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Extended Abstract

Introduction

Water resource constraints have transformed the economic evaluation of water productivity into a critical issue. Among
various metrics, the water footprint (WF) has emerged as one of the most important indicators for assessing water use
efficiency from an economic perspective. This study examines changes in Iran's water footprint across agricultural,
industrial, and service sectors for the years 2001, 2011, and 2016 using an input-output model. Given Iran's arid and
semi-arid climate coupled with unsustainable water consumption patterns, analyzing WF trends is essential for future
policymaking. Results indicate that Iran's total WF increased from 94,311.2 million m® in 2001 to 120,483.3 million
m? in 2016, with the agricultural sector accounting for over 90% of the national WF. Analysis of virtual water trade
reveals Iran's status as a net virtual water importer due to higher imports than exports during this period. The
Falkenmark index declined from 2,678 m?3/capita (2001) to 1,697 m>/capita (2016), while the UN water stress index
increased from 53.8% to 88.8%, signaling severe water crisis conditions. These findings underscore the urgent need
for sustainable water resource management strategies.

Materials and Methods

This research employed symmetric input-output tables (product-by-product) for 2001, 2011, and 2016 obtained from
the Iranian Statistical Center. Sectoral water consumption data for agriculture, industry, and services were collected
from the Iran Water Resources Management Company and the Economic Accounts Office. A top-down input-output
approach was adopted for WF calculation, where direct water coefficients were derived by dividing sectoral water
consumption by production output. The total water requirement matrix was then obtained by multiplying the
diagonalized direct water coefficient matrix with the Leontief inverse matrix. Internal WF was calculated by
multiplying the water multiplier matrix with the final demand matrix. For imported WF estimation, the study assumed
that production technologies of imports were identical to domestic production. Virtual water trade balance was
determined by subtracting exported virtual water from imported virtual water. Additionally, two water scarcity
indicators were applied: the Falkenmark indicator (renewable water resources per capita) and the UN water stress index
(annual withdrawals as percentage of renewable resources). Study limitations included unavailability of post-2016
input-output tables and inconsistencies in water consumption data recording across different institutions.

Results and Discussion
Sectoral WF analysis revealed that agriculture dominated Iran's water consumption, maintaining approximately 94%

share in 2001 and 95% in 2016. The agricultural WF grew from 88,579.3 million m? (2001) to 114,457.4 million m?
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(2016), indicating substantial water use intensification. Within industry, chemical and pharmaceutical production
accounted for the highest WF, while oil and gas sectors showed declining WF trends. The services sector exhibited
maximum WF in electricity, water, and gas utilities. Virtual water trade analysis confirmed Iran's persistent net importer
status throughout the study period, with the trade deficit expanding from 698 million m? (2001) to 7,127.8 million m?
(2016), reflecting growing external water dependence. Agricultural products like wheat and barley constituted major
virtual water imports, while fish and fishery products occasionally featured as exports. The Falkenmark index
demonstrated consistent decline from 2,678 m?/capita (2001) to 1,697 m>*/capita (2016), indicating critical reduction
in renewable water availability per capita. Concurrently, the UN water stress index escalated from 53.8% to 88.8%,
confirming severe water crisis conditions according to international benchmarks. Comparative analysis with previous
studies revealed discrepancies with Tafazzoli (2013) which reported Iran as net virtual water exporter in 20006,
potentially attributable to methodological differences or shifting trade patterns. However, the findings aligned with
Zarei (2016) which identified Iran as net importer in 2011.

Conclusion

The study findings paint a concerning picture of Iran's water resource status. The simultaneous growth of national WF
and decline of renewable water resources necessitates immediate action toward sustainable water management. The
agricultural sector, as the dominant water consumer, requires fundamental reforms in cropping patterns and irrigation
efficiency. Expanding virtual water imports, while temporarily alleviating domestic pressure, may threaten long-term
water and food security by increasing external dependencies. Water productivity improvements in industrial and
service sectors must become policy priorities. The critical water scarcity status confirmed by both Falkenmark and UN
indicators demands transformative changes in water governance approaches. Policy recommendations include: (1)
implementing water-saving agricultural technologies and crop optimization, (2) promoting water-efficient industrial
processes, (3) developing sustainable trade policies that consider virtual water flows, and (4) establishing integrated
water monitoring systems across all sectors to enhance data reliability for future analyses. This research demonstrates
that without urgent interventions, Iran will face severe challenges in maintaining water security. The findings provide
crucial evidence for policymakers to develop comprehensive strategies addressing both supply-side and demand-side
water management, with particular emphasis on the water-food-energy nexus in national development planning.
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Fig 2. Water footprint values in the agricultural sector (m*/ton)
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Table 3. Amounts of water footprint in the agricultural, industrial and service sectors (million cubic meters)
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Extended Abstract

Introduction

In general, the efficiency of water supply channels is usually less than acceptable, one of the reasons for this is the lack
of appropriate optimization methods in channel design. The goal of optimizing the channel cross-section is to design the
channel in the most favorable hydraulic state with the most economical possible. In channel design, it is also necessary
to pay attention to minimizing the possibility of overflowing. In the present study, the goal was to minimize the total
costs of excavation and covering along with minimizing the possibility of overflow from the channel for a channel with
a trapezoidal cross-section at different discharges. In the following, the effect of changing the discharge on optimizing
the channel dimensions has been investigated.

Materials and Method

The effect of flow change on the optimization of channel dimensions has been investigated in addition, minimizing the
possibility of overflow is also considered as a goal. Therefore, free bord and flow rate are also considered as design
variables. Problem formulation leads to nonlinear optimization due to the Manning equation constraint. In single-
objective optimization, the feasible set is determined entirely based on the objective function, and for each set of answers,
the best answer is determined based on the value of the objective function. In multi-objective optimization problems,
there is not only one answer, but a set of optimal answers is obtained according to the objectives of the problem. In this
research, the constrained method of multi-objective programming technique is used. In this method, the vector
optimization problem is converted into a numerical optimization. The conversion of the vector form to a numerical one
is done in such a way that one of the objectives (here, minimizing the construction cost) is considered as the only
objective of the model, and the second objective (here, minimizing the overflow probability) is considered as a constraint.
As a result, the resulting model is the numerical and deterministic form of the previous vector and stochastic model.

Results and Discussion

The results showed that as the discharge value increases, construction cost increases. Also, the construction cost for all
discharges decreases with the increase in the probability of overflow up to a probability of overflow of 0.5 and then
increases. In other words, for all discharges, the construction cost is at its minimum when the probability of overflow is
0.5. With increasing discharge, the optimal channel width increased. Also, the optimal width for all discharges decreased
with an increase in overflow probability up to a value of 0.5 and then increased. In other words, for all discharges, the
optimal width has a minimum value at a probability of overflow equal to 0.5. With the increase in the discharge value, the
flow depth increased. Also, the flow depth for all discharges increased with the increase in the probability of overflow up
to the value of the probability of overflow equal to 0.5 and then had a decreasing trend. In other words, for all discharges,
the flow depth has a maximum value at the probability of overflow equal to 0.5. With the increase in the discharge value,
the optimal free height decreased. Also, the optimal free height for all discharges has a decreasing trend with the increase
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in the probability of overflow up to the overflow probability value of 0.5 and then has an increasing trend. In other words,
for all discharges, the optimal free height has a minimum value at the overflow probability of 0.5.

Conclusion

The results of this study showed that in a trapezoidal channel, if optimization is performed to minimize the cost of channel
construction, including the total cost of excavation and channel lining, as well as minimizing the probability of overflow
from the channel, with an increase in the discharge amount at a specific (fixed) probability, the width of the channel
bottom, the depth of the flow, and the cost of channel construction have increased. In other words, with an increase in the
discharge, the dimensions of the channel cross-section have increased, which has brought about higher costs, but with an
increase in the optimal depth, the need for free head of the channel has decreased, so with an increase in the flow discharge,
the optimal free head has decreased. Also, for all discharges at an overflow probability of 0.5, the cost of channel
construction, the optimal width, and the optimal free head have a minimum value, and the flow depth has a maximum
value.

Keywords: Channel section design, Nonlinear optimization, Free board, Minimum overflow probability, Excavation and
cover costs
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Extended Abstract
Introduction

Structural Health Monitoring (SHM) has emerged as a critical technology in civil engineering for assessing the performance
of vital infrastructure such as concrete dams. Given the importance of dams in water supply networks and the catastrophic
consequences of their failure, developing non-destructive and accurate monitoring methods is essential. This study focuses
on concrete dams, examining modern SHM techniques and their applications in detecting both visible and hidden structural
damage. The discussed methods include modal analysis, neural networks, pattern recognition, Kalman filtering, statistical
approaches, and signal processing, each evaluated for their accuracy, advantages, and limitations. The primary objective is
to propose solutions for reducing maintenance costs, anticipating potential hazards, and minimizing human and financial
losses through intelligent monitoring systems. As a case study, the health monitoring system for the Baghan Jam Roller-
Compacted Concrete (RCC) Dam was designed and analyzed.

Materials and Methods

This research first introduced and compared various damage detection methods for concrete dams, including modal analysis,
neural networks, pattern recognition, Kalman filtering, statistical methods, and signal processing. Subsequently, as a case
study, the SHM system for the Baghan Jam RCC Dam was designed using the finite element method. To assess the site
effect, three different soil-layer models (single-layer, two-layer, and three-layer) were examined. Sensor placement criteria
were based on von Mises stress (exceeding 1.5 MPa) and displacement (exceeding 1 cm). To evaluate the system's
performance under seismic loads, three earthquake records with varying hazard levels—Bam (PGA=0.8), Koina
(PGA=0.6), and El Centro (PGA=0.35)—were utilized. Data from these records were extracted from the Pacific Earthquake
Engineering Research (PEER) Center and imported into ABAQUS software. Dynamic analyses were conducted to identify
critical areas and optimize sensor placement.

Results and Discussion

The results demonstrated that the number and location of required sensors depend on seismic hazard intensity. For high
hazard levels (PGA>0.7), 18 sensors (8 stress sensors and 10 displacement sensors) were recommended; for moderate levels
(0.4<PGA<0.7), 14 sensors (6 stress sensors and 8§ displacement sensors); and for low levels (PGA<0.4), 9 sensors (4 stress
sensors and 5 displacement sensors). Stress and displacement analyses revealed that areas with high tensile stress and
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significant displacement are critical for sensor installation. Comparative evaluation of SHM methods indicated that
combining modal analysis with neural networks significantly improves damage detection accuracy. The Hilbert-Huang
transform was confirmed as an effective method for identifying instantanecous damage in concrete structures.

Conclusion

This study underscores the importance of continuous monitoring for concrete dams, particularly in seismic-prone regions,
and demonstrates that intelligent monitoring systems can enhance safety and extend the service life of critical infrastructure.
The findings suggest that optimizing SHM systems by considering seismic hazard levels and stress/displacement criteria
can reduce maintenance costs and prevent catastrophic failures. Future research should explore hybrid methods, such as
integrating machine learning with wireless sensor networks, to improve monitoring precision and efficiency. Additionally,
non-contact techniques like Digital Image Correlation (DIC) and drone-based monitoring could complement traditional
Sensors.

Keywords: Structural health monitoring (SHM), Concrete Dams, Non-destructive methods, Modal analysis, Smart sensors,
Baghan Jam Dam
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Extended Abstract
Introduction

Water scarcity has emerged as one of the most complex global challenges, significantly impacting human life and
ecosystems. While previous research has predominantly focused on technical and economic dimensions, the neglect of
socio-cultural aspects as a key factor in sustainable water management remains evident. This study aims to explore the
socio-cultural responsibility of water stakeholders (consumers, policymakers, and other beneficiaries) and develop a
comprehensive model for crisis management. The research is based on the premise that sustainable solutions to water
crises require a deep understanding of the cultural layers influencing water-related behaviors. By integrating two key
concepts—social responsibility (with cognitive, emotional, and functional dimensions) and cultural responsibility
(comprising values, beliefs, and behavioral habits)—this study presents a novel framework for analyzing this
phenomenon.

Materials and Methods

This qualitative study employs Braun and Clarke’s (2006) thematic analysis method. A purposive sampling technique
was used, involving 14 informed stakeholders in the water sector (including academics, farmers, industry professionals,
and policymakers). Data were collected through semi-structured interviews and analyzed in six stages: initial coding,
extraction of basic and organizing themes, and identification of overarching themes. Validity was ensured using Lincoln
and Guba’s criteria (participant review, independent coder agreement, and rich description). Responsibility was examined
at two levels: social (cognitive awareness, emotional commitment, and functional participation) and cultural (values,
beliefs, and habitual practices).

Results and Discussion

Data analysis revealed 43 meaningful units and 11 core themes, categorized into three overarching dimensions: Values:
Water literacy, technical-communication skills, and informational transparency were identified as prerequisites for
responsibility. Beliefs: Realism, future-oriented thinking, and respect for laws emerged as cognitive-emotional
foundations for responsible action. Habitual Practices: Creativity, result-oriented actions, and collective participation were
highlighted as key behavioral indicators. Findings suggest that effective crisis management depends on the dynamic
interaction of these dimensions at individual, organizational, and societal levels.The proposed model emphasizes
transforming "water responsibility" into a cultural norm.
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Conclusion

This study demonstrates that addressing water scarcity requires simultaneous attention to technical and socio-cultural
dimensions. Practical recommendations include: Educational: Integrating water literacy and communication skills into
curricula. Cultural: Promoting water conservation as an ethical value through media. Governance: Reforming decision-
making structures via stakeholder participation and transparency. Economic: Developing water-efficient industries and
modern agriculture.

Keywords. Sociocultural responsibility, Water scarcity crisis, Theme analysis, Water literacy, Participatory water
management
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Fig 1. Framework for socio-cultural water responsibility in scarcity conditions
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Extended Abstract

Introduction

Urban floods, due to their severe economic, social, and environmental consequences, pose a critical challenge for municipal
management. In arid and semi-arid regions like Khomeinishahr, rapid urbanization has increased impervious surfaces,
exacerbated runoff and reducing groundwater recharge. Low Impact Development (LID) techniques have emerged as
innovative solutions to restore natural hydrological cycles and mitigate flood risks. These methods emphasize infiltration,
retention, and reuse of stormwater, while concurrently improving air quality, mitigating urban heat islands, and enhancing
green cover. However, selecting optimal LID strategies depends on multifaceted factors, including climatic conditions,
hydrological properties, economic constraints, and social acceptability. This study employs the Analytical Hierarchy
Process (AHP) to prioritize LID techniques for urban runoff management in Khomeinishahr, offering a data-driven
framework to address flood vulnerabilities.

Materials and Methods

This research integrates literature review and expert surveys to evaluate LID strategies against 14 key criteria (e.g., climate,
slope, cost, space availability, land use). Data were collected through questionnaires administered to 30 domain experts
and analysis of regional hydrological reports. The assessed LID techniques included green roofs, infiltration trenches,
constructed wetlands, bioswales, permeable pavements, and bioretention systems. The AHP-based decision-making
process involved:

Hierarchy Construction: Defining the goal (optimal LID selection), criteria, and alternatives.

Pairwise Comparisons: Assigning relative weights to criteria and alternatives using a 1-9 scale.

Weight Calculation: Synthesizing local and global weights via the Expert Choice software.

Sensitivity Analysis: Testing result robustness against criterion weight variations.

Modeling accounted for region-specific constraints, such as high urban density, limited land availability, and a hot, dry
climate.
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Results and Discussion

The AHP analysis identified green roofs (weight: 14.5%) as the most effective solution, given their multifunctional
benefits: runoff volume reduction (up to 80%), urban cooling, air pollution mitigation, and energy savings. Infiltration
trenches (12.3%) were recommended citywide, while constructed wetlands (10.1%) were prioritized for southern
agricultural zones.

Key Influential Criteria: Climate (19.9% weight): Adaptation to high temperatures and erratic rainfall; Cost-Space
Efficiency (15.2%): Green roofs’ feasibility in dense urban fabric; Pollution/Temperature Reduction (12%): Green roofs’
role in particulate capture and heat island mitigation.

Implementation Challenges: Public Awareness: Citizen engagement for rooftop greening initiatives; Structural Costs:
Upfront expenses and technical requirements (e.g., load-bearing capacity); Spatial Limitations: Narrow streets hindering
trench deployment.

Comparative studies (e.g., Izanloo and Bardi Sheikh’s work in Bojnourd and Uda’s Sydney case) corroborated the
preference for infiltration-based systems. A multifunctional approach (e.g., hybrid green roof-wetland systems) is proposed
for similar regions.

Conclusion

This study demonstrates the efficacy of AHP in prioritizing LID strategies for Khomeinishahr’s runoff management. Green
roofs, complemented by infiltration trenches and wetlands, offer a holistic solution to flood risks while delivering co-
benefits. Municipal authorities should incentivize public participation and integrate these techniques into urban planning
frameworks.

Keywords: Low Impact Development (LID), Urban runoff management, Analytical Hierarchy Process (AHP), Green
roofs, Khomeinishahr
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Priorities with respect to:

Goal: Provide the best low-impact development (LID) method for utban runoff management
Climate 19 |
Cost ptg___________
available space 17 I
Water storage 057
Land use oe0 I
volume reduction 063 I
Decrease peak flow 053 I
Underground water supply 07 I
Hydrological group 036 I
Slope 030 [
Temperature reduction 07 I
decreasing air pollution 00 I
Maintenance 020 I
Social barriers 014 I
Inconsistency = 0.06

with 0 missing judgments,

Fig 2. Determining relative priority of criteria
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Synthesis with respect to:
Goal: Provide the best low-impact development [LID) method for urban runoff management

Overall Incansistency = .09

areen roof 146 [ ——
Infiltration trench 24—

Constructed wetland T ——

Infiltration Planter/Rain Garden 14 | ——

Rain barrel T

porous/permeable pavement 107 | —
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Bio-retention pond 0 —

Vegetalive Swale o —

Fig 3. Option weights
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Extended Abstract

Introduction

Petrochemical industries represent one of the primary sources of industrial wastewater, containing complex and
hazardous compounds such as aromatic hydrocarbons, phenols, and heavy metals, with chemical oxygen demand (COD)
typically ranging from 500 to 74,800 mg/L. These pollutants not only pose a severe threat to aquatic ecosystems but also
render conventional treatment methods like sedimentation and filtration ineffective. In recent years, adsorption has
emerged as a promising technique due to its operational cost-effectiveness, flexibility, and environmental compatibility.
However, selecting an appropriate adsorbent based on wastewater physicochemical characteristics and operational
conditions remains a critical challenge. This study aims to evaluate the performance of organic (pomegranate peel-
derived activated carbon), inorganic (nanosilica), and hybrid adsorbents in reducing COD from petrochemical
wastewater, coupled with kinetic modeling of the adsorption process.

Materials and Methods

In this study, organic adsorbents were prepared from pomegranate peels activated with 98% sulfuric acid, while inorganic
adsorbents (nanosilica, >99.3% purity) were procured from Merck. The hybrid adsorbent was synthesized at a 1:1 ratio
of organic to inorganic components. Adsorbent characteristics were determined using BET and EDX analyses, revealing
specific surface areas of 748 m?*g for the organic adsorbent and 140 m?*g for the nanosilica. Batch adsorption
experiments were conducted at laboratory scale with adsorbent doses of 2 and 4 g/L, contact times of 20, 40, and 60
minutes, and neutral pH (7.0). Key parameters including COD, turbidity, nitrate, sulfide, TSS, and TDS were measured
following ASTM standard methods. Data were analyzed using SAS software and ANOVA. Three kinetic models—
pseudo-first-order, pseudo-second-order, and Elovich—were employed to elucidate the adsorption mechanism.

Results and Discussion

The hybrid adsorbent CA4 demonstrated superior performance with 48% COD removal efficiency, attributed to the
synergistic effects of the organic component (high adsorption capacity) and inorganic component (structural stability).
Increasing contact time from 20 to 60 minutes enhanced removal efficiency by 1.5-fold. The pseudo-first-order kinetic
model (R? = 0.94) exhibited the best fit with experimental data, suggesting a physiochemical adsorption mechanism. pH
studies revealed neutral conditions (pH 7) as optimal due to minimized ionic competition and adsorbent stability, while
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acidic (HsO" competition) and alkaline (OH™ electrostatic repulsion) environments reduced efficiency. EDX analysis
confirmed the critical roles of silicon (22.8%) in the inorganic adsorbent and carbon (72.3%) in the organic adsorbent.
Comparative analysis indicated that the hybrid CA4, despite its low production cost, achieved comparable performance
to commercial activated carbon.

Conclusion

This study highlights the hybrid adsorbent CA4 as a viable solution for petrochemical wastewater treatment, achieving
48% COD removal under optimized conditions (pH 7, 60 minutes, 4 g/L). The use of waste-derived materials
(pomegranate peels) significantly reduced production costs, while the adsorbent retained 80% of its initial efficiency
after five regeneration cycles, underscoring its economic feasibility for industrial applications. Limitations include
variability in adsorbent physicochemical properties and the need for comprehensive economic-environmental
assessments. Future research should focus on nanostructural optimization, temperature/salinity effects, and functional
group modifications to enhance performance. Integrating CA4 with advanced processes like Fenton oxidation could
further improve compliance with discharge standards.

Keywords: Petrochemical wastewater, COD, Hybrid adsorbent, Adsorption kinetics, Elovich model.
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Fig 1. Comparison of the mean of adsorbent treatments regarding COD reduction
(dissimilar letters indicate statistically significant differences at 5% level using ANOVA test)
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Fig 2. Comparison of mean COD values across different contact times
(dissimilar letters indicate statistically significant differences at p<0.05 according to ANOVA)
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Fig 3. Comparison of mean COD values at different pH levels
(dissimilar letters indicate statistically significant differences at p < 0.05 by ANOVA)
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Fig 4. Pseudo-first-order kinetic model plot
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Table 4 - Calculated results of the pseudo-first-order kinetic model
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Fig 5. Pseudo-second-order kinetic model plot
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Table 5. Calculated parameters of the pseudo-second-order kinetic model
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Fig 6. Elovich kinetic model plot
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Table 6. Calculated parameters of the Elovich kinetic model
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Table 7. Comparison of different adsorbents' COD removal efficiency and optimal operational conditions"
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