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Abstract:

Flash Flood Water Management in AL-Subiya City According to the Third
Structural Plan of the State of Kuwait

Several environmental problems have arisen in some cities of the State of Kuwait due to the
lack of consideration for geomorphological characteristics when selecting the locations of these
cities, especially the disregard for valleys (Wadi) and the flash floods that run through them.
Rainfall patterns have shifted towards more intense and different directions, leading to a severe
flash flood in November 2018. This type of flash flood was unprecedented in the State of
Kuwait, with rainfall amounts doubling, resulting in the declaration of Sabah Al-Ahmad City as
a disaster area. Additionally, a landslide occurred in February 2020, destroying Al-Mutla'a City.
Therefore, it is necessary to review and evaluate the Third Structural Plan of the State of Kuwait
(2005 — 2030) from a geomorphological perspective, and the degree of flood risk to the
proposed Al-Subiya city in the plan should be determined.

This current study aims to estimate the risk of direct surface runoff in the drainage basins
affecting Al-Subiya city, as proposed in the Third Structural Plan of the State of Kuwait, and to
estimate the peak flow of direct surface runoff. This will be achieved through the application of
the hydrological and hydraulic flood modeling software HEC-HMS, as it is one of the methods
used in the spatial analysis of floods. This allows for the integration of location into the
statistical analysis that measures the characteristics and relationships between geographical
phenomena and their spatiotemporal changes. The significance of this modeling lies in its ability
to accurately determine the discharge volume of valleys (Wadi) and identify areas of risk.

In the light of the statistical and hydrological analysis conducted on rainfall data in the Al-
Subiya city area, the study results revealed a set of important indicators for understanding the
current and future situation of risks associated with heavy rainfall. The Weibull method was
applied to the maximum annual daily rainfall amounts during the period from 1962 to 2022, and
the expected values for different return periods, ranging from 2 years to 100 years, were
estimated. The results showed a gradual increase in rainfall intensity with increasing return
periods, with expected values ranging from 21.5 mm (every 2 years) to 70.6 mm (every 100
years), indicating that the city is exposed to rare but intense rainfall events.

On the other hand, the study showed weak morphometric characteristics of the drainage
basins, as the basins are characterized by small area, short channels, and low slopes, which
reduces their risk in the event of heavy rainfall. The data on the lengths and numbers of stream
orders also showed significant variations between basins, especially in the first order, reflecting
varying complexity in surface drainage networks.

Hydrologically, the situation was analyzed under two potential rainfall scenarios for the
coming years (5 and 10 years). The results showed that the expected surface runoff volume in
the region may range between 2.7 and 3.5 million cubic meters, with concentration times
ranging between 660 and 750 minutes. There was also a significant variation in peak flow
between different basins, with basin number 2 consistently recording the highest values. The
study also highlighted the region's sensitivity to changes in rainfall intensity, as a slight increase
in precipitation leads to significant increases in runoff volume and peak flow.

Finally, through hydraulic analysis using the HEC-RAS program, it was found that the
depths of flowing water during floods may exceed one meter in some locations, highlighting the
need for integrated hydrological and morphometric planning to ensure effective management of
future flood risks in the region. Accordingly, the study recommends the importance of applying
the hydrological and hydraulic models (HEC-1, HEC-RAS) in flood studies in the State of
Kuwait and utilizing rainwater in basin number 2 in Al-Subiya city, as it is the most affected
basin by rainfall.

Key words: AL-Subiya city, HEC-1 model, HEC-RAS model, hydrological analysis.
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