
Groundwater Recharge and Discharge:

• Static Water Level: Depth of water able that measured during the steady  
state of groundwater

• Dynamic Water Level : Depth of water able that measured during the 
dynamic state of groundwater

The groundwater systems are in dynamic state as a r esult of:

1. The replenishments of groundwater resource i.e.   (Groundwater Recharge)

2.  Discharge of groundwater by different processes



Groundwater Recharge:

The groundwater recharge can be produced by:

I. Direct Recharge :

a. Direct infiltration of rainfall in excess of the water-holding capacity of the soil

b. Direct recharge by runoff water moving through fissures and cracks of solid 
rocks. The direct recharge in the runoff absorbing zone is usually much  

greater than in the runoff producing zones .
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2. Indirect Recharge:

a. Recharge of groundwater by infiltrating surface wate r from wadis:
It is the main form of of natural groundwater recharge in Yemen. i.e.

- Less recharge in the steep and relatively impermeab le catchments “Runoff 
producing zones”

- High recharge in the flat and permeable terrains “Runoff absorbing zone”

Cross section of a losing stream, 
which is typical of arid regions,
where streams can recharge 

groundwater



b. Recharge by “Irrigation Water Losses” and waste water

• It is the most important form of 
indirect groundwater recharge in 
Yemen



C. Artificial Recharge :

1. By Recharge Dams

• It is usually produced by human interference  with the purpose of 
recharging groundwater system



C.  Artificial Recharge :            1. By Injection Wells



Groundwater Discharge:

Groundwater Discharge can be classified into:

a. Natural Discharge

b. Human Induced Discharge



a. Natural Discharge: 

The groundwater natural discharge involves:

1. Discharge by Springs

2. Discharge by Outflow into streams

3. Discharge by Evaporation and Evapotranspiration

4. Discharge by Submarine outflow



1. Discharge by Springs:

Springs occur in many zones of Yemen:



1. Discharge by Springs:

- Springs in Amran Limestone

- Springs in the rocks of Hadramout Group

- Springs in Volcanic rocks

- Springs in Tawilah Sandstones (Wadi Al-
Ahjur)



2. Discharge by Outflow into streams



3. Discharge by Evaporation and Evapotranspiration



4. Discharge by Submarine outflow



b. Human Induced Discharge

• Groundwater abstraction has gained enormously in im portance over the 
last 25-30 years. 
• Less than one generation ago, it was a minor compon ents of the total 
discharge of the groundwater systems. 
• Nowadays, it is the dominant form of groundwater di scharge of most of 
Yemen’s groundwater systems. 
This was due to:

- 1ntroduction of modern technology such as drilling  rigs and 
powerful pumps

- Growing water demands of a developing society



Estimates to groundwater abstraction:
Estimates of groundwater abstraction result mainly from well inventories



Estimates to groundwater Recharge:

• The assessment of groundwater recharge is very diff icult.

• It has to be estimated by indirect methods

• The lake of reliable data is a sever constraint.

• Methods used for studies in Yemen include:

- water balance methods through flow estimation

- Tracer techniques,

- Modeling techniques and

- Empirical relations with rainfall



Aggregating estimates of groundwater abstraction, g roundwater recharge and 
stored volume of groundwater for the major aquifer complexes leads to the 
provisional picture presented in the following tabl e



The Response of the groundwater systems to increasi ng abstraction

The drop of water table level in the highland areas  ranges between 2 to 6 m/year









Groundwater Quality:

• Groundwater quality has not been studied in great d etail in Yemen.

• In most studies the quality of groundwater has been  assessed for:

• its suitability for irrigation use and

• its suitability for domestic use

• In most studies only Electrical conductivity measur ements have been 
done.
• As a result there is a reasonable picture of the oc currence of fresh and
brackish/saline groundwater in Yemen.








