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Abstract

Kariz is one of the Iranian traditional water harvesting systems. Unfortunately some experts believe that water loss during winter and out of the crop season is the main disadvantage of this method.  One of the  methods to increase the discharge of kariz, is to recharge the aquifer artificially, where the karez tunnels are dug in them. This can be done by different methods, which are divided by "surface recharge" method and "underground recharge" method. Some case studies of Iran will be considered in the paper.

Description of work

One of the  methods to increase the discharge of kariz, is to recharge the aquifer artificially, where the kariz tunnels are dug in them. This can be done by different methods, which are divided by "surface recharge" method and "underground recharge" method.
1.  Surface recharge methods:

Building the water-stopping facility on the ground in the aim of holding rainfall or surface water is called surface artificial recharge. In the surface recharging methods, water was spread and held on the ground, gradually infiltrating the underground and reaching the water table. Surface artificial recharges are classified as follow:

a. Constructing artificial ponds: In the places with good infiltration, large ponds are to be built. These ponds are built by taking soil from different spots or by constructing walls on the ground. The walls will keep the water inside. Problems such as ruining the walls of a decrease of infiltration can be solved by taking off the silt from the surface of the ponds. Some of these ponds cover an area of 3 hectares and reach a depth of 2 meters. Some ponds are for depositing silts, while others are for infiltration. After a certain time, the small particles are accumulated in the infiltrated ponds and reduce their infiltration. They should be cleaned out, at least once a year.

b. Storage of water at the upper reach of the kariz’s mother well: in the ground that has a small slope and suitable topography water can be diverted from its main route and spread on the ground. We should try to minimize the intersection of the ground water table with that of the ground surface (slope), for stranging of soil structure water should e spread on the ground surface in the shape of thin layers with low velocity. Therefore before the pond was constructed it is absolutely necessary to make the ground surface smooth in order to be able to build an adequate cycling dam. Lastly, while collecting the surplus water, a certain measure should be managed in order to deduce the exhaustion of water.
c. Construct water-storing pond, flood diverting facilities and earth dams on the flood-canal neighboring kariz: These facilities make the flooding-water recharge the spare water to accumulate near to the kariz, then infiltrate into the ground, result the aquifer be changed. In Yazed City, Iran, this kind of measure is called a ,,water-chatedau’’ method. The water has a very slow speed in downward infiltration, thus, in arid seasons; this method will be quite adaptable in augmenting the water quantity of kariz.
In Yazd, certain dried (or abandonned) wells were frequently reformed for reuse. Its method is damming the mouth (outlet) of the kariz, fill the wells with floodwater, thus it may increase the water yield of kariz.

d. Extending the ground surface vegetation: re-construct the pasture, forest, especially on the slope of hills (or on even ground surface), extending the area of vegetation on the soil, preventing evaporation and enforce the surface water infiltrate into the ground totally.

e. Cataloging the ground surface into several groups along tarekar of the kariz. The groups that formed in such a fashion will make the surplus water of the first group inject into the second group, in turn, then, descend into the third and fourth group, etc.
2.  Underground recharging (feeding) method:

a. Sometimes the recharging from the ground surface to the aquifer is impossible due to carious different reasons; then, the method of underground feeding should be adopted. The reasons that make the surface recharging impossible are the following: 

· suitable ground surface are not available; 

· the price of the ground (earth) is high; 

· the suitable land for recharging are residential areas; 

· low permeability on the upper part of the aquifer; 

· infiltration of the surface soil layers are low.

b. The method of underground artificial recharging is as follows:

· Using wells for artificial recharging:

If there are vacant aquifers, which can be used, then the aquifer of the kariz can be fed with wells. The structure of this kind of wells looks like a drainage tunnel. From the bottom part of these shafts certain horizontal wells can be dug out. The depth of the recharging wells and the length of the horizontal tunnel will be decided according to the types and permeability of the soil. If the soil has low permeability, then several shallow wells filled with mud and sand can be build. L-Tarekar is a variety of this kind of kariz, whose water table is above the tunnel.

· Most of these artificial recharges are undertaken in deep wells. These recharged wells have also some weak points, such as: 

low recharging quantities; 

rather quick decreasing of recharging flowage; 

high investment, difficult to maintain; 

efficient using period is short.

· Dig shaft wells deeply.

Most of the kariz water comes from the surface aquifer, but the deep well water comes from the deep aquifer. In Iran, most of the deep wells were highly confined, once the well was dug, the water table was at the height of the shaft. If we dig shaft in such places for collecting and conveyance water by kariz tunnel is possible, thus it will increase kariz water quantity. This method of digging deep-shaft is one of the measures to reuse the dried kariz or augment the water yield in the working kariz.

· Lowering the surface water table:

In any of the river of fresh water lake neighbor an aquifer, and part of the tunnel or complete tunnel of one or several karizes that travels or neighbor the bottom of the river, then, the water that infiltrated from the river or lake will enter the kariz.

Result of the discussion:

Obviously from the above-discussed different method, to build a well, such a method is simple, easy, low investment and practical. To choose such a place with such a method needs not a complicated investigation, and even more the expense for maintenance will not be high.
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