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3.3 Digital Balancing Model
3.3.1 Concept of DBM

DBM, standing for Digital Balancing Model, was developed by the JICA Study Team and
transferred to counterparts of MEW (Ministry of Energy and Water) with its usage technology. In
order to formulate a master plan for water resources management in Lebanon, the Team conducted
“the Study on Water Resources Management in the Republic of Lebanon“ from 2002 to 2003.
Through the course of the study, the Team collected a lot of data related to water resources
management including water demand and water supply parameters. Successively, the Team entered
the data into the GIS database, which is a database controlled by GIS sofiware, in order to unify
data management. At the same time, the Team developed DBM as a supplement of the GIS

database system.

DBM is a part of GIS database system. Under the control of GIS software, GIS database can
normally process and output the data. However, for the predictive calculation of water demand and
possible water supply in the future, the standard functions are not sufficient except for the skilled
user having much knowledge about GIS. For this reason, DBM is prepared to enable any ordinal
user to do such processing easily by customizing necessary operations of GIS. Consequently, DBM
with GIS database plays a significant role in water resources management.

DBM is defined as a tool that “can make predictive calculations of water demand and possible
water supply in the future based on GIS Database and can output them on a designated basis.”

i GIS (Engine) i
: ' 3
: GIS Database 3
; Data Processing Predictive i
! by GIS’s Standard Functions Calculations 5
; I : |
: Output :
’ Output :
Figure 3.3-1 GIS Database System
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As shown in Figure 3.3-2, DBM consists of four main components, (“window”) named after their
functional characteristics. Full-scale structure is illustrated as DBM System Diagram in the

attached Operation Manual.
DBM Main Project Table
{Project Setting) (Input Data of past jobs)
i—?efalﬂt Values Update Predictive Calculations Output
DBM Database Possible Water Water Possible Water Water Water
(Default Vaiues Table) Supply Demand Supply Balance Demand
Figure 3.3-2 DBM Structure
Tabie 3.3-1 Main Fonction of DBM
Component Description Function
DBM Main This component can manage project date such as | - Control project data
input and output dats. - Delets project data
Default Values Update This component can update default values. But the | - Change default values
usage is limited to an administrator. - Update default values
Predictive Calculations This component can calculate water demand and | - Change default vatues
supply from 2002 to 2030, The user does not need | - Refer to provious input data
to mput all parameters every operation, because | - Calculate dam development potential
DBM has default values of all parameters. If | - Calculate reusc of wastewater
needed, the user can simply modify the default | - Calcuiate residential water
values, - Calculate non-residential water
- Calculate tourism water
-« Caiculate mdustrial water
- Calculate irrigation water
Output This component can create some excel files of | - Create some excel files such as input
input and output data, and link some tables with |  data, possible water supply, water
thematic maps. When the output on GIS maps is demand, water balance.
required, the user can draw the maps reflecting | - Link some tables with thematic maps.
andior overlapping the DBM results by an
application of the standard fimctions.
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Data retention forms for basic data, classified by spatial and time bases, are shown in Table 3.3-2.

Table 3.3-2 Data Retention Form

Data Spatial Basis Time Basis |
Socio-Economic Frame Demand Area Annual data,
- Population & Population growth rate (Caza + Greater Beirut, Saidz) varing for 2002-2030
- Establishment
Agricultural Frame (schemed and large scale) Irrigation schemes Amnual data, N
- Irrigate area varing for 2002-2030
- Croppmg pattern and irrigation method
Agricultural Frame (existing small-scale) Demand Area Annual data,
- Cropping pattern and irrigation method (Caza + Greater Beirut, Saida) constant for 2002-2030
- lrrigate area
Water Resources Potential Supply Area (Watershed) Monthly data,
- Surface water constant for 2002-2030
- Groundwater

All the calculations can be output with this component. The user sets output parameters such as
“Output Area”, “Output Time” and “Output Style”. DBM prepares three kinds of output styles,
map, chart and table. Each style has the follwing characteristics.

Map: It has the most apparent effort in spatial perception, but does not
present details. Mainty it is used for presentation.

Chart & Table: They present details, which map cannot express.

DBM prepares three kinds of “Output Time”, i.e. monthly, seasonal and annual. Seasonal means
wet and dry seasons, defined as below.

Dry season: April to October (7 months)
Wet season: November to March (5 months)

“Output Area” includes six kinds of areas. Table 3.3-3 shows output matrix between calculations
and output areas.
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Table 3.3-3 Output Matrix
Administrative area
Quiput Area «E‘ 8
8 | 2
3| 8| B
8 < g g
=} Y
Predictive Calculation g 8 ‘g 5 =
g2 5| 8
Demand Domestic Water Q O O O - O
Industrial Water G @] O O - C
Leakage Water Q O O 0O - Q
Irrigation Water Q O @] O C Q
Supply Surface water . - O O - O
Groundwater - . @) O - O
Reuse of wastewater - - O O - O
Balance (between Demand & Supply) - - O O - O

©O: able to express

- ; not able to express

3.3.3 Sample of Output
(1) Input Data Output Form

All the input data used in the predictive calculation can be output to the excel file and linked to the
map’s attribute data.

Table 3.3-4 List of Excel Sheet

Sheet Name Descriptions
Project Project information such as project name, establishing date
Supply Water Surface water and groundwater development potential
Dam Dam name, starting year and development potential
Wastewater Reuse Wastewater reuse parameters
Growth Rate Growth rate of population and industry
| Residential Population and per capita consumption
Non-Residential Non-residential parameters
Tourism Tourism water parameters
Industry Industrial water parameters
Leakage Leakage water parameters
Irgation Existing and proposed irrigation scheme parameters
Application Application ratio of existing and proposed irrigation scheme
| lirigation (caza) Caza irrigation (small scales) pargmeters
| Application (caza) Application ratio of Caza imrigation (small scales)
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CHAPTER 4 WATER RESOURCES
4.1 Water Rescurces Potential
4.1.1 Results of SSM Simulation

(1) Surface water balance

Through the SSM simulation study, many hydrological parameters such as rainfall amount,
recharging volume, evapotranspiration volume, surface runoff, groundwater level, groundwater
flow, and so forth, at daily basis in every sub-basin are calculated and stored in a hard disk. Thus,
the volumes of information obtained through the simulation were quite large amount.

The current surface water balance was rearranged from the results of simulation, as Table 4.1.1. (In
an average of the latest 10 years, and details are attached in ANNEX 4), The column of “Rain”
means total precipitation in the catchment area, “Inlet/Runin” means the water transferred or
running into the basin from the other basin. “Spring” is the water once infiltrated into the ground
and flowed up to the ground and therefore counted as the gain of surface water. “Recharge” is all
infiltration volume, and “Evap” means the water volume lost by evapo-transpiration. “Intake” is the
water volume actually taken from the river through the simulation, and it is not same with the
volume given to the model as the current surface water intake, as explained before.

Table 4.1.1 CURRENT WATER BALANCE {Linit: 1,000 m3)
Surface Water Balance
Area In Out Balance
92-01 Ave. | Basin | (Km2) Rain| Inlet/Runin Spring] _ Recha Eva RunOfi] {ntake
Kabit 15 333.5 251,520 ] 38 ’1_?11 751 aﬁg 43,786 492 | 1821
Ostuens [6-5] 1898 127,962 0 10,331 45,749 45718 45830 1,696 -840
Aldar fo13] 1334 100,426 0 8,728 44578 32,487 33322 280 1.220
Bared [4A7)| 2863 200,761 0] 111,835] 112912 55,262 | 136,054 5730 1,371
Al 18-22]| 4848 365,627 O 159,877 | 187479 | 100,030 | 228817 3630 3,52
Jouz 173-26]| __186.3 137,862 ] 9,683 89,852 45618 33,265 420 1,318
Torahim [27-30]| 3467 250,832 O 282647 | 148,276 86,954 | 306,955 1,951 2,688
|K.u: 3133} 2548 192,166 0 108203| 68,512] 62886 185801 1875 1405
Beirut (3437]] 3009 228,052 0 284271 18119 77932 80,800 2,355 2738
Damour (38-41]|__186.2 139,556 0 84,472 66 285 44600 108,875 5,730 4554
[Awali 4545) 3.5 248,681 54,508 | 100,808 06,448 96432 213,79 2,676 5197
Saintaniq 46-48]| 1619 118,562 ] 1,844 68,948 40512 9,803 307 1,244
Zahrani 14951]] 1041 75,831 0 7 348 48,118 26,032 9,629 403 516
A Assouad [5253]] 1601 112,979 0 1,107 &3 388 47 418 3,360 875 1,862
Litani 54-64)[ 2231.3 1,861,272 0 85808 931,747 | 641,288 107,612 76,006 | 10,557
Assi 165-68] | 16488 1365617 8,683 7350651 BB83,504 | 465404 | 308781 15,808 2,343
Hasbani {70-73] | 587 .4 442,780 ¥ 5857 | 204,0/1 | 150.7/5 85,768 843 1510
I8 TOTAL T3 | 5.0008] ©,084,517 87,1991 1,679,007 %W'Tm‘%. "‘Tﬂ_’% 37882
%:;MPE %) 5C4% 700.0% % 1758 A% 3BI% 3. I
ol Boain | [74-07]] 1,600.7 1.213,047 0 58007 605,054 X 1095 581 13, AZ91%
individuals [@8-80]] 2860 215,575 0 BE020] 137,730 56,048 97,838 271 2,011
AL 7% [ 19767 TA20p2% 0 143,0 _rmﬂ% u,%g 14,922
12g "“"(:) 5% 100.0%) . o0 10.0%] X =3 , “71. ~1,0%]
A 10,076 T 484,030 1,191 | 1,222,033 3,821 2,088,280 | 2193088 287 | 82,874
8 (%] | 100.0% 100. 0.5% 18, 1.1%] "“ﬁ'.? % 1B%| 07%
M

As shown in the Table, the surface water balances of almost all river basins are minus, and thus, the
total water balance of all basins is also a little bit minus. And these minus volumes are supplied by
a groundwater, In the Table, “Spring” is an outfiow of groundwater, and therefore it is counted as
an input of item of the surface water. Conversely, it is counted as an output item in the groundwater
system. Thus, the recharge volume must be considered in two ways, as a total recharge volume and
as a net recharge volume excluding the spring volume.
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The surface water balance of the whole country is simply summarized as:

In Item Amount (%) (% to Rain)
Rainfall 7,500 MCM/year (85.5%) 100.0%
Run-in/Inlet 60 MCM/year { 0.7%) 0.8%
Spring 1,200 MCM/vear (13.9%) 16.3%
Total 8,800 MCM/year (100%) 117.1%

Out
Recharge 3,800 MCM/year (43.3%) 52.0%
(Net recharge) 2,600 MCM/year (29.5%) 34.7%
Evapo-trans. 2,700 MCM/year (30.3%) 35.7%
Runoff 2,200 MCM/year (24.9%) 29.3%
Intake 140 MCM/year ( 1.6%) 1.8%
Total 8,800 MCM/year 117.9%

Above table suggests the total surface water balance including spring, inlet, and intake amounts is
almost balancing, but in considering to the rainfall, both “in” and “out” amounts are exceeding
100%, and the balance is in small minus.

(2) Abnormality of surface runoff

Besides the total water balance, a remarkable characteristic of water balance in Lebanon is heavy
unbalance (or it can be called as “abnormality”) of surface runoff against the rainfall. Normally, the
rainfall is the source of water in a certain basin, and some parts of the precipitation are
evapo-transpirated, retained in the soil, infiltrated to recharge groundwater, and the remains flow
out as a river. Therefore, the amount of surface runoff is usually around one third of the
precipitation or less than that. However, in Lebanon, the yearly runoffs of some of the rivers exceed
the yearly rainfall amount. Figure 4.1.1 shows the surface water balance against the total rainfall. In

Figure 4.1.1 SURFACE WATER BALANCE
River Rainfall 0 4“0 L] 0 190 120 o 100 180 200 %
Kebir 251,820 43,788
Ostuens 127,982 T 45830 T
Akkar 100.429 33.322
Bared 200,744 136,617
Abou Al 346,827 225,817
Jouz 137,082 33.26% _—
Ibrahim 289,532
Kelb 192,188 165,581
Belrut 226,062 50800
Damour 130,586 103375
Awall 248,681 213338
Saintaniq 118,682 Reoharge 2903
Zahrani 75,831 9.538 Runoff Volumaj
A Assouad | 112,278 3.368 T
Litani Up 837 418 22261
Litani Mid 507,878 105.227

Evapotranspiration ror812

LianlLow | 316,817
Assi 1,303,789 i 304,788
{Hasbani 442,709 85.708
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the figure, the yearly rainfall amount of each river basin is shown in the second column, and it is
indicated as 100% line. All of the output items such as recharge, evapotranspiration or runoff are
calculated by percentage to the rainfall, so normally; the total of these must be at near 100% line.

As shown in the figure, some of the rivers: the Bared, Abou Ali, Jbrahim, Kelb, Damour, and Awali,
have quite high runoff rates of more than 60%. Especially, the Ibrahim has a river runoff of more
than the total precipitation of the river basin. The other rivers, mentioned above, also indicate very
large over-runoff if consider about the other factors such as an evapotranspiration or a recharging
amount. It is a quite abnormal phenomenon under the natural condition.

It is come from the unique hydrogeological situation of Lebanon. That is, most of the country is
underlain by calcareous base rocks, and most of them are karstic limestones which have high
infiltration ratio and very high permeability, as well as karst caves or underground river channels.
The rainfall infiltrated into the ground removes easily to the neighboring areas beyond the basin
boundary through quite pervious karstic rocks or underground channels, and flows out as springs to
recharges river-flow or forms an origin of a river. Thus, some of the river can have abnormally
large runoff through groundwater movement beyond the basin boundary.

(3) Groundwater table and movement

SSM calculates water balance
in combination between

L 1

0007 Figure 4.12 surface and groundwater
systems, based on

precipitation,

evapotranspiration,

infiltration  ratio,  runoff
coefficient, permeability, and
Strativity of the ground. On
the course of simulation, SSM
estimates the volumes of
groundwater movement and
elevation of groundwater
table in daily basis. Using the
output file on groundwater
elevation, the contour map of
groundwater at any day can
be drawn up. Figure 4.1.2
shows the contour of
groundwater table at the

beginning of March 1996,
when the almost average year

with current 10 years. As the
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Because of the hydrogeological characteristic of Lebanon, as mentioned above, the groundwater
balance is also complicated. Normally, an input item in the groundwater system is only “recharge”,
and an oufput items are “groundwater Qutflow” and artificial “Pumping Up”. However in Lebanon,
the input item includes “Groundwater Inflow” resulted by groundwater movement beyond the basin
boundary, and the output item involves “Spring Up” which is the groundwater volume once
infiltrated into the ground but spring out to the ground as springs.

The groundwater balance in the country is simply summarized as follows:

In Item Volume (%) (% to Recharge)
Recharge 3,800 MCMfyear (76.5%) 100 %
G. Inflow 1,200 MCM/year (23.5%) 30.9%
Total 5,000 MCM/year (100%) 130.7%
Out
G. Outflow 3,800 MCM/year (76.9%) 100.5%
Spring Up 1,200 MCM/year (24.5%) 32.0%
Pump Up 600 MCM/year ( 12.2%) 16.0%
Total 5,700 MCM/year (113.6%) 148.5%

As easily recognized from above table, total output factors of the groundwater system is larger than
the input factors, and the total balance is minus. The deficit in the balance, around 700 MCM/year
in an average, is supplemented from the total groundwater storage. The latest 10 years, since 1962
to 2001, include continuous three years of drought from 1997 to 1999, and it must be the reason
why the average groundwater balance is totally in minus.

Thus, the current water balance in total is summarized as Figure 4.1.4.
Figure 3.14  Current Water Balance of Lebanon (average of latest 10 years)
Rainfall Evapotranspiration

e —
2.700

Surface System

Spring

Sochge _lao
3.800 !
ﬁ
Groundwater— —

o Groundwater System Pumping up
2,700
700
=
Ll

Supplement from Storage
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4.1.2. Water Resources Potential

After the simulation under the current condition, a natural water balance was also simulated. It is
the simulation under the natural condition: without any artificial water intake, and it indicates the
water resources potential in Lebanon.

(1) Surface water resources potential

The natural surface water balance simulated by SSM, in an average of the latest 10 years, is shown
in Table 4.1.3 (Further details are attached in ANNEX 4).

The Table indicates, as same with the simulation under the current condition, almost all of the river
basins (and the small coastal basins also), except the Assi Basin, have deficits in their water
balances, large or small. And the particular basins show abnormally high runoff rates of more than
60% or as high as 126%. The situation is explained by a unique hydrogeological setting of Lebanon
as mentioned above.

Table 4.1.3 NATURAL WATER BALANCE
Surface Water Balance
Area in_ Qut SurfBal
92-01 Ave. Basin | (Kn2) Rain Runin Spring| Recharge Evap RunOf |ntakel

Kebir [15] | 333.5 251,520 0 5,180 118,813 01,014 53,240 2,457
Ostuene [69] | 1666 127,962 0 13062] 45970| 45850 40,678 875
Alder 10-13][ 1331 100,429 0 13437 44,308 32645 | 38,260 1,353
Bared 141 266.3 200,761 0| 138488 114,204 50,346 | 167,123 1425
Abou All 18221] 484.9 365,627 6] 153508| 187412 109,125 226,008 341
oz [2326]] 1863 137,862 0 11468] 69876 45991 35,100 1,638
iﬁahim 97-30] | 346.7] 259,532 G| 201,024 149667 86078 326682 2 85
Kelb 31.33]| 254.9 192,166 0] 11749 | 65621 63,056 | 178,751 A.782
Beirut (3437 300.9 228,052 0] 3433| 116189 78362 68,866 3020
Darmour 3541]] 186.2 139,555 6] 102,140] ©6,816| 45097 131413 1,630
[Awvali 4245]] 3345 248 681 0 83,170 62,434 85807 | 106810 3,380
Seintaniq 46-48]] 161.9 116,562 0 2853 ©68955| 40,787 10,983 1,489
Zahrand 4551)] 1041 75,831 0 BD47| 48152 26,282 11,482 110
LA Assouad 52.53]] 160.1 112279 0 BAB5| 63,712 48,052 8,259 2078
Litan: 5464]] 2231.3] 1,861,272 0 584014 1317408 | 662,952 280871 15,1486

i [E568|[ 1,848.8]  1,303817 0| 153,074| 686,114 | 469108 396,868 5400
Hasbani [[0-73]] 5674 442,780 0 11,305| 203,224 | 160,240 62,855 2,266
S.TOTAL 73 T.om‘_.gi 6,054 517 0 1,1%%7 3,434,901 2,161,782 -Fz;gg
Percentege | {%)_|_80.4% T00% 0% 286%  567% 35 % .
Coastal Basin | [74-97]] 1,600.7 1213847 0| B6,753] 605518 474,825 237850 17,594 |
Individuate G8.05]| 286.0 215,575 094871 138318 68736 107,020 -3,637]
IS.TOTAL 26 | 1,076.7 1,429 522 0 181,623] 743,838] 543 560| %m -21,5151.4'@!
Percentage (%) | 2.6% —100.0% 0.0% 1279 52 0% 38.0% 24.1% .
G.TOTAL 99 | 10,076 7,464,030 0] 1,625560] 4.1 2.605 058 73,810

%) | 100.0% 700.0%) 5 T% % o 0%

N0.1%

The surface water balance of the whole country in natural condition is simply summarized as:

In Item Amount (%) {% to Rain)
Rainfall 7,500 MCM/year (79.5%) 100.0%
Spring 1,900 MCMYyear (20.5%) 25.7%

out Total 9,400 MCM/year (100.0%) 125.7%
Recharge 4,200 MCM/year (44.4%) 55.8%
(Net recharge) 2,250 MCM/year (23.9%) 30.1%
Evapo-trans. 2,700 MCM/year (28.6%) 36.0%
Runoff 2,600 MCM/year (27.7%) 34.9%
Total 9,500 MCM/year (100.8%) 126.7%
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Above table suggests the total yearly precipitation in the country (10 years average) is around 7,500
MCM, and among it 2,700 MCM (36%) is lost by an evapotranspiration, 4,200 MCM (55.8%) is
infiltrated into the ground but 1,900 MCM is returred up to the ground through springs, and thus
2,250 MCM (30.1%) is recharging groundwater. Finally, total around 4,500 MCM/year (Runoff +
Spring: 2,600+1,900=4,500) is the total surface water resources potential,

(2) Groundwater resources potential

In the same manner, a groundwater balance under the natural condition, in an average for latest 10
years, is estimated by SSM, as shown in Table 4.1.4.

Table 4.1.4 NATURAL GROUNDWATER BALANCE {Unit: 1.000 m3)
Area In Out

5207 Aws. | Basin | (Kn2) | Recharge]  Ginflow] _ PropUp] __ Sprdp]_GOutiow] > coe Volume
Kebir 1-5) 333.5] 118,913 0 9,180 | 133,454 | 23,721 11,061,710
Ostuene 5.9 1696 45970 | 60,548 13062 | 106507| -4,050 3,890,658
Akiar 16-13]|  133.1] 44,305 17617 13438 52938 4,454 2,084,815
Bared 1417]] 286.3] 114205] 49859 138,488 | 35621| -10,055 7,902,512
Abou Al 18-22)] 4849] 187,412 82441 153508 | 130,606 -14,440 14,945,790
Jouz 23-26 186.3 69,876 6,938 11,468 77,126 -11,780 5472477
Tbrahim 27-30]] 346.7] 149,686| 209,013 301,024| 66028] 8,253 6,314,365
Kelb 31-33]] 254.5] 60,621 126237 117,496 | 88,250 -9,898 5,803,453
[Beirdt 34-37]] 3009] 118189 21433 3433 125826] -20540 8,165,352
Damour 3841]] 186.2] 66,816 | 122779 102,140 | 89372|  -1,918 6,354,083
Awall A745]] 3345 62434 114,541 B3170] 68,187 4,381 6,209,584
Saintaniq_ 4648]] 161.9] 68,955 1,633 2,653  79,493| 11,959 4,686,055
Zahrani 4851]] 104.1] 48,153 11,979 8947 | 56300 5176 3,045,543
R Assouad £2-53]] " 160.7] 63713 1,052 5665 61883| -2.784 7,410,801
Lkani 5464]] 2.231.3] 1,317,411 A58 15,158 | 883,847 | -150,006 84,660,720
Ass 6560]1 1,848.8] 686,117 | 53,906 153,074 | 730,693 | -143,746 70,862,010
Hasban 70-73]| 5B7.4] 203226 41672 11,305 200955 57,361 23,183,780
STOTAL 3 | 8,000 .5'| 3,435,000] 931,318 - 7,174,202, 3,107,005] 484,743 273,068,080
% %) |_804%  100.0% 27.1% 34.2% F0.5%]  -14.1%

i Basin 73:3;/% 1,690.7] 605518 | 161,236 86,752 | 736,152 -5%19502 41,715,560
individuals ] 286.01 138,318] 103,248 94,871 175608 -28,91 12 675,180
5YOTAL 3 [ 1.076.7] 7455358 2644634 - 181,623.3] 911,7504 4—43—'—.«13——%—#“ 7400
Pocsmgs {00 | 28 i Se it [T et | oot |
, L [ B 1,10 - 1,355 3,018, 327,440,829
Percentags mrm-"?&% 5’5‘3& - 30a% 6% 136%

In the Table, the item of “SubBal” means a sub-surface water balance and it includes some other
- miscellaneous items than major spring out or groundwater outflow, so that the balance is not equal
to the direct calculation of “In” and “Out”. In any rates, groundwater balances in all of the basins
are in deficit, because the latest 10 years include the continnous three years drought.

The groundwater balance in the country is simply summarized as follows:

In Item Volume (%) (% to Recharge)
Recharge 4,200 MCM/year (77.8%) 100 %
G. Inflow 1,200 MCM/year {22.2%) 28.6%
Total 5,400 MCM/year (100%) 128.6%
Out
G. Outflow 4,000 MCM/year (74.8%) 96.2%
Spring Up 1,900 MCM/year (35.6%) 45.8%
Total 5,900 MCM/year (110.5%) 142.1%
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Only from the direct calculation of “In — Qut” suggests around 10% of deficit in this 10 years
average. The total groundwater resources potential in the country is, thus, roughly estimated as
3,500 MCM/year as Recharge + Inflow — Spring Up.

Both surface and groundwater balances for every river basin at each year for the latest ten years, at
the current condition, are attached in ANNEX 4. Same manner but in the natural condition are also
presented as ANNEX 4.
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4.2 Surface Water Development Potential
4.2.1 Development Strategy

Definition of surface water development potential is the maximum volume of surface water
available for the future water use, and surface water is defined as water flowing in river  Since
most of spring water flows into river regardless of their use in upstream, spring water is included in
surface water in this Study. Besides, the potential analysis of spring water separated from surface
water is not possible due to limitation of spring discharge data.

Surface water development depends on water resources management policy. For example, the
volume of surface water to be developed depends on the drought return period adopted. If the
downstream eco-system or recreational water were significant, an idea of maintenance discharge
would need to be introduced. Considering the present and future use of surface water, 1) return
period of drought year, 2) maintenance discharge and 3) direct intake/storage facility of water are
examined as development strategy.

(1)  Drought Year

Determination of the return period of drought year is associated with the safety degree of water
supply and cost for water development. If the long return period were adopted for water
development, the water supply would be secured against severe drought but simultaneously the cost
for development would become large. For example, a development plan for 10-year return period
drought costs more than that for 5-year return period drought; however, insecure water supply
binders growth of the socio-economy. To adopt the feasible target of return period, the future
socio-economic framework and hydrological conditions in Lebanon need to be considered.

Since Lebanon has a high potential for economic development and actually economy is very active
after the cease of civil war, the stable supply of water is one of crucial factors to sustain the
economic development. It means that the safety degree of future water supply should be set as
high as other developed countries.

Annual precipitation ranges 600 — 1,000 mm in the coastal area, 900 —~ 1,700 mm in Mt. Lebanon
and 200 — 900 mm in the Bekka valley. Those figures show high values compared to other middle
east countries. A main issue in the hydrological characteristics is the distinct seasonal variation of
precipitation that almost all precipitation concentrates during the wet season (November to March).
This characteristic limits the use of surface water by direct intake but water during the wet season
can be used by storage facilities. Therefore, as long as the proper water resources management is
applied, the high safety degree of water supply can be maintained.

10-year return period drought is adopted for the water use planning in this Study, considering cases
in the developed countries. It implies that the water supply will be secure against 10-year return
period drought.
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(2) Maintenance Discharge

In general, maintenance discharge is defined as discharge maintained even during the drought for
pavigation, fishery, scenery, prevention of saline problem, prevention of river mouth clogging,
protection of river structures, maintenance of groundwater table, preservation of eco-system, water
quality control of river flow and so on. The present water use, such as domestic water, industrial
water and irrigation, is necessary to be considered for the water resources development from the
water right point of view; however, it is examined separately from the maintenance discharge.
Thus, the maintenance discharge does not include the present water use.

In Lebanon, there is no example to apply the maintenance discharge so far. Although Ministry of
Environment has designated Lake Yammouneh as the nature reserve and has proposed
countermeasures to mitigate water quality degradation and preserve eco-system in several water
bodies, Lake Qaracun, Lake Yemmouneh and Aamiq Marsh, neither designation nor
countermeasure proposal is associated with the maintenance discharge.

As discussed in Chapter 2.3 (Meteorology and Hydrology) and the folowing Chapter 422
(Development Potential by Direct Intake), there is no flow during the dry season in 5 rivers (El
Jouz, Beirut, Saitaniq, Zahrani and Abou Assouad rivers) out of 17 rivers in Lebanon. Besides,
even the rivers that there is flow during the dry season, their volumes are very limited. For
example, drought discharge (discharge exceeding this volume for 355 days in a year) in 10-year
retumn period drought is less than 0.200 m’/sec in those rivers, except El Kabir, Arka, Abou Ali, and
El Assi rivers. This low discharge during the dry season might be a reason why there is no
example of maintenance discharge in Lebanon.

However, considering the future socio-economic framework and necessity of nature preservation,
maintenance discharge should be introduced with the following reasons.

1) Tourism: Tourism is an important sector in Lebanon and the rapid growth of this sector is
expected. According to the Ministry of Tourism, there is an intention to increase the
mumber of visitors froms 900,000 at present to 6,000,000 in future. Water flow during the
summer, equipped with park, restaurant and so on, is one of tourist attraction, particularly
for tourists from the Middle East. Besides, the water flow contributes to maintain the
SCEnic areas.

2) Recreational Use of Water: In the summer, Lebanese enjoys the scenery of water flow.
Area along river is already developed with restaurants, cafes and so on, wherever there is
water flow with nice view. Since recreational use of water is considered as one of the
water rights, some discharge has to be maintained for this use.

3) Preservation of Eco-system: There are flora and fauna existing along the watercourses.
Considering the significance to preserve existing eco-system, some discharge has to be
maintained.
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“1/10Qs55* (drought discharge in 10-year return period drought), “Q,,” (maintenance discharge) and
“Qgp~ (surface water development potential by direct intake) of 17 river basins are described in
Table 4.2-1. Regarding the intemational rivers, such as El Kabir, El Assi and El Hasbani, basin
area, “Qg" and “Q” were calculated for hydrological boundary neglecting shares with neighboring
countries.  Thus, the figures in the table express the basin/sub-basin total at river
mouth/downstream end.

Since Litani river has the large basin area, 2,194.5 km’ it was divided in three sub-basins.
Considering the existing and proposed dam sites, sub-basins were determined as follows.

Litani-North: Upstream from Qaraoun dam, including the central and south Bekka
Litani-Middle: =~ Basin between Qaraoun dam and proposed site for Khardale dam
Litani-South: Downstream basin from Khardale dam site to river mouth

“1/10Q4ss” shows the volume of river flow available at least for 355 days in a year and those in
most of rivers are less than 1 m’/s, except El Kabir, Abou Ali and El Assi rivers that maintain
relatively high discharge even during the summer. On the other hand, in 5 rivers (El Jouz, Beirut,
Saitaniq, Zahrant and Abou Assouad rivers), “1/10Quss™ are 0 due to the tong cease of river flow
during the summer. Litani has a different characteristic from other rivers. Since the present river
water use for irrigation in Bekka is intensive, “1/10Qsss” becomes 0 in Litani-North,

Assuming that “Q,” is equal to 50% of “1/10Q;s5”, “Qg” of each river was evaluated. The river
flow in Litani-Middle and Litani-South during the dry season (from April to October) is mainly for
the downstream irrigation, especially for the Qasmieh irrigation scheme, that extends along the
coastal area until EL. 100m. Besides, the river flow in those sub-basins includes not only rnmoff
in the sub-basins but also discharge from the Qaraoun dam to satisfy the downstream irrigation
requirement. Therefore, “Q,,” in those sub-basins is based on the discharge data of a gauging
station downstream from the last intake.

“Qu” of El Assi river is the largest (4.562 m’/s) followed by El Kabir (1.120 m%s), Abou Ali
(0.506 m’/s), Arka (0.358 m®/s) and EI Bared (0.154 m’/s). Seasonal variation is very large in
Lebanese rivers; however, in those 5 rivers the relatively high discharge is maintained even during
the dry season. There is a tendency that “Q,,” is higher in the north and lower in the south, except
El Assi, Litani and El Hasbani with particular hydrological characteristics,

The total of surface water development potential by direct intake amounts to 7.113 m*/s without
consideration of Lebanese shares for international rivers. Simce it is assumed that the present
water use (domestic, industrial and irrigation) is already considered in “Q,,” estimate, 7.113 m’/s is
available volume for the future water demand. This total potential can meet roughly the water
demsnd of the population of 3 million, assuming that the unit consumption rate is 200
hitter/capita/day.
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4.2.3 Development Potential by Storage Facility

In Lebanon, the surface water development is mainly conducted by storage facilities, such as dams
and hill lakes, due to high seasonal fluctuation of river discharge. Besides, topographical features
that most of rivers flow in gorges hinder the surface water development by direct intake. In the
following section, the surface water development potential by storage facility is discussed based on
the proposed surface water development by MEW and LRA.

(1) Existing and Proposed Surface Water Development Projects

MEW (Ministry of Energy and Water) and LRA (Litani River Authority) are main executing
authorities for planning and implementation of the surface water development. The service area
of LRA is the southern Lebanon bounded by Awali and Litani river basins in north. Awali and
Litani river basins are included in the LRA service area and significant water resources. The rest
of area in Lebanon, the northern part, is covered by the MEW service.

In 1999, MEW formulated the 10-Year Work Plan for the period of 2000 to 2009 as the mid-term
plan, to conduct the study, land acquisition and construction associated with water resources
development, domestic water supply, wastewater treatment, irrigation and river rectification. Its
project components have been revised several times depending on the progress. As of March
2003, there are 19 dams and 17 hill lakes proposed in the 10-Year Work Plan as the surface water
development projects. Table 4.2-2 summarizes the proposed projects and their locations are
shown in Figure 4.2-3. Storage volume of water after completion of all projects would be 726
million m*/year.

In 1999, LRA also formulated the 5-Year Plan for the period of 1999 to 2003. LRA tasks in the
field of surface water development are almost same as MEW and only difference is its service area.
Since MEW has the overall responsibility for water resources development, LRA proposals in the
5-Year Plan associated with surface water development in Bekaa and south Lebanon are included in
the MEW’s 10-Year Work Plan.

So far, only the Aydamoun hill lake was completed and the construction of Chabrouth dam has
launched in 2002. Besides, Assi dam is currently under the detail design (D/D) and its
construction is expected to start in 2003. However, since most of proposed projects are still at
cither preliminary study or just project identification phase, they require the further studies, such as
feasibility study and detail design, depending on the present status. Detail design has been
completed for 5 projects (Qamouaa hill lake, Brissah hill lake, Bisri dam, Qaisamani hill lake and
Yammouneh hill lake) out of 34 projects at the study phase. Availability of
information/specifications for dams and hill lakes depends on study completed. Based on the
literature extraction, the information/specifications are summarized in Annex.
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Although CDR (Council for Development and Reconstruction) has sought the external fund for
projects and simultaneously MEW has implemented some projects using the internal fund,
completion of all projects within the period for the 10-Year Work Plan might be optimistic,
particularly dam projects that require a long consideration of technical and environmental aspects.
Thus, it is necessary to decide priority of each project in accordance with the future water demand.

(2) Dam Storage Volume and Development Potential

The scope of work of this Study does not include the dam study, such as identification of potential
site, topographical and geological investigation, design and so on. However, since the
development potential is not only function of the storage volume but also the inflow discharge and
recovery period to be allowed, the development potential of dams was evaluated, based on the
following conditions and assumptions. The evaluation in this Study is associated with only
hydrological factors but not associated with other factors for dam design, particularly topographical
and geological aspects.

- Evaluation of the development potential by dam is limited to projects proposed in the
10-Year Work Plan formulated by MEW because the Study does not cover identification
of dam/hill lake potential sites. Besides, MEW has already identified those potential
sites.

- Since 10-year return period drought is adopted for the water resources management,
consecutive daily discharges for 10 years from 1991 to 2000 are applied to estimate dam
inflow as long as discharge data are available or correlation with neighboring river basin is
conducted to fill data gaps. EI Assi, Litani and E1 Hasbani rivers have no daily discharge
data during 1991-2000 and cannot be correlated with other basins due to the distinct
hydrological characteristics. Thus, the available daily discharge data in 1960’s and
1970’s and even monthly average were used for the dam inflow estimate.

- It is assumed that observed discharge data are the result of subtraction of present water use
in upstream from natural discharge. Thus, the present water use is already considered in
discharge data.

- The same maintenance discharge determined in evaluation of the potential by direct intake
is applied to dam outflow.

- Asmentioned in the above, the present intake is already considered in discharge data.  As
a result, it can be assumed that the present water use in downstream is secured as long as
the dam drains the maintenance discharge.

- Some dams, such as Qarqaf, Chabrouth, Bogaata, Bisri, Qaraoun, Younine, Kfarsir and Ibl
al Saqi, aim to supply water only during the dry season for either irrigation or domestic
supply to mitigate the summer shortage. Therefore, two scenarios, water development
throughout the year and water development only during the dry season, are applied to
estimate the development potential for those dams.
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Seepage depends on geological characteristics of dam site; however, the scope of Study
does not include such detailed geological study. Thus, it is excluded from the dam
storage simulation.

Relations between water level of dam and reservoir area are not available in the most of
dams proposed. Besides, the rough estimate shows that evaporation from the reservoir
induces around 5% decrease in development potential. Thus, evaporation from the
reservoir is excluded from the dam storage simulation.

Since the storage volumes of hill lakes are relatively small (less than 1 million m*/year), it
is assumed that the storage volume recovers annually and is equal to the development
potential.

Based on the above conditions and assumptions, the development potential by dam is simulated by
the following equations.

Where

Qin = Qgauge X Adam / Agauge
Qsat = Qin = Qu
Q2 = Qe - Qu
Co=Cut- Quz, X864 Z 0
Qout = Qin + (Gt~ Cri) /86,4 - Q4
Q;.: dam inflow discharge (m*/s)
Qgage: daily discharge at gauging station (m’/s)
Agan: catchment area of dam (km?)
Aguuge: catchment area of gauging station (km”)
Q.q1: surplus/deficit of discharge at dam (m’/s)
Q..: maintenance discharge (m’/s), 50% of 1/10Qsss where available
Q.q: surplus/deficit of discharge at dam after intake of developed water (m’/s)
Qq: newly developed water by dam (m’/s)
C: empty capacity of dam reservoir (1,000 m®)
Qou: discharge drained from reservoir to downstream (m’/s)

t: time series {day)

Each dam proposal was evaluated based on the simulation and the feasible water development by
dam was determined, assuming that the discharge tendency in simulation will continue. Recovery
period of 4 years is allowed at maximum. The results of simulation are shown in Figure 4.2-4,
Figure 4.2-5 and Figure 4.2-6 as examples. Table 4.2-3 summarizes the estimate of development
potential by dam in terms of only hydrological aspect.
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Table 4.2-3 Summary of Dam Simulation (1)
Code Dam Intake Water Storage | Recovery Remarks
No. Period | Development | Capacity Period
(m*/s) (MCM) (Year)
201 | Janneh year 1.9 2946 i 1} Decline in discharge since 1998
1.5 2152 i 2) 1998 (1/20), 2000 (1/10)
1.0 11.71 1
202 | Chabrouth year 0.16 7.50 - 1) Sharp decline in discharge since 1997
0.13 4.10 - 2) 1998 (1/10), 2000 (1/20), 1999 (1/T)
0.10 1.81 1 3) Small catchment area (11 km?)
June - 0.43 7.76 -
September 0.35 4,60 -
0.30 3.20 )
203 | Mayrouba year 0.75 19.91 - 1) Sharp decline in discharge since 1997
0.70 15.73 - 2) 1998 (1/10), 2000 (1/20), 1999 (1/T)
0.60 10.30 1
204 | Bogaata year 0.20 6.28 - 1) Sharp decline in discharge since 1997
0.15 2.59 1 23 1998 (1/10), 2000 (1/20), 1999 (1/7)
0.10 1.60 1 3) Smali catchment area (17 km?)
June - 0.53 671 -
September 0.45 467 1
0.40 4.07 1
205 | Azzounie year 021 7.05 - 1) Decline in discharge since 1998
0.15 3.99 2 2) 1998 (1/20), 2000 (1/10)
0.11 1.96 2 3) Small catchment area (13 km?)
206 | Damour year 22 55.24 2 1) Decline in discharge since 1998
2.0 4508 2 2) 1998 (1/20), 2000 (1/10)
1.5 22.54 1
207 | Bisn vear 3.2 115.03 - 1) Decline in discharge since 1998
25 60.46 2 2) 1998 (1/20), 2000 (1/10)
2.0 35.03 2
May — 58 115.58 -
October 5.0 89.47 2
38 5132 2
301 | Noura year 4.7 68.08 4 1) Stable discharge
Et Tahta 4.0 5145 2 2) 1998 (1/10), 1993 (1/20)
3.0 29.81 1
302 | Qargaf year 0.16 17.90 - 1) Decline in discharge since 1997
0.13 10.17 - 2) 1998 (1/20), 1999 (1/10)
0.10 3.60 - 3) Small catchment area (11 km?)
April - 0.27 18.62 -
October 0.20 743 -
0.12 1.60 2
303 | Bared year 44 35.04 1 1) Stable discharge
40 25.75 1 2) 1998 (1/6), 1969 (1/10)
3.5 15.86 1
304 | laal year 0.07 8.44 - 1) Stable discharge
0.05 3.02 - 2) 1992 (1/10), 1998 (1/20)
0.03 0.55 1 3) Small catchment area (4 km®)

Simulation period: Sep. 1991 — Aug. 2001 undess specified in Remarks, Year indicated: Hydrological Year,
MCM: million m®, Parenthesis: Drought return period,  : possible water development
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Table 4.2-4 Summary of Dam Simulation (2)
Tj;ig—ﬁ_ﬁDam Intake Water Storage | Recovery Remarks
No. Period Development | Capacity Period
(m%/s) (MCM) (Year)
305 | Nahar El year 0.85 18.62 1 1) Decling in discharge in 1998 & 1999
Jaouz 0.50 10.67 1 2) 1998 (1/15), 1999 (1/10)
L 0.30 6.20 I
306 | Dar year 0.24 5342 - 1) 1998 (1/15), 1999 (1/10)
Beachtar 0.20 40.79 - 2) Small catchment area (10 km®)
0.10 9.96 -
year 20 47.19 - 1) Water conveyance from Abou Ali river
18 36.58 2 basin; 70% of discharge at No. 112
15 21.20 2 gauging station
500 | Qaraoun year 447 159.98 3 1} Existing dam
2) 1989 (1/40), 1990 (1/10), 1998 (1/20)
Apnil - 6.50 159.20 3 3) Simulation; Sep. 1979 — Aug. 1999
- October
501 | Assi year 4.95 35.59 1 1) Sharp decline in discharge since 1998
4.50 2494 1 2) 1998 (1/10), 1999 (1/20)
4.90 14.08 1 3) Simulation: Sep. 1991 - Aug. 2001
502 | Younine year 0.46 6.85 1 1} Small catchment area (Skm?)
0.40 592 1 2) Dam inflow: from Yammouneh spring
0.35 5.15 1 3) Simulation: Sep. 1998 ~ Aug. 2001
April - 0.46 6.85 1 4) Discharges in winter are large enough
October 040 592 1 to satisfy both water demand and dam
0.35 5.15 1 storage.
503 | Massa year 0.35 6.46 - 1) Decline in discharge since 1999
0.30 398 2 2) 1999 (1/10), 2000 (1/20)
0.25 2.98 1 3) Simulation; Sep. 1993 — Aug. 2001
601 | Kfarsir year 0.99 9.85 1 1) High annual discharge fluctuation from
0.90 8.30 1 185 MCM to 1,319 MCM
0.80 6.64 1 2) Simulation: Sep. 1966 — Aug. 1972
April - 1.1 964 1 3) Both cases are with Khardale dam
October 1.0 8.17 1
08 5.86 1
602 | Khardale year 54 82.48 - 1} High annua! discharge fluctuation from
4.5 44 51 1 160 MCM to 1,200 MCM
4.0 33.58 1 2) Simulation: Sep. 1965 — Aug. 1972
603 | Ibl al Sagi vear 1.23 49 94 - 1) Sharp decline in discharge in 1972
1.10 39.61 3 2) Simulation; Sep. 1966 — Aug. 1974
0.70 17.66 2
April - 1.94 4981 2
October 1.80 44.63 2
1.50 3357 2

Simulation period: Sep. 1991 - Aug. 2001 unless specified in Remarks, Year indicated: Hydrological Year,
MCM: million m®, Parenthesis: Drought return period,  : possible water development

In most of cases shown in Table 4.2-3 and Table 4.2-4, the decline in discharge from 1998 lowers
the water development by dam due to 10-year return period drought or more severe drought
occurred during a period between 1998 and 2000.
water would be able to be developed with the storage capacity proposed by MEW.  For example,
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the storage capacity planned for Mayrouba dam is 20.0 million m’; however, due to relatively small
discharge than expected, only water of 0.6 m’/s can be developed and it requires the half of planned
storage, 10.3 million m’. If the present discharge tendency continued in future, a plan of
Mayrouba dam would be over-investment. Regarding 10 dams out of 20 dams, the less water
development than expected reduces the storage volume of dam. On the other hand, Noura Et
Tahta dam can develop the water of 4.7 m%/s, equivalent to annual volume of 148 million m’ that is
more than double of the planned storage volume (70 million m®). It implies that the water
development by Noura Et Tahta dam is very efficient because of stable discharge.

Chabrouth, Bogaata, and Bisri dams have an objective to develop water only for the dry season. It
means that the winter water is stored in dam reservoir and used in summer. If the water
development is limited to the particular period, those dams can develop water more than double of
development throughout the year. For example, if Chabrouth dam supplies domestic water only
during June - September to satisfy the demand of summer population, it can develop 0.3 m’/s that
is three times more than all year development (0.10 m’/s). Ibl al Saqi dam is also for irrigation
purpose. Thus, if the intake from the dam is limited to only irrigation period (April — October),
80% more water can be developed.

Although Qarqaf, Younine and Kfarsir dams also aim to develop water only for the dry season, the
difference between development throughout the year and development for the particular period is
very small. This is due to relatively high discharge in winter so that winter discharge can meet
both water demand and dam storage.

Qaraoun dam can develop the water of 4.47 m’/s that is almost same volume as the storage volume
despite the fact that two successive drought years (40-year return period in 1989 and 10-year return
period in 1990) took 4 years to recover the full storage. Two cases of simulation were conducted
as described in Table 4.2-4, If the water supply by Qaraoun dam is limited to irrigation only
(April — October), it can develop 6.50 m’/s. In future, irrigation use will dominate the dam
operation but hydro-power generation will be continued during the wet season and peak hours,
according to LRA. Thus, the water development throughout the year is more realistic.

Water development by Kfarsir and Khardale dams interact to each other because they are planned
to be located in Litani river. If Khardale dam develops the water at maximum, the discharge
drained to Kfarsir dam in downstream will be reduced so that Kfarsir dam cannot develop as much
as existing alone.  As a result, Kfarsir dam would be possible to develop 0.99 m*/s throughout the
year or 1.10 m/s only during the irrigation with the existence of Khardale dam.

Due to the small catchment area, Chabrouth, Bogaata, Azzounine, Qarqaf, Iaal and Dar Beachtar
dams can develop limited amount of water. Those dams might be equipped with additional
discharge by water conveyance from other river basins or some particular springs. Since the
information to specify those additional discharges is not available, the water conveyance from
another basin was assumed for only Dar Beachtar dam.
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The simulation in Table 4.2-3 and Table 42-4 does not conmsider the Lebanese shares in
international rivers, such as El Kabir, El Assi and El Hasbani, because the Study does not cover the
Thus, the results show the potential in terms of hydrology and the
available volume for Lebanon might be reduced based on an agreement with neighboring countries.

international political issues.

Table 4.2-5 summarnizes the surface water development potential by dam based on the storage

volume simulation.

Since Qaraoun dam is an existing dam, it has to be excluded from the surface

water development potential. However, after completion of Canal 900 and 800 irmgation schemes,
the water use of Qaraoun dam will be completely different from the present use.
water allocation of Qaraoun dam needs to be adjusted for the future water use.
dam is included in the surface water development potential.

As a result, the
Thus, Qaraoun

Table 4.2-5 Surface Water Development by Dam
Develop. Water Recovery . Planned
o v | Dot [ Lol o | o | S
e (m*/s) {MCM) (year) (MCM) { (MCM)
301 | Noura Et Tahta year 470 1482 4 68.1 70.0
3G2 Qarqaf irrigation 0.12 18 2 1.6 20.0
303 Bared year 4.40 1388 2 35.0¢ 40.0
304 Taal year 0.03 09 1 0.5 10.0
305 { Nahar El Jaouz year 0.85 26.8 1 18.6 20.0
306 | Dar Beachtar year 1.80 56.8 2 36.6) 55.0
Janneh year 1.90 509 1 295 30.0
year 0.10 32 i 1.8 8.0
summer 0.30 9.5 1 3280

year 0.60 18.9 1 10.3 20.0
year 0.15 4.7 1 2.6 7.0

summer 045 142 1

year 0.15 47 2

year 220 694 2

year 2.50 788 2

May-October 5.00 157.7 2

year 447 i41.0 3

irrigation 6.50 205.0 3

year 495 156.1 1

year/irrigation 0.46 i4.5 1

year 0.30 9.5 2

year 0.99 312 1

irrigation 1.10 347 1

year 4.50 141.9 i

year 1.10 347 3

irrigation 1.94 61.2 2

year: water development throughout the year

irrigation: water development during irrigation (April - October)
summer; water development from June to September
Storage Volume = Active Storage

Annuat developed water & required storage: in the case of development throughout the year
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4.2.4 Overall Surface Water Development Potential

Surface water development potential consisting of development by direct intake and by storage
facility is summarized in Table 4.2-6. Regarding hill lakes with small storage capacity compared
to the dam, it is assumed that their storage volumes recover annually. Thus, the storage capacities
of hili Iakes proposed by MEW are equal to the development potential,

Table 4.2-6 Surface Water Development Potential
River Basin Direct Intake Dam Hill Lake | Total
No. Name m¥s) | MCM) | (%) | MCM) | (MCM) | (MCM)
1 |El Kabir 1.120 3532 470 148,22 0.30 183.84
2 |El Ostouene 0.102 322 0.00 0.00 1.35 457
3 |Arka 0.358 11.29 0.00 0.00 1.00 12.29
4 }El Bared 0.154 4.86 440 138.76 1.00 14462
5 tAbou Al 0.506 15.96 0.03 0.95 0.00 1691
6 |ElJouz 0.000 0.00 0.85 26.81 1.80 28.61
7 |Ibrakim 0.023 0.73 1.90 59.92 0.00 60.65
8 |[ElKelb 0.079 2.49 0.85 26.81 0.55 29.85
9 |Beirut 0.000 0.00 0.00 0.00 0.00 0.00
10 |Damour 0.094 296 235 74.11 0.55 77.62
1l |Awali 0.097 3.06 250 78.84 2,70 84.60
12 |Saitaniq 0.000 0.00 0.00 0.00 0.00 0.00
13 |Zahrani 0.000 0.00 0.00 0.00 0.00 0.00
14 |Abou Assouad 0.000 0.00 0.00 0.00 0.00 0.00
15 |Litani-North 0.000 0.00 477 15043 2.00 15243
0.003 0.09 4.50 14151 1.20 14320
0.004 0.13 099 31 0.00 3135
4.562 14387 541 170.61 0.00 31448
0.011 0.35 1.10 34.69 0.00 3504
0.000 0.00 0.12 378 0.00 378
0.000 0.00 1.80 56.76 0.00 56.76
0.000 0.00 0.00 0.00 0.96 0.96
0.000 0.00 0.00 0.00 4.50 4,50
0.000 0.00 0.00 0.00 1.00 1.00
7.113 224330 | 36270 11,143.820( 18910 ;1,387.060

Development Potential by Dam: intake throughout the year
MCM: million m*/year

Surface water development potential depends on the river basin. 7 river basins, E! Kabir, EI
Bared, Ibrahim, Damour, Awali, Litani (North and Middle sub-basin) and El Assi, have high
potential of surface water development exceeding 50 million m®/year, while 5 river basins, El
Ostouene, Beirut, Saitaniq, Zahrani and Abou Assouad, have either no potentia! or very limited
potential due to hydrological characteristics.

4.28



Interim Repors — Chapter 4

The total surface water development potential amounts to 1,387 million m“/year with construction
of all dams and hill lakes proposed by MEW. Due to the high seasonal fluctuation of discharge,
only 16.2% of surface water development can be achieved by direct intake and most of surface
water development (83.8%) requires dams and hill lakes.

10-year return period drought is applied to evaluate the surface water development potential by
direct intake. Besides, the development potential by dam is simulated for 10 years as long as
discharge data are available. Thus, it can be assumed that the surface water development potential
in Table 4.2-6 is available water against 10-year return period drought.
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