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SUMMARY

This report treats the usefullness of a simulation model

called MITSIM for water resources planning at Cyprus. MITSIM
simulates the runoff from a river basin including for example
the effects of dams, irrigations and domestic supplies. With

MITSIM one can receive both economic and hydrologic results.

In this study MITSIM is applied on three river basins, Vasi-

likos, Pendaskinos and Maronil in Cyprus.

The project includes two new dams, several irrigation areas
and domestic water supplies. The most interesting objects to
study by simulation are the dams and the irrigation systems.
The simulations indicate that the most profitable dam sizes

are:

8" The @dm At Vas ilikos 14.5 ‘Mil1i6n cubic”
" ‘metres (MCM) ' IR

o The dam at Pendaskinos 20.0 MCM

The optimal size of the irrigation area at Vasilikos is 670 ha.

The Water Development Department (W.D.D.) at Cyprus made simu-
lations with an other model.

The most profitable dam sizes according to W.D.D.:s simulations
are:- ' ' '
- 0 The dam at Vasilikos 17 MCM_

o The_dam.at‘Pendaskihcs 15 MCM-:
And the optimal'size of the irrigation area is 830 (Ha).

The preseht study indicates thét MITSIM’can be veryruseful at
an early stage in waterresources planning. But more detailed

simulations can be necessary by using other simulation models.



1. INTRODUCTION

The study reported here was initiated by Chalmers University
of Technology (CTH) in order to give the students some inter-
national experience. For Swedish contractors it will be more
and more necessary to have these experiences, because of

the expanding international market.

Cyprus turned out to be a good starting ground to get inter-
national experience. There were no language problems and the

Cyprus government was most helpful and easy to cooperate with.

Cyprus has a semi-arid climate and therefore water resources
planning is wvery important. To increase the use of water the

Vasilikos-Pendaskinos project is planned.

In this report a water resources similation model, called

MITSIM, is applied on the Vasilikos-Pendaskinos project.

”ThiS'modél is &lsb’uée&fin:a?feséarch prdjéct?at-thé;Depart-

ment Hydraulics (CTH). It is therefore of great interest for

the Department to test the model on other conditions.

MITSIM can also be an alternative to other simulation models
which are used today by the Water Development Department
(W.D.D.) at Cyprus.



2. CYPRUS

Geography

Cyprus is the third largest Mediterranean island. The area
of the island is 9248 kmz and the populaticon 700.000. The
largest cities are Nicosia (capital), Famagusta and Limassol.

The main languages in Cyprus are greek and turkish.

m Kyrenia

[,Z]
3

XN  Troodos

Mesaoria

‘Figure 2.1 Cyprus

The two dominant features of the island are the foled Kyrenia
'fMOuntaiﬁsfiﬁftﬁérnorth_aﬁd the-impoéing'Troodos.Massit'in,the"
south. A flat lowlénd, open to the sea at the east and the
west, known as the Mespria‘Plain;'lies.between the two ranges:.
Thé Kyrenia'range-is a narrow foid:of_limestone'with dccésional
depoSiﬁs of marble. It has a maximum height of just over 900 m.

The Troodos. range is mainly igneous rock, impervious to water,
but it has a thicker soil and a covering of pine, dwarf oak,
cypress and cedar forests. The highest point is 1951 m.



The Mesaoria Plain, which spans the island from Morphon Bay
in the west to Famagusta Bay in the east, is about 80 miles
long and 15 to 30 miles wide.

Between autumn and spring the landscape 1s green and colour-
ful with an abundance of wild flowers, flowering bushes, and
shrubs, and there are also patches of woodland in which euca-
lyptus and many types of acacia, cypress and lowland pine
predominate.

Climate_

Cyprus has a pleasant Mediterranean*ﬁype climate in general,
but the heat on the central plain in high summer is notorious.
Rainfall averages between 350 mm on the plain and 1010 mm in

the-mountains,-occurring between Octobe; and March.

Figure 2.2 A typical view from Cyprus

There are no permanently flowing rivers, although the island
is criss-crossed by dry river valleys which become fast

flowing torrents during periods of heavy rainfall.



The main supply to the Cyprus economy comes from agriculture.
It is also the most important source of exports earning. The
main exports include citrus fruits, potatoes, carrots, carobs,
table grapes, tobacco, raisins, early vegetables and melons.

Animal husbandry is also important.

Local production of pork, poultry meat, and eggs satisfy local
demand, but beaf, veal, and mutton have to be supplemented

by imports. Agriculture also provides a raw material base for

several manufacturing industries including wines and spirits,

canned fruits, dairy products and wool products.

_The present pelicy. is .to .increase agricultural-production,;

by land reclamatlon, 1nten51ve cultlvatlon, exten510n of the .

”ilrrlgated ared, and’ the promOtan "of mlxed farmlng economy.‘

Heavy investments are being made in conservation of water.

The main industries are food processing, and production of
beverages, clothing, and footwear production. Other industries
of the same size are printing, fu;niture making, metal pro-
duction, bricks, tiles,and cement manufacturing. Tourism
makes also a valuable and 1ncrea51ng contrlbutlon to the
Cyprus: economy. ' . o

‘Cyprus is an island which is very dependent on agriculture.
The great problem is the absence of rainfall and the high
temperature in the summer. Therefore the Cypriote people

"have to store as much water as they possibly can in the



rainy periods, for use in the summer. Dams need to be built,

and modern irrigation methods have to be used with great skill.

As in many other countries farmers are moving from the country
side into the cities. One of the reasons to invest in agri-

culture is to manage this social problem,



3. THE VASILIKQS-PENDASKINOS PROJECT
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Before 1940, irrigation was mainly practiced in Cyprus through

surface diversion mostly during floods in the winter.

In the beginning of the 1950°s a considerable expansion of
the groundwater resources was achieved through the use of drill-

ing machines.

The irrigated area was doubled since the middle of the 19407s
to the middle of the 1960~s.

The percentage of agricultural exports to the total exports
from Cyprus has increased from 23% in 1956 to 54% in 1972. This
increase of agricultural exports shows that agriculture now

plays the most important role in the export trade of Cyprus.

The project area is located in. the Larnaca District, between
the Larnaca and Limassol cities. It includes all coastal land
between Pendaskinos and Vasilikos rivers south of the main

Nicosia-Limassol road.

CYPRUS

Figure 3.1 The project area

Today most of the agriculture is done by dryfarming. Of_Vasilikos‘
830 ha cultivated area, only 25 ha are irrigated. These 25 ha



are cultivated with citrusfruits. According: to the plans (of
the project) the irrigated area will be 830 ha. 412 ha will
be cultivated with citrus and 157 ha with vines and the re-
maining 261 ha will be cultivated with vegetables.

Figure 3.2 Irrigated melons in the Pendaskinos valley

'f“Some of,the reasons to form a new waterplan f0r the Va51llkos—_
'Pendasklnos arearwere to anrease,agrlcultural.export.and to:
-EUI_

in. the country51der

-'1TefiﬁéfeaeeEfﬁeﬁaérieuiﬁural ﬁrodﬁétioﬁ,'irfigatien sfatemS'i
“must be- developed The water supply to Nicosia- Wlll also. in—
'crease. To meet the 1ncreased demand of water, two new dams
{are,planned in the reglon. One in the river Pendasklnos ‘and

one in the river Vasilikos:. '

_‘I the?pollcy to'glve jobs.to as many people‘as p0351b1e“ R



In September 1972 a waterscheme was prepared by the W.D.D.

to cover the future demand of irrigation and water supply
to Nicosia. In this scheme the supply of water to the
cities of Nicosia, Larnaca and Famagusta have priority

to the demand of irrigation water.

Irrigation_Methods

The irrigation methods which will be used are as follows:

1) Sprinkler irrigation method

This method of irrigation is suitable for all the crops
considered in the project. However, a great deal of water

is lossed by evaporation and also to the ground.

2) Trlckle lrrlgatlon method

1 - e T P " e L

Thls 1s the most effectlve method The water lS dellvered-

CR e

'Tln small pipes whlcﬂ are furnlshed Wlth small holes.

Figure 3.3 Trickle irrigation method.
A white ring is observed around the plant
which is salt from fertilizers.



3) Furrow irrigation method

The water is delivered through furrows in the ground.

The water resources of the region come from both the river

runoff and gfoundwate:.
The rivers in the region are:

o Vasilikos river
o Maroni river
o Pendaskinos river
The groundwater resources in the region are:
© g Vasilikos subsurface dam"
o Groundwater extraction  from alluvial
sandstone and chalk aquifers.

The utilization of water resources in the future is as
shown in figure 3.4.

The Vasilikos-Pendaskinos project is planned to satisfy the
irrigation and domestic water demands until 1990. At that
time the Southern Conveyor Project may be in operation. This
is a project which is to convey surface flows‘from western

waters heads to the eastern areas. More information about the

project can be found in appendix A.
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4, THE SIMULATION. MODEL MITSIM

4.1 = Introduction

MITSIM has been developed at Massachusetts Institute of
Technology (MIT} during the last decade. Experience from
practical applications has continuously modified the model.
The MITSIM-model used in this study, MITSIM-1, was developed
as a part of UNDP-sponsored study of the Vardar/Axios river
basin in Yugoslavia and Greece. This version is suited for
planning purposes where detailed institutional or operating

rules for water management are not necessary.

The latest wversion of the MIT simulation model, MITSIM-2,
was developed at TIIASA in cooperation with MIT and is an
extension of MITSIM-1. MITSIM-2 is intended to be used in
analyses of existing systems with more detailed operating
rules. The model has been applied..6n-a case study in - southern
'}Sweden to show the psefulnees

N

I'E‘.SOU.I'CES systems .

4.2 General Survey of MITSIM

MITSIM is a simulation model for evaluating the hydrologic
and economic consequences of wvarious plans for surface water

development of a river basin.

MITSIM pr1n01pally con51sts of three parts, a hydrologic, a
statlstlc and an economic part. Input to the model consists of
;"economlc and: hydrologlc ‘data for the dlfferent physical compo--
.nents as well as hydrologlc data for the basin as monthly
mean streamflows. The outout glves information of hydrology,
1statlst1cs and economics on both 1nd1v1dual components and
~on the project as a whole..

In order to simulate the hydrological behaviour of a river
basin the river must be schematized. MITSIM uses a network
of nodes and arcs. These nodes represent irrigation areas,

reservoirs, power plants or diversions. They can also indi-

when analy21ng reglonal water _h',ﬂxu



12.

cate points of water inflow to the basin, demands for specific
use or places in the river of special interest. The nodes are

linked together with arcs which represent natural or man-

made connections between different parts of the basin. These

arcs have no other task than transferring water from one node

0o another.

The nodes are listed in table 4.1 and a more detailed
description is given in appendix B. In the following chapter
the Vasilikos-Pendaskinor project is schematized into nodes

and arcs.

Table 4.1 Nodes represented 1n MITSIM

Symbol

Representing

O

AW

2.4

a,m

<

0o

Start or inflow

Reservoir

Reservoir and
hydrocelectric
plant

Irrigation area

Municipal and
Industrial water
use (M&I)

Diversion

ﬁ Low flow node

- Confluence

- Groundwater

. Terminalnode

O proposed
B Existing .

Hydrologic characteristics

Inflow to the river basin as
monthly mean values for the whole
simulation period.

Storage is calculated. Downstream
monthly release values are given

~-as input. Evaporation-from reservoir.
.;-.cdn be. taken into 'account. Can haVe_p
two dowmstream- dlscharges af whlch

one has priority.

Powerplant where the rate  -of power

‘production can be calculated.

Target demand and possible precipi-
tation for each month are input.
Fixed for all simulation years.

Monthly target demands are ‘input.
Some amount of water can return
to the river.

Diverts water to another tributary
or to another part of the bhasin.
Desired diversions and downstream.
minimum realeases for each month
are input. Downstream release has
priority.

Used only for reglsterlng 51mulated
flows. o '

Adds two flows'together.

The amount of water to be pumped
each month is input.

Represent(s) the end point(s) of the

system, which usually are outlets
to the sea.
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4.3  Hydrologic Calculations

In the hydrologic part the model traces the flows through the
computeradapted river system (Fig. 4.1). It uses a time step
of one month. First the model introduces flows at all start
nodes. The inflow to each node is the outflow from the pre-
ceding one. The special operations within each node are carried
out. The whole system is carried through for one month before
the process is repeated for the following months. The water

is allocated to the users in an upstream-downstream order.

Figure 4.1 The way of calculating the model follows
for each month

Concerning the-hydrologic output one can receive inflow to
each‘nodé for the whole simuIatioﬁ'period in form of hydro-

‘graphs (figure 4.2).

‘A usefﬂlfposSibility'to check the functioning of the system
with the given input is the-dutput called "“Idebug". This is

the part of the output in which the inflowS'td and the out-
flows from each node every month throughout the first year of
simulation are listéd. Any errors in the water flows can easily
be discovered here. An example and explanations of "Idebug"

can be found in appendix D.
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Figure 4.2 Hydrographs

4.4 ~ Statistical Treatment

The—results from the hydrologic ¢alculations are used to
determlne the performance of the dlfferent nodes in the
system.

:Examples of statistical.output data:
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° 'The annual and monthly "reliability" of water use nodes.

This term describes the frequency with which the supply
reaches the demand target.When this is not the case the
reliability is zero.
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e Monthly and annual mean diversions to water use nodes
e Monthly and annual mean deficits for water use nodes

e Monthly and annual mean storages with standard deviations

and coefficient of variations (reservoir-node)

e Histograms of diversion, storage and flow for irrigation-,

reservoir- and lowflow nodes respectively
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Figure 4.3 Computer printout for irrigation areas
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4.5 Economic Calculations

Economic caleculations are made only for reservoirs, irrigation
areas, M&I supply, groundwater and diversion structures. These

nodes require economic data. From these the model calculates:

® System costs; 1i.e. capital costs and operation, maintenance

and repairment (OMR) costs.

e Long term benefits; i.e. the benefits that would occur over:

the planning period if there where nc water
deficits. These benefits are independent of
the simulation and depend only con the design
of the system.

e Short term lcosgses; i.e. the eccocnomic losses that would occur

when the available water does not meet the
target demand. First the mean. annual loss is
computed and then it is discounted over the

" planning period.

Often benefits from one project are linked with costs from
another. MITSIM therefore is designed to allow allocation of
costs and benefits between supply and demand nodes. An example

of this is shown in figure 4.4.

The economic output can be received from the whole project
area, different regions and/or from each node. The desired

. output is to be specified in the input. An example of a basih
wide output is shown below in figure 4.5.
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Economic output for basinwide
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5. MITSIM APPLIED TO THE VASILIKOS-PENDASKINOS PROJECT

5.1 Similation Model
The Vasilikos—-Pendaskinos project includes three rivers, Vasi-

likos, Maroni and Pendaskinos river. There will be some drastic

changes when developing the project. These are

1. Two dams in the Pendaskincs and the Vasilikos rivers

2. A diversion from the Maroni river to the Pendaskinos river
3. Irrigation systems in all three watersheds

4. Water supply systems for the cities of Nicosia,
Larnaca and Famagusta

The water resources will be shared between all irrigation

areas and domestic water supplies, both existing and proposed.

'-:Howeve;,rthe_waterﬁresounces are .very limited.and the project.. .

must be as economic as possible. The optimum size of each

cdnétruétioﬁ is théréfore'déﬁéfmiﬂed'b§:iodkiﬁ§'étwthe maximum
net benefits for the project. The different hydraulic structures
influence each other. Thus a change in one construction affects
the design of the others. Looking for the maximum net benefits
is a very complex problem and a simulation model can be useful,
In this case we use MITSIM,.

When using MITSIM one has to approximate the river basin with

a schematic representation, which can be more or less alike the

river basin depending on how detailed the simulation is done.

A short descriptiOn:of[théfwater—wéysfin'fhe:project5iS'made

on the following pages.

5.2 '”Waterways'of'the'project

A simple description of the proposed project is given in the

_figure below.
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Vusllikos river Maronil river Pendaskinos river

5.7

Lefkara gam
2.3

Maron|- / Lefkara erl'lgﬂtan

Kalavasos dam

35 Ha
>
6.8
Vasilikos- Dhypotames dam
irrigation 5.2
830 Ha Domestjc water

to Nicaosia

vasilikos sub-

surface dam 0.8

LDounwstictwater o

0.5 Famaqusta, Larnaca
Ground- Khirokitia
water Treatmant Flant Pendaskinos
irrigation
225 Ha

Figure 5.1 The planned water distribution (figures in
MCM/year)

Today the water is used in th¢ following ways:

. » - - -~

“supplf‘to the.Kﬁirbkitia Waterrtreééméﬁt
plant

- Water supply to some villages in the upper part of the
river

- Some minor water use for irrigation along the river

Below the river is presented according to the project plan.

The origin of the Vasilikos river is situated in the Troodos.

mountain. The first water use from the river is madeibyrsome
small existing villages between the Troodos and the proposed

‘Kalavasos dam. In the Kalavasos dam the water is stored.



The Troodos Mountain
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Some Existing Villages

Kalavggos Village

', The Proposed Kalavasos Dam

FAY
;
“ (-

To Sea

Figure 5.2 The Vasilikos river between Troodos and Kalavasos
The- water- in. the dam is‘ needed in two places::-
i. Pfobdsed irfigationléystem in the Vasilikos ﬁéferéhédé'f

2. Proposed domestic water supply

—— Irfigafioﬂ System'

'Thé'?&bposedealavéscs'bam
... Domestic Water

To Sea

Figure 5.3 Xalavasos dam and its outflows
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First of all the water is delivered to the cities. Therefore
~the domestic wate:_Supplyﬁhés priority over the irrigation
supply. bownstream of the dam.watef in the river is used by
some existing villages and also to refill the Vasilikos sub-
surface dam. The riverwater downstream the dam comes mainly
from direct rainfall and tributaries. When Kalavasos dam is
full the surplus water is added to the other flows. The
water coming from direct rainfall and tributaries is repre-

sented in the schematic representation by a start node.

The flow data to the simulation has been measured and evaluated
by means of measuring weirs in the rivers. This has been done
by the W.D.D. Precipitation data has also been used in combina-

tion with a run-off model to get a long series of flow data.

Figure 5.4 A measuring weir

The ex1st1ng subsurface dam at Va5111kos supplles water to
Larnaca and Famagusta. The functlon of thlS dam is explalned
later ln thlS chapter.
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Presentation_of the Maroni River Syste

Also the Maroni river has its ofigin in the Trocdos mountain.
At present the river water is used in two ways:

1. Some water is . taken to villages in the upper part of

the watershed

2. Refilling the gypsum aquifer. The aquifer supplies some

villages and an irrigation system with water

Development of the project causes some changes in the water
system:

1. A diversion, called Maroni diversion, takes water from
the Maroni river to the Pendaskinos river.
The diversion is located between the aquifer and the

. upstream villages.
w2 Sbme'mdre'irﬁigation system aré’ supplied with' water
from the Gypsum aquifer.
The Troodos Mountain

' - To Pendaskinos
The Maroni Diverigg__——i_ﬁ_ﬂiver
aion _ \ .

- Existiné;gnd“?ropbaed'ViiiagESrand: -  ‘_
'r Irrigation areas _ ,

OO
- | The GypsumAquif?E}xl

_ . . To Sea
Figure 5.5 Maroni river system, when the project is developed
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The functions of the Maroni diversion and the Gypsum aquifer

are explained later in this chapter.

—— . —————— e T b =Y e} vl ) S v S ——————————— — — o=t T vt vt it i sy

ot b it o ko e A e M Ly S R R R

The Pendaskinos is the most developed river of the three
rivers.

- A dam at Lefkara supplies the Khirokiha treatment plant

with water. This water is used in Larnaca and Famagusta.

- Irrigation systems exists along the whole river. However

mostly in the lower part.

Some small villages upstream Lefkara use water for irrigation.
The water use in these wvilllages is very small and is therefore
neglected in the schematic representation. At Lefkara village

the river-water enters the existing Lefkara dam.

The water is used in two ways:

1. Irrigation at Lefkara

2. Water supply to Larnaca and Famagusta

Even heré theldomestic_wafer supply has priority over the
Upstream-Dhypotamos_but'downétream Lefkara a ttibutary joins
the river. The tributafy is.represented‘by,a start node. A
dam is proposed at Dhypotamos. Water to the dam,domes from
1. The Tributary

2. The Maroni diversion

3. Surplus water from Lefkara dam



Figure 5.6 The existing Lefkara dam

The Troodos Mountain -

. T .

' ' The Existing Lefkara Dam

The Proposed
Maroni Diversion—=—1

_ To Sea
Figure 5.7 Water to the Dhypotamos dam

The Tributary

25.



The water in the dam is used for

1. Domestic supply

2. Pendaskinos irrigation system

Domestic water supply has priority over

system. The irrigation system gets some

water.

5.3 " ‘Schematic Representation for the

26.

the irrigation

additional ground-

whole Project

The earlier presénted figure in section
view of the project.

sented as it is simulated in MITSIM.

o 7 —— i —— i — — T ———

Kaldam
Ups. use
Vassub
Div
Vassirrci
Vassirrvi
Vagsirrve
Penirrci
Penirrve
Dhyp. dam
" Lef dam

Lef irr

-Gyps;'aquf

Kalavasos dam

Upstream user

Vasilikos

Diversion
Vasilikos
Vasilikos

Vasilikos

subsurface

irrigation
irrigation

irrigation

5.2 gives a simplified

In figure 5.8 below the project is pre-

dam

citrus
vines

vegetables

Pendaskinos irrigation citrus

Pendaskinos irrigation vegetables

Dhypotamos dam -

Lefkara,dam

Lefkara irrigation

- Gypsym aquifer
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Figure 5.8 'The project schematic represented

LT
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5.4 Details in the Schematic Representation

'Finally some details in the schematic representation are ex-
plained. The explanations show some possibilities of MITSIM

and how to apply it in a specific case.

—— i ————— - ) vl Sy Sy S . ——tn WD b e

The irrigation area includes three different crops citrus,
vegetable and vine (grape}. The sensibility against water
deficit and the water use each month is different for each
crop. Therefore the irrigation area is divided into three

irrigation nodes in the schematic representation.

The sequence of the nodes depends of the sensibility against
water deficit. The most sensitive is citrus and is therefore
the first crop to get water. The sequence is citrus, vegetables

and. vines. -

From Kalavasos Dam

l !

; Vas.irr.oci Citrus
Vag.irr.ve Vegetables
! |
4
Vas.irr.vi B Vines:
 End

' Figure 5.9 The.Vﬁsilikos irrigation system

The economic losses by a water deficit can thus be minimized
with this.sequénge; However the effects of different prices
‘have been neglected. The demand of water for irrigation is

6.8 MCM per year. W.D.D. has found that 830 ha total irrigation
area is the most profitable.
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The water supply to Larnaca and Famagusta goes through Khirokitia
treatment plant which is supplied from the Vasilikos and the
Pendaskinos river system.

From Lefkara Dam

Khirokitia
Prom Kalavasos Dam . Treahment Plant To Larnaca zand
and from Subsurface 7 > Famagusta
Dam

" Figure 5.10 Water to Khirokitia treatmént plant’

In this study only proposed water supplies and water consumers
allocate costs and benefits. Only the amount of water that

comes from the Ralavasos dam is proposed and shall therefore
allocate costs and benefits.

Another problem arises when Khirckitia has a water deficit. It
may be difficult to tell which river system that has the de-

ficit. The solution of the problem is shown in the figure be-
low. -

The.alibd&%ioﬁé 6£m¢5sts”éna benéfiﬁs“ffom;proposed water
~ supply between Kalavasos dam and,Khirokitia.ére_done by a
M 3.I7hode} called Khirecon. It:hasrnO'other function; The
wéter consumption is, however, done by Khirokitia. Thus
Khirecon consumes no water but takes care bf costs and bene-
fits, Khirokit on ﬁhe other hand consumes all water to the
cities of Larnaca and Famagusta but allocates no costs or

benefits.
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From Kalavasos Dam From Lefkara Dam
[:i:] Khirecon

l
l Khcheck 1

/ )
Prom Subsurface Dam ———xx S~ 4\\-1/— —

BKhiTokit

End

Figure 5.11 The water supply to Khirokitia in the
developed project -

The water deficit to Khirokitia can easily be traced by the
two check-nodes, Khcheck 1 and Khcheck 2. With this sclution

you can tell which river system that has a water deficit.

The quantity of wate to Khirokitia comes from

1. The existing Lefkara dam ' 5.2 MCM/year
2. The existing Vasilikos subsurface dam- 0.8 MCM/year

3. The proposed Kalavasos dam : 2.0 MCM/year

Water_ Supply to_Nicosia

Thejwater sﬁpply'to,Niéasia'chés.f:om Dhypotamos dam. There-

. fore costs and benefits shbul& be allocated to the -dam. A_M'Q'I
node can dnly'éllocaté benefits. Therefore a Diversion node is
added to the system. This node allocates the costs to the dam.
_It has no other function and the Water'juSt passes by.
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1

Dhypotamos Dazi—l

—=

DiviY_—= _ End

Nicosia

To Pendaskinos l
irrigation

End

Figure 5.12 Nicosia water supply

VaSlllkOS Subsurface Dam

'The subsurface dam at Va51llkos works very much llka a surface

water dam. It consists of a barrier in the riverbed aquifer.
Water is taken to Khirokitia and surplus water goes by the
riverbed to ocean.

This can”t be simulated by a groundwater node alone since this
node can only have one downstream outflow. By adding a diver-

sion node downstream the groundwater node, this problem is
solved.

Vasilikos Suhsurface Dam

Div 5
— — To Domestic Supply

To sea

Figure 5.13 The subsurface dam



Water to some irrigation
© aread and villages
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When the outflow from the groundwater node exceeds the target
for Khlrokltla (only pOSSlble when. the subsurface dam is full)

the ‘surplus water goes by the dlver51on to the ocean.
The refill of Vasilikos subsurface dam is done by

1. Infiltration by river water

2. Infiltration by the part of the precipitation which does
not reach the river |

When the project is developed, the main refill of the sur-

surface dam comes as inflow downstream the Kalavasos dam.

The gypsum aqulfer is refilled by a sinkhole in the river near
Maroni village. However a problem is that only a part of the
flow refills the aduifer. Another problem, creating a schematic
representation, -is.that all water -shatl.reach-the- ocean: when
the agquifer is full.

The first problem is solved by a diversion node with priority
to the aquifer. '

W/Div 4 - The Sinkhole

Gypsun—
aquifer:

-

= . C Onfl . 6

——r -

To sea

Figure 5.14 The schematily represented sinkhole

e
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A groundwater node has only one ocutflow of delivering water.
In our case.we. want two possibilities:

1. Water to the irrigation system and to some villages

2. A'fuil agquifer shall divert the surplus water to the

ocean

The solution of this problem is to use a dam node instead of
a groundwater node. A full dam diverts the surplus water down-
stream. Downstream is in our solution a confluence node. By
the confluence node the surplus water is back to the riverbed

as in reality.

The replenishment of the gypsum aquifer is done in the following

ways:
1. Through the sinkhole, average 1.5 MCM/year
2. Direct rainfalls, average 0.5 MCM/year

The replenishment by direct rainfall is done-by an ihflbw node.

The annual extraction from the agquifer can reach 1.8 MCM yearly.

Figure 5.15 The sinkhole at Maroni village
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Figure 5.16 Section of the gypsum aquifer
(Source: Number 7 in the reference list)

Maroni Diversion

In the Maroni river a diversion is proposed that will deliver

water in the following way:
- Water to refill the Gypsum aquifer with first priority

= Surplus water to the Dhypotamos dam

~

h - :7 V L) L
: To the Pendaskinos river
_ _ Q: , B

To- the Sinkhole -

Figure 5.17 The Maroni diversion



A diversion node in MITSIM has two

-. following way.

outflows and works in the

35.

The flow with first priority gets its target first. The second

outflow gets its target thereafter. When both targets are

reached the surplus water goes to the flow with first priority.

To get higher priority to the Gypsum aquifer and at the same

time get the surplus water to Dhypotamus dam, the flow to

Dhypotamos has priority with a zero water target. In this way

only surplus water goes this way and the water target to the

Gypsum aquifer is met first.

Riverflows Q1< Sinkhole
l target Q

Q4=0,<Q

Pt
l

Riverflows Q1>Sinkhole
l target Q

Q3=Q

Figure 5.18 Function of the Diversion node, Div. 2

’ : |
.z'mz}g__, SN S D 'Lconﬂ-z L
”Coﬁf15 N = ___ To Niocosia
' : < — T ' S
. To the Sinkhole ' To the Pendaskinos irrigation

Figure 5.19 The schematic representation of Marcni diversion
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6. SIMULATION STUDIES

6.7 Tntroduction

The main objectives of this chapter are:

o Description of the optimization with MITSIM (at Vasilikos-

Pendaskinos)

o Presentation of the result

o Comparison between MITSIM simulated system and the planned

system

iy ———— T rar WO A et i N S Nt g v

At first it must be explained that the optimization is not

a real optimization. Only one variable is varied at a time.

If optimization of dams are made the irrigated area is

held constant, and vice verse 1f optimization of the irriga-
,,ted;area is méde,-This way of optimization may lead to.an. .

suboptimization.

"The first step in the optimization is to optimize the storage
capacities of the two main dams of the project. And when the
optimal size of the dams is found, optimization of the irri-

gation area is made.

Finally an optimization of the irrigation area with the planned

dam size was made.

The figure bélow-shoWsﬁ-the area which was optimized.

Results

MITSIM ~ W.D.D.
Kalavasos dam | 14.5 MCM -  17.0 MCM
Dhypotamos dam o 20.0 MCM 15.0 MCM

- Vasilikos irrigation 670 ha 830 ha
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Figure 6.1 This shows the optimizated area

We made also one irrigation optimization with the planned
dam size 17.0 MCM at Kalavasos. The most profitable irrigation

area at this optimization was found to 830 ha (look at 6.3).

6.2 The Basic Proposal for the Vasilikos-Pendaskinos Project

All input data to the MITSIM simulation are taken from reports
published by-the-W.D-D. Facts like irrigation size, dam size
and other variable inputs are the same as they have found be-

" ing the-best for the Vasilikos-Pendaskinds project..

The basic_pfoposal will bé ptesented by means of some ecohomic _

and:hydiblogic'outputs from'thé-MITSIM simulation. The complete

resultrcanrbé found in appendix E. A very interesting figure

is the benefit_coét ratio, which is the acutal'benefits divided
by the total costs. This,tefm shows if the project is profitable
or not. For the whole Vasilikos-Pendaskinos project the benefit

cost ratio is 2.53.



If you take the total cost from the actual benefit you get
the net benefit which figure. 6.2 illustrate.
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Figure 6.2 The net benefits for the different ﬁrojects
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The great net benefit 1n Nicosia depends on the water prlorlty
-ln the ba51c proposal First of all water is served to the
cities and after that to the irrigation areas. In this way

the short fall losses are pressed to a minimum. The capital
costs are also small compared to the irrigation areas (dams,
workers, irrigation equipments and so on). You also get a
higher price for the water to the towns than to the irrigation
areas.

The vegetables in the Pendaskinos valley have a negative net
benefit. This is caused by the great short fall losses. In
the simulation with MITSIM it is difficult to find a good
solution when you have two places which deliver water. The
water comes from Dhypotamus dam and from Groundwater. Cne dry
year when there is little water in the Groundwater, Dhypotamus
dam can not give more water than other years and the vegetables
H get a loss of water. ' '

As mentioned in the previous chapter an eccnomic analysis is
done only for the proposed projects and not for the existing
projects.

Figure 6.3 shows the total discounted costs for different
parts of the whole Vasilikos-Pendaskinos project. The total
costs includes capital costs and operational, maintenance and
repairment costs (OMR-costs). All costs are discounted into

' present value. The discounted value is for 40 years which is
the planning horizon. ' ' .

"’jKFfiédre;ﬁhibhdoonneotStthe‘eConomic-oaioUIationfwith the’Iogsfhﬁ
.of water is a factor called the short fall losses. If the
3}water demand is not satisfied you get a loss of benefits. The
' loss curve -does not have to be a linear curve. Espec1ally the

crops in the 1rr1gation areas are sensitive to loss of water,

because of their tendency to fade. The short fall losses are.
shown in figure 6.4.
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Citrus have greater.Short fall losses than the other crops

in spite of the priority given to the citrus irrigation. An
explanation is that the distribution demand differs over the
year of water from crop to crop, and one single month of de-

ficit is very cevere for the citrus fruits.

The last figure describing economy is figure 6.5 which illustrate
‘the benefit cost ratio for different projects in the Vasilikos

Pendaskinos project.

The connection between the economic and the hydrologic results
can easily be shown by comparing the water reliability with the
short fall losses. The water reliability for Vassirrci, Vassirr-

vi and Vassirrve is shown in figure 6.6.
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Figure 6.6 The water reliability for Vassirrei,
Vassirrvi and Vassirrve

As you can see the vines in the Vasilikos irrigation scheme
have the highest reliability which is connected with- the
lowest short fall losses. The reliability is also higher
for the towns than for the irrigation areas because of the
prlorlty of water to the towns. '

Table 6.1 shows the connection between water reliability
v and: benefit cost ratio. for different objects.

.Objects yearly  Reliability % = . .. Benefit/cost

"Khlrecon o R - 88 . 6.18
Nicosia ' : 99 : - 2.59
citrus - 69 1.89
vegetables r Vasilikos 69 - 2.88
vines ' R 82 .. 1.69
vegetables} Pendaskinos 0 0.34
Safta Lourka irrigation 20 _ 6.18

HMari irrigatiem =~ = . 20 2.97
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Some of the projectsfhave:a low reliability. This depends on
a very unfortunate flow simulation period with two dry years
after each other in the very beginning of the simulation.
When the dams have not had the time to reach full capacity
it is difficult to get high reliabilities; '

One limitation in MITSIM is that the whole project is con-
sidered completed when the simulation starts.

6.3 Optimization

MITSIM can be used as an aid for optimization. The output in
MITSIM is made so that each node is represented. For each node
the following economic output can be presented: total cost,

OMR cost, actual benefit, net benefit and benefit-cost ratio.

The_Dam Optimization

This study is based on data from the W.D.D. studies of the
project. All data except those for the dam sizes are hold
constant. Changes in dam sizes have only effects in the
corresponding river. Therefore changes in both rivers can be

made in the same simulation.
The following storage volumes are simulated:

e Xalavasos dam: 13.5 14.0 14.5 15.5 16.0 16.5 17.0

17.5 MCM

'@’ Dhypotamos dam: 14.0° 15.0 ~16.0 17.0 20.0°MCM
The_simulation-reSults:arefshOWn as dam size corresponding ro
net benefit for the river region. The results are given in

the figures below.

The results for Kalavasos dam are given in figure B. As you can

see, the net benefits are greatest for 14.5 MCM.
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Figure 6.7 The results fo the Dam optimization

W.D.D. has found that 17 MCM is the most economic size.

However, there are wvery small changes in net benefits in the
simulations.

The results for Dhypotamos dam are shown in figure A. The net
benefit increases with dam size. However the dam has its natural
limitationat 20 MCM of storage volume. Therefore the best dam
size is 20 MCM. W.D.D."s has designed the dam.for a storage
volume of 15 MCM. '

Optimization of Vasilikos Irrigation_ System with 14.5_MCM_

Kalavasos_Dam |
'The presenﬁ study;is based on W.D.D."s data. The results of

the dam optimization are used in this study. The dam sizes are
consequently 14.5 MCM for Kalavasos dam and 20 MCM for Dhypo-
‘thamos dam. The.irfigation area is varied in the different simu-

lations. Simulations are done for following irrigation areas.
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Total. Vasilikos . Vass.irr.ci Vass.irr.ve Vass.irr.vi
irrigation area

830 ha 412 ha 261 ha 157 ha
730 " 362 " . 230" 138 "
670 332 211 " 127 "
620 " 308 " 195 ' 117

W.D.D. has designed the Vasilikos irrigation area to 830 ha.
In this simulation the relative distributions of the different

crops are the same for the different simulated areas.

We might get a better result with another distribution, but we
have to limit the number of simulations.

The simulation results are given in the figures below.
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Figure A shows

1. Net benefits for Vasilikos rivexr basin

2. Short term losses (= short fall losses} for total

Vasilikos irrigation system
3. Short term losses {= short fall losses) for Khirecon

4. Benefits-cost ratio
corresponding to total irrigation area.

As you can see, maximum net benefit is at 670 ha irrigation

area. The difference in net benefit between our solution (670 ha)
and W.D.D.”s (830 ha) is rather small. The flat curve of net
benefit can explain the difference between. the solutibn. The
solutions are made with different storage volume of Kalavasos
dam which also affects the results.

Fig. B-D show" sach irrigation drea in the same way. Fig. E "
shows the results of Khifecqﬁ:thdé giving the ecofomy of the
domestic water supply. Finally the following table shows all
the simulation results. '

—— i A - o S A - T - A A . M o . S e T M S S — W ————

Finally an economic study of Vasilikos river basin is done.

- The study is based on the dam size of Kalavasos that W.D.D.
has designed. Three simulations are made, 670, 730 and 830 ha
total Vasilikos irrigatiqn‘area,_The relative distribution of
the corps is the same. W.D.D. has deésigned the irrigation area
. to be 830 ha. As mentioned before a,béttef result can pfobably
zbégachieved-ﬁith;anqther-distribution.;TherreSult of the study
~is shown. in the figure below.

As you can see the net benefits have a maximum at 830 ha in
the interval 670 ha to 830 ha. 830 ha is the cultivated area
today. This' is the same result as W.D.D. found.
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620 Ha

5816.71

Total Poten- Short Actual Total Net B-C
irri- tial fall bene- gation costs bene-— Rati
gation bene- losses fits costs fits atio
area fits |
10%ec 103zc 103ec 10%ec 10%ec 10%ec  10’:c
VASSIRRCI :
412 Ba 4008.77 1451.23 2557.54 392.30 1278.50 1279.04 2.00
362 Ha 3522.27 954,33 2567.94 344.80 1231.01 1336.94 2.09
332 Ha 3230.37 678.18 2552.19 316.30 1202.50 1349.68B 1.12
308 Ha 2996.85 525.21 2471.64 293,50 1179.70 1291.93 2.10
VASSIRVE
261 Ha 3155.82 943.10 2212.72 248.18 722.09 1490.71 3.06
230 Ha 2780.99 646.82 2134.17 218.81 692.64 1441.53 3.08
211 Ha 2551.26 492,23 2059.02 200.81 674.64 1384.38 3.05
195 Ha 2357.80 378.99 1978.81 185.66 659.49 1319.32 3.10
VASSIRVI _ _ .
157 Ha  758.32 197.37 560.95 147.99 318.49  242.46 1.76
138 Ha 666.55 108.28 558.27 130.29 '300.79 257.48 1.86 -
127 Ha 613.42 87.11 526.30 120.04 2890.54 235.76 1.81
117 Ha 565.12 72.70 492.917 110.72 281.22 211,69 1.75
KHIRECON
830 Ha 3872.65 827.90 3044.75 452.02 2592.73 6.73
730 Ha 3872.65 646.56 3326.08 452,02 2774.06 7.14
670 Ha 3872.65 531.39 3341.25 451,02 2889.,23 7.39
620 Ha 3872.65 426.85 3445.85 451.02 2993.77 7.62
TOTAL VASSIRR
830 Ha 7922.91 2591.70 5331.21 2319.01 - 3012.2 2.30
730 Ha 6962.80 1709.43 5260.37 2224 .44 3035.95 2.36
670 Ha 6395.04 1257.53 5137.51 2167.69 2969.82 2.37
620 Ha '5919.75 976.40 4943.36 2120.41 2822.95 2,33
" TOTAL REGION 1 |
830 Ha B375.96 2772.03 5604.91 3.02
730 Ha 8486.46 2676.46 5810.00 3.17
670 Ha 8478.76 2619.71 5859.05 3.24
8389,15 2572.44

3.26
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The advantage with MITSIM when making optimizations are

1. It”s easy to follow up the economy for a specific object,
because the total cost, OMR cost and the net benefits for

the actual node are given.
2. It”s easy to follow the economy for a whole region.

3. It s easily shown what effects the changing of an irrigation -
' area or a dam size means to other projects. Both economy

and the reliabilitY'df'the_water deliVery'can be studied.
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6.4 Conclusions

The results above differ from what Water Development Department
(W.D.D.) has obtained. The simulation studies can not directly

be compared because of the different proposes and assumptions.

Anyway  we will try to point out some reasons that make the

differences.

W.D.D. has developed this project under several years. In their
results not only simulation studies but also other aspécts.as
social, financial, political etc., are taken into account.

The purpose of this study is to show the applicability of
MITSIM at this type of project and how it can be used at an
"optimizatioh“. A complete optimization of the project is there-

fore beyond reach of this study.

W.D.D. used nine separate models to carry through their simula-
tion studies. The different models.together describe the whole
..project.It is obvious that the MITSIM simulation cannot be as
detailed as theirs,. o o ST

MITSIM is designed for steady state simulation studies.-This
means that all water supply, demand targets, precipitations

etc, must be fixed for the whole simulation period. We there-
fore have been forced to assume that the project is fully
developed at the beginning of the simulation period. In practice
the crops have different establishing periods, which W.D.D. has
considered. Vegetables, vineS'and citrus reach their full de- -
mand and productivity.aftér 3, 7 and 11 years respectively.
Thus W,D;D; has less demands for irrigation. during the first
eleven years. The initial storage volumes for the dams are

the same. in both studies, These factors may affect the size of
-the,Kalavasoé dam. Due td the-gfeater demand and relative dry
“years in the beginning'of-the similation period we Eave greéfer
short fall losses. A smalléf dam at Kalavasos giveé'smallér
costs and is therefore more favourable for the vasilikos region.
Qur results may approach W.D.D.”s when increasing the initial
stofage'volume of the dam. Rearranging the monthly streamflow

values so that the dry years occur unaggregated later in the

e
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simulation period could also have this effect. This can be

done provided that the standard deviation is unchanged.

Our result concerning thelgize of the Dhypotamus dam was 20 MCM
which was the upper limit for the dam site. The difference be-
tween this and 15 MCM (W.D.D.)} can depend on another limitation
of MITSIM. The model always calculates in an upstream-downstream
order and cannot feel if one water supplier fails and compensate
from another. This is the case for the Pendaskinos irrigation
scheme where there is two water suppliers. Thus a loss of ground-
water is not compensated for from the Dhypotamus dam even if
there is a sufficient amount of water available. The way the
water targets is chosen will probably also be significant for

the "optimum" size of the dam.

Summary of simplifications and other uncertainties in the simula-

tion study:

o: No respect on social, financial and political

factors has been taken.

© The project is assumed to be fully developed at the

beginning of the simulation period.

o0 Target demands for irrigation areas have been assumed

to be constant during the simulation period.

© The consumptive use of water for irrigation has been

- reduced by a monthly mean precipitation value.

o The.sedimenatibn in the Kélavasos and Dhypotamus dams
have been considered by reducing their'storageivolumes,
The reduction is taken as-the'mean value for the simula-

. tion period | |

o The grOundwéter'aquifers;are described in a rather

_ rough way. - '

o There may be "misunderstandings" in the input data.

This version of MITSIM is not very detailed. In spite of this

we have shown that it describes a complicated river basin rela-
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tively well. One advantage of MITSIM is that it contains
statistics as well as economics and is easy to survey. In
our opinion MITSIM can be valuable in an early phase in
the planning process and give guidance for more detailed

studies.

6.5 Guidelines

The MITSIM manual contains detailed_program descriptions

and instructions how to give input data. However it can be
difficult to understand the function of the program and make
simulations only with help of the manual in its present shape.

A new improved version is coming though.

MITSIM is designed for simulations with maximum 100 nodes.
By adding several simulations large systems can be evaluated.
The ten different types of nodes incorporated can describe

complex systems quite well.

MITSIM has perspicuocus outputs. The program is designed to
check the input data. A number of messages are printed if it
is incorrect. The simulation is not carried out before right
inputs are given. Moreover, the output "idebug" is a useful

tool to f£ind errors in the water allocations.
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VASIIIKOS-PENDASKINOS PROJECT
DESCRIPTION OF PROJECT WORKS

1. General
The principal features of the Project are:

(a) XKalavasos Dam

(b) Dhypotemos Dam

(¢) Maroni Diversion _

(d) Vasilikos Main Canal and Nightstorage Reservoir

(e) Vasilikos Irrigation Network

(£) Pendaskinos Irrigation Pipeline

(g) Kalavasos Dan—KXhirokitla pipeline, Pumping Station
and Storage Reservoir

(h) Dhypotamos Pumping Station — Phase II installations and
connections

(i) Nicosia Treatment Plant and Pumping Station

The dam will be an earth and rockfill structure 57 m high and
will form .a reservoir with a sapacity of 417 MCM. It will have
an impervious central rolled clay core flanked by river gravel:®
filters with compacted sluiced rockfill shoulders with side
slopeS of 4:1.6. The total volume of the embankment will ‘be
1,271,000 m> of which 228,000 m> will be clayfill, 454,000 m
filters and the remainder reockfill, Most of the construction
materials have been found and proved within a haulage distance
of 4 km. | |

" An ogeeﬂcrested spillway, 42 m wide, on the right abutment
S will discharge upto 622 m:/s without overtopping the embankment.
,,,3 m dia. tumnel- through the left abutment will be used for
 river diver51on durlng constructlon and will later house the

- outlet plpellnes. The foundation-rock consists of upper and

| lower'pillow lavas covered'ih.plaéés by river deposits and some
talus. The dam site is tectonically disturbed and exhibits
'_faulting and shearing, A grout curtain will be constructed along
the centre line of the core, t0 mlnlmlse seepage losses.
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3. Dhypotamos Dam

The dam will be 49 m high with the same type of design
as Kalavasos dam and will provide a storage capacity of 15 MCM.
The spillway will pass upto 600 mj/s without overtopping the
embankment, which corresponds to a flood greater than the 4,000

year design flood, The outlet works will utilize the 2.7 m dia
diversion tunnel. '

Bedrock at the damsite consists of igneous rocks belonging
to the Basal Group. Alluvial deposits in the form of gravels
cover the valley bottom and have an average thickness of 5 m,
These will have to be removed and the dam founded on sound
rock. A grout curtain will have to be constructed in order
to minimise seepage losses below the cutoff of the clay core.

The total volume of the embankment will be 868,000 m”
out of which 485,000 m clay core, 104,000 m3 filters and
- 582,000 m5 rockfill.

4. Maroni Diversion

A diversion system will be constructed to convey excess
flows of Maroni River to the Dhypotamos Reservoir. It will
consist of an overflow-crested diversion weir providing -
aquuate head for the diversion of A1 m3/s forming a lake
hav1ng a storage capacity of 50,000 m3 and safely passing a
flood of 412 /s. This will be connected to a concrete lined
canal about 40.-3> km long including a 550 m long tunnel, several
syphons and a drop structure into Dhypotamos reservoir.

- 5. VNasilikos Main Canal and Nightstorage Reservoir

A canal will be constructed about 410 km long from
Kalavasos Dam to a site above the Vasilikos'Irrigatidn Afea
where it will terminate in a 20,000 m> regulating reservoir
~to-be_cohstructéd from local materials compacted'to form 7
-embankments and covered by a synthetic mémbrane;to achieve
'watertightness. The feservoir will store canal flows not
‘used by farmers, for an 8~hour period during the night and relgases
will help meet peak dayfime demands.'_The,canal will have a
capacity of 650 1/s5 and be constructed of reinforced copcrete
in a rectangular shape.
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6. V¥osilikos Irrigation Network

pr=—pr

The net area to be irrigated covers 830 ha. The
distfibution system will be working under pressurised conditions
with pipelines buried along the farm access roads. Each delivery
pipeline will provide suitably located outlets along its length
and each outlet - located so as to serve two plots — will consist
of a common valve and two valves and two watcr meters installed
in parallel, water will be supplied from the Tokhni Nightstorage
Reservoir through a main conveyor, 700 mm in diameter. A part
of the area  {about 205 ha) which is situated within the Vasilikos
river valley will be supplied with irrigation water directly from
the main canal. OCertain sectors of the area to be irrigated will
undergo Land Consolidation. '

7. Pendaskinos Irrigation Pipeline

e r

This is a 19 km long pipeline to be constructed along
the river valiey and serve an area of 225 ha, About 450 ha
of this area are existing citrus plantations which are at
present irrigatcd moinly from groundwater. After the
construction of Dhypotamos dam and the expected reduction
of replenishment, this area will have to be supplied with
water over and above the future safe yield of the aguifer
and will be extended to cover 225 ha. A section of the
pipéline, 3.2 km in length, from the proposed domestic water
Pumping Station below Dhypotamos Dam down to its intersection
with the existing domestic water pipeline from the Khirokitia
Treatment Plant to the Larnaca-Famagusta orca, is being
constructed by the Governmeﬁt'of Cyprus prior to the Project
~to deliver part of the excess water in that system to the
hew‘pipeline being built from the Dhypotamos Punping Station
. to Nicosigc. This will pfovide a femporary supp1ementary water
- supply to Nicosia until_the'dam is completed.' When Dhypotamos

i  Dam is completed, and its multiple purpose water supply

V-become available, that section of the pipeline will be
- reconverted to irrigation use.
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8. ZXclovasos Dan-Khirokitia pipeline, Pumping Station
and Storage Reservoir

LY

This component of the Project will serve for the
augmentation of the Famagusta-Larnaca water supplieé by
allocating about 2 MCHM per amnum of the Kalavasos Dam water
for this purpose. From the dam a 450 mm dia raw-water main
will be laid roughly following the river course down to a
point Jjust upstream of Kalavasos village at which a Pumping
Station will be constructed. The pumping main will then rise
towards the HE and will discharge into a concrete reservoir
to be constructed near the Khirokitia Treatment Plant with
o capacity of 2,750 m3. Thence the raw-water will be conveyed
to the sedimentation tank of the Plant for treatment and
conﬁeyance to Larnaca and Famagusta through the existing systemn.

9. Dhypotamos Pumping Station — 2nd Phase Installations

The Dhypotamos Pumping Station will effectively house
two systems. One system will be able to pump raw-water to the
 Khirokitia Treatment Planit through a suitable connection with the
existing Lefkara-Khirckitia pipeline and the second system
will be able to pump raw-water to the proposed Nicosia Treatment
Plant via the new pipeline now under construction. As mehtioned
under (7) above the excess treated water from Khirokitia is now,
as part of an emergency scheme, being diverted to Nicosia via
the Dhypotamos Pumping Station. |

In this scheme the Pumping station is being built and
equiped with the second system of pumps mentioned above which
will act as booster pumps for the conveyance of the treated
water from Khirokitia to the Stavrovouni balan01ng tank and
thence by grovity to N10051a.

- As part of the Vaslllkos—Pendasklnos Project the flrst
Sét'of pumps mentioned above will be 1nstalled and the
necessary connections made to the dam raw-water outlet and
1'the nearby Lefkara-Khirokitia pipeline.
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10. Nicosia Treatment Plant and Pumping Station

. The site chosen for the Treatment Plant lies on the
Dhypotamos-Nicosia pipeline route adjacent to the Nicosia-
Limassol road and at a distance of 36 km from Nicosia. The
Plant will provide for the following stages of treatment.

(a) Prechlorination

(b) Coagulation ~ Sedimentation

(c) Rapid gravity sand — filtration
(d) Chlorination

(e) pH correction

The works will have a maximum capacity of 20,300 m3/day
but provision will be made for their future extension to
- 34,800 mB/d. Storage will be provided upstream and downstream
of the Plant to enable continuous operation despite the fact
that Pumping Stations will only be operating 18-20 hrs/d on
relatively cheap off peak electricity.

A pumping station will be constructed next to the
Treatment Plant which will be similar in head and discharge
capacity to that part of the Dhypotamos Pumping Station that .
is to pump water to Khirokitia (Phase II installations).

. Treated water will be pumped from there to the Stavrovounil
Balancing tank from where it will gravitate to the Nicosia
Terminal Reservoir.
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Appendix B

APPENDIX B

Presentation of the Nodes
Used in MITSIM
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In this appendix we have intended to give a more detailed
description of the nodes used in MITSIM., The most important
input for each node is given. As to the output we refer to

appendix E.

To describe the commeonfeature of most river systems, ten
different types of nodes have been incorporated in the model.
MITSIM=-1 is designed to simulate a river basin with up to 100
separate nodes. These nodes and their maximum numbers are listed
in table B1.

Table B1 The nodes represented in MITSIM

Symbols Name Maximum number
Start or streamflow input node 90
Considered and existing reservoir 35
Reservoir and hydroelectric plant >
-Considered and existing irrigation area 20
Considered and existing municipal and 9
industrial water use (M&I-node)

Diversion node 10
Confluence node 70
Groundwater node : _ - 15
Low flow node 5
.TErminal'node_ o . ' <100

. Start Nodes

Start nodes represeﬁt'locationé'ﬁhere'natural flows as well
as intervening flows enter the system. Therefore start nodes
must be located at points in the river system where flows

- from tributaries, from lateral inflow or from groundwater are
considered significant. For instance this is the case immediately



64.

upstream of an important water withdrawal. Diffusive inflows
located between nodes of  interest would normally be aggregated
to one start node. '

Input to the start nodes must be "original flows" which
means flows that would occur if the basin was undisturbed.
The model accepts monthly streamflow data from disk or tape

as well as cards.

Reservolir Nodes

A reservoir node represents either:

1. A storage reservoir alone
2. A storage reservoir with an associated hydroelectric plant

3. A run—-of-the-river power plant

No powerplants are involved in our study at Cyprus, therefore

we concentrate the discussion to the first alternative.

For the reservoir node the storage volume is calculated for
each month. From this volume water is allocated to different
users and/or to satisfy a downstream minum flow in the river.
The node can have two outlets of which one has priority (Fig.1).
For these outlets monthly target releases are specified in the
-input. ) ' '

First priority
! backwater release
¢ specified for
irrig., or M&IL

Relzase target
- specified to meet

o iorit
Aownstrean ‘demand Second priorlty

downstream release
target specified

Figure B1 Different flow schemes for reservoir nodes
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The operation within the node starts with a calculation of
available water. This amount is received by adding the inflow
during the month to the water stored at the beginning of the
month. From this value the evaporation during the month can
be subtracted. Then the water is allocated according to the
"Standard Operating Policy" to different water users or to
satisfy downstream low flow target. This rule is divided into

three cases, which depend on the amount of available water.

In Case I, the available water is insufficient to meet the
target release. All available water will therefore be released

in an effort to at least partially satisfy the demand.

In Case II, there is sufficient water. All water not required

for immediate use is stored for future use.

In Case III, the available water, after demands have been
satisfied, exceeds the active storage capacity of the reservoir,
All water in excess of this capacity is released downstream

and registered as spill.

Some of the most important input data to the node are described
in table BZ2.

" Table B2 Most important input data to a reservoir node

Hydrologic Data Economic Data ,

- Storage volume and e Discounted capital and OMR

surface area as. functions of costs as functions of water
water elevation elevation for the full

S . voir.
Monthly target releases; i.e. for reservolr

- .downstream or possible backwater
withdrawal ' :

- Initial and simulated storage
volumes for the reservoir
Minimum and maximum storage
volumes to which the reservoir

operation is constrained for
each month

Monthly evaporation values
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Irrigation Nodes

These nodes are used in MITSIM to signify the river-related
effects of irrigated agricultural activity.

To each irrigation node is given a target of the monthly water
supply; This corresponds to the size of the area and the
cropping pattern. The expected monthly walues of effective
precipitation can also be given as input. If the inflow to
the node exceeds its target demand the surplus water is sent
downstream. (Fig. 2). When it fails to reach this target, all
water is diverted. Convevance losses, which return to the
river, can be subtracted from the diverted water.

Inflow to
Yiir;ig; node
l . Diverted water - Inflow to
- ‘ —_>— irrig, l
' jarea
| ' itself l
Surplus . Coﬁﬁéyance ‘Consumed
water V . losses Y iwaterq
o N ’ ) o ) . . mmeeme -
| . i(los# from
'gystem)
I ' _ - P | 5Unconéumed
'| _ water l
| ——— ‘
_ - . Return flow ' . Percolation
‘ . to river o - | water to a
' # : ' ' possible |
_ ' : Ylaquifer
L . ' -
- Outflow from -
?irrig.

Figure B2 Irrigation node schematic
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Unconsumed water can return to the river basin depending on the
irrigation efficiency and the effective precipitation. If
itrrigation efficiency is hundred per cent and précipitation Zero
all water is consumed. The returning water percolates to an

aquifer and/or reaches the river as surface water (Figure 3).

i
Inflow +Inflow .

Water in
excess of .
. Tequirement Unconsumed
L '  irrig. water
iExcess of inflow C '
iplus unconsumed

irrigation water

-Inflow
L ]
oot e eh
1 Percolated
o ! water to an
- - = . aasociated
. aquifer
Unconsumed I
portion of
withdrawal

Figure B3 : Irrigation return flow schemes -
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Table B3 Most important input data to an irrigation node

Hydrologic Data ' ' Economic Data

- Irrigated area to be simulated ® Discounted capital and OMR
costs as functions of

_ irrigated area

Monthly target demand to be

diverted to the irrigation area e Annual long-term benefit

per hectare
. Expected rainfall for each month

of the vyear ® Parameters of a quagratic

loss function (y=ax™ + bx)
Consumptive use for the crops used when calculating the
within the irrigation area for short term losses

each month '

- Irrigated area to be simulated

Conveyance losses and irrigation
efficiency

Municipal and industrial supply nodes (M&I) represent concentrated
water demands for domestic or industry use. As input such demands

are given as monthly target values at each M&I node.

The diversion rule of the M&I is similar to the irrigation node.
This means that inflow exceeding the target flows downstream in

the river.

The consumed water is given as a percentage of the M&I supply
for each node. The unconsumed water is added directly to the

river or at another place in the river system (fig. 4}).

o | o _ ‘ y _Inflow.
Inflow - o <:: o
\ _ - Excess -
of inflow :
! ¥ Unconsumed'
- - ) " water
g Excess of
¢y inflow plus
- unconsgumed

water ' {

Figure B4 Ma&T return flow schemes
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Table B4 Most important inputdata to a M&I node

Hydrologic Data Economic Data
- The percentage of the water e The long term annual benefit
demand which is assumed to per unit of water

be consumptively used e The short term loss per unit

Total annual water demand of water, not meeting the

-Monthly target demand for demand:

each month of the year

Diversion Nodes

Diversion nodes indicate locations where water is diverted from
the river for a special purpose or to be transferred to another

tributary.

The diversion rule gives a downstream release priority. This
means that water is not diverted before the downstream target
is met (fg. 5).

Inflow

Target
diversion

o

‘Downstream
release has
" priority

Figure B5 - The diversion node

Table B5  Most important input data to a—divefsidn.ﬁode:

riHydrologic'Data : : ' "Economichata_

e Designed diversion flow capacity orDiscbunte& capital and.OMR
costs as functions of

® The target diversion for each designed diversion flow

month _
‘The downstream target release
for each month
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Confluence Nodes

Confluence nodes describes points where several upstream river
channels or man-made conceyance structures converges or where

flows from water users return to the river.

The node adds two flows together. When more than two flows
converge they are subsequently added two by two (fig. 6).

dbnfluence

nodeg ¢
' Reservoir
. River Basin Lay_out' Schematic Representation

Figure B6 The use of confluence nodes

Groundwater_ Nodes

The groundwater node operates much like a reservoir. Monthly
targets of water to. be pumped from the aquifer are specified
~as. input.

Recharge may be simulated as a-percentagerof,the unconsumed.
irrigation water. As in our case it can also be filled up .
directly from the river (fiqr-7}. A grbﬁﬁdwater-has only one
-outlet. | o -
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F
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Figure B7 Recharges to a groundwater node

The groundwater node describes an aquifer in a rather
approximate way.

Table B6 Most important inputdata to a groundwater node

Hydroleogic Data Ec¢onomic Data
e Groundwater head levels and e Pumping energy cost per
pumping capacities which kilowatt~hour

correspond to storage volumes

e Maximum and initial storage e Capital and OMR costs as
volume . _ functions of installed
groundwater pumping capa-
e The annual groundwater target cities

to be pumped

e Monthly supply target for each
month of the year

These nodes only register flows at locations where minimum flows
must be maintained for reasons of water quality, fish and wild

life, navigation etc,.

~-For each lowflow node monthly minimum- targets flow are given

-as input.

Therminal Nodes

These nodes are the endpoints or boundaries of the system and:

usually represent outlets to the sea.
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Part 2:

Information about node connectivity. The names of the nodes

which are immediately downstream and upstream of the actual
node.

Information about cost- and benefitléllocation and desired
output.
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Part 3:

Reservoir node input.

Information about the

releases,

CKALGAR

L
LA
LA™
Loair
LA
D
LAp

CAM
DAM
CAin
AW
CAp
DAM

ko4
(=8
<

ARV
AWy

--rF—-rrr—Fﬁr—

TTOTRRRA®XRE ¥ w2
VA BB TP E B> P

o
- -

GYPS AV

el
- <o

[T - A T Yy E el o R -]
TTWTTTTTETTD

=

-

[t ] g, o =
R
TR R EE TSI LD RS S

PP LI oR LT
WL ECLE &

mTTTT
> 7

LEF LAM

o ol el alalnt alatel nlUnlats
~« ~C=C MMM M T T T T T T
YOV FATMMTETET T TTT T
CToooDDooosCoT
rPREBER»>EBDED
FIFIIZTTITEIZTT

oTo

DHYE , Dhw

CoooCoETRE
TITTYTIITIT

FLUAM
DhYk olopw
OkYF DAM
DHYF . DA®M

evaporation

e
Trdad

U
Tr3250100 01
Toliabl

R RN AT
1fU.hu

Liarl
1( LU
1(.Qh
[
Oali
li.L
Cali
hﬂ
Ul
i,

[/

1oy .Ul -

2Fentui
ToY .6l
alouli LU
: 1h9 l.¢
.fé
1h LL
15

design of the dam, monthly target

etc.

[EI

178t

Thetsuully
[Tt
olobyoul

175G

Veld
Tu,UU

17Uy
sy
li.Ta
a3
laed
el
l.rjq

L

dub iy
Uaul
2.hl
4,90
(ol
[ YTs]
Y H]
Ualy
loe2%
Ualh
h.dh
dll
n.]r
Oglbr
Hally
llalin

.y
Uale
uull
Uali
Uat
EREINHH

-

[
14T

FAvhAvu Ly

Aélabl
&by 1900
B Y i . X1

L, =1
Te s
T9%.uu

L.u
1% 17a..6u
1Udunnu.hn 2Uab2ld UL
1¢%. 176.Uf
auﬁrj,uu dohdu, 00

irs.0u 1ed. Dl

L M43 U.88
19450 16450

S.hU 2.hu

gl 0.0

Uat) v

(] V3]

Uali 71.90

Uatl 129.¢14

Ul 191,00

lial) 217 B0

[} 1l 27 a3l

T 151,20

Gatl -

0ail 1%.30

Uil 0.4

Ual)

Lol 0.0
U.i (i
Lol ULt
Lt 0.1

] Gy
0.401 Ui
48U 0.t

n.no 2.5U

0. LD

h.U ‘-U

vl a0

[T} | 0.0

Gl Uali

Ul lig U

el dal)

(i 0} Ual

o i 1)

[T 1.0

ot bal

Ualk afl

() ats .

lig Ual
L.l fral)
Gall 0.1
Gooli u.n

Jet.ul. 33u.
Gty U.2¢

00 2.50
16.ul 037
LU 0.0
n.u .U
i.d U0
[i a0} 64,90
Ga0 12440
0«0 188220
U0 217 .T0
I}a dUb.7U
U0 146,71
al 68,40
Mtal) 3.3
al) 0.0
_La0 o

173,50 175.50

131650000
173,50
I IEMYL

0291
b o )

1o L7000 .G
C 165 .51

Hussd..0U
5.5

- -
[ 2
a
oo
facpiny

(=

L B PO C PO ST W

YT SR
oA SR O =
oo aNCaE=SOmT

cooocCcocs

. 1¢é.5U
ZUFYL0G L 0L
170.

50

G851 .01
1(6 5u

H.bh

17Ul

RPN W W S W
R
[ O WO N N R W Y
cocoooToso

1Ted .50

1(5(:nu
aﬁﬁdﬁ
1

-
ox—

-~
-

A0
<ol
_(l L

»
LI ==
o

iy g

T S S R S S ]
P At

cooTcoCcoooo

—_—

77.

Ao m e

SoocoeCcoCcococo
cooo

F S N F 8 F o o
(=
et

-t el . e md ad oS 3

ey e oo o =t

E R N B aF F AR P oy

AU SN g W W N IV B LW W ] el

—

o

[+ Sl agll e
-y ¢ 8 0
[ ot orf ot ]

LTy
=
=

ey
[- Xl
=

Ll Do L Ll Lt Lot Lt L b €0 w0
T L e BT Asada

0 06 0o 06 000 G0 & (o 00 D0 Ge € b
L& W TR TN RV RN, [0, JW WL KN N, IV )

180.0U

18560ul
T1adalith -

9163“.0U
1& Ui

T

coooco

LGN S LSRN N
conocoocococo
RN

coococococooco

oo



Part 4:

The names of each confluence ncde.

Part 5:

Information about the monthly streamflow data.
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Part 6:

Irrigation node input.

Information about size, water demand,

longterm benefit, costs etc.
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Part 7:

Target diversion, downstream release and

FaRIi

Information for diversion nodes.
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82.

Part 8:
Information for each M&I node.

Water demand, annual longterm benefit etc.

Part 9:
Information for each groundwater node.

Storage volume, monthly supply target, costs etc.
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Part 10:

Low flow node input.
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APPENDIX D:

The "idebug" output

from the Basic Proposal
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85.

Explanations:

A

B

Inflow to the node (m3/s)

Outflow to the node (m3/s)

Storage volume in reservoir-at the end of the mqnth (MCM)
Waterlevel in reservoir at the bheginning of the meonth (m)
Waterlevel in reservoir at the end of the month (m)
Produced energy (GWH)

Spill from reservoir

Target demand for Mg&I (m3/s)

Storage volume in groundwater at the end of the month (MCM)

OQutflow from groundwater; i.e. pumped amount (m3/s)
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APPENDIX E:

OQutput from the

Basic Proposal
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GENERAL [HARACTERISTICS OF SIMULATED SYSTEM
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UVEKALL PERFUGERANCE OF SIMULATED SYSTE® 92.
SYS AIDE
NOTE:  ALL COSTS AKF AHE DLSCOUNTED
ALLQCATED COSTS NOT INCLUBED
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PENIHRCT 150, 14 1.3 Gl Ll VY] 0.0
PEMNTEHVE 5. C.o 1.3 Ul 2uz2.00 21,01 223,461
5. MUMICIPAL Aanp [NOUSIHTAL wATER SUPPLY
MAME DIVERSINN TEARLY AVERAGE HELIAWILETY CAPIFAL DISCOUMIED TOTAL BISE
CAFALITY TARGET YEAWLY (I MOMTHLY CQ%TS Umk 0STS CCSTS
QEPAANE SUPPLY TAHGETS MET)
MER/YR MCH/YTR mCu/YK ] d R 3
HPRS _USETAA** sk hw 2.7 1.3 93.d7 W o) .9
NP USEZasanwanihd U0 ol KT T kg (} 6 i 0 ,1)
WBS USFSkmadatana Gaf a3 ro99.,47 ol Gan .0
KHIKECHN A s mhxap Cals lad ad.ch Hail 0.l ULl
FHChELKZhwhhdhnh 2.8 2.9 dd.dh I Uad LU
NICOSTas hawmunes 5.2 " 5.1 wA.es 0. 0. Q.0
KHLRPFLe Taduknirnn 5.2 34 LT .4 .U 0.0
Kh[RLUKT xdrxihxkh L H T.3 d2.74 0.4 (1] 2.0
HELL LCURxwndxkrd i ad u.l 7é.L4 u.d [T vl
4. HYDROELECTRIC PUWER PLANIS
HAmF TRSTALLED DEPENMDAKLE T0TAL  YEARLY CAPACITY CAPIFAL DISCOUNTED 10TAL DISC
CapaCInr ENEHGY PUWER FACIOR COSTS UMR COSTS CasTs
GENEWATIAON ,
. - CAVERAGE) i
e thlnu Giek/ NG a : i
Nl FCWER PLANTS TN THIS SYSTEM
5. GROUNDWAIER DEVELUPMENTS
NAME PUMP YEARLY AVERAGE RELIABLLITY CAPITAL DISCOUNTED ToTAL QLSC
. CAPACLTY TakGel TFARLY (2 mOMTFHLY CQSTS: OMw CuSIS COSTS
. DEFANG SUHPLY FARGETS M4ET)
ik 5I5EC LR FAT mCw/YH . I 8 a
vASSUK i 1. by 9d . -1 .0 ol .0
RH.md [EF - U Ve 1 Ybhartr | .0 Watt u 0
6. IMTHA=RASIN TRANYFEHS
NAME  CAPACIIY YEARLY AVERAGE RELIMEILLFY CAPITAL DLSCOUNTED IOTAL oIsC
. . TARGET TRARLY (X MOMNIHLY costs UMR CUSTS.. COSTS
" . NEMAND - YUPPLY TARGETS MET) . -
CNCHSYR T MCE/YR eCM/YR B . C | A Y
DIV TANwduakas Ta i Ga 85 .57 0.0 0.1 0.0
DIV Zwrndxiind 1 .. ' ’ - Ha_i0 445 .01 39 .58 504 58
DIV Shaamndsin S  5a 94 60 196200 THY L1 214y .10
BIV Lihrnshdzh Q. : 0. - 1040 n.u 0, 0.0
NRTY Skdkimuhkrds 1. S .- . QY .H1 0.0 oo U.u
DIV Smmwwaaisn i, ’ 3. Q.15 [+ Y] gt} 0.0
Ta LOw FLuyw LUCATIUNS
MARE PURFGSE 1L0% FLUW AVERAGLE WELIABILITY
! IAHEE]| ANHIPAL (X ANNUAL
BEFICTT {ARGETS MET)
“rx3/SFC pARSISEC X
SHAMHECK DTFLNs T Y /e e 21

GYPLRECK LMELGW . T R A eult Lol



PedFONFARCUE EVALUATICN FUF  hESERVUOIHW: LEF DAM
 EE TSSO R R E R EES C R T EEEIRSEESERE=S==SE=ES
GENFRAL CHAWACTERTISTICS:
MOR®AL WAFEK SUHFACE ELEVATION P.S.L.-= 357,00 M
max i1 POIENTFAL STORAGE CAPACITY.iaa.= 13.9 mCw
TOTAL STORAGE CAPACITTeiweecanecaadmnes™ 13.9 MCp
MINIAUA TaHIGATION STORAGE ceveacscsanes: 1.0 HCe
MARIFUM STOHABE cnuuaannarnnmessacnacenad 13.9 mew
MINTRU® STUHAGE c s seaananasanaannsanand- Tl mCm
OPENATING POLICY i euccecnremcnecnaasaas® 4
MONTHLY PFHFGFNANCE'
EESSETEESIEIEZIDSSSI=SEE
JANM FER MAR  ARR  MavY  JLm  JUL  ALG SR OCT NIV ODEC  YEAR
MAY STGA THGEMCAD 13.9 15,9 14.9 13.9 13.9 13,9 13.9 13.7 13,9 13.9 135.9 13,9
FIN SION TaGOFCe} 1o 1,0 1,0 1.0 1.0 1.0 1.0 1.0 124 1.6 1.0 1.0
2 AT maggmce 3.6 7.1 1007 1GLF rLb o ul O U (. e DG 1.0 T.aT .4
AT EINMIML® 1007 9.4 9.4 T4 9.6 10,7 10.7 14,3 14,3 17.v 19.6 19,0 11.6
MEAM STURAGE 5.9 an.7 7.3 7.3 Tl 6.8 6.6 6.0 5.6 5.2 4.9 5.1 6.2
STANUARD DEV  J.6 3.9 3.9 4.0 a0 4.4 3.9 3.8 3,3 3.7 s.60 3i.4 3.9
COEE OF VAR Lol 0.0 1.5 (.9 L.t 0.4 .48 Guo 0,7 U,7 0.7 U./ B.&
AVF SAILL(PCM)= Guah 021 Ui G.0 Gou Gob woel 00 0.0 0.0 G0 DLy 1,9
AVE RELEASET(MCH) tie (.6 0.4 Wl Lo L6 Uua liga 0.6 . U4 U.s 4.7
AVE RELFASEZ(MCw) UL g4 0.0 F20% ) B VI R T T P N I B | .l by ULb
anO0TE~SPILLS MAY INCLUDE WATER PASSED JHRUULGP THE TURBINES THAT OTHERWISE WGULO HWAVE BEEN SPILLED
MONTHLY STORAGE WISTOGRAM
ARSI EEXadasASaA===3
STORAGE RANGE(PCN)  AROFORTION OF TIMES WITHIN HANGF
FROM © JAN FEB NAR . AFR mAY JUM JUL AUG SEP OCT MOV DEC
1.0 2u¥ouLa0 17 Uei3 0,13 Uald 0.16 0.20 0.29 0.32 0.36 0.30
Cad 3.6 .14 CS U.lb OQLC7 Uald G106 0,16 U092 011 011 U184
3.6 G.% U164 Y4 Galé D10 Gou9 013 011 Ga11 Ga0i9 0.0G7 Gu0f
o a1 13 TY Lo FF 04T G T 0,09 0,69 0211 0,07 G.13 6,09
ho 7.4 U.07 207 Ga1d BT 0217 G.GF 0211 0213 Ual6 0.u® U.11
P I TIN . Gh ol GJ0Y Coth Lold ULLY Holts oG UG 0.0
ALt 160.6 NaCa L9 U1 u, iy Ge02.0,6 0.0 0.0 G.05 0211 0.07
= iy 11.3 0.7 €2 G0 Q.6 0.0 0.05 9,11 0214 0.13 0.11 0,11 ;
T 11.3 12.¢ 0.C7 H7 watl9 G171 0,14 10,11 0013 .11 0,07 §u.C6 U.US
- Y2.0 V3.n 0.Ge 14 L.1é G la .10 (.U9 d.U2 1.0 . 0.0 .02
T ¥iLErknwana U L G U U 0. U.C 0.0 €.0 Uau Nl 0.0 0.0
PERFORKANMCE EVAILUATION FOR SUNFACE wATER SUPPLY FOR FMUNTCIPAL AND INDUSIRIAL USE ATy KHCHECKR1
b & : E ST S S TS ESEY IO TS TR T I O L F ST IS S A ST T ST R AN IS SIS S ESEST =SSR
GENEHAL CHALCIERTISFICST,
EnSErFrrymCE=mgS - ckCcETEm
MAXIFUR FOTENTIOL DIVEKRSION CAFACTITY cinaae = 1,00 MamR3/fSEC
DIVFRSION CAFACITY o ncauncmrsssanananana = Uo37 MRxS/SEC
101481 nrnﬂwn..;..-...............-.;-..... a 5.0 MCr/YR
CONSUMPITVE USE PEFHCENTAGteceanesansaaanes = Ut X
MONTHLY PEHFGRMANCE
EESxoSE=TS SIS o=T
R - o JAN  FEU KAR APR MAY JUN  JUL  AUG  SEP  OCT MOV DEC
TAKGET PEMANL (MCH) - h et 3 U.A! 0,43 (G.43 D263 U685 01,465 U463 D 63 0,45 0,63 0,658
RELTARJLETY (% TLFES TAHGETD FET) - B4, . 99, 95, Y& .  HA_ . Ho. w4, A0, ’auf
AVERAGE DEFICIT (mMer) ULy H.l} HaGe N.0T 0,03 0,02 Gui& 0,05 (.0s D.Us (.08 0,0
MEAN DIVEPSTON{rCK) U 40 Q.62 oud U a2 0,42 U,671 039 .37 0057 037 U368 0.55

RELIABILITY FOH
5Y% WIDE

IkplyILUAL PRUOJEDT

93.
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PEREORMENCE EVALOATION FOF SUNEFACE WALEK SUPPLY FOR MUNICIPAL AND LNDUSIRIAL USE AT: UPS.USE?

EEEEE—EEEST ST oSS SCS SO S ADS SO S S IS IO EREE T T I TaT S R SR EAN IS SRR ITEEERSISSSEIFEEITESEX

= 2.5U0 Ma*3/SFC
= 2.50 MaX3/SEC
2 o7l mMCBPIYN
= 100,00 %
JAN FER MAR APE. MAY JUN JOL  AUG SEP 0CT NOV DEC
TARGET DEMANC (n(CF) re@l Q.G o 10-0.15 0,25 0,43 U, 48 U.03 .38 U335 0,15 030
FELIARTL DI (X TIMES TARGELD MET) 100, 100, 9 25, HY, 3B, - U 24 {. 14, 10U,
AVERAGE DEFEICTE (MCi) . a0 n 00 0,01 1.02 N212 0224 UL3T 0,31 u.25 U.u8 0.0
MEAMN DIVFFSICHINMCR) UelD Dail 21U Uatd 0alh UadT Ua2U Uel2 liabf UaU8 (.07 U.0
PEHFOPMAKCFE FEVALUATION  FOR  RFSERVOILIH: KALDAM
T T E AN S S E I SN EESCSEOSZESSESNTERSEIR
LFNFRAL CHAKACIFRTISIICS:
IS EmEES S S=S=SZ =SS ==SST=3DC
NOKMAL “AITER SUFtACE ELEVATION F.S,L..= 176.5 M
MAXJRliM BGIRATIAL STUPAGE CAPACLT oo oot 1¢.10  MCM
TOTAL STCHAGE CAPALIIY tinveunovnanumnas 17.0 MCHM
MINTRHM [ RRIGCATION ST0KAGE caceanasmneeT 1.1 MCh
MAXTMLE STURAGE ey aesasansssasrnarenas™ 14,0 MCM
MENTMIM STURAGE ey mwumeennonannonnmes™ 1.1 MM
QPFRATING PUE (LY uuasancenornanmanvanes™ 4
MONTHLY PFRIEORPRAMNCE!
EnrSFoSSC— =SS ===T===2=
JAN  FEH  ®AR  APK  MAY  JUN QUL AUG  SEP OCT KOV DFC  YEAR
FOR TRGEMOMY a0 1A 0 14,0 140 Y400 140 16,0 14,0 14.0. 16,0 160 16,0
TJek TRGGFLYY 1.1 1.1 1.l 1.1 el 1.1 het 1. 1.1 1.1 1.t 1.1
T oar mpaxImpe  Fo1 2104 39,3 41,1 3.1 (L0 O.b )L n 0.0 0.0 0.0 1.8 11.9
T AY MIN]IMEN [P .6 F.6 J.f 5.4 Fal 16,1 21,4 21,4 25.0 32.1 28.46 14.6
FEAN STORAGE 7,2 9.0 10.06 10,46 Th.0 B.9 7.7 6.5 5.6 5.0 4.6 9%.3 7.5
STAMBAPD DEV a.¢ b 4.5 4.2 bdat bG,2 4.0 3,6 3.2 3.0 2.9 3,7 4.4
COFF  OF VAR U.é6 U.b L.h U d U.d 1,5 U5 U.6 [oé U.e di.s 0.7 U.b
PILLOMEM )= el LHO0.9 0.5 G.1o 0.0 n.t 0.0 0.0 0.0 1.0 b 2.5
EIFASEICRONM)  DL.3 u.a el a2 ULE 1.2 1.2 1.2 0.9 0U.6 U.5 U.b 7.5
FIEASER2(MEN) .0 T I I L v O I | O O P Y G U .
~SPILLS mAY INCLUDE WATER PASSED JTHEUUGH THE TURRBRINES THA' OTHEKWISE WOULD HAVE BEEN SPILLED
MONTHLY STOHAGE HISTOGAANM
TR SIS EDZEASESSESERES=SE=®R -
STORAGE KALGE(NCM) PROPORTIUN TOF TTMES WTTHIN RANGE
E kM [u JAw FEH MAR APR  PAY JUN JUul ALUG SEP OCT WOV DEC
11 2.7 0e23 014 0,07 UL07 10.09°0006 1,21 0,21 0.32 .0.34 0.38 0,359
F a3 0211 (U7 0.1 GowY U.h( Ualls 0,02 (11 0,05 (.09 1,05 D07
4.3 5.6 DL0Y .07 Lala u.Uh 0205 Gatthd (hogvy UL0% 0,09 D07 .09 (.09
5.9 7.5 ULCY% .71 D,U% U & u.n9 e (19 1,11 n.uf U9 N 14 030 0,13
(] Uoth Tk 0 0% O.0¢ 0L09 UG5 0,09 009 0.07F U.4d 0,36 0,16 U158
9.0 TGk 0 G Caliy GoLrd G117 D.67 LLHY G407 L.63 02Us .0 0,02 V07
A, s T 172 UL IS L Th G GLUR LG8 Dotk NoaS U.Ud .0 0.0 0.0 0.07
1¢.2 A8 0.0Y D i 0,08 9 Uu21 0,38 0.0 0.0 U 0.0 U.0 .l
13.8 1hod .07 G2t fi 86 paat 0,24 Ul Ul Ul 0.0 - U.0 U 02
15 4 1726 Ul 0l gy ed UGG Don Ul ULU Gl0 0.0 0.0 0,0
Treltesawdns G0 Jv,t N0 ~ 0.0 Ul0 0.8 G.G 0,0 d.0 o, hofi . Bon
PERFORMANCE EVALUATLON FoR IN{PA~HASIN [HANSFER AT: oy 1
ST E T ST CT oS aSOgEEIEECSNAST SIS SSEIESCEAENSANSETIAZIOX=I
CRAXEMUN POTENUIAL GIVERSION -CARACITY © 3.00 Max3/SEC
DIVERSTON UAPARCTIY 1.00 Ka*3/SEC
MONTHLY PERFORMANCL
EETESTESEr-SOSICSSrgsac
JAN FEB- MAR APR  MAY  JUN JUL aUR  SEP. OCT NOUV DEC YE
TARGET DIVERSIAN (uCM) 1 uLton Uu1 a7 1.1 1.2 1.2 0,9 0.6 .4 0.2 6
DOWMSTREANM FLUW TARGE]= (FCN) Ue2 U1 0.1 0.1 0.1 0.2 (.2 0,2 0,2 0.2 0.2 U2 2
HELLAMTILITY (X TIMES TAKGED MFI) 3. 9H. 9¢ Yhe 95 93, B4, (9. FY. (Y. 68, 71, 8
AVERRGE DEIICIT (FCF) B Ul Ul U0 0.0 0.1 0.3 0.2 0.2 Ul1 .1 0.1 1

= DOWMSTREAN FLOw TAKGET BAS PHIORLIY OVEH DIVERSTON



PEEFCkMANLE EVALUAFIOY FOR IHRIGATION AWEA: VASIKKCI

SR tpanitliiaaiil . 95,
mAX [l FCIEMTLAL AREA o ccumws = L1200 Ha

TASGES ARFA,  wuvaavtssanmmnsmus = alduli} HA

APPLICATTEN EFFICIFNCY suncamana = 10,00 &

FETUKN FLUW CUFF cuesemasweanmma = otk X

= HEIuMM IO SERFAR i mcnane = ti.l) 1

= PERCOLATTCAS T@ CAMUNEWATEN. .y = J.u X

mONMTHLY UISE FAHA'FTF"S‘

PARAMETER Jan  FEH AN  APN  MAY JUN JUL AUG  SEP 0OCT HOV GEC VYEANZ
DIVFRSION FArpET (FCK) krrakkxkhaaracx o1 U5 VL7 Uad Hled Do 0.3 U.txwxwx 3.y
PENFOuMAMCE FESHLTS-

TwDEX JAN  FEH MaR ARk MAY  JUN JUL AUG SEP  OCT  NOY  DEC  YEAR
RELTARILIT Y= Yo.mxknn YA, Ge&, 95. %3, W49, #H4, AO. V8B, (1, 4. 69,
MEAM CGIVERSICN DoGaxkka U0 U.l Q.4 Q.6 Oof 0.7 UL 0.3 9o T u.0 3.4
STanpAwn NEY G Cadxwra (.0 0.0 wa)l W.Z2 0.2 0.3 0.2 w1 w1 (.0 1,1
CUEF OF vad Uobkxehx  Uod H.2 0.2 G.5% U3 Uas UL 0.5 H.a UG.d UL

HOTFS
ISFT==

= 4 TIrFES TARPGET OEMAND MET

MONFHLY BEISTCOLRAM OF fRRLGATIUN DIVEHSTONS

TR LTS =S TES S FI=ESES AT ST IS ===

DIVERSIGh RANGE(HCR) PRGPOHTINON UF TINES wlFHMLMN NANGE
FROM 1 B JAN FEB LYY APR HAY JUN Ji'L AU SEP oct HUY BEC
ol 11,08 .IC 1. hU 1 U N,.G6 D6 .05 0,69 .15 9,20 .20 0,29 1,040
woi.A uo16 ol LLG u UL il gad2 .U 0.0 u.0 Uiy d.?1 D0
valtn (el uau ULl U .0 ) U.u el (el veu Old2 0.0 Geu
oS GHo3% feeu lials U.U U_L UGali el bal,  (1el Galdl  Getr 4l ey
Y (o6l LI Tt L T L VT I O | e U - T T I i o
[H [ Liab Vol Jod . e %a o 0 gut .0 Uaeb Olir il D
Boky Y GiU wil utu gI€ wIn Wi ueu Usu. UeO OS0 nIo uth
u.57 Lath ) Laelb Uali Ul et ol a0 (402 Uall? Oadle Uali e Usu
1.hY Gali Uali Gk 0. Uel DaU G493 U0 1,0 a0 Ul ua)l 0.0
Gafd Labhe Calio Dou yair 0 G Oalb G 8% .84 .0 $.0 0.0 U.0
el rbukwn . Gol Nell WL dal o U U0 Oog Q.0 ol 6Zg a'n G'a

FrHfORMAMLE EVALUATION FOW JHEIGALLUN AREA: VASIHKVI

II’--.S...=====.===’====l==‘.=..‘==ﬂ=-=====.

GEMERAL LhARlClthbllCS'

EEENCSENTEESSEASESSSS=S2 oS3

MAXTMUM PQYVEN = 157,00 kA
TARGETY - mHEM, o a 157, 0U WA
APPLICAYTION E = 10000 X
KETUMM FLGW- C = Uall 3
= KREIUHMN [0 S = el %
= PERCULATIUON a- gl % -

| JAN  FFA NAR APR MAY JUN JUL AUG  SEP OCT NOV DEC  YEARE
CDIVERSLON TARGET (MCNM) whasswwamwxiawakanas 0.2 70,3.7007 Golaxnswsnsknissnsinsss U8

PERFOWMANCE MESULIS=

ST EAEEREESAESEIEITISS

a—

I ' CJAN CFEW MAH - CAPR. MAY BUG.  SEM  OCT NOV. DEC YLEAR

MDE! JUN  Jdul

NELIABILL LYY= WhRARKAN AR kA A AA ARk 95, - 94, A7, Blornddhxxkrhannahakann S22
MEAN DIVERSIUN. - ARRARKEAN AR nARRhkRd - Ued Ued Ual: CalWnadwkxknkaxaxhanansr (.7
~STANDAHD- LEY . . i AR MA AR A RANN A FAMAN A AR U.%‘ Oal- 0ull Qalixdwxnkawkarnkmkuwmisnrnn J,72
Coel OF VAH LNARRAXRRA MR hkRAIAAR O Bad gl DoSmakkhkranhkhwekxmzanin [ 3
NOFES. -

=--ll

= |1hES JARGE) bLEFRAND MEIL .

CPUNEHLY HISTOGRAM OF THRIULATLUM DIVEWSJONS

R s s TR E N X AT IS SA NS SIS =SS ISAEE=SIE=IITIAIES
DIVERSIUN RAMGE(MCH) ‘PROPORTION GF. TEMES wITAIN RANGE )

CFROM- R T B JAN  FER  MAR  ABN  MAY JUN JUL AUG  SeP  0CT NOV  DEC
Lal Lab3 1alili 1 Lu T.0U 1,00 0,05 0 ur¢ U. 11 Ual6- 9,00 1,00 1,406 1,00
n.ny. - - GaliS Ugl 1, n g.0 (O] (., U.h ND,02 0,3 Gu.tr 0,0 w,G
0.U5 lialitt Ual u 0 Uaelb Uall B0 DaU2 0.0 Uad 0.0 ved UG
(ali8 liabl Lah h.h u.u Ul 0,0 O.0h L.l WU Uetl G0l DU 1,0
Ueld | . __.lah PR VI VR 1 v YIS\ UG el ULU UTAZ UaH2 0.l GaD Mall 0.6
.13 T - Uall Lol 1,0 Doy 0,0 U0 J.tf Go.u Uav u U frau 0,0
tata .19- Goli Uoll o0 ULl 0Ll 0.0 Qa0 O.u  ULD T T TR (T
lraby li.d1 Udlh U gl ligh Uall 0,0, Q0.0 Ueu  bau U [ PR TR | P Y
a2t Logd Lali  Ued  Uali Ull D% ol Usli 04U Uall Lab (a8 GaU
Waed Gad? velt Uath g G,0 U0 0,93 U,0 0.0 .0 Do Ul Ual
HalFfhauwndindnsk ol UBal wall 0. U0 GOuu Ultb U010 D.0 D0 0 Y



96.

PTRFORMAMCFE EVALUADNION FOKR IHEIGATION ARFA: VASTPRVE

 ETTIE T EEEEr S EEEEIERNTCTIS S SEIEESRTCCERS=(xaagE—3

GENFHAL CHARAGCIFRISTICS !

SETsSSESETXSTSTSESESE=STEAIRYR

MAXTHIIM PUTENTIAL ARFA . .aasesses 2 P M| HA

TAEGF] ARFA L4 ecesemasvaveesns ¥ Zh1 .00 HA

APPLICATION EFFICIENC acnaceaas 3 ing.nry %

RETHEN LW COFFepasnevsacnaans 2 Han b1

= HFIURN 10 SIHFAFM , leaucssenscen = il %

2 PERCOLATION 10 GRUUNDWATEH,a. = i ¥

MONTHI Y OSE PARAMEIERS:

EEREESTST=SSfoxrcso=rTC ===

PARAFFTUR JAN _FEH MAR APR  MayY JUN JUL AUG SEP 0T NOV  DEC YEARw
DIVERSICN TARGEL (MCF) 0.1 et .0 .1 0.1 0.1 0.2 0.3 0.3 0,3 0.5 0.2 2.1
PEEFOPRANCF HESUL[S=

EEESrEESESTEEE=ITISRES

INDEX JAN FRH »aR  APK  MAY JUN  JHL AUG  SEP  OCT MOV NEC  YEAR
RELTAHTLTFr= Y3, 98, 96. 96, 95, 935. A5. Bu, BU. b6, 69, TI. 69,
MEANM DIVERSION el Uatl U0 Qo - N1 Ul Ue2 0.3 Ulsd Ueld 0.2 U1 1.7
STAMNAKD OEV 0.0 0.0 0.0 0.0 .0 U0 - 021 G4 0.1 0.1 0,1 4, 0.8
COEF OF VAR 0.2 0.t G.1 G.2 0.2 .3 0.6 €5 Doy 0.5 o7 & 0,
NDTES

ER==x

= % 1IMES TARGET DENAND MET

#ONTHLY MISTIQGRAM QF IRRIGATIUN DIVERS[ONS

FE TS rEE IS I IS EEEEEESEESS SR EoITrLgI=gTTESIRs -
DIVERSION RANGE(MCN) PROPARIIUN UF TIMES WITHIN RANGE

FROR JAN FER  NMAR  APH  mMAY  JUN  JUL  AUG  SEP  OCT  NOV  DEC

041t D.03 thatis 002 004 Q.04 0,09 0,07 D15 0,18 U210 Q.22 1,29 N.27

0a.113 n.07¢ Uell2 Uel) U996 (.96 0,9% U0 Gl 0,0 0,0 0.0 0,02 0.0 -
U.i7 110 D02 0,98 0,0 - U.0 0.0 0.0 1.0 Ua 0.0 0.0 0.0
a1 .13 Gall ol  Ual) 0o Dall 0a93 Dol U0 Ua(Q Ua02 Dat) U

Dald .17 U. t.h 0.0 0. U 0.0 Q.0 ov.0 U, 1. 0.0 0.4

D.17? ta.2q ol 0o .t 0.0 0. 0.0 g.U2 0.0 Uv.y U.y 0.0 Uu.?¥ .
Ga2t iadd LU (a0 0.0 0.0 (0,0 0.0 11,0 0,0 Ul 0,0 0,0 0.0

[ ad? Dali Uall M 4l 0.0 el (ol 085 0.0 (Ol V.76 .69 0.0

Vadvt .34 Ul U0 U a0 .0 Ul D0 U U Ul Ul Ul 0.0

1, 31 .33 Ualb a0 H.0d  dal U, Dafl Qe 0,82 N.810 0, 0.0 0.0
U.}i*oi***i*n** - . tr.n M i n.o it oo aor oo a . aTa P

PEHFORMANCF FVALLIATIUN FOKR SURFACE WAYTER SUPPLY FOR MIINICIPAL AND INOUSTRIAL USE AT3 UPS.USER

e o N i I E A s =S IASICSCESS AN SN ENESHNESRFCESSINESENERATNASIETRASTIIEZERTONS -

GENERAL CHARCTERISI1CS=,

EFTS-gpIROSSSSETSoSESSZT=SESR

MnXIMUH'PUTPNTIﬁL DIVERSTON CAPACLIY jonaan = 1,00 Max3/)S5EC

DIVERSION CAPACITY ovausesancannsumensnnany T 1,00 MeEr3fSEC

TOl8) DF#*ANDewoensseannnonsrassnsenananseas 3 (1.1 MCMIYR -
COMGUMPTIVE USF PFRCENIAG cecaneennuwuense ® 10000 %

MONTHLY PERFOFEANGE - . B el

S==srpEIssy==saseaae ;‘f : ;:
JAN  FEW MAR AP MAY JUN UL AUG SER OCT  NOV: DEC YEAR
- TARGE! DENANG (mOw) N S0l U0 0.0l 0.0 0.0 Q.0 ULIE 0 0.0 - D0 0.0 0.0 1140
NhL?EH]LJJ! (E TIFES IRARGET MET) 100, 100, 100, 100, 100 1004 100, 100, 100. 100, 100 100, uu.
AVEUAGE DEFILLI (=CF) BoU Dol UG- Ual 0.0 Qa0 0.0 0J0 w0 0.0 0.0 0.8 - Oal
PEAN DLVERS [UNCHCK) G 0.0 0.0 U.0 G20 Gl 0.0 0.U uL0 U0 0.0 0.0 Dlh

Ahlnun FUTFE UMHIN& CAPACLTYavnaaa a1l HMxk3/SEC
PUMPLNG CAP wetAcadewmsvareasrmrnnn G U8 mMexI/SEC
QT!L ARNHAL : . . & - (.80 MCM/YR

 WONTRLY PERFGHMANCE .

e JAN FEB MAR ARR MAY . JdUN JutL AlG SEP OCT NOV DEC YEAH
N1 0.2 0.2 Dhe2 Uul ol Uoll Ul Gallaswaranxnk  l.d

Gk th)luu u1uu.u YA L2 98,2 YH.E 9H.? 9H,Z VE.2 YB.? Yh 2akkmuwxkax J8_ o

Je . Tad Ue? Uad U1 Oa1 Oatll Uatl DeUdaknddknrn 4,1
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PEHFUHMANCE EVALUATION FOK LUOW FLuw AJ LQCATION: SUHCHECK
it * r r S At R R E Y 2 T T E R R R R T YA E T LY
FURPUSE: UTFLOK.T
EE 2+ 11
MUNTHLY FLOW STAT(SIICS:
ISR ST ERAZAZISEITIIITAISSS
Z YEARLY X%
TARGETS Tl
“JAN  FEB  MAR- APH  MAY JUN JUL AUG SEP GCT NOV DEC MEJ ME
U0 0.1 G.1 H.1 0.1 0.0 U,U U 0,6 U0 0.0 .0
Lo 3an, 100, SB. 98, 9a&, - 9&. 9&, 98, o9&, 98, 100, 10d. va
I/786C) 0.0 el Geu . 0.1 0.1 0.0 Ul 0.0 0.0 0.0 U. a.0 0,
CMONTHLY--HISTOGHAK LF FLUOWS
. AR R SRSl e E AR ESSRAREEZ=na-
_FLOU c RARNGE(MAAS/SEC) PHROPORYION OF TIMES wITHIN HANGE
TOFRAK - JAN tER MAR APR Ay dun  JuL ALUG SE acl NOV DEC
[T .01 u.it 0.0 0. Ul UL 02 0202 0.02 1200 1, it 1,00 1.00 1.00
U.U1 0.L2 {) atl Uel Ual (3] {1 .1 .98 U.¥s bL,U U.U «U [EIY] [1Y]
TN T Y SR R Vo Gt gl wl0 OoG U0 026G Gou 0.0 0.0 wab Go0
G.ub C.0s ulll 028 0.0 G 0.0 0.0 t.0 024 .0 0.4 0.U D.d
T T Ul 1.C0 Ga02 dob (.( .U . Gal) Uey Ul 0.0 Ui
L.l Ualid [T U/ 98 ULYH U958 UlU  Ual Ul Gl .0 (.0 U0 (.0
T L | J0 (1, BT - - ol 0.0 4,00 .U O, Nad  Oull Ui U.u U.b (,U0 0,0
u.a UGy Dot 02l Wal gl el {1aU 0.0 Va0 00 VR (D TR VI
a. 9 o1 el 0.0 labth O.0 Qo0 .0 G.6 0.0 ULl -0 U, Usd
G.11 L.12 UDall QU 0.0 Wl da@ Ul D uald wall U0 O Ul
VelZhhwwesnrnnm - Hall (el U Uall Uali Oall Uall U«dd O« 0.0 0a Oau
PErFUORmMANCE EVAIUAIILN FUR lh]kh‘ﬂlhlh IkANhFEH AT: DIv §
= EaSs==
MAX[miUM PUTENTT
ULIVENSTUN CAPAC
MORTHLY PERFOKMANCE
—8:“‘.:3'8‘====H==
o : _ JAN FEB MAR APR MAY JUN JHUL AUG SEP OCT NOV DEC YEAHW
TANGET DIVERSIQONE(MCM) = .« - - . ol Uul 0.2 0.2 0.2 0.0 0.0 U ) 0.0 . Qkmswhkewnn U8
DOMNSTREAN- FLOW, VARGET= (mMCM) Dol LaU.. O.0 Q.U 0.0 uau U2l U0 Ul U.l U.0 4.0 4.0
RELITABILLTY (% [AMES [ARKGET ®EI1) 1v0, 160, Ya, 98, 98, 98, 98. Y#8. Y8. AR A RANNR YD,
AVEKAGE DEFLEIT (mCm) vad G.f 0.8 0.0 0.8 0.0 0.0 o d 0.0 Ak axannnnax 020
- - -..?_-. P A‘l-l!,-ul-k-ﬂ--’- G ometa - LRI
l»DUhNSTH&lH FLOb TAHhEl HAS PRIOGWITY OVER DIVERSION
FERFOWNMANCE EVALUANIUN FOW SUKRFACE wATEw SUbPLY FOW MUNLCIPAL AND INDUSIRIAL USE AT: KHLKECON
“-;:;..‘:‘;-:.gla=====-.‘--===bil-ﬂlSHHEH.l.—!IBIISBSIHSB‘======l.II=-=======-===lﬂ
GENEKAL CHARCIERLISTICS=,
AR SN E R EES S EIEsEaaTES T
ERSIUN CAPACTTYueaeas ®  2.50 Mxad/SEC
seswsbdmessssvensamne ¥ 2290 MwaI/SEC
rraiveemeemeeaiiiiit A 210U MCHI YR
assssevnesasaves T . ULl %
JAN" FFE  MARS APR- MAY  JUN JUL AUG SEP DCT  NOV DEC YEAR
Ua15 O U& u.d?_u.U? 0. uz 0.18 0,240 U.22 qus ufzs u;53 uigs ﬁiu
TarRGel #&1) 'vh Y. Y6 Yéb - - 3
: Lot .00 0-0f 00 o 0u 0.1 g.id uoug uled u nS U 0d 0.3 0.
. 0215 U.L8 0.07- 0,67 007 u.1z 0.19 0.19 0,38 0,18 0.17 0.20 -
KHCHECK?Z
RENERAL - cnnuclfﬂ1511cs=.
=z========l-=-- SIZaANT
MAXT WS TGN CCAPACI I Yenneoa = 250 MExS/SEC
Biv e 2e50 MuNS/SEC
107 sssgssssasananssnnnn 2.H0  MCM/YR
LONS L Jar i
MONTHLY FERFORMANCE
AENCFEEEERAREERFEEIAS
JAN FEH MAH APR .MAY Jubk JUL AUG SEP OCI NUV DEC YEAR
24 0,23 UL23 U230 45 Uy ed Ug2h ug 25 .23 0 23 Ue2d 0,23 P
lAkGET HEI) 66 S8, 35, J4 7y H I ]
B0 u.ud v.0d ul6l o ui ui 007 U, s :.uS u5 Ne n& 65 0%
.e3 223 0223 0l23 u. v2¢ (.22 Wo19 US1B u. 3 U, .2 2.5
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PEHFORMANCE EVALUATLIUN rOW SURFACE WAIER SUPHPLY FUR MUNICIRAL AND INDUSTRIAL USE Al: KHIROKIT

AR R PR PR LR L E s PR R P Y R R I I F e A T F P E A T Y Y Y]

GEMERAL CHAWNCTERLSI11(S5a,

ST EAEERBAIUIEZIISIEAET

mAXThUM PULENTL a 2.0 Mxa3/SEC
DIVERSIQN CAFAC = 2.50 Maw3/sEC
TUIAL DEMAND ,.u = HoOO  MCM/YH
CONSUNMFTIVE USE = 100.u00 - %
hunruLv-PEufnnuﬁNCE
R ERNEEEEESSESEEEEE
I RN ) JAN FEH MAK CAPR MAY JUN  JUL  AUG  SEP  OCT  NOV  PEC  YEAR

LARGED DEMAND- (MCHM) Uotr U866 Uets Usbt V.66 O.86 V.40 Uobéd Usba Usan Uood D.obg &0
KELLIABILITY X TIMES TARGET mET) 8BY. 95, 93, 93, 93, HY_ da. (9. 3, (1. bh. oa&, 83
AVERAGE DEFICTT: (M{X) : S 0,03 .02 0,02 0,07 w.u2 0,03 u.ts UL0E 01T 0.3 0.1h 0D L7
FEAh DLIVEKRSEGN(MCR) Uaed U.84 11,63 U.65 Ueod U635 Uad1 UJhE .56 U.55 U593 0.57 Ted
FERFORMANCE EVALUAELUN FUR LRKIGATLUN AREA: LEF IHH
I It s s ¥ Frr+ ¥ 11t 1 3 r 132t i r i1 T rrr i
GENENAL ChANACTER[STICSY:
EE R T 2 3 2 PR LSS R

2 590U HA

» Shall HA

- 100 %

a2 Uatl %

= el X

L |4 X
mOKIHLY-USE PARAMETERSS
l‘.-l38888=33==?===3ﬂ== )
FANAMETER L Juh. FEH mAR  ARR  MAY JUN JUL AUG  SEP  OCT MOV DEC YEa#=
DIVEHSIDNVTARGET tncr) ARknn kAR ARRAN Dol Ual (a1 0.1 Qa1 Ual {aGakswasenax (.5
PFkFORhANCE kESHLTS-
EEaZAERRIREEOR R R=Ea
Innakna!'ﬁu- Gl oo L JAN. FEW MAR  APH  MAY  JUN  JUL AUG SEP  OCT NOV  DEC YEAR
REL[AB : 91, 9Y6. Yeo. Y96. Y&, 91, 91, #f. 8¥. HS, 82, HZ., B2,
MEAN D Dol UaU U U Q.U Qo1 0.1 €.1 0.1 0.1 0,0 0.0 (.U 0.5
STANDA Ual- Dol 020 020 050  Ga0- Uoft o0 -Osih 020 G0 Ual Dol
COEF O 2 0.3 Usd Ueh Ou.4 U4 0.2 1.4 0.3

ulll U.G G.6 0.1 0.2

MOTES - o
=ATIE

= % TIMES FARGET LEKAND WEl

= :'::;===t=a;:=:::an:x=======c=======a=====:u:=:=a'====-

FthEORMANCE EVALDATLON FOW LNIRA=UASIN ITHANSFER AT: blv £

DEVERSION CARACITY - 2.00 Mmww3/

Al
Y N P TR Y

ENF]
PAC

FurTHLY- PEHFQRFANLk

B ERSASESAETEENENEAR.

_JAN .F§H1 Mkk CAPH - MAY  JUN QUL alUG SEP OCTY NOV  DEC  YEAH

_ el A
TARGET DLVENSTON: {mCHM) g U3 0.2 P T | T R o P L T T
“LUWHSTREAM FLOW TARGEIS (MCH) Ui 0G0 UIE 036 0aU D.0 Dat ban deh heuTTeN 0l 4t
RELIABTLLIIY (X TIMES TAKWGQET MEID 66 Hba UG8 Hé o 91.!i*tlliltl***t*tt#it*tnAA*tni* a3 88 e
AVthfﬁglREqu;ILﬂﬁQH?: g S AlG U - U,U U.U QolU OalRRAradxawamAkkakhmhnkAkandknnn Uo1 Uo7

= DOWNSTHEAM FLOW  TARGEI HAS PRIGHLIY OVER uxvtnSIuh
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PERFORMANCE EVALUDATION Fdh INTRA=BASLIN THANSFER AT: oIV &

S RS IR SRS S SAESSSSESALSESSCESIESNORTTLRTISISSESAE
H . .

AL DIVEESION CAPACILTY 2,00 mMawI/SEC
1Ty 1ol M3 FSEC

MONTHLY PERFUKRMANCE

ESr=IAEENAIXILSTTIZEIZ=A =
JAH kel WAR  APH  mAY  JUK GiHL AUG SEP OLLE MOV bEC  YeAN
[ARGFY DIVERSION- (MCW)} . 2ef 2.6 2ubr- 2.6 2.0 2.6 b 2. 2.6 2,6 2,6 2.0 31,1
DUWNSTHEAR FLOW TARGETa: (MCM) Uay ‘Ul.0 0,0 ¢.u 0.0 0,0 0.0 0.0 0.0 0,0 U0 0.0 w0
HELTABILITY (X TIMES JARGWEY KET) 2, i, -&. 4, @ ] t U. u 0, U, 0O, 0.
AVERAGE DEFICIT (MCw) e 1.8 2ad2lY 2l 23 2.3 2l eld 2ld 2.8 oY enld
= DOWNSTREAM FLOW TARGED HAS PRIUHITY GVER BIVERSLON
PENFORMANCE EVALUATIUN FOR SUKFACE wATER SUPPLY FOR MUNICIPAL AND IKDUSTHRIAL USE Al: UPS.USES
 Er e Er s El T B FE IE S T oSt T A S A S S R A R E RS I S S S S RS A R S EE S EE S I IS S S A S R R C S SN S sl mE RS S ESS T
GENFHAL CHAKCTEWRLISITCS=,
AEERIESEITIESTSSFSFEXRIIAISSE=SS R
) .
Miad/SEL
Mkx3/SEC
CIYAL
i
AUNTREY PEWFOHMANCE
EAEREISNIESREENEEANTIC
edslosll i oo L JANC-FEB  MAH - APR- MAY  JUN- - UL AUG. SEP OCT NOV DEC YEAR
LAKGE] QEMAND C(HCN) ulle G.U5 0.0 0.0 w.0 U,03 61,05 u,08 1, 1u u, 1& 0.11 ULa.Ua 0,7
RFLIABILITY (% TINES TARGET MET) 91. 9a. 100. 100. 130, 33, - 2 . bh, al,
AVERAGE-DEFTCLT: (KCM)s - - - - a0~ 0,00 e U0 U.d -U.00 UL01 n.q§ Ua us I, 1u .08 0,04 1.3
MEAN DIVERSION(MCM) ) Uald6 0205 Oall Dol 0ud UaD3 Oefid G203 Dou2 0.U2 0.0F 0.06 Uad
PEKFUKMANCE EVALUATION +OK LOw FLUW AV LUCALLON: &YPCHECK
ERET 23T A 2 2 2 2 T A R F Y3 I E L i T 1 7 EF L] £]
PUNPQOSE: INFLOW LT
ETmESR IS
PONTHLY FLOW slni1511cs-~ o
S‘.IIII‘I'BSSHSHE:S:‘:IH .
. X YEARLY %
s i . . . TARGETS Ta
LLETS By ~obaN C FEB- MAH  APR MAY CJuN - Jul - AUG SEP UCT  NOV  DEC  MET mt
Lub: FLOW: G.1 D1 0,0 wu,0 u.0 0,0 0,0 0,0 0.0 0.0 Al UL
RelL LARIL 66, KA 96. 94, 10d, 100, 100 1uu 100, 100, 106 U, U,
AVEHAGE N drseey. 0ot 0l cuad 6.0 0.8 0ed 0.0 0W3 0.8 0.8 0.0 uld ul
MONTHLY HESTOGRAR HE FLORY
P E IR RI EREESTISSSTE SIS
. HANGE(Maw 3 SECY. < PHOPOHTION OF TIMES WITHIN RANGE )
1D | JAN FER "MAR APR  MAY  JUN JUL AUG SEP Q€1 NOV  DEC
v jalre : Ba1F .87 004 -0 U4 0,07 .00 100 1,04} 1,00 1,00 T.0d .52
Aalbs o Vall? UuCa Goll G.0F 0,93 U.U U.G 0.0 Do 00 0.0 g.Bb
Uy - L Dol 002 0.0 -Ju89 UG L0 dal 00 V.0 W.0 0.0 G843
067" U5 U0 0,07 0.0 0.0 O.00 6.0 0.0 Qo0 0.4 0.0 God
Ua0% Yaot (0,0 0,89 Q.0 0.0 Ul 0a0 U Q.U 0U.0 0.0 D.i
0210 - 0.0 "Uol4 Uali- 0.0 w G 0.0 0.0 0.0 0,0 0.0 Q.0 w0.Q
1 e O 0 Ladd-Wal - 0.0 0.0 YU Oofi Uall G 0 0.0 0.0 0.0
12 Uelh. Ball 0.0 0,0 0.0 U0 0.0 Qo 0.0 MU0 Ul dab
Gald - talp - ODut 0.0 0,08 0.0 0.¢ U.0 6.y wWab 0.0 0.0 G G.0
.14 ba17 : Ul Gal 0 U 0.0 0. 0.0 UL G.U0 0.0 0.0 (.0
u_11.**-*...i,-~ ‘ D12 D0 0,0 Ol.0 0.0 Ual Ul 0 0.0 Uat 0.0 Ul Q.0



PLREGFMANCE BEVALUATION FOR INIRA=RAS[N THRANSFER AT! DIV 4

Ty RO E A TS O S S TS ST IR TESTEFITITISSEOEEIRSER

MAXIMY POTENTLIAL DIVERSTON CAPACTLTY .58 13I'SEC -

CIVERSTON LABRGCTITY eSH Ma*dA/SEC

MONTHIY PEREUEMANCE

WS TS S S IS TNaSuaeSESgEN

JAN  FER maW APR MAY  JUN  JUL  alG SEP 0CT NOV  DEC

TAKGEY NIVIRSETNAN (Mo} IR R I I T T T T I T I T T I T ITI T T T vy
DOLKSTHEAY FLOW TARGE|= (MEM) 1.5 1.5 1.4 - 1.9 1.5 1.5 1.5 1.5 1.5 1.5 18
FELLARTEILY (X TImES TARGEI FFT)ii*t!i*i'li**i*ikii!**ﬁi*kﬁt*iﬂi*it*ititiiti*it**t*tiii**t*t 10
AVIFAGE OFFICLT (MCE)

= GOWMSTREFAM FLOW TARGET

as PPIONTTY OVFRF DIVEHSION

PERFOWMANCE EVALLATION FUR NESERYDIR: GYPS ALY
GENERAL CrAKSCTER[STICS:
NORHAL walEns SUFFALE ELEVATIGN M, S5.l..= 375.0
MAZ[MiIm FOTENFLAL STOAAGE CAPACLTY [
TOTAL STOR2GE CAPACT [V arecnaasenwnns 4.3
RINIMUM EFREGATTUN STORAGE.aeeasnw=s (]
MAXLFUM STUIAGE e cceencaaraancanmsans 4,5
EINIMIM STOMAREecansavassananssananmma® Gl
GPERATING PCLICY emucavoosnsovnunnnmmas® o
MOMTH|Y PERFORMANCE:- -
EEs=sE==EZSSEEEEdoE==S=
JAN FER MaR AR may¥Y JUn JUL alg
#A% STOR TRGUMCr) 4.9 4.5 4.9 &.5 .3 4,5 4.5 4,9
#IN STOR TRGOMCM) L. b 0,0 wal U6 e UG 0O G
Al mAXTmul G b 0.y 1.4 0.0 WU U Oal LU
T OAT MINIFDAE Loy Gau ol UaG weu 0.6 Gl Cll
MEAN STORAGE L.¥ 1.1 1.2 1.2 1,0 0.7 0.6 C.&
STANDARD GEV L.34 U.8 1.9 U.% G.9 U.d G.5 (.3
COEF OF VAR 1. 0.7 ul.d U7 GauY 1,1 1.5 2.0
AVE SPILL(M(CMP)= Lo oy Cal C0ufi Loy Day .06 ClU
AVE RELEASET(MCE)Y L .1 ULT s he2 Ua.d U2 - L.d
AVE RELEASEZ(MCM) L_yp 1) wa Uul Gaw oy 0,00 GCLU
=NGTE=SPILLS MAY THCLUDE WAIEH PASSED THPOUGRM THE TUSHINES

MONTHLY STOWAGE HISTOGRAN 7

TEZSESESIXISSSIEXNES=ATTAETIT: -

STORAGE PANGE(¥(CM)} FROFGHTIO

FROM TG Jan  FEB

0.0 0.4 GL2U C.u5 D.Ch
0,4 (1,9 vand (358 y.20
L9 1.3 Gai:h u.h1 .59
1.5 T.2 Goba DG NG
1.4 S22 ol B2 W.L4 )
et Aol Lighd N,.02 Guld ugtli¢ UL
2l Jal dawd 462 GoL2 UaL2 Tiabs
3.1"“: Foh Uahi- Lol (atd Coud (a Ué

C 3o T L hab Ultt .02 Uabe uabs OlUE
s} A.5 baz ).l (ald U.Ue u.ﬂd
GaShawwran G 0 iab Uab hiou Ual

Juh

.39
Jab3
H.L5S
LT Y] rd
Uelid
Jabd

VN TFE

JalU4
G2
Uely

Glu

[ -]

Y=Yl
L L O S W T T )

cooQ oo aood

At:G

.82
Nal4
[FE
Lol d
a2
[P
Ualde
Gune
d,.L

ol

OF TIMES WITHIMN RaNGE
JUL -

meM
mcp
MCM
¥t
o]

SEP

4,5
e
e
gl

nooa
LI
WGl

n.y
a1
Qa4

IHAT QTHEHWISE

SEP

COCoD CoSSSoo

U84
1} .uU2
u.ua
b oLl

(Hatd

Jaué
.2
Gall2
el -
Uatf
Vel

=g e ] o]

-0
«i}
-l

DEC

.1
Ualt

TEaw

-z
P aa
Lo~y

i)
1.4
nan
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PFRIGPMANGCE EVALUATIOUN FQOKW LRFYGATTION AREA:

GENERAL CHAKACIFRISTICS :

EZACEREREEEESS=S eSS

May [ POTFAT I AL A = Ha .00
TARGED ARFA . cecuues = dn iy
APPLICATION EFFICLE! = 10,00
REITUKN FLOW CURF ... = 0.0
= REIDPE 1 STHEAN, ] a1}
= PERCQLATION O GR = 1,0
MONIHLY USE PAHAMETENS:

EEEFECSSEITI=SESISSaImE==EC=S

PAHANETFHR JAN  FEH  pAR

DIVERSTION TARGET (MCM) hAxRRAhAhA [N,

PFHFORMEMCE RESDLIS=

TESSESoESEIrIESE== =32

1MDEYX JAN TER  MAR
KELTADIL L TY= 0. 100, 100.
FEAN DIVFESIURN eli (o0 Qa0
STALMBAKD DEV Dut e8] 0.0
CUEF OF YAH Cad N a1

PFERFORMANCE EVAI UATIUN: FOR INRIGATIUN AREAZ

TSSO EACR N TSRS eSS R IS ST SAXIAISAETN

GFNERAL CHAKACTFHISII(S:

ESTTEOFTTOXSEOEEEC===EIES
MaxXxIku¥ POIENTIAL AREM . ...... = 48 0]
TARGET AHFA, qeensansnmnencanans ¥ 48,010
APPLICATION EIFICIEMCY ceeaaeeee & 100100
RETURN FLyw COEF.cpcpacnnnanena = .0
= PEITURN 10 SIREAN  cnceanmansas = Ua.0
= PERCOLATION TO GROUMDWATFK,,., o L1}
mONTHLY USF FARAMFETEHS:
AEEEEECTRSE=SSESESasToosSsE

PARAMETER S JAN FEU MAR

DIVERSION TARGET (MCWM) IALEREEERY LS TR |

PLRFORMANCE KESULTS=-

RS SESEErSUSEETETEEZ

THIVE X . v JAN  FFA. MAR
FELTABILT I YE - 10, 100, 100,
FEAN DIVEKSION ol el U0
S PARDARD DEV - o noe vog N.g
COtE OF VAR P LUK N | DO, R ¥ I
NOTES

onEE=g

& % TIMES TARGFT DEMAND RET "

S.L0.

™.

APR
Uel

MART

>

MM MMIT

APH
N

APR
0.
.4
I

U.F -

1RH

MAY:

0.1

TIRR

mAY

a1

CMay

94,

SO
Nat) -
u.2-

Ued _ 0

JUN UL
Ual (Jat
JUN  JlL
96, 93,
Ue1l U1
Dol 0.0
0.2 U.J
JUN - JuL
0.1 199}
JUN. JUL
96, Y1,
.1 1.0
Halt 0.0

3

AUG
0.1

AUG
0.0

AUG

i

(tat)
et

SEP
U1

SEP

QcCcT
D0}

ocft

101.

NOV  DEC
Uoliwidik
“NOV  DEC
20, 110,
0.0 UL
G0 0.0
2.0 0.2

NOV  DEC

Dallidhdkakmkhnhhdd

SEP
60,

.U
0.0

acT

C2l.

Dali
0,4

2.

NOY  DEC -
20, 100,
g.0 O

Uol- 0.0
0.9 044

YEAR®
0.4



102.

PERFUGRRANGE EVALMATTUN FUR SunFaCk WAIER SUPPLY FuR MUNICIPAL AND LNOUSTHIAL USE A HELIL o COM
=

1:
S AR R DN LN AN I LSS TS A S TR A E Y S A S SN AT RIS S I R e RS I S E R R AR A S S E R E T R AA S SRS IS=SESESESIES

KSTUN CAPACIIY qunvue = dall MARIINEC
e 250l Mun3JSEL
asssassmsmssesanvnaces ¥ 1. AU MCM/YR
NTAGEwsusonnvnsvaanwes = 100,00 2

MUMIHLY BPREHFPURmANCE
SEAIAEAIEAZZELEZEAS

Jan FEH  MmAdH APR  WAY  JUN  JUul AUdu SEP 0CT MOV DEC TEA

Taunwkel UEFRAND (MLX) e 1e O U0 U ué g 0,02 0,02 U2 VU2 u ll2 g 02 U, U2 .02
KPLLABILILY 4% TIMES 1AWGET mel) 100. 1&0. W0G. 100, Be. 95, TBa. ¢, du. Fu, fa. (0l
AVERAGE DFFLCIT (M{M). Wb ot Ua0. .00 Bo00 .60 Waul 0207 yoU2 DGR (.0
mEAl DIVERSEURM(MCM) Ua.ld 0.02 UaU2 U.tle D.U2 u.uz Dade Uail2 U U1 D U o0 002

FPERFORBANLE EVALUATIUON FOR LRAWLIGATTUM AHEAT® TOKNTIHK

R RS N LR s S S S SSEFFEI sl NAIESSASTIESTE=IANR ¢

GENERAL ChAKACTERIG]
==

e ARAARESSEZITISES=SZES=S

c5:
s==

t

BALIWUE POTENTLIAL AHFAcswcoaane & 42,00 Ha

TERLED ABEA @y s wusamanannaun ¥ 426U HA

AFPLICATION EFFICLENCY gaunceane = IUU.HU b

KEILLURN FLOW CUFtenuunnmamannans = Uall X

= KETURM 10 STHEAM  waeacnnsanes = L] z

= PEHCOL ATILN FO GHOUNDWA)NFR oy & [ET] F

MUk ERLY USE PARARETRHS

2T E A+ F A T T4 1+ Y T

PANABETER Co ., JdAN FEB MAKR  APR MAY  JUN- JUL AUG SEP OCT NOV DEC YEARS
VIVERSION JARGET. (MCK) waAnsnAnkaknakan U0 0.1 U0 0,0 Oud U Dawkkmwawanawxkan U.%
PrRFOURMBAMLE RESULTS=

TaREESRasaAFERES sz z==N

IhbER - ST ’ T UAN KRB MAW  APR MAY  JUN  JUL ALK SEP DCT NOV DEC  YEAK
WELLAGTLL Y= ' ME, Tou. B0, MG, 96. 95, HBS. 78. 5B, 29, Zu. 10U. 20,
reAbh DIVERSIGN - Go0 wll 6o wall CJT 00 0.0 wuwl.d 0.0 o.d O.0 G0 0.3
STARGARD DEV i el theli Dab el Ol U U D0 DU 0.0 Dol VL0 d.b Ued
CUEF UF YaH Ueh  Hed Ue2 Ua?l Oal Ual . Gud (1aY b  Uef 11 Ush a2
MGTES

ESSEX

= 1 1]!5? FARGETY LiemAND ﬂE]

oo~
t s O
=1 L~ X
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PFEFURMANCE EVALUATTOMN FGR MESEFVOINZ JHYP.LAM

BGENERAL Cn

AMACTERISFTCS:
=================‘=======
NGRMAL WA'EY SURFACE ELEVATION M S_L..3 174.5 =«
EAXTEUE BEOTehTIAL STOVUAGE CAPACLITY.au.™ 19.0 #Cm
TG1AL STORAGE CAPACLIT. - = 15.U wC™
mIM[PruMd ITkKIGATIUN STOR - = 1ok mLM
MAXRLPUM STOFAGE . eccunsa - 20.U wMce
mINIAUM STOHAGE, ok MCH
GPERATING PCLICY b

MONTHLY PERFCRMANG

nm

1Y

JAN  FEH- Map  APR &AY Jym JUL ALG SEP NCT MOy DEC YEAR
FAX STOR TRE(PCM) 204G 20,0 20.0 20.0 26,0 20,0 2040 20.0 20.U 20.0 20,4 2u.0
FIN STOR THREPCH) 1.6 Taoa 1.6 Mok Teb  lad 1.6 1.6 1.6 1.6 T.a 1.6
Y AT MAxIMuM 14,1 2.1 42,9 446 41,1 e U CL0 -0 G 0.0 1.4 S.e 15.8
. T AT mIRimUP G.G UZD G.l 0.0 ULl 0.0 L.t 1.8 5.4 3.6 5.6 0.0 1.5
MEAN SFCHARE T3.5 14.9 15.5 15.6 19.5 1o 13,8 12.9 12.1 11,7 11.5 12.1 13.6
STANDAKD DEV 9.6 S-3 5.1 5.1 9.4 5.2 5.2 5.2 5.2 5.1 5.3 5.6 5.4
CGEF CF VAR U.a ilub U.d D3 (o3 Dau 0.6 Clé Uld UL4 0.3 o6 L.b
AVE SPILL(MCM)= God  fad Gef Uud Gol 0.0 U U G.0 0.0 0.0 0.1 0,1 2.5
AVE KELEASET(ACM) L.3 0.3 Lol 0.6 u.d L.y B9 (.5 0. Uob  Oub 0.5 9.1
AVE RELEASFZ(MEM) -iiqt Uohi Deb Hali Lal G2 1.6 Gea (.3 0.1 Hhat 0,0 1.5
=NOTE=-SPILLS ™AY INCLUDE WwATER FASSED THAUUGH FHE TUKRPINES THAT OTHERw(SE mullLO HAVE HEFN SPILLED
MONTHLY STORAGE WISTOGRAN _~ ~ =~ 7
EASESEESEI=JITEES==AAITTI=ITIN
STORAGE WANGEANCM)  PROGCAFION NF TIMES WITHIN HANGE
FROM IG JAN FEB MAR APR maAY JUN JuL AuUG SEP OCT NOV  DEC
1u8 2.8 0.Ch 6.0 (.G u.u"u.c 0.5 009 NO7 LL.O07 0.YS
2.5 4.1 QotUe G.uS UG Uau_ LlsCn U.C2 OL,u% D.U% U U9 L.u7 .
. bat 5,5 0.0 Gl LGS G.LS .0 B0l 007 U.u5 0. Us Ultih
5.9 Moh L U7 DG drath o LG4 fi e i 02 1N.0F Gtk @ L9
& d H.2 Uab ¥ VoGS DaLY yuli? GLC9 . Uafle 1,09 (oUb
R_oZ Fob UGS nakd uala LLLY Lul2 U9 Ulle ol
bat TUY LS Cabd 0,06 Lall Huld Ha11 Ua11 Cauy
Tl Y 12.5 H.SZ Boijh (a7 Galt G0N 1211 UG/ ULL2 D06 167
12.3° 12.6.0. { C.le 4,05 Ueu? UJGY DabZ OLlid UaUf ULily U.la
15.6 15.0 Gou? Noud .03 Uaud 0.u% CM1a07 Dobds DLU2 0,02 C.GE
15, 0nxandwn 0,52 083 .61 U1 L3/ ed U068 U.héd Q.44 O 48
PEREOKMANCE EVALUATION FQh LNIR4=HASIN THRANSFER AT: piv 3
CEEASESEERES I eSS EE s F A A S ST s E T E ST I TEO TS ARTSEESSSESES A ES

b AX M. DIVEKSIGN CAPACLTY  U.35 HNaaS/SEC
wiv 1y - Ha39% mua3/SEC
i MONIWLY PERFQRMANCE
TERSIIEINIATFAD-IEN
JAN FER hAaw  APR  MAY JuUN  JUL alG SeP OCTf NOV  DEC YEAH
TARGE] DIVERSION (MCM) Cbed Gad Uld Ok CULS 0.5 U.3 d.S 0.9 Uk Ul 0.3 4.2
DUWNSTREAM FLOW TARGE)S (MCH) N,u 0.0 (.0 0,0 0.0 0.0 0w i 0,6 0,00 0.0 0,0 0.0 U.0
RELTARKILITY (% TIKES TARGET ®e1d 100. 1uh. 108, 100, 106, 108, 100, 1ad. 95, 95, 95, 100, 95,
AVEKABRE LERICIP. (mEP) 0.0 0.0 we6 0.l culd 0.l L.d wlGo0lh old ald 0.8 old
2 GOWNSIREAM FLOW TARGEL HAS FRIGKLYY QVER DIVERSION
PEWFORMANCE EVALUATION FOR SURFACE wAlEW SUPKLY FOR MUNTCIPAL AND INWUSIKLAL USE AT: ~ NICOSLA
=.=.=3=ﬂ=‘==========’==.==__===-==‘3=====.;;z::':=====5==‘=-====Si=.==‘==E:==-========'I==== :
GeNERALY CHAKCIFRIST ICS=,
====='==_=======a===.‘-====
MAXLMLIM BOTENILAL UDIVERSTON CAPACI IViuanae 3 2400 ®Maas/SEC
LINVERSIUN CAPACLTY anuanwwmenanncnanacannan = TaU Mand)SEC
T4 AL, DEMAND e ccunnsanasnanasnnansasnaesnanna = 9420 MCMIYR
CUNSUMPF I LVE USE PERUEMIAGE yuunanevnanuwansas ¥ 106.00 %
MOMTHLY REWFORMANCE
SR saSASSEasSEIRERCII
. JAN FEB MAH APk MAY JUN JUL AUG  SEF  O0CT NOV DEC  TYEAW
JARGET DFmAND (MCN)- W0 .50 0,30 U k2 0.55 0,5% U.59 0.55 U.5% U.42 .42 U,.s0 .
KELVAMTLLIY (% TINES TARGET meT) tUG, 1400, 1620 100, 16D, 100, 1ad. 1. 95 . 95, 100 39?
AVEHAGE DEFJCIT:(NENY - - Gl .07 0.0T gal 0,07 Q.07 ulls 0.0 u.0f 0,02 u.02 v.t 0.7
MEAN DIVEHRSIAN(MCH) Uad0 U230 UL30 0442 0255 Q.55 0495 u.5Y 0453 U,40 0,40 VL350 5.1

s
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PreFORMARCE EVALUAL [UN ruu GRUUNDWATER LEV. 4| GR<wATER

Ma[MUM gy
FUkMpluG Ca
FOlaAaL ANt

L PUMPLING CAPACITY gounewe = 3/SE
aseysssesesssemewrnausman = LU,0d Men3/SE
: . i YR

TENTTA
PACITY
AL - 1ABRGE

_.
[=]
[

v
-
~
E ]

MUhTHlY FEHFGRHAHCE

U¥  DEC  YEAR

JAN  FEH MAR  APR  maY JuUN  JUL aUG SEP  GCT N

TARGEL (rCPfkUY . G.U Uali Lol UaT1 0.1 U taawnmanakwncman o1 U 1 Uafl ULH
WeLLAGILLTY ¢  1ImeS TARGE] Mel) wi_.1 vi, 3.9 17,9 P,1 Jebanimkuaksxmannix 3,6 H.¥ SU. U Y&,.8
AVERALE SULPPLY (MG sma) . 0. (VI | 0,1 Ueld U LARmiKARAARAKKNR Ua1 Q.0 U1 Tl

PERFCRMANCE EVALIIATLOM FOw IAKEGATION AREAT PENLRHCI

GENERAL CHARACTERISTICS:

EEE S SSaT S ESEE===o==2==R==E=S

MAXTMUM POTENTIAL AvFAecececeae = 15000 hHaA

JARGE| AGFEA . eeswassaceannnsan = 15000 HA

APPLICATIGN EFFICIENCY pnennnee = 100.00 X

RETURN FLUm (GEF yopueaevcovannas T Ol %

3 KETUPAM [0 STHEAM cccccecemaane & 0.0 3

a BEHCOLATIGN TO GnouNuhArER... = R U TR 5

HONTHLV USE PAHRAKETEHS? .- B

PARAMETER | .Y JAN-C FEB  mAR  APR  MAY JUN QUL  AUG  SER 0OCT NOV DEC YEAR=

DIVFRSION TARGE[ (MCM) waexakkkanantwrn 0,0 0.2 0.2 0.3 0.3 0,2 vl UoTammar 1.4

PERFOIGMANCE RESHLTS=

EES S TEE TSNS SRS aaEE

INDEX JAN- FER  MAR  APH  MAY JUN JUL A}G  SEP UCT NOV  OEC YEAR

RELTABILITY= 3 awnxdx A%, 76. (3. 10U, 10U, 98, 95, 2. 11, 73. (18

MEAW DIVERSICHN Datiawkan Ul L.k Gu2 02 0.3 0.3 0.2 0.1 i}, U 0.0 1.3

STANDARD BEV . o DeGmwkawx Q.0 G.¢ U0 0.0 0,0 0,0 .6 0.0 @.0° 0.0 9,1

COEF OF VAR O.Graxxx 2.1 (.4 U0 0.0 U-( 0.0 0.2 0.2 2.0 0.5 0.0

NUTES.

ST =X

= % TIMES [ARGET OEMAND MEJ

MONTHLY MISTCGHAM GF [ARIGATEUN- DIVERSIONS

A S IS S I AN I NSO ASIEIR=IIZIIISITITIEIIS =

olvsnslnu thﬁt(mch) '.,-Pnopuurxon-g

F TIPFES WITHIN RANARR :
FROM 0 ) CJAN.  FEW. mAR  APR may  JUr  JUL  Aug- SEP NCT NOV  DEC
G,.0 D.u3 - : 100, t C 120U Ca18 0.0 U0 0.C G.U- 0L05 Uufie U89 .00
u.u3 ihailh - Gall Ul Do0 G242 tou 0.8 L.L N.u Ga0 DaB 0211 0.C
LN i au? i . el all G, UL.C 0t 1.0 2,07 .0 G.0 GL.¥5 u.iu 0.0
.Y bl T Ual: U007 1ol ot el UeaU Ul GaU 1.1 U.Ha hel) LigU
u,12 Lad5 B P | L o L O At " R % PO VS V7 N /| D P [TV IO Y
Hael5 RERLH Vel alb DUyl Ga93F 0.0 .0 MU Gl .U 0. DL
14 . Ued?t uell - oG .0 ULU 0,0 #ab- Moy Ul U, hall  aft
U, 21 Cledde el 0.0 PR T L I 1 N 1 u.q 0.6 UU - 0,99 U, U u .l
0,24 LI ol O U0 4.l L 1.0 160 0.6 0.0 0.0 J.U0 0.9 0.0
.27 - Y 80 - Uars 0.0 V.0 0 0L 0,0 1,00 1,00 G0 0.0 0.0 (.
U.JUi i*taau*-tb, el Qall. U u. ULl LU ooda d.g Q.n ok a.n a0
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PbbbRAl (FARBAL L ENTISTICS:
paxipyr PUGIEAILBL ANl 3 iy cunanan = f9aud HA
Varhi]l Anrfesesacavwesa - = il ma
sarprbballor LHETQLIEALY = Ty, U A
sbdbint blvw (1 Flacaas = natl f
= wEllkd 1l SIHREAIN eaaas = Wall a
= BFR{GLATTIGR 6 LHYOLRD . = gl i
pul [ Y Lrpe FRwpip TERSS
TS T EE L EEEsEEEREETESaE
Fawpbp 1P Jmm FED AR APR  #MaY  JUR JUL  AUL SEF O OCT MOV DEC  TEAKE
BIVERSIGN PARLET (MCP) AnAansakaraaxnxn Lol Ua1  Gal Ual 1,1 ULl Ualltkkxxhkkna Uah
PEWPLRFARLE RESLLIS=
Tnbh x : Joar Frit  ~Faw  AFK  MAY JUN JUL LYY stk 0CT MOV nEC YAk
’ . uh de A1, ml. .
- . 11= b l., bEua. 9%. 13. 4o THL. 9. - - .
:;L&“L:b:u:1hh Lot ual Lof 0L dab Lo udd u.ﬂ ﬂ" “'H H'B ﬂ'ﬂ H.#
NI ARN Vol Uak Uoli gy Wall Ut Uale 4iaD U - . . .
:h:?(r:tvttv 2ot Tat C.j Lol Tab Vo Liuli ual (TR | ¥ B . | a5 Ul
butks
=sS=a= 3
= r JlFES trwGE] GEeADD MEG
MO ENY HESIoehdawm UF LRrIGATEGE DlvENGLUhY
===:=:=============:====I=======:==—-
: i e FREPOHTIOAN bk LIFES wIlhih RAKGE ] )
:ihzﬂﬁlhr ””'ﬂﬂ‘”“"’ Jhik  Fup HAK APR O FAY Jum  JUL  AbL  YeP OCT  HNOV BEC
A 3 i £ Y r.4u
als ’ Jobt Talal U ta L85 Doby L3 doi NHoeg Ly L.98 LB ut
i'll b'{l Loh Dat ua¥4 Gelid V15 LIHY Ut Uau Letl Ll Hou U.q
e s GTUnT T atlh vt wiir 0l nin 0luo ugk ot o.n
l'fi L Lot Uate lisil b oLy Halig (a0 el Algu bl bgl Dot Dl
Ve L'rb Lal  dialr tigdl  wial Walid Lall Ll el Uebi Daug all Ul
s C Ton T T e g T P T L VP e N [y
o Voot d CTO Do uli L0 bl niaU el U i weil o bew Dt frlu
o el Levd  bale  ligwh Lt ol Wal  fal: el La%% uau Lau bl
Lohs Ul S vals (tal) e l) Lials 13 ual Ual ial) 1egll iU Nad  GLat
Lootite ol POv unh Do GIn uLnT w4 ALU Siave ull liau baO uad
n:IL---t-gt.:nt [ nal [ Logle Uaht ULl liafl el dels Ut Uil Ual

HASLIN=WIlUE HENEFIT AND CUST TNFUNFATLON FUR: SYS wlIDE

MCIE!  ALL BENEFLIS AND CUSTS ARE PRESENT VALUF
ALL--CUSIS INCLUUE HOFH CAPIIAL AND Om¥ COMPUNENTS
Y . Te IRFLGATION AHEAS
lHRTG=
ATLON IN=
EMPLQY TERNAL
TaK= PUVEM[= SHUOH[= 01 mEN{ [RH]= ‘ HATE
Ge T 1AL HEN- FALL=x ACTUAL 4 BEHE= GENER= GATIUK TUIAL+% NET A=CUF
NAME AREA FF1T§= LUSSES HENMEFLIS 1 ATED COS1S Cusis BENEFLTS RAJIUREITURN
- na Ao R ] rd PPLIYR A n L] A %
VAS W L L1E, LGUB_ 77 1453 ,1% 2595 .01 64, 301.392.30 15351.9n 120300 1.89 1.9
VASIRRVE 261, 3155.8¢ $a62 .17 21v5.05 fiia 149,248,138 fey.dd 1442,37 .84 1.3
VASIRRVI. 1%/.  fH5H. 3 157 3¢ Snill. 99 (e 71e147.99 332.62 224,32 Tat19 1.5
S.lUa1nER He. 411_68 91 .04 Jduatd i 49, 51.54 51.54 eny . nh 6,22 1.5
BARL LKKH W, 3a(l.a’) ShH 14 fod.lh (e 27 . BbE.4Y ba 5S¢ 175,87 2a97 1.5
FOKMTITHH 4. [T S Nat . o 11 24, MLl .l Lol [1olh wakdkiemn
CLEF | Kk yh 2ok ([T LI U o ULl Ut [ENT) Dafll kmaknx
HeEMLRKFTL T, - .U ol - Uedl -~ o Ua Ual) el [tI] Uell sxAhax
PENLkkVE 5, bBaw 9’ _G2u,Mh PAY e 24, 57.223.481 f5.19 =465, 26 Oa 34 1.5
oo TaTAL 1286 . 955&.9?_ 342190 al155.04 tiy o YR PERAES S25ho9y 2hazai 1.86
a PHFSEFHT VALUE gb ARNUAL HENFRITS IF ho SHUHIFALLS FrOM THE SPECIFIEN SUPPLY FARGET OCClUR
A PHESEN] VALUE CF "abkUAL LCSSES QuE TU SHURIFALLS FHOM SPECIFIED SUPPLY TaRGE! :
¥ POTENTIAL MEMEFITS MLINUS SHUKIAGE LGSSES : . :
4% ThOLUDF AVIRLBUTAHIE WMESERVOLR, DIVERSTIONS AND/OR PUMPING COSTS WnERF APPLILARLE
2 RYDHOFLECTWIC POWEN GEHERATLON
: o INTERNAL
. NAME ISialLiD ENERGY CAPACLIlY SHUONTFaLL TO1AL PLANT TuTAl = NE I H=C HAIE UF
Ceee o oCRPACITY HEMFFITS HENFFL1S LussEs== BENEFTISH CUsTS COSTS++ HENFFITS HATIO REIUKN
e B R [ B A A £ Ll %
e MO HYORUPLANTS IN THES Sysibks
I P S wAVEN SUPPLY FOH RUNTUIPAL AND IMBUSTRIAL USE
MAamF  TARGET POJENTIAL®  SHURTAGREas  ACTUAL® 2 POTENILIAL M & 1 TUTAL++ NET H=C
LEmMAND BEMEFLIS - LOSSES HENFFL1YS HENEFITS CUSTS Cos1y HENEFITS HALIO
N AL - R - N i _ % ] B © K -
o UPS JUSE a9 1 Ual O.u U, ' u.b U Dol U0t
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NET .
HENEFITS
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THIS S¥STEM
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3.

WE I
HENEF LIS

TUTAL ++

% POTENTIAL

SHUR|aGE=a

PUIENT AL

NAWE

H=C

cOsTs

"oK

ACTULALY

LOSSES BENEFI TS

TAWGE
nknbkb1IS

LEmANG

HATIO
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HENEFL1TS
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AND/UR PUMPING CUSTS wWHERE APPLICABLE
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