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Recharging of Underground Storage  
artificial underground reservoirs are now-a-days developed by 

artificial recharge, for storing water underground 

 

Advantages of artificial Recharge: 

1. Much purer water can be obtained from an underground reservoir 
source 

 

2. No space is required for building such a reservoir. 

 

3. The cost of recharging the aquifers may be considerably less than 
the cost of the surface reservoirs. 

 

4. The water lost in evaporation from an underground reservoir is 
much less than the water lost from a surface reservoir. 

 

5. The raising of the water table by artificial recharge may help in 
building pressure barriers to prevent sea water intrusion in the 
coastal areas.  

 



Recharging of Underground Storage  

Methods of Recharging  

 

1. Spreading method. consists in spreading the water over 
the surfaces of permeable open land and pits, from 
where it directly infiltrates to rather shallow aquifers   

 

2. Recharge-well method. consists in injecting the water into 
bore holes, called recharge wells. the water is 
therefore, fed into recharge wells by gravity or may be 
pumped under pressure to increase the recharge rate, if 
surface conditions permit. The recharge wells used for 
this purpose, are just like ordinary production wells. 
Recharge-well method is certainly preferred when the 
spreading method cannot yield appreciable recharge,  

     (the quality of the recharge water is very important)  



Recharging of Underground Storage  

3. Induced Infiltration method. The third method which is 
sometimes used for recharge is that of the induced 
infiltration, which is accomplished by increasing the 
water table gradient from a source of recharge  

 



Concepts of Infiltration Basins  

 • The objective of storm water basins is to store storm 
water and thus minimize flooding in the area and to 
infiltrate the storm water into permeable layers 
(Aquifer)  



Concepts of Infiltration Basins  

 
• The factors that govern the infiltration capacity and 

consequently the sizing of the infiltration basin are: 

1. Infiltration capacity at the soil surface (the soil at the bottom of the 
infiltration basin or the aquifer). 

2. Hydraulic conductivity of the soil/ geology profile below the bottom of 
the infiltration basin or the aquifer. 

3. Property of the water to be infiltrated which may lead to:  

• Pollution of groundwater. 

• Clogging of the basin that will affect the infiltration capacity of the 
basin.  



Types of Infiltration Basins  

 1. For the case where the clay layer is very deep or it dose 

not exist, the infiltration basin can be simply constructed by 

excavations up to the required depth where thickness of the 

sandy layer below the basin should not be less than 3 m.  

Examples : Infiltration basins in the 
sand dune areas  



Examples : Asqula Storm Water 
infiltration basin, Treated Wastewater 

infiltration Basin in the north   

2. For the case where the clay layer has small thickness (4 to 5 m), the infiltration 

basin can be constructed by removing the clay layers completely to allow the water 

to infiltrate through layers underneath the clay layer (sandy layer). 



Types of Infiltration Basins  

 3. For the case where the clay layer has large thickness, (greater than 5 m) the 

infiltration basin can be constructed by excavations up to the required depth and 

drill boreholes through the clay to reach a permeable layer and/or the aquifer 

(Slow Sand Filter  and boreholes are filled with gravel)   

Examples : Khalaf, El Sadaka, El Qrarah, 
Rafah and Biet Lahia, Sheikh Hamad 

Storm Water infiltration basins 

Khal
af IB 

Rafah 
IB 



Design Approach  

 

• The design of infiltration facilities is particularly challenging 
because of the large uncertainties associated with predictions 
of both short-term and long-term infiltration rates.  

• These uncertainties in infiltration rates translate into 
uncertainties in the area and volume that are required for 
infiltration basins.  

• There are economic penalties for both under-designed and over-
designed facilities. Under-sized basins may result in flooding, 
while over-sized basins may be inefficient in terms of land use and 
expensive in terms of property acquisition. 



Steps of the design  

1.  Estimate the volume of stormwater that must be infiltrated by the 
proposed or planned facility 

There are three primary ways in which the stormwater discharges are generally 

described: 

 

1) a single-value or fixed volume of runoff water,  

 

2) a single-event or single storm runoff hydrograph (i.e. runoff volume versus 

time), and 

 

 3) a continuous hydrograph that considers multiple events or storms over some 

longer period of time. 



 

 

 

Rainfall Estimation in Rafah Area  

Rank Number 

(m) 

Max daily 

Rainfall (i mm/d) 

Probability 

(P= m/(n+1)) 

Returned* 

Period (T= 

1/p) 

1 106.0 0.024 42.0 
2 80.0 0.048 21.0 
3 70.0 0.071 14.0 
4 65.0 0.095 10.5 
5 56.0 0.119 8.4 
6 54.0 0.143 7.0 
7 52.8 0.167 6.0 
8 50.0 0.190 5.3 
9 50.0 0.214 4.7 

10 48.5 0.238 4.2 
11 48.0 0.262 3.8 
12 48.0 0.286 3.5 
13 45.5 0.310 3.2 The rainfall intensity – duration 

frequency rainfall – 
 Rafah  Rainfall  Station Maximum Daily Rainfall is 

50 mm for 5 Years Return 
Period  

*Subrmanya K. (2009). Engineering Hydrology, Third Edition.  



Time of concentration 

The concentration time (Tc) is computed as the time it takes storm 

water runoff to travel from the most remote point in the catchment's 

area to the discharge point. The Kirpich formula* has been used to 

determine the concentration time for overland runoff flows. 

  

 

  

Where: 

Tc = Concentration time in minutes 

L = Longest path of the drainage area in meters (3250 m) 

H = Difference in elevation between the most remote point and the 

outlet in meters (10 m) 

 

* Mays, L.W., (2001) Storm Water Collection System Design 

Handbook  

Tc= 77 min 

Tc = (L)1.15/(52 (H)0.38) 



Time (hr)  I (mm/hr) 

12 10 

4 10 

9 10 

14 10 

20 10 

Total  50 mm/d  

Designed Hourly Storm  

Hyetograph (Hourly Intensity against time) 

To compute the distribution of runoff volume 

that might reach the basin during one day, 

hourly rainfall intensity should be valid. 

However, the hourly rainfall records are not 

available in Gaza Strip stations 



Catchment area and Runoff Quantities 

Flood Map  
Catchment Area 



Runoff coefficient Estimation  

 

Coefficient Development 

0.9 Pavement, road / parking 

0.7 Commercial/public lots 

0.6 Residential communities 

0.3 Parks/ Unimproved Areas 

0.2 Irrigation Areas 

0.05 Natural Zones 

0.7-0.95 Buildings 

0.75-0.85 Paved driveway and walks (Asphaltic) 

0.8 Paved roads (interlock) 

0.13-0.17 Soil Covered with grass 

  

Development type Area (m2 ) 

Runoff 

coefficien

t (c) 

Area x  

C 

Average 

Runoff 

Coefficien

t 

A1 Commercial and public 

lots 

1,239,000 
0.7 867,300 

  

A2 Residential communities 3,255,000 
0.6 

1,953,00

0   

A3 Parks/ Unimproved 

Areas 

506,000 
0.3 151,800 

  

A4 Residential communities 

(Tal Sultan) 

1,733,000 
0.6 1,039800 

  

  

Total  6,733,000 

4,011,90

0 0.60 



Runoff Calculation 

Catchment Area 6,730,000  m2 

Runoff Coefficient 0.60 -- 

Intensity for 5 years Return 

Period  0.05 m/day 

storm water Runoff (Q)   

→ (Q = C I A)* 201,900  m3/d 

* Mays, L.W., (2001) Storm Water Collection System Design 

Handbook  

 



Steps of the design  

2. Perform subsurface site characterization and data collection 

Asqual IB 

Rafah IB 



 3. Estimate the infiltration rate 
 
the infiltration rate is estimated by multiplying the saturated hydraulic 
conductivity with the hydraulic gradient.  
 

 

Where, 
- f is the specific discharge or infiltration rate of water through a unit cross-

section of the infiltration facility (L/t),  
- K is the hydraulic conductivity (L/t),  



 3. Estimate the hydraulic gradient 
 
The hydraulic gradient describes the driving forces that cause flow from 

the infiltration facility,  
 

- dh/dz is the hydraulic gradient (L/L), and “i” is a “short-hand” notation for 
the hydraulic  gradient a value of approximately 1 for ponds with deep 
water tables (Massmann, 2003). In most of infiltration basins in Gaza the 
value of i can be taken as 1.0. Then the infiltration rate will be equal the 
saturated hydraulic conductivity. 
 

- The mounding will reduce the hydraulic gradient to a value that is 

often significantly less than 1.0, and the infiltration rate may be much 

less than the saturated hydraulic conductivity.  
 

- Consider a clogging coefficient which reduce the expected infiltrated 
volume.  



 3. Estimate the hydraulic gradient 
 
The effective gradient under steady-state conditions beneath a medium-

sized infiltration facility can be approximated with the following expression 
(Massmann et al., 2003):  



Infiltration Capacity of Boreholes  

Due to the existence of thick clay layer below the top sand layer and above gravely sand 
layer (kurkar), the collected storm water will be infiltrated to Kurkar layer through 
boreholes. The infiltration capacity of each boreholes is calculated using Zangar equation 
*:   

  

* Bouwer H. (2002) Artificial Recharge of Groundwater: Hydrogeology and Engineering, Hydrogeology Journal 10:121-142 

1. Dry boreholes above the water table ( Alsadaka Basin)  



Infiltration Capacity of Boreholes  

Where  

K: is the hydraulic conductivity of the permeable layer  

I : the hydraulic gradient  

A: the surface area of the boreholes inside the permeable layer      ( the depth of the 
boreholes is 5 m inside the permeable layer)  

 

  

2. Using Darcy law for both: Dry boreholes and Recharging directly the aquifer 

  

Q = KIA   



Sizing the infiltration Basin  

• The sizing of the infiltration basin will 

be determined by considering the 

storage capacity and the infiltration 

capacity of the basin.  

 

• The design storage volume (storage 

capacity) of the basin is determined by 

the volume-based approach (Mays, 

2001). The concept of this approach is 

to find the maximum volume difference 

between the inflow and outflow 

volumes under a series of storm events 

with different duration. 

Infiltrated Volume  

* Mays, L.W., (2001) Storm 

Water Collection System Design 

Handbook  

 



Examples of Infiltration Basins  

1. Asqula Infiltration Basin  

Daily Inflow Volume  265,320 m3 

Daily Infiltration 

Volume  49,826 m3 

Basin Storage Volume 69,070 m3 

Total Infiltration and 

Storage Volume  118,896 m3  

Outflow  146,424 m3 

Drain Time  1.39 days  

The Basin Effectiveness 44.81 % 



2. Beit Lahia Infiltration Basin  

 From the intensity duration curve, the volume 

of rainfall in one day and for 5 years return 

period is 69 mm/d.  

 By considering the total catchment area of 700 

dunums, then the catchment runoff volume is 

48,500 m3.  

 The volume of stormwater which will reach the 

basin is 23,280 m3 by taking in account an 

average runoff coefficient equals 0.48.  

 The infiltrated volume during the rain in one 

day is computed as 11,738 m3 (infiltration rate is 

3 m/d). 

 Then the net volume of the stored stormwater is 

11,541 m3. According to this value, the total area 

which is required for the basins is 4,500 m2 with 

a total depth of the basin is 5.6 (including the 

depth of the inlet of the basin, which is 2 m 

below the ground surface) with side slope of the 

basin is 2v: 1h. 



Examples of Infiltration Basins  

3. Khalaf Infiltration Basin  

 From the intensity duration curve, the volume of 

rainfall in one day and for 5 years return period is 

69 mm/day.  

 By considering the total catchment area of 500 

dunums, then the catchment runoff volume is 

34643 m3.  

 The volume of stormwater which will reach the 

basin is 16,628 m3 by taking in account an 

average runoff coefficient equals 0.48.  

 The infiltrated volume during the rain in one day 

is computed as 9,517 m3 (infiltration rate is 3 

m/d). 

 Then the net volume of the stored stormwater is 

7,111 m3 

 
Area: 4 dunums 



4. Rafah Infiltration Basin  Daily Inflow Volume  201,900 m3 

Total Infiltration and 
Storage Volume  

132,720 
m3  

Daily Outflow  69,180 m3 

Drain Time  2.08 days  
Area: 20 dunums 



5. AL Qrarah Infiltration Basin  

 باالضافة , اليوم/3م 92,347 الى اليوم/3م61,173  مابين تتراوح (ترشيحية حفرة 320 تشمل والتي) القرارة لبركة الترشيحية القدرة 
   بين ما تتراوح القرارة لبركة (التخزينية و الترشيحية) االجمالية القدرة لتصبح اليوم/3م64,000 حوالي تبمغ والتي لمبركة التخزينية السعة الى

 اليوم/3م151,907 حوالي  وىي المتوقعة المياه كمية األعتبار بعين األخذ تم ما اذا و .اليوم/ 3م156,345 الى اليوم/3م125,170
 البركة في المياه ترشيح و تفريغ وسيتم الترشيحية البركة كفاءة و قدرة حسب ذلك و %102 الي %82 بين ما ستتراوح البركة كفاءة فإن

   .واحد يوم خالل

Area: 15 dunums 



Modeling the Infiltration Process in Al Qarah Basin  

After one 
day 

After one week of 
Continuous 
Recharging  



6. AL Sadaka Infiltration Basin 

   حفرة ترشيحية موزعة عمى مساحة األحواض الترشيحية لبركة الصداقة 297•
 الصداقة بركة ألحواض الترشيحية الكمية القدرة فان يوم/3م 246 حوالي الواحدة لمحفرة الترشيحية القدرة•

 . اليوم/3م 000,73  حوالي يبمغ سوف



  التوصيات
وعميو يجب ضمان عدم مصممة الستيعاب مياه األمطار فقط برك تجميع مياه األمطار 1.

تسريب المياه العادمة الى ىذه البرك وذلك ألن المياه التي سوف يتم ترشيحيا الى الخزان 
 . الجوفي

 .بشكل دوري وعمى األخص قبل فصل الشتاء (Sand Trap )يجب تنظيف ال 2.

يجب ضمان نفاذية طبقة الرمل وذلك من خالل حرثها أو إزالة الطبقة العالقة والمتجمعة 3.
 .في أعمى طبقة الرمل واستبدالها بطبقة رمل نظيفة

 (catchment)يجب تنظيف شبكة تجميع مياه األمطار الموجودة في منطقة التجميع 4.
 .  و ذلك لتقميل الفياضانات في الشوراع خصوصا قبل فصل الشتاء


