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ANNEX C
HYDROGEOLOGY

1 - Present Conditions
(1)  Kilgilk Menderes River Basin (Master Plan Study Area)

: ~ The alluvial groundwater basin of the Kugik Menderes River Basin is shown on the
Figure-C. 1 as the altitude contour map of afluvial bottam plane. This map was made based on
the depth contour map of alluviat bottom plane made by DS in 1968. It is understandable from
the figurc that the groundwater basin in the alluvial strata is composed mainly of Odemig-Tire &
Bayindir-Torbali basins.

 Figure-C.1 shows also the location of observation wells. The hydrogeological
parameters of aquifer checked at respective obscrvation wells through pumping tests are listed
in Table-C.1.

) From these results, the groundwater basif is divided into'six as shown in Figure-C.2
which also shoiws the gencral distribution of permeability in the two main basins, Odemig-Tire
& Bayindir-Torbali.

Figure-C.3 shows the altitude of g‘roundwatér table as of 1992 and the hydraulic
gradient along main channel. The profile along the main channel is as shown in Figure-C.4.

Figure-C.6 shoiws the fluctuation of groundwater table checked once a month approximately at
respeclive observation wells as time series.

- Groundwater table rises and falls in one yeér cycle, though the amplitudé of vibration is -
different from respective wells. The whole trend of groundwater table fluctuation can be said
generally as the followings: o

{)] The grou’ndwaler table was relatively stable until 1985 and started falling gradualiy
from 19850n, - o ' o

(i) ~ The ratio of faltin g down I rom'l9:89 has become largef thaix the bef Qré. ’

Decrease of precipitation and recharge caused the lowering of groundwater table [ rom |

1985', besides further lowering has been caused from 1989 due to over pumping for irrigation. =

The reasons are as follows:

(i) The falling down of groundwater table in the irrigation season is becoming surely
- remarkable after 1989, :

(ii)  Though the precipilation from 1989 had the trend a litlle lower than the before, the
affection by pumping up through wells for irrigation etc. is much bigger than the
decreasing of precipitation. Of course that is why the shortage of precipitation nceds
more pumping up from the groundwater. : '

" Figure-C.7 and C.8 show the locations of cxisting wells in the Kiigiik Menderes Plain
which are mainly identified based on the topographic maps published in 1960 ~ 1964 and 1979
~ 1980.

() Beydag-Odemis Area (/S Arca)

The Study Team conducted inventory survey on the existing wells in the Project Arca
for the items of number of well, their locations and types, diameter of outlet pipes, power
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sources, working conditions, and covering arca of irrigation etc. As a result, it beconies clear
that wells over than 2,000 exist in this arca. . '

“Table-C.2 shows the number of wells, water allocation, and covering atea of irrigation
at each koy distinguishing private and cooperative registered at DSI. While, Figure-C.9 10 C.18
show the survey result of existing wells' for their numbers and the covering aréa of imigation in

every of 1km? of arca.

As of March 1995, DSI has allocated about 19 MCM of the water right to 654 wetls for
private use, and a little more than 11 MCM to 35 wells for cooperative use in the Beydag and
Odemis districts. The Study Area is included in these districls, The cooperative Konakl is
newly established. According 1o the dala, average annual water pump-up volume per one well
is about 29,000 m3 in the casc of private wells, while a cooperative welt pumps up about
324,000 m3 per annuni and irrigates about 34 ha.

As a result of existing wells' surveys in this phase, 2,278 wells were confirmed,
among of which 59 wells were alrcady closed, then 2,219 wells are working now. Anong
them, 75 wells were not identified for their covering areas of irrigation, 10 wells weie DSl use
for cooperatives, 9 welts were 1llers Bank use for drinking purpose, 28 were for private
* drinking use, and 2 were for factory use. The following mention is the summarize the above.
When calculating the total pump-up volume of groundwater in the Beydag-Odemig Area, the
allocated average yields in the respective koys were calculated first based on the data shown in
Table-C.2, and those respective volumes were multiplied by the number of wells existing in the
respective areas confirmed from the existing wells' survey carried out in this phase. Then, the
quantity of pumped groundwater would amount to 40 MCM per annum in total for the private
use. As a result, adding the quantity of cooperative use (annually 11 MCM), the total yields in
the Study Area would amount to 51 MCM per annun.

o Also‘acoording to the abdvé survey result, the power source of the well is elecricity for
~ 89.5% of the total wells. The remaining wells are still operated by engines, which are mainly
* located along Kiiglik Menderes River, because no electricity has been supplied there,

Figure-C.11 shows the contour map of alluvium bottom plane which was modificd
Trom the materials for the study on the hydrogeology of Kiigiik Menderes River Plain carried
out by DSI in 1968, Figure-C.12 to C.22 show the well's distribulion, and groundwater table
distribution in the Study Arca, which were prepared based on the result of existing wells®.
surveys in the Study pertod.

Basically the alluvium fills the gravens of the Menderes Massif formed by the
tectogenesis. Their main underground physiography is shaped by many faults. As shown in the
Figure-C.11, it has largely such two basins as that around Beydag - Kaymaket and around
Odemig. These basins arc the part of the aforcsaid Odemis - Tire Groundwater Basin. The
thickness of altuvium in the former basin js a little more than 100 m, and more than 250 m in
the tatter basin at the maximum.

~As shown in Figure-C.9 and C.20, private wells concentrate mainly around Mescitli
~ and Yegenli where wells'density is more than 30 per 1 km2. The wells have also been
concentratedly drilled in both bank side areas along Kiiglik Menderes river mainly between
Beydag town and the north of Konakli town (20 ~ 30 wells /km?2), Fusther from the Ovakent -
Gdemis Road to the downstream side, they have a density of around 10 wells per-1 kmZ2,

+ Figure-C. 13 and C.22, show the groundwater table below the ground surface and its altitude.
These information were mainty collected through the inquiry to farmers. The depth of
groundwates table is usually around 20 m to 25 m below the ground surface along Kiigiik
Menderes River, but as apart from the river, it becomes deeper gradually, and around Odemig
town it reaches more than 40 m, :
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~ " As to the drawdown of groundwater table from the early days (before 1985) up to date,
~ one cxampte is shown in the Figure-C.5 (2) which shows the section of the middle reaches of
Odemig-Tire Groundwater Basin. Until 1992, the tendency of the drawdown of groundwater
" table is remarkable along the foot slope from the mountain to the plain reaching the drawdown
1o 30 to 40 m. However, the drawdown along the Kitgiik Menderes river is not so big
comparing to that along the foot slope. This may be because of thal the tess recharge of
groundwater caused by draught created the less hydrodynamic gradient.

. On the other hand, recently the drawdown along the Kilgiik Menderes river becomes
© remarkably bigger; 2010 25 m, which may be caused by remarkable iricrease of: pumping up of
groundwater through wells in the plain area riear the river. In other area also, the same tendency
has been observed. '

3) Geothermal Zone, Boron and Groundwater

From the view point of boron hazards against agricultural crops, the studies on the
boron inctuding ratio in the groundwater in the Gedis river basin have been carried out by DSI
since three years While the studies in the Kitglik Menderes river basin have been started this
year.

In general the saline water includes relatively high ratio of boron, so that marine
sediments may include it at relatively high level. Besides, since the boron is also one of rare
elements usually with silicate minerals, it is produced somelimes accompanied by
preumatolytic gas or hydrothermal fluid originated from descent liquid of acidic magma namely
with hydrothermal springs. In both cases, it puts out as borate and/or boracic to meta-boracic
acid.

Typical temperature of hydrothermal springs is over than 100°C in the Biiyitkk Menderes
river basin, and from 75°C to 100°C in the Gedis nver basin. On the other hand, that in the
Kiiglik Menderes river basin is in between 20°C and 45°C. Comparing to the Bliyilk Meaderes
river basin and the Gedis river basin, the temperature of hydrothermal springs in the Kiigiik
Mendetes river basin is faicly lower, then it may be relaiively less affected by the geothermal
cffect. : :

Figure-C.15 shows the rcIaﬁonship be:l“fcen :!he temperature and the boron including -
ratio of groundwater studied in the Gedis river basin and the Kitgik Menderes river basin,

Although the refationship is not clear, the most of all groundwater belongs to the extent A,

Those having relatively high temperature over 28°C or high including ratio of boron over 3
ppm are only found in the upstream to midsiream areas of Gedis river basin (Salihlt ~ Atagehir)
at sporadically limited area scemingly with subsurface tectonic structure easily springing out the
hydrothermal fluid and/or pneumatolytic gas. Even in the extent A, though those in the Gedis
river basin reach around 2 ppm of boron including ratio, those in the Kigiik Menderes river
basin show usually fairly lower having values mostly less than | ppm.

_ Figure-C. l_6‘shows the tcmperéturc (and the sampling depih), the boron i‘nclu':di_ng r'atio:
of groundwater and their locating distribution in the Kii¢iik Menderes river basin. In case the -

recharge of groundwater is few in a tong drought period, the content of groundwater may be .~ -

tess dilutled resulting in the densitly being sclatively higher. Since the influence from geothermal
effect in the Kiigitk Menderes river basin is very low comparing to the Biiyilk Menderes and
Gedis river basins, it is concluded that the boron including ratie of groundwater in the Kiguk

- Menderes river basin may stay low. '

In the area of Kilglik Menderes river basin, it is divided into the following three.
1, Sclguk basin _
2, Pancar-Torbali-Bayindir basin
3, Kiraz and Odemig-Tire basin
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Selguk Basint may be affected by saline water. Pancar-Torbali-Baymdir basin is, in
general, slightly higher geothermal area and has sonte relationship between the temperature and
the boron including ratio of groundwater relatively. Sporadically the groundwater temperature
becomes over 20°C. The boron ratio in the arca coniposed of inarble is slightly higher than the
other arca. '

In the Kiraz and Odemig-Tire basin, the area composed of gneiss and granite and
located between Beydag and Odemis has slightly higher temperature of groundwater, The
mountain side of this arca shows the relatively better relationship between the temperatire and
the boron including the ratio of groundwater same as the case of the Pancar-Torsbalt-Bayindic
basin. In the Kiraz basin, however, both temperature and boron including ratio are low, and as

. proceeding to the alluvial area of Beydap and Odemig basin, the temperature becotne higher;

_approximately 5°C, being affected by geothermal area, but the boron including the ratio is still

“Tow. In the Odemis-Bayindir-Tire basin, the temperature beconies fow again {boron including
ratio is also stil! low).
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2 Water Economy of the Groundwater Basin
'(1) General

Duc to the lack of hydrological observation data, it was difficult to grasp the
hydrotogical cycle of the basin. It is considered that precipitation is only input to the Basin
system and, as for output, some factors such as basin evapotranspiration, stream runoff and
groundwater runoff, were not recorded. The water economy of the basin was thus deduced
from the known factors, based on common information and experience.

This sccnon describes the water cconomy among sub-basin blocks in the wholc basin.
Through the water economy analysis, the quantity of watér recharged iato lhc groundwalcr
aquifer was also clanified. _

{2)  Sub-basin Blocks for Water Economy Analysis

For the convenicnce of water cconomy analysis, the basin was divided into 4 sub-
blocks bascd on the topographic and geological conditions, as shown in Figure-C.17.

- Sub-block Character Areakm?)
Kiraz Block Upstream of the proposed Beygag 515 km?
B _ dai site
Odemis-Bayindur-Tire-Torbals Major grotind wateraquifesof -~ 950 km?
Plain Block - the Kiigiik Menderes River Basin
Odemig-Baywdir-Tire-Torbalt Runoff watcrshed to the major 1,575 km?
Mountainous Block groundwater basin '
Tire-Belevi Block Additional ground watez basin 215 km?

3,255 km?

{(3) Water Volume Rechafged into the Groundwater Basin {rom the Watershed

The water volume recharged into the groundwater basin from the watershed which
~ consists of mountains and hills, can be estimated from the observed data on prccnpnlauon
susface runoff, cvapoiransp&rauon([l’l‘o) cic. .

- The waler economy analys:s for ldentlflcahon of the recharge was carrled out for the -
© Odemig-Bayindir-Tire-Torball Mountainous block. The analysis covered 20 years f; rom -1974
~ to 1993, tracing changes in soil moisture by applying the precipitation data of the Odemig :
station and qunoff data of the Aktag river. Apportionment of water obtained through the
- analysis is as shown in the table below, Detailed results are givenin Table—C 3.]

Ttem Annual average Appoﬂionme.nl
(mm) (%)
Precipitation 590.0 100.0
Surface nunof§ C2060 -, M9
Evapotranspiration "3120 © 529
Rochasge® 72.0 . 122

*: Including supplemenial wates fo sun‘acc soil layer

(4 Water Volume Recharged into the Groundwater Basin from the Plain Are't

The runoff mechanism in the plain area is unknown due to the lack of observations.
Therefore, the water balance of the groundwater basin was calculated from the estimated
surface runoff. In this Study, the surface runoff was estimated on the basis of a refation curve
of effective rainfall, assuming that the surface runoff from the plain area consists of cxcess
water from effi cctivc rainfall for farmland.
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, The water economy analysis for identificatioh of the recharge was carricd out for the -

Odemig-Bayindir-Tire-Torbaly Pfain Block. The analysis covered 20 years from 1974 to 1993,
tracing changes in soil moisture by the applying the precipitation data of the Odemis station and
the surface runoff values estimated by the above-mentioned method. Apportionment of water
oblaingcd through the analysis is shown in the following table below. Detailed results are given
in Table-C.4.

Htem Annual average Appbtﬁomneni

— _(mm) : {%)
Precipitation 590.0 & - 100.0
Suiface runoff 127.0 215 -
Lvapolranspiration 368.0 624
Recharge® _ . . 950 : 16.1

*: Including supplemental water to surface soil layer
(5  Water Economy of the Study Basin

The water economy of the whole groundwater basin (3,255 km? excluding the Selquk
area) was cstimated from the resull of estimation of recharge as shown in Figure-C.18.
According to the water budget, a volume of 130 MCM has been recharged annually in the
Odemig-Bayindir-Tire-Torbali groundwater basin, which is the major groundwater basin in the
Study Basin. '

Pumping yteld has far exceeded water recharge in the major basin, due to not only
scarce recharge resulling from recent severe droughts, but also increasing number of pumps
within the Study Basin. So far, the water deficit has been covered by retention storage water
~from the groundwater aquifer. This has caused a drawdown of the groundwater level. Table-

C.5 show changes in the water cconomy according to the pumping yield and recharge during
120 years. According to the water budgel, an average annual water deficit of 75 MCM has
continued since 1985.
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3 Numerleal Simulation of Groundwater in the Study Basin
(1) -~ General | |

A groundwater sunulauon was carried out in order to confiem the accuracy of the result
of the above-mentioned water economy analysis, and to give necessary information regarding
effects on the groundwater basin by the development, The Quasi-Three-Dimensional Finite
Element Method was applied for the unsteady groundwater simulation analysis. The simulation
was performed with around 250 elements modeling the whole groundwater basin, using
h}drological data, h)drogeologwal data, and other data for input and output to the basin.

- Feature of the groundwater model i is shown in Fi gure—C 19, and Table-C.6. Simulation
term is 13 years since 1980 when is a few years previous to the year in which lowering of
groundwater level started. Dimension of each element is 2.5km x 2.5km with own depth based
on the actual geologlcal conditions. H)drogeologmal parameters, ¢.g., petmeabilily and

effcctive porosily, were given in each element in consideration of h)drogcologlcal information
presented in pacagraph previous. The recharge to groundwater basin is inpuited in double
manners, one is from plain aréa to charge over the every ¢lement and the other is from

mountainous ivatershed through boundary clements which border on the watershed. Pumping
‘'yield tas given at the total discharge as presented in Table-C.7 and area distribulion as the
existing pump dispersion in 1980 (refer Figure-C.20, and Table-C.8). Initial groundswater level
of each element was adopted a steady level calculated on conditton of initial stage of the
simulation teri.

(2) Identification of the Mode!

Identification of the Model was done comparing observed groundwatcr level and
simulated one at scveral DSI wells which distribute over the Study Basin, Four wells as
pointed in Figure-C.21 were selected for the mode} identification so as to locate impartially in
each groundwater basin of Odcmlg Tirc Basin, Bayindir-Torbali Basin and Pancar-Torbali
Basin, and to obtain long term precise data of groundwatcr tevel. Comparalive figures between
the obscrved and simulated data at the sclecled wells are itlustrated in Figure-C.22. These
present the results that, the simulated groundwater level scems to be matched well wnh
obscived one.

3 Confirmation of Result of Water Economy Study

: Through above identification of the simulation model, all mputs ‘were ;usnﬁcd and some
paraincters were adjusted so as (o simulate actual groundwatcr behavior, Result of simulation -
on such identified model gives meaningful knowledge regarding water cconomy of the Study
Basin. Grovel water economy presented in previous paragraph can be confirmed by the result
of the simulation.

In the grovel waler economy, scarce groundwater outfltow {rom the Kiraz basin to the
Odemig-Tirc basin was analyzed. According 10 the simulation result, such groundwater
discharge was a few hundred thousand cubic meter par year, which secmed 1o be negligibly -

small in grovel sense, Outflow from the Odemis-Tire basin to the Baymndir-Torbal basin is

forccasted to be small duc to very narrowed topographic shape. Since the result of the
sitnulation indicated small quantity of outllow of several hundred thousand cubic meter per year

- passes through the neck point, both sub-groundwater basins could be regarded as'an
ndependent basin each.

The simulated groundwater flow vector at each ¢lement in winter and summer seasons
presented in Figure-C.23. Tt shows general direction of flow and discharge at any locations,
and it explains the fact that a remarkable flow is found in the central portion of the Odcmn—'l‘lrc
basin only.

(4)  Testing of Adequacy of the Pumping Yield Limit
" As mentioned in subscquent pa;agfaph, it is recommended to execute control of
pumping vicld restricting at 160 MCM par year. A simutation study on pumping yicld limit was
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carried outin order to examine the adequacy of such control of pumping. The simulation was
done under the condition of pumping yield which was given smaller than or ¢qual of 160
MCM. The simulated groundwater level for controlled pumping yield at 4 existing wells of
which data of groundwater level were utilized for modet identification, are shown in Figure-
C.22. According 1o the result of simulated groundwater level, those did not causc remarkable
lowering of groundwater level, though there was little drawdown. Consequently, the timit
volume of groundwater yield can be concluded as reasonable. '

However, the result of simulation shows the necessily of consideration for spatial
distribution for the pumping yield control. While no phenomenal groundwater towernig is
found in each central portion of the Odemis-Tire basin and the Bayindir -Torbalt basin in case
of applying parentage of pumping control at 64% ( contralléd from 250 MCM to 160 MCM in
total }, a severe control is required in marginal area of the basins. On the contrary, gencrous
control may be perntitted in the Pancar-Torbali basin due to sufficient groundwater.

(5 : Effects of Dam Construction to the Grmmdwatcf Basin

As the groundwater basin is continuousiy recharged from mountainous watershed
which is located northern and southern part of the Study Basin, it was worried that construction
 of proposed dams would interrupt such recharging from concerned tributaries to the
groundwater basin. The groundwater simulation also gives obvious answer {or this question.

A groundwater simulation was carried out on the assumption that recharge from
tributarics concemed decreased to a half of the same in the present situation. Different heighis
of groundwater level betwceen with and without consteuclion of 4 proposed dams excluding the
Uladi dam at each' model's element are illustrated in Figure-C.24. According to this result, the
maximum different height of around 4m was found at just downstream of each concerned dam
site excluding Beygag dam site. However, no bad influence in groundwater use will be
recognized, because the irngation water source of such area where the lowering of groundwater
level is expected through the dam construction will be shifted {rom the present groundwater use
to surface water supply from the proposed dam reservoirs. In the central area of the basin,
1.0~2.0 m lowing of groundwater level may occur. This much lowering can be regarded as no
harm. - '

* In this analysis, the increment of recharge by Icakage from the dam reservoir was riot

“considered. As such inceement of recharge into the downstream arca may occur, the effect of:
.dam construction is expected smaller than the simulated results presented in Figure-C.24.

C8



4 Maximum Groundwater Yleld for Sustainable Use

It is estimated that groundwaler has recentiy been pumped up from the major basin at a
rate of around 250 MCM/ycar, far exceedin the annual waler recharge volume. If such over-
pumping continugs, either groundwater will exhausted soon, or pumping will be compelled
to stop due to rising O&M expenditures for decper pumping. Therefore, urgent execution of
‘quantitative control of pumping is required.

~ Itis assumed that the recent rapid lowering of the groundwater level in the basin was
‘caused not only by over pumping, bul also by a series of drastic droughts since 1985. There
was an argument on wether such drotights svith a very fow probability should be considered or
not in determining the pumping yield if such severe droughts are taken into account.
In this Study, the maximum pumping yicld of 160 MCM/year was applied for the reason that
the series of droughits occurred since 1985, which had an approximate 1000-year return period,
was an cxireme eveat beyond consideration, and that setting up a target which is far away from
the present condition is not realistic and not leasible.
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5 Alternative Study for Groundwater Recharging
(1)  General Description: | o

Groundwater use in the Kilgtik Menderes river basin is not sustainable due to over
pumping which is imbalance with recharging into groundwater. The final development plan of
this Project has been establishcd by means of surface water development through the
construction of 4 dams because of higher cconomy in this case. - During the Study,
groundwater rechaiging plan was also studied as an alternative, but this plan was not adopted
as an optimum scheme in the Project, though it may be feasible in future, if some circumstances
change. The groundwater recharging ptan devised in the Study is described here under as a
reference. : : '

(2) Methods for Groundwalcr Reéhzirgin‘g in General

Methods for groundwater recharging are generally divided into two groups of Direct
Method and Indirect Method. For the emergency case, or for wider area, direct method is
recomrended rather than the indirect method. Techniques of the direct method are enumerated
betow,

1) Recharge by surface application or spreading
- Basin method _
- Ditch or furrow method
- Flood or sheet-flood method
= Pit method

2) Recharge through well

- 3) Recharge by combination type
4) Recharge by sub-surface dam

(3)  Suitable Recharging Method:

The groundwater basin of the Kiigiik Menderes river is broadly divided into 2
- groundwater basins of Odemis-Tire and Bayndir-Torbali. Both groundwater basins offer
advantageous groundwater storage having narowed end.

.+ In Odemig-Tire basin having area of 51,000 ha, presént annual pumping yicld is 140
- MCM which is far exceeding the annual amount of groundwaler recharging of 74 MCM.
. Groundwater of around 10 MCM cscapes from this basin to below Bayindir-Torbah Basin
“through the bolite neck. Furthermare, the quantity of water more than three times of recharged
-amount leaves downstream as the surface flow of the Kugilk Menderes river. Taking these
“conditions into consideration, the lower availability of groundwater in the groundwater basin is
causcd by the limited rechargibility, not escaping much groundwater from the neck. By this
reason, itis concluded that ¢ffort to increase recharge from ground surface is far cffective rather
‘than to check escaping water {from the neck. Accordingly, a method for recharging of
groundwater will be rccommended rather than the construction of sub-surface dam at the bottle
neck.” :
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In Baymdlr-Torbah basin having area of 39,000 ha, annval pumping yield is 110
MCM which is also far exceeding the anhual amount of groundwaler recharging of 56 MCM.
Underground flow of around 99 MCM runs from this basin (o the downsircam area of Selguk
through the bottle neck in the downsteeam side. - Since this underground flow is not
groundwater but sub-sutface flow of the Kugitk Menderes river swamping the downstream
portion of the groundwater basin, it can not be used as the water sources. Drainage measures
against such swamping have been taken, and the underground water is more or less removed
through the constructed drainage canals. Though it is possible to stop some of the
underground water by means of construction of sub-surface dam at the botile neck, severe
swamping around downstream arca of the basin must recur, if such a sub-surface dam is
constructed. By this reason, it is also concluded that the effort to increase recharge from
ground surface is far effective rather than to decrease escaping water from the bottle neck.
- Accordingly, a method for recharging groundwater will be recommended rather than
construction of sub-surface dam at the bottle neck.
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Blustration of Bayindir-Torbals Groundwater Basin .

(4)  Proposed Countermeasure for Rcchargc in the Pro;cct

It is concluded in the above that a method for recharging groundwatcr f rom ground _
sutface should be applied to the basin as an effeclive countermeasure for the recharging in the
Project Arca. Among the ordinary recharging methods mentioned above, the recharge by
- surlace application or spreading in the direct method should be setected from the viewpoint of
coonomy and technical apphcaballly

According to the metcorologlcai condition and flow regime in and around the Study
area, water to be used for the use of recharging groundwater is flood broken out in short term
during the rainy season. Therefore, a method 1o catch and store effectively such floods should
be studied for the recharging. As the one of methods, a construchon of many ponds for
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recharging from the bed is conceivable, bul this method is not recommended due to high cost
and difficulties for water use.

Considering the situations mentioned abave, the combined method for the basin method
and flood method is devised for this project. Under this combined method, the proposed
tertiary drains will be designed to have a wider sections than the required for the drainage
purpose, so that the flood water stays in the drains for a longer time, which would result in
more recharging effect. The schematic diagram of this method is as shown below,

Tertiary drain
Secondary ; i Wider ditch for recharging
drainage / 4 .
AR A ARA % S
5 /K/uguk Menderes
. River
7 Beydag Project Area

IHustration of Proposed Wider Ditch for Groundwater Recharging

“This plan could be régarded as the optimum recharging method in the river basin.
" Howevet, this method was not adopted for the Project, because it is inferior to the surface
- water dcvclopmcnl plan which was adopted under the Project. ~ After realizing the Project
following the susface water development plan, the above-mentioned recharging method can be
taken up in succession, when the water supply situation in the river basin is required so.
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