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attached in Annex. Further discussion on the water balance under the current condition shall be
done in the following chapter.

(2) Water balance simulation under natural condition

SSM which was once verified under the current condition is to be modified to make a simulation
under the natural condition, without pumping and without intake. The modification is quite simple,
only the current discharge data and intake volume files are erased from the model. The model
calculate again the surface water balance and also groundwater balance, in daily basis and for every
sub-basin for 40 years.

Outputs of the model, under the natural condition, indicates the maximum volume of surface water
and groundwater existing in the target area.

(3) Assessment of water resources potential

The water volumes exist in the area, both for surface and groundwater, are calenlated through SSM
simulation under the natural condition. They are just existing water volumes and they suggest the
upper limit volume of the water resources but do not show the water resources development
potential. In the case of surface water, the water resources potentiat can be calculated from the base
flow of a certain river at the 10years return period of drought, and the development potential is the
volume minus current utilized volume {which means already developed).

In the case of groundwater, the maximum resources volume is same with yearly recharging volume
in a 10 years return period drought year, and it is huge volume in the case of Lebanon because of a
plenty rainfall and a high infiltration rate of the foundation. However, a sustainable development
potential, or a safety development potential, is not so much. In Lebanon, a considerable amount of
recharged water is come back to the ground again as a spring, so that the concept of “net recharged
water” must be introduced. Further, recharged groundwater at a certain sub-basin flow-out to the
other basin to feed the neighbouring or far apart rivers from the original basin sometimes. Thus, the
development potential of groundwater must carefully be assessed basin by basin but it must not
beyond 1/3 of the net yearly recharge volume. In the case of coastal basins, the groundwater
development potential must be less than the volume which causes the drawdown to elevation Om to
avoid the sea water intrusion. However, in the case of development of offshore submarine spring,
the development potential can be the same volume with the groundwater outflow to the sea. Further
details on the groundwater development potential shall be discussed in the following chapter.

(4) Water balance simulation under the development scenario

Once the SSM is constructed (and verified), it can be utilized as a decision making tools in
combination with DBM. If any kind of water resources development plan was raise up, the water
volume required for the plan, a kind of resources (surface water or groundwater), and the location
of intake (target basin) are put into the model and run the program for another 40 years, using the
existing rainfall set though. The model easily outputs the volume can be taken out actually and the
effects of such intake in the case of surface water development. The model also outputs the water
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volume can be pumped up and then the groundwater level if such volume of groundwater was
withdrawn, Thus, the planner can know the available water volume and effects of the water
resources development roughly, before conducting a Feasibility Study.

(5) Limitation of the current SSM simulation

As explained above, the SSM can simulate both surface and groundwater balances, can estimate
groundwater level under current condition, natural condition, or future condition, and so forth, It is
quite useful tools for decision making in water resources management. However, the current SSM
constructed through the Study has serious limitation come from the lacking or shortage of several
basic data and information.

At first, the lacking of snow data is almost fatal deficit for SSM simulation in Lebanon. The snow
on the mountain can carry the precipitation in winter over into early summer, feeding continuously
water to springs and rivets. Because of no snowfall data, the model cannot make a pattern matching
for surface system, and therefore, it cannot simulate time series river munoff exactly. Then, lacking
of rainfall data for enough long period in the mountainous area also severely influence to the
accuracy of the simulation. Further, there was no actual observation data on some of important
rivers runoff, such as the Assi, Hasbani, and upper Litani. Even though the pattern matching is
impossible now, the volume matching is available so the runoff data on those rivers were desired,
Lacking of systematic groundwater monitoring record was another serious deficit for the simulation.
It made impossible to verify the groundwater system directory, and to separate confined aquifer
from unconfined aquifer. Beside the verification data, some of important data sets were also not
available: those are actual discharge volume at each sub-basin, actual intake volume at each
sub-basin. These basic data sets are important to keep accuracy of the simulation.

SSM simulation in this Study must be carried out under such unfavorable condition, so that several
compromising measures were taken such as volume matching and passive verification for the
verification, and allocation of rainfall data from only three sets to all of other zones. Even though
SSM has several limitation in this moment, it can offer many usefu! and significant data and
information, and it is available as a tool to assist the decision making. In future, after completion to
set systematic groundwater monitoring system for both unconfined and confined aquifers, and
metrological observation system for both rainfall and snowfall at whole country, the SSM must be
tuned up and all of simulation must be done again.
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4.3 Digital Balancing Model
4.3.1 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 software, 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 fimctions 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.”
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Figure 4.3-1 GIS Database System
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As shown in Figure 4.3-2, 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)
Defaukt Values Update Predictive Calculations Output
DBM Database Possible Water Water Possible Water Water Water
(Default Values Table) Supply Demand Supply Balance Demand
Figure 4.3-2 DBM Structure
Table 4.3-1 Main Function of DBM
Component Description Function
DBM Main This component can manage project data such as | - Control project data
input and output data. - Delete project data
Default Values Update This component can update default values. But the | - Change default values
wsage is limited to an administrator. - Update default values
Predictive Calculations This component can calculate water demand and | - Change defauit values
supply from 2002 to 2030. The user does not need | - Refer to previous mput data
to input all parameters every operation, because | - Caleulate dam development potential
DBM has default values of all parameters. If | - Calculate reuse of wastewater
needed, the user can simply modify the default { - Calculate residential water
values, - Calculste non-residential water
- Calculate tourism water
- Calculate industrial 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 | dats, 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.
end/or overlepping 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 4.3-2.

Table 4.3-2 Data Retention Form

Data Spatial Basis Time Basis
Socio-Economic Frame Demand Area Annuat data,
- Population & Population growth rate (Caza + Greater Beirut, Saida) varing for 2002-2030
- Establishment
Agricultural Frame (schemed and large scale) Irrigation schemes Annual data,
- lrrigate area varing for 2002-2030
- Cropping patter and irrigation method
Agricultural Frame (existing smati-scale) Demand Area Annual data,
- Cropping pattern and irrigation method (Caza + Greater Beirut, Saida) constant for 2002-2030
- lmrigate area
Water Resources Potential Supply Area (Watershed) Monthly data,
- Surface water constant for 2002-2030
- {(roundwater

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 foliwing characteristics.

Map: It has the most apparent effort in spatial perception, but does not
present details. Mainly 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)

“Qutput Area” includes six kinds of areas. Table 4.3-3 shows output matrix between calculations
and output areas.
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Output Area

Predictive Calculation

Administrative area

Water Authority

Demand area
(Caza)

Irrigation area

Watershed

Demand

Domestic Water

Industrial Water

Leakage Water

O |O |C [O | Mohafaza

O |0 OO

Irrigation Water

Supply

Surface water - -

Groundwater - -

Reuse of wastewater - -

Balance (between Demand & Supply) - -

OO 10IC |00 |0 O | Lebanon

O 0|0 [0C|C|0iC

OloIC{Oo 00|00

©: able to express

- ! not able to express

4.3.3 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 4.3-4 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 cepita consumption
Non-Regidential Non-residential parameters
Tourism Tourism water parameters
Industry Industrial water parameters
Leakage Ecakage water parameters
| Imigation Exigting and proposed irrigation scheme parameters
Application Application ratio of existing and proposed irrigation scheme
| Irrigation (caza) Caza irrigation (small scales) parameters
Application (caza) Application ratio of Caza irrigation (small scales)
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these, it is recommended to install fifteen (15) snow observation stations as the first priority to
cover major river basins, and sixteen (16) stations as the second priority as given in Figure 5.1-2
as well as in Table 5.1-2.

Table 5.1-2 Proposed Location of Snawfall Station

River Sub-basin X Y Z Priority nos
Kebir 1 200,653 | 278,067 | 1,700 ]
Bared 14 192,362 | 273,217 1,700 1
15 187,346 | 275,538 | 1,200 1
Abou Ali 18 182,174 | 262,687 | 2,600 1
19 174,578 | 267,206 | 1,500 1
Jouz 23 168,982 | 250,500 | 1,530 1
Ibrahim 27 171,314 | 239,569 | 1,950 1
Kelb 31 162,959 | 226,786 | 2,200 1
Beirut 34 151,448 | 214,151 | 1,200 1
Damour 38 150,804 | 205,836 | 1,250 1
Awali 42 146,076 | 193,069 | 1,700 1
Litani Upper 55 168,758 | 222,508 | 2,100 1
Litani Middle 59 151,400 | 201,815 1,300 1
Assi 66 199,023 | 261,827 | 2,100 i
Indiv 98 186,910 12,567,173 1,600 1 15
Kebir 2 204,425 | 284,368 1,250 2
Ostuene 6 199,161 | 285,239 | 1,250 2
Abou Ali 20 174,827 | 255,599 | 1,300 2
Jouz 24 163,261 | 250,624 | 1,350 2
Torahim 28 164,718 | 239,664 | 1,600 2
29 156,426 | 237,465 | 1,000 2
Kelb 32 155,578 | 224650 | 1,500 2
Damour 39 141,821 ; 201,815 900 2
Awali 43 139,633 | 185,775 | 1,100 2
Zahrani 49 132,593 | 170,364 950 2
Litani Upper 54 198,304 | 217,991 1,900 2
Assi 65 218,724 | 240,918 ¢ 1,900 2
Hasbani 70 160,065 | 165,506 | 2,100 2
Chekka 81 167,324 | 255,474 | 1,400 2
Batrouan 84 157,830 | 243,369 | 1,500 2
Jounie 87 148,040 | 229,141 { 1,200 2 16
Total Ave= 1,543 31

Snow gauzing stations are recommendable to consist automatic depth recording system and
rainfall recorder with heater and also wind velocity and direction meter.
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5.2 Groundwater Observation and Monitoring Plan

An integrated observation and monitoring plan of groundwater should include 1) time series
observation of groundwater level, 2) observation of water quality, 3) monitoring of pumped

volume of groundwater and 4) observation of quality of spring water..

A proposed plan of groundwater monitoring comprises the above 1) and 2). In order to expect
accurate observation of groundwater level in a time series, it is necessary to drill new
observation wells and to install automatic water level gauges. In addition, it is recommendable
to equip small-scale pumps or potable pumps for periodical monitoring of groundwater quality.
Simple shelters will also be needed to prevent equipments from destruction or robbery or to

prepare a proper environment for observation and monitoring,

To achieve accurate analysis/simulation of groundwater phenomenon, observation wells are to
be located at proper points. Precisely, they are recommendable to be excavated as a first step in
46 sub-basins out of 99 sub-basins divided in the SSM analysis. It is desirable certainly to install
observation wells in all 99 sub-basins as a long-term plan. One well (Type-A) or two wells
(Type-B) are required at one location according to hydro-geological conditions. Location of
well, type, estimated geology and required depth of excavation are as shown in Table 5.2-1 and
as visualized in Figure 5.2-1, Water level and quality gauge of antornatic type with a
micro-sensor of pressure type is recommendable to be installed, and observation is to be made
at a fixed time, everyday (desirable in the morning when influence of water extraction is
minimum). As for water quality, water sample is to be delivered to a laboratory for chemical and

other testing once in a week or two weeks.

Observation of pumped extraction of groundwater is recommendable to be made at production
wells operated under Water Authorities wherever more than 100 m3/day of groundwater is
produced. Automatic discharge gauges are to be installed at those wells, and water samples are
to be taken and delivered to laboratories for chemical and other analysis of water quality at least

once or twice a month.

Observation of spring discharge is proposed at 160 springs, where discharge measurements were
conducted under this study, and water samples are also to be delivered to laboratories for quality
testing at least once a month. Notches or channels are desirabie to be constructed at those
springs for easy implementation of discharge measurement.

Visual concept of the groundwater observation and monitoring station is as given below;
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Figure.5.2-2  Concept of Groundwarer Monitoring Station
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