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0O.K.-Reisen GmbH

Lange Str. 75 - D-31675 Blickeburg

von/from: Martin Blaume

Tel.: 05722-3031 Fax: 05722-26779
an/to: TAMAR Reg. Council
attn.: Mr. Yuval Shahaf

Tel.: Fax: 7 -6584 150
Seiten/pages: 1 Datum/date:14.07.97
Betr./Ref.: Complaints about the water
Dear Yuwval,

last Thursday | got an information from Jutta about problems with tha cold water in the area,
she also spake with you on thal day.

We got diffarent complaints from our guests about the cold water in the hotels, specially in
the Radisson Moriah Gardens. We also the information from the hotel that they are not
responsible for this. The new water pipe above Ein Bokek should cause this.

As we heard from our clients, the temperature should be between 50° and 80° Ceisius and
this is for ,cold water unacceptable. May be we get in the next days burmings with .cold
waler”,

Please check and solve this problem. Expecting your answer we remain

with regards
Q. n GmbH
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Gavrieli et al, 1

The Dead Sea- A terminal lake in the Dead Sea Rift and its

future evolution

Ittai Gavrieli, Michael Beyth and Yoseph Yechieli

Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501, Israel

INTRODUCTION

The Dead Sea is a terminal lake (Fig. 1) located in one of the rhomb-shaped grabens which
developed along the sinistral transform fault of the Dead Sea Rift (DSR) [1, 2]. The size of its '
drainage basin is about 40,000 sq. km and includes 5 countries from both sides of the rift. The
Dead Sea water level (<411 m bellow MSL, in 1997) is the lowest exposed surface on earth while
its bottom (-730 m bellow MSL) forms the lowest continental surface. As a lake it has a unique
Ca-chloride composition (i.e., Ca>(SO+HCOs) and it forms one of the saltiest lakes with total
dissolved salts of 340 g/l and density of about 1.235 g/cc [3]. Similar Ca-chloride brines are
common as groundwater in the Rift Valley and have been proposed to have developed from
seawater following evaporation, mineral deposition and water-rock interaction [4].

The Dead Sea is the last in a series of lakes which occupied the DSR since its formation in the
Neogne. Its precursor, the Lisan Lake, existed between 70,000 and 15,000 years ago and
occupied a much larger area, from the Sea of Galilee (Lake Kinneret) in the north to about 25 km
south of the southern basin of the Dead Sea [5]. Typical for terminal lakes, the Dead Sea water
level represents the balance between evaporation and inflow of water. Therefore, until recent
massive artificial intervention in its water balance, the Dead Sea level reflected the climatic
changes in the area [6]. However, over the last several decades, due to large irrigation projects on
both sides of the rift, there has been a continuous decline in the inflow of floodwater to the lake,
mainly from Jordan River. Whereas in the beginning of the century the Jordan River input is
estimated to have been 1500 million cubic meters (MCM) [7], its present inflow is about 250
MCM [8]
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Recently there has been a growing interest in the Dead Sea as part of the peace treaty between
Israel and Jordan. A major project that is currently being considered is a Dead Sea - Red Sea
Canal (DSRSC) which will have two major goals: 1. Supply desalinized drinking water to this arid
area with its growing population. 2. Stabilization of the Dead Sea level. The following is an
overview of the recent and future evolution of the Dead Sea and some historical aspects of the
proposed DSRSC,

DEAD SEA RECENT EVOLUTION
From the end of the 20’s a chemical industry developed along the Dead Sea, exploiting the rich

and unusual mineral composition of the brine. Current production by the Dead Sea Works Ltd. = .-

and the Arab Potash Co. is the core for the development of the area. The major products of the
industries include potash, bromide and magnesium. The process involved in the production of
these chemical include pumping of the brines to shallow evaporation ponds in which halite (NaCI)
first precipitates followed by camallite (KMgCl;-6H;0). This process increases the volume of
water that evaporates naturally from the Dead Sea by 10 to 20%. The sodium and potassium
depleted brines (end brines) from these process are return to the Dead Sea.

The negative water balance of the Dead Sea since the beginning of the century has resulted in a
decrease in its water level by about 20 meters (Fig. 2). This has been accompanied by an increase
in the salinity of the brine and by various changes in the chemical and physical characteristics of
the lake. In 1976, following the decline in the water level, the shallow southern basin was
disconnected and dried out from the main water body. In 1979 the Dead Sea water column
overturned, thereby em.iing several hundreds of years of meromictic (stratified) conditions, during

which the lower water bud}r was anoxic [9, 10].

The hydrographic conditions which prevails in the Dead Sea since 1983 until today, with a short
break between 1992 and 1995, is that of holomictic conditions. This period is characterized by an
annual cycle during which stratification develops in winter, Despite evaporation and a destabilizing

halocline in summer, the stratification is maintained by stabilizing thermocline. However, in
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autumn, as the surface layer cools its salinity increases and eventually overturn takes place in
November [11, 12]. '

The above annual cycles were interrupted following the exceptionally rainy winter of 1991/92
when some 1500 MCM water flowed into the Dead Sea leading to a level rise of nearly 2 meters
and to the development of a relatively diluted upper water layer [13]. This water mass became a
cultural substrata for the development of a dense community of green algae and red bacteria. -
Initially the diluted layer was only few meters thick but over the next 3 years, it deepened,
reaching a depth of more than 40 meters, while its salinity increased. The red bacteria remained '
above the pycnocline and became a sensitive tracer for the physical state of the water column [14].
In November 1995, after more than 3 years of meromictic conditions, the density of the upper and
lower water masses of the Dead Sea equalized and the Dead Sea once again overturned.

In 1983, as a result of the overall negative water balance of the lake and its increased salinity,
massive halite precipitation began and, apart from a short period, has continued to present [3, 15].
The continuous halite precipitation from the brine, and the industrial activities of the potash
industries south of the Dead Sea (Fig. 1), have resulted in a change in the composition of the
brine. This is exhibited by decreasing Na/Cl and increasing Mg/K ratios over the last four decades
(Fig. 3). The annual weight of halite that precipitated in the lake since 1983 was estimated by
various calculation methods to be >100-10° tons [3]. This does not include the halite that
precipitates in the industrial evaporation ponds, estimated at about 35-10° tons/year.

FUTURE EVOLUTION OF THE DEAD SEA

The future chemical evolution of the Dead Sea brine due to evaporation and salt precipitation was
studied in a series of evap;}ration experiments. The changes in the density and the Na/Cl ratio as a
function of the remaining volume of the original brine are depicted in Fig. 4. Halite precipitated
throughout the experiment, leading to continuous decrease in the Na/Cl ratio of the brine, while
carnallite began to precipitate when the volume of the brine was reduced to about 50% of its initial

volume.




mineral precipitating and 2xploited in the industrial evaporation ponds,
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The change in the Na/Cl and Mg/K molar ratio in the
Dead Sea, 1960-1996.

m Na/Cl = Mg/K

T+ 9.70
9,60
3 9.50

1 9.40

+ 9.30
3TN

+ 920
9.10
} 9.00

Ail i n i

0.24 + :

L i el
i i L

Year

1955 1960 1965 1970 1975 1980 1585 1990 1995 2000

i
L]

1 890




The change in the density and Na/Cl ratio as a function of
Dead Sea volume left in evaporation experiments
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