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Abstract

The aim of this study is to assess flood risk zoning for the water supply system of

Kashan City, including the wells, storage tanks, and transmission and distribution
pipelines. To this end, the sub-catchments affecting the water supply system were first
identified, and the runoff from each sub-catchment was calculated using the SCS rainfall-
runoff model. By inputting the characteristics of the runoff hydrograph of each sub-
catchment, two-dimensional hydraulic modeling was conducted in the identified
waterways using HEC-RAS 2D software, and the flow characteristics, including depth and
velocity, were calculated for a flood with 50-year return period. Subsequently, the flood
hazard index was determined for the flood-prone components of the system. On the other
hand, the wvulnerability index of the components of the water supply system was
determined using five indicators: extent and area of influence, possibility of replacement,
possibility of reconstruction or repair, relative economic value, and degree of dependency.
Subsequently, the flood risk for each component of the water supply system was
calculated using the hazard and vulnerability indices, and a risk zone map was created for
each component. The results showed that in the water supply system of Kashan City, there
are 22 wells with a risk index ranging from 61.8 to 120.6, 7 storage tanks with a risk index
ranging from 66 to 126, and 31 kilometers of transmission and distribution pipelines,
including the Zayandeh Rud water transfer line, with a risk index ranging from 11 to 102
at flood risk. By identifying the higher-risk components, priorities were established for
implementation to reduce flood risk, and solutions were proposed to mitigate
vulnerability, decrease flood hazards, and ultimately reduce the risks associated with the
components of the Kashan city water supply system.
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Flood risk zoning in vulnerable components of ...

1. Introduction

The climate change observed in recent years has
exacerbated the risk of flooding across the
country. Among the counties of Isfahan province,
Isfahan, Ardestan, and Kashan have experienced
the highest frequency of flood events. Kashan,
due to its location in a flood-prone plain, is
particularly susceptible to flooding. Between
1951 and 2001, floods in Kashan resulted in 1512
fatalities, with 90% of these casualties attributed
to the flood of July 21, 1956 (Moayeri and
Entezari, 2008).

Flood hazard and risk maps are essential tools
that provide readily understandable and
actionable information about flood inundation for
planners and stakeholders.

The majority of research on flood mapping
has focused on delineating flood hazard zones,
with comparatively less attention paid to the
development of flood risk maps. In the limited
studies that have addressed flood risk, qualitative
modeling approaches have primarily been
employed to generate risk maps.

In contrast to previous studies, this research

employs a hybrid quantitative-qualitative
modeling approach for flood risk zoning.
Specifically, quantitative modeling, utilizing

hydrological and hydraulic models, is used for
flood hazard zoning, while qualitative modeling,
based on relevant qualitative criteria, is used for
vulnerability assessment. Another distinctive
feature of this study is its focus on flood risk
zoning for water supply system components,
whereas previous studies have primarily focused
on floodplains or urban areas. Furthermore, the
use of the two-dimensional model in HEC-RAS
software version 6.2 offers a novel capability to
calculate  flood inundation extents, flow
velocities, and depths using the RAS Mapper
tool, without the need for the HEC-geo-RAS
extension or software such as ArcMap.

2. Methodology
This research aims to develop a flood risk zoning
map for the water supply system of Kashan. The
study comprises three main stages:
1-Hydrological rainfall-runoff modeling and
estimation of peak flood discharge for the return
periods of interest.
2-Hydraulic flow modeling and generation of
flood hazard maps for the identified watercourses.
3-ldentification of vulnerable components of the
water supply system and development of a flood
risk zoning map for these components.

The study flowchart is illustrated in Fig. 1.

Water and Wastewater

Vol. 35, No. 4, 2024

Hydrological i

Flood risk parameters
modeling

) y
[ Vulnerability

— — Relative economic value
= g Extent and area of

: Flood Hazard Infirecn
Hydraulic *

modeling Possibility of replacement

—>»| Flow velocity
Possibility of

Flow depth reconstruction or repair

Degree of dependency

v

Flood Hazard Index Zoning Map ‘

'\
v
\
Identification of risky components of |
the water supply system with their
flood hazard index

v v

Flood risk zoning map for at-risk
components of water supply system

Fig. 1. Structure of the research methodology

For hydrological rainfall-runoff modeling, 24-
hour maximum rainfall data from meteorological
stations within the study area are collected. Data
homogeneity and length sufficiency are verified
using statistical tests in SPSS software, and
rainfall depths for different return periods are
estimated. Based on the calculated design rainfall,
and using the characteristics of the watersheds,
the design flood with different return periods can
be calculated. To analyze  watershed
characteristics, stream networks and watershed
boundaries are delineated using Digital Elevation
Model* data in ArcGIS software, and related
parameters such as watershed area, main channel
length, elevation difference, main channel slope,
and time of concentration are calculated. The
runoff coefficient (CN) is calibrated using HEC-
HMS software and data from available
hydrometric stations. Finally, by calculating
runoff depth and time of concentration, the
probable maximum discharge and outflow
hydrograph from each sub-basin are calculated.
For hydraulic flow modeling, the calculated
discharge, flow boundary conditions,
computational cell size, and Manning’s roughness
coefficient are input into the two-dimensional
HEC-RAS hydraulic model. Flow velocity and
depth are then calculated for each cell for
different return periods. Hazard classification in
this study follows the Australian Emergency
Management Handbook? risk zoning approach, as

! Digital Elevation Model (DEM)
2 Australian Emergency Management Handbook (AEMH)
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recommended by Regulation No. 821.
Accordingly, the hazard index (H) is determined
by multiplying flow depth (D) by flow velocity
(v), as shown in Equation 1

H=D-V (1)

Considering the flood hazard map from the
previous stage and the geographical location of
various water supply system components,
including wells, storage tanks, transmission and
distribution pipelines, components at risk of
flooding are identified. To determine the
vulnerability level, the report on determining the
level of importance of water supply facilities in
Kashan city, which was previously prepared, is
used.

The vulnerability index (Vu) for the various
components of the Kashan water supply system
ranges from zero to twenty-five. Considering the
flood hazard index and the vulnerability index of
the various components, the risk index (R) of
each component, according to Publication 821, is
determined from Equation 2

51°21'0"E 51°24'0"E
1 1

R=H:Vu 2

Note that the absolute value of the risk index
does not have a specific meaning and is only used
as a relative basis for comparing the risk of
different components.

3. Discussion and results

From the 62 wells in the system for which
geographic locations were obtained, 22 wells are
exposed to flood risk. Based on the potential
hazard levels and the vulnerability of each well,
the associated risk for each well has been
calculated. The calculated risk index values range
from 61.8 to 120.6. Fig. 2 illustrates the flood risk
zoning map for the system’s wells.

In the Kashan water system, there are 18
storage tanks, constructed of concrete and metal,
and implemented in both elevated and ground
configurations. Based on the flood risk map and
vulnerability assessments, 7 tanks located in the
northeast, west, and south of Kashan are at risk of
flooding, exhibiting risk indices ranging from 66
to 126. The flood risk zoning map for these tanks
is displayed in Fig. 3.
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Fig. 2. Flood risk zoning map of wells for the flood with 50-year return period
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Fig. 3. Flood risk zoning map of storage tanks for the flood with 50-year return period
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Fig. 4. Flood risk zoning map of water transmission and distribution lines for the flood with 50-year return period

distribution and transmission
Kashan includes  consumer
distribution lines, main transmission lines
between tanks, wells, and the distribution
network, as well as the Zayandeh Rud water
transfer line to Kashan. The total length of
the distribution and transmission network in
Kashan is approximately 1000 kilometers.

Additionally, the Zayandeh Rud  water

The water
network in

transfer line to Kashan stretches about 190
kilometers, with 32 kilometers of this line
being studied, located downstream of the

identified sub-basins.

Water and Wastewater

Fig. 4 presents the flood risk zoning map for
the components of the water transmission and
distribution lines. It shows that approximately 31
kilometers of the network and transmission lines
are exposed to flooding, with 6.5 kilometers of
this length associated with the Zayandeh Rud
water transfer line within the study area. Further
investigations indicate that about 21 kilometers of
the flood-prone lines have a diameter greater than
200 millimeters, while 10 kilometers have a
diameter of less than 200 millimeters.

Table 1 provides additional information
regarding the lengths of the networks and the
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Table 1. Summary of flood risk index classification for
different components of water supply lines of
Kashan city

Sl Total length of
index  components at
risk (meters)

Type of
components at risk

Tran[s)mls_sblon lines -
istribution
11-17 1739 network - Zayandeh
Rud line
Transmission lines -
Distribution
network
Transmission -
Zayandeh Rud line
Transmission lines -
Distribution
network
Transmission lines -
Distribution
network - Zayandeh
Rud line

17-62 6333

62-72 4194

72-85 5762

85-102 13294

functionality of the flood-risked lines, categorized
by their risk classification.

The results indicate that although many
components of the transmission and distribution
lines fall into the high-risk category according to
the hazard index (which is the product of depth
and velocity of flood at each pixel), only those
sections with higher vulnerability exhibit a
greater flood risk. Therefore, to implement
preventive measures, these components should be
prioritized.

After identifying wvulnerable components
and assessing the associated risks, possible
measures to mitigate flooding and make
these wvulnerable areas resistant will be
examined. These measures can be divided

into two categories: structural and non-
structural  measures.  Structural ~ measures
include the construction of barriers and

levees along flood paths, the establishment
of diversion routes for floodwaters, the
construction of flood dispersion systems, and
the use of corrective embankments or
storage dams to reduce peak flood discharge,
among others. These actions aim to decrease
both the hazard levels and ultimately the

flood risk to the system. Non-structural
measures also include a variety of
management measures such as: watershed
and land wuse management, planning and

management along rivers and streams, flood
forecasting and warning, preventive and
protective measures in flood-prone areas,
etc., which can be effective in reducing flood
damage.

Water and Wastewater
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4. Conclusions

In this study, flood risk assessment in the Kashan
water supply system was conducted to facilitate
management, prevention, and protective actions
before flood events. The initial step involved
hydrological computations to determine runoff
and flood discharge rates from upstream sub-
basins leading to the system. Employing a 50-
year return period, two-dimensional (2D)
hydraulic flood modeling was performed using
HEC-RAS software within the identified
watercourse channels. Per Regulation No. 821,
flood hazard zoning was based on a hazard index
equivalent to the product of flood depth and
velocity, and a flood hazard map was generated.
By integrating the hazard index with the
vulnerability index of system components,
derived from the report on determining the level
of importance of water supply facilities in Kashan
city, the associated risk for each component was
calculated.

The results indicated that 22 out of 62 wells
and 7 out of 18 storage reservoirs in Kashan are
exposed to a 50-year return period flood risk.
Furthermore, approximately 24.5 kilometers of
the 1000-kilometer water supply network and
transmission lines, along with 6.5 kilometers of
the 32-kilometer Zayandeh Rud water transfer
line within the study area, are at risk of flooding.
For each of these components, the risk was
computed, and flood risk zoning maps were
generated.

Based on these findings, the priority of
components for implementing protective and
preventive measures against flood risks within the
Kashan water supply system was determined. The
necessary measures could include actions aimed
at reducing the magnitude of flood hazards or
decreasing the vulnerability of the components.

This research effectively demonstrated the
utility of the 2D HEC-RAS model for extracting
flood hazard maps. It provides a comprehensive
roadmap from the initial acquisition of rainfall
data, through hydrological rainfall-runoff
modeling, hydraulic flood flow modeling, flood
velocity and depth calculations, flood hazard
mapping, to the calculation of risk for each
component and the development of flood risk
zoning maps for the water supply system
components.

Future research could explore alternative
hydrological modeling methods, as well as other
software tools capable of hydraulic modeling.
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Table 1. Flood hazard level values (Regulation No. 821)
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Description

Parameter (D*V)  Flood hazard levels

Generally safe for vehicles, people and buildings
Unsafe for small vehicles

Unsafe for vehicles, children and elderly

Unsafe for vehicles and all people

Unsafe for vehicles and all people, possible structural damage to all

types of buildings

Unsafe for vehicles and people. Dangerous for all types of buildings

D*V<0.3 H1
D*V<0.5 H2
D*V<0.6 H3
D*V<l H4
D*V<4 H5
D*V>4 H6
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Table 2. Maximum discharge of the flood with the 50-year return period for each sub-watershed
(cubic meters per second)

Sub- catchment” w1 W2 w3 W4 W5 W6 W7
Flood discharge 33217 2283 9.72 13.02 34.98 29.52 5.16
Sub- catchment w8 W9 W10 w11l W12 W13 w14
Flood discharge 10.03 29.9 5.12 7.63 19.11 41.07 151

*The location of sub-watersheds 1 to 14 is shown in Fig. 2.
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Fig. 4. Flood hazard map, upstream of Sok Cham for the flood with 50-year return period
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Table 3. Summary of flood risk index classification for different components of water supply lines of Kashan city

Total length of components at

Type of components at risk Risk index
o e risk (meters)
Transmission lines - Distribution
. 1739 11-17
network - Zayandeh Rud line
Transmission lines - Distribution
6333 17-62
network
Transmission - Zayandeh Rud line 4194 62-72
T ission lines - Distributi
ransmission lines - Distribution E762 29.85
network
Transmission lines - Distribution
13294 85-102

network - Zayandeh Rud line
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