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Abstract: The Dead Sea is a terminal lake, being the lowest and one of the most saline lakes on earth. For more than last 

fifty years the water level of the Dead Sea drastically decreased resulting in a drop of more than 30 m since beginning of 

sixties of the last century. The present level and size of the Dead Sea and its development are determined by a negative water 

balance between precipitation, runoff and evaporation. One of the possible ways to stop reducing the surface level of the Dead 

See and even to reverse this process, it is to supply seawater by connecting the Dead Sea with a world ocean system. The first 

and the most suitable choice discussed from the seventies of the last century was a canal connecting the Dead Sea with the 

Mediterranean Sea. However, due to geopolitical situation in this region the project of Dead Sea - Mediterranean Sea canal was 

abandoned, and another two seas canal variant has been studying for the last several decades, namely a canal between the Dead 

Sea and the Rea Sea via the Gulf of Eilat/Aqaba. The problems attracting the wide public attention for this canal construction 

are the ecological effects of mixing the waters of the Dead Sea and seawater from the Red Sea if the canal between these two 

seas will be built. There are some fears that under certain conditions, a layer of gypsum crystals floating on the Dead Sea 

surface will be formed causing some undesirable ecological effects in local environment. In the present article the rates of the 

deposition of gypsum crystals in the mixtures of the Dead Sea water with seawater were estimated by using the experimental 

viscosity and density values of these waters mixtures. The results of these calculations allowed us to assume that there is no 

danger that gypsum crystals, which can be formed under certain conditions during mixing of Dead Sea and seawater, will float 

on the Dead Sea water surface forever and after a relatively short period of time, depending on the dimensions of the crystals, 

gypsum crystals will sink to the bottom. 

Keywords: Dead Sea, Mediterranean Sea, Two Seas Canal, Seawater, Viscosity, Density, Gypsum Crystals,  

Crystal Deposition 

 

1. Introduction 

The Dead Sea is a large and deep terminal lake (i.e. a lake 

with no outlet) situated in the lowest section of the Jordan 

Rift Valley between Israel and Jordan, being the lowest 

terrestrial site and one of the most saline lakes on earth. The 

present level and size of the Dead Sea and its development 

are determined by a negative water balance between 

precipitation, runoff and evaporation [1-3]. Compared with 

evaporated ordinary seawater of the same chlorinity, the 

Dead Sea water is deficient in sodium, potassium, 

magnesium, and sulfate while enriched with calcium and 

bromide. The present-day Dead Sea is either close to 

saturation or oversaturated with respect to several mineral 

phases as halite, gypsum, barite and celestite. Until 1977, the 

Dead Sea was consisted of two parts, a large and deep 

northern basin and a smaller and very shallow southern one, 

connected via the Lynch straits [4]. These both basins have 

suffered considerable changes in recent years through both 

climatic causes and man-made ones that include the potash 

industry set up in the 1930's and the increasing exploitation 

of the Jordan river waters for irrigation. For more than last 

fifty years the water level of the Dead Sea drastically 

decreased resulting in a drop of more than 30 m since 

beginning of sixties of the last century. Negative water 

budget has reduced the surface level of the Dead Sea below 
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the sill depth of the Lynch straits and since the beginning of 

1977, the southern basin separated from the main Dead Sea 

body became a pond maintained by a dike and filled with 

waters pumped in from the northern basin [5]. Since then the 

southern basin of the Dead Sea is used by the Dead Sea 

Works operating on the Israeli side and APC (Arabian Potash 

Company) on the Jordanian side as evaporation pond for the 

potash and magnesium compounds production via carnallite 

(KMgCl3
.
6H2O) precipitation. In the present paper the “Dead 

Sea” refers solely to what used to be the northern basin. 

One of the possible ways to stop reducing the surface level 

of the Dead See and even to reverse this process, it is to 

supply seawater by connecting the Dead Sea with a world 

ocean system. The first and the most suitable choice 

discussed was a canal connecting the Dead Sea with 

Mediterranean Sea. Due to the importance of the Dead Sea 

for Israel's economy and in order to understand the possible 

effects of the proposed canal on the natural processes in the 

Dead Sea water body, various physico-chemical properties of 

the Dead Sea water before and after mixing with entering 

Mediterranean seawater have been studied during seventies 

and eighties of the last century. These investigations included 

studies of the changes in chemical composition of the Dead 

Sea and precipitation processes in it [6-12], the physical 

structure of the Dead Sea water body [5, 13-15], and some 

thermodynamic aspects of Dead Sea brines [8, 10, 16-18]. 

However, due to geopolitical situation in this region the 

project Dead Sea - Mediterranean Sea canal was abandoned 

and another two seas canal variant has been studying for the 

last twenty years, namely a canal between the Dead Sea and 

the Rea Sea via the Gulf of Eilat/Aqaba [19]. We should 

emphasize that the experimental part of the present study 

was conducted in eighties of the last century when the 

general intention was to build a two seas canal between the 

Dead Sea and the Mediterranean Sea. However, since the 

chemical compositions of the Mediterranean and Red Sea 

waters are relatively very similar with small difference in 

total salinity, the results obtained for mixtures of Dead Sea 

water with Mediterranean water can be used for the 

discussion of the phenomena of gypsum precipitation in the 

mixtures of Dead Sea water with Red Sea water. 

The problems attracting the wide scientific attention are 

the ecological effects of mixing the waters of the Dead Sea 

and seawater if the canal between these two seas will be built. 

There are some fears that under certain conditions, a layer of 

gypsum (CaSO4
.
2H2O) crystals floating on the Dead Sea 

surface will be formed causing some undesirable ecological 

effects in local environment. The deposition of the formed 

crystal will take some time. The minerals deposition in water 

column is determined by three stages which are: a) the 

nucleation of a new crystal phase; b) the crystal growth; c) 

crystal precipitation. If the formed gypsum crystals will not 

settle quickly to the bottom it may influence the general 

appearance of the Dead Sea water. This gypsum layer would 

lead to a change in color of Dead Sea water and also could 

harm potash production at the Dead Sea Works operating on 

the Israeli side and APC (Arabian Potash Company) on the 

Jordanian side. 

Even Dead Sea waters are oversaturated with respect to 

some calcium, barium and strontium salts [17, 18, 20, 21] no 

massive deposition of these minerals was observed under 

present sea conditions [22]. The spontaneous precipitation of 

some of these minerals in Dead Sea water has been observed 

only in very rare cases. A whiting (whitening) phenomenon 

observed in the Dead Sea from August to December 1943 

was described in [23-25]. Bloch et al. [23] estimated that 

about 80% of the white solid were calcium carbonate. 

However, the authors did not find any mention of such an 

outstanding event in the previous history of the Dead Sea 

except a quotation from the famous Greek physician Galen, 

who visited the Dead Sea at about 158 C.E. and stated that 

the waters of the Dead Sea "appear at first glance whiter and 

heavier than all Seas". Later, Neev [26] again observed a 

whiting in the Dead Sea in August 1959. He suggested that 

aragonite was precipitated during whiting when the Dead Sea 

water temperatures reach their annual maximum. Friedman 

[27, 28] concluded that the mechanism of whiting in the 

Dead Sea was physico-chemical precipitation of aragonite in 

contrast to the biologically induced mechanism for Bahaman 

whiting [29]. The mechanism of whiting in the Dead Sea has 

not yet been explained completely, although it is obvious that 

kinetic factors are also responsible. 

The problem of gypsum formation and sedimentation in 

the Dead Sea has been considered by several research groups. 

Neev and Emery [4] have shown that one of the components 

in the Dead Sea bottom sediments was gypsum, which has 

been precipitated from Dead Sea waters. These authors also 

observed that suspended material in water samples consisted 

chiefly of gypsum and aragonite. However, Levy [30] did not 

find significant amounts of gypsum in suspended matter 

samples taken from different depths of the Dead Sea and in 

samples collected in sediment traps [31]. In the beginning of 

eighties last century, Katz et al. [9] and Krumgalz and 

Millero [10, 11] have demonstrated that Dead Sea waters are 

oversaturated with respect to gypsum. The oversaturation of 

the Dead Sea with respect to gypsum and the virtual absence 

of gypsum crystals in suspended matter mean that the 

gypsum crystallization process in the Dead Sea under present 

conditions was limited by some kinetic factors. Recently 

Reznik et al. [32-35] have studied kinetics of gypsum 

nucleation and crystal growth from Dead Sea brine and from 

Dead Sea and Red Sea seawater mixtures. 

If the above discussed two seas canal will be built, the 

mixing of the two different water bodies will take place. The 

problem of gypsum solubility in the mixtures of Dead Sea 

and Mediterranean Sea waters at different ratios and in their 

concentrates obtained by evaporation has been examined 

experimentally by Katz et al. [9] and theoretically by 

Krumgalz and Millero [11]. Dead Sea waters are known to 

be much richer in Ca
2+

 cations and much poorer in 

SO�
��anions than world ocean waters. Therefore, when the 

mixing of such different water bodies will take place, two 

opposite effects will occur: the SO�
��  anion concentration 

will increase, but the Ca
2+

 cation concentration will decrease 
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in the mixtures of these waters. Krumgalz and Millero [11] 

have shown that the mixtures enriched with Dead Sea waters 

are over-saturated with respect to gypsum. When Dead Sea 

waters are mixed with Mediterranean Sea water, the degree 

of gypsum saturation (Ωgypsum) goes through a maximum of 

ca. 1.77 at the weight portion of Dead Sea water equal to 

0.909. The dependence of the degree of gypsum saturation 

from ionic strength of Dead Sea water and Mediterranean 

seawater mixtures at 25°C was described by the following 

equation [11]: 

Ωgypsum = exp (-3.3986 + 3.3242⋅ 5.0

mI  - 1.0646⋅Im + 0.131074⋅ 5.1

mI )                  (1) 

where Im is the ionic strength of Dead Sea - Mediterranean 

Sea waters mixtures in molality units. After reaching the 

weight fraction of Dead Sea water in the mixtures with 

Mediterranean Sea water the value of ca. 0.444, the 

considered mixtures become under-saturated with respect to 

gypsum (Ωgypsum<1). The results of gypsum saturation in the 

mixtures of Dead Sea water with Red sea water obtained by 

Reznik et al. [33, 35] are comparative with the results of 

Krumgalz and Millero [11] for the mixtures of Dead Sea 

water with Mediterranean Sea water. 

Reznik et al. [33] suggested that gypsum precipitation in 

the Dead Sea system is very slow and is limited by 

nucleation rate. The question is how long will it take for the 

gypsum crystals to sink to the sea bottom? In this study, we 

estimated the rate of deposition of gypsum crystals in the 

Dead Sea water and its mixtures with the Mediterranean Sea 

water based on experimentally determined viscosity and 

density of such mixtures. 

2. Experimental Part 

Nine different mixtures of Dead Sea and Mediterranean 

Sea waters prepared by weight are summarized in Table 1. 

According to the calculations [11], only five first solutions 

are over-saturated with respect to gypsum. Ionic 

compositions (only for major ions) of the mixtures were 

calculated from the experimentally determined Dead Sea and 

Mediterranean Sea water concentrations. Sodium and 

potassium ions concentrations were determined using a 

Flame Photometer IL443 with a precision better than ±0.2%. 

Calcium ion concentrations were found by complexometric 

titration with EGTA with an accuracy of ±0.2% [36] using a 

Ca-selective electrode Radiometer F2110Ca. The total 

content of calcium and magnesium ions was determined by 

complexometric titration with EDTA at pH=9.5 using a 

calcium selective electrode. The magnesium content was 

then calculated as the difference between the total 

magnesium and calcium content and calcium concentration 

found by separate titrations. The sulfate concentration was 

determined by the conventional gravimetric method with 

BaCl2. The total content of chloride and bromide anions was 

found by argentometric titration with a silver electrode. 

Bromide determination was carried out by the iodometric 

method described in [37]. 

Table 1. Composition of Dead Sea water (DSW), Mediterranean Sea water (MSW) and their different mixtures. 

Mixture 
Weight portion, % Ionic concentrations in molality units 

DSW MSW Na+ K+ Ca2+ Mg2+ Cl- Br- SO4
2- Im 

DSW 100 0 1.834 0.2125 0.4584 1.943 6.749 0.07202 0.005576 9.248 

#1 90 10 1.672 0.1871 0.4018 1.704 5.974 0.06300 0.00914 8.179 

#2 80 20 1.519 0.1631 0.3484 1.479 5.244 0.05451 0.01250 7.171 

#3 70 30 1.375 0.1405 0.2981 1.267 4.556 0.04650 0.01566 6.221 

#4 60 40 1.239 0.1192 0.2505 1.067 3.904 0.03893 0.01866 5.322 

#5 50 50 1.110 0.09894 0.2055 0.8767 3.288 0.03176 0.02149 4.471 

#6 40 60 0.9874 0.07977 0.1628 0.6966 2.704 0.02496 0.02418 3.665 

#7 30 70 0.8714 0.06157 0.1222 0.5256 2.149 0.01851 0.02673 2.899 

#8 20 80 0.7610 0.04427 0.08370 0.3631 1.622 0.01237 0.02916 2.172 

#9 10 90 0.6560 0.02780 0.04702 0.2085 1.120 0.006533 0.03146 1.479 

MSW 0 100 0.5559 0.01211 0.01206 0.06107 0.6414 0.000968 0.03366 0.8188 

 

3. Results 

The results of the viscosity (ν and η are kinematic and 

dynamic viscosity, respectively) and density (ρ) 

measurements of Dead Sea water, Mediterranean Sea water 

and their mixtures at various temperatures are presented in 

Table 2. Density measurements have been carried out with a 

flow digital densimeter, Sodev vibrating tube densimeter, 

described in [38]. Viscosity measurements with a precision 

of ±0.1% have been conducted with Ubbelohde capillary 

viscometers on the automated viscosity measuring 

instrument "Lauda Viscoboy". 

Table 2. Kinematic (ν) and dynamic (η) viscosities and density of Dead Sea water, Mediterranean Sea water and their mixtures at various temperatures. 

Solution Im 
15°C 25°C 35°C 45°C 

ν, cSt ρav, g⋅cm-3 η, cP ν, cSt ρav, g⋅cm-3 η, cP ν, cSt ρav, g⋅cm-3 η, cP ν, cSt ρav, g⋅cm-3 η, cP 

DSW 9.248 2.873 1.230616 3.536 2.234 1.226194 2.740 1.792 1.222161 2.190 1.471 1.217426 1.791 

#1 8.179 2.520 1.208941 3.047 1.971 1.204197 2.373 1.584 1.199086 1.899 1.310 1.194447 1.564 

#2 7.171 2.236 1.189036 2.658 1.760 1.182871 2.082 1.422 1.178603 1.676 1.180 1.176255 1.388 

#3 6.221 1.998 1.165889 2.329 1.587 1.161906 1.844 1.285 1.157708 1.487 1.070 1.153305 1.234 
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Solution Im 
15°C 25°C 35°C 45°C 

ν, cSt ρav, g⋅cm-3 η, cP ν, cSt ρav, g⋅cm-3 η, cP ν, cSt ρav, g⋅cm-3 η, cP ν, cSt ρav, g⋅cm-3 η, cP 

#4 5.322 1.820 1.145129 2.084 1.440 1.141312 1.643 1.170 1.137206 1.331 0.979 1.132818 1.109 

#5 4.472 1.659 1.124956 1.866 1.323 1.121277 1.483 1.077 1.117278 1.204 0.902 1.112922 1.004 

#6 3.665 1.540 1.105257 1.702 1.222 1.101607 1.346 0.996 1.097680 1.093 0.834 1.093488 0.912 

#7 2.900 1.434 1.085780 1.557 1.141 1.082371 1.235 0.929 1.078574 1.001 0.777 1.074376 0.835 

#8 2.172 1.337 1.066833 1.426 1.067 1.063427 1.135 0.868 1.059721 0.920 0.727 1.057680 0.769 

#9 1.479 1.265 1.048002 1.326 1.003 1.044830 1.048 0.815 1.041256 0.849 0.682 1.037258 0.707 

MSW 0.819 1.192 1.029297 1.227 0.946 1.026546 0.971 0.771 1.023296 0.789 0.645 1.019038 0.657 

 

4. Discussion 

The deposition rate of small particles in liquid medium 

under the condition of dynamic equilibrium is determined by 

the Stokes law. According to the Stokes law, the resistance 

force of a medium to the deposition of small particles in this 

medium is expressed in the form: 

f= 3 depdπ η ω⋅ ⋅ ⋅ ⋅                 (2) 

where f is the resistance force, d is the diameter of a particle, 

η is the dynamic viscosity of a medium and ωdep is the 

deposition rate. 

Under the condition of dynamic equilibrium of the 

deposition process, the resistance force will be equal to the 

difference between the particle weight and the buoyant 

expulsive force (buoyancy force): 

3

3
6

s dep

d
g ( ) d

π ρ ρ π η ω⋅ ⋅ ⋅ − = ⋅ ⋅ ⋅ ⋅       (3) 

where g is the gravity acceleration (g = 980.7 cm⋅sec
-2

); ρs  

is the density of the solid particle and ρ  is the density of a 

medium. Finally, the deposition rate of small particles in 

liquid medium under the condition of dynamic equilibrium is 

expressed according to the Stokes law as 

2 2

18 18

s s
dep

d g ( ) d g ( )ρ ρ ρ ρω
η ν ρ

⋅ ⋅ − ⋅ ⋅ −= =
⋅ ⋅ ⋅

     (4) 

where ν the kinematic viscosity of a liquid medium. One of 

the problems arising when using the above equation is the 

calculating of a diameter of the particle under consideration. 

For the non-spherical particles in Eqns. (2), (3) and (4), the 

equivalent diameter (deqv) should be used. The deqv value is 

equal to the diameter of a sphere having the same volume (v) 

as the non-spherical particle under study: 

3
6

eqvd v
π

= ⋅                  (5) 

The deposition rate of particles of non-spherical 

configuration 
n
dep( )ω is less than the deposition rate of 

spherical particles having the same volumes. The deposition 

rate of non-spherical particles is equal to the deposition rate 

of spherical particles multiplied by the correction coefficient 

ψ called the configurational coefficient: 

n
dep depω ψ ω= ⋅                (6) 

The configurational coefficient is always less than 1, and 

its rough values can be found in Kasatkin [39, p.104]: for 

rounded particles ψ≈0.77, for angular particles ψ≈0.66, for 

oblong particles ψ≈0.58 and for lamellar particles ψ≈0.43. 

The important question is concerned to the configurations 

of crystals which are formed during gypsum precipitation. 

The process of gypsum nucleation and its crystals' growth in 

mixtures of Mediterranean and Dead Sea waters has been 

studied by Levy and Kushnir [40]. According to their 

findings, gypsum crystals formed in the studied mixtures 

were, as a rule, prismatic with a length-wide ratio of 10:1. 

The crystal lengths were in the range between 15 and 120 µ 

during 24 hours after two seas water mixing, with dominant 

length near 60 µ. In some rare cases Levy and Kushnir [40] 

have also found crystals like discs. The calculations of the 

configurational coefficients for such gypsum crystals can be 

carried out by the formulas reported by Lerman [41, p. 428]. 

The configurational coefficients of needle-form particles 

settling in parallel to their length ( )(|| )ψ
l

 and settling 

perpendicularly to their length ( )( )ψ ⊥l
 are respectively 

represented by formulas: 

( )
2 3

1 2 0 53

2
(|| ) /

n p .

p
ψ

⋅ −
= ⋅

l
         (7) 

2 3

3 2 0 5

4
( )

ln( p ) .

p
ψ ⊥

⋅ += ⋅
l

         (8) 

with blp=  where l and b are the length and width of a 

particle, respectively. 

It should be emphasized that Eqn. (2) is correct only when 

the deposition regime is laminar, i.e. the Reynolds criterion 

(Re) is in the range 1⋅10
-4

<Re<0.1 [41, p. 265]. Therefore, 

after the calculation of ωdep
'  from Eqn. (6), the deposition 

regime should be checked by the Reynolds criterion 

calculation: 

' '
dep eqv dep eqvd d

Re
ω ρ ω

η ν
⋅ ⋅⋅ ⋅ ⋅

= =         (9) 

If the values of the Reynolds criterion are in the range 

1⋅10
-4

<Re<0.1, the ωdep
'

 value calculated by Eqn. (6) gives 

the real value of the deposition rate. The estimation of the 

deposition rate of gypsum crystals in Dead Sea waters and 
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their mixtures with Mediterranean Sea water was carried out 

by using density and viscosity of the mixtures under 

consideration and the dimensions of gypsum crystals formed 

in these mixtures according to [40]. 

Using our measurements of the density and viscosity of 

Dead Sea water and its mixtures with Mediterranean Sea 

water (Table 2), we calculated the deposition rate of gypsum 

crystals with equivalent diameters of 12, 15, 20 and 25 µ at 

different temperatures (15, 25 and 35°C). When calculating 

ωdep

'
 we used the density of gypsum as ρs=2.32 g cm

-3
 [42] 

and the configurational coefficients (|| )Ψ
l =0.807 and ( )ψ ⊥l

=0.565 calculated by Eqn. (7 and 8), using p=10, since the 

gypsum prismatic crystals can be considered as oblong or 

needle-form particles. 

The values of the Reynolds criterion are also presented in 

Tables 3 and 4 and they show that, except for three cases 

marked with * in these Tables, the other values of Reynolds 

criteria are between 1⋅10
-4

 and 64⋅10
-4

 that means that the 

deposition regime is laminar. The analysis of the data 

presented in Tables 3 and 4 and Figures 1a and 1b shows that 

there is a strong dependence of the deposition rate of gypsum 

crystals on temperature and on the weight fraction of 

Mediterranean Sea water in the mixtures with Dead Sea water. 

Table 3. Rate of deposition (cm⋅sec-1⋅103) of gypsum crystals of various sizes (equivalent diameters in µ) and Reynolds criterion in parenthesis (Re⋅104) at 

different temperatures with ( )ψ ⊥l  = 0.565. 

Solution Im 
15°C 25°C 35°C 

12µ 15µ 20µ 25µ 12µ 15µ 20µ 25µ 12µ 15µ 20µ 25µ 

DSW 9.248 - 2.13 3.79 5.93 1.77 2.77 4.92 7.68 2.22 3.47 6.17 9.64 

  
(0.6)* (1.1) (2.6) (5.2) (1.0) (1.9) (4.4) (8.6) (1.5) (2.9) (6.9) (13.5) 

#1 8.179 - 2.52 4.49 7.01 2.08 3.26 5.79 9.05 2.62 4.09 7.27 11.36 

  
(0.8)* (1.5) (3.6) (7.0) (1.3) (2.5) (5.9) (11.5) (2.0) (3.9) (9.2) (17.9) 

#2 7.171 1.89 2.95 5.24 8.19 2.42 3.78 6.73 10.51 3.02 4.72 8.38 13.10 

  
(1.0) (2.0) (4.7) (9.2) (1.7) (3.2) (7.6) (14.9) (2.6) (5.0) (11.8) (23.0) 

#3 6.221 2.20 3.43 6.10 9.53 2.78 4.35 7.73 12.08 3.47 5.41 9.62 15.04 

  
(1.3) (2.6) (6.1) (11.9) (2.1) (4.1) (9.8) (19.0) (3.2) (6.3) (15.0) (29.3) 

#4 5.322 2.50 3.90 6.94 10.85 3.18 4.97 8.83 13.80 3.95 6.17 10.96 17.12 

  
(1.7) (3.2) (7.6) (14.9) (2.7) (5.2) (12.3) (24.0) (4.1) (7.9) (18.8) (36.6) 

#5 4.472 2.84 4.44 7.89 12.32 3.58 5.60 9.95 15.55 4.43 6.92 12.31 19.23 

  
(2.1) (4.0) (9.5) (18.6) (3.3) (6.4) (15.0) (29.4) (4.9) (9.6) (22.8) (44.6) 

* For these cases, the deposition regime is not laminar, since Re < 1⋅10-4, therefore, the calculated deposition rates are incorrect and not presented in the table. 

Table 4. Rate of deposition (cm⋅sec-1⋅103) of gypsum crystals of various sizes (equivalent diameters in µ) and Reynolds criterion in parenthesis (Re⋅104) at 

different temperatures with (( )ψ
l

 = 0.807. 

Solution Im 
15°C 25°C 35°C 

12µ 15µ 20µ 25µ 12µ 15µ 20µ 25µ 12µ 15µ 20µ 25µ 

DSW 9.248 - 3.05 5.42 8.47 2.53 3.95 7.02 10.97 3.17 4.96 8.82 13.77 

  
(0.8)* (1.6) (3.8) (7.4) (1.4) (2.7) (6.3) (12.3) (2.1) (4.2) (9.8) (19.2) 

#1 8.179 2.31 3.61 6.41 10.01 2.98 4.65 8.27 12.92 3.74 5.84 10.38 16.22 

  
(1.1) (2.2) (5.1) (9.9) (1.8) (3.5) (8.4) (16.4) (2.8) (5.5) (13.1) (25.6) 

#2 7.171 2.69 4.21 7.48 11.69 3.46 5.40 9.61 15.01 4.31 6.74 11.98 18.71 

  
(1.5) (2.8) (6.7) (13.1) (2.4) (4.6) (10.9) (21.3) (3.6) (7.1) (16.8) (32.9) 

#3 6.221 3.14 4.90 8.71 13.62 3.98 6.21 11.05 17.26 4.95 7.73 13.75 21.48 

  
(1.9) (3.7) (8.7) (17.0) (3.0) (5.9) (13.9) (27.2) (4.6) (9.0) (21.4) (41.8) 

#4 5.322 3.57 5.58 9.91 15.49 4.54 7.10 12.62 19.71 5.64 8.81 15.65 24.46 

  
(2.4) (4.6) (10.9) (21.3) (3.8) (7.4) (17.5) (34.2) (5.8) (11.3) (26.8) (52.3) 

#5 4.472 4.05 6.34 11.26 17.60 5.12 8.00 14.21 22.21 6.33 9.89 17.58 27.46 

  
(2.9) (5.7) (13.6) (26.5) (4.6) (9.1) (21.5) (42.0) (7.1) (13.8) (32.6) (63.7) 

* For this case, the deposition regime is not laminar, since Re < 1⋅10-4, therefore, the calculated deposition rate is incorrect and not presented in the table. 

Both the increase of temperature and of the weight 

fraction of Mediterranean Sea water increases the deposition 

rate of gypsum crystals. For instance, for average gypsum 

crystals with sizes 6µ*3µ*60µ (deqv = 12.73 µ) found by 

Levy and Kushnir [40], the deposition rate at 25°C in Dead 

Sea water is equal to 7.17 cm⋅h-1
, when particles are settled 

perpendicularly to their length, and 10.24 cm⋅h-1
 when 

particles are settled in parallel to their length, but in the 

mixture with Im = 4.4716 (consisting of 50% Dead Sea water 

and 50% Mediterranean Sea water), the deposition rates are 

equal to 14.52 and 20.73 cm h
-1

, respectively. This means 

that the deposition of gypsum crystals with equivalent 

diameters more than 12 µ in the water column of Dead Sea 

water and its mixtures with Mediterranean Sea water will be 

relatively very fast. Therefore, it seems to us that there is no 

danger that the gypsum crystals which can be formed under 

certain conditions will float on the water surface. After a 

relatively short period of time, depending on the dimensions 

of the crystals, gypsum crystals will sink to the bottom of the 

Dead Sea. In addition, in order to decrease the environmental 

effects of gypsum crystals formation due to the mixing the 

Dead Sea water with Red Sea water, it is worth to discharge 

Red Sea water several meters below the surface of the Dead 

Sea. 
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Figure 1. Deposition rate of gypsum crystals of various equivalent diameters in Dead Sea water and its mixtures with Mediterranean Sea water at 25°C. 

(( )ψ
l

 = 0.807. 

 

Figure 2. Deposition rate of gypsum crystals of various equivalent diameters in Dead Sea water and its mixtures with Mediterranean Sea water at 25°C. 

( )ψ ⊥l  = 0.565. 

5. Conclusions 

For more than last fifty years the water level of the Dead 

Sea (a terminal lake, being the lowest and one of the most 

saline lakes on earth) drastically decreased resulting in a 

drop of more than 30 m since beginning of sixties of the last 

century. One of the possible ways to stop reducing the 

surface level of the Dead See and even to reverse this 

process, it is to supply seawater by connecting the Dead Sea 

with a world ocean system. Due to geopolitical situation in 

this region the project of Dead Sea - Mediterranean Sea canal, 

widely discussed in last century, was abandoned, and another 

two seas canal variant has been studying for the last several 

decades, namely a canal between the Dead Sea and the Rea 

Sea via the Gulf of Eilat/Aqaba. Some geochemical 

processes due to the mixing of the waters of the Dead Sea 

and of the Red Sea, if the canal between these two seas will 

be constructed, have been studied in the present article. 

There are some fears that under certain conditions, a layer of 

gypsum crystals floating on the Dead Sea surface will be 



 American Journal of Physical Chemistry 2019; 8(3): 58-65 64 

 

formed causing some undesirable ecological effects in local 

environment and damaging the technological processes of the 

Dead Sea Works operating on the Israeli side and APC 

(Arabian Potash Company) on the Jordanian side. In the 

present article the rates of the deposition of gypsum crystals in 

the mixtures of the Dead Sea water with seawater were 

estimated by using the experimental viscosity and density 

values of these waters mixtures at various temperatures. The 

results of these calculations allowed us to assume that there is 

no danger that gypsum crystals, which can be formed under 

certain conditions during mixing of Dead Sea and seawater, 

will float on the Dead Sea water surface forever. After a 

relatively short period of time, depending on the dimensions of 

the crystals, gypsum crystals will sink to the bottom. 
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