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ABSTRACT

Water Quality Analysis for Gemikonagi Reservoir in Northern

Cyprus

OsarnaAhmadBasyouni

M. Sc. Department of civilengineering

Supervisor:Assist. Prof. Dr. Umut Turker

October 2003

As can be said of rnany Mediterranean countries, due to its arid clirnate, the island of

Cypnıs suffers from considerable problems due to water shortage. In a country where

agriculture and tourism represent one of the major forms of income, ensuring adequate

water becomes especially important. This concern was addressed historically by the

construction of dams throughout the island. However, the status of these dams,

specificallythe water quality, has not been monitored ona regular hasis.

The purpose of this study was to evaluate the water quality and quantity of Geınikonagi

dam. Optirnize the use of it and further address the ongoing problem with water

shortage. This study had two prirnaryaims.
(1) To assess water quality of Gemikonagi sites ofNorthern Cyprus by using European

standard for both drinking water and irrigation during the years 1994 through 2002

(2) To draw the Synthetic unit hydrograph with a view to fluctuation in the rain fail by

using three methods.

The analyzed <lata is matched with European Standards of water quality. İn term judged

whether the reservoir is suitablefor the drinking and irrigation or not. Also, the sodium

absorbtiiı ration, which is helpfull fur the agricultural quality of soil is mapped for last

ten yers, Overall result showthat the quality of surrounding area is achiving good result,

but unfortunately it is stili not sutable for environmentaland health standards.
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NOMENCLATURE

.:.ı-
1

T=tiıne
Rl, R2=effective rainfall.
UH= Unit Hydrograph.
Ps =shape and scale parameter.
r' =shape and scale parameter.
T G= Gamına function.
e = the base ofnatural logarithms
PR = period of rise,
a= catchments parameter.
b= catchments parameters.
NI = integer number.
ZI =decimal number.
Sav =average slope.
Aw=Watershed area.
E, =empirical value ofthe basin.
LM= length ofthe main cha.nnel ofthe watershed in miles measured from the outlet to
the uppermost part ofthe watershed

•. ·,'. Lıne =length ofthe main cha.nnel (km).,.
•· Lcc = length of channel from centered watershed to the outlet (km).

S1ıann = harmonic slope of the main channel (mim).
qp .unit discharge (.l/s/km2 /mm).

··"' tp =time of rise (br) and Qp is the peak discharge (m3/s).
Mı =elevation difference for the segment (m).
ns = number of segments.
Si= slope of each segment (mim).
Qp=peak discharge (m3/s).
V=unit volume.
V0 =the volumeofthe dimensionless graph
ha= unit depth for 1 mm.
tı,= Base time
Le = length of the main channel.
tr = rainfall duration (hr).
ts = time ofrecession (hr).
Y=basin coefficient.
Ts=time of concentration
Qs=Peak discharge.
USPHS =United States Public Health Service.

MAC=maximum admissible concentration.
SAR= sodiuın hazard.
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1. lntroduction

1. INTRODUCTION

The hurnan race has been trying to control water for thousands of years. Archeologists

believe that the Egyptians built adam across the Nile River in 4000 B.C. There is also

evidence that there were extensive irrigation canals in Egypt around 3200 B.C. For

appropriate design and management of hydraulic structures, engineers must be

concemed with the peak discharge and the time to peak for large storm events. This

type of information is needed for a wide variety of design applications, including dams,

spillways, and culverts. Unfortunately, many streams are ungauged and do not have

flow records. Even when stream gauges are in place, the record is often too short to

accurately predict extreme events [1 ].
The availability of water supply adequate in terms of both quantity and quality is

essential for human existence. Early people recognized the importance of water from a

quantity view point. Throughout the history, civilization developed around water bodies

always support agriculture and transportation as well as drinking water. Recognition of

the importance of water quality developed more slowly. Early humans could judge

water quality only through the physical senses of sight, taste, and smell.

Not until the biological, chemical, and medical sciences developed were methods

available to measure water quality and determine its effects on hurnan health and well

being [2].

1.1 Aim and Objectives of the Study

The improvements in water quality standards proportionally increased the lack of

qualifıed water availability. Especially in small islands, where the surface water storage

is limited the problem is inevitably increasing.

Cyprus, a small island in Mediterranean perennial structure on its river system, thus no

dependable supplier is available for the storage. Due to salt water intrusion around the

coasts, the groundwater resources are rapidly contaminating. In many cases, runoff
.

characteristics may be estimated using rainfall-runoff models. Precipitation data is

generally more available than stream flow data because there are a larger number of

gauging stations and usually longer periods of record than are available for stream flow

1
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1. Introduction

The basin has two reservoirs, Kafizes at the upstream aııd Gemikonagi at downstream

since Kafizes is constructed out of Turkish republic of northern Cyprus bouııdaries, only

Gemikonagi reservoir is to be identified in this study. Gemikonagi has constructed for

irrigation purposes. Somehow, since then, the deposit of mining activities has

contaminatedthe reservoir. Therefore, the necessity for the aııalysisof the dam has been
uııavoidable.

1.2 Literatures Survey

Maııy researchers have developed rainfall-runoff models that attempt to accurately

predict runoff hydrographs, peak flow rates, aııd times to peak. Early models were
based on empiricalequations.

in 1932, Sherman proposed the well-known theory of unit hydrographs. The unit

hydrograph (originallynamed uni-graph) ofa drainage basin is defined as a hydrograph

of direct runoff resulting from 1 in. of effective rainfall generated uniformly over the

basin area at a unifonn rate during a specified period of time or duration. Shennaıı

originallyused the word ''unit" to denote the specifiedperiod of time ora ''unit of time"

of the effective rainfall. Later, however, the word ''unit" was often misinterpreted to

denote 1 in or ''unit depth" of the effective rainfall. Shennaıı classified the runo:ffonly

into surface ruııoff aııd groundwater ruııoff since subsurface ruııoff was not recognized

during his time. Consequently, he defined the unit hydrograph only for the use of

surface runoff [3].

In 1961, Gray has developed a method of synthesis of unit hydrographs that has

approximates the upper limit ofa watershed size where the geographic area of Central

Lowa, Missouri, Llinois, and Wisconsin were studied. The method is a basically based

on dimensionalizingthe incomplete_ Gamına distribution [4].

DSI synthetic unit hydrograph method used in turkey, in - fact is the modification of the

SCS method of the d~ensionless c~ear hydro~~ph type. This method is used for

the watershed area up to 1000 knr', For large basins, the superimposing approach is

valid so the area should be divided into sub basins aııd separate uııit hydrograph should

be deterınined for each sub basin [5].

2
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J. Introduction

The ses method that is based on triangular hydrograph shape is generally known as

mockus method in turkey. In this method, the calcuJations are more practical and the

drawingofthe triangular hydrograph is even easier than DSI method [6].

European standards about water quality divided the parameters affecting the quality into

six groups. Namely, Organoleptic parameters, PhysicochemicalParameters, parameters

concerning substances undesirable in excessive amount, Parameters concerning toxic

substances, Microbiological parameters, Minimum required for softened water. Each

group involves the maximum admissible concentration (MAC) for the parameter

defined. All the data since 1994 taken by the Gemikonagi for the region are collected

together and analyzed [7].

1.3 Guides to Thesis

Thesis is divided into fi.ve chapters.

Chapter one discusses the aim and objectives ofthe study. And infonns the reader about

the literature survey followed, throughout the study.

In chapter two, the unit hydrograph is studied and illustrated in terms of its definition

and the factors responsible for its forming shape and features. The unit hydrograph

figured out by three methods, they are, Mokus method, DSI method and Oray method.

These methods have been chosen because they fit the nature of Xeros Basin. The steps

for constructing the unit hydrograph are elaboratelydiscussed to show the change in the

rainfallquantity with respect to the time.

The third chapter concentrates on the water quality of drinking and irrigation water

according to the European standards. Moreover, a great attention will be given to the

advancement of the European water Standards from 1920 up to now. These standards

have been divided into six groups; they are, organoleptic parameters, physicochemical

parameters, parameters concerning substances undesirable in excessive amount,

3
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parameters conceming toxic substances, microbiological parameters and mırumum

required for softened water. Each group discussed separately.

Great deal of this chapter focuses on the elements in the reservoir and their impacts on

both the hurnan health and the environment.

Due to the increasing demand of water especially for agriculture, this chapter sheds the

light on the European standards for irrigation. Besides that, Sodium hazards (SAR)

equation is discussed carefully which depends mainly on three basic elements; Na, Ca,

M(7,t:,•

The forth cbapter is concemed with the characteristics and basic objects in Xeros Basin,

The synthetic unit hydrograph is analyzed in detail and the Gemikonagi reservoir is

surveyed for the water quality Standard. Three methods are used to draw · the unit

hydrograph, which have been mentioned previously in chapter two.

In chapter five, the European water Standards rnatched with surveyed water quality with

respect to available chemical elements and determined whether it is suitable for the

drinking and irrigation or not. Each chemical element is represented on a separate graph

0
to show the fluctuation ofthat element through time.

4
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2. İfYDROGRAPH ANALYSIS

2. HYDROGRAPH ANALYSIS

2.1. Hydrograpb Theory

A graphicalrepresentation of the discharge ofa streaın at single gaging station is called

a hydrograph. During the period between stonns the base flow is a result of ex filtration

of ground water from the banks of the stream. Discharge from precipitation excess,

which remains after abstractions, causes a huınp in the hydrograph. This hump is called

the direct runoffhydrograph (DRH). [8]

Obviously, any precipitation excess that occurs at the extremities ofa watershed will

not be recorded at the basin outlet until some time lapse has occurred. As precipitation

continues, enough time elapses for the more distant areas to add to the outlet discharge.

The lag time of the peak and the shape of the DRH depend on the precipitation pattem

and the characteristicsofthe basin (size, slope, shape, and channel storage capacity).

The unit hydrograph is a linear response function of the watershed. It assumes that the

time base of the hydrograph remains constant regardless of the aınount of runoff

resulting from different stonns with the saıne duration, When using the unit hydrograph

theory, it is assumed that the runoff response from a storm with a runoff depth other

than one unit may be obtained by multiplying the runoff depth by the ordinates of the

unit hydrographthat was developed for that duration.

Because the unit hydrograph is a linear function, the applicability of superposition is

assumed. In order to calculate the runoff response from complex storm events, a series

of unit hydrographs is constructed for a number of lagged volumes of rainfall excess.

The set of unit hydrographs are lagged and summed to develop the composite runoff

hydrograph. The composite hydrograph is a linear combination of the unit hydrograph

ordinates. [8]

2.2. Hydrograph Analysis

Before trying to analyze a hydrograph, which descn'bes the whole time history of the

cbangingrate of flow from catchments due to a rainfall event rather than just the peak:

5
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flow, İt is·'essent~ ficif:to ·appreciate some of its simple componerits. In Figure (2.1),

raiiifall intensity (i.e., in mm h) is shown in discrete block intervals of time (t). The

lower continuous curve of discharge (Q İn m3/s) the hydrograph resulting from the

event. The discharge hydrograph is obtained from continuously recorded river stage­

discharge and the relationship appropriate to the river gauging The hydrograph of

discharge against time has two main components, (i) the area under the hump, labelled

surface runo:ff(which is produced by a volume of water derived from the storm event),

and, (ii) the broad band near the time axis, representing base flow contributed from

groundwater. At the beginningof the rainfall, the river level (and hence the discharge)

is Iow and a period of time elapses before the river begins to rise. During this period the

rainfall being intercepted by vegetation or is soaking into the ground and making up

soil-moisture de:ficits. The length of the delay before the river rises depends on the

wetness ofthe catchmentsbefore the storm and on the intensityofthe rainfall itself.

When the rainfall has made up catchment's deficits and when surfaces and soil are

saturated, the rain begins to contribute to the stream flow. The proportion of rainfallthat

finds its way into a river is known as the effective rainfall, the rest being lost (to quick

runofl) in evaporation, detention on the surfiıce or retention in the soil. As the storm

proceeds, the proportion of effective rainfall increases and that of lost rainfall decreases

as shown by the Ioss curve (Fig. 2.1 ). The volume of surface runoff, represented by the

area under the hydrograph minus the base flow, can · be considered in two main

subdivisions to simplify the cornplex water movements over the surface and in the

ground. The effective rainfall makes the immediate contnbution to the rising limb from

A to the peak: of the hydrograph and, even when the rainfall ceases, continues to

contnbute until the inflection point (Fig. 2.1 ). Beyond this point, it is generally

considered that the flow comes from the water temporarily stored in the soil. This so­

called interflow continues to provide the flow of the recession curve until the water

from the whole of the effective rainfall is completely depleted at B. üne final tenn, lag

or Iag time requires explanation. There are many definitions of lag, which is a measure

· of the catchments response time, but here it is taken from the center of gravity of the

effectiverainfallto the center of gravity ofthe direct surface runoff.

6



2. HYDROGRAPH ANALYSIS

EFFECTIVE RAINFALL

----- Loss curve

t
La_g

~ ,,,,,,""____________ .,,.,

t

Figure 2. 1 Rainfalland a river hydrograph.

The boundary between surface runoff and base fl.ow is difficult to define and depends

very much on the geological structure and composition of the catchment. Permeable

aquifers, such as limestone and sandstone strata, sustain high base :tlow contributions,

but impervious clays and built-up areas provide little or no base flow to a river. The

base :tlow levels are also affected by the general climatic state of the area: they tend to

be high after periods of wet weather and can be very low after prolorıged drought.

During the course of an individual rainfall event, the base :tlow component of the

hydrograph continues to fail even after river levels have begun to rise, and only when

the storm rain:fall has had time to percolate down to the water table does the base flow

division curve (shown schematicallyin Fig. 2.1) begin t? rise. The base flow coınponent

usually finishesata higher levelat the end ofthe storm surface runoff than at the rise of

the hydrograph and thus there is enhanced river flow from groundwater storage after a

significant rainfall event. Groundwater provides the total flow of the general recession

7
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2. HYDROGRAPH ANALYSIS

curve until the next period of wet weather. The main aims of the engineering

hydrologist are to quantify the various components of the hydrograph, by analyzingpast

events, in order to relate effective rainfall to surface runoff, and thereby to be able to

estimate and design for future events. As a result of the complexityof the processes that

create stream flow from rainfall, some simplificationsand assumptions have to be rnade

[9].

2.3. The Unit Hydrograph

A major step for such simplificationsin hydrological analysis was the concept of the

unit hydrograph introduced by the American engineer Sherrnan in 1932. He defined the

unit hydrograph as the hydrograph of surface runoff resulting from effective rainfall

falling in a unit of time such as 1 hour or 1 day and produced uniformly in space and

time over the total catchment area (Sheiınan, 1942). In practice, a T hour unit

hydrograph is defined as resulting from a unit depth of effective rainfall falling in t in

hour over the catchment. The magnitude chosen for t depends on the size of the

catchment and the response time to major rainfall events. The standard depth of

effective rainfall was taken by Sherman to be one inch, but with metrication, 1 mm or

sometimes 1 cm is used. The definition of this rainfall-runoff relationship is shown in

Fig. 2.2(a), with 1 mm of uniform effective rainfall occurring over a time t producing

the hydrograph labelled TUH. The units of the ordinates of the T-hour unit hydrograph

are m3/s per mm of rain. The volume of water in the surface runoff is given by the area

under the hydrograph and is equivalent to the 1 mm depth of effective rainfall over the

catchment area [10].

The unit hydrograph method makes several assumptions that give it simple properties

assisting in its application.

a) There is a direct proportional relationship between the effective rainfall and the

surface runoff Thus in Fig. (2.2 (b)) two units effective rainfall falling in time T

produce a surface runoff hydrograph that has its ordinates twice the TUH

ordinates, and similarlyfor any proportional value.

8
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2. HYDROGRAPH ANALYSIS

t
(a) (b)

~, RıRı,<

Surface runo ff due to
(Rı+Rı)

(Rı) x TUH
(Rı) xTUH

(c)

Figure 2.2 the Unit Hydrograph

b) A second simple property, that of superposition, is demonstrated Fig. (2.2( c)). If

two successive amounts of effective rainfall, Rl and R2 each fail in T hours,

then the surface runoff hydrograph produced is the sum of the component

hydrographs due to Rj and R2 separately (the latter being lagged by T hours on

the former). This property extends to any number of effective rainfall blocks in

succession. ünce a TUH is available, it can be used to estimate design :tlood

hydrographs from design storms.

c) A third property of the TUH assumes that the effective rainfall-surface runoff

9
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2. HYDROGRAPH ANALYSIS

relationship does not change with time, i.e. that same TUH always occurs

whenever the unit of effective rainfall in is applied. Using this assumption of

invariance, once a TUH has been derived fora catchment area, it could be used

to represent response of the catchment whenever required. The assurnptions of

the unit hydrograph method must be bome in mind the when applying it to

natura! catchments. In relating effective rainfall to surface runoff the amount of

effective rainfall depends on the state of the catchment before the stomı event. If

the ground is saturated or the catchment is irnpervious,then a high proportion of

the rain becomes effective. In absorbing the rainfall, unsaturated ground will

have a certain capacity before releasing effective rainfall to contribute to the

surface runoff. Only when the ground deficiencies have been rnade up and the

rainfall become fully effective will extra rainfall in the same time period

produce proportionally more runoff. The first assumption of proportionally of

response to effective rainfall conflicts with the observed non-proportional

behavior of river tl.ow. In a second period of effective rain, the response of a

catchment will be dependent on the effects of the first input, although the second

assumption. Figure (2.2(c)) makes the two component contnbutions

independent. The third assumption of time invariance implies that whatever the

state of the catchment, a unit of effective rainfall in T hours will always produce

the same TUH. However, the response hydrograph ofa catchment must vary

according to the season: the same amount of effective rainfall will be longer in

appearing as surface runoff in the summer season when vegetation is at its

maximurn development and the hydraulic behavior of the catchment will be

'rougher'. In those countries with no marked seasonal rainfall or temperature

di:fferencesand constant catchment conditions tbroughout the year, then the unit

hydrograph would be a much more consistent tool to use in deriving surface

runoff frorn effective rainfall. Another weakness of the unit hydrograph method

is the assumption that the e:ffective rainfall is produced uniformly both in the

time t and over the area of the catchment. The real distrıbution of rainfallwithin

a stomı is very rarely unifomı. For small or mediuın sized catchments (say up to

500 K.ın2), a significant rainfall event may extend over the whole area, and if the

catchment is homogeneous in composition, a fairly even distrıbution of effective

rainfall may be produced. More usually, storms causing large river discharges

10
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vary in interısity in space as well as in time, and storm movement often affects

the consequent response over the catchment area. However, rainfall variations

are damped by the integrating reactions of the catchment, so the assumption of

uniformity of effective rainfall over a selected period t is less serious than might

be supposed at first. Making t smaller can reduce the effect of variable rainfall

intensities, and where a catchment is affected by major stonns of different

origins, separate TUHs can be derived for each storm type.

At all, the unit hydrograph method has the advantage of great simplicity. ünce a unit

hydrograph of specified duration t has been derived for a catchment area (and/or

specific storm type) then for any sequence of effective rainfalls in periods of T, an

estimate of the surface runoff can be obtained by adopting the assumptions and applying

the simple properties outlined above. The technique has been adopted and used world­

wide over many years [8].

2.4. Unit Hydrograph Limitations

üne of the most significant in the unity of the above mentioning, Unit hydrograph

theory contains a number of assumptions that can limit its use. They are (Chow et al.,

1988):

1. The excess rainfall has a constant intensity within the effective duration. When

the unit hydrograph is developed using gauged <lata, the storms selected for

analysis should have a short duration because they are the most likely to have a

uniform intensity and produce a single-peakedhydrograph.

2. The excess rainfall is uniformly distributed throughout the entire drainage area.

This assumption may pose di:fficulties for Iarger watersheds. For watersheds

above a certain size, the assumption ofuniform rainfall is no longer valid.

3. The base time. of the direct runoff hydrograph is constant based on a given

duration of rainfall. This assumption implies that the unit hydrograph model

cannot account for differences in the watershed response to different rainfall

intensities.

11
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4. The ordinates of all direct runoff hydrographs with the same base time are

proportional to the total amount of direct runoff represented by each hydrograph.

s; The hydrograph resulting from excess rainfall reflects the unique characteristics

of the watershed. The unit hydrograph model cannot reflect variations in the

watershed response due to changes in the season, land use or channel

characteristics. The unit hydrograph is assumed to be a constant response

function ofthe watershed as long as there are no major changes in the land use.

While rnanyauthors agree that the unit hydrograph is only applicable for a limited range

of watershed sizes, they disagree about what the extent actually is. Sherman (1932) used

the unit hydrograph theory on watersheds ranging from 1300 km2 to 8000 km',

Recoınmended that the unit hydrograph only can be used on watersheds less than 5000

km 2 , while Ponce (1989) suggested that it should only be applied on midsize

catchınents between 2.5 km2 and 250 km2
• Since the unit hydrograph model assumes

that rainfall is uniforın over an entire area, it is not applicable to large watersheds. Srnall

catchments tend to reflect variations in the rainfall excess more than larger watersheds,

because they have less cbannel storage than larger watersheds, thus the sma1l

catchmentsare less appropriate for unit hydrograph analysis (15].

üne of the most significant limitations of the unit hydrograph theory is the assumption

of linearity. In fact, the watershed is a highly nonlinear system (Huggins and Burney,

1982). Due to the assumption of linearity, the unit hydrograph method is not applicable

for watersheds that have appreciable storage effects (Gray, 1973). In addition, the unit

hydrograph theory may not be applicable to small watersheds because they tend to

exhibit a nonlinear response more than Iarger areas (Huggins and Burney, 1982). In

practice, the linearity assumption is useful because the equations are relatively simple

and the results are acceptable for most engineeringpurposes (11].

12
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2.5. Synthetic Unit Hydrographs

Syntheticunit hydrographs attempt to extend the application of unit hydrograph theory

to ungauged catchments. It tries to relate the unit hydrograph shape to watershed

characteristicssuch as basın length and area (Yen and Lee, 1997). Since Sherman's unit

hydrograph is based on observed rainfall and runoff <lata, it is only applicable for

gauged basins. Unfortunately; the majority of watersheds are ungauged. Primarily,

based on empirical equations synthetic methods do not rely on observed runoff data,

they may be applied to ungauged watersheds [11].

2.6. Method for Synthetic Unit Hydrographs

. There are three major types of synthetic unit hydrographs. They can be:

1. Based on hydrograph characteristics such as peak discharge and time to peak

[12].

2. Based on a dimensionlessunit hydrograph [ 13]

3. Based on watershed storage, among those three methods the first two are most

favorable [12]. Proposed the first unit hydrograph technique that was applicable

to ungauged areas, based on a study of watersheds located in the Appalachian

Mountains.

In his approach, the time to peak is estimated from watershed length, which is the

distance from the outlet to the watershed centroid, and a regional coefficient. The

predicted peak flow rate is calculated using the watershed area, the time to peak, and a

storage coefficient.

The SCS unit hydrograph is based on a dimensionlesshydrograph. The time to peak is

estimated based on the duration of effective rainfall and the lag time between the

eentroid of the excess rainfall and the time to peak. The lag time is calculated using the

,,. watershed length, the average slope, and a factor based on watershed storage. The peak
;:ı..J flow rate is based on the watershed area and thetime to peak. A triangle is commonly

~! ased to estimate the unit hydrograph shape [ 1 1].tı
'}{
,]'.'.i·,::

13
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2. HYDROGRAPH ANALYSIS

in the basis of the above methods, depending on watershed characteristic new methods

are also developed. Gray (1961) DSI and Mockus methods are some of those methods

which are usually preferred to be used in Turkey.

2.6.1. Gray Method

in 1961, Gray managed to develop a method that has an approximate upper limit of

watershed size where the geographic areas of Central Iowa, Missouri, Illinois, and

Wisconsin were studied, [9]. The method is based on dimensionalizing the incomplete

Ganıma Distribution and results in a dimensionless ofthe form.

(2.1)

in the above equation Ps and r ' are the shape and scale parameters, respectively

(Dimensionless), r O is the Gamına function of Ps, equal to CPs - 1)!, e is the base of

natural logarithms , PR is the period of rise (min) and t is the time (min). tlpR, y- and p

are greater than zero; with Q 11 being percent flow in o.25 PR at any given t/PR value.
/Pn

lf Ps is not an integer:
(l+ZI)/r(P8) =r0(NI +ZI) = (NI -I+ZJ)(NI -2+ZI)... /rc(l+ZJ). (2.2)

where NI is integer and ZI is the decimal part. Hence for any Ps the function can be

approximated as;

!l[ 1 1 139
r(pJ=pp' e-P, l+u+ 288 2 -15,480p3

p ~. .•

571 ]
2,488,320 4 + ...

P,

(2.3)

The relation forr' is defmed as r ' =r·PR and q =l+r

PR and r' can be evaluated by correlating them with physiographic characteristics of

the watershed. As an example, the storage factor p r / r', has been linked with watershed

parameters LM/ ..Js: where LM is the length of the main channel of the watershed in

miles measured from the outlet to the uppermost part ofthe watershed (Fig. 2.3); Sav is

the average slope in percent obtained by plotting the main channel profile and drawing a

straight line through the outlet elevation such that the positive and negative areas

14
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between the stream profile and the straight line are equated. The storage factor pR / r
can also be correlated with the period of rise PR as shown in Fig. (2.4.) these two

correlations allow solution of Eq. (2.1) and produce a synthetic unit hydrograph of

duration PR 14 foran ungaged area.

ıoıı

JP« L~- {~
a b

9.27.. 0.562
OH - 11.4 0.531
l'Gaııdw. L\ 7.4 0.498

(1'•0.92)

Figure 2.3 Relation of storage factor (PRf,y) and water shed parameter
(LM/ ..Js::) for watershed in Nebraska, lowa, Missouri, lllinois, and

Wisconsin [4].

so

i 40

ıı:,·1-

~i:
1 10

\~
i ''<t-'.ı} 1 o). ~ w ~ ~ ~ ~ ~ m ~

Pmıııtofıiıe.PJı.(ı:ııiıı.)

Figure 2.4 Relation of storage factor PR/'f and period ofrise PR [4].

The procedure to be used for solution of Gray method is illustrated as bellow:

1. Determine LM, Sav and A for the ungauged watershed.

2. Compute the ordinates for the dimensionless graph using Eq. (2.1) and

15
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determine the percent flow in 0.25 for values of 0.125, 0.375, and 0.625 ... for

every succeeding increment of until the surn of the percent flows approximates

100 percent. Also compute the peak percentage by substituting t/PR= l.

3. Determine parameters PR, r' and Ps.

a. With parameters (LM/ {s;;:) , use Fig 2.3 to select (PRi r')

b. With (PRI r' ), use Fig 2.4 obtain PR to compute rainfall duration (t.) as PR /4

and compute r' as the ratio PRI (PRlr').

c. Substitute r obtained in Step 3b into the equation p = 1 + y'.

4. in order to cornpute the unit hydrograph, the following procedure is applied

a. Determine the necessary factor to convert the volume of the direct

runoff under the dimensionless graph to 1 mm. of excess precipitation

over the entire. watershed.

1. The volume ofthe unit hydrograph, V in m'

V=l mm. xAw km2 x 103

2. The volurne ofthe dimensionless graph = Vo where

Vv = "f.qi x0.25 x PR x 60 s~
mın

(2.4)

(2.5)

3. Solve for Iqiby equating V and V0, since they should be

equal.

b. Convert the dimensionless graph ordinates to the unit-hydrograph

ordinates through

Q = percentjlowin0.25pR L i
100 q

(2.6)

c. Translate time base of dimensionless graph to absolute time units by

multiplying (ti pR)xpRfor each computed point. Because, that runo:ff

does not commence until the centered ofrainfall, or ata time PR /8.

16
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2.6.2. State Water Works (DS I) Method.

'··

DSI ·synthetic unit hydrograph is the modi:fication of the SCS method of the

dimensionless curvilinear unit hydrograph type. This method is actually used for the
watershedarea up to 1000 knı2 [12].

An importantpoint to be considered is the time of rise (tP) that should be at least equal

to the rainfall duration (tr) or rnore than that. The unit hydrograph is obtained

according to the 2 hr rainfall duration, so the time of rise should not be smaller than 2

hrs, If the time of rise of unit hydrograph is srnaller than 2 hrs, it seerns that while the

rainfall continues, the hydrograph is declining instead of rising and this is not possible,

so DSI method is not applicablewhen the time of rise is smaller than 2 hr. Hence :from

this method only 2 hr unit hydrographs are derived(UH2). The hydrological

,characteristicsshould be determined :from ungaged watershed. The equations for unit

discharge(qp), time of rise (tp) and the peak discharge (Qp) are given empiricallyas:

/,

ıı

(Lmc x Lcc)
E - rc;--

p - vShann

414

(2.7)

qp = A 0.22, E 0.16
W X P (2.8)

202.78t =--
p qp (2.9)

(2.10)

WhereAw is the Watershed size (krrr'), Ep is the ernpiricalvalue of the basin, Lme is the

length of the main channel (km), Lcc is the length of channel from centered watershed

to the outlet (km), Shann is the harmonic slope of the main channel (mim), qp is the unit

discharge(Vs/km2/mm), tp is the time ofrise {hr) and Qp is the peak discharge (m3/s).

The hamıonic slope S1ıann can be cornputed by dividing the main channel into smaller

equal segments and determining the elevation differences (Mı) for these segments .The
equations for determining the harmonic slope are given as:

17
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S;=Afı
Is

,.,, ..

(2.11)

2

shanrı = (2.12)

Where Mis elevation difference of each segınent (m) , 1 is the segment's length (m), ns

is the nwnber of segments, Si is the slope of each segınent (mim) and Shann is the

harmonic slope ofthe basin (mim).

The other method suggested by DSI is through the available nomogram (Fig.2.5), which

is constructed through Equation (2.7). The peak discharge (Qp) is calculated from

Equation (2.10) [10]. The equations of the unit volume (Vb) for 1 mm unit depth (ha),

base time (tb) and'time of rise (tp) are given empirically as:

(2.13)

v;
t, =3.65-b

Qp

4 )tp =- (2.15
5

Where Vb is the unit volwne (m'), Aw is the area of the watershed (km'), ha is the unit

depth over a watershed area (mm), tb is the base time (hr) and tp is the time ofrise (hr).

(2.14)

The dimensionless unit hydrograph is drawn when the ordinates of hydrograph are

divided by the maximum peak discharge (Qp) and the abscissas are divided by the time

of rise (tp) of maxirmım peak discharge where the values of Q/Qp and t/t, are marked on

ordinate and abscissa respectively. The dimensionless unit hydrograph for di:fferent

rainfall duration are similar to each other. With the help of these hydrographs, the unit

hydrograph is formed easily with the known peak values of the watersheds. · DSI uses

the same diınensionless unit hydrograph (Table 2.1) of SCS method, which is used in

America, to form the unit hydrograph ofthe watersheds in Turkey.

18
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2. HYDROGRAPH ANALYSIS

Table 2.1 c~ordinates of DSI dimensionless curvilinear unit hydrograph, [5].

Q!SJ._p Q!Qp_
o

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1
1.1
1.2
1.3
1.4

1.5
1.6
1.8
2

2.2
2.4
2.6
2.8
3

3.5
4

4.5
5

5.5

0.66
0.56
0.42
0.32
0.24
0.18
0.13
0.098
0.075
0.036
0.018
0.009
0.004

o

o
0.015
0.075
0.16
0.28
0.43
0.6

0.77
0.89
0.97

1
0.98
0.92
0.84
0.75

,_____
1 1 1 1 1 1 1 1 1

Synthetlc Unlt Hydrograph
H.CGetty and J.H. McHughs

A.S.C.C.ProcOO\llny Septembıır,1862
.....__ 1 1 1 . il
:::::-::::: ::::::- 1 1 1

ı-- L,,.c * Lr:e
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jı,_ ·Fıgure 2.5 Nomograın of drainage area, A, (Lmc, Leci~ shann ) and qp used in DSI
'w-'·~> Method [6].
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.1

Mocktıs,method is modi:fied SCS method that is based on triangular hydrograph shape.

:.\ lhe caleulatlon of rnockus method is more practical and the drawing of the triangular•..,·:ıı·

;:-fr m:<lrograph is easier than DSI method. [6-15],.;..; .
-~'. . ·'._c;.:·.
ı;:,

,J1..:
:~-'::Mockus method is applicable ifthe time of rise (tp) is smaller than 2 hr (tp<2hr). Thus, if

'')1'

f): İp:$ 2hr, this method is not valid. The time of rise (tp) is found empirically as given in:,,'.·
·.;,

f'DSI method. Mockus method is valid when the time of concentratiorı (Tc) is smaller or

·'1t{equaI to 30 hr (Tcs 30hr) where the time of concentration is defined as, the time
-r;,:~·:

:~/required for a partide of water to flow hydraulically from the furthest location in theı<:i: watershed to the outlet or the design point.

l
;• .·

J':The selection of the unit rainfall duration (t.) is also important. The criterion for the,;;<.

, '\ selecdon of the unit rainfall duration is given by tr~ Tc . It is recommended that, if the
k 5~1-·

'i>mne of concentration (Tc) of the rainfull is within 6 hr (T, =6hr) than the design rainfall'''ı

}dmation tr is practically taken as 1 hr. When the time of concentration is smaller than 3
0 . .· ı ıır~ is practically taken as 0.5 hr. For Tc between 1 O hr to 15 hr, t, is taken as 2 hr. where

l Tc is between 15 hr to 30 hr, it is recommended to take tras 3 hr.;_,;
A,
;1:'
~~;

~{F'orthis method, the time of rise (tp) and the peak discharge (Qp) are obtained by the
{~,
1: mllowing empirical equations:~:, .. :~:

(2.16)

(2.17)

(2.18)

(2.19)

(2.20)

(2.21)
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2. HYDROGRAPH ANALYSIS

Where Aw is the area of watershed (km'), Le is the length of the main channel (mim),

Shamı is the harmonic slope of the main channel (mim), tr is the rainfall duratiorı (hr), tp

is the time of rise (hr), ts is the time of recession (hr), tb is the base time (hr), Qp is the

peak discharge (m3 /s)m, Y is 0.208, basin coefficient (dimensionless) and h, is the unit

depth over the basin area (mm).

,,::,' 21
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3. Fundamentals Of Water Quality

3. FUNDAMENTALS OF WATER QUALITY

Water is the most important molecule that exists on the Earth. Without water living

beings would not be able to live. Water is used foran imıneasurablenumber of things.

There are many properties ofwater, which makes this molecule so unique.

3.1. Standards and goal

In order to be used as healthful fluid for human consumption, water must be free from

organisms that are capable of causing disease and from minerals and organic substances

that could produce adverse physiologicaland chemicaleffects.

In recent years, increasing population pressures, the evolving industrial-chemical

society, and great advances in science have resulted in many questions being raised

about the potability or safety of drinking and irrigation water just as they have been

raised about safety in all other aspects of life. The terms "safe" or "unsafe" have given

way to the consideration of the concept of risk, the concept of risk is always present but

not alwaysarticulated or quantifiable.

3.2 Drinking water standards,

3~.1 Development

1 .:
/·
'

Historically, civilizations began and centered within regions of abundant water supplies.

Water quality was not very well documented, and people knew relatively little about
'·f disease as it related to water quality. Early historical treatment was performed only for

· l the improvement of the appearance or taste of the water. No de:finite standards of
~t .
l\ . ,qnalityother than general clarityor palatabilitywere recorded by ancient civilizations.
k ..

. ,,~~ "Ihe first formal and comprehensive review of drinking water concerns was launched in

f ı9I3. in development of the standards, reviewers quickly realized that would be of no

. iım1ııe if the water placed in them were unsafe. Thus, in 1914, a maximum level of
.t.
~: iıecterial contamination, 2 coliforms per 100 milliliters (mL), was recommended. And
·ı··'·

}.:fi:ıe concept ofa maximum permissible, safe limit was introduced. In 1915 a federal
-~ .

fmmmitment was made to review the drinking water regulations on a regular basis. By
;s.•;.ı,-',
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,ıj of salts of barium, hexavalent chromium, heavy metal glucosides, and other substances
' -11 ~

~\ı, was changed to prohibit the use ofthese compounds in water treatment processes.
,ft
/-,lA.s of the early 1960s, water pollution control efforts had called attention to chemical
.ı.:$} m:ıd industrial wastes polluting many surface waterways. In addition, a concem for

{ıımdioactivepollutants needed to be acknowledged. A new advisory committee was
:t

\
1
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3. Fundamentals OfWater Quality

1925, large cities applying filtration, chlorination, or both encountered little difficultyin

complying with the 2 coliforms per 100 mL limit. Thus, the standards were revised to

reflect the experience of systems with excellent records of safety against waterborne

diseases. The limit was changed to 1 coliform per 100 mL, and the principle of

attainability was established. ln addition to bacteriological standards, standards were

established for physical and chemical (lead, copper, zinc, excessive soluble mineral

substances)constituents.

In February 1941, an advisory committee for revision of the 1925 drinking water

regulations was appointed by the USPHS (United States Public Health Service). The

eommittee has world for one year and :finally in 1942 their published significant which

includes;
Samples for bacteriological examination were to be obtained. from points in the

distribution system, a minimum number of bacteriological samples for

examination each month was established, and the laboratories and procedures

used in making these examinationsbecame subject to state or federal inspection

at anytime.
2) Maximum permissible concentrations were established for lead, fluoride,

arsenic, and selenium. Salts of barium, hexavalent chromium, heavy metals, or

other substances having deleterious physiological effects were not allowed in the

water system.
3) Maximum concentrations, not to be exceeded, where more suitable, i.e., where

altemative water sources were available, were set for copper, iron plus

manganese, magnesium, zinc, chloride, sulfate, phenolic compounds, total

solids, and alkalinity.[16]

1942 standards were improved in 1946 where that a maximum permissible con­

eentration was added for hexavalent chromium and wording that excluded the presence
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appointed including members from the USPHS; Food and Drug Administration; U.S.

Geological Survey; and 12 national transportation, technical, professiorıal, and trade

associations.
ı,

The 1962 standards provided·

"ı'
1

1) The addition of recommended maximum limiting concentrations for alkali

benzene sulfonates (synthetic detergents), barium, cadmium, carborı-chloroform

extract (a measure of organic residues), cyanide, nitrate, and silver

2) The addition ofa new section on radioactivity.

ı .

Interim standards were set in 1975 and amended in 1976, 1979, and 1980.The standards

specifymaximumcontaminant levels (MCLs) fora variety of substances.

Initial secondary drinking water standards Specifying secondary MCLs (SMCLs) were

set in 1979. The SMCL for was revised in 1986, and additional SMCLs were proposed

in 1989.
The European standards of water quality have been developed to the standards, which

are used nowadays [16].

3.2.2 European Union Water Quality Standards,

European standards about water quality divided the parameters a:ffectingthe quality into

six groups. Namely, Organoleptic parameters, Physicochemical Parameters, parameters

concerning substances undesirable in excessive amount, Parameters concerning toxic

substances, Microbiological parameters, Minimum required for softened water. Each

group involves the maximum admissible concentration (MAC) for the parameter

defined.
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Table 3.1 EU drinkingwater directiveparameters [17].

· Group Group Parameter Maximumadmissible

description concentration (MAC)

A Organoleptic Colour 20mg/I

Parameter

Turbidity Sio2 1 Omg/1

Odour Dilution of2 at 12 °c

Taste Dilution of 2 at 12°c

B Physicochemical Temperature 12°c
ı , ,. •t,· .,, .... , Parameters

PH 6.5<PH<8.5

Conductivity 400µs/cm

· ~ • Chlorides, CI 250mg/L

Sulphates, S04 250mg/L

Calcium,Ca 100mg/L

Magnesium,Mg 50mg/L
1

·~ •.• ; w·, S di N 150mg/L
'11· ,~: ; . w,J: o ıum, a. ,, "' ~~ ,,,,

·ı · :~ 11 · ' ··;;; Potassium, K 12mg/L

Aluminum,Al 0.2mg/L

Total dry residues 1500mg/L

C Parameters Nitrates N03 50mg/L

Concerning Nitrites N02 O. lmg/L

Substances AmmoniumNll, 0.5mg/L

In excessive Oxidizability,02 5mg/L

Amount Hydrogen sulphide Undetectable µg/L

Substances No increase in above

extractable chloroform background

Hydrocarbons 1 O µg/L

Phenols, CoflsOH 0.5 µg/L

Boron, B . 1 OOOµg/L

Surfuctance 200µg/L

25



Table3.1Continue

Group Group Parameter Maxirnum admissible

description concentration (MAC)

Iron Fe 200µg/L

Manganese, Mn 50µg/L

Copper, Cu lOOµg/L

Zink, Zn lOOµg/L

Phosphorus, PıOs 500µg/L

Fluride, F IOOOµg/L

Suspended solids o
Barium, Ba lOOµg/L

D Parameters

concerning

toxic

substances Arsenic, As 50µg/L

Cadmium, Cd 5µg/L

Cyanides, Cn SOµg/L

Chromium,Cr 50µg/L

Mercury, Hg lµg/L

Nickel, Ni 50µg/LJs-· s.
Lead,Pb 50µg/L

// ·,. }ti. . • ''!.'

I
.'':~ ·: 1 '. ~,{ Antimory, Sb lOµg/L
:;~ ı~ •: ' !\'ıl(p,

1
/['; : ,i:,t Selenium, Se lOµg/L

Pesticides O.lµg/L

PAHs 0.2µg/L

j it·-:~ E Micro bio logical Total coliforms 1/100 m
il,•~ ., . , n.... -.J:t·/

parameters
Faecal coliforms 1/100 ml

\ -,~ Faecal streptococci 1/100 mlı: ,':' ;:

Sulphite reducing 11100ml

clostridia ·

i!.,;
ıf·'

~·
,·

'.}
:•::;J.:,~:,'
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Table 3.1 Continue
Group Parameter Maximum

admissible

Group

description

concentration

(MAC)

F Minimum Total hardness

required CaC03

for

softened

water

Alk.alinity

HC03

>60 mg/L

30mg/L

3.2.3. Organoleptic Parameter (Group A).

For hurnan being water quality is a matter of taste, clarity and odour, and in terms of

other properties that deternıine whether water is fit for drinking. Therefore,

Oraganolepticparameters are those, which can be sensed by ordinary humans. For other

uses different properties may be important. Most of these properties depend on tbe

kinds of substances tbat are dissolved or suspended in tbe water. Water for most

industrialuses, for instance, rnust not be corrosive and rnust not contain dissolved solids

that rnightprecipitateon the surfaces ofmachineryand equiprnent.

3.2.4. Physicochemical Parameters (Group B)

Tbis group is actually divided into two as physical property and cbemicalproperty .The

physicalproperty is one tbat can be observed without changing the chernicalmake-up of

substance. For exarnple, it is well known that when sugar is stirred in water the solid

sugar disappears as it dissolves. This ability of sugar to dissolve in water is a physical

property because tbe act of dissolving the sugar doesn't alter its chemical cornposition.

By evaporationprocesses the sugar can be recovered. Such changes are called physical

changes.
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A cheınical property describes a chemical change (chemical reaction) that a substance

undergoes, If sugar is melt in a pan and then heated to high temperature, the color of the

V~: sugar darkens as begins to decompose into carbon and water the decompositionof sugar

.:; · at high temperature is a chernicalproperty, and the act of observing this chemical leads

to a chemical reaction a pennanent change in chemicalcomposition that is not reversed

f ey cooling the sugar to room temperature [18].
,.,__

X.,,.
§ In the following, light will be shed on some elements than would be considered in the

(!·

/

~; ease study cared in this thesis, which are aluminum, sodium, magnesium, chlorine,
J._,

;, ealcium,potassium, sulphate and pH.

• pH The concentration of I-t and Off ions are frequently very small numbers

and therefore inconvenient to work with, soren Sorensen in 1909 proposed a

more practical measure called pH. The pH ofa solution is defined as

pH=- log [Hl

Thus it is clear that the pH ofa solution id given by the negative logarithm of

the hydrogen ion concentration (in mol/L) (18].

• Sulphates High concentrations of sulphates are common in groundwater on the

Prairies, but can also be found in surface sources (drained from saline soils) and

groundwater-fed dugouts. At 500 mg/L, sulphates can affect calves, but over

time they adapt with few health problems. 7,000 mg/L can result in death.

Guidelines usually recommend a maximıım sulphate concentration of 1,000

mg/L, but the effects for concentrations between 1,000 and 2,500 mg/L are not

well documented. Waters containing high concentrations of sulfate, caused by

the leaching of natural deposits of magnesium sulfate (Epsom salts) or sodium

sulfate (Glauber's salt), may be undesirablebecause of their laxative effects [8].

• Aluminum Occurs naturally in nearly all foods, the average dietary intake being

about 20 mg/day. Aluminum is common in treated drinking water, coagulation

to 2.57 mg/L in surface water with coagulation. Aluminum shows low acute

toxicity. At lower doses, aluminum ad-ministered to laboratory anima1s is a

neurotoxin. Chronic exposure data are limited, but indicate that aluminumlikely
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3. Fundamentals Of Water Quality

affects ph?sphorus absorption that can create weakness, bone pain, and

anorexia.(16-20]

• Sodium Is a rnajor constituent in drinking water. Intake from food is generally

the rnajor source of sodium. The typical intake for normal adults is 1100 to 3300

mg/day. For persons requiring restrictions on salt intak.es, sodium levels are

usually limited somewhere between 500 and 2000 mg/day. When it is necessary

to know the precise amount of sodium present in a water supply, a laboratory

analysis should be rnade. Home water softeners that use the ion excbange

method increase the aınount of sodium, When a strict sodium-free diet is

recornınended, any water should be regarded with suspicion. In light of the

preceding facts and because individual intake of sodium varies, no

recornınended limit for sodium has been established (16-20].

• Chlorine At room temperature, chlorine is a greenish-yellow poisonous gas.

When added to water, however, chlorine combines with water to form

hypochlorous acid that then ionizes to form hypochlorite ion. Under typical

drink.ing water conditions, negligible chlorine gas (CLz) remains in solution.

The relative aınounts of hypochlorous acid and hypochlorite ion formed are

dependent on pH and temperature. The most significant inorganic compounds

that can be formed during chlorine disinfection (if ammonia is present) are

chloramines. Hypochlorous acid reacts with ammonia to form monochloraınine

(NH2Cl), dichloraınine (NHClz), trichloramine or nitrogen trichioride (Cl3), and

other minor by-products. Monochloramine is the principal chloramines formed

under usual drinl<lng water treatment conditions and is, with increasing

frequency, used as a disinfectant itself. Chlorine has been the primary drinking

water disinfectant. Other less cornınon disinfectants used in drinking water

treatment include chlorinates, chlorine dioxide, ozone, and potassium

permanganate [16-20].
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3.2.5. Parameters conceming substances undesirable in excessive amount (Group

C)

In this group there are fi.ve combined and seventeen elements as shown in the table

(3.1). In the following, light will be shed on that will be searched in this thesis such as

Iron, Copper, Manganese and Zinc.

• Manganese imparts a brownish color to water and to cloth that is washed in it

and it flavors coffee and tea with a medicinaltaste (16-20].

• Zinc is found in some natura! waters, particularly in areas where these ore

deposits have been mined. Zinc is not considered detrimental to health, but it

will impart an undesirable taste to drinking water. Commonly occurs in source

water and may be added to finishedwater through corrosion of metal pipes. The

adult requirement for zinc is 15 mg/day. Drinking water contributes about 3

percent of this requirement [16-20].

3.2.6. Parameters conceming toxic substance (Group D)

In this group there are nine elements concerning toxic substances, they are Arsenic,

Cadmium, Cyanides, Chromium, Mercury, Nickel, Lead, Antimony and Selenium,

which in turn have a great etfect on the human's health. In the following, light will be

shed on the elementsin Gemikongi's reservoir.

• Arsenie erosion of arsenic-containing surface rocks probably accounts for a

signi:ficant amount of the arsenic in water supplies. The other major source of

environmental arsenic is the smelting of nonferrous metal ores, especially

copper. it is often present in organic arsenical forms, which are less toxic than

inorganicarsenic [5-16].

• Lead occurs in drinking water primarily from corrosion of lead pipes and

solders, especially in areas of sofi water. Health effects of lead are generally

correlated with blood test levels. Infants and young children absorb ingested

leadmore readily than do older children and young adults [16-20].
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• Mercury Occurs primarily as an inorganic salt in water, the primary target of

inorganic mercury is the kidney, and ınethyl mercury targets the nervous system

causing death [16-20].

• Chromium occurs in drinking water in its +3 and +6 valence state with + 3

being more conunon. The valence is affected by the level disinfection and

presence of reducible organics. Primary sources in water are due to old mining

operations, wastes from plating operations and fossil fuel combustion [16].

3.2.7. Microbiological Parameters (Group E)

The existence of plant and animal life in rivers and water bodies is a prime indicator of

water quality and it has di:fferent significancefor the river engineer and the water supply

engineer. lts well knows that the growths of algae and populations of srnall aquatic

animalscan cause serious problems in pipes, reservoirs and other control works.

3.2.8. Minimum required for softened water (Group F)

In this group there are two combined chemical parameters, which have a great influence

on the water quality, namely, hardness (CaC03) and Alkalinity (HC03). Hardness is

going to be considered in this study, which is.

• Hardness Is generally defined as the sum of the polyvalent cations present in

water and expressed as an equivalent quantity of calcium carbonate (CaC03).

The most common such cations are cait°ium and ma~;~~~-<>uJı n~
distinctly de:fined levels exist for what constitutes a hard or soft water supply,

water with less than 75 mg/L CaC03 is considered to be soft and above 150

mg/L CaC03 to be hard. Also hardness is defined as the concentration of

multivalent metallic cations in solution at supersaturated · condition; the hardness

cation will react with anions in the water to forma solid precipitate [1-16].

Ca{HC03)2 ~ CaC03+C02+H20

lıfg(HC03)2~ Mg(OH)2+2C02

(3.1)

(3.2)
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3.3. lrrigation Water Quality Criteria

There are four basic criteria for evaluatingwater qualityfor irrigationpurposes:

1. Total soluble salty content (salinityhazard)
2. Relative proportion of sodium cations (Na1 to other cations (sodium hazard).

(An ion is an electrical atom or groups of atoms. Cations carry positive charge

where anions carry negative charge.)
3. Excessive concentration of elements that causes ionic iınbalance in plants or ·

toxicity.
4. Bicarbonate anion (HC03-) concentration as related to calcium (CaJ plus

magnesium(Mg++) cations.

There are many other factors to be considered in deciding the usefulness of water for a

specific situation, This includes soil texture and structure, drainage condition, gypsum

and lime content ofthe soil, salt and sodium tolerance of the crop, and irrigation method

and management [21].

3.3.1 Water-Quality Constituents and Their Significance

Water-quality constituents commonly found in ground and surface water and their

significancefor irrigation purposes are given in Table (3.2). The information presented

bas been gathered from di:fferentsources and is intended to provide general descriptions

ofthe impacts ofvarious water-quality constituents.

,,\.
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Table~.2 Water Quality constituents for irrigation purpose [22].

Constituent

or physical

Property

Source or cause Significance

.esium(Mg)

Dissolved from most soils and Cause hardness and most of the scale­

rocks, especially limestone forming properties of water; soap

dolomite and gypsum. Ca and Mg consuming.

are found in some brine. Usually have no effect on suitability

of water for irrigationor stock water.

'Sı:rdinın (Na) Dissolved from most rocks and High concentration gives a salty taste

soils. Also found in brines and when combined with chloride for most

sewage purposes moderate levels have little

effect on the use of water. Sodium

salts may cause forming in boilers and

high sodium adsorption ratio may

limituse ofwater for irrigation.

Dissolved from most rocks and On exposure to air, iron in ground

soils. May also be derived from water oxidizes to reddish brown

ıron pıpes, pumps, and other sediment. More than about 0.3 mg/L

1
'Iıı

1

stains laundry and utensils reddish

brown. Iron and manganese together

should not exceed 0.3mg/L. Great

concentration cause unpleasant taste

and favor growth of iron bacteria but

do not endanger health. Excessive iron

may also interfere with the e:fficient

operation of exchange-silicate water

softeners.

Dissolved from rocks and soils. Same objections as iron. Causes dark

High concentrations eften brown or black stain for taste and

associated with high iron content aesthetic reasons iron and manganese

and with acid waters. together should not exceed 0.3mg/L.

equipment.
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Constituent

or pbysical

Property

Chloride(Cl)

1,ı

Sulfat (S04)

l.
;} PH (hydrogen­
i_
( Ion activity)
•':

ı\·
\'\'
,,\

/

, 1

Source or eause Significance

Dissolved from rocks and soils. Chloride salts in excess of 100mg/L

Present in sewage and found in give a salty state to water. When

natural and industrial brines. combined with calciwn, magnesium,

and chloride may increase the

corrosive activity of water.

Dissolved from rocks and soils Sulfate in water containing calcium

containing gypswn, iron sul:fides, forms hard scale in boilers. In high

and other sulfur compounds. Often concentrations, sulfate in combination

present in industrial wastes. with other ions gives a bitter taste to

water. Concentration above 250mg/L

may have a laxative effect. Domestic

water supplies containing more than

1000 mg/L sulfate can be used for

drinking if a less mineralized water

supply is not available.

The pH is a measure of acidity. A pH

Ot7.0 indicates neutrality of a

solution. Values higher than 7.0

Acid, acid generating salts and

free carbon dioxide lower pH.

Carbonate, Bicarbonate,

Hydroxide, phosphate, silicate, indicate increasing alkalinity; values

lower than 7.0 indicate increasing

acidity. Corrosiveness of water

generally increases with decreasing

pH, but excessively alkaline waters

may also attack metals. A ph range

between 6.0 and 8.5 is acceptable and

normal for most waters in Montana.

In most water nearly all the Water of hardness O to 60 mg/L are

and borate raise the pH.

hardness is because of calcium and termed sofi; 61to120 mg/L moderately

magnesium. bard; 121 to 180 mg/L hard; more
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Table 3.2 Continue

Thanl 80mg/L very hard.
Constituent

Orphysical

Property

Source or eause Significance

Sodium

Adsorption
'.,''
,:< Ratio (SAR)

lndicates the relative abundance of A high sodium concentration in

sodium as compared to calcium irrigation water combined with low

and magnesium. Greater SAR calcium and magnesium concentrate­

values indicate a greater relative ions usually Jtduces soil tilth and

abundance of sodiwn. impairsplant growth.

3.3.2 Sodium Hazard

The sodium hazard of irrigation water is usually expressed as the sodium adsorption

ratio (SAR). it is the proportion of Na+ to Ca++ plus Mg++ in the water. The following

forınula is used to calculate SAR

Na+

SAR Ca++ + Mg~-:
-~·-~-

2

Ions in the equation are expressed in mall's equivalents per liter. Although sodium

contributes directly to the total salinityand may be toxic to sensitive crop, such as fruit

trees, the main problem with a high sodium concentration is its effect on the physical

properties of soil. Water supply with SAR value greater than 1 O should not be used if it

will be the only source of irrigationwater for long periods. This is true even if the total

eontent is relatively low. Since the soil contains an appreciable amount of gypsum, a

SAR value of 10 may be exceeded somewbat. Continued use ofwater with a high SAR

value leads to a break down in the physical structure of the soil caused by excessive

amounts of colloid ally absorbed sodium. This break down results in the dispersion of

soil dispersion results in hard and compact soil when dry, and increasingly impervious

· mr water penetration when wet. Fine textured soils especially clay is usually subjected

tiris action [22].
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t:'Çyprus. being third biggest Island in Mediterranean suffers fromarid-semi arid climatic

{;:~onment of Eastem Mediterranean. Through its history, Cyprus has suffered from

f \Jong droughts with a continuously growing water scarcity. Especially the problem is
.': .,, •• ı

,:( . continuously growing due to the increasingdemand for water and the declining rainfall.
Jır· .:"·
} The problem can be best achieved by managing the surface water of the island.

~, Therefore, especiallythe reservoirs should be reconsidered and analyzed.;
r·.
'{::

'/. Gemikonagi (Xeros) watershed is situated at the east comer of Cyprus where the coppert~:,,
'.:> :mining of Cyprus was mainly carried out. The basin has two reservoirs, Kafizes at tbe

h,: ,...
li upstream and Gemikonagi at downstream since Kafizes is constructed out of Turkish

''.i. republic of northem Cyprus boundaries; only Gemikonagi reservoir is to be identified in

t · this study. Gemikonagi has constructed for irrigation purposes. Somehow, since then,
·'·

~
1

';· the deposit of miningactivities has contaminated the reservoir. Therefore, the necessity
'i'' ~, ~
~! mr the analysisofthe dam has been unavoidable.
F,,..,
"''l
'.~:' 4.1 Basın Charaeteristies
:;ı.,.

,ı

t } Important natural characteristics of the basin affecting stream flow are the basin's
J

f tepcgraphic and geologic features. Topography determines the slopes and location of
;:·,-~".,f drainage channels and the storage capacity of the basin. Channel slope and

{, eonfiguration are directly related to the rate of flow in a basin and the magnitude of the

l peak flows. Steep watersheds generally indicate a rapid rate of runoff with little storage,

f whereas relatively flat areas are subject to considerable storage and lower rates of flow.
~·c:

Off course the flow characteristics are best defined by unit hydrograph theories.
>',r Especiallywhen there is no available<lata for watershed the synthetic methods are used
,',.f tire pre defined method, Gray, DSI, and Mockus are to be applied to xeros basin to
,.

search for the peak flow characteristics.

4.2 Synthetic Unit Hydrograph Analysis

The necessary map to calculate the unknown will be used in the calculation to draw the

unit hydrograph to show the change in the rainfall during the time. The method can be

applied if the topographic boundaries and characteristics of the basin could be searched
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i
(

;!

1
, .. "•,
··'· ..

fr .. ,.

• • •••• '''. ~ '' ···: •• '.. • 1 • •• •

out, The map of'basin is giveiı in Figure (4.2). The topographic elevations are also given

. in the figure. These elevations are used to calculate the slope of the basin. The cross­

section ofthe basin are given in Figure (4.3)and (4.4) where the maximum elevation of

the main channel and secondary and other channel are given in Figure (4.5) By using

.f Figure (4.1), it can be possible to calculate the cross-section area ofbasin, Aw, the slope
.. ·~.'

and the other characteristic.
j,'

) :
I', ..

l .'

I

~

J

Figure 4.1 Xeros basin area scale (1:1000).
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Figure 4.2 contour maps scale ( 1: 1000) [23].
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,.,, '-·',:,,, :?I~,

SECTION A-A

Figure 4.3 Cross section ofxeros basin (section A-A)

/
·-=1 ·-~ı ·-~ı ·'-~ı ,__,

_·;\ :J C 1 .:i'\ ~; ,CC, ,-·;, ..._-_::;
:---, . :::t -~· -...i_)

_·ı:, ,_(_;

SECTION B-B

Figure 4.4 Cross section ofxeros basin (B-B).
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Figure 4.5 Channel map ofXeros basin.
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4.2.1. Application of Gray Method

The necessary topographic parameters can be estimated from the available basin, so that

the synthetic unit hydrograph of Xeros basin can be achieved. The area of basin, Aw is

estimated to be 81.l km'. The length of the main channel, Lmc, was approximately 27

kilometers. Lm which is the length of the main channel of the Xeros watershed in miles

measured frorn the outlet to the upper most part of the watershed. lt is equal to 27 km

=16.875 miles. Note that Lm is converted to miles, since the available equation (step 3.a

of the solution procedure of gray method) is only applicable for the value given in

miles. The Gray method uses the above information to obtain the synthetic unit

hydrograph ofthe basin. The method prefers to calculate the average slope ofbasin ·

Sav, as:

Sav=~xlOO = 728·87_ xlOO = 2.7%ı; 27xl0

Where his the height ofthe triangle ofthe triangle in Figure (4.6).

(4.1)

Average slope

\1
ıı
il
li

the rrıain cho.nnel's length Cl-<rrı)

Figure 4.6 The Profile OfXeros Basin. Thc Vertical Scale Is 1:10.
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The ratio between the length of main channel and the average slope ıs necessary

because the storage factor depends on this ratio. There fore,

.J;_ ~ 16.875 = 10.27 .miless. m (4.2)

Hence, storage factor can be found by using

PR [ / ]hf = a is:: = 7.4[10.27}.ı9s = 23.6mi (4.3)

Where PR is the period of rise and y' is the scale parameter. The catchrnerıts parameters

a and b are taken to be 4.7 and 0.498 as they are given in Figure (2.3).

The ratio between the period of rise and scale parameters is calculated to be 23.6 mi but,

stili their value are not known. These values can be measured by;

l-=-----
2·676 + 0.0139
PR 

Tow equation (4.3) and (4.4) unknowns are leading, therefore the parameter can be

r
(4.4)

calculated by solving the equation .The final value of PRand y , PR=93.98::::94and y· =
4 respectİvety.

The rainfall duration t, equal one fourth of period of rise;

tr= Pn = 94 = 24min
4 4

(4.5)

The shape parameter Ps. is the next parameters for the solution technique of Gray

method, it is necessary for the gamına function and can be estimated as;

Ps = y' + 1 Ps=I +4=5

Hence, gaınma function f(p) can be calculated by using Eq. (2.3) as;

r = P'xep'X ~[J+-1-+ } + 139 + 571 ] (4.7)
P, e, ~P, 12ps 288p2s 51480p/ 2488320p/

(4.6)

r = 55 X e5 X /lı"[ı +-1-+ } + 139 + 571 J = 24 (4.8)
P, ~5 12x5 288x52 51480x53 2488320x54

The gamma function conveys the calculation of flow discharge of the Xeros River. Off

course the flow discharge is important parameters of predicted synthetic unit

hydrograph. The equation of discharge is given in equation (2.1 ), which results in.
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The time necessary for the flow can be measured as:

,: fo.125=0.} 25 X 94=}1. 75 hrı ' .F And the volume ofthe unit hydrograph can be calculated by using Eq. (2.4)
;:·, .

,. V~lx81.lxl03=81100m3•

(4.10)
~ "'
~· ' •• 1

(4.11)

. ı
Finally the volume ofthe dimensionless graph V0 can be measured by using Eq (2.5) .

,Vo=rqix .25x 94x 60 = 1410Iq, (4.12)

\

Since the vohıme of unit hydrograph and the volume of the dimensionless graph V0 are

equal to each other;

V=Vo (4.13)

· } The total unit discharge can be estimated as
,ı>t: 81100=1410}:qi

· ;f: :Eq,-57 .5m3 /s/krrı2
ı f).

,ı-),·
j:·

Table 4.1 Necessary Table to draw the synthetic unit hydrograph by Gay Method.'~,,J

1 '.~·~~,

I~~ (1) (2) (3) (4) (5) (6) (7)
·:ı:
.~( t/PR Time Actual Actual Percent UHı-r>

"l~(

;\r (min) time time Flow in Cumulated (m3/s)
1t,,,!
;'.i.': (min) (bour) 0.25 PR flow'\~~

-~{ o o o o o o o..
,:;{,

,K 0.125 11.75 23.5 0.391667 0.158 0.158 0.9085
f.',,..,,,

0.375 35.25 47 0.783333 4.7 4.858 27.025

0.625 58.75 70.5 1.175 13.36 18.218 76.82

0.875 82.25 94 1.566667 18.88 37.098 108.56

1 94 105.75 1.7625 19.54 56.638 112.355

1.25 117.5 129.25 2.154167 17.546 74.184 100.8895

1.375 129.25 141 2.35 15.58 89.764 89.585

1.625 152.75 164.5 2.741667 11.18 100.944 64.285

1.875 176.25 188 3.133333 7.29 108.234 41.9175

1\,,,

1 '··,'

/

i

(,('

\\
j
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Table 4.1 Continue

(1)

t/Pa

(2)

Time

(min)

(3)

Actual

time

(min)

(4)

Actual

time

(hour)

(5) ·(6)

Percent · Cumulated

Flow in

0.25 Pa

flow

(7)

UH
(m3/s)

2.125
2.375
2.625
2.875
3.125
3.375
3.625
3.875
4.125
4.375

199.75
223.25
246.75
270.25
293.75
317.25
340.75
364.25
387.75
411.25

211.5
235

258.5
282

305.5
329

352.5
376

399.5
423

3.525
3.916667
4.308333

4.7
5.091667
5.483333

5.875
6.266667
6.658333

7.05

4.43
2.54
1.394
0.74
0.38
0.19
0.092
0.0446
0.021

0.00981

112.664
115.204
116.598
117.338
117.718
117.908

118
118.0446
118.0656
118.0754

25.4725
14.605
8.0155
4.255
2.185
1.0925
0.529

0.25645
0.12075
0.056408

The change in discharge with respect to the change in time is the necessary data for the

plot of unit hydrograph. The Table (4.1) is representing the changes ofthese parameters

for the plot of synthetic unit hydrograph. The data of the above table is achieved by

using Eq. (2.1). In this equation the time (min) can be calculated by multiplyingcolumn

(1) by PR which is equal to 94.the actual time is calculated by adding PıJ8=11.75 with

the time given in minutes. Column number 4 is the representation of column number 3

in hour. The percent :flow in 0.25 PR is obtained by Eq (2.2). The values in column

number 7 are determined by multiplying Lq; =57.5 with the values in column number

5 divided by 100. By definition, while the summation of the values at column 6 and 7,

the peak values are not considered. The peak value, 112.355 m3/s, is subtracted from the

summation of the values 678.933607m3/s, and the result is equal the total discharge,

566.5786. These calculations the synthetic unit hydrograph of the watershed is

constructed using column number 4 and 7.
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Figure 4.7 Synthetic Unit Hydrograph (UH-0.s) By Gray Method.

4.2.2 Application of DSI Method

\
\
/ı 1

\

The cbaracteristic of xeros basin is a1so suitable for the application of DSI method. The

necessary hydrograph characteristics are already determined in previous section. Extra

information is needed in this method, which is the length of chaıınel from the centroid

of the watershed to the outlet, Lcc it is estimated to be 13.64 km. The harmonic slope,

Shann, is calculated by the help of Table (4.2), the first column represent number of

segment in which the basin is divided. For the Xeros basin number of segment is

sixteen. The elevations of each segment from mean sea level are given in column two.

The elevation difference between two relative segments are calculated, Afı, and given in

third column. The fourth colurnn is the length of the main chaıınel. The slope between

each segment, Si, is calculated in fifth column by taking the ratio between elevation
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4. Xeros Watershed Surjace Water Analysis

difference and length of the main channel. The remaining two columns are the square

root and the inverse of the slope of segments respectively.

Table (4.2) Calculation Procedure ofHarmonic Slope for Xeros Watershed.

Numberof

segment H(m} ı'.\h(m} L(m) Sı=h/L fs; ııjs;

1 50 50 27000 0.001852 0.043033 23.2379

2 170 120 27000 0.004444 0.210817 4.74344

3 180 10 27000 0.00037 0.192458 5.195945

4 190 10 27000 0.00037 0.06086 16.43102

5 200 10 27000 0.00037 0.06086 16.43102

6 300 100 27000 0.003704 0.19245 5.196155

7 370 70 27000 0.002593 0.161016 6.210581

8 380 10 27000 0.00037 0.375155 2.665567

9 390 10 27000 0.00037 0.06086 16.43102

10 340 50 27000 0.001852 0.136085 7.348374

1 ·;;,-o~•i. 11 350 10 27000 0.00037 0.06086 16.43102

\ı·
·d:·n.. · '''ı,'.:~ı, ' 'l!ık 0.285449 3.503256,·\;! "rn' . w!~. 12 570 220 27000 0.008148

13 590 20 27000 0.000741 0.086064 11.61927
';,,,.

14 500 90 27000 0.003333 0.182573 5.477253~:
Y' 

,-:: 15 700 200 27000 0.007407 0.272165 3.674236
R:t
lj, 27000 0..011111 0.333333 3.000002;'J: 16 1000 300

Total 147.6

\
1

:J,

, I

The infonnation given in Table (4.2) can be used to calculate the harmonic slope as;

[ ]

2

ns 16 2
Shann= -- = (--) =0.012

°"" !~ 147.6
~Si

The empirical value of the basin, Ep is thus can be ıneasured by referring to Equation

(4.14)

(2.7).

Ep_ (Lme xLcc) = 27x13.64 _
~sharm $12 -3362

(4.15)
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And the unit flow ?ischarge, qp, thus can be measured as:

- 414 - 2qp om o 16 -'42 IIS/km /mm,81.I· x3362·

Equation (2.9) can be applied to calculate the time of rise (tp) of the basin, which is

necessary for the estimation ofpeak. discharge, Qp.

1 ·.;~ : ;· tp=202.78 = 202.78 = 4.83hr (4.16)1

qp 42

The aim of this calculation to finedthe peak. discharge Qp to draw the unit hydrograph.

Qp= 81.lx42xl0-3=3.4m3/s

(4.17)

The calculated tpand Qp multipliedby the dimensionlessunit hydrograph values are

used so as to construct the unit hydrograph coordinates. The third and fourth columns of

Table (4.3) are the coordinates ofthe unit hydrograph ofXeros watershed.

Table 4.3 Unit Hydrograph <lata for Xeros watershed..,,.""' Q Q
,ı ·'!"" '· ,,
t'

-ı::,',; :· .,, .f t/tp Q/Qp T (hr) (m3/s) t/tp Q/Qp T (hr) (m3/s)l . ' "·.,.,.,.., ·, ' /:i;,.
·,{'i .,j· :' • Pr o o o o 1.5 0.66 7.35 2.2176

0.1 0.015 0.49 0.0504 1.6 0.56 7.84 1.8816

0.2 0.075 0.98 0.252 1.8 0.42 8.82 1.4112

0.3 0.16 1.47 0.5376 2 0.32 9.8 1.0752). ;,;tı,.,a I· ~,ıı:' ,?, '. ~

0.4 0.28 1.96 0.9408 2.2 0.24 10.78 0.8064

0.5 0.43 2.45 1.4448 2.4 0.18 11.76 0.6048

;:ı,rt, •. :• ' m;~~: 0.6 0.6 2.94 2.016 2.6 0.13 12.74 0.43681

ı\
\• ;:!r;-.-· ·i·· 0.7 0.77 3.43 2.5872 2.8 0.098 13.72 0.32928·\:~,: _..,,,· ·" 'i'":'.1~:~:~ '' ' ·:{

0.8 0.89 3.92 2.9904 3 0.075 14.7 0.252

0.9 0.97 4.41 3.2592 3.5 0.036 17.15 0.12096

1 1 4.9 3.36 4 0.0lR 19.6 0.06048

1.1 0.98 5.39 3.2928 4.5 0.009 22.05 0.03024
1•• ,.,-;.,'lıı-"ıff
~ı';ı ' ·Jt:ı:t :_ ),,;;

1.2 0.92 5.88 3.0912 5 0.004 24.5 0.01344

1.3 0.84 6.37 2.8224 5.5 o 26.95 o
1.4 0.75 6.86 2.52

4. Xeros WatershedSurface WaterAnalysis
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The time of concentration, Tc for mockus method is defined in Chapter (2). It can be

estimated by Equation (2.16), where the length of main channel and harmonic slope

directly involved in de:finition.

T =O 00032 (ı?000)°-77 =4.54
C ' ,0120.385

\
\"

4. Xeros Watershed Surface WaterAnalysis
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(4.18)

1n mockus method, it is recoınmended that, time of concentration (Tc) of the rainfall is

less than or equal to 6 hr, than the design rainfall duration, tr is practically tak.en as 1hr,

which means that UH1 should be constructed. Equation 2.17 helps to find time ofrise, tp

by means of tr and Tc as,

o 5 10 15

Time(hr)

20

Figure 4.8 Unit hydrograph by (DSI method)

4.2.3 Application of Mockııs Method

tp=.5x I+o.6x4.54=3.2hr.

48
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4. Xeros W'atershed Surjace Water Analysis

The mockus method claims that the time of recession and time of rise is 1.67.

Therefore, the time of recession can be estirnated to be 4.38 hr.

The base time, tb, as mentioned before is the total time necessary for time of recession

and time of rise to occur.

tb=3.2+4.384=7.584 hr (4.20)

The final requirement for the unit hydrograph is the peak discharge. This discharge can

be estimated by Equation 2.20.This discharge can be estirnated by the following

equation.

YxAwxh0

Qp----- (4.21)

,.
/'
)

Where Y is the basin coe:fficient which equal 0.208, Aw the watershed area h, is the unit

depth over the basin area and tp is the time of rise therefore, the peak discharge is equal

to:

Q = 0.208 X 81.1 X 1 =S 77 3/
P ·- m s.

3.2
(4.22)

Finally the mockus method can be cornputed such that the triangle. Unit hydrograph of

the Xeros basin can be estirnated.
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4. Xeros Watershed Surface Water Analysis
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Figure 4.9 Unit Hydrograph of Xeros Watershed By Mockus Method

4.3 Damsf,
1 .

in an island like Cyprus where the water resources are limited the demand for water far

exceedsthe water available.

The problem of water scarcityshould be achieved by the construction of water resource

structures. in Xeros watershed area the dam is constructed to store the surplus water of

the rivers to be used future. Two dams are already constructed K.afizesand Gemikonagi,

to solveboth the irrigationandpotable water demand.
\

1
.\
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4. Xeros Watershed Surface Water Analysis

4.3.1 Kafizes Dam

\

Figure 4.10 Kafizes Dam in Xeros Watershed Scale (1: 1000)
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4. Xeros WatershedSurface WaterAnalysis

The dam is constructed on the Xeros River in Gemikonagi region. it is situated at a

distanceof 11 km from the sea and at an elevation of about 260 m above sea level.

The project was constructed in order to supply additional water to orange of Lefka,

which were previously relying on an intake and canalization system from the Marathasa

River. The water supply to lefka from the Marathasa River were not enough to satisfy

the 560 donums of orange groves which at the time, seventy years ago, represented the

second largest orange plantations in Cyprus after Famagusta. As no more surnmer water

could be allocated to lefka from the Marathasa River due to the heavy requirements of

other villages upstream, it was considered necessary to bring water from Xeros River.

The nearby river of Xeros on the west of Lefka was selected and a diversion scheme

was designed in 1925 and constructed in 1935. This was then considered to be the most

important irrigation work carried out on the island except for the Eastem Mesaoria

irrigation works made up of the Kouklia, Akhyritou and Syngrasi reservoirs (Dams of

Cyprus, 1974). Later on, as the surnmer flow diversion was not found to be reliable and

adequate, the storage dam at Kafızes was built which supplies water through the

pipeline laid in 1932. Now aday the dam is stili supplying water to the region by pipe

line system, but some how due to saltation problem it is not working efficiently [24].

262-__
~---·"°___ -:z··'g

-· --- --- 280
----- 283

___ .-ıao

271

\

O 10 METRES

PLAN

Figure 4.11 Plan View ofKafizes Dam [24].
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4.3.2 Gemikonagi Dam
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\' Figure 4.12 Gemikonagi Plan [23].

,. } The aim of the construction was to supply water for irrigation to nearby cultivated
i_:,

Jmıds. The total vohıme of concrete used for the construction of the Gemikonagi dam

was 748549m3.The maximum elevation of the dam was 99.7m. The seepage under the

dam was controlled by a shear wall with a surface area of 8555.87m2• The need for its

eenstruction arised due underlying formation [23].
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4.3.2 Gemikonagi _Dam
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Figure 4.12 Gemikonagi Plan [23].

The aim of the construction was to supply water for irrigation to nearby cultivated

lands. The total volume of concrete used for the construction of the Gemikonagi dam

was 748549m3.The maximum elevation ofthe dam was 99.7m. The seepage under the

dam was controlled by a shear wall with a surface area of 8555.87m2• The need for its

eonstruction arised due underlying formation [23].
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4. Xeros Watershed Surface Water Analysis

SEA SIDE

Figure 4.13 The plan view ofthe Gemikonagi dam and water distribution system [23].
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4. Xeros Watershed Surface Water Analysis

During the design step of Gemikonagi Dam it was expected to irrigate an area of 640

hectares, such that the reservoir capacity is designed approxirnately as 8 million cubic
· meters [23].

55



5.1 Water Quality Analyses and Discussions

The Gemikonagi reservoir is already been under observation since 1994. Ali the <lata

that has been sampled since then is analyzed and the water quality are rnapped. There
/ / ,~]',, ·: ,_,,!' are four main points where these sample <lata are collected. These are reservoir,

reservoir recharge, bottom discharge and reservoir feed point. The qualities of sample

are compared with EU water directive parameters as shown in Table (3.1).

Table 5.1 The Quality OfWater In GemikonagiReservoir According To EU Water

DirectiveParameters.

Location Parameter Period Average Maximum Result

concentration admissible

mg/L concentration

Reservoir Al 1994 0.423 -0.2 mg/L Not safe

1995-1999 2.88 Not safe
1 ·11!1İıı:ı:i•. ::'r Not safe
t

,, , ' 'ı~· 2000-2001 0.38
·~\ ~•:1' \ ? ~~~

2001 0.366 Not safe

Cl 1994 61.24 250mg/L Safe

1995 68.8 Safe

1996-1998 117 Safe

1999-2002 65.11 Safe

Cu 1994 0.6 0.11 mg/L Not safe

1995-1999 1.44 Not safe
1,

,)ti;..:_;
,,, }1?~1 :: .'' . 2000- 0.084 Safe

20001

S04 1994-1995 247.83 250mg/L Safe

1996-1998 389.5 Not safe

1999-2002 69.2 Safe

Na 1994-1995 37.6 150mg/L Safe

1996-1998 59.25 Safe

1999-2000 44.89 Safeı:•··p
'.•,'.'\.\1{ '. :.
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Table 5.1 Continue
Location Parameter

Mg

K

Feı,ı··-·~r:'.{·,~t~ Jlı '· ~ ,J:
1

[ı·
1' -/;·'.'!fi .: '. t•.i,

Ca
.\H. :~ ; !):<

)

Zn
pH

l\1n

. l:.~ı:~~iı; Jt0~j!~laJJ(\'N~t; Yt .... ;.;~

Period Average

eoneentratien ·

. ,.,_.

safe
.. Not Safe

Safe

12ni~.···· ·Safe

Safe

Safe

mg/L

1994-1996

1997-1998

1999-2002

49

63.5

28.1

60i:tig/;L .. · /~;t~e
... .· ''~).::\r:' },,.. ,,~··

· ·Nqt safe.- ... · ..~·-r,,(, r/:~
.~otsafe

,,•

·N~tsafe

Not safe

Not safe

· Not safe

Not safe ··

100mg/L . Safe
Safe

200 µg/L

100 µg/L

6.5<pH<8.5

50 µg/L

Safe

Not safe .

Safe

Not safe

Not safe

Not safe

Not safe

1994 1.37

1995-1998 1.01

1999-2002 1.38

1994 329.5

1995-1999 408.33

2000 343.33

2001 260

2002 205

1994-1999 0.334

2000 0.3

2001 0.283

1994 62.3

1995-1999 87.6

2000-2002 72.9

1994 0.5

1999-2001 7.4

1994 0.264

1995-1999 0.91

2000 0.538

2001 0.11
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Table 5.1 Continue
Location Parameter Period Average Maximum Result

coneentration admissible

mg/L concentration

Reservoir pH 1995 7.58 6.5<pH<8.5 Safe

recharge 1996 7.15 Safe

Mn 1995 1.37 0.05 mg iL Not safe

1996 2.1 Not safe

Mg 1995 43 50mg/L safe

1996 45.5 safe

Fe 1995 0.45 0.2mg/L Not safe

1996 0.5 Not safe

Al 1995 3.09 0.2 mg/L Not safe

1996 0.8 safe

Cu 1995 2.3 0.lmg/L Not safe

CI 1995-1996 51.5 250mg/L Safe

S04 1995-1996 261.4 250mg/L Not Safe

K 1995-1996 0.9 12mg/L Safe

)
Na 1995-1996 29.7 150mg/L Safe

Ca 1995-1996 68.4 100mg/L Safe

Bottom

discharge pH 1994-1995 4.6 6.5<pH<8.5 Not safe

1996 7.5 Safe

1' ,~·,·~··~ 1997 7.85 Safe
ı\ · :J}1f .'.· ; ı\'

1 .}1r.,:,; : '' Mg 1994-1995 102.93 50mg/L Not safe
;), \'/1!\,, :_: ' •

1996 52 Not safe

1997 63 Not safe

\.· - .,t S04 1994-1995 523.75 250mg/L Not safe
r , ' ~

) * ' ~:7
'.'._ •' ı' ,_1.,:,'_ 1996 336.5 Not safe

1997 224.5 Safe

·:'ll!;-11,"-'
Na 1994-1997 33.9 150mg/L Safe

~~"<,\?; ·,;9;i,. ı .~.:
·,.:'(JJ}ı·'''' ,· :.,ı:,.
',.,.1),r f{1' .' :·· ıı' ıı.;..

'
:~·e~?u '. :~- ·., tç.~( 

·ı .,.,,.-.. " ~-·-,
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Table 5.1 Contiııue

Location Parameter Period Average Maximum Result

concentration admissible

mg/L ecneentrathm

1999 1.27 Not safe

,, / f·::··rl K 1994-1997 0.9 12mg/L Safe
i\ .~,.: ,; .

1 Fe 1997-1999 1.3353 Not safe

1997-1999 1.3353 Not safe

Cu 1994-1995 3.9 lOOµg/L Not safe

1996-1997 0.33 Not safe

1999 2.66 Not safe

Cl 1994-1996 56 250mg/L Safe

Ca 1994.• 1997 63 100mg/L Safe

Al 1995-1999 5.18 0.2 mg/L Not safe

,;,ı .-;\ Reservoir
feed point

~·. .(t?.l Mn 1997 1.94 0.05g/L · Not safe

'.~".':,) . :ıtt 1998-1999 1.614 Not safe

2000-2002 0.17 Not safe

Fe 1997-1998 0.8 200 µg/L Not safe

1999-2000 o.ıs Safe

2001-2002 0.152 Safe

Al 1997 0.71124 0.2 ıng/L Not safe

1998-1999 0.642 Not safe

\\ i,ı:··-··· 2000-2002 0.165 Safe
·r .... ı · ki

j ,:~ff/:ı!j ,;. • lt! '1
<,·.ı • ., . . il\' Mg 1997 158.7 50mg/L Not safe

Cu 1997 0.2 lOOµg/L Not safe

1998-1999 0.087 Not safe

i\. i 1\\, 2000-2002 0.1 Safe
1

. ~,·,::,,r~1ı\rt1t~?!~?(J~_:,'.rf ;\#:::;Nfi~~1ifItfff~J\121:ı:'.) :.;i;;::_,;:_.:\:;; : ·;,· ...:-.?:~i
5. RESULT AND DISCUSSION
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From Table (5.1) it can be clearly observed that · atresetv~ir t~~ concentration of. '

Alurninum,Iron, Zinc, Manganese and hardness of water are-greater tban the maximuın. .

admissibleconcentrationcomparing to Table (3.1).

At reservoir recharge region there are also some parameters having their concentrations

gı::eater than the maxirnum admissible concentration. These elements are Aluminuın,

lron, Manganese and Copper. Thus, the water is not suitable for drinking according to

Table (3.1).

At feed point Manganese, Aluminum and Magnesium have their concentrations greater

than the maximumadrnissibleconcentration.

At the bottom discharge it is observed that Magnesium, Sulphate, .Manganese, lron,

Copper and Aluminumare overloaded.

5.2. Diseussion ofWater Quality Data

To show clearly the quantity of each element in the water and the fluctuation in the

water throughout time, charts will be drawn for each element separately for each

location.

The ~aphical representation of each element throughout the years can easily define the

changes in concentrations. Therefore, for the four different locations, the changes of

concentrationsof elements within the water with respect to time are drawn.
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5.2.1 Aiuminüm -_~oncentrition for Gemikonagi Dam.

According to the European standards the maximum admissible concentration for

drinking water quality permits 0.2 mg/l Aluminum concentration in water. There is no

data availableat reservoir recharge before June 1995. Therefore, the sudden increase for

aluminum concentration in reservoir area in August 1995 can not be discussed.

However, second peak point which is approxiınately 5 mg/L which is represented in

both reservoir and bottom discharge could be due to the reservoir recharge in August

1995. The reservoir feed point is under observation since February 1997, feed point and

bottom discharge faced with aluminum concentration during winter months of 1997-

1999. However those concentrations (2mg/L) are also above the maximum admissible

concentration. As shown in the Figure 5.1, the quantity of Aluminum follows

fluctuating patlı except during 1994 period. If the average values are compared, from

1994 the average amount of Aluminumwas 0.423 mg/L, however, from 1995-1999 the

average amount was 2.88 mg/L. The average amount of Aluminum in 2001 was 0.366

mg/L. Despite the fact that the Aluminum's rate was going down, it is stili greater than

the maximum admissible concentration, which is equal to 0.2 mg/L according to the

European Standards. The maximum and the minimum concentration values for

aluminum was occurred in August 1995 are 5.08 and in November 2001 are 0.0384.

The amount of Aluminum has decreased during the years 1994-l999 as shown in Figure

5 .2 ~ these years. If the average values are compared, from 1995-1999 the average

amount of Aluminum was 5. l 8 mg/L, however, from 1995-1999 the average amount

was more thane 0.2 mg/L it mean the water was not safe in relation to Aluminum's rate.

The maximum and the minimum concentration values for Aluminum was occurred in

August 1995 are 4.24 and in June 1997 are 0.05557. The amount of Aluminumhas

decreased during the years 1997-2002 as shown in Figure 5.3. lf the average values are

compared, from 1997 the average amount of Aluminum was0.71124 mg/L, however,

from 1998-1999 the average amount was 0.642 mg/L. The average amount of

Aluminumin 2000-2002 was 0.165 mg/L in these years the water was safe in relation to

Aluminum's rate. The maximum and the minimumconcentration values for Aluminum

was occurred in April 1998 are 2.373 and in March 1999 are 0.011. The amount of

Aluminum has decreased during the years 1995-1996 as shown in Figure 5.4. If the

average values are compared, in 1995 the average amount of Aluminumwas 3.09 mg/L,
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however, in 1996 the average amount was 0.8 mg/L. in these years the water was not
. .

· safe in relation to Aluminum's rate. The maximum and the minimum concentration

values for Aluminum was occurred in august 1995 are 6.4 and in J~ 1995 are 0.22.

The reason for high concentration of aluminumis silicate and clays in the basin.
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Figure 5.1 Fluctuation of Aluminumwith time in the reservoir.

Time (year)

Figure 5.2 Fluctuation of Aluminumin the bottom discharge.

Figure 5.3 Fluctuation of Aluminumin the reservoir feed point.
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2001-2002 Copper's rate was safe in relation to standards. The maximwn and the

minimumconcentration values for Copper was occurred in April 1997 are O.7781 and in

august 1999 are O.Ol. In Figure 5.8 that the amount of copper has increased during the

years 1995 and decreased from 1995, mentioning that the water was not safe during the

period 1997-1998 and during 1999-2001, but in 2001-2002 Copper's rate was safe in

relation to standards. The maximwn and the minimumconcentration values for Copper

was occurred in December 1995 are 1.58 and in June 1995 are 0.22. The reason for high
concentrationofCopper is due to main ore ofthe miner.

H t.,.., ...Mh,., •, .,.,,,, ,., ,, .,., .,;,. ,,, •, .,.,.., .,.,,V

Time (year)

Figure 5.5 Fluctuation ofCopper in the Reservoir.

Figure 5.6 Fluctuation of Copper in the Bottom discharge.
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Figure 5.7Fluctuation of Copper in the Reservoir feed point.
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Figure 5.8Fluctuation ofCopper in the Reservoir recharge.

5.2.3 Chlorine Concentration for Gemikonagi Dam.

The chlorine observation is carried at reservoir, bottom discharge and recharge location.

Dischar\e and recharge points are only analyzed during 1995 and 1996. The analyzes

for these periods deduce that the chlorine concentration decreases during the summer

months and increases as soon as the winter approaches. Tbis ınay be due to surface

runoff effect at winter months. As an overall estiınation of reservoir the chlorine

concentration is always bellow the admissible concentration. Where in 1998 180mg/L is

observed in the reservoir. As shown in Figure 5.9, the average quantity of Chlorine has

decreased throughout the years 1994-2002 till it reached the average quantity of 65.11

mg/L, which is considered safe according to the European Standards. it is obvious that

the average of chlorine in the year 1994 was equal to 61.24 ıng/L, where in 1995 the

average quantity was 68.8 ıng/L, in the years 1996-1998 was 1 17 mg/L and in the years

1999-2002 was 65.11 mg!L. The maxinıum and the minimum concentration values for

Chlorine was occurred in April 1998 are 170 and in December 1994 are 39.1. The
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5. RESULT AND DISCUSS/ON

amount of chlorine's has decreased during the years 1994-1996 the average of chlorine

in these years was 56 mg/L as shown in Figure 5.15. In these years the water was safe in

relation to chlorine's rate. The maximum and the minimum concentration values for

Chlorinewas occurred in January 1996 are 64 and in January 1994 are 45. The amount

of chlorinehas decreased during the years 1995-1996 as shown in Figure 5 .11. in these

years the water was safe in relation to chlorine's rate. The.rnaximumand the minimum

concentration values for Chlorine was occurred in august 1995 are 53.3 and in

December 1995 are 46.

Figure 5.9 Fluctuation of Chlorine in the Reservoir.
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Figure 5.10 Fluctuationof Chlorine in the Bottom discharge.
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Figure 5.11 Fluctuation of Chlorine in the Reservoir recharge

5.2.4 Sulphate Concentration for Gemikonagi Dam.

The sulphate concentration is decliningas the year' s passes from 1994 to 2002.Especial

in 1998 a sleep decrease can easily observe. The sulphate concentration in August 1995

show that while the discharging water involves 500 mg/L sulphate concentration,

approximately 180 mg/L IS recharging to the reservoir. From that period while the

recharge concentration increases the discharge continues to decline. The result depicts

that while in sumıner period the recharge concentration is low, by the coming autumn

and winter the concentration increases. The amount of S04 has increased during the

years 1994and 1995 but in the years 2000- 2001 has decreased as shown in Figure 5.12.

-~ the average values are compared, from 1994-1995 the average amount of sulphate

was 247.83 mg/L, however, from 1996-1998 the average amount was 389.5 mg/L. The

average amount of sulphate in 1999-2002 was 69.2 mg/L. During the period 1994-1998

the water was not safe, however, in the period 1999-2001 S04 rate was safe. The

maximum and the minimum concentration values for S04 was occurred in June 1995

are 716.6 and in December 1994 are 38.6. The amount of S04 has decreased during the

years 1994-1997 as show in Figure 5.13. If the average values are compared, from

1994-1995 the average amount of sulphate was 523.75mg/L, however, from 1996 the

average amount was 336.5 mg/L. The average amount of sulphate in 1997 was 224.5

mg/L in these years the water was not safe relation to S04 rate. The maximum and the

minimumconcentration values for S04 were occurred in May 1995 are 883.2 and in.

February 1997 are 438. The amount of S04 has decreased during the years 1995-1996

as shown in Figure 5.14. ln these years the water was safe in relation to S04 rate. The
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maximum and the minimum concentration values for S04 was occurred in December

1995 are 332 and in August 1995 are 187.8. The reason for high concentration of

sulphate is silica in the basin and can be fined in drained from saline soils.
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Figure 5.12 Fluctuation of S04 in the Reservoir.
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Figure 5.13 Fluctuation ofS04 in the Bottom discharge.
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Figure 5.14 Fluctuation of S04 in the Reservoir recharge.
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5.2.5 Sodium Concentration for Gemikonagi Dam.

Sodiwn concentrations are generally for below the maximwn admissible concentrations.

In 1995 as it happen to all the other elements the concentration of sodium reaches to its

maximum concentrations so far the concentrations are between 40-50 mg/L per year

with small fluctuation and no declining effect. From the graph plotted below, in 1994

the average quantity of Sodium was 36.6 mg/L, which are considered safe. The amount

of Sodiwn has increased during the years 1994-1995, but in the years2000-2002 it has

decreased as shown in Figure (5.15). The water was safe during the period 1999-2002in

relation to the Sodium's rate. The maximwn and the minimwnconcentration values for

Soctiwnwas occurred in June 1995 are 106 and in May 1999 are 20. The amount of

manganese has increased during the years 1994-2001 as shown in Figure 5.16. In these

years the water was not safe in relation to manganese's rate. The maximıım and the

minimwnconcentration values for Sodium was occurred in January 1997 are 60 and in

May 1995 are 26. The amount of Sodiurn has decreased during the years 1995-1996 as

shown in Figure 5.17. In these years the water was safe in relation to Sodium's rate. The

ınaximwn and the minimum concentration values for Sodiwn was occurred in

December 1995 are 35 and in March 1996 are 26. The reason for high concentration of

Soctiwnis silicateand clays in the basin.
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Figure 5.15 Fluctuation ofSodiwnin the reservoir.
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Figure 5.16 Fluctuation of Sodium in the Bottom discharge
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Figure 5.17 Fluctuation of Sodium in the Reservoir recharge

5.2.6 Magnesium eoncentration for Gemikonagi Dam

According to the European standards the maximum admissible concentration for

drinking quality permits 50mg/L magnesium concentration at reservoir feed point it can

be observed that within one month the magnesium concentration has increased from 50

to 250 mg/L which can not be explained unless there were a high dense precipitation at

the region such that magnesium involved in the surrounding rocks has eroded to the

region. Unfortunately, no data is available for the reservoir recharge area for 1997

period. For the year 1995 the <lata surveyed has given a constant input into the reservoir,

approxlınately 40-45 mg/L. the reservoir <lata has shown that this <lata has already

declined since 1999 such that the available concentrations 20-30 mg/L. From the graph

5.18 it's clear that the amount ofMagnesium has increased during the years 1994-1998

and has decreased from the years 1998-2002. During the period 1994-1998 the water

was not safe, but in the period 1998-2002 it was safe in relation to magnesium's rate.
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The maximum and the minimum concentration values for Magnesium was occurred in

February 1998 are 104 and in November 2001 are 4.9. The aınount of magnesium's has

decreased during the years 1994-1997 as shown in Figure 5.19. In these years the water

was safe in relation to Magnesium rate. The maximumand the minimumconcentration

values for Magnesium was occurred in March 1995 are 257.6 and in October 1995 are

44.6. The amount of Manganese has increased during the year 1997 as shown in Figure

5.20 in this year the water was not safe in relation to Manganese's rate. The maximum

and the minimum concentration values for Manganese were occurred in May 1997 are

268.6 and in April 1997 are 48.8. The amount of Magnesium has decreased during the

years 1995-1996 as shown in Figure (5 .21) in these years the water was safe in relation

to Magnesium's rate. The maximum and the minimum concentration values for

Magnesium was occurred in June 1996 are 51 and in August 95 are 40.7. The reason

for high concentration ofMagnesium is silicateand oxide clays in the basin.
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Figure 5.18 Fluctuation ofMagnesium in the reservoir.
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Figure 5.19 Fluctuation ofMagnesiumin the Bottom discharge
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Figure 5.20 Fluctuation ofMagnesium in the Reservoir feed point
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Figure 5.21 Fluctuation ofMagnesium in the Reservoir recharge

5.2.7 Potassium Ccncentratien for Gemikonagi Dam

Since Potassium has nothing to do with the environmental surrounding. The water itself

is carrying the normal concentrations that should be. Although in 1994 the Potassium

reaches to its optimum concentration, it is still not above the admissible values.

Therefore, for the potassium point ofview, reservoir, bottom discharge and recharge are

all safe. It's clear as shown in Figure 5.22 the amount of Potassium has increased during

the years 1994-1995 and has decreased from the years 1998-2002. In the period 1994-

2002 the water was safe in relation to Potassium's rate. The rnaximum and the

minimumconcentration values for aluminum was occurred in November 2001 are 2 and

in April 1994 are 0.1. The amount of Potassium has decreased during the years 1994-

1997 as shown in Figure 5.23. In these years the water was safe in relation to

Potassium's rate. The maximum and the minimum concentration values for Potassiuın

were occurred in Jane 1997 are 2 and in May 1995 are 0.5. The amount of Potassium

bas decreased during the years 1995-1996 as shown in Figure 5.24 in these years the
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water was safe in relation to Potassium's rate. The maximum and the minimum

concentration values for Potassium was occurred in June 1996 are 0.6 and in March

1996" is 1.2. The reason for high concentration ofpotassiwn is silicateclays in the basin.
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Figure 5.22 Fluctuation of Potassium in the reservoir.
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Figure 5.23 Fluctuation of Potassium in the Bottom discharge.
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Figure 5.24 Fluctuation ofPotassiıım in the Reservoir recharge.
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5.2.8 Hardness Concentration for Gemikonagi Dam

CaC03 concentrations are varying as the years passes. The available data is only

belongs to reservoir point. Although the concentrations are six times greater than the

admissible concentration values in 1998, it declining rapidly by the end of 1999. Later

on, the fluctuations between 250-350 mg/L can be observed. 1n 2002 the concentration

decreases up to 160mg/L which it stili approximately three times bigger than the

admissible concentration values. Somehow the decline of concentration is surprising

since no precautions are tak.ensuch as preventing the erosion of clayey soil into water.

The Hardness has increased during the years 1994-1998 but in the years 1999- 2002 it

has decreased as shown in Figure 5.25. ln the period 1994-1998 the water was not safe

in relation to hardness's rate. The maximumand the minimumconcentration values for

Hardness was occurred in February 1998 are 600 and in November 2002) are 170. The

reason for high concentration ofhardness is limestone in the basin.
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Figure 5.25 Fluctuation ofHardness in the reservoir.

5.2.9 lron Concentration for Gemikonagi Dam.

In 1995 the recharge and discharge values of iron are nearly balancingeach other. Later

on, the data available are not represented well. The reason is that during 1997 and 2000

the concentration at reservoir feed point is around 0.3 mg/L where it is 2 mg/L at

bottom discharge. There fore the data available seems to not reflect the accurate <lata at

the field. However, it is also clear that all the <lata observed at above the admissible

values. From the chart plotted above it is obvious that the amount of iron has increased

during the years 1994-1999 but in the years 2000- 2001 it has decreased as shown in
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Figure 5.26. In the period 1994-2001 the water was not safe in relation to iron's rate.
·,

The maximum and the minimumconcentration values for Iron was occurred in August

1994· are O.9 and in March 1994 are 0.0432. The amount of irorıs has decreases during

the years 1994-1999 as shown in Figure 5.27. In these years the water was not safe in

relation to iron's rate. The maxiınum and the minimum concentration values for Iron

was occurred in March 1999 are 3.479 and in June 1999 are 0.0871. It's clear as shown

in Figure 5.28 that the amount of Iron has increased during the years 1997-1999 and

decreased from 2000 -2002,mentioning that the water was not safe during the period

1997-1998 and during 1999-2001, but in 2001-2002 Iron's rate was safe in relation to

copper's rate. The maximum and the minimum concentration values for Iron was

occurred in February 1997 are 2.402 and in March 1999 are O.Ol 15. The amount oflron

has decreased during the years 1995-1996 as shown in Figure 5 .2. In these years the

water was not safe in relation to iron's rate. The maximum and the minimum

concentration values for Iron was occurred in Jane 1996 are 0.9 and in March 1996 are

0.1. The reason for high concentration ofiron is silicateand oxide clays in the basin.
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Figure 5.26 Fluctuation of Iron in the Reservoir
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Figure 5.27 Fluctuation ofiron in the Bottom discharge
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Figure 5.28 Fluctuation oflron in the Reservoir feed point
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Figure 5.29 Fluctuation oflron in the Reservoir recharge

5.2.10 Calcium concentration for Gemikonagi Dam

Except in 1995 actually the calcium concentration is around the limits of the European

standards. lt is interesting to note that while in 1995 the concentration of the calcium

reach's to 185 mg/L; at the same period it reaches to it are minimum values at the

bottom discharge. Also at the same period the recharge into reservoir fluctuates around

70-90 mg/L. Toerefore, in the vicinity of these results it can be said that a professional

survey should be cared to the region for better analyzes. Toe amount of calcium is

increased during the years 1994-1998 but in the years 1999- 2002 has decreased as

shown in Figure 5.30. ln the period 1994-2002 the water was safe in relation to

Calcium's rate. Toe maximum and the minimum concentration values for Calcium was

occurred in April1998 are 152 and in May 1995 are 33.6. Toe amount of calcium's has

decreased during the years 1994-1997 as shown in Figure 5.31. 1n these years the water

was safe in relation to calcium's rate. The ınaximum and the minimum concentration

values for Calcium was occurred in March 1995 are 116.8 and in May 1995 are 56. The

amount of Calcium has decreased during the years 1995-1996 as shown in Figure 5.32.

In these years the water was safe in relation to calcium's rate. The maximum and the
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minimumconcentration values for Calcium was occurred in January 1996 are 94 and in
··,

June 1995 are 37.6. The reason for high concentration of calciurn is limestone in the

basin.
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Figure 5.30 Fluctuation of Calciurnin the reservoir.
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Figure 5.31 FluctuationofCalcium in the Bottom discharge.
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Figure 5.32 Fluctuation of Calcium in the Reservoir recharge.
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5.2.11 Zinc Concentration for Gemikonagi Dam ,::, ... · .- · '/:, ··\

Only- a small survey is carried out zinc concentration. However, this is not enough to

survey the rest concentrations. According to available the zinc concentration is above .

the admissibleliınits. The amount of zinc has decreased during the year 1994 as shown

in Figure 5.11. In this year the water was not safe, relation to zinc's rate. The maximum

and the minimumconcentration values for Zinc was occurred in March 1994 are 0.68

and in April 1994 are 0.4. Zinc is found in some natural waters, particularly in areas

where these ore deposits have been mined, so the reason of high concentration of zinc

becausethere are too much mined in Xeros basin.
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Figure 5.33 Fluctuation of Zinc in the reservoir.

5.2.12 pH Concentration for Gemikonagi Dam

The acidity of the alkalinity of the region is directly related with ph values. Within the

years 1994 and 2001 the pH value at the reservoir seems to be around 7. This means

neutral conditions. However, the measurements that were carried in Jan 1994 to Aııgust

1995 has shown acidic solutions in water at the bottom discharge, which is than

recovered to neutral position. The recbarge point at the same period declines :from 8.1 to

6.7 but not less than that. Overall, since the variations are between 6.5 and 8.5, the

water is safe. The amount of pH has decreased during the years 1994-2001 as shown in

Figure 5 .34 during these years the water was safe, in relation to pH rate. The maximum

and the minimumconcentration values for pH was occurred in August 1994 are 8.3 and

in April 1998 are 6.8. lt's clear as shown in Figure 5.35 that the amount ofpH was less

than 5.5 mg/L during the years 1994-1995 and more than 5.5 mg/L during the period
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2000-2002. In the period 1994-1995 the water was not safe, but inthe>period·~!999~2002 · (<

··•pH rate was safe in relation to pH rate. The maximumand the minimum concentration

vahıes for pH was occurred in Jane 1997 are 8 and in March 94 are 4.3. The amount of

pH has decreased during the years 1995-1996 as shown in figure 5 .36. In these years the

water was safe in relation to pH rate. The maximum and the minimum concentration

values for pH was occurred in June 1995 are 8.1 and in March 1996 are 6.7. The reason

ofhigh concentration ofpH because the high concentration oflr.
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Figure 5.34 Fluctuation of pH in the Reservoir
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Figure 5.35 Fluctuation of pH in the Bottom discharge
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Figure 5.36 Fluctuation of pH in the Reservoir recharge

5.2.13 Manganese Concentration for Gemikonagi Dam

The concentration of manganese is always greater than the admissible values. In 1995

while it is around 2.5-3 mg/L at reservoir and reservoir recharge point, the concentration

at the bottom discharge is around 6.5-7 mg/L. This <lata does not obey to input-output

theory or continuity theory of the physical. However since manganese is metal, along

period of settlement might innovate the concentration at the bottom. For the incoming

years the concentration is around 0.5-1 mg/L, which is still not safe enough. The

amount of manganese has decreased during the years 1994-2001 as shown in Figure

5.37. In these years the water was not safe in relation to manganese's rate. The

maximumand the minimumconcentration values for Manganese was occurred in May

1995 are 2.5 and in September 2001 are 0.038. The aınount of manganese has decreased

during the years 1994-1999 as shown in Figure 5.38. In these years the water was not

safe in relation to manganese's rate. The ma.ximumand the minimum concentration

values for manganese was occurred in May 1998 are 6.1 and in June 1995 are O.O 11.

The amount of Magnesium has decreased during the years 1997-2002 as shown in

Figure 5.39. In these years the water was not safe in relation to magnesium's rate. The

maximum and the minimum concentration values for Magnesiwn was occurred in

February 1997 are 3.529 and in June 2002 are 0.0122. The aınount of Manganese has

decreased during the years 1995-1996 as shown in Figure 5.40. ln these years the water

was not safe in relation to Manganese's rate. The maximum and the minimum

concentration values for Manganese was occurred in Jane 1996 are 3.45 and in August
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5. RESULT AND DISCUSSION

1995 are 0.035. The reason for high concentration of Manganese is the clays in the

basin.

Figure 5.37 Fluctuation ofManganese in the Reservoir

Mar-95 May.ıı5 Aug.ıı5 dec-95 m••.98 June-97 Jul-97 Jan-97 8Pf·97 Fe~ Aı><-99 Jul-99

Time (year)

Figure 5.38 Fluctuation ofManganese in the Bottom discharge
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Figure 5.39 Fluctuation ofManganese in the Reservoir feed point
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4
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Figure 5.40 Fluctuation ofManganese in the Reservoir recharge

As obviously seen from the charts, it was concluded that there was an iınprovement in
s

the quality of water but some elements are less· than the required amount, in other

words, their concentrations are greater than the maxiınumadmissibleconcentration.
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Table 5.2 The Quality of Water in Geınikonagi Reservoir According to Table (3.2).

Location Parameter Date Concentration Ma:ximum Result

mg/L admissible

concentration

Reservoir Cl 1994-1995 64 100mg/L Safe

1996-1998 117 Not safe

1999-2002 65.11 Safe

S04 1994-1995 246.5 250mg/L Safe

1 ••• Not Safe
;a: ::, , 1996-1998 389.5

1.
:1f(

;:,\: 1999-2002 69.2 Safe

CaC03 1994-1996 434.75 121-180 Not Safe

1998-1999 370.7 Not Safe

2000-2001 351.56 Not Safe

2001 260
Not Safe

2002 205
Not Safe

Fe 1994-1995 0.37 0.3 Not Safe

\ :\V·· 1999-2000 0.26 Safe

\ı' :·ı+~•,' 1(ıı < ',1

Safe
2001 0.283

pH 1999-2001 7.4 6<pH<8.5 Safe

Mn 1994-1995 0.533 0.3 µg/L Not Safe

1999 0.1285 Safe

2000 0.54
Not Safe

• • ., • ' 1 ,.,, > . ~-
' ı ... , ·, \,= '·' ·':.: ~•• :::~;·/. ·~.;f·:~''!-,: .··

' 5. RESJJ,L,T AND.'DfS,ÇlJS,S,l,(J!ıl.

5.3 The Water Quality for Irrigation

The Geınikonagi reservoir is already been under observation since 1994. All the data

that has been sampled since then is analyzed and the water quality for irrigation are

mapped. There are four main points where these samples data are collected. They are

reservoir, reservoir recharge, bottom dıscharge and reservoir feed point .The quality of

sample is compared with water quality for irrigation as shown in Table (3.2).
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5. RESULT AND DISCUSSION

Table (S.2) Continue
Loca tion Parameters Date Concentration Maximum Result

mg/L admissible

concentraticn

Reservoir pH 1995-1996 7.43 6<pH<8.5 Safe

recharge

Fe 1995-1996 0.47 0.3mg/L Not Safe

Mn 1995-1996 1.65 0.3mg/L Safe

Cl 1995-1996 51.5 100mg/L Safe

S04 1995-1996 261.4 250mg/L Not Safe

Bottom pH 1994-1995 4.614 6<pH<8.5 Not Safe

discharge
1996 7.5 Safe

1997 7.85 Safe

S04 1994-1995 523.75 250mg/L Not Safe

1996 336.5 Not safe

1997 224.5 Safe

Mn 1995 3.36 0.3mg/L Not Safe

1996-1997 1.54 Not Safe

1999 1.27 Not Safe

Cl 1994-1996 56 100mg/L Safe

Fe 1994-1995 1.4 0.3mg/L Not Safe

1996-1997 1.1 Not Safe

1999 1.34 Not Safe

Reservoir Mn 1997 1.94 0.3mg/L Not Safe :

feed point
1998-1999 0.62 Not Safe

2000-2002 0.138 Safe

Fe 1997 0.993 0.3mg/L Not Safe

1998-2000 0.189 Safe

2001-2002 0.171 Safe
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5. RESULT AND DISCUSSION

Throughout the 'years between 1994 and 2002, it figured out that the water quality

improved as shown in the Table (5.2). Although this improvement encourages future

irrigation demands it is stili not suitable for irrigation. This result is based on the

concentration of CaC03 and S04, which are stili more than the rrıaximum admissible

concentration.

5.4 SAR Estimation

One of the techniques used to examine the quality of water for irrigation is by using

SAR equation. This equation depends mainly on the concentratiorıs of three pararneters;

they are respectively, Sodium, Magnesium and Calcium this equation is applied to two

locations, which are reservoir, bottom discharge.

5.4.1 SAR in the Reservoir

To chick if the water is suitable in the bottom discharge by using SAR equation during
the period 1994-2002.

SAR froml 994-2002 by:

Na+

SAR= es: +_~~=
---··--

(5.1)

2
Table 5.3 The SAR Value For The Reservoir 1994.

Date Na Mi
36.1 37.2
37.8 21.7
37.8 31.7
40 45
32.5 36
49 59.3
23 20.1

256.2 251

Ca

1994 53.9
65.9
52.2
60
98.4
43.2

Total 373.6

SAR= 256·2 14.4975
251 + 373.6

(5.2)

2
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5. RESULT AND DISCUSSION

As in the equation (5.2) SAR value is greater than 10 so it will break down the physical

structure of the soil caused by excessive amount of colloidally absorbed sodiurn. As a

result the soil becomes hard and compact when dry. So it would not be suitable for

irrigation.

Table 5.4 The SAR Value For The Reservoir 1995.

Date Na M~ Ca

23 70.1 33.6

20 46.1 60

106 89 192

26 45.1 66.4

175 259.3 352

(5.3)

1995

Total

175 =10
SAR= 1259.3 + ~~~--------2-
According to equation (5.3) SAR value in 1995 is equal 1 O so it will break down the

physical structure of the soil.

Table 5.5 The SAR Value For The Reservoir 1996.

Date Na M~ Ca

1996 75
41
116

95
68
127

120
107
227

Total

116 =8.72
SAR= ,127 + 227

2

(5.4)

As in the equation 5.4 during 1996 SAR is suitable for the irrigation.

Table 5.6 The SAR Value For The Reservoir 1998.

Date Na M_g Ca

1998 75
46
121

104
23
127

70
152
222

Total

121 =9.16
SAR~ r7~22~

86
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5. RESULT AND DISCUSS/ON

According to equation 5.4 during 1998 SAR is suitable for the irrigation because SAR
equal 9.16, whichit is less than 10.

Table 5.7 The SAR Value for the Reservoir 1999

Date Na M~ Ca

1999 28
48
44
35
38
314

23.3
28.9
29
29

29.4
148.6

70
85
40
71
72
338

Total

314 =22.6
SAR= •48.6+338

2

(5.6)

As it clear in equation (5.6) SAR is greater than 1 O it mean the water not suitable for

irrigation during the year 1999.

Table 5.8 The SAR Value For The Reservoir 2000.
Ca

Date Na Mg
70
70

74.4
112
72
96

494.4

2000 37
70
60
45
38
43
293

26
32

41.16
23.4
30
44

196.56Total

SAR , 293 =15.76
196.56 + 494.4-------

2

(5.7)

In the year 2000 according to equation (5.7) SAR value is greater than 10 so it means
the water in that time is not suitable for irrigation.
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Table 5.9 The SAR Value For The Reservoir 2001.

Date Na M~ Ca

45 34.3 .: 76.2

43 28 68

51 4.9 71.2

43 24 68

182 91.2 283.4

(5.8)

2001

Total

182 =13.3
SAR= r91.2 +_?8~:~---·2
lt is obvious that the water is not suitable for irrigation in 2001 because SAR is greater

than 10.
Table 5.10 The SAR Value For The Reservoir 2002.

Date Na M_g Ca
2002 41 24.5 40.8

37.2 17.5 56.2

Total 87.2 42 97

(5.9)
87.2 ==10.46

SAR= r2~97

it is obviously according to the result of Equation (5.9) during the year 2002the water

not suitable for irrigation.

Fiııally, it is obvious that in the reservoir the water is not suitable for irrigation

according to SAR equation because the value is greater than \O. it will break down the

physical structure of the soil caused by excessive amount of co!loidally absorbed

sodium. Asa result the soil becomee hard and compact when dry. So it would not be

suitable for irrigation.

88



5. RESULT AND DISCUSS/ON

5.4.2 SAR in the Bottom Discharge
(

To chick if the water is suitable in the bottom discharge by using SAR equation during
the period 1994-1997.

Table 5.11 The SAR Value for the Bottom Discharge 1994.
Date Na M_g Ca
1994
Total

32 66
32 66

70
70

32 =3.8
SAR~~(;(;;~7_~

(5.1 O)

According to this calculation in 1994 the water is suitable is suitable for irrigation.

Table 5.12 The SAR Value forBottomDischarg_e1995.
Date Na Mg Ca
1995 30 257.6

26 137.2
26 137.2
38 65.7
28 67.1
33 44.6
36 48
217 757.4

116.8
56
56

113.6
96

86.4
82

606.8Total

217 =8.3
SAR~rS?.4 + 606.8

(5.11)

Table 5.13 the SAR Value for the Bottom Discharge1996.
Date Na M_g Ca
1996 28 51

36 53
64 104

91
86
177Total

64
SAR ~=4.6 (5.12)

104+ 177--·--
2

It is obvious that the water also in 1996 is suitable for irrigation according to SAR
equation.
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5. RESULT AND DISCUSSION

Table 5.14 The SAR Value For The Bottom Discharge 1997. (

Date Na Mg Ca
1997
Total

60
60

63
63

60
60

60 =7.65
SAR~ ~ı;:}_; 6Q (5.13)

In 1997 the water is suitable to use it for irrigation according to SAR equation.

It is clear in the bottom discharge the water is suitable for drinking according to these

calculations. In the reservoir throughout the years between 1994 and 2002, we figured

out that the water quality improved as shown before. This fact implies that the water can

not be used for irrigation in the current time as we proved it by using SAR equation.

All those estimations related with sodium absorption ratio have shown that the available

water is not suitable for irrigation. However, the quality is increasing as the years

passes; this may be because of eroding effect of water during surface run-off Thus,

removing the remnants ofmining activities.
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CONCLUSIONS

in the Lefka area of northern Cyprus, where copper mining and smelting activities have

occurred, some heavy metals, such as copper, constitute an important environmental

concern [24]. For this reason, the Gemikonagi reservoir was selected to investigate the

impacts of mining-related activities in the district. The Gemikonagi reservoir is already

been under observation since 1994. A1l the data that has been sampled since then is

analyzed and the water quality are mapped. There are four main points where these

sample data are collected. These are reservoir, reservoir recharge, bottom discharge and

reservoir feed point. The qualities of sample are compared with EU water directive

parameters as shown in Table (3.1 ).
From Table (5.1) it can be clearly observed that the concentration of Aluminum,

Hardness, Iron, Zinc, Manganese and hardness of water are greater thaİı the maxiınum

admissible concentration comparing to Table (3.1). The overall results for the four

permeation locations are:

1-At reservoir the concentration of Aluminum, Iron, Zinc, Manganese and Hardness of

water are greater than the maximumadmissibleconcentration comparing to Table (3.1).

2-At reservoir recharge region there are also some parameters having their

concentrations greater than the maxirnumadmissible concentration. These elements are

Aluminum, Iron, Manganese and Copper. Thus, the water is not suitable for drinking

according to Table (3. 1).

3-At feed point Manganese, Aluminum and Magnesium have their concentrations

greater than the maximumadmissibleconcentration.

4-At the bottom discharge it is observed that Magnesium, Sulphates, Manganese, Iron,

Copper and Aluminumare overloaded.

To show clearly the quantity of each element in the water and the fluctuation in the

water throughout time, charts will be drawn for each element separately for each

location.
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The graphical representation of each element throughout the years easily defines the

changes in concentrations. Therefore, for the four different locations, the changes of

concentrations of elements within the water with respect to time are drawn.

As obviously seen from the charts, it was concluded that there was an improvement in

the quality of water but some elements are less than the required amount, in other

words, their concentrations are greater than the maxiınum admissible concentration.

Throughout the years between 1994 and 2002, it figured out that the water quality

improved. Although this improvement encourages future irrigation dernands it is still

not suitable for irrigation. This result is based on the concentration of CaC03 and S04,

which are stili more than the maxiınumadmissibleconcentration.

üne of the techniques used to examine the quality of water for irrigation is by using

sodium absorption ratio. This ratio depends mainly on the concentrations of three

parameters; they are respectively,Sodium, Magnesium and Calcium.

' '

In the reservoir through the years between 1994and2002, it figured out that the water

quality improved as shown before. This fact implies that the water cannot be used for

irrigationin the current time as proved it by SAR equation.

The ration is applied to bottom discharge and reservoir. The result show that the sodium

absorption ratio is suitable for bottom discharge but unfortunately, it is not suitable for

reservoir.
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