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Executive Summary

This project deals \\ith some of most acute problems in desel1 areas. namely: hanesting.

storage and proper use of freshwater resources. Colleeting seasonal runoff water and storing it

underground on top of a highly saline groundwater table enables creation of Arti fidal lenses of

Fresh Groundwater (ALFGW). Due to difference in densities of fresh and saltwater. ALFGW are

relatively stable and can serve as storage for significant volumes of fresh and brackish water. The

project aimed to in"estigate factors affecting the creation, evolution and pumping of ALFGW. The

investigation was based on field observations and numerical simulations of an established

ALFGW, using the pilot system at the tak~T (clayey watershed) ~kul in the Garagum Desert.

The system was repaired and field experiments to replenish and pump the lens were carried out.

The simplicity of the system, which does not require significant inycstment in conslJUClion. and

the possibility of storing and using large volumes of good Qualil) water. demonstTate that the

ALFGW technology is economically promising. An ALFGW with an 3"erage 'olume of 3000

6000 m3 can provide 1500-3000 animals with fresh and brackish water and can be created and

utilized to serve small agricultural fanns, pasture irrigation and ",atering li'·estock. A numerical

model ",as adapted to validate obsef\"ations and simulate different scenarios of lens pumping.

Modeling can be applied to assess lens parameters, to choose rational schemes for ALFGW

creation and exploitation at any specific site. Based on analyses of hydrogeological. hydrochemical

and climatic conditions of Turkmenistan, a map of potential areas and technology for ALFG \\

establishment "'as recommended.. geared at planning and design of storage for freshwater

resources in Turkmenistan.

This project also strengthened the computing facilities and research capabilities of the

National Institute of Desens, Flora and Fauna of Turkmenistan. Transfer of theoretical expel1ise

from Israel to Turkmenistan focused on using modem methods to simulate processes of highly

saline groundwater flow and solute transport in the subsurface. Researchers from Turkmenistan

were trained in Israel to simulate these problems numerically. The related software. two

computers, equipment to conduct hydrological investigations and hydrochemical analyses were

also purchased for the Turkmenistan team.
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Research Objectives

This project addressed some of most acute problems in desert areas. namely: har....esting.
slOrage and proper use of fresh water resources. Deserts occupy 80% of the area of Tunmenistan.
In the plain part of the country, groundwater mostly has a high le"el of salinity (15-35 g 1.1. and
the quality of the surface water has been significantly deteriorating as a result of non-sustainable
agricultural practices. Although the average annual precipitation in the Garagum desert is quite
small (I 30 mm), the total amount of water received in the fonn of precipitation is up to 50 kIn'.
However, most of this water is lost through spatially scattered infiltration and e'·aporatlon.
Therefore, fmding and using alternative sources of fTesh water is of high importance. Takyr
watersheds are being used to collect runoff water during seasonal precipitation. Tak)T (from Uzbek
lal..)T, barren land) soil is composed mainly of clay particles; it has a low hydraulic conducti"ity
and a high runoff coefficient. \"olumes of collected runoff "ater can be vet:· large. requiring
proper storage. The collected runoff water can be infiltrated underground and stored on top of the
saline water table. Thus, an artificial lens of fresh groundwater (ALFGWI can be created and used
afterwards for water supply. This method was actually implemented by ancient societies In

Turkmenistan for centuries. However, the technology of lens fonnation and its exploitation was
very inefficient: about 90% of runoff water wa~ lost due to spatially scanered intlhration and
evaporation, while only 10·'0 of water replenished the ALFGW.

Natural lenses of fresh water were studied by Wentworth (19481. Lebbe t 19831 and van
Dam (1999); however, these were mainly under coastal dunes. In desert conditions. ALFGW
fonnatiOll was investigated by Kunin (1959), Leshinsky (1970), Rogovskaya el aI. (1986). Ganus
and Kuznetsov (1992), and Mamieva (1999). II was found that ALFGW are quite thin 13-10 m)
and that the transition zone between salt and fTesh water is narrow ( I -3 m) . Conditions of ALFG W
recharge and formation are very different from those of natural lenses. The ALFGW parameters
(volume, thickness. and surface area) depend on characteristics of the aquifer. recharging system
and on the infiltration regime. Another important task is to assess sustainable pumping regimes in
ALFGW. It was recognized that a groundwater well discharged from the freshwater zone causes
the saltwater to move upwards towards the well (saltwater upconingl. Several methods to calculate
upconing were developed using models of dIfferent complexities t Bear and Dagan. 19M: Reilly
and Goodman, 1985; Huyakom el aI., 1996; Aliewi and \1ackay, 1999: Bakker. 1999: lbou el <11..
2005). However. the ALFGW is ,'ery sensiti"e to pumping because of its rela/i"e1y small sIze.
Therefore. it was important to study the process of the ALFGW fonnation and the d~namics of its
water quality during lens exploitation.

The main goal of the research was to study the fonnation of ALFGW in the ta1:~T soils of
the Garagum desert, and to compile recommendations for their sustainable exploitation. The
specific objectives were:

• To perfonn an experimental study to assess the dynamics of water storage and quality during
the following stages: infiltration through the unsaturated zone, formation of the ALFGW, and
exploitation by pumping.

• To apply a comprehensive mathematical model to simulate processes of flow and rranspon in
the unsaturated and saturnted zones during ALFGW fonnation and exploitation.

• To assess rational parameters and pumping system regimes to ensure sustamable exploitation
ofthc ALFGW.

• To assess potential ALFGW sites, along with areas ""h high demand for resources tn

Turkmenistan.
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The major innovations of the present study were aimed at imprO\-ing the technology for
ALFGW formation and exploitation, to solve the problem of harvesting and sloring freshwater in
the takYT watersheds, and the development and application of a mathematical model. The scientitic
benefits of the research are a detailed conSideration of the complex problem concerning density
driven flow and transport for the specific conditions of the Garagum Desert.

The project was supported by several Turkmenistan organizations_ The \finistry of Water
Resources of Turlanenistan helped to carry out the renovation of the experimental systc:rn at Ihe
takyT Karrykul. The Center for Ecological \1oniloting assisled in conducting soil and ground,,-aler
analyses_ The Scientific Information Cenler of the Interstate Commission for Sustainable
Development helped conslruct a map of polenlial ALFGW sites by using GIS to analyze differenl
maps of Turkmenistan.
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experimental site (Figure Ib). The remaining runoff water had flown downstream filling in a -kak
(locally stands for pond like depression) at the takyT border near the Karrykul village.

Runoff water had IDS concentration of 0.37 gil and a turbidity of 3.2 gil with 61~ clay
panicle content. Maximum water level in the infiltration pond was 237 cm in April 6 After one
month. approximately 4000 m' of water infiltrated through the pond bottom and ilS embanlmems
and the water level dropped to 8 cm. Thickness of the clayey crust in the pond after infiltration
varied from 0.8 to 1.5 em. The measuremems of groundwater salinity were carried out using a
hand-held ConductivityffDSffemperature Meter "CyberScan CON 200". Distribution of the
measured TDS concentration is depicted in Figure 3. for four time periods. We nOle a consistem
decrease of groundwater salinity under the infiltration pond and nearby.
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Figure 3. Measured distribution ofTDS concentration in groundwater during
April. 2004 -May 2005.

Refilling the infiltration pond with runoff water during April-May 2004 revealed several
problems regarding the hydrometric station design and measurement.' of water nux through it. A
significant portion of the water bypassed the hydrometric station and flowed into the pond through
several cracks. which had developed due to erosion processes. The fissure de\·e1oped bel\\een lhe
hydrometric station and boreholes 8.9 and 10 had a length of 50 m. a width of 1-2.5 m and a depth
up 102m. This fissure staned at the takyr border and ended al the pond embankment. Waler
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flowing through this fissure infiltrated underground and induced a decrease in groundwaler
concentration near boreholes 9 and 10 {2.8 and 2.3 gl respecti,·ely). A ponion of this water
flowed into the pond and was not accounted for by water balance calculations. De"elopment of
this fissure also subjected the hydrometric device to be destroyed again.

Modeling the ALFGWformalion and sensitivity analysis

Thc process of the ALFGW formation was simulated using the FEFLOW numerical code
(Diersch, 2(02) for two spatial dimensions {2-D) or three dimensions 13-D! density driven flow
and transport in the unsaturated and saturated zones. The non-linear Richards equation and
advection-dispersion equation are coupled through the liquid density. which is 3$umed as a
function of solute concentration. The balance equations of water flow and solute transport are
solved using the fmite-element method.

Infiltration of fresh water through the unsaturated zone is modeled by assigning water 1e,,:1
varying with time at the infiltration pond sulface. The runoffwaler on Ihe IakyT soil has significant
concentration of clay particles (3-8 gU. sedimentation of which caused sealing of the base and
embankments in the infiltration pond, during water percolation. This sealing causing a decrease In

hydraulic conductivity was accounted for when simulating the processes associated with the
ALFGW formation. To account for the effect of water turbidity on infiltration rate through the
pond bottom and its embankments, we developed a sub-model of soil particles sedimentation in the
pond creating a layer ("cake") impeding water infiltration. The sub-model equations were solved
numerically at each time step by a computer code that was developed and coupled with the
FEFLOW code. using the C++ language and the FEFLOW programming interface.

To simulate the ALFGW formation for a 3-D configuration. together with field observation
dala at the takyT Karry'ku~ the modeling domain was chosen to be a square area of 1000 x 1000 m
and 30 m thickness. An infiltration basin was situated at the domain center. sizes of 40 x 40 m at
the bottom, 50 x 50 m at the top, and 3.3 m in depth. A non-uniform fmite element mesh was
composed of 48887 nodes. The horizonlal mesh dimension was finer II m) near the basin and
increased to the extent of 80 m at the boundaries of the modeling domain. The vertical size of the
mesh varied from 0.5 m at the top to I m at the bottom.

Initial piezometric head distribution was calculated by assuming "ertieal equilibrium
conditions, and using observed values of groundwater level (15 m at the middle of the infiltration
pond). known gradient of water lable (0.0002), and groundwater flow direction {northwest).
Calculations were based on the Boussinesq approach. Initial salinity of groundwater was
prescribed as conslant and equal to 22.5 g L In the unsaturated zone we assigned measured
distribution of salt concentration varying with depth. The Dirichlet boundary' condinons for the
flow and transport problems were assigned at the area borders. AI the soil surface. water flux
(resulting from rain and evaporation) was prescribed everywhere excluding the pond where the
Cauchy boundary condition was prescribed. This condition accounts for the changing water Ie' el
in the pond as a function of inflow, e"aporation and infiltration through the impeding layer as
descnbed previously. The pond water salinity was equal to 0.2 g L To account for the elTeet of the
observation island as a flow obstacle. a no flow boundary' condition was assigned at a square of
lOx 10m located at the pond center.

The unsaturated zone parameters (retention CUnies and the unsaturated hydraulic
conductivity) were estimated using an indirect method based on particle size distribution data
(Arya and Paris. 1981; \lishra elal. 1989) and the ,an Gcnuchten relations (1980). The saturated
hydraulic conductivity {K,) and porosity (n) of the different lithological units were estimated from

9



data of field and laboratory experiments. Values of K, were 7.0. 0.8. OA and 0.1 m dav for coarse
sand, fine sand, loam and clay, respectively. and the n values were 0.31. OA I. 0.43 and 0.36.
respectively. The longitudinal and transversal dispersivilies of 0.5 and 0.05 m. respecti'ely. were
assessed by trial and error using limited data of groundwater salinity. Porosity and hydrnulic
conductivity of the cake were 0.96 and I mm day, respectively. These values were adopted by
fitting the observed and simulated water levels in Ihe pond. Volume ratio of soil particles in runotT
was 0.002 em"mL, a mean radius was 0.005 mm.

Simulation period, following field experiments. from May 1965 to April 19"0 \\ as
subdivided into several time intervals (infiltration cycles). At the beginning of each cycle. the pond
was cleaned from sediments and filled with water collected at the watershed durin!! rainstorms.
The total water volume of 26,000 m' was infiltrated. An approximate of 5.000 m' ~f water was
needed to saturate the vadose zone under the pond. During the first year. groundwater salinit)'
slightly increased due to leaching of salts from the unsaturated lone. ContinUing infiltration
resulted in a decrease of groundwater salinity under the pond. Figures 2 to 4 sho... simulated
distribution of groundwater salinity and the point values at the observation boreholes. for June
1967 and April 1970. Figures 4 demonstrates the areal distribution of concentrations at different
depths, starting from z = -15 m (water table) in June 1967 and in April 1970. respecbvely. The
ALFGW (area contoured by the iso-concentration 5 gL) has the maximum extent at this depth
increasing the radius from 21 min 1967 to 36 m in 1970. The maximum thickness of the ALFGW
was about 4.0 min 1967 and it did not change in 1970 (Figure 5). We note (Figures 4 and)) that
concentration of salts at the ALFRW center is higher than at its ,icinity because of the obser\'alioo
island, which prevents infiltration at the middle of the pond. Consistent agreement was obtained
between the simulated and observed concentrations. However. at some locations (e.g. under the
eastern side of the pond) the obse""ed groundwater salinity is somewhat higher than wbat \\as
simulated. This may be due to actual heterogeneity of geological structure and distribution of
concentrations that were not introduced into the modd By 1970 the ALFGW slightly mo' ed
northwest in the direction of ambient groundwater flow (Figure 4bl. The ALFGW \\Itb
concentration less than 10 giL contains water mlumes of about 2800 and 5200 m' in 196" and
1970, respectively. Simulated 3-D distribution of concentrations and wlocity-vector patterns at
different depths are sho\\n in Figure 6. We note coontercurrent directions when comparing the
flow at 20m depth to that of 25m depth.

To test the model predictions for a long time period ( 1965-20(4) we used historical data
regarding ALFGW replenishment and the results of field expcriment conducted \\ithin the project
framework. About 60000 ml of water was infiltrated during 40 years to create and replenish the
lens. The areal distribution of groundwater concentration in November 2004 is presented in Figure
7. Although consistent agreement was obtained between simulated and observed concentrations.
we note significant deviations at several locations, which can be explained by uncertainties in
lithological structure and boundary conditions that were not accounted by the model. The A LFGW
(area contoured by the iso-concentration 5 g L) has the maximunl extenl of about 30 m and the
maximum thickness of about 10 m. and estimated volume of water of 10000 m'.

To estimate the effect of water-rock interaction resulting from physico-chemical tea<."tions
during leaching salts from the unsaturated zone into groundwater. we adopted a I-D model of 110\\

and multi-component transport. This model considers water flow and major ions transport in the
unsaturated-saturated zones accounting for the cation exchange and dissolution-precipitation of
gypsum and calcite ,Yakirevich et aI., 1997). Simulations with that model indicated thaI cation
exchange processes have minor effects on soil and groundwat<.'r quality because the cation
exchange capacity of sand and clay layers (composing the unsaturated looel is small 110-30
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Figure 8. Simulated distributions ofconcentration (geL), velocity field and streamlines:
a) after S years of 5000 m' ALFGW replenishment per year;
b) after additional 5 years without the ALFGW replenishment

Sensitivity analysis was perfonned to assess the effect of physical paramelers 011 the
ALFGW extensioo. The following parameters were changed during simulations: saturated
hydraulic conductivity; longitudinal and transversal dispersiv'ities; initial groundwaler salinily;
infiltration basin configuration; and groundwater depth. A water volume of 25.000 m' "as
infiltrated through the pond boundary surface during 5 years (5.000 m' year).

It was found !hat increasing aquifer hydraulic conductivily from 0.5 to 10 m day lead to a
decrease of the ALFGW maximal radius with concentration less than 3 g I from 34.5 to 29.4 m.
while for a concentration less than 10 gL this radius increases from 40.6 to 45.6 m. For K, "1>.5
m day the maximal lens thickness was 9.5 and 125 m with water salinity of less !han 3 to 10 g L
respectively; while for K,=IO m day this thickness was 5.5 and 8.5 m with Ihe same salinil) levels.

Increasing longitudinal dispersivit)' from 0.1 to 2.5 m and tranS\ersaJ dispersi\'ity from
0.01 to 0.1 m, resulted in a decrease of the ALFGW maximal radius from 39.1 to 269 m "i1h
concentration less than 3 g L. This radius decreases from 46.9 to 39.2 m for concentration less than
10 g L. \1aximal lens thickness bounded by isoline 3 gL decreaSt.'S from 8.5 and 5.6 m "i!h the
increase of dispersivities. Changing dispersivities does not affect ALFGW thickness \\lth salin it)
less than 10 g L

Simulation with increasing initial groundwater salinity from 20 to 30 g L indicated that
maximum ALFGW radius and thickness decrease by about 3.5 m and 2 m. respectively.
Simulations for different configurations of the infiltration pond (radius and dep!hl demonstrated
that the ALFGW \olume significantly decreases with an increase of the pond radIUS. When equal
water volume infiltrated over larger area, more water was requin.--d for flashing out salts from the
unsaturated zone and the developed lens thickness is much smaller. Increasing groundwater depth
leads to the same effect of the lens decrease.
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Additional simulations were carried out to estimate the effect of infiltration time on the
volume of water stored in the ALFGW. Altogether 25,000 m' was infiltrated through the pond
during 5 years (5000 m'year) assuming that the timc interval of an infiltration cycle ,·aries for
different scenarios. Results indicated that increasing infiltration interval from 5 to 80 days lead to
an increase of water volume in the ALFGW with concentrations less than 3 and 10 g l by about
20% and 30%, respectively. We account this to the flow velocities that decrease in the unsaturated
zone with the increase of the infiltration period. Consequently, changes of water table under the
pond are much lower, and groundwater velocities are smaller in comparison to the scenario wllh
the short infiltration period. The velocities of the vortex flow, induced by the differences in density
of fresh and saline water, are also minor and. therefore, cause a less dispersive llux and a narrower
ALFGW mixing zone.

ALFGWpumping

Experimental pumping of the AlFGW was conducled from well "I (diameter of 0.5 m)
located northwest near the infiltration pond. downstream to ambient groundwater flow I. Figure :1.

Pumping was performed in June 2, 2005 during 5 hours with a discharge of I.' m' h.
Concentration of the pumped water was measured every hour. During the first two hours water
salinity decreased from 1.9 to 1.8 g I, and water level in the well dropped by 1.3 m. During next
three hours, concentration decreased to 1.4 gl, while water level increased by 36 em. This means
that more fresh water flows from the ALFGW center towards the pumping well. \\ben pumpmg
was stopped, water level was recovered and concentration increased to 2 g 1 after 5 hours. This
indicates that more water comes from the lens edges than from its center. We did not simulate th,s
experimental data because of large deviation between observcd and SIUlUlated groundwater
concentrations for the time corresponding to the pumping, and it was difficult to prescribe initial
conditions for complex 3-D configurations using very lImited number ofobservations.

Therefore, we performed synthetic simulations of different pumping scenarios of the
ALFGW. Usually, pumping is modeled by introducing sinks with prescribed rates at specific nodal
locations. However, such procedures sometimes cause numerical instability due to lowering of the
simulated water table below the sink specified depth. Another problem. the actual mixing of water
in the well during pumping and the effect of seepage face are not accounted for. To IUIpro,·e
simulations, we developed a sub-model of pumping from a well of prescribed geometry and
coupled this model \\ith the FEFlOW code.

First, we simulated an axi-symmetric case for a pumping well located at the center of the
modeling domain. Two pumping schemes were considered: I) a skimming well with a screen
initially at the freshwater zone; 2) a scavenger well system with one \\ ell screened in the
freshwater zone and another well screened in the saltwater zone. The initial distnbution of salt in
the domain was adopted from previous simulations assuming a '-year period of lens formation
(\\ith replenishment of ,000 m' of freshwater each year). The radius of the pumping well was 0.'
m. It was assumed that the prescribed volume of water (25 or 50 m') was pumped during one
pumping cycle, which varied from I to 5 days. Pumping continued as long as the concentration of
pumped water did not exceed 5 gl. Several pumping scenarios of the AlFGW were simulated
(Table I). These varied in their pumping rates. well screen length and location. duration of
pumping cycle and the distance between freshwater and saltwater well screens. The results of
simulations are depIcted In figures 9 and 10.
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It was found that increasing pumping cycle time and decreasing its rate ha,·e lilt Ie effect on
concentration of the pumped water. Simulations suggested that pumping from a shallow well
produces water ofbelter quality than from a deep well. However. the former case limits [he rate of
production by lowering the water level in the well up to full depletion. Using sca'·enger wells.
which are screened in both the fresh and saline water zones, considerably decreases the up-coning
effect and the risk of salinization of the freshwater zone. Decreasing the distance between screens
of freshwater and saltwater wells results in a decrease in salinity of water pumped from the
freshwater well. However. in this case a significant volume of freshwater can be pumped by the
saltwater well.

Pumping from a well at the pond center allows effective use of stored freshwater because
the ALFGW thickness is usually maximal at that point. However. in Turkmenistan the pumping
wells are constructed at the pond borders positioned dO\\nstream [0 ambient groundwater flow.
Usually water is pumped from 3 to 5 wells that belong to different local families. In order to check
the effect of well position relative to the infiltration pond. we conducted synthetic simulations of
pumping for a 3-D problem. Initial conditions correspond to a lens with volume of freshwater
(with concentration less than 3 gl) equal to about 16000 m3 Several pumping scenarios regarding
well type (skimming or Ranney) and position were considered (Figure IOel: (a) pumping from a
single skimming well (w Lw6'w7); (b) simultaneous pumping from three skimming wells located
at the pond borders (wI. w2 and w5); (c) simultaneous pumping from five skimming wells located
at the pond border (wI, w2. w3, w4 and w5); (d) pumping from a Ranney well located either in
the pond center (RI) or at the pond border (R2). Simulations were for a period of 300 day with a
total pumping discharge of 5 m'day. Results presented in Figures 10a-d. For scenario (al. most
effective pumping is from well w7 situated at the vicinity of the recharging wells (Figure I lal. For
scenario (b) when 3 wells pump simultaneously. the highest concentration is observed for well wI
(located at the pond northwest comer), compare to wells w2 and w5 pumping water at the nonhem
and western pond borders, respectively (Figure I Ib). This is also similar to scenario (e' for
simultaneous pumping from 5 wells. However, in this case the worse effective pumping is for
wells w3 and w4, located upstream ambient flow relative to ALFGW (Figure Ilcl. We note that in
this case, changes of water salinity pumped from well wI are less significant in comparison to
scenarios (a) and (b). The most effective pumping was obtained for a Rannel Collector Well or
Radial Horizontal Collector Well (scenario (d), Figure lId). In this case we considered lateral well
screens installed I m below water table (simulated as sinks distributed along relevant nodes of the
fmite element mesh). Since these well screens are horizontally positioned. much longer screen
lengths can be installed, reducing the velocity of the water entering the screen slots and
maximizing well efficiency. We note (Figure I Id) that salinity of the pumped water is initially
reduced and then increased w;th time. The rate of this increase is higher for the case of a Ranney
well located at the pond center in comparison \\;th that located near the north\\ est comer.
Concentration of the pumped water did not exceed I g I and the up<oning :.altwater W35 minimal
because of lower specific discharge per unit area and reduced velocities.
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Mapping the potential ALFGWsites in Turkmenistllll

To prepare recommendations for a wide range of applications of the ALFGW technology in
Turkmenistan, we collected data regarding the locations of potential ALFGW sites and their
parameters, accounting for different hydrogeological, hydrochemical and climatic conditions. The
new collected data refers to the tak}T watersheds spreading over a minimum area of I km: and
with an unsaturated zone characterized by high hydraulic conductivity. Following maps were used:
the map of 39% likelihood of maximum daily precipitation, the map of maximal runoff of 39".
likelihood, the map oftakYT areas in Turkmenistan (by A.P. LaHOV), the map of the vadose zone
characteristics (lithology and salinity), the map of groundwater salinity (by N.G. She\·cbenko). the
map describing the potential ALFGW sites along with areas of demand for resources in
Turkmenistan (Rogovskaya et al. 1986). We also used some results of the research project
"Indigenous Water Harvesting" (USAID CA2I-031) that is being carried out at pan of the takyr
Karrykul. Specifically, to calculate runoff volume we used the relation between rain characteristics
(intensity and volume) and watershed parameters (length and slope). Simulations of the ALFGW
creation were carried for selected sites accounting for different technology of runoff water
infiltration. As a result, a map of potential ALFGW areas was composed (Figure I ~ l.

Following is the explanations to the legend of the Figure 12:
Area I - conditions are favorable for ALFGW creation: vadose zone is composed of sand with

thin lenses (occupying less than 3%) of the vadose zone volume) of loamy sand, loam and day:
salt concentration in soil profile does not exceed 5g 'kg.

Area 2 - conditions are relatively favorable for ALFGW creation: vadose zone is composed of
sand with lenses (occupying 3-5% of the vadose zone volume) of loamy sand. loam and clay:
salt concentration in soil profile is 5-10 gkg.

Area 3 - conditions are relatively difficult for ALFGW creation: vadose zone is composed of
loamy sand and with intercalations of loam (occupying till 10·~ of the \'adose zone volumel:
salt concentration in soil profile is 10-20 g kg.

Area 4 - conditions are not favorable for ALFGW creation: vadose zone is composed of loamy'
sand and loam with layers of clay (thickness OJ-O.5 m): salt concentration in soil profile is
more than20 g'kg.
Characteristic a - vadose zone is composed of mainly sand with a total thickness more than 15.
Characteristic b - sand layer of a thickness at leasl 5 m over layers loamy sand. loam and clay.
Characteristic c - intercalating layers of loam and clay of significant thickness owr the whole

vadose zone.
Area S - natural lenses of fresh and brackish water:
Area 6 - solontchaks:
Area 7 - sanctuaries and rest zone:
Area 8 - mountains.
Technical Recommendation I - open infiltration basin with maximum depth up to 3 m, designed
for filling with runoff gathered from takyT watershed and accounting for 39% likelihood of annual
ram;
Tecbnical Recommendation II - combined system consisting of open infiltratIon basin and I to 3
recharging wells;
Technical Recommendation III - a bundle of 3 to 5 recharging wells of large diameter (up to
I m). Well characteristics (location. number. diameter. depth. filling material. perforaliool d.:penJ
on watershed area, lithological conditions of the vadose zone. planned ALFGW parameters
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Impact, Relevance, and Technology Transfer

Harvesting and storage of seasonal runoff water percolated underground. for the
formation of fresh water artificial lenses is a promising method to solw the problem of water
supply in desert conditions. The project results yield the technology impro\ement in terms of
erecting and exploiting of ALFRW. The National Program of social and economic
development of Turkmenistan up to the year 20 I0 considers dewlopment methods of
harvesting and using water in the desert as one of the utmost important tasks. Implementing
the developed model and technology will help in planning and design of storage for freshwater
resources in Turkmenistan. Similar conditions exist in other countries of Central Asia
(Uzbekistan, Kazakhstan, Tadjikistan) as well as in many countries worldwide where highly
saline groundwater exist in desert regions. The simplicity of the system that does not require
significant investments for its constructions, and the possibility to store and use large \olumes
of good quality water, leads to the expectation that the method of ALFGW formation is
economically promising. The ALFGW can be erected and utilized for small agricultural farms.
pastures irrigation and livestock. An artificial lens with the a\·erage volume of :1000-6000 m'
can supply 1500-3000 animals by fresh and brackish water.

This project also strengthened the research capacity of the National Institute of Desert..
Flora and Fauna of Turkmenistan. The FEFLOW 5.1 computer code and 1\\0 hand-held
Conductivity!TDS'Temperature Meter "CyberScan CON 200 wcre purcha.'Cd and transferred
to the Turkmenistan team. They were trained in Israel during December 2004 to use this code
for simulation of related problems and the meter as a tool for fast chemical analyses of water
samples. The Turkmenistan researchers purchased 1\\'0 computer. two printers. fax-machine.
Xerox machine, telephone, rain gauge, sounding devices for measuring groundwater Ie\'el,
bailers for sampling groundwater etc. Transfer of theoretical expertise from Israel to
Turkmenistan focused on using modem methods to simulate processes of density dependent
flow and transport in soil and groundwater.

Project Acthities/Outputs:

I) Meetings
The first meeting took place in Ashkhabad, October 2-7, 2002. Drs. Yakire\ich (BGUI.
Mamiyeva, NepesoY and Mr. Tashliyev (NIDFF) attended this meeting.
The second meeting look place in Sde Boker, April 28-May 6,2003. Drs. Yakire\·ich. Sorek.
Kuznetsov (BGU), Mamiyeva, and Mr. Tashliyev (NIDFF) attended this meeting.
The third meeting took place in Ashkhabad. May 3-8, 2004. Drs. Yakire\ich (BGl'l.
Mamiyeva, Nepesov and Mr. Tashliyev (NIDFF) attended this meeting.
The fourth meeting took place in Sde Boker, December 28. 2004-January 6. 2005. Drs.
Yakirevich, Sorek, Kuznetsov (BGU), Mamiyeva, and l\-Ir. Tashliyev (",mIT) attended this
meeting.

2) Training
Dr. Mamiyeva and Mr. Tashliyev stayed in Israel from No\ember 28, 2004 till January

8, 2005. During this period they were trained to use the comprehensive mathematical model
and the FEFLOW code for simulations of density driven flow and transport. They were al;;o
consulted at the chemical lab to use modem equipment for chemical analyses of \\ ater
samples.
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3) List ofpublications
Yakire\ich, A., M. Kuznetsov, S. Sorek and I. Mamieva, "Simulating artificial lenses

of fresh groundwater in desert conditions" in: "Groundwater and saline intrusion".
Publications of Geological Institute of Spain, Series on Hydrogeology and Groundwater. 15,
151- 161,2005.

The results were orally presented at the IS Ih Salt Water Intrusion Meeting (Cartagena,
Spain, May 31 - June 3, 2004), and a poster was demonstrated in the Fall l\.feeting of the
American Geophysical Union (San-Francisco, USA, December. 11-17, 200·t).

List ofparticipants:
Israeli team: Dr. Alexander Yakirevich - PI, Prof. Shaul Sorek - co-PI. Dr. "fikhail

Kouznetsov - researcher, Mr. Shai Amon - Ph. D. student.
Turkmenistan team: Dr. Irina Mamiyeva - co-PI, Dr. Mukhamet Nepesov - researcher. Mr.
Serdar Tashliyev - Ph. D. student, technicians.

Project Producth·ity

We believe that the project accomplishes all of the proposed goals. The obtained results
indicate good prospects for future application of the developed technique for storing water
collected at the takyr watersheds and using it effectively during dry periods for nomad animal
husbandry. Factors affecting ALFGW formation and exploitation were studied with the
developed numerical model. The Turkmenistan institution researchers acquired knowledge of
modem methods to simulate processes of density dependent flow and transport in soil and
groundwater.

Future Work

Future work can be focused on assessment and forecast of watering desert pastures
occupying almost 95% of agricultural land in Turkmenistan. Nowadays, about 60"'0 ofpastures
are watered. For this purpose seasonal runoff water is usually used. Reassessment of existing
water resources in pastures, harvesting and storing additional water is an important task.
Solving this problem will increase stability of animal husbandry in Turkmenistan Application
of the developed model to specific sites will impro\'c planning abilities of local "ater
authorities.
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Table I. Chemical composition of rain water collected at the takyT K~i.:ul

lDS HC03- CV S04" Ca" Mg Na"+K"
Date m!lll m!III m!lll mgll mall mgn mWI

23.03.2003 0.184 56.0 320 32.0 210 1.0 31.0
04.04.2004 0.232 450 11.0 89.0 200 3.0 380
05.04.2005 0.188 62.0 11.0 I 44.0 23.0 50 160

Table 2. Chemical composition of runoff water collected at the tak)T Karrykul

Sampling lDS HC03- CL' S04
1

ea" Mg~ Na+K"
Date time mg/l mgll mg/I mg/I mg/I ."g" mgII

25/10/2003 Beginning 570 99.9 2754 36.2 ; 27.6 63 1899
Middle 388 87.7 169.9 214 I 276 379 4.2

I End ; 550 106.7 252.0 165 i 276 63 168.0
19/0212004 Beginning 314 ! 118.5 624 19.7 I 194 4.7

j

62.2I
, Middle 400 177.8 50.3 37.0 " 388 11.8 i 563

End 288 0.98 46.8 329 194 7.0 473
2103/2004 Beginning 396 ! 126.9 65.5 238 116 4.7 969 I

Middle 394 161.9 65.5 238 233 4.7
j

789"

I End 200 118.5 49.9 14.0 233 \I
i 24 52.4

12104/2004 Beginning 430 I 94,0 1404 35.4 194 4.7 i 1123
Middle 436 94.0 1482 255 213 35 I 112.7

I End 496 139.6 171.6 189 27.1 7.3 128.4
I 25/0412004 Beginning

,

Middle 424 88.3 128.7 80.9 136 4.7 1214
End 171.0

i
113.1 428 21.3 56 1227 :

482
7/0512004 Beginning 290 90.1 21.8 753 11.6 2.3 66.4-
8105/2004 Beginning 312 84.3 405 66.2 97 23 74.2

I 09/05/2004 Beginning 361 122.0 45.2 77.7 9.7 1.1 992
10/0512004 Beginning 336 1550 23.4 19.7 15.5 118 429

, 27/0312005 End 644 236.0 118.0 580 18.0 2.0 1680
4/04/2005 Beginning 544

,

130.0 ' 110.0 530 140 2.0 ! 129,
Middle 578 140.0 , 105.0 590 140 20 133

! End 536 138.0 105.0 570 12.0 1.0 136
5/04f2005 Beginning 564 173.0 112.0 . 320 140 30 1340

Middle 592 164.0 110.0 60.0 120 30 142.0
End 654 176.0 158.0 73.0 14.0 2.0 184.0

6104/2005 Beginning I 680 155.0 ' 137.0 800 16.0 2.0 1630
Middle

End

596 i 118.0

572 155.0

25
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~o.o US IU7')2 o \11.\4 '.20 2.1l SIlIl 44,1l III I III
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~ S 20,0 (,0,1 oU
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I
16.X
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4.~,h 42x 1.2 I 'IH

I'arllcle slLe dlslrlbullon. %

0.2~-o.1 OI.-o.O~ 0.0~·0.01 0.01-0.005 I 0.00
mm nUll mm lUlU

5'1.0 1'1.0 0.2 O.X
74.0 16.0 0.2 I.X-_.._-~---
6.0 X.O 4'1.1 5.1
1.0 21.0 6604 4.'
3.11 20.0 55.1 HI

----

304 21.2 3SA 11.2

Table 3. Continued
.. _•...,",----- .

Depth
Ilulk

Waler ea"aelty K,
Well I Density

g/cmJ full neld Ill/day
U.~-o.2~

III
--"'-

mm
7 i 25.0 1.0 004 IUoX 3.75 21.0

311.11 1.6<) 110416 004 6.30 X.0-_.'---._....
30.5 1.42 004402 00420 0.07 1.0

8 I 1.0 1.47 O.4X51 00441 0.10
2.0
HI 104 0042 0.3n I 0.05 I 004
35
4.0 lAS 11..1915 O..!77 0.6
5.0 1.7 15
6.0 1.73 2.2X 0.2
7.0 I.S4 11.1 X
9.0 1.16 lUX
10.0 1.71 2045
I 1.0
12.0 UX 0.74
1.1.0 1.71 154 5.11
15.0 Ir.X I 04'1 0.5
20.0 1.104 1.1'1 2.0
250 I 71 147 125
111.0 1.75 2.24 19.5
lOA II.S

19 I 1.0 I Atl 11,024
2.0 1r,7 07 I 0.2
.\.11 I.SS 011\9
4.0
511
(dJ I 1.6 I 0.4 I II IX<I I U I lUI
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UUOIl, %

""'~._'-"'-' -
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·IA

I
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x,n 71,.X 1.16 O,X

Tahle 1. Continued

IDelllh
lIulk

I Waler eal,aclty I K,
D"llslty

Wen I

m g/em:' rull ncld
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04 sand
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, - :o.;mJ

300.380 0.2 0.6 2.9 0.3 L7 1.6
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580 - 620 0.3 0.5 ") ., :.1 1.4 0.5
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Table 5. ~leasured groundwater depths and salinity

Date 14.02.2003 09.03.2003 17.04.2003 1505.2003
1

Ground Ground Ground Ground j

Sampling
water TDS,

water
TDS,

waler
lOS,

water TDS.glwell depth. m gil depth.m 9'1 depth, m g/l deplh. m

Wl 16.28 2.98 16.27 2.98 16.26 2.98 1625 ! 297
W2 f 16.3 3.32 16.29 3.31 16.27 3.31 16.27 I 3.3
W3 16.61 3.72 16.6 3.72 16.59 371 1658 I 3.71

, 3 15.89 9.26 15.89 9.26 15.89 , 926
4 I 15.11 13.57 15.11 1357 15.11 13.57
5
6 15.12 15.11 I 15.11 15.09
7
8
9
10
11
12 I
13
14

I15 ,

i16 15.37 15.34 15.34 9.78 15.33 9.77 ,
17 16.07 16.07 16.06 16.07 5.17

,
I

18

~19 15.78 , 15.78 15.78 3.37 15.77 338
20 I I 15.81 15.8
21 15.91 I 15.91 , 15.91 15.91 39 I

22 15.71
,

1571 i 15.7 15.71 994 'II

23 , ,

24 15.79 15.79 15.78 15.78 5~_

25
26 ,

30 ,

31 15.59 15.59 15.59 13.15 1559 13.14
32 , 15.36 15.36 15.36 1109 15.35 1107 ,

33 , 15.46 , 15.46 15.46 1179 15.45 1179 I,

34 15.67 , 15.67 15.66 4.55 15.65 455
, 35 15.37 I 15.37 1536 15.36
,

36 ! 15.8 15.79
37 15.41 15.4 8.31 15.39 8.31 15.38 8.3
38 15.88 15.87 ~586 1347
39 15.9 15.88 ~588 474
40 15.92 1591

I
, 41 i

42
49
50

30

1587



30515.853.115863.0215.876.3515.8

9

20

10
!

11
12
13
14
15 16.27 6.2 16.29 6.34
16 15.33 9.77 15.35 8.65 15.34 7.54 15.33 692
17 16.08 5.16 16.08 . 4.5 16.13 46 16.12 458
18 I
19 15.77 3.37 15.81 I 3.85 15.86 4.01 15.79 565

,

Table 5 (continue)

Date 04.062003 26.062003 03.072003 29.08.2003
!

Ground Ground Ground Ground
j

Sampling TDS. j

well
water TDS.9·1 water

gil
water TDS. g,1 water · TDS.g,l

depth, m depth. m depth. m depth. m ,
•

Wl 16.25 2.97 16.27 2.97 16.26 299 1627 • 338
W2 16.27 i 3.3 16.29 2.99 16.27 2.98 16.3 ! 3
W3 16.58 3.7 16.6 3.59 16.6 3.58 16.6 ! 3.67

3 15.89 9.25 I 15.9 9.1 15.89 8.92 15.9 888
, 4 15.1 13.56 15.51 13.6 15.45 1352 15.4 1358

5
6 15.08 i
7 , 15.81 8.9 15.8 4.28 1583 3.58
8 I

I

21 15.9 4.26 15.91 2.56 15.95 2.59 15.92 2.61
22 15.7 11.2 15.7 10.6 15.73 1045 15.71 1009
23
24 15.78 5.83 15.78 4.6 15.8 4.36
25
26
30 I

31 15.58 13.13 15.61 15.69 " 15.67 15.6 15.72 1543
32 15.35 11.05 15.35 13.08 15.36 13.11 15.34 13.09
33 15.45 11.78 15.48 11.9 15.5 12.01 15.49 11.95
34 15.65 4.53 15.65 4.57 15.67 4.46 1568 4.41
35 15.35
36 15.79 -
37 15.38 8.3 15.4 8.29 1543 8.22 15.48 834
38 15.86 13.47 15.9 13.11 15.89 12.13 15.86 11.09
39 15.87 4.75 15.88 423 1586 3.97 1589 3.75
40 15.91
41 i

42 I 15.85
49
50 ,

31



Table 5 (continue)

lu.0615.71008157110.0915.7310.1115.7522

Date 26.09.2003 24.10.2003 19.11.2003 1212.2003

Ground Ground Ground
I

GroundSampling lOS. I lOS.
well

water TDS. g,1 water g,1 water I g1
water lOS. 91

depth. m depth. m depth. m I deplh. m

Wl 16.27 3 16.26 3.04 1629 i 3.07 16.28 3
W2 16.38 2.97 16.35 2.99 16.33 I 298 16.32 296

, W3 16.62 3.52 16.6 3.53 16.62 , 352 16.61 351
3 15.9 8.93 15.89 8.9 15.9 8.88 LJ5.88 8.87
4 15.45 13.54 15.43 13.59 15.45 13.56 1542 1354
5
6
7 15.82 3.47 15.81 3.48 15.82 3.49 158 347
8
9
10
14
15 16.28 6.27 16.29 6.24 I 16.28 6.23 16.27 6.18
16 15.35 6.86 15.33 6.79 ! 15.34 6.82 15.32 6n
17 16.13 4.59 16.11 4.53 I 16.12 4.56 16.1 452
18

I 19 15.8 5.54 15.79 5.51 15.81 5.49 15.78 543
I 20 15.87 3.08 15.85 3.06 13.84 3.04 1581 303

I 21 , 15.94 2.59 15.93 2.6 15.94 2.58 1591 254 ,

~

23
24 I

I 25
26 !
30

,

31 1565 I 15.4 15.6 15.38 15.58 15.34 15.56 15.3
32 15.35 13.12 15.33 13.05 15.35 13.09 15.32 1298
33 15.48 11.93 15.47 1198 15.48 11.92 1546 1186
34 15.66 4.32 15.69 4.24 15.65 4.25 15.64 4'g
35
36
37 15.46 8.23 15.43 8.18 15.42 8.19 15.41 8.17
38 15.87 10.73 15.86 9.45 15.57 881 1585 83
39 15.87 3.47 15.9 3.14 1587 316 15.86 303

I; 40
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Table 5 (continue)

Dale 08.01.2004 07.02.2004 09.03.2004 0504.2004

Sampling Ground I Ground
lOS, Ground I Ground

I TDS, gil water water I lOS. 9'1 water TDS. g'lwell waler I gildepth. m depth. m depth, m i deplh, m ,
Wl 16.27 I 3.50 16.25 3.54 16.24 i 3.69 16.225 602
W2 16.31 3.32 16.29 3.14 16.28 I 3.01 16.27 2.91
W3 16.59 3.94 16.57 3.76 16.56 I 3.48 16555 I 320

3 15.88 10.14 15.9 10.28 15.89 I 10.39 1589 1056
4 15.43 15.46 15.52 15.71 I 15 15.77 1558 15.76
5 0.00 ,

6 15.85 3.27 15.86 3.18 1586 3.13 15.85 3.08
7
8
9

15.81

1581

4.73

338

15.79

1579

5.30

319

1578

1577

5.51 I 15.765

292 15765

5.76

277
10 15.83 3.97 15.82 3.79 1581 3.62 158 348
11
12
13
14
15 16.27 6.99 16.29 7.03 16.31 7.01 16.28 7.09
16 15.33 7.66 15.39 8.15 15.57 10.11 1645 10 12
17 16.1 5.56 16.12 6.05 16.11 6.69 16.1 7.65
18 0.00
19 15.8 6.19 15.81 6.22 15.8 6.23 158 6.24
20 15.81 4.51 15.82 606 15.82 7.28 15.825 8.19
21
22

15.92
1572

3.61
1150

15.91
1571

4.10
1248

15.91
1572

4.63 159
1452 1572

540
1558

23 15.88 8.31 15.89 8.89 15.88 9.15 15875 9.58
24 15.79 4.96

,
15.78 5.48 1579 5.78 15.78 616,

25 163
26 15.88 4.51 1587 4.69 1588 4.61 15.87 4.58
30
31 15.56 17.24 15.57 17.27 15.58 17.25 15585 17.24
32 15.33 14.65 15.49 14.89 15.69 15.17 1604 1553
33 I 15.47 13.75 16 14 1403
34 15.66 4.31 , 15.59 4.07
35 , 15.72 3.38 15.75 3.54 15.79 366 1582 390
36 I 15.83 540 15.82 5.42 15.81 5.39 15.81 5.38
37 I 15.41 9.80 15.42 15.42 15.42 17.38
38 15.85 9.92 15.87 9.80 15.88 1031 15.89 17.31
39 15.83 3.80 1585 3.89 15.87 403 1589 407
40 15.94 16.91 15.96 16.76 15.97 16.62 1595 1652
41 16.2 12.66 16. I 12.37 16.15 12.24 "6 12.04
42 I

,--~4",9_+-715?,.5:;o3;-_-::1-,;7C;.4.;.7__.;:15?-.",51;--__717~.48';7__--:::15?-';;.;52,__-:1;.:;7,,:50;;;-_ 15.5
50 14.71 14.50 14.67 14.14 14.65 14.19 146

33

1743
14.21



Table 5 (continue)

Date 28.04.2004 05052004 04.06.2004 0607.2004,
Ground iGround Ground Ground I

Sampling TDS. I
well

water TDS. gil water
gil

water I TDS.9'1 water TDS.gl
depth. m depth. m depth.m depth. m ,

WI 16.23 4.06 16.23 4.2 1623 387 16.23 • 3.81
W2 16.23 2.75 16.23 3.71 16.23 2.71 16.23

,
268

W3 16.55 3.13 16.56 3.31 16.56 3.06 16.54 • 3.02
3 15.87 10.47 i
4 15.56 15.73 1 16.5 17.8 16.38 i 13 16.37 , 12.85
5
6 15.8 3.35 15.83 332 ! 15.81 3.3 1584 , 36
7 ! 15.76 5.67 15.73 7.21 I 15.71 . 7.21 15.71 , 6.97
8 ,

9 15.775 2.77 15.74 4.55 15.73 3.45 15.73 323
10 15.84 301 15.81 3.21 15.82 299 15.79
11 I,

12
1

13
14
15 16.26 6.84 16.25 6.98
16 16.42 9.46 16.4 9.13
17 16.085 7.44 16.04 84 16.04 8.11
18
19 15.785 5.61 15.76 4.52 15.78 7.05 15.76 673
20 , 15805 699 1577 419 1582 669 1578 647

145912.7214.6250

21 15.92 5.34 15.88 5.6 15.9 5.66 1588 553
22 15.7 13.57 15.68 11.3 1566 1067
23 15.86 10.45 1584 812
24 15.76 4.68 1575 451
25
26 15.84 8.43 15.81 759
30
31 15.59 16.52 15.54 17.6 15.53 13.8 15.52 13.14
32 16.14 13.79 16.23 14.6 16.24 12.4 1619 1124
33 16.125 12.35 16.12 13.1 , 16.12 10.7 16.12 984
34 15.72 3.90 15.78 409 1574 3.97
35 15.805 3.29 15.93 3.68 15.85 3.57 15.73 364
36 15.805 5.24 15.88 508 15.82 479 1579 448
37 15.4 16.66 15.39 17.2 15.43 129 15.4 10.85
38 15.87 16.23 15.85 17.4 15.88 126 1586 1084
39 15.875 3.67 15.97 406 15.89 392 15.86 3.73
40 15.935 12.30 159 , 1.79

41 15.99 11.82 15.97 1093
42

, 49 15.46 17.24 15.42 16.98
I

34



Table 5 (continue)

Date 10.08.2004 07.09.2004 05.10.2004 21.11.2004,
Sampling Ground Ground TDS, Ground Ground

water TDS, gil water water TDS.9"1 water IDS.g.1well depth, m depth, m g,1 depth, m depth, m !

Wl 16.22 3.76 16.18
,

3.72 16.18 364 16.19 , 361
W2 16.20 2.64 16.19 ,

2.62 16.18 2.6 16.19 259
W3 16.54 2.99 16.53 2.97 16.51 2.96 1652 , 295

3 i ,

4 16.28 1197 16.23 11.21 16.19 1035 1617 955
5
6 15.83 , 3.4 15.82 3.41 15.83 3.35 15.80 338
7 15.7 6.84 15.68 6.66 15.7 6.59 i 15.72 6.53
8
9 15.74 3.14 15.72 297 15.7 2.92 1572 28
10
11
12

15.78 15.77 15.78 15.78 23

13
!14

.

15 16.23 7.33 16.21 8.45 16.2 9.17 16.2 98
16 16.39 8.87 16.37 8.54 16.37 8.38 1636 806
17 16.01 7.84 16 7.69 16.02 7.47 16.05 729
18
19 i 15.75 6.18 15.74 5.86 1575 5.29 15.75 494
20 , 15.77 6.13 15.77 5.81 15.77 5.58 15.77 529
21 15.86 5.44 15.85 5.37 15.86 5.29 15.85 5.21
22 15.64 10.21 15.65 9.43 16.67 8.95 15.68 854
23 15.82 3.57 15.81 3.11 15.83 18 1584 132
24 15.77 4.45 15.76 4.3 15.74 4.27 15.74 426
25
26 15.8 6.43 15.78 5.77 15.79 4.98 15.79 457
30
31 15.51 12.67 15.51 11.87 15.52 1096 15.52 989

I 32 16.16 10.76 16.09 9.98 15.03 9.32 1596 889
33 16.11 9.61 16.1 9.24 16.11 9.11 16.11 884
34 15.69 3.83 15.63 3.79 15.59 3.74 15.55 3.71
35 15.62 3.61 15.54 3.47 15.43 339 1531 3.57
36 15.75 4.15 15.76 3.89 15.77 363 15.76 3.44
37 15.38 10.49 15.36 10.18 15.37 101 15.37 995
38 15.83 9.96 15.81 9.84 15.82 969 1583 961
39 15.82 3.47 15.78 3.31 15.79 3.24 1580 3.11
40 15.86 9.93 15.88 8.85 15.9 8.56 15.92 7.95
41 15.94 8.84 15.96 8.42 15.97 7.61 15.97 7.49
42

I 49 15.4 16.94 15.43 16.81 15.44 16.74 1545 168
I 50 14.58 12.79 14.59 12.81 14.6 12.75 1461 12.7
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Table 5 (continue)

54515955671589598158362415787

Date 18.012005 16.022005 04.032005 10.042005

I ,
Ground Ground Ground Ground ,

Sampling ms, gil ms, ! j

well
water water

g.1 water TDS. gl1 water i ms. g1
depth, m depth, m depth, m depth, m

1

W1 1626 3.47 16.29 2.95 16.35 2.53 164 22
W2 1625 2.45 16.31 2.36 16.39 I 2.19 1645 ! 2
W3 16.61 2.73 , 16.68 2.59 16.73 2.41 1679 22

! 3
I 4 16.2 8.47 1625 6.93 16.28 5.61 , 16.3 489
! 5

6 15.85 2.89 15.89 2.67 15.95 2.48 16 2.3, !

8
9 15.79 2.66 15.82 2.49 15.9 227 1595 205
10 15.86 2.08 15.91 1.89 15.95 1.81 16 1.77
11

I 12
I

13 , I

14
i15

I

16 16.42 8.29
I, 16.49 8.57

i

1653 8.77 1657 885
17 16.14 7.04 16.19 6.71 16.22 6.41 1626 605
18 !

19 15.81 4.88 15.87 4.75 15.93 4.69 15.97 4.65
20 15.87 5.03 15.91 4.82 15.95 4.64 15.98 4.55
21 15.88 4.97 15.9 4.31 15.92 4.07 15.93 375
22
23 15.91 1.24 15.96 1.13 1601 1.33 16.08 1.41
24 15.82 3.98 1589 3.67 15.92 3.44 1595 3.19
25
26 15.85 4.28 15.91 4.06 15.96 3.77 16 36 .

30
,

I

31 15.56 9.86 15.53 9.84 15.52 981 1551 98
32 15.98 8.67 16.01 8.43 16.02 829 16.07 815
33 16.13 8.33 16. I I 8.09 16.1 7.91 15.99 753
34 15.59 3.44 15.62 306 15.66 2.94 15.69 26
35 , 15.36 3.41 15.4 3.07 15.46 2.54 1551 2
36 15.77 3.36 15.78 3. I I 15.79 259 1581 2. I
37 15.36 9.77 15.365 9.54 15.36 9.31 15.36 905
38 15.84 9.64 15.845 921 15.85 886 1586 8.55
39 15.8 2.86 15.81 2.67 158 246 15.8 225
40 ! 15.98 8.02 16.05 826 16.11 8.44 16.14 865
41 16.08 7.98 16.14 8.06 16.19 8.53 16.23 8.9
42
49 15.52 14.32 15.59 11.58 1563 965 15.66 7.85
50 14.71 I I .82 14.78 10.58 1486 9.49 149 8.52
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Table 5 (continue)

Date 09.05.2005 1006.2005 02072005

Sampling
Ground Ground Ground
water mS.gll water TDS, gA water IDS. gl

well depth, m depth. m depth. m

Wl 16.43 2.1 16.48 195 16.5
,

1.91!
W2 16.51 I 1.76 1657 1.51 166

,
128

i W3 16.85 1.95 16.89 152 1693 135
3 i

4 i 16.31 4.22 16.32 3.94 16.31 3.52
5
6 15.96 2.06 i 15.93 1.65 1591 1.31
7 15.91 4.68 15.89 351 15875 2.15
8
9 1594 194 1596 189 1597 185
10 i 16.01 1.56 1 16.02 1.43 16.03 131

I 11 i
12
13 ,

14 i
15 , I

16 16.62 7.31 16.69 5.98 16.74 4.15
17 I 16.31 5.24 16.38 4.17 164 3.4
18
19 15.67 3.86 15.34 3.08 15.17 2.5
20 16.07 3.66 16.14 2.99 16.2 2.35
21 I 16.09 3.19 16.17 281 16.25 2.11
22

I 23 16.14 1.47 16.18 1.52 16.2 1.6
24 15.97 288 15.99 2.54 16 2.2
25
26 16.05 3.67 16.08 3.54 16.04 351
30
31 I 15.53 8.04 15.51 68 155 5.1
32

,
16.04 6.54 16.02 4.28 16 28

33 16.03 6.07 16.09 5.46 16.105 4.32
34 15.72 2.08 15.76 1.76 15.78 1.4
35 15.53 1.84 15.57 165 156 1.3
36
37
38
39
40
41
42
49
50

15.82
15.34
15.84
15.81
16.05
16.34

15.67
14.91

1.76
7.52
6.43
1.64
6.24
6.25

7.89
8.56

15.85
15345
15.87

15805
15.71
16.38

15.68
149

37

1.53
541
5.53
1.38
4.91
4.88

7.92
8.53

15.875
15.355
15875

15.8
15.35
16.41

15.67
14.9

1.22
385

4
114
3.32
3.41

7.9
854


