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Abstract

In Iran, floods result in more than 200 deaths and US $1 billion damage per year. The damage due to floods ranks second behind earthquakes. Floodwater spreading (FWS), particularly for the artificial recharging of groundwater (ARG), is a technique that could transform a curse into a blessing. The deluge of 1995, caused by 80 mm of rainfall during a 24-hour period, resulted in bringing an ARG system in the Gareh Bygone Plain (GBP), in southern Iran, into full operation. These floods, occurring at an interval of 50 years, cause considerable damage in the southern parts of Fars Province. Although the ARG systems are designed to withstand a once-in-every-15-year flood, the GBP scheme sustained very little damage. The flooding breached only 1% of the embankments and undermined about 19% of the chutes installed in the gaps. The cost of repairs and system maintenance are only 2.5% of the damage, which could have been inflicted on the properties, had it not been harnessed by the ARG systems. The overall government budget for prevention of flood-related damage is quite big and could be used better if there was a new flood mitigation strategy.

Introduction

“Among all the natural phenomena capable of producing disasters, flooding is by far the most significant in causing loss of human life. The severity of such disasters is often increased by the after effects: diseases and starvation” (Anon., 1995). This is one of the most significant ironies of the 20th century. While most of the developing countries are water deficient and many industrialised nations lack sufficient hygienic water, almost every nation is annoyed by flooding; an abundance of the very thing they complain of its deficiency.

Although flood prevention on a large scale is improbable, its mitigation, at least on a regional scale, is possible. Turning a problem into a solution should become the guidepost of the environmentally conscious people of the flood-prone areas. Accepting the flood as a blessing in disguise is solving contradiction by the harmony of design. One of the indirect benefits of floodwater spreading (FWS) for desertification control (DC) through the artificial recharge of groundwater (ARG) has been flood mitigation.

As our FWS - ARG system are originally designed to withstand breaching in the floodings of 15 year recurrence intervals, and “the number of floods of the century in any 100 year period has ranged from 1 to 13” (ibid.), therefore, some washouts of the embankment and collapse of the solid hydraulic structures is accepted as minor risks in our flood mitigation projects. 

The objective of this article is to report on the damage sustained by our floodwater spreading systems during a 50 year interval flood in December 1995. 

Materials and methods

Setting

This study was performed at the Kowsar Floodwater Spreading and Aquifer Management Research, Training and Extension Station in the Gareh Bygone Plain (GBP, 28° 37’ N, 53° 55’E, 1140 above mean sea level) in southern Iran. A debris cone formed by the Bisheh Zard River, which emanates from a 192 km2 watershed formed in the Agha Jari Formation, is the study site. This area is covered mainly with a coarse-loamy sand; therefore, the embankments are constructed of sand and on a sandy base. Although we have successfully followed the Australian procedures with some modifications in planning and construction of the FWS systems (Phillips, 1957; Newman, 1963; Quilty, 1972), as sandy soils are extremely erodible, we had to install masonry drops and chutes in the gaps to be certain of the proper functioning of the systems. A more detailed description of the site has been given by Kowsar (1991, 1998).

The Flooding

December 1995 was an unusually wet month with a total rainfall of 180 mm, which was more than the mean annual precipitation of 150 mm for the GBP. A total rainfall of 80 mm during 24 hours on December 11 and 12, 1995 caused the flooding whose damage assessment is the subject of this article. As all of the 8 FWS - ARG systems were in full operation at this 50 year recurrence interval event we may compare the damage to what occurred in December 1986 which was entitled “flood of the century”. The data reported here in were collected in March 1996 and the financial damage assessed at the market price of that period.

Results and discussion

Aggravation of the streambeds in this event delivered about three times the design capacity towards the systems. An overbank flow, which entered the systems, overloaded them, breached the embankments at the weak points and collapsed many chutes due to undermining. Moreover, the bed load that settled in the inundation and conveyance - spreader channels put them temporarily out of service. These shall be separately described below.

Earth Embankment Breaches

The total length of the level - silled channels (LSC) for each system, the total length of the breached sections and the percentage of breaches relative to the total length of the channels are given in Table 1. The banks in the BZ2 system held perfectly, but those of Rahim Abad1 sustained 100m of breaches. On the whole, 0.99% of the banks gave away in this event as opposed to 7.5% for the deluge of 1986 (Kowsar, 1997). The presence of rodent burrows under the waterline in the banks, the root channels formed by the eucalyptus trees, and the passageway of livestock on the bank crowns facilitated the rush of floodwater through and over the banks and breached them. Although we cannot do anything to prevent such breachings, the invasion of snakes, owls and eagles which tend to check the proliferation of rodents has been a glad tiding for us.

Table 1. Assessment of damage to the banks and chutes of the FWS - ARG system at the research station in the GBP in December 1995.

Name and Notation of the FWS - ARG System
 LSC

 length, m(1)
Breached LSC length,  m(2)
 Ratio

 2/1, %
Ratio of 

Collapsed chutes

Total No. of Chutes,%







Bisheh Zard1 (BZ1)
9940
60.5
0.69
​

 = 26



Bisheh Zard​2 (BZ2)
6740
0
0




= 24



Bisheh Zard3 (BZ3)
1000
40.0
40.00


= 66

Bisheh Zard4 (BZ4)
920
20.0
2.17


= 0

Rahim Abad1 (RA1)
7900
1000.0
1.26


= 0

Rahim Abad2,3 (RA2,3)
10790
40.0
0.37




= 66


Tchah Qoothch1
14350
251.8
1.75




= 6

Total
51640
512.3
0.99


= 19

Masonry Chute Collapse

Incompetent foundation (fine sand), penetration of eucalyptus roots under the chutes, with the resultant pipings and sand boils, and also poor workmanship were the main causes of masonry chute collapse in that storm event. Sod establishment in the gaps seems an environmentally friendly way to stabilise the eroding gaps. This might prove less expensive in the long term. 
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