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Abstract Keywords:
Flood Control,
\‘V ith the intensification of climate change and the increasing frequency and severity of . Hydraulic Modeling,

extreme precipitation events, the risk of flooding and its associated damages has risen
significantly; consequently, the development of integrated flood management approaches
for vulnerable areas and critical infrastructure has become increasingly essential. The
Sarcheshmeh Copper Mine Complex, as one of the country’s most important industrial
and economic hubs, is located adjacent to the Shur River and along the Torshab Stream.
The history of destructive floods in this area underscores the urgent need for a
comprehensive flood management plan. This research aims to develop an integrated flood
management framework through complementary hydrological and hydraulic
investigations. First, through site visits, analysis of historical flood records, and hydraulic
modeling using HEC-RAS, critical flood-prone locations were identified, and the
conveyance capacity of the river, streams, and major watercourses was evaluated.
Appropriate structural and management strategies were proposed for each area based on
the 500-year return period flood and were checked against the 1000-year return period
flood. Subsequently, the current surface stormwater collection system was evaluated in
the case study area, and a proposed system for runoff diversion and flood control was
designed by Autodesk Storm and Sanitary Analysis. The results demonstrate that
integrating protective strategies along the main flow directions with optimization of the
surface stormwater collection system significantly enhances runoff conveyance capacity,
reduces flood risk, improves the safety of critical infrastructure, and strengthens
stormwater management across the complex. The primary contribution of this research is
the development of an integrated flood management framework that combines hydraulic
analysis of rivers and streams, identification of critical locations, design of protective
strategies, and optimization of the surface stormwater collection system into a unified
management plan. In addition to enhancing the flood resilience of the Sarcheshmeh
Copper Mine Complex, the proposed framework can be used as a practical model for
flood planning, design, and management in other mining complexes and industrial areas.
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1. Introduction

Flooding is one of the most important natural
hazards affecting infrastructure in mining and
industrial areas. The increasing frequency and
intensity of extreme precipitation events
associated with climate change have increased
flood risk, particularly in urban, industrial, and
mining areas (Sheidayian et al., 2017;
Dharmarathne et al., 2024). Therefore, effective
flood risk reduction requires not only the
identification of flood-prone areas but also a
comprehensive assessment of flow conveyance
capacity, hydraulic Dbottlenecks, and the
performance of drainage systems.

Recent studies have emphasized the
importance of integrating hydrological and
hydraulic  analyses  with  structural and
management measures to enhance flood resilience
(Awah et al., 2024; Grigg, 2024). Hydraulic
models have been widely used to simulate river
behavior, estimate water-surface profiles, identify
vulnerable areas, and support flood-control
planning. Among these models, HEC-RAS' has
been widely used for the hydraulic analysis of
rivers and channels and flood-risk assessment
(Prastica et al., 2018; Rouhollahi et al., 2023; Qian
et al., 2024; Zainal and Talib, 2024). At the local
scale, the assessment and improvement of surface
stormwater collection systems can also play an
important role in reducing flood impacts and
improving runoff conveyance (Yazdi et al., 2017,
2018).

The Sarcheshmeh Copper Complex is a
strategically important mining and industrial
complex located in Kerman Province, Iran.
Previous flood events, including the damaging
flood of 2022, have demonstrated the vulnerability
of critical infrastructure and the limitations of the
existing flood management system. The
complexity of the area and the interactions among
natural watercourses, flood-control structures, and
the internal surface stormwater collection system
highlight the need for an integrated framework for
flood management. Accordingly, the main
objective of this study was to develop an integrated
framework for flood control and management at
the Sarcheshmeh Copper Complex by integrating
the hydraulic assessment of the main flood
conveyance routes with the evaluation and

! Hydrologic Engineering Center—River Analysis System
(HEC-RAS)
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optimization of the internal surface stormwater
collection system.

2. Data and methods

As shown in Fig. 1, the study area is located
approximately 50 km southwest of Rafsanjan and
160 km southwest of Kerman. The industrial
facilities of the Sarcheshmeh Copper Complex are
distributed over an area of more than 500 hectares
and are located at an approximate elevation of
2500-2600 m above sea level. The climate of the
region is classified as mountainous semi-arid to
arid. A section of the Shur River, approximately 8
km long and with an annual flow volume of
approximately 20 million m3, is located adjacent to
the complex and, together with its tributaries, plays
a major role in runoff drainage. The Torshab
Stream is one of the main tributaries of the Shur
River and an important runoff conveyance route
from the western part of the area. The presence of
numerous watercourses and the intersection of
some of them with industrial facilities further
increase the need for integrated flood management
within the Sarcheshmeh Copper Complex.
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Fig. 1. Geographical location of the study area
within the administrative divisions of Iran and its
access routes
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Due to the absence of a meteorological station
within the study area, precipitation data were
collected and completed using data from 20
surrounding stations. Monthly precipitation data
covering approximately 56 years, from 1966 to
2022, were used, and the mean annual
precipitation in the Sarcheshmeh area was
estimated at approximately 250-300 mm. Based
on topographic  information and field
investigations, the study area was divided into 29
subcatchments, as shown in Fig. 2. Design floods
were estimated using rainfall-runoff and empirical
methods. Considering the strategic importance of
the complex and the experience of the 2022 flood
event, protection measures along the main flood
conveyance routes were designed based on a 500-
year return period flood, and their performance
was evaluated against a 1000-year return period
flood. In contrast, the surface stormwater
collection system was designed for a 25-year
return period flood.
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Fig. 2. Location map of the river, stream, and

waterways, together with the sub-basins
of the study area

The hydraulic assessment of the Shur River,
Torshab Stream, and the main channels was
conducted using the HEC-RAS model. The total
length of the modeled flood conveyance routes
was approximately 8990 m, including 4100 m of

! Storm and Sanitary Analysis (SSA)
2 Soil Conservation Service (SCS)

the Shur River with 82 cross-sections and 4890 m
of the Torshab and Sang-Shekan channels with 71
cross-sections. Existing structures, including three
bridges along the Torshab channel, were
incorporated into the model.

The surface stormwater collection system was
assessed using Autodesk Storm and Sanitary
Analysis ! software. The industrial area was
divided into 47 subcatchments, and rainfall was
transformed into runoff using the soil conservation
service > method, while rainfall losses were
estimated using the Curve Number® method. The
time of water entry into the system was generally
assumed to be between 5 and 10 minutes.

3. Results and discussion

Given the interconnected nature of flood
management in the study area, the results obtained
from the assessment of the main flood conveyance
routes and the evaluation of the surface stormwater
collection system were integrated within a unified
framework. In this framework, following the
determination of the design flood and assessment
of the hydrological and hydraulic conditions of the
area, the performance of the main flood
conveyance routes was evaluated using the one-
dimensional HEC-RAS model, while the condition
of the surface stormwater collection system was
assessed using the SSA model. The results of these
two components, including the identification of
critical points along the main flood routes and the
identification of deficiencies and capacity
limitations in the surface stormwater collection
system, were subsequently integrated.
Accordingly, flood-control and protection
measures for the main flood conveyance routes
and the modification and development of the
surface stormwater collection system were
formulated in a coordinated manner. The
conceptual framework of this approach is
presented in Fig. 3.

The hydraulic model results, together with the
assessment of areas affected by previous flood
events, identified critical points along the main
flood conveyance routes. Information from the
2022 flood showed that inundation began rapidly
at these locations and intensified as runoff from
other subcatchments joined the flow. Accordingly,
structural and management measures were
proposed to increase flow conveyance capacity
and improve runoff conveyance at critical
locations.

3 Curve Number (CN)
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Fig. 3. Conceptual framework of the proposed integrated flood-management approach
The assessment of the existing surface 4. Conclusions
stormwater collection system also showed that This study presented an integrated framework for
discontinuities in drainage routes, the lack of flood management at the Sarcheshmeh Copper
suitable discharge points, interference between Complex, in which the assessment of the main
infrastructure and channels, and the entry of flood conveyance routes and the internal surface
process wastewater reduced the hydraulic capacity stormwater collection system was conducted
of the system. The design results showed that the simultaneously. The results showed that
existing system, comprising 47 channels with an limitations in flow conveyance capacity, sediment
approximate total length of 8190 m, could be deposition, local blockage, and deficiencies in the
expanded into a system with an approximate surface stormwater collection system can increase
length of 15,600 m. In the proposed configuration, flood risk in parts of the complex. Accordingly,
24 existing channels were retained and integrated corrective measures, protective structures, and
into the new system. Consequently, the total management strategies appropriate to the
system length increased by approximately 90.5%, conditions of the area were proposed.
while approximately 51% of the existing channels Integrating protective measures along the main
were retained. The maximum simulated filling flow routes with the design of an optimized surface
ratio in the proposed system was 75%. stormwater collection system provided a coherent
The findings showed that the vulnerability of system for managing floods and surface runoff
the complex to flooding is not attributable to a within the Sarcheshmeh Copper Complex, which
single hydraulic factor but results from the can effectively contribute to reducing flood risk,
interaction between limitations in the main flood enhancing the safety of critical infrastructure, and
conveyance routes and deficiencies in the internal improving the resilience of the complex to extreme
surface stormwater collection system. Therefore, events. The novelty of this study lies in presenting
managing each of these components separately an integrated approach in which flood
cannot provide a comprehensive solution. The management is simultaneously addressed at two
proposed framework links flood conveyance at the levels: the watershed scale (rivers and streams) and
basin scale, drainage system performance at the the local scale (surface stormwater collection
local scale, identification of critical points, and system). This approach can provide a basis for
structural and management measures within a flood management planning, design, and decision-
unified decision-making framework. making in mining complexes and other industrial
areas.
Water and Wastewater
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Fig. 2. Location map of the river, stream, and
waterways, together with the sub-basins of the study area
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Fig. 4. View of the Torshab stream
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Fig. 5. Location of the Shour River, the Torshab
channel, and the Sangshekan channel within the
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