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Abstract 
We studied two density correlations developed for seawater at high pressures as potential models to predict formation water densities from 
petroleum reservoirs as a function of salinity, pressure, gas content, and temperature. The correlations were tested against experimental 
densities measured at high pressures for live formation waters sampled under bottomhole conditions from five petroleum reservoirs. As a 
result, one of these seawater correlations was found to be particularly promising to predict formation water densities for these samples, 
even out of the pressure range originally reported for such a model. 
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Predicción de densidades de aguas vivas de formación de 
yacimientos petroleros a partir de correlaciones dependientes de 

presión para densidades de aguas de mar 
 

Resumen 
Estudiamos dos correlaciones de densidad desarrolladas para aguas de mar a altas presiones como modelos potenciales para predecir 
densidades de aguas de formación de yacimientos petroleros en función de salinidad, presión, contenido de gas y temperatura. Las 
correlaciones fueron probadas contra densidades experimentales, medidas a altas presiones, para aguas vivas de formación muestreadas en 
condiciones de fondo de pozo. Como resultado se encontró que una de estas correlaciones de agua de mar era particularmente prometedora 
para predecir las densidades de agua de formación para estas muestras, incluso fuera del rango de presión originalmente reportado para 
dicho modelo. 
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1.  Introduction 
 
Among the most relevant aspects related to the 

simultaneous production of crude and formation waters 
(brines) in petroleum reservoirs are the mutual solubility of 
gas and water, the volumetric changes of both kinds of fluids, 
and the potential presence of hydrates precipitated due to low 
temperatures [1]. Brine production increases when the 
reservoir pressure drops [2]. Aquifers, which are rocks 
containing water, play a prominent role as an effective tool 
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to recover hydrocarbons from reservoirs, assist the 
hydrocarbon production in various ways such as: peripheral 
water drive, edge water drive, and bottom water drive [3]. 
Moreover, before the production process of a petroleum 
reservoir, to locate the water-oil contact (WOC) is key in 
terms of calculating oil reserves. This WOC is particularly 
difficult to determine when the formation water and the 
associated crude oil have similar densities. Thus, to 
experimentally measure live formation water densities under 
reservoir temperature and pressure conditions makes it 
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possible to reduce the uncertainty in locating these WOCs. 
However, samples of formation waters obtained under 
bottomhole conditions are not usually available, and to have, 
in this case, a predictive tool based on a few measurements 
under ambient conditions to predict the formation water 
densities is very useful. The live formation water densities 
depend on temperature, pressure, total dissolved solids 
(TDS), composition, and amount of dissolved gases. The 
TDS concentration in brines from petroleum reservoirs, 
made-up mainly of sodium chloride (NaCl), is usually in the 
range of 1000 to 400000 parts per million (ppm) [4]. In 
contrast, the seawater salinity is ≅ 30000 ppm [1]. The 
amounts of dissolved gases in formation waters, known as 
gas-water ratios (GWRs), are commonly less than 30 
SCF/STB (i.e., 5.34 m3/m3) [1]. In fact, these values are even 
lower for the formation waters experimentally measured as 
part of the present work, proceeding from five Colombian 
petroleum reservoirs sampled under bottomhole conditions. 
As demonstrated below, these low GWR values have no 
effect on the formation water densities measured under 
reservoir conditions. 

Several brine properties such as density, compressibility, 
and viscosity have attracted attention, and several studies 
have been conducted regarding these properties [5]. The 
properties mentioned above can be obtained through different 
approaches including laboratory experiments [5], available 
models and correlations [5], and soft computing methods [3]. 
Currently, laboratory studies are recognized as the most solid 
and precise method. However, this approach is expensive and 
time consuming [3], and, as mentioned earlier, samples of 
formation waters obtained under bottomhole conditions are 
not usually available. Thus, in the absence of laboratory 
experiments, other methods such as implementing empirical 
models and correlations have been used to determine brine 
properties [3, 5, 6]. In fact, researchers have attempted to 
provide precise knowledge about the PVT properties of brine 
in order to apply them in computations together with other 
important parameters [5]. Most studies, however, use 
experimental or thermodynamic models that require a great 
deal of time and calculations [3]. 

This manuscript is organized as follows: first, two 
pressure-dependent correlations published in the literature 
for seawater density calculations are discussed as potential 
models to predict brine densities from petroleum reservoirs. 
Then, the two seawater models are tested by using 
experimental data of (dead and live) formation water 
densities measured with different salt concentrations and 
GWRs, measured for this purpose under reservoir conditions 
for five Colombian petroleum reservoirs. Finally, the main 
conclusions of this work are presented. 

 
2.  Models to predict brine densities 

 
As mentioned earlier, the approach used in the present 

work was to study the potential application of seawater 
correlations to predict densities for formation waters coming 
from petroleum reservoirs. Sharqawy et al. [7] reviewed the 
existing correlations for predicting thermophysical properties 

of seawater, and found that most of these correlations, 
applicable to seawater density calculations, are a function of 
the temperature and salinity, but these can only be used at 
atmospheric pressure. However, there are some models for 
predicting seawater densities including pressure effects. For 
instance, Millero et al. [8] developed a high-pressure 
equation of state for water and seawater from experimental 
data. This model is presented in eq. (1).    
 

𝜌𝜌(𝑆𝑆,𝑇𝑇,𝑃𝑃) =
𝜌𝜌(𝑆𝑆,𝑇𝑇, 0)

1 − 𝑃𝑃
𝐾𝐾(𝑆𝑆,𝑇𝑇,𝑃𝑃)

 
(1) 

 
Here, 𝜌𝜌(𝑆𝑆,𝑇𝑇, 0) is the standard seawater density at 

atmospheric pressure, and 𝐾𝐾(𝑆𝑆,𝑇𝑇,𝑃𝑃) is the secant bulk 
modulus of the seawater (brine). 𝑆𝑆,𝑇𝑇, and 𝑃𝑃 stand for salinity, 
temperature, and pressure, respectively. For completeness, 
the details of this model are presented in Appendix A. Table 
1 depicts the salinity, pressure, and temperature ranges given 
by Millero et al.,  [8] at which the correlation is valid. 

Nayar et al. [9] also developed a model to calculate 
seawater properties, including the effects of pressure, 
salinity, and temperature, eq. (2) presents this model: 
 

𝜌𝜌𝑠𝑠𝑠𝑠(𝑇𝑇,𝑆𝑆,𝑃𝑃) = 𝜌𝜌𝑠𝑠𝑠𝑠(𝑇𝑇,𝑆𝑆,𝑃𝑃𝑜𝑜) ∗ 𝐹𝐹𝑃𝑃 (2) 
 

Here, 𝜌𝜌𝑠𝑠𝑠𝑠(𝑇𝑇, 𝑆𝑆,𝑃𝑃𝑜𝑜) is the seawater density at atmospheric 
pressure calculated using Sharqawy et al. [7], and 𝐹𝐹𝑃𝑃 is the 
pressure correction factor. All the remaining mathematical 
terms for this model are also depicted in Appendix A.  

Table 2 shows the salinity, pressure, and temperature 
ranges of application given by Nayar et al. [9]. 

Comparing Tables 1 and 2 reveals that the Millero et al. 
[8] correlation covers a much wider range of pressure 
conditions than the Nayar et al. [9] model, but the contrary 
occurs for the temperature conditions, where the range of 
temperatures for the Nayar et al. model is much higher than 
the range for the Millero et al. one. With respect to salinity 
concentrations, both models are for seawater, meaning that in 
principle these correlations should not be used for salt 
concentrations superior to 40, and 150 g/kg, respectively. 

 
Table 1. 
Salinity, pressure, and temperature ranges for the Millero et al. equation [8].  

Salinity 
(g/kg) 

Pressure 
(MPa) 

Temperature 
(°C) 

0 10 - 100 -4 - 40 
5 10 - 100 0 - 40 

10 10 - 100 0 - 40 
15 10 - 100 -2 - 40 

Source: Adapted from Millero et al., 1980. 
 
 
Table 2. 
Salinity, pressure, and temperature ranges for the Nayar et al. model [9] 

 Salinity 
(g/kg) 

Pressure 
(MPa) 

Temperature 
(°C) 

Primary data 0 –  150 0.1 – 1 0 – 180 
 0 –  56 0.2 – 12 0 – 180 

Extrapolation 56 –  150 0 – 12 0 – 180 
Source: Adapted from Nayar et al., 2016 
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Table 3. 
Experimental data and temperature and pressure ranges used to test seawater 
models 

Formation 
Water 

Salinity 
(g/kg) 

Pressure 
(MPa) 

Temperature 
(°C) 

GWR 
(scf/STB) 

FW1 1.771 3.44 – 27.58 87.77 – 98.88 3.6 
FW2 2.268 3.44 – 27.58 87.77 – 98.88 3.5 
FW3 17.593 3.44 – 27.58 60 – 104.44 9.5 
FW4 3.309 3.44 – 27.58 60 – 104.44 4.9 
FW5 8.164 3.44 – 27.58 60 – 104.44 7.4 

Source: The Authors 
 
 
3.  Materials and methods 

 
For this work, sets of experimental data for formation 

water densities were measured for five live formation waters, 
and used to test the two seawater models presented above. 
The experimental data and their pressure and temperature 
ranges are presented in Table 3. This table also shows the 
salinities and gas-water ratios (GWR) for the five live 
formation waters. 

The experimental density data was obtained by using the 
Anton Paar high-pressure density meter named as DMA HP 
4500/5000®, previously calibrated by following the 
procedure recommended in the technical manual for this 
equipment, which can be found elsewhere [10].   
 
4.  Results and discussion 
 

The performance of the two seawater models described 
above were tested against the experimental data of formation 
water densities measured in the present work. As seen in 

Table 4, the density estimations obtained using the Nayar et 
al. [9] model are found to be in excellent agreement with the 
experimental data. In fact, its performance is superior to the 
Millero et al. model [8]. The average error being 0.0669 for 
Nayar et al, and 0.5544% for Millero et al., respectively. 
Moreover, although the Nayar et al. model was developed for 
pressures up to 12 MPa, it behaves very well even for 
pressures close to 28 MPa. In part, this is due to the linear 
trend of density versus pressure exhibited by the 
experimental measurements. 

Figs. 1-5 depict details of the performance of the Nayar 
et al. [9] model for the five formation waters modeled in the 
present work. The numerical details for the five live and dead 
formation waters are presented in Appendix B (Tables 1-5). 
 
Table 4. 
Relative performance of seawater models against experimental data of 
formation water densities. 

Formation 
Water State Relative Error % 

(Nayar et al. [9]) 
Relative Error % 
(Millero et al. [8]) 

FW1 live 0.0709 0.6192 
 dead 0.0972 0.5926 

FW2 live 0.0858 0.5775 
 dead 0.1028 0.5603 

FW3 live 0.0970 0.3357 
 dead 0.0323 0.3297 

FW4 live 0.0106 0.6931 
 dead 0.0418 0.6747 

FW5 live 0.0587 0.5805 
 dead 0.0721 0.5804 

Overall Average Error % 0.0669 0.5544 
Source: The Authors 

 
(a) 

 

(b) 

 
(c) 

 

(d) 

 
Figure 1. Water formation densities for FW1. (a) T=87.77°C. Live (b) T=87.77°C. Dead (c) T=98.88°C. Live. (d) T=98.88°C. Dead. Nayar et al. [9] model.  
Source: The Authors. 
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(a) 

 

(b) 

 
(c) 

 

(d) 

 
Figure 2. Water formation densities for FW1. (a) T=87.77°C. Live (b) T=87.77°C. Dead (c) T=98.88°C. Live. (d) T=98.88°C. Dead. Nayar et al. [9] model.  
Source: The Authors. 
 
 

(a) 

 

(b) 

 
(c) 

 

(d) 

 
Figure 3. Water formation densities for FW1. (a) T=87.77°C. Live (b) T=87.77°C. Dead (c) T=98.88°C. Live. (d) T=98.88°C. Dead. Nayar et al. [9] model.  
Source: The Authors. 
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(a) 

 

(b) 

 
(c) 

 

(d) 

 
Figure 4. Water formation densities for FW1. (a) T=87.77°C. Live (b) T=87.77°C. Dead (c) T=98.88°C. Live. (d) T=98.88°C. Dead. Nayar et al. [9] model.  
Source: The Authors. 
 
 

(a) 

 

(b) 

 
(c) 

 

(d) 

 
Figure 5. Water formation densities for FW1. (a) T=87.77°C. Live (b) T=87.77°C. Dead (c) T=98.88°C. Live. (d) T=98.88°C. Dead. Nayar et al. [9] model. 
Source: The Authors. 
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Again, the performance of the Nayar et al. [9] model is 
excellent. In addition, we can see based on Figures 1-5 that 
the amounts of gas in these formation waters do not affect the 
density measurements when compared to the respective dead 
formation waters. This is due, in part, to the relatively small 
GWRs values for these brines. 

 
5.  Conclusions 

 
The application of pressure-dependent seawater models 

to predict formation water properties at high pressures can 
offer rapid estimations of formation water densities for 
petroleum engineering calculations, such as locating WOCs. 
This approach is very useful, especially when live formation 
water samples are not available to perform direct 
measurements in a PVT laboratory.  For the samples modeled 
here, the gas-water ratio effect (GWR) on the live formation 
water was insignificant, mainly due to the low values of 
GWR found for these five live formation water samples. The 
performance of the Nayar et al. [9] model is excellent for 
predicting water formation densities, even out of the pressure 
range originally set for this model. This fact is intimately 
related to the linear trend of density versus pressure exhibited 
by the water formations.    
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List of symbols 
 
ρ: formation water density, kg/m3 
T: temperature, °C 
P: pressure, MPa 
S: salinity, g/kg 
sw: seawater 
 
Appendix A 

 
A.1.  High pressure Equation of state for seawater,  
         Millero et al [8]. 
 

The density of seawater at high pressure according to the 
equation of state for seawater (EOS-80) is calculated as 
presented in eq. (3): 
 

𝜌𝜌(𝑆𝑆,𝑇𝑇,𝑃𝑃) =
𝜌𝜌(𝑆𝑆,𝑇𝑇, 0)

1 − 𝑃𝑃
𝐾𝐾(𝑆𝑆,𝑇𝑇,𝑃𝑃)

 (3) 

 
Where 𝜌𝜌(𝑆𝑆,𝑇𝑇, 0) is the density of standard seawater at 

atmospheric pressure and is calculated as shown in eq. (4), P 
is pressure in bars and 𝐾𝐾(𝑆𝑆,𝑇𝑇,𝑃𝑃) is the secant bulk modulus 
of seawater and is calculated with eq. (5). 

- Density of standard seawater at atmospheric pressure: 
 

𝜌𝜌(𝑆𝑆,𝑇𝑇, 0) = (0.999841594 + 6.793952 ∗ 10−5𝑇𝑇 −
9.095290 ∗ 10−6𝑇𝑇2 + 1.001685 ∗ 10−7𝑇𝑇3 −
1.120083 ∗ 10−9𝑇𝑇4 + 6.536362 ∗ 10−12𝑇𝑇5) +
(8.25917 ∗ 10−4 − 4.4490 ∗ 10−6𝑇𝑇 + 1.0485 ∗
10−7𝑇𝑇2 − 1.2580 ∗ 10−9𝑇𝑇3 + 3.315 ∗
10−12𝑇𝑇4)𝑆𝑆 + (−6.33761 ∗ 10−6 + 2.8441 ∗
10−7𝑇𝑇 − 1.6871 ∗ 10−8𝑇𝑇2 + 2.83258 ∗
10−10𝑇𝑇3)𝑆𝑆3 2⁄ + (5.4705 ∗ 10−7 − 1.97975 ∗
10−8𝑇𝑇 + 1.6641 ∗ 10−9𝑇𝑇2 − 3.1203 ∗
10−11𝑡𝑡3)𝑆𝑆2  

(4) 

 
- Secant bulk modulus of seawater: 
 

https://orcid.org/0000-0002-3670-1779
https://orcid.org/0000-0003-4564-1891?lang=en
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𝐾𝐾(𝑆𝑆,𝑇𝑇,𝑃𝑃) = 𝐾𝐾0 + 𝐴𝐴𝐴𝐴 + 𝐵𝐵𝑃𝑃2 (5) 
 
Where: 
 
𝐾𝐾0 = 𝐾𝐾𝑤𝑤0 + 𝑎𝑎𝑎𝑎 + 𝑏𝑏𝑆𝑆3 2⁄  
𝐴𝐴 = 𝐴𝐴𝑤𝑤 + 𝑐𝑐𝑐𝑐 + 𝑑𝑑𝑆𝑆3 2⁄  
𝐵𝐵 = 𝐵𝐵𝑤𝑤 + 𝑒𝑒𝑒𝑒 
 
𝐾𝐾𝑤𝑤0 = 19652.21 + 148.4206𝑇𝑇 − 2.327105𝑇𝑇2 + 1.360477 ∗

10−2𝑇𝑇3 − 5.155288 ∗ 10−5𝑇𝑇4  
𝐴𝐴𝑤𝑤 = 3.239908 + 1.43713 ∗ 10−3𝑇𝑇 + 1.16092 ∗ 10−4𝑇𝑇2 −

5.77905 ∗ 10−7𝑇𝑇3  
𝐵𝐵𝑤𝑤 = 8.50935 ∗ 10−5 − 6.12293 ∗ 10−6𝑇𝑇 + 5.2787 ∗ 10−8𝑇𝑇2 
𝑎𝑎 = 54.6746− 0.603459𝑇𝑇 + 1.09987 ∗ 10−2𝑇𝑇2 − 6.1670 ∗ 10−5𝑇𝑇3  
𝑏𝑏 = 7.944 ∗ 10−2 + 1.6483 ∗ 10−2𝑇𝑇 − 5.3009 ∗ 10−4𝑇𝑇2 
𝑐𝑐 = 2.2838 ∗ 10−3 − 1.0981 ∗ 10−5𝑇𝑇 − 1.6078 ∗ 10−6𝑇𝑇2 
𝑑𝑑 = 1.9107 ∗ 10−4   
𝑒𝑒 = −9.9348 ∗ 10−7 + 2.0816 ∗ 10−8𝑇𝑇 + 9.1697 ∗ 10−10𝑇𝑇2  

Units: 𝜌𝜌 in kg/m3, S in kg/m3, T in °C and P in bar. 
 
A.2.  Seawater density correlation, Nayar et al. [9]. 
 
The density of seawater at high pressure according to Nayar 
et al. [9] is calculated as shown in eq. (6). 
 

𝜌𝜌𝑠𝑠𝑠𝑠(𝑇𝑇, 𝑆𝑆,𝑃𝑃) = 𝜌𝜌𝑠𝑠𝑠𝑠(𝑇𝑇, 𝑆𝑆,𝑃𝑃𝑜𝑜) ∗ 𝐹𝐹𝑃𝑃 (6) 
 

Where 𝜌𝜌𝑠𝑠𝑠𝑠(𝑇𝑇, 𝑆𝑆,𝑃𝑃𝑜𝑜) is the seawater density at 
atmospheric pressure calculated by using Sharqawy et al. [5] 
and 𝐹𝐹𝑃𝑃 is the pressure correction factor. The equations to 
calculate these expressions are shown in eq. (7) and  (8) 
respectively. 

𝜌𝜌𝑠𝑠𝑠𝑠(𝑇𝑇, 𝑆𝑆,𝑃𝑃𝑜𝑜) = (𝑎𝑎1 + 𝑎𝑎2𝑇𝑇 + 𝑎𝑎3𝑇𝑇2 + 𝑎𝑎4𝑇𝑇3 + 𝑎𝑎5𝑇𝑇4) +
(𝑏𝑏1𝑆𝑆𝐾𝐾𝐾𝐾 𝐾𝐾𝐾𝐾⁄ + 𝑏𝑏2𝑆𝑆𝐾𝐾𝐾𝐾 𝐾𝐾𝐾𝐾⁄ 𝑇𝑇 + 𝑏𝑏3𝑆𝑆𝐾𝐾𝐾𝐾 𝐾𝐾𝐾𝐾⁄ 𝑇𝑇2 +
𝑏𝑏4𝑆𝑆𝐾𝐾𝐾𝐾 𝐾𝐾𝐾𝐾⁄ 𝑇𝑇3 + 𝑏𝑏5𝑆𝑆𝐾𝐾𝐾𝐾 𝐾𝐾𝐾𝐾⁄

2 𝑡𝑡𝑡𝑡2)  

(7) 

Where: 
𝑎𝑎1 = 9.999 ∗ 102 𝑏𝑏1 = 8.020 ∗ 102 
𝑎𝑎2 = 2.034 ∗ 10−2 𝑏𝑏2 = −2.001 
𝑎𝑎3 = −6.162 ∗ 10−3 𝑏𝑏3 = 1.677 ∗ 10−2 
𝑎𝑎4 = 2.261 ∗ 10−5 𝑏𝑏4 = −3.060 ∗ 10−5 
𝑎𝑎5 = −4.657 ∗ 10−8 𝑏𝑏5 = −1.613 ∗ 10−5 

𝑆𝑆𝐾𝐾𝐾𝐾 𝐾𝐾𝐾𝐾⁄ =
𝑆𝑆

1000
  

 

𝐹𝐹𝑝𝑝 = 𝑒𝑒𝑒𝑒𝑒𝑒 �(𝑃𝑃 − 𝑃𝑃𝑜𝑜) ∗ 𝑋𝑋 +
(𝑃𝑃2 − 𝑃𝑃𝑜𝑜2)

2
∗ 𝑌𝑌� 

(8) 

 
Where: 
 
𝑋𝑋 = 𝑐𝑐1 + 𝑐𝑐2𝑡𝑡 + 𝑐𝑐3𝑡𝑡2 + 𝑐𝑐4𝑡𝑡3 + 𝑐𝑐5𝑡𝑡4 + 𝑐𝑐6𝑡𝑡5 + 𝑆𝑆 ∗ (𝑑𝑑1 + 𝑑𝑑2𝑡𝑡 + 𝑑𝑑3𝑡𝑡2)     
𝑌𝑌 = 𝑐𝑐7 + 𝑐𝑐8𝑡𝑡 + 𝑐𝑐9𝑡𝑡3 + +𝑑𝑑4𝑆𝑆 

 
𝑐𝑐1 = 5.0792 ∗ 10−4 𝑑𝑑1 = −1.1077 ∗ 10−6 
𝑐𝑐2 = −3.4168 ∗ 10−6 𝑑𝑑2 = 5.5584 ∗ 10−9 
𝑐𝑐3 = 5.6931 ∗ 10−8 𝑑𝑑3 = −4.2539 ∗ 10−11 
𝑐𝑐4 = −3.7263 ∗ 10−10 𝑑𝑑4 = 8.3702 ∗ 10−9 
𝑐𝑐5 = 1.4465 ∗ 10−12  
𝑐𝑐6 = −1.7058 ∗ 10−15  
𝑐𝑐7 = −1.3389 ∗ 10−6  
𝑐𝑐8 = 4.8603 ∗ 10−9  
𝑐𝑐9 = −6.8039 ∗ 10−13  

 
Units: 𝜌𝜌𝑠𝑠𝑠𝑠 in kg/m3, t in °C, S in g/kg, P in MPa 
 

 
Appendix B 
 
Table B1. 
Experimental vs. calculated data for FW1. Salinity= 1.77122 g/kg. Nayar et 
al. [9] model. 

FW1 T 
(°C) 

P 
(MPa) 

Exp.  
Density 
(kg/m3) 

Calc.  
Density 
(kg/m3) 

Error 
(%) 

Average 
Error 
(%) 

Live 

87.77 

27.579 0.98087 0.98011 0.077 

0.071 

20.684 0.97789 0.97716 0.074 
13.790 0.97488 0.97416 0.074 
6.895 0.97178 0.97110 0.069 
3.447 0.97024 0.96955 0.071 

98.88 

27.579 0.97345 0.97275 0.072 
20.684 0.97040 0.96973 0.068 
13.790 0.96731 0.96666 0.067 
6.895 0.96419 0.96352 0.069 
3.447 0.96257 0.96193 0.067 

Dead 

87.77 

27.579 0.98110 0.98011 0.101 

0.097 

20.684 0.97812 0.97716 0.098 
13.790 0.97512 0.97416 0.098 
6.895 0.97206 0.97110 0.099 
3.447 0.97048 0.96955 0.095 

98.88 

27.579 0.97369 0.97275 0.096 
20.684 0.97063 0.96973 0.093 
13.790 0.96759 0.96666 0.096 
6.895 0.96447 0.96352 0.099 
3.447 0.96286 0.96193 0.096 

Source: The Authors 
 
 

Table B2. 
Experimental vs. calculated data for FW2. Salinity= 2.268 g/kg. Nayar et al. 
[9] model. 

FW2 T 
(°C) 

P 
(MPa) 

Exp.  
Density 
(kg/m3) 

Calc.  
Density 
(kg/m3) 

Error 
(%) 

Average 
Error 
(%) 

Live 

87.77 

27.579 0.98134 0.98047 0.089 

0.086 

20.684 0.97841 0.97752 0.091 
13.790 0.97535 0.97452 0.086 
6.895 0.97230 0.97146 0.086 
3.447 0.97072 0.96992 0.082 

98.88 

27.579 0.97392 0.97311 0.083 
20.684 0.97092 0.97010 0.085 
13.790 0.96778 0.96702 0.078 
6.895 0.96475 0.96388 0.090 
3.447 0.96314 0.96230 0.088 

Dead 

87.77 

27.579 0.98144 0.98047 0.098 

0.103 

20.684 0.97855 0.97752 0.105 
13.790 0.97554 0.97452 0.105 
6.895 0.97244 0.97146 0.100 
3.447 0.97090 0.96992 0.102 

98.88 

27.579 0.97411 0.97311 0.103 
20.684 0.97111 0.97010 0.104 
13.790 0.96797 0.96702 0.098 
6.895 0.96490 0.96388 0.105 
3.447 0.96333 0.96230 0.107 

Source: The Authors 
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Table B3. 
Experimental vs. calculated data for FW3. Salinity= 17.593 g/kg. Nayar et 
al. [9] model. 

FW3 T 
(°C) 

P 
(MPa) 

Exp.  
Density 
(kg/m3) 

Calc.  
Density 
(kg/m3) 

Error 
(%) 

Average 
Error 
(%) 

Live 

60 

27.579 1.00642 1.00756 0.113 

0.097 

24.132 1.00518 1.00616 0.098 
20.684 1.00375 1.00476 0.101 
13.790 1.00084 1.00192 0.108 
6.895 0.99813 0.99904 0.091 
3.447 0.99706 0.99758 0.052 

104.44 

27.579 0.97922 0.98040 0.120 
24.132 0.97779 0.97890 0.114 
20.684 0.97624 0.97739 0.118 
13.790 0.97326 0.97432 0.109 
6.895 0.97035 0.97120 0.087 
3.447 0.96910 0.96961 0.053 

Dead 

60 

27.579 1.00790 1.00756 0.034 

0.032 

24.132 1.00651 1.00616 0.035 
20.684 1.00509 1.00476 0.033 
13.790 1.00218 1.00192 0.026 
6.895 0.99927 0.99904 0.023 
3.447 0.99788 0.99758 0.029 

104.44 

27.579 0.98078 0.98040 0.039 
24.132 0.97925 0.97890 0.036 
20.684 0.97771 0.97739 0.032 
13.790 0.97467 0.97432 0.036 
6.895 0.97153 0.97120 0.034 
3.447 0.96990 0.96961 0.030 

Source: The Authors 

Table B4. 
Experimental vs. calculated data for FW4. Salinity= 3.309 g/kg. Nayar et al. 
[9] model. 

FW4 T 
(°C) 

P 
(MPa) 

Exp.  
Density 
(kg/m3) 

Calc.  
Density 
(kg/m3) 

Error 
(%) 

Average 
Error 
(%) 

Live 

60 

27.579 0.99714 0.99725 0.010 

0.011 

20.684 0.99433 0.99441 0.007 
13.790 0.99134 0.99152 0.019 
6.895 0.98843 0.98859 0.016 
3.447 0.98699 0.98710 0.011 

104.44 

27.579 0.96995 0.97001 0.006 
20.684 0.96688 0.96696 0.008 
13.790 0.96376 0.96384 0.009 
6.895 0.96058 0.96067 0.009 
3.447 0.95895 0.95906 0.010 

Dead 

60 

27.579 0.99762 0.99725 0.038 

0.042 

20.684 0.99481 0.99441 0.041 
13.790 0.99186 0.99152 0.034 
6.895 0.98891 0.98859 0.033 
3.447 0.98747 0.98710 0.037 

104.44 

27.579 0.97047 0.97001 0.047 
20.684 0.96745 0.96696 0.050 
13.790 0.96433 0.96384 0.050 
6.895 0.96110 0.96067 0.045 
3.447 0.95947 0.95906 0.044 

Source: The Authors 
 
 
 
 

 
Table B5. 
Experimental vs. calculated data for FW5. Salinity= 8.164 g/kg. Nayar et al. [9] model. 

FW5 T 
(°C) 

P 
(MPa) 

Exp.  
Density 
(kg/m3) 

Calc.  
Density 
(kg/m3) 

Error 
(%) 

Average Error 
(%) 

Live 

60 

27.579 1.00138 1.00075 0.063 

0.059 

20.684 0.99806 0.99793 0.013 
13.790 0.99476 0.99506 0.030 
6.895 0.99138 0.99214 0.077 
3.447 0.98994 0.99067 0.074 

104.44 

27.579 0.97293 0.97354 0.063 
20.684 0.96986 0.97050 0.067 
13.790 0.96678 0.96741 0.064 
6.895 0.96355 0.96425 0.072 
3.447 0.96202 0.96264 0.065 

Dead 

60 

27.579 1.00253 1.00075 0.177 

0.072 

20.684 0.99925 0.99793 0.133 
13.790 0.99591 0.99506 0.085 
6.895 0.99253 0.99214 0.039 
3.447 0.99113 0.99067 0.047 

104.44 

27.579 0.97407 0.97354 0.054 
20.684 0.97095 0.97050 0.045 
13.790 0.96787 0.96741 0.048 
6.895 0.96473 0.96425 0.050 
3.447 0.96306 0.96264 0.043 

Source: The Authors 
 
 
 


	1.  Introduction


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 1200

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages false

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 1200

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages false

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages false

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /ESP <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [4000 4000]

  /PageSize [612.000 792.000]

>> setpagedevice



