shoun
DegC 0. .5 SRR - 3 4

25 0.8904 0.9336 10,9810 11,0907 1.2215 1.3753
30 0.5471 0.5762 0.6072 0.6766 0.7581 0.8531
75 0.3778 0.3996 0.4223 0.4717 0.5287 0.5947
100 0.2818 0.2994 0.3172 0.3552 0.3983 0.4477

150 0.1824 0.1957 0.2085  0.2347 0.2633 '0,2957

200 0.1346 +0.,1455, 0,1558 '0,1760 0.1977° 0.2218
250 0.1065 0.1161 0,1249 .0.1418 0.1593 0.1787 o

300 0.08648 0.0951 0.1028 0.1172 0.1318 0.1476
350 0.06697 0.0743 0.0807 10,0923 0.1039 0.1163

Table 2.Thermal conductivity,W/(m-C),at molal concentration shown

De:gC 0 1 2 3 4
20 0.603 0.596 0,590 0.585 0.580
50 643,636,630 L 625 . 621
70 662 . 655 649 644 L 640
100 .681 ,674  .6b68 L 662 . 658
150 .687  .679 673 L 667 663
200 665 656 649 643 . 638
250 .616 607 599 592 586
300 .S541  ,531 522 515 508
330,482 .472  .463 455 . 449

Table 3.Resistivi{y,ohn—meter, at molal concentration shown

DegC .5292 1.9012 4.2777

23 0.1980 6.0710 10,0396
50 0.1280 0.0568 0.0250
75 0.0894 0.0409 10.0188
100 0.0688 0.0313 0.0150

150 0.0485 0.0215 0.0106
200 0.0394 6.0170 0.0084
250 0.0352 0.0148 0.0073
300 0.0344 0.0140 0.0069
350 0.0368 0.0145 0.0072
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Table 4.En?ha1p9,J/g,at molal concentration shown

2006

97 .12
195.72
294,55
393.71

©%94.0
799.2
1012.2
1234.5

2006

3,9348
3.9469
3.9350
3.9676

4,032
4,155
4,363
4,699

weight,
CaCl2
45.15
95.99
57.80
99.94

65.98

DegC 0 4708
25 104,89 100,74
S0 209,33 201,84
75 313,93 303.16
100 419,04 404,88
150 632,20 610,7
200 852,45 822.2
250 1085.,4 1043.2
300 1344.,0 1279.4
Table S.Heat capacity,J/g-C, at
De:gC 0 4708
235 4,0382
S50 4, 0464
75 4,0564
100 4,0733
150 4,150
200 4,292
250 4,553
300 5.073
Table 6.S0lubility, %
DegC NaCl KC1
25 26.464 26,09
30 26,843 29.44
75 27,354 32.77
100 27 .998 36.11
150 29.683 40.36
200 31,898 44,79
250 34,643 49 .38
300 37.918 54.09
350 41,723 58.94
(1)mg/ka

(2)P=1034 bars

1.9012  3.0197 4,2777

88 .29 78.59 68,39
181.88 167.80 153.81
275.65 257.07 2392.11
369.55 346.28 324.17

938.6 923.3 494.4
751.3 707.3 667.0
949 .1 g892.2 840.9
1146.9 1070.8 1003.6

molal concentration shown
1.9012 3.0197 44,2777

3.7322 3.5617 3.4188
3.7484 3.,5766 3,4291
3.7515 3.5738 3,4197
3.7360 3.5718 3.4121

3.802 3,606 3.439
3.895 3.681 3.503
4,026 3.763 3.5350
4,131 3.792 3.608

at temperature shown

8i02¢1)

117.4
181.9
263.0
363.1

616.6

93.31
1349
2570(2)

3311(2)
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Table 7. Denslty oF NaCl 501Uf1°n5:9/C“A3 , ’AA,‘

o

Molal Concentrat1on of" NaCl »
2 3 4

T,C P/MPA  FO 5 1
25 ,1-1 0.9968 1.0420 1.0692 1,0966- 1.1261
10 1.0013 1.0323 1.0450 1.0697 1.0946  1.1210
20 1.0056 1.0380 1.0506 1.0752 1.1003  1,1274
30 1.0098 1.0437 1.0561 1.0807 1.1062 1.1339
50 1.0179 1.0548 1.0671 1.0920 1.1183  1.1476
50 .1-1  0.9879 - 1.0255 1.0534 1.0804  1.,1083
10 0.9921 ~ 1.0154 -1.0287 1.0539 °1.0784 1.1036
20 0.9963 "1.0214 1.0345 ~1.,0594 1,083%9 1.1093
30 1.0003 1.0273 1.0401 1.0649 1.0896 1.1156
50 1.0079 1. 0388 1.0513 1,079 1.1011 11,1282
75 ,1-1  0,9747 1.0082 1.0375 1.0646 1.0917
10 0.9790 0.9973 1.0116 1.0379 1.0627 1.0872
20 0.9833 1.0038 1.0177 1.0436 1.0681  1.0928
30 0.9873 1.0101 1.0237 1.0491 1,0736 1.0986
50 0.9948 1.0223 1.0353 1.0602 1.,0848 1.1104
100 .1-1  0,9583 0.9897 1.0209 1.048% 1.,0738
10 0.9628 0.9779 0.9933 1.0214 1.0469 1.0714
20 0.9672 0.9849 0.9999 1.,0273 1.0525  1,0769
30 0.9714 0.9917 1.0063 1.0331 1.0580 1,0824
50 . 0.9792 1.0048 1.0186 1.0445 1.0690  1.0937
150 .1-1 0.9146 0.9476 0.9847 1.0163  1.0446
10 0.9220 0.9332 0.9519 0.9853 1.0141  1,0401
20 0.9272 0.9417 0.9598 0.9920 1.0202  1.,0457
50 . 0.9322 0.9499 0.9&75 0.9987 1,0261  1.0512
50 0.9415 0.9657 0.9820 1.0114  1,03735  1.0623
200 : | ; '
10 0.8708 0.8787 0.9019 0.9426  0.9771  1.0068
20 0.8774 0.8892 0.9116 0.9508 0.9841  1.0129
30 0.8839 0.8994 0.9209 0.9587 0.990% 1.0191
50 0.8961 . 0.9187 0.9387 0.9738 1.0041 11,0309
250 , * :
10 0.8105 0.8117 0.8404 0,8908 0,9330 0.9687
20 0.8192 0.8247 0.8524 0,9009 0.9416 0.9761
30 0.8277" 0.8374 0.8639 0.9106 0.9498  0.9831
50 0.B443 0.8613 0.8859 0.9291 0,9655  0.9967
300 A
10 0.7441 0.7299 0.7652 0.8273  0.8795  0.,9233
20 0.7551 0.7459 0.7799 - 0.8397  0.8900 0,9322
30 0.7660 0.7614 0.7942 0.8518  0.9001  0,9408
50 0.7880 0.7909 0.8213 0.8746 0.9194  0.9571
350 . , :
2 0.46880 0.5503 0.6917  0,7650  0.8269  0.8789
30 0.7015 0.6692 0.7091 0.7798  0,83%4  0.8895
50 D.7292 0.7051 0.7423 0,8079 0.8631  0,9095

*Calculated from spec1f1c volume data in reference 12.
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Table 8. Density of NaCl solutions, g/cm*3, at molal concentrations sh

own
Al=-, 005299 ,P= Z2HPa

TEMP HOLAL CONCENTRATION
DEG C 0 1 2 3 4 .9

-5
~
X
o

padi 2.0 1,01178 1,01496 1.01810 1.02120 1.02427 1.02730
50 2.0 99367 ,99709 1.00046 1.00378 1,00705 1.01028
75 2.0 L\ 97410 .97783 . 98149 98510 . 98864 992173
100 2.0 V95270 . 95681 96084 96479 96868 97249
125 2,0 , 2912 93368 . 93814 94252 94681 95102
150 2.0 90304 90810 . 91306 91793 V92269 92736
175 2,0 , 87410 87975 . 88528 L BR069 . 89599 LP0119
200 2.0 84201 . 84829 85445 86048 \B6L3Y . 87217
Table 9,

Vapor pressure, bar, at molal concentration shown*

DegC 0 5 1 2 3 4
25

50

75

100 1.013 0.996 0.979 0,943 0.906 0.867
150 4.760 4,679 4.%97 4,430 4.257 4,080

200 15,551 15,287 15.019 14,469 13.907 13,341
250 39.776 39,098 38,405 36,982 35.335 34.107
300 85.917 84,426 82,896 79.753 76.581 73.495
329 120,571 118,444 116,259 111,771 107.258 102.901

*Sodium chloride solutions.
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Fig. i. Comparative viscosities of water and 1 m concentrations

of NaC1, KC1 and CaCI2 solutions.
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CaCOs, millimoles /1000g HyO

bars
A. HZO, P002 ]
- B. HX0, Pc02 12

i £\ C. Hy0, Pep, 62
i 'D. 0.2m NaCl 12

- E 0.5m NaCl 12
- D F. 1.0m NaCl 12

A N T AN D ) L

S0 I00 150 200 250 300 350
Temperature, T

XBL 816-10037

Fig. 2. Solubility of CaCb. in water and in NaCl
solutions at indicgted pressures.,
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 Ostwald Coefficient
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0.1

¥
H

— \ Om
N ~molal NaCl
as shown
n N R
| T R A N NN T BN R |
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Fig. 3. Solubility of CO., in NaCl solutions, given as
2 Dstwald coefficifnt:

g/cm3 C02(11'q.)/g/cm3 co, (vapor)
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Density, g/cm?

- P=500 bars
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Temperature °C

Fig. 4. Density of NaCl solutians calculated XBL 806-9877

from Eq(4) and Eq(5).
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Appendix I, Density,Enthalpy and Heat Ca‘paci’fy of NaCl solutions
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85
60
65
70
75

80
|85
20
PS5
100

105
110
115
120

125

130
135
140
145
150

155
140
165
170
175

180
1.}»‘
120
195
200

1
1
1

1.
1.

1

1.
1.

1

1.

1

1.
1.

1
1

1.
1.

. 054845
. 051659
. 048463
0435255
042030

. 038786
035521
032230
. 028911
0255462

L 022178
018758
015298
L011795
003246

004449
001000
LIRT297
. Y9327
. I89717

. 9853834

. PB13R4
. V77369
. P73781
» P69620

. 965381
961063
. 56663
L2179
V47606

.P18134
12927
. PO7559
. POZ020
. 8746433

1.

Sodium Chlorjde Solutions

DenSIty,g/cm
Saturation Vapor Pressure
"~ April 1980
Page 1
CONCENTRATION> m NACL
2 3 4 S
1.081957 1.110171 1.141357 1.177325%
1.078751 1.1046720 1.137440 1.172725
1.075561 1.103313 1.133593 1.168221
Q72385 1.099945 1.129813 1.163311
1.069219 1.096614 1.126096 1.1594%1%
1, 064061 1.093317 1.122440 : 1.155287
1.062907 1.090051 1.118840 1.15110¢6
1.059754 1.086811 1,1185223 1. 14703
1. 056599 1.083597 1.111798% 1.143042
1.053440 1. 080403 1.108349 1.139121
1.050272 1.077227 1.10474% 1.13527
1,047093 1.074067 1.101582 1. 1314gv
1,043901 1.070918 1.098257 1.127770
1.0404691 -1.0467778 1.094%66 1.124111%
1.037462 1.064444 1.091707 1.120811
1.034209 1.061513 1.083477 1.1146%44
1. 0309231 1.058332 1.085273 1.113449
1.027624 1.055247 1. 082070 1.110022
1. 024286 1.Q052107 1.078928 1.106621
1.020913 1.048957 1.075732 1.103261
1 017802 1.045795 1.07264%2 1.099940
L 014051 1.042619 1.069526 1. 096655
1.010557 1.039424 1.066411 1, 07324032
1,007017 1, 0326209 1.063301 1.090131
1.003429 1.032770 1.0460192 1, 084986
. PPIY738 1.029704 1.087032 !
99609Q 1.026410 1.083267 1. OoOLé
92341 1.023083 1.05084% 1.077530
.?b%;Z# 1.019720 1.047713 1.074412
. 784454 1.016320 1.044548 1,071304
. 980714 1,012820 1.041408 1.06820%
. 976706 1. 009395 1.03822 1,065118
. RT724627 1, 005845 1.035027 1. 0620320
. 968474 1. 0022864 1.031802 1,058943
. 9464245 . FPB654 1.028549 1. 088283
. 959936 . IVE4ILD 1.028267 1,052752
. PDEE4T .991226 1.021952 1. 049655
. 951073 . 987423 1.018401 1. 0446540
. P46512 . PR2TEE 1.015212 1.04341~r
. 941862 - P79627 1.011782 1.040267

-
s3]
w2
[1+]
nNO
O



1 ‘ ‘ ; '
E‘3 o Ty : " + Sodium Chloride Solutions

N < . ey Density.
—— = ~ Saturation Vapor Pressure
3 ’ April 1980
@ty Page 2

TEMP. CONCENTRATION, m NACL ‘

DEG.C _1 : _ .2' , 3 ‘ 4 _ 5
205, . 890779 ) « 237119 C 975629 1.008309 1.037103
210 ' . 884952 . 9322382 . 971560 - -, 1.004789 . 1.033%216
215 . 872002 . 927343 . 267417 1.001220 1.030705
220 . 872931 . 922313 . 263199 L 99T7SIN 1.027466
225 . 866732 = 917177 . 958903 . 993924 1.024196
230 . 860405 « 911935 . 954525 990191 1,020894
235 . 8353947 . 206586 . 250064 . P399 1.01755%
240 . 847354 . 9201127 . 945516 . 982545 ©1,014178
245 . 840426 . 895556 . 940880 . 972625 1.010760
250 . 833760 . 839370 . 936153 . 274638 1.00729&
255 . 8246752 . 884066 s PI1331 i . 970521 1.00378%
260 . 8194601 . 878143 T .926414 . 266450 T 1,000232
265 . 212304 . 872097 . 921397 . 262245  IRLL22
270 . 804860 . 8365926 L R16279 . FD7962 . P9295S
275 « 797265 . 859429 .911058 . 953592 . PR39232
280 . 787317 . 853202 .905730’ . 947151 . P85457
235 . 731614 . 8446642 . 200293 . 944619 L9R14615
20 « 773553 . ]39949 . 894746 . 939999 277708
295 « 765333 «833119 . 3839084 . 935289 . R73724
200 b 796951 . 826150 . 8823307 . 93048¢ . PEI60
305 - 743405 . 819039 877411 s « 925587 . PLE5T72
210 . 732671 .81178%5 + 871395 « 220591 . 261332
315 . 730310 . 804384 . 865255 . 215494 . 957114
20 s 721757 . 796836 ., 858990 S L.910294 . 952766
325 . 712530 . 782137 . 352597 . 204990 . 243336
330 . 703128 .781284 . 2446074 . 8995783 . 943221
225 . 693547 : « 773277 . 839418 . 894057 « 939219
340 . 63373 . 765112 . 832627 . 388423 . 234522
345 . 672343 . 756732 . 8254697 . 882674 . P29745
350 663722 . 743301 . 818632 . 876809 . 24847

Note: alpha one is set equal to -0.00500 for this table.
Reference: 0Ozbek,H., Phillips,S.L.,Fair,J.A., 1978. To be published.
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T ' _ Sodium Ch]or%de Solutions

Density,g/cm
Saturation Vapor Pressure
April 1980
Page 1
CONCENTRATION, m NACL
TEMP.
DEG.C 1 2 3 4 5
5 1.05484S% 1,081957 1.110171 1.141357 1.177325
10 1. 051659 1.078751 1.1046720 1.137440 1.172725
15 1.048463 1.075561 1.103313 1, 133593 1.163221
- 20 1.045255 1.072385 1.099945 1.129813 1.163311
25 1.042030 1.069219 1,096614 1.126096 1.1594%1
30 1.03878¢& 1.0646061 1.093317 1.122440 1. 155257
3S 1.035521 1.062907 1.,090051 1.118340 1.15110¢6
40 1.032230 1.059754 1.086811 1.115293 1.14703&
45 1.028711 1.056599 1. 083597 1,111798 1.14304%
50 1.025562 1.053440 1.080403 1.10833%9 1.13%9121
55 1.022178 1.050272 1.077227 1.10494% 1.13527
&O 1.018753 1.047093 1.074067 1.101582 1. 131457
&S 1.015298 1.043%01 1.070918 1,098257 1.127770
70 1.011795 1.0404%91 -1.0467778 1.094966 1.124111
75 1.00824¢46 1.,0374462 1.0464444 1.091707 1.120511
80 1.004464% 1.034209 1.0616132 1.088477 1.1146%44
85 1.001000 1.0230931 1.058382 1.085273 1, 1132469
Q0 . PIPT297 1.0274624 1.055247 1. 0820390 1.110022
95 . PI25R7 1.024286 1.052107 1.078928 1.106621
100 . 989717 1.020913 1.048957 1.075732 1.103261
105 . 985834 1.017502 1.045795 1.07264% 1. 0“7940
110 . 981386 1.014051 1.04261% 1, 069526 -
115 . Y77386% 1.010557 1.039424 1.066411 1. 093402
120 . 973781 1.007017 1. QR&Z0P 1.063301 1.090181
25 . PER620 1.00342% 1.0Q32%70 1.060192 1. 036286
130 . 965381 . PPP73R 1.029704 1.085708z2 1.,083314
135 961062 L PRE093 1.026410 1,08372&67 1, 020463
140 . 956643 . 9P2341 1.023032 1.050845 1.077530
145 PS2179 . 8352V 1.019720Q 1.0477132 1.074412
150 v47606 . 784454 1.0146320 1.044568 1,071304
155 . 942944 . 980714 1.012830 1.041408 1.04682079
140 . 938138 . 9767086 1. 009395 1.0328228 1,0A51183
165 . P33EIRE . RT2627 1.005848 1.035027 1. Q62030
170 . P2338% . 968474 1.002284 1.0321802 1,058943
175 B pescic ey . 9L4245 . 993654 1.028549 1. 055253
120 . 918184 . 959936 . FVRIED 1.0252467 1,052752
185 .P12927 . 285547 L 99122 1,021952 1.042655
170 . PO7559 951073 . 98742= 1.01&401 1. 044540
195 . 202020 . P46512 . 983552 1.015212 1.043412
200 . B76432 . PA41R62 W P7I6ET 1.011732 1.040267




uﬁ;! PR T . ° - sodium Chloride Solutions
\ IR st il Lo Density ,

b B «-.Saturation Vapor Pressure

e April 1980
‘Page 2
' . ' . . ¢
TEMP. ‘ CONCENTRATION, m NACL
DEG.C 1 . 2 3 4 - : 5
205 . 890779 1 L937119 : 975629 L1, 008309 1.037103
210 . 884952 932282 . 971560 1.004789 1.033916
215 . 879003 . 92734% T .9467417 " 1,001220 1.030705
220 . 872931 . . 922313 . 963199 . 997599 1.027466
225 . 866732 917177 . 938903 . 993V24 1.024196
2320 . 8460405 ,911935 . 954525 L PP0191 1.020294
235 . 853947 . P04586 . 950064 . PRE3FF 1.017555
240 . 847354 . 901127 . 945516 . 982545 1.014178
245 . 840424 . 895556 . 240880 . YTRE2S 1.0107460
250 . 833760 . 8839870 . 9346153 . 974638 1.007298
255 . 824752 . 884066 . 931331 . 970521 1.002378%
260 . B19601- .878143 . 926414 B . L6450 1. 0002322
265 . 812304 . 872097 . 921397 . FL2245 . IR6622 h
270 . 80438460 . B6592¢ T W R16279 . PE7962 PV29ER
275 s 7R724LS . 859429 .911058 . 953598 . FRY238
230 . 789517 . 853202 . PO5730 . 47151 . 85457 ;
285 781614 .BALL42 . 700293 . 944619 . 921615 :
290 . 773553 . 829949 . 894744 ., P3VIVY . 977708 ; g
275 . 7653332 833119 . 339084 . P35289 . 973724 e i
200 . 756951 . 826150 . 883307 . FR04B4 . EI690 e i
305 . 748405 . 219039 .877411 . 25537 . PEE573 )
210 . 739691 . 811785 . 871395 . 220591 L 96132
315 . 730810 . 804384 . 865255 . 915474 . 957114
320 . 721757 . 796836 . 858990 . 910294 , PS2766
325 . 712530 . 789137 . 852597 » P04¥90 . 7483336
330 .703128 .781284 . 246074 . 899578 L P4RE21
225 . 693549 773277 ., 839418 . 894057 L PIV21Y
340 L 633739 . 765112 . 8324627 . 382423 . PR4528
345 . 672342 . 756738 . 825697 . 882674 . P29745
350 .563722 . 743301 . 818632 . 876809 , . F24847
Note: alpha one is set equal to -0.00500 for this table.
Reference: 0Ozbek,H., Phillips,S.L.,Fair,J.A., 1978. To be published. .

\

Page 30



Sodium Chlorige Solutions
Density,gm/cm

Pressures, 100 - 1000 bars
April 1980

Page 1

P=100 bar

CONCENTRATION. m NACL

5 1.03%9087 1.045399 1.057814 '1,082451 1.,108027 1.135945 1.167571
10 1.035811 1.0421467 1.0545637 1.079242 1,1045601 1,132120 1.163167
15 1.032509 1.038917 1.051453 1.076050 1.101217 1.128361 1,1533852
20 1.029130 1.035644 1.048259 1.072873 1.097871 1.12446%4 1,154623
25  1.02581% 1.032347 1.045051 1.069706 1.094560 1,121025 1.150478

£

307 1,022424 1.,029021 1.041828 1.066547 1.091280 1.117443 1.1446412
35 1.013993 1.0256464 1.038586 1.063393 1,083030 1.113913 1.142423
40 1.0135521 1.022273 1.035321 1.060241 1.084204 1.110432 1.,138507
45 7 1.012007 1.018846 1.032032 1.057087 1.081601 1,106998 1.1344661
S0 1.008447 1.015378 1.028714 1.053%29 1.,078418 1.103606 1.130332

55 1.004837 1.0118467 1,025265 1.050763 1.075250 1.100255 1.127164&
&0 1.001177  1.008311 .021982 1.047386 1.072096 1.096940 1.123511
65 . PR74461  1,.004706 L013562 1.044397 1,068951  1.09365%  1.119914
70 . 9973688 1.00104%9 L015102 1.041190 1,065214 1.Q090408 1.1146370
75 . P8IRES et L011599 1.0379465  1,0624680 1.087185 1.112877

el

80 . FTEIDY L9256 1.008051 1,.034716& 1.059543  1.0839846  1.109432
85 . PRI9I6 LIEP740 1,004453  1.031443 1.056413 1,080808 1,10603Z7
R0 L 97765 L PRER48  1.000805  1,028141 1.053274 1.077649 1.102673
4] . F73R62 . 981890 L997102  1.024808 1,05012&6 1.074505 1.099353
100 . P6V624 . PT7363 L. 993342  1.021441 1,04469468 1,071373 1.0960468

105 . 965430 . P737465 . F89521  1.018037 1.043795 1,068250 1.092814
110 . 961095 . PEIDY3 . 985638  1.014593 1.040606 1.065134 1.089593
115 . PT6LT77 « 965343 .981690 1.011106 1.037397 1,062021  1.034397
120 . 752174 .P461014 977673 1.007574 1,.034164&6  1.0G8908 1.083223
125 . Y47583 . F56602 . 273585 1.003993 1.03090% 1.055793 1.080071

130 . 742901 . 952105 LPEP422 1.000362  1.0274623  1.052672 1.07&6935
35 . 933125 « F4T7520 . 965184 996676 1.024306  1,.0495432 1.073514
140 . 933252 . 942844 . 960864 L992934  1.0209546  1.046402 1.070704
14S . P28281 . 938075 » 06445 .989132 1.0175468 1.043247 1.067602
150 . Y2R208 . PIRZOV » 951980 L 985268 1.014141 1.04007%  1.064507

ot

160 . 912747 . 923180 . P42745 977341  1.,007156 1.032669 1,058321
165 . F07353 .718011 . 937989 973274  1.003593  1,030429 1,005225
170 . 701847 LP12738 . 933138 969133 LPOIVTY 1.027160  1.052123
17& . 896226 . 907350 . 928189 . 964917 L9611 1,023860  1.04901%

155 . 918031 923245 7 947408 LPRIIIB 1.010671 1,.036883  1.061414

180 . 870488 . 201853 . 923140 . P60622 L PP2538  1,020526 1,045889
185 . 8344630 . 896242 . 917987 . 956246 ., 988805 1.0171S56  1,042752
190 . 878650 . 890514 . 912728 . 981736 924960 1.013746  1,039597
195 . 872545 . 824464 . 207360 . 947240 L. 981052 1.010293  1,036423
200 . B&A212 . 878696 . 201882 . 942604 LP77076  1,006796 1. 0332246
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\

Sodium Ch]orige Solutions
Density, g/cm™

Soae i pressures, 100 - 1000
' T 7T april 1980

' o 5, Page 2

P=100 bars \ ‘

.
¢ i
Molal‘ NaCl
.25 .5 1 2 3 4 5

205 . 859950 . 872602 . 896290 . 937877 L973030 1.003251 1.030002
210 . 853454 . 866381 . 890581 « 933056 . 968912 999656 1.026751
215 .846824 . 860030 . 884755 . 928138 . 964720 96007 1.,023468
220 . 840057 . 853548 .878807. .923120 . 960449 «P92203  1.0201852
225 .833149 . 844931 . 872735 « 918001 - 956098 988540 1.014799

230 L826100 . 840177 . B&LES3T7 «912777 « 7516465 984717 1.013407
235 . 818905 . 833283 . 840211 . 907444 . 247146 . 980827 1.009973
240 . 8115683 . 826248 - 853754 . 902005 . 942540 976876 1.006494
245 . 804072 . 819048 . R47162 . BPL453 . 937842 . 972852 1.002968
250 » 796429 .3811742 . 840436 » 890786 » 933052 . 968757 . IVIIV2

255 . 7884631 . 208267 » 833571 . 885002 . 28166 . 964591 . IYET743
260 . 780677 . 796641 . B26565 . 879099 . 923182 . 960246 . 992079
265 . 772564 . 788361 .819416 . 873073 . 918098 . 956022 . Y8338
270 . 764237 . 780924 .812122 - B66924 -P12911 . 951616 . 984536
275 . 755251 . 772830 . 804679 . 860647 . 907618 . 947126 . Y80671

280 . 747246 . 764574 » 797087 . 854242 . 902217 . 942550 » 976740
283 .738474 . 756135 . 789341 847705 - 8946705 . 937884 . 972742
290 . 727530 . 747572 . 731441 . 841034 . 891081 . 933126 . VERET R
293 . 720414 . 738820 . 773384 . 834227 . 385342 . 928274 . 964530
300 . 711123 . 729898 » 765167 . 827281 » 879485 . 923325 L 960312

205 . 701454 . 720805 . 756789 . 820195 » 873507 . P18277 . 956016
310 . 692004 711536 . 748246 . 8129465 . 867408 913128 - ITLARY
315 . 632175 . 702091 . 739537 . 305589 . 861183 . 907874 . P47130
I20 672161 . 692448 » 730659 » 798064 . B54331 . P02515 V42634
325 661960 . 682463 721611 » 790392 . 848350 . B970464 . 938001
3RO L651571 L672674 712389 . 782566 . 841737 . B91466 . 933277
335 . 640991 . 662500 . 702992 . 774585 . 834989 . 885773 . 92Z244L0
3240 . 630219 . 4652139 . 693418 . 76644846 . 828106 . B77963 . 923547
345 . 619251 . 641587 . 6836464 . 758149 . 821083 . 874036 i e
350 . 608087 . 630344 . &73728 « 7494690 L813919 . 867987 - 913427
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25

30
35
40
4%
S0

55
&0
&5
70
75

80
85
Q0
9%
100

105
110
118
120
125

130
136
140
145
150

155
160
165
170
175

180
185
190
196
200

1.044692
1.041455
1.038200
1.034921
1.031617

1.028284
1.024920
1.021520
1.013083
1.014606

1.011085
1.007517
1.003%00
1. 0002321

. IR6504

. 992724
. P8388R0
. 984973
. 931000
976937

. 972841
. P62651
. 964383
« 960035
. 9554603

. 951086
. 946480
.941782
. PR6991
. 32103

LP27115
. 922026
. 916332
. 911531
. 906120

. 00596
- 874958
. 839202
. 883326
. 877327

1.050%940
1.047728
1.044523
1.041291
1. 038039

1.034765
1.031465
1.023136
1.02477S
1.021380

1.017947
1.014473
1.010956
1.0073%3
1.003780

1.000115
. FIE3P4
. 992616
. 938777
. 984875

. 2809046
. 9768682
. 972758
. 968573
964311

. PT9968
. 955543
- 951031
946432
.941741

. R36957
. 932076
. 927096
. 922018
. 9146829

. 911537
. 906135
. 00620
. 894972
. 889246

Sodium Chloride Solutions

Density, g/cm3
Pressures, 100 - 1000

1.1753%2
1.170832
1.16636¢
1.161922
1.157707

bt bt e s
e e e
Wd b
N o N0 G
W
RN R
B0 O

1.115481
1.112008
1.108577
1.105192
1.101848

RN e

D N

e R
" e e s
CoO0OC
RO R e W]
RN e V]

R V]

(4

1.082469
1.079325
1.076198
1.073084
1.069981

1. 0466886
1.04637946
1.0460707
1.057618&

1.054G2%

1.051424
1.048317
1.0451964
1.042060

April 1980
Page 3
P=200 bars
CONCENTRATION, m NACL
1 2 3 4

1.0463289 1,088037 1.114044 1.14270%
1.060121 1.084796 1.110544 1,138769%
1.056952 1.081577 1.107092 1.134200
1.053777 1.078378 1.103683 1,131093
1.050595 1.075195 1.100314 1,127361
1.047403 1.072025 1.0946932 1.1236385
1.044196 1,068%65 1.0934685 1,120067
1.040972 1.065713 1.090418 1.1146504
1.037729 1.062564 1.087179 1.112992
1.034463 1.059416 1.083964 1,109529
1.031171 1.056265 1.080771 1.106111
1.02728350 1.053110 1.077396 1.102735
1.024497 1.049946 1.074437 1.099298
1.021110 1,0446771 1.,071290 1.Q0946097
1.017685 1,043582 1.068152 1,092828
1.014219 1.040376 1.065020 1.089590
1.010710 1.037149 1,061892 1.086377
1.007155 1.033399 1.Q058764 1.083189
1,003550 1.030624 1.,055633 1.080020
L 999394 1.027319 1,0524%96 1.Q746870
L996182 1,023983 1.049350 1.0737233
L9P2412 1.,020612 1.046193 1.Q704609
L.988583 1.017203 1.043022 1.067492
L.9844690 1,013754 1.Q039833 1.064381
LP80731  1.010262 1.0364623 1.061273
9767023 1.006722 1,033390 1.0521465
972604 1.,003126 1.030121 1,055053
. 9684320 . 999497 1,026844 1.05193%
. 964179 . 995804 1.023524 1.043207
. 959842 992083 1,020170 1.045668
. 955434 .9288242 1.0146778 1.042514
. 950926 LPREIEY 1,0133446 1.039343
. 946349 . 9280430 1.009871 1,036150
. 941673 L976423  1.006351  1,03293G
. 936902 . 972346 1,002781 1,029693
. 932037 . 268194 . 999161 1.026423
. 927073 . 963967 . 995436 1.023120
. 922008 . 959660 LF91755  1.019783
. 916839 . 985272 . P87965  1.016409
. 950800 .P84112 1,012995

. 911564

Page 33
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v

Sod1um Ch]or]de So]ut1ons

A C : Lot Density, ‘g/em’,
fea U o v Yoo Pressure<, 100 - 1000 bars
. o ~April 1980
. , ) o : ‘ Page 4
P=200 bars
13
Molal NaCl
.25 .5 1 2 . 3 4 5
205 .871203 . 883381 . 906181 . 946241 . P80195  1.009538 1.0357321
210 . 864952 .877393 . 200686 . 941593 LP76210  1.006036 1.032533
215 . 853570 . 871281 . 895077 . 936853 L 972155  1,0024385 1.02930%
220 . 852056 - 865041 . 2BYIS2 . 932018 . F6R027 . 9¥8884  1.026054
1.022771

225 . 845407 . 8584672 . 8383509 «» 927087 . 963824 . 995230
230 . 838620 .852171 .877544 « 922085 . 959543 . 971519  1.019452
235 . 831673 . 845535 871455 916922 . 955182 . 987749 1.016076
240 . 824424 . 838762 . 865240 . 911683 . 950738 . 983918 1.012700
245 .817410 » 831850 . 858896 L P046338 . 946203 - FROOR23  1,002262
250 . 810043 .B824796 . .852421 » 200833 . 941589 . 976061 1,005779

255 . 802538 . 817598 . 845812 - 895315 . 936820 » 972030 1.00Z224%
260 . 794875 2102852 . 839068 . BR9L3IZ . PR2078 967728 » FIBELET
265 . 787058 . 802758 . 832185 . 333834 . 927180 . P62750 . 95033
270 . 773034 . 795113 . 825161 S877715 . P22184 . 959496 L9134
275 770951 . 7873214 .B817994 .B7187G . 917087 . 9551463 . P87595

220 . 762657 . 779358 . 810682 « 865710 . 911887 . 950747 . 9RI7RT7
285 . 754199 - .771244 . 303221 . 859418 . 206581 . 9446248 LRTIILE
290 . 743575 762970 . 795611 . 852997 . 9011467 . P41661 . 97859783
295 L736783 °  .754532 « 787248 . 846444 L895642 . 936984 LP71972
300 . 727820 . 745930 779930 . 239758 . 820005 . 9R2214 . PLT7895

305 .718684 « 737159 . 771855 . 832935 . 884252 « 927353 » PER745
210 . 709374 . 728219 » 763620 . 825973 . 873381 L P22393 g By
315 . 69938¢& » 719106 . 755224 . 818871 . 872390 .917334 . P55214
320 L 690219 » 709320 746663 L811625 - R66277 . 912174 L PEOSLEY
325 . 680370 . 700356 « 737937 . 804233 . B6OO3Y . 06909 . PALIEL0

230 . &70337 690714 . 729041 P 796694 R53673 .901537 . P41806
335 LL60118 . 630891 719976 .789005 LBA7178 L 89605 . P37163
340 .649710 . 670885 - 710737 . 731163 . 840551 b9046 . PE2430
345 637113 . 660673 . 701323 773166, . 833790 . 884760 927604

350 . 628322 . 650314 LA91731 0 L 7465012 . 826892 - 878939 . P22682

/
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Iy

S5
&0
&S
70
75

80
85
@0
S
100

105
110
115
120
125

130
135
140
145
150

1558
160
165
170
175

180
185
190
195
200

pP=300 bars

CONCENTRATION, m  NACL

‘Sodium Chloride Solutions

Density, g/cm3
Pressures, 100 - 1000 bars

1.050253
1.047048
1.043329
1.040592
1.037335

1.034055
1.030748
1.027412
1.024044
1.0204640

1.017198
1.013714
1.010187
1.006612
1.002987

. 999210
. 998577
. 991785
. 987932
. 984014

. 980030
. 975975
. 971848
. R674646
. F63346

. Z59004
. 954559
. P50028
. 945408
. 24046956

. 935390
. 930934
. 725934
. $20373
. P15648

. 910351
. 904923

. 899383

. 893728
. 887955

.5

1.056456
1.083275
1.050084
1.044885
1.043670

1.040438
1.,037185
1.033909%
1.030607
1.027275

1.023910
1.020810
1.017072
1.0135%3
1.01004%

1.006499
1.002879
. FIV205
. 995477
. 991689

. 987841
. 983928
979949
. 975900
LP71778

. 967581
. 96307
. 958951
. 954513

. 949988 -

. 945375
. 940670
. 935871
. FI0974
. 925921

. 9208324
. 915683
710374
. 204956
. 899426

1 2 3
1.068775 1.093707 1.120217
1.065607 1.090423 1.116635
1.0462443 1,087168 1.113104
1.059279 1.083938 1,109622
1.056113 1,080729 1.,106186
1.052%941 1.07753%9 1.102793
1.049761 1.074365 1.099439
1.046570 1.071202 1,096121
1.043364 1.068049 1.092837
1.040140 1.064902 1.089582
1.0346896 1,.061758 1,086354
1.033628 1.058615 1,083150
1.030334 1,055448 1.079966
1.027010 1,052215 1,076800
1.023652 1.049152 1.073649
1.020262 1,045980 1,070509
1.016832 1.042791 1.067377
1.013361 1.039584 1.064251
1.009346 1.036357 1.061127
1.006284 1.03310&6 1.058003

1.002672 1,029329 1.0548764

L99P008  1,026521  1,051742
.295288 1,023182 1.048598
LPP1510  1.0198307 1.045442
L9874671  1,.016394  1.042272
983769 1.012940 1.,039082
LP79799  1.009442  1.035872
.975761  1.005898  1,032639
«971650 1.002304 1.029378
. 67465 . 9?8658 1.026088
. QL3202 LPP4957  1.022766
. 958859 L 291199 1,.019408
. 954433 LPB7330  1,0146012
. PA9922 . 983498 1.012576
. 945323 L979550  1.009096
. P40632 L. 975538 1,005570
. 935849 971446 1.001995
. 930969 . 967284 . IPRIE?
. 925990 . 9463046 . 994688
. 9209118 . 958728 . 990949

April 1980
Page 5
4 S
1.149702 1,183517
1.145637 1.1787%90
1.141649 1.174164
1.137734 1,1469635
1.133888 1.165201
1.130109 1.160857
1.126394 1,156600
1.122739 1,152428%
1.119140 1.1483346
1.115596 1.144323
1.112102 1.1403332
1.108655 1.,1346515
1.105253 1.132715
1.1018%2  1.128979
1.098569 1.125305
1,095281  1.121490
1.092025 1.118130
1.0828798 1.114622
1.Q855%6 1.111163
1.082417 1.1Q7751

1.079258  1.1043831

1.0746116 1.101051
1.072987 1.097758
1,0469869 1.094499
1.066759 1,091270

1.088070
1.0848%4
1.081740
1.078604
1.075485%

1.063653
1.060550
1.057445
1.0543346
1.051221

1.048094
1.0449538 1, 0469282
1.041305 1,066193
1.038634 1.063108
1.035441 1.0460024

1. 0546939
1.053349
1. 050753
1.047644
1.044526

1.032225
1.028%82
1.025709
1.022404
1.019065




2085
210
215
220
225

230
238
24Q
245
250

235
260
2¢5
270
275

280
235
290
295
300

.25

. 882061
. 876045
. 869904
. 863635
- 857235

. 850703
. 844035
. 837230
- 330285
.823198

. 8159465
. 208534
. 801057
. 793375
. 785540

- 777547
. 769396
. 761034
. 752608

"« 743965

.735155
. 72417S
«717021
. 707693
. 6932183

. 688503

678637

. 6463587
. 6538351
647927

AN

.5
. 893781
.888018
. 882136
.876132
. 870002
&
. B63745
. 857359
. 850840
. 244187
. 837396

. 830466
. 823394
.816178
. 808815
801302

» 793640
. 735823
. 777849
. 769718
761426

. 752971
. 744350
. 735562
. 726605
- 717475

.708171
. 698691
. 689032
L679193
6489170

‘

P=300 bars

Mq]al NaCT 2

. 915727 . 954329
. 910437 . 949845
- 205038 « 945275
. 899528 . 940614
. 893904 . 935842
. 888163 . 931014
. 882303 « 926070
876322 921025 -
. 870217 . 215878
. 863986 910627
. 857626 . 905268
.B851134 899799
. 844509 .894217
. 837748 . 888521
. 830848  .882708
. 823808 .B76775
. 816624 . 870720
- 809295 .B64540
.801818 . 858234
. 794190 . 851798
. 786411 . 845231
. 778476 . 838529
. 770384 . 831692
. 762133 .B24716
. 753720 817598
. 745143 . 810338
. 7364014 . 802932
. 727489 . 795378
. 718408 .7874674
.779818

. 709153

Page 36

» deiﬁm Ch]oride Solutions
[ Density, g/cm

Pressures, 100 - 1000 bars

April 1980
Page 6
’l
3 4

. 987151 1.015687
. 983291 1,012249
979365 1.008808
.975372 1.005301
.971308 1.001746
967171 . 992139
. 962959 . 994478
. 953668 S9P0761
. 954297 . 9846985
. 949342 . 983147
. 945301 . 979245
.980672  .97S275
« 935952 .971237
. 931139 . 967126
. 926229 . P62940
.921221 . 953678
916112 . 954335
. 9210900 .949911
. 205582 . 945401
. 900156 . 940305
. 894619 . 936118
. 88949 . 931340
. 883204 . 926467
. 877321 . 921497
.871317 . 216428
. 865191 .911257
. 858940  .905982
. 8525462 L« FO0L00
. 8446054 . 895109

. B89506

.83%7414

5
1.0413%91
1.038238
1.035063
1.031844
1.02363%

1.025334
1.0z22092

1.018776

1.015417
1.0120182

1.003%77
1.0050%0
1. 001554
L 9P7RES
. PV4329

. PP063R4
. 9346821
. 983066
. PT7IIRE
. 975244

. 971221
. 967147
. 962970
. 958756
954444

. 950051
. 945574
.941011
. P236360
.P31418




0
o

5
100

108
110
115
120

125

130
140
14%
150

155
160
165
170
175

180
185
190
195

200

1.061309
1.05813%
1.054%65
1.051734
1.0485%4

1.0453%92
1.042173
1.03893646
1.035677
1.0323%93

1.02%081
1.02573%
1.022363
1.018%50
1.015498

1.012004
1.0084¢64
1.004376
1.001237
. IY7544

. 993794
. 989935
.9R6113
982176
L 973171

. 974096
. 967747

L P85722

-Y61418
. 957032

952562
. 748005
. P42359

. 928855
. P23823
. 918639
. 913450
LP02102

P=500 bars

CONCENTRATION, m

1.067475
1.0464308
1.061143
1.0587978
1.054309

1.051633
1.045443
1.045249
1.04203%
1.038802

1.035548
1.032248
1.0238961
1.025623
1,022251

1.018842
1015395
1.011908
1.008349
1.004736

1.001151
«YI7463
. 993718
.98%914
« P86047

. 782116
973116
. 974047
. 269904
. F65485

. 961387
. PE7008
. 952545
. YRT7995
. 943356

. IIRE2S
. 933797
. 923877
. 923854
. P13729

1.079845
1.074648
1.073446
1.0702%6
1.067124

1.0463977
1.060822
1.057667
1.054507
1.051341

1.043165
1.04497G
1.041770
1.038546
1.0358300

1.032029
1.028730
1.0235400
1.022037
1.018438

1,015199
1.011717
1.008191
1.0044616
1.000991

L 997313
. 99357&
. 989783
. 985927
. 982007

. 978019
. 73940
. P69830
. P65623
. 961338

. 956973
. 952524
. 947789
. PR23465
. 938650

1.105363
1. 101968
1.098611
1.095291
1.092002

1. 088743
1.085511
1.082301
1.079111

1.07593%

1.072730
1. 069631
1. 066491
1.0633585
1.060220

1.0570834
1,063944
1. 030794
1.0474638
1.044467

1.041280
1.038073
1.034E44
1,031&91
1.0283209

1.024997
1,021652
1.018270
1.01434%
1.011385

1.007878
1,004322
1,000716&
L P97058
L PI3Z43

. PBYST0
. 985735
. 981837

LR77872

. 973838

Page 37

Sodium Chloride Solutions

Density, g/cm3

Pressures, 100 - 1000 bars

NACL

April 1980
Page 7
3 4
1,132103 1.164449
1.129324 1,160106
1.125609 1.155850
1.121954 1.1516783
1.118355 1.147587
1.114810 1.,143573
1.111315  1.139634
1.107867 1.135766
1.104462 1.131966
1,101099  1.128230
1.097773 1.124556
1.0944232 1.120940
1.091222 - 1.117379
1.0879%0 1.,113870
1.0847823 1.110409
1.081599 1,104995
1.0723433 1.103623
1.075283 1.1002%90
1.072147 1.0%96994
1.06%020 1.093731
1,065901  1,09049¢&
1.0462735 1.087292
1.0G59671 1.084111

1.056555
1.053433

1.050304
1.047165
1.044012
1.040842
1.037653

1.034443
1.031207
1.027943%
1.0244649
1.021321

1.017958
1.0145865
1.011111
1.007622
1.00408¢

1.080951
1.077809

1.074682
1.071568
1.068463
1.0653464
1.0622469

059174
. 056077
. Q52975
. 049365
. 046744

Pt ot b e e

1.043609
1.040453
1.037287
1.034094
1.020376

1.200750
1.195662
1.1904264
1.1385818
1.181058¢4

1.17639%
1.171832
1.167345
1.16298%
1.183702

1.154500
1.150321
1.146340
1.142374
1.138481

[ Y
[

Laadil Sl S S N S
b b G G

1.1146446%
1.112993
1.1098&6
1.106184
1.102843

1.Q099540
1.096272
1.093037
1. 089330
1.086650

1.,083494
1. Q80357
1.077238
1.074134
1.071041

1.067957
1.064879
1.061804
1.05&872%
1. 05856652




208
210
215
220
225

230
235
240
24%

250

255

260

265
270
275

330
335
340
345
350

.25
. 902644
897073
. 891387
. 885582
. 879657

. 8723609
. 3467435
.861133
. 854701
. 8421326

.841436
. 834597
LE27619
. 820499
. 313233

. 805220
. 793258
. 790543
. 782675
. 774650

. 766466
.753121
749612
. 740938
. 732096

. 723083
. 713399
. 704540
. 695004

. 685289

P=500 bars

Molal NaCl

.5 1 2
- 913499 . 933241 . 969732
. 208161 . 928935 . 965552
. 902713 « 923930 . 961294
. 897153 . P18823 . 936956
.891478 . P13613 . 952538

. 385685 . P08295 . 242031
879772 . 202368 - 943439
. 873736 . 897330 . 938754
. 867575 . 891477 . 933981
. 861287 . 8]5R07 L929111

. 854868 . 830018 LY24142
. 342318 . 374008 . 919074
-.841632 L RET7872 . 913903
. 834210 .861612 . 08627
. 827848 L BE5222 . 203243

. 820744 . 848701 LB97749
. 813495 .B4204¢4 .892142
. 804100 . B35254 . 886420
. 798556 . 828325 . 880581
. 790861 . 821254 874623

. 783012 . 814041 . 868542
. 775007 . BOL6BYE . 862336
. 766844 799174 . 856004
. 758520 . 791517 . 849542
. 750034 . 783708 . 842942

.741383 775744 836221
.732564 . 767623  .829357
.723576 . 759342 822355
.714416  .750901  .815212
L705083  .742296  .807926

Page 38

Sodium Chloride So1utions

April 1980
_Page 8

3 4
1.000501 1.02763}
. 9968463 1.024355
LPP2149  1.021046
. 989418 1.017701
. 285606 1.014318

L981732  1.010893
L977791  1.007424
L973782  1.00370%
LPEDT702  1.000344
965548 996727

. 961318 993056
. 957010 . 989323
» PG2620 . 985540
. 943147 . 981689
. 943587 .977774

. P3B938 973791
.. 934198 . 69738
. 29364 . P65612
. 924434 261412
. 912405 957133

. 914275 . 982775
. 209042 . 943334
. FOR702 . 943208
. 398254 939194
. 892695 . 934491

. 887023 . 929695
. BR1235 . 924204
. 875320 .919816
. 867304 .R14729

.8631585 1 . 909539

T Dehsity,‘g/'cm3
Pressures, 100 - 1000 bars -

2
1. 052568
1.049477
1.046375
1.043258
1.040125

1.036973
1,033798
1.030597
1.027372
1.024115

1.020825
1.01749%
1.014136
1.010731
1.007283

1.00373&
1.000245
. 996651
. PYI003
. FBI2PE

. 935534
. 981709
.977320
. 973364
. 969839

. D65743
.961572
L 957325
L 952999
. 948592




T

L5

‘858
60
&5
70
75

80
85
20
o5

100

105
110
115
120
126

130
135
140
145
150

155
160
165
170
175

180
185
190
195

200

Sodium Chloride Solutions

Density, g/cm3
Pressures, 100 - 1000 bars

1.072385
1.069212
1.066046
1.0462334
1.0597283

1.0546561
1.053393
1.050218
1.047031
1. 043830

1.040612
1.037274
1.034113
1.030826
1.027510

1.024162
1.02077%
1.017358&
1.013397
1.010392

1.0046841
1.003241
. 9995388
. ¥95381
.992116

. 988291
. 734402
. 980443
976424
L P72330

. 968161
L RAZVIS
. 959590
. 955182
. P50LDO

. 946110
-941440
. F36ETT7
.931818
. 726862

1.073589
1.075397
1.072219
1.06%051
1.0658%1

1.062734
1.059578
1.056421
1.053258
1.050087

1.04690%
1.04370%
1.040495
1.037262
1.034005

1.030722
1.027410
1.024067
1,020488
1.017272

1.013815
1.010315
1.006769
1.003174
. 999526

. P95824
» 992064
. FBBL245
. 9B4362
- 980413

. F763%6
. 972307
. 968145
. 96306
. YEYER7

. 955187
. 950702
. 946130
. 9414468
L 936713

April 1980
Page 9
P=700 bars
CONCENTRATION. ™ NACL
1 2 3 4
1.091156 1.117557 1;146824 1.180333
1.087893 1.1140311 1.142811 1.175671
1.084655 1.110515 1.138872 1.171109
1.081440 1,1070646 1.135005 1.166641
1.078244 1,103660 1.131205 1,1462265
1.075064 1.,100294 1.127469 1.157978
1.071897 1.096965 1.123794 1,153777
1.068741 1,093670 1.120178 1.149657
1.065590 1.090406 1.116616 1.145616
1.062444 1,087170 1.113106 1.141651
1.059299 1,.083958 1.109644 1.137757
1.0546151 1.,080768 1.106227 1.132923
1.052997 1,077595 1,1028%3 1.1320175
1.049836 1.074439 1.099517 1.126480
1.0464663 1.071294 1.096217 1.122844
1.043476 1,068159 1.092950 1.119265
1.040271 1.065030 1.0389713 1.11573%9
1.037047 1.061904 1,086503 1,112263
1.033799 1.058778 1,083316 1,108834
1.030525 1.055650 1.0830150 1.10544%7
1.027222 1.052516 1.077001% 1.102105
1.023887 1.0493723 1.073847 1.098798
1.020518 1.046219 1.070744 1.09552
1.017111 1.043050 1,067630 1,092287
1.013664 1.039862 1,064522 1,089076
1.010173 1.036657 1.061416 1,0858%1
1,0064636 1,.033427 1.053311 1.082729
1.003051 1.030171 1,055202 1.079586
LP99412  1.026836 1.0S2087 1.076460
999722 1.023570  1.0489463  1.073342
991973 1,020219  1.045827 1.070247
. 988164 1.016831 1.042676 1.067154
. 984292 1.013402 1.029508 1,046406467
. 980355 1.009931 1.026320 1,060981
976350 1,006414  1,033109  1,057895
L972274  1.002849 1.029871 1.054205
. 968125 L 999232 1.0264605 1.05170%9
. 963200 . 995562 1.023307  1.048604
. 959596 991835 1.019975  1.045487
. P85210 L 983049 1.016606 1,0423%5

Page 39

1.

i
1

s et pon P b gk ek s et heh et

a bk ke b e

219422
. 213932
. 208568
. 203321
193191

. 193174
. 188266
. 183464
. 178745
. 17416&

L 1696463
L 165253
. 1609323
. 156699
L 152548

. 143478
. 144434
. 1405464
136715
. 132932

L 129218
. 1255858
L 121940
118416
114924

111481
. 108034
. 104730
.101415
LO98137

094393
L Q714680
, QRE425
. O85334
L 082195

L Q79076
075972
. 072882
. 069202
066730




205
210
215
220
225

230
235
240
245
250

=e
268

240
265
270
278

220
235
290
295
200

305
310
3185
320
325

(=Rl Relii e

330
335
340
345
350

wwwww

.25

. 921805
. 916645
- 911379
. 906004
« 900520

. 894921
. 889207
. 883375
. 877422
. 8712345

. 865143
. 853813
. §52353
. 845759

. 839030

. 832163
. 325157
. 818007
.810713
. 803272

. 795682
. 73773
. 7800432
771990
763778

. 755406 °
. 746371

. 738170
. 729301
. 720263

.5
. 931864
. 926916
LP21869
916719
. 911462

» 906100
» 200626
. 895039
. 889337
. 883517

. 877577
.871514
. B6S326
. 359010

s'Lq64

. 845986
839273

832423
. 825433
. 818302

. 811026
. 803604
. 796032
» 738310
. 780434

772403
. 744213
. 755264
. 747352
. 733675

i

pP=700 bars
olal NaCl
1 2
. 950740 . 984201
. 946184 . 980289
. 9415383 . 976309
. 936801 - 972259
. 9319469 . 968137
. 927041 . 963939
.922012 . 959464
. 91468382 . 955309
.911647 . 950871
.906306  ..986347
. 200354 941736
. 895291 . 9370324
. 889613 . 932238
.883818 . 927348
.877904 . 922359
.871868 .917270
. 865708 . 912078
.859422 . 906731
. 853006 . 901375
. 8446459 . 895860
.839778 . 890232
. 832961 . 8844383
. 826006 . 878627
. 818910 . 872647
L B114671 . 866544
. 804287 . 8460316
. 796755 . 853962
. 789073 . 847478
. 781239 . 840843
. 773250 . 834114

.Page 40

Sodium Chloride Solutions
Dens1ty, /cm3

Pressures. 100 - 1000 bars

~ April 1980
Page 10
3 4
1.013198 1.039206
1.0097446 1.036036
1.006250 1.032843
1.002706 1,029625
L999111  1,026377
. 995463 - 1,023099
L9P1759  1.019786
L9B799&  1.016427
.984173 1.013049
.980285 1.009618
. 276332 1,006143
. 972309 1.002620
. 968215 . 299043
. 964047 . P95423
. 959202 991743
. 955478 . 288005
L 951073 . 984206
. 946583 . PR0245
. 2420064 . 976419
L937341 .972424
. 932524 . PLBIGY
.927733 9648221
. 922785 . 960008
. 917738 . 985716
. 912590 . 951345
W 07339 . 9446390
. 901981 . 42350
. 896514 C9RT7722
. 390937 . 933004
. 885247 L 928193

1.
1.
1.
1.
1.

1.
1.

1.
1.

1.

1.

1
1

1.
1.

1.
1.

1.
1.
1.

5
0636463
060597
057530
054460
051382

048277
045197
042084
033755
035204

Q32630
L 029431
. 026203
022944
Q194652

0146323
QL2985
QORS46
Q0L072
0O2592

“

. PPV043
995442
.991786
. 988073
. 9843201

. 920447
L 974569
. 972603
. 968543
. 964442




:

Sodium Chloride Solutions

Density, g/cm3

Pressures, 100 - 1000 bars
April 1980

Page 11

P=1000 bars

CONCENTRATION, m NACL

TEMP.
DEG.C . 25 -5 1 2 3

S 1.089331 1,095731 1.108876 1.137168 1.169294 1,2064619 1.250468
10 1.086081 1.092431 1.105440 1.133322 1.164856 1.201406 1.244302
15 1.082855 1.089161 1.102047 1.129544 1.160508 1.196308 1.238274
20 1.07964%9 1.085917 1.093692 1.125828 1.156243 1,191323 1.232386
25 1.076461 1.082697 1.095374 1.122172 1.152072 1.1864446 1,226630

30 1.073288 1.079498 1.092087 1.118573 1.147977 1.181674 1,221003
35 0 1.070125 1.076316 1.08838R0 1.115028 1.143960 1.177004 1.215502
40 1.066971 1.073148 1.0854600 1.111533 1.140017 1.172433 1.210124
45  1.063822 1.04699%91 1.082392 1,.108085 1.136145 1,167957 1.204566
SO 1.060675 1.066842 1.0772205 1.104681 1.132342 1.1463574 1.199724

55 1.057527 1.0634698 1.076024 1.101318 1,.123603 1,159279  1.194495
60 1,054375 1.04605546 1.Q72877 1.097993 1.12492¢& 1.15506%9 1,189775
65 1.051216 1.0057413 1.069731 1.094702 1.121308 1.150942 1.1834961
70 1.043047 1.054266 1.066593 1.091443 1.117744 1,146895 1.130251
78 1.044865 1.051112 1.0634460 1.088212 1.114233 1.142923 1.175640

80 1.0416467 1.047947 1.060328 1.0850046 1,110771 1.139023 1,171126
85 1.032450 1.044770 1.087195 1.021823 1.1073585 1,1351%4 1.1646705
90 1.035211 1.041577 1.054057 1.073659 1.103981 1.131430 1,162374
95 1.031947  1.038364 1.050713 1.075511 1.100648 1.127730 1.158130
100 1.022656 1.035130 1.047758 1.072377 1.097351 1.124091 1.153%69

105 1.025334 1.031871 1.044590 1.06%9252 1.094087 1,120508 1.149889
110 1.021978 1,023584 1.041406 1.064135 1.090854 1.116979 1.145837
1185 1.0183586 1.025267 1.038203 1.063022 1.087649 1.113501 1.141958
120 1.015155 1.,021916 1.034978 1,.059910 1,0844468 1.110070 1.133101
125 1.011682 1,01852% 1.031728 1.056797 1.081308 1.106684 1.1354311

130 1.008164 1.015102 1.028451 1.0534679 1.078167 1.103340 1.13088¢&
135 1.0045%2 1.011634 1.025143 1.060554 1.075042 1.100035% 1,126924
140 1.000%81 1.008121 1,021802 1.047418 1.071929 1.096765 1.12331%
145 LP97311 1,004560 1.018424 1.044269 1.068826 1.093528 1,119771
150 . 993586 1.000949 1.015008 1.041103 1.065729 1.090321 1,116275

155 . 989801 LP97235  1.011850 1.037919 1.062636 1.087140 1,112828
1£0 . 985955 L993565 1.008047 1.034712 1,059545 1.083983 1.109429
165 . 982044 . 989786 1.004497 1.031482 1,0546451 1.080846 1.106072
170 . 978067 . 9859446 1.000897 1.02&224 1.053333 1.Q077728 1.102757
175 - 974020 . 982042 997244 1.024935 1.0502446 1.074624 1,099477

180 . 269900 . 978071 L993535 1.021614 1,047130 1.071833 1.096236
185 . 965705 . 974031 LY89769  1.018256 1.044000 1.068451 1.093024
190 . 761433 . 969918 L985941  1,014860 1,040853 1.065375 1.089341
195 . 957080 . 65731 L982049 1.011423 1,.037688 1.062302 1.086685
200 . 752644 .P614844 L.978092  1.00794Z2 1.034501 1.059230 1,083551

Page 41
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I

5
19,

208
210
218
220
225

230
236
240
245
250

255
260

205
310
315
320
328

330
335
340
345
350

.25

. P43123
. 943513
. 938813
. 934019
. 929129

. 924140
. 219051
- F13858
. POR3559
. 203151

. 897632
. 892000
. 836252
. 880385
« 874397

. 848286
. 862049
. 855685
. 849189
. 842561

. 835797
. 823894
.821855
.814672

. 807345

. 799870
. 722286
. 784471
. 776543
.76845¢

P=1000 bars
1
MoTal NaCl
5 1 2
L957121  .974065 1.004413
S952693  .969967 1.000836
.943180  .965794  .997206
.943579  .961544  .993521
.933388  .957215  .989779
.934104  .952304  .985977
.929224  ,943303  .982112
.974245  ,943725 .973181
.919167  .939052  .974182
S913985  .934237  .970113
.908697  .929427 965971
S903301  .924470  .961753
LG97795  .919412  .957456
.892175  .914253  .953079
886440 903933  .942618
.880587  .903617  .944072
.874613 .893135  .939437
.363517  .392541  .934711
.862296 | .BBLA33 929992
.855947  .881008  .924977
.849447  .87S063  .919963
LR42856  .868996  .91434%
.836110  .862806  .909632
829227 856488  .904309
822205  .850042  .898379
.815041  .843465  .893337
.807733  .B346754  .827634
.B00279  .829907  .881915
. 792676  .822922  .876029
.784923  .815797  .870022

'

Sodium Chloride Solutions

Density, g/cm3
Presstres, 100 - 1000 bars

April 1980
Page 12

3

1.031290
1.028051
1.024782
1.021481
1.018144

1.014749
1.011353
1.0078%93
1.004387
1.000832

. 997227
. PIBGLT
. 229850
. 986074
. 982238

. 978333
. 974344
. 970325
66214
. 962028

957766
. 982423
. 748999
. 944490
. 939894

. 935208
. 930431
. 925560
. 920592
. 915524

4

1.056156
1.053077
1.049990
1.046893
1.043782

1.040655
1.03750%9
1.034342
1.031150
1,027931

1.024682
1.021401
1.018085
1.014732
1,011338

1.007%901
1.004418
1.000838
L PP7306
. IP3671

. 989981
. 986232
. 982422
. 978548
. 974609

. 270601
. P646522
«P62370
. 958142
. 953836

5

1.080437
1.077341
1.074259
1.07118%
1.068127

1.065071
1.062019
1.058%67
1.055%912
1.052853

1.049785
1.0446707
1.043615
1.0405083
1.037381

1.034234
1.031062
1.0273632
1.024635
1.021375

1.018081

1.014749
1.011378
1.0079464
1.00450G

1. 00039%
. 997443
. P934
990171
. 986449

(o

v

T




¢

Sodium Chloride Solutions
Enthalpy

Saturation Vapor Pressure
April 1980

Total enthalpy of sodium chloride solutions, Joules/g, referenced to the triple point of water.

T(C)

. PERCENT 0.00 25.00 50.00 15.00 100.00 125.00 150.00
.25 -.02 104.52 208.63 312.91 417.69 523.3 630.1
.50 -.02 104.15 207.94 311.91 416.37 521.6 628.1
LT5 -.03 103.78 207.26 310.92 415.07 520.0 626.1
1.00 -.04 103.40 206.58 309.94 413.77 518.4 624.1
§.25 -.06 103.03 205.90 308.96 412.49 516.8 622.2
1.50 -.09 102.65 205.23 307.99 411.21 515.2 620.2
1.75 -.13 102.28 204.55 307.02 409.93 513.6 618.3

2.00 -.17 101.90 203.87 306.05 408.66 512.0 616.4
2.25 -.22 101.51 203.20 305.09 407.40 510.4 614.5
2.50 ~.28 101.13 202.52 304.12 406.14 508.8 612.6
2.75 -.34 100.74 201.84 303.16 404.88 507.3 610.7
3.00 -.41 100.35 201.17 302.20 403.63 505.7 608.8
3.25 -.48 99.95 200.49 301.24 402.38 504.2 606.9
3.50 -.56 99.56 199.81 300.28 401.13 502.6 605.0
3.75 ~-.65 99.16 199.13 299.32 399.89 501.1 603.2
4.00 -. 75 98.75 198.45 298.37 398.65 499.5 601.3
4.25 -.85 98.35 197.77 297.41 397.41 498.0 599.5
4.50 -.95 97.94 197.09 296.46 396.18 496.5 597.6
4.75 -1.07 97.53 196.41 N 295.51 394.94 494.9 595.8
5.00 -1.19 97.12 195.72 294.55 393.71 493.4 594.0
6.00 ~-1.72 95.43 192.98 290.75 388.81 487. 4 586.17
7.00 -2.34 93.71 190.23 286.96 383.95 481.4 579.5 |
8.00 -3.05 91.94 187.46 283.18 379.11 475 .4 572.5
9.00 ~-3.85 90.14 184.67 279.41 374.32 469.6 565.5
10.00 -4.72 88.29 181.88 275.65 369.55 463.8 558.6
11.00 ~5.67 86.41 179.07 271.90 364.82 458.0 551.7
12.00 -6.70 84.50 176.26 268.16 360.13 452.3 545.0
12.00 -7.79 82.56 173. 44 264.45 355.47 446.7 538.4
14.00 -8.94 B0.59 170.62 260.75 350.85 4411 531.8
15.00 -10.15 78.59 167.80 257.07 346.28 435.6 525.3
16.00 -11.41 76.58 164.98 253.41 34).75 430.2 519.0
17.00 -12.72 74.54 162.17 249.79 337.27 424.8 512.7
18.C0 -14.06 72.50 159.36 246.19 332.85 419.5 506.5

19.00 -15.44 70. 44 156.58 242.63 328.48 414.3 500.4

20.00 -16.83 68.39 153.81 239.11 324.17 409.2 494. 4

21.00 -18.24 66.33 151.06 235.64 319.92 404.1 488.6

22.00 -19.65 64.29 148.35 232.21 315.74 399.2 482.8

23.00 -21.05 62.26 145.67 228.84 311.64 394.3 477.2

24.00 -22.43 60.26 143.04 225.54 307.62 389.5 471.7

25.00 -23.78 58.29 140.46 222.31 303.69 384.9 466.3

Molality = (1000) (Wt.Percent)/(58.44) (100~ Wt.Percent)

Page 43
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. Total entha}py of sodium chloride solutions, Joules/g, referenced to the triple point of water.

.

‘ . S . . .+ sodium Chloride Solutions

Coe St oL Enthalpy
’ S e S, ST Sk Saturation Vapor Pressure
R : T . - O April 1980 .

e Page 2 ' - -

' s . .
“
. [

’ . 0

e

WY. PERCENT 175.00 200.00 225.00 250.00 275.00 300.00
.25 738.7 849.5 963.2 1081.1 1204.8 1337.1
.50 736.3 846.6 959.8 1077.0 1199.8 1330.7
.75 733.9 843.8 956.5 1073.0 1194.9 1324.5

1.00 731.5 841.0 953.2 1069.1 1190.2 1318.4
1.25 729.2 838.2 950.0 1065.3 1185.6 1312.5
1.50 726.9 835.5 946.8 1061.5 1181.0 1306.8
1.75 724.6 832.8 943.6 1057.8 1176.5 1301.1
2.00 722.3 830.1 940.4 1054.1 1172.1 1295.6
2.25 720.0 827.4 937.3 1050. 4 1167.7 1290.1
2.50 7.7 824.8 934.2 1046.8 1163.4 1284.7
2.75 715.5 822.2 931.2 1043.2 1159.1 1279.4
3.00 713.3 819.6 928.1 1039.6 1154.9 1274.2
3.25 711.0 817.0 925.1 1036.1 1150.7 1269.0
3.50 708.8 814.4 922.1 1032.6 1146.5 1263.9
3.75 706.6 811.8 919.1 1029.2 1142.4 1258.9
4.00 T04. 4 809.3 916.2 1025.7 1138.4 1253.9
4.25 702.3 806.7 913.2 1022.3 1134.3 1249.0
4.50 700.1 804.2 910.3 1018.9 1130.3 1244.1
4.75 697.9 801.7 907.4 1015.5 1126.4 1239.3
5.00 695.8 799.2 904.5 1012.2 1122.4 1234.5
6.00 687.2 789.2 893.1 999.0 1107.0 1215.8
7.00 678.8 779.5 881.9 986.1 1092.0 1197.8
8.00 670.5 769.9 870.9 973.5 1077.3 1180.3
9.00 662.4 760.5 860.1 961.2 1063.1 1163.3
10.00 654.3 751.3 849.6 949.1 1049.1 1146.9
11.00 646.4 T42.2 839.2 937.2 1035.5 1130.9
12.00 638.6 733.2 829.0 925.7 1022.2 1115.3
13.00 630.9 T24.4 819.0 J914.3 1009.2 1100.1
14.00 623.3 715.8 809.2 903.2 996.5 1085.2
15.00 615.8 707.3 799.5 © 892.2 984.0 1070.8
16.00 608.5 698.9 790.1 881.5 971.8 1056.7
17.00 601.3 690.7 780.8 871.1 959.9 1042.9
18.00 594.2 682.6 771.7 860.8 948.2 1029.5
19.00 587.2 674.7 762.8 850.7 936.8 1016.4
20.00 580.4 667.0 754.1 840.9 925.6 1003.6
21.00 573.6 , 659.4 T45.5 831.3 914.7 991.1
22.00 567.1 652.0 . 73r1.2. - 821.8 904.0 978.9
23.00 560.6 644.7 729.0 812.6 893.6 967.0
24.00 554.3 637.6 721.0 803.6 883.4 955.4
25.00 548.2 630.6 T13.2 794.9 873.4 944.1 :

Reference:

Pitzer,K.S.,Bradley,D.J. ,Rogers,P.S.Z. ,Peiper,J.C., "Thermodynamics of High

Temperature Brines", LBL-8973, Lawrence serkeley Laboratory, University of o :
California, Berkeley, CA 94720 (April 1979). , ‘ ‘ :
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Sodium Chloride Solutions

Heat Capacity
Saturation Vapor Pressure

April 1980

Total specific heat capacity of sodium chloride solutions, Joules/g-K

PERCENT

B T R R s e e
f‘“.\’:"'_L’*O’T-"“f\’il-"-)f\)*oomwa-\n.:.x:.c 1O 1D N N A RS e e e eee

[aSRaV]
o

0.00 25.00
4.1991 4.1654
4.1813 4.1519
4.1638 4.1386
4,1468 4.1255
4.1300 4.1126
4.1136 4.0998
4.0975 4.0872
4.0817 4.0748
4.0661 4.0625
4.0509 4.0503
4.0359 4,0382
4.0211 4.0263
4.0066 4.0145
3.9924 4.0028
3.9784 3.9912
2.9647 3.9797
3.9511 3.9683
3.9379 3.9570
2.9248 3.9458
3.9120 3.9348
3.8629 3.8914
3.8172 3.8496
2.7747 3.8091
3.7352 3.7700
3.6987 2.7322
3.6648 3.6957
3.6335 3.6604
3.6045 3.6264
3.5775 3.5935
2.5525 2.5617
2.5291 3.5310
3.5076 3.5015
3.48690 3.4729
2.4657 3.4454
2.4457 3.4188
2.4257 2.3932
2.4051 2.3684
2.3826 2.2444
2.3606 2.3211
2.2354 2.2385

THe)

.50.00

L1672
L1544
L1418
L1294
L1172
L1051
.0931
.0813

.G579
L0464
L0350
.0237
L0124
.0013
. 9993
L9793
L9684
L9577
. 9469
. 9049
. 8641
. 8244
.7859
L7484
L7120
L6767

L4567
L4291

.2038

0695

100.00 125.00 150.00
4.2015 4.240 4.296
4.1879 4,225 4.281
4,1745 4.211 4.265
4. 1614 4.197 4.250
4.1484 49,183 4.235
4.1356 4.169 4.220
4.1229 4.156 4.20¢6
4.1103 4,143 4.192
4.0978 4,129 4.178
40855 4.116 4.164
4.0733 4.104 4.150
4.0612 4.091 4,137
4.0492 4.078 4.122
4.0372 4.066 4.1190
%.0254 4.053 4,097
4.0137 4.041 4.084
4.0020 4.029 4.071
3.9905 4.016 4.058
3.9790 4.004 4,045
3.967¢ 3.992 4.032
3.9229 2.946 3.983
3.8795 3.990 3.93¢
3.8372 3.85 3.890
3.7361 2.812 2.845
3.7560 3.772 2.832
3.717) 3.731 3.7¢0
3.6793 3.692 3.720
3.6424 3.654 3.680
3.6066 3.617 3.642
3.5718 3.581 3.606
3.5380 3.547 2.570
3.5051 3.513 3.53¢
3.4732 3.480 3.592
3.4422 3.448 2,479
3.4121 3.418 2.429
3.3828 2,388 2,499
3.3545 3.359 3.380
3.3269 3.331 2,35

3.3002 3.304 2.224
3.2742 2,277 3.29¢8

Molality = UOOO)(Wt.Percent.)/(}58.44)(100 -Wt.Percent)
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i : ' . - B , Sodium Chloride’ Solutions
Heat Capacity .

» S ) R L N . .Saturation Vapor Pressur
- Sl T Lo : April 1980
‘ ‘ e St L Page 2

' . ' : ' ey ‘ o
WT, PERCENT 175.00 200.00 225.00 250.00 275.00 < 300.00
.25 4.371 4,472 4.614 4,819 5.138 5.672
: .59 4.35 4,452 4.590 4_788 5.093 5.597
.15 ' 4,336 4,432 4.566 4.758 5.05] 5.526
1.00 4.319 4.414 . 4.5u4 4.729 5.010 5.460
1.25 4.303 4,395 4,522 4,702 4,972 5.398
1.50 4.287 4,377 4.501 4.675 4.935 5.338
1.75 4.27) 4,360 4480 4,649 4,899 5.28]
2.00 4.256 4,342 4,460 4,624 4.86% 5.227
2.25 4,240 4.325 4440 4,600 4.83] 5.174
2.50 4.225 4,309 4. 421 4,576 4,799 5.124
2.75 4.211 4,292 4,402 4,553 4,768 5.075
2.95 4.196 4,276 4,384 4,530 4,737 5.028
3.25 4,181 4,260 4.365 4,507 4,707 4, 982
a5 4,167 4,244 4,347 4. 486 4,678 4,938
378 4,153 4,229 4.330 4,464 4,650 4,895
4.00 4.1.9 4214 4,312 4,443 4.622 4.853
4,25 4,125 4.199 4,295 4,423 4,595 4.813
4.50 4.112 4,184 4,278 4,402 4. 568 4,774
4,75 4,098 4,169 4,262 4, 382 4. 542 4736
5.50 4,085 4,155 4,245 4,363 4.517 4.699
6.90 4,032 4,098 4,182 4, 288 4,420 4.560
7.00 2,982 4,044 4,122 4,217 4,331 4,436
8.00 2.934 3.992 4,065 4,150 4,247 4,324
9.66 2,887 3.943 4.0)0 4.087 4.169 4.222
16.50 3.842 3.895 3.957 4,026 4.096 4,131
11.0¢ 3.799 2.849 3.907 3.969 4.028 4,048
12.99 3.757 3.804 3.859 3.914 3.963 3,973
12,66 3.716 3.762 3.812 3.862 3.902 3.906
14.00 2.677 3.721 3.768 3.811 3. 845 3.846
15.00 2.639 3.681 3.725 3.763 3.790 3.792
16.00 2,692 3. 643 3.684 3.717 3.739 3.745
17.06 3.567 3.606 3.644 3.673 3.690 3.703
18.65 3.533 3.571 3.606 3.630 3. 644 3. 666
19.56 3,509 3.536 3.569 3.589 3.600 3.635
20.5% 2,469 2.502 3.533 3.550 3.559 3.608
21.60 2.428 3,472 3.499 3.512 3.520 3.586
22.50 2,469 3.44] 3,466 3.475 3.482 3.569
22.05 2,389 3.411 3.433 3.440 3.447 3.555
24.06 2,252 2,383 3.402 3.406 3.413 3.5u46
£.00 2,226 2,355 3.372 3.373 3.38] - 3.540

Referance: Pitzer,K;S.,Brad]ey,D.J.,Rogeré,P,S.Z.,Peiper,J.C.,“Thermodynamics,of Higi
Temperature Brines", LBL-8973, Lawrence Berkeley Laboratory, University of
California, Berkeley, CA 94720 (April 1979).

S : Page 46

oy




