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ABSTRACT:
 This community development project branches out from an idea adopted by the Center for Civic Engagement and Community Service 
(CCECS). It aims at reclaiming traditional water conservation practices in rural south Lebanon by repairing and developing traditional village 
open reservoirs, thus raising awareness of their value under the umbrella of environmental sustainability. The research initiative develops a 
methodological framework for assessing, quantifying and documenting proper and feasible plans for promoting sustainable water resource 
management in “Marouahine”. This framework provides solutions to the existing problem by incorporating data collection (surveys, soil tests, 
etc) and financial engineering to address the important challenge of rehabilitating the major water source in the village. 
The water balance of the village’s pond was analyzed. The various components of the water balance that were studied are infiltration, evapora-
tion, irrigation water consumption and the volume of storm water runoff that is reaching the pond. A HEC-HMS hydrological model was devel-
oped in order to estimate the resulting runoff into the pond. Accordingly, three scenarios were modeled, ‘sub-basin 1 unimproved’ which is the 
base condition of the pond’s watershed, ‘sub-basin 1 improved’ which is the pond’s watershed in which a stormwater channel is introduced, 
and ‘sub-basin 2’  which is a separate solution from ‘sub-basin 1’. Finally, based on the obtained results, the proposed stormwater channel 
was designed, and recommendations were made. 

CONCLUSION & RECOMMENDATIONS
From the comprehensive study of the water balance, the introduction of the channels would result in a yearly net available water of 4575 m3 for irrigation. Furthermore, installing a liner would 
result in a yearly net available water of 6075 m3, that is equivalent to a 33% increase in the yearly net available water for irrigation. Thus, introducing the channels to increase the collection 
of storm water runoff is beneficial for it provides the villagers with an important volume of water that is useful for maintaining their agricultural practices. Additionally the daily amounts of water 
that can be used for irrigation are 40m3/day if a liner is installed and 30m3/day if a liner is not installed.
Since this project is part of a bigger development project that seeks to find sustainable solutions to maintain Marouahine’s water resources, the team would advise the villagers to adopt efficient 
methods of irrigation such as a drip irrigation system. Applying water in a haphazard manner is harmful to the tobacco crops. In fact, under watering as well as over watering can significantly 
reduce both tobacco yield and quality. The hydrological model indicated that sub-basin 2 yields an important volume of storm water runoff. This runoff volume is approximately 5 times greater 
than the volume of water collected from sub-basin 1. However the outlet of sub-basin 2 lies on a low ground with respect to the level of the pond. One of the proposed solutions is to construct 
a large water tank at a location below the outlet of sub-basin 2. But provisions should be made to prevent sediment accumulation in the tank.

PROBLEM STATEMENT:
It was reported by the mayor of Marouahine that the pond in its current status (without any intervention to increase the volume of 
collected water) fills up a maximum of 60% of its total volume. Nevertheless, he also claims that the water in the pond is almost 
completely consumed by July. To investigate the problem, the water balance of the pond should be analyzed. The loss in the pond 
is most likely due to the water consumption (mainly for agricultural purposes), the evaporation, and the infiltration of water into the 
pond. The only input of water to the pond is from storm water runoff. Accordingly, a hydrological study of the pond’s watershed 
should be done.

INFILTRATION:
The volume of water infiltrating in the ground of 
the pond is calculated using Darcy’s law: 

EVAPORATION:
The quantity of water evaporating from the pond is determined using a 
simplified version of the Penman equation:

CONSUMPTION:
Water is mainly consumed for irrigation purposes 
from April to August.

STORM WATER RUNOFF:
The volume of storm water runoff collected in the pond is 
determined through a HEC-HMS hydrologic model of the pond’s 
catchement area.

WATER BALANCE EQUATION:

Storm Water Runoff - (Infiltration + Evaporation + Consumption) = ∆ Storage

Diameter of the pond: 70m
Approximatte volume of the pond: 12,770m3
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