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Abstract: The escalating impacts of climate change, coupled with rapid urbanization, have placed unprecedented strain on
existing stormwater infrastructure. Frequent and intense rainfall events often overwhelm aging stormwater channels and
ditches, leading to flooding and property damage. Traditional upgrades, such as concrete lining, are often costly and disruptive.
This research explores the potential of PVC sheets as a viable and cost-effective solution to enhance the hydraulic capacity of
these channels. By lining the slopes and bases of stormwater channels with PVC, we can significantly reduce the roughness
coefficient, thereby improving flow efficiency and increasing the channel’s capacity to handle larger volumes of stormwater.
PVC lining is relatively inexpensive, durable and resistant to corrosion, ensuring long-term performance and reducing
maintenance costs. Computational analysis has demonstrated the effectiveness of PVC lining, showing that it can increase
channel capacity while minimizing costs and disruptions. This innovative approach presents a promising solution for
municipalities seeking to adapt to changing climate conditions and ensure the resilience of their stormwater systems.

I. INTRODUCTION

Many big cities are struggling with a mounting stormwater infrastructure crisis as urbanization accelerates and climate change
intensifies rainfall events. Many stormwater channels and ditches, designed decades ago with outdated hydrological data, are now
woefully inadequate to handle modern runoff volumes. The American Society of Civil Engineers (ASCE) 2021 report’s "D” grade
for U.S. stormwater infrastructure underscores the critical capacity issues. This inability to adapt to the changing climate poses
significant flood risks and threatens public safety, particularly in rapidly growing urban areas. The limited land available in these
areas makes expand- ing stormwater channels nearly impossible without disrupting urban development, presenting a major
challenge for local governments. Though it is technically difficult to re-plan the city structures in the current scenario, it is possible
to adapt to and mitigate the effects of natural hazards through suitable planning and management with the integrated cooperation
and involvement of citizens and government as well [16]. Through- out the world, but particularly at low latitudes, cities of all sizes
are growing but also facing increasing environmental hazards, particularly those associated with climate change [18]. As the world’s
population is expected to be over 2/3rd urban by 2050, climate action in cities is a growing area of interest in the inter-disciplines of
development policy, disaster mitigation and environmental governance [19].

Stormwater management is the science of managing stormwater runoff to prevent adverse impacts on the environment [2].The lack
of strategic planning in stormwater management has made rapidly urbanizing cities more vulnerable to urban water issues than in
the past [1]. Proper management of stormwater drainage may be a solution to urban flooding problems but suitable selection of
model for a particular watershed is a challenge [8]. The adverse impacts of the tra- ditional practice of urban stormwater
management have raised growing concerns about the natural environment [4]. Major causes of urban flooding are well known and
include a com- bination of urbanization, heavy rainfall over the cities and/or upstream catchments, overflows from upstream
dams/rivers, construction on the flood plains or low-lying areas in the cities [9]. Research on the viability of urban stormwater
drainage systems and the search for solutions to the related problems constitute an important prerequisite for their sustainability
evaluation [3]. Due to rapid urbanization, the natural landcover in the cities is being replaced with impervious surfaces which
significantly alters the natural patterns and processes of urban landscape resulting in mismanagement of storm water and hence the
flooding issues [5]. Across the globe, the damage caused by urban floods has increased manifold[7]. The severity of flood was
extreme and the financial cost of the flood was unprecedented [13]. In terms of economic losses, floods have been more devastating
than any other disaster [14]. Flood is most prevalent and costliest natural disaster in the world which devastates both life and
economy at a large extent [15].
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Flood, a distinctive natural calamity, has occurred more frequently in the last few decades all over the world, which is often an
unexpected and inevitable natural hazard, but the losses and damages can be managed and controlled by adopting effective
measures [17]. Ultimately, the implementation of effective stormwater management strategies is imperative to ensure the long-term
viability and resilience of urban infrastructure in the face of escalating flood risks [6].

Sustainability is a pressing concern for cities worldwide, especially as they face the challenges of climate change. Increasingly
frequent and intense flooding events pose sig- nificant risks. To mitigate the flood risks, cities must up- grade their stormwater
infrastructure. By prioritizing resilient stormwater management, cities can create more sustainable and livable environments that can
withstand the impacts of climate change. Therefore, the ‘environmental friendly’ approach should be applied when dealing with
storm water runoff [20]. There is a clear trend in the world to increase the use of sustainable drainage systems [24]. Stormwater
system design often relies on Manning’s equation, which calculates channel capacity based on area, slope, hydraulic radius, and
roughness coefficient. While area, slope, and hydraulic radius are generally fixed in urban environments, the roughness co-
efficient is modifiable. A smoother surface reduces roughness, allowing water to flow more efficiently, increasing channel capacity.
Older channels with rough or vegetated surfaces often have high roughness coefficients (e.g., 0.04), limiting their efficiency.
Channel roughness is the most sensitive parameter in development of hydraulic model for flood forecasting and flood plain
mapping [10]. A channel includes irrigation chan- nels, roadside channels and drainage ditches that are either man-made with
regular geometric cross sections or unlined or lined with artificial or natural material to protect against erosion [11]. The
coefficient of Manning’s roughness (n) has been generally implemented in the determination of depth and discharge in open
channels and canals [12]. Improving the roughness coefficient is crucial for enhancing existing stormwater system’s performance.
Applying PVC sheets to channel slopes and bases can drastically reduce the roughness coefficient to 0.011, significantly boosting
hydraulic capacity. This approach offers a practical and cost-effective way to retrofit aging infrastructure without extensive
reconstruction or expansion, making it attractive for municipalities with space constraints and limited budgets. Smooth surface
treatments can be implemented quickly, minimizing disruptions to urban activities while providing immediate flood mitigation
benefits. This research aimed to evaluate the effectiveness of PVC sheets in increasing stormwater channel’s hydraulic capacity. A
comparative analysis across various channel sizes examined the improvement in flow rates after applying PVC linings. Results
showed that hydraulic capacities could increase by up to three times compared to channels with vegetated or rough surfaces. This
substantial improvement highlights the tech- nique’s potential as a low-cost, high-impact solution for urban stormwater
management. PVC sheets cost approximately 5 Dollars per square foot, making them financially viable com- pared to more
expensive and labor-intensive concrete. This re- search also positions PVC lining within the broader context of sustainable urban
development and climate resilience. Urban growth increases impervious surfaces like roads and buildings, which enhance runoff
and reduce natural infiltration. This exacerbates pressure on stormwater systems, leading to more frequent and severe flooding.
Retrofitting infrastructure with materials like PVC, which improve flow efficiency, can help cities manage stormwater more
effectively while minimizing the need for land-intensive projects like stormwater detention ponds. The ability to retrofit existing
infrastructure aligns with sustainable development goals and provides a pathway for cities to adapt to evolving environmental
conditions without compromising urban growth. Addressing the capacity limita- tions of aging stormwater infrastructure is crucial
for build- ing climate resilience in urban areas. PVC sheet application presents a cost-effective, scalable, and minimally
disruptive method for enhancing hydraulic performance. This research provides empirical evidence of its efficacy and positions it as
a practical solution for municipalities seeking to upgrade their stormwater systems to cope with future challenges posed by climate
change and urbanization. The findings contribute to stormwater management innovation and offer a framework for cities to enhance
their infrastructure sustainably and efficiently.

1. LITERATURE REVIEW

Existing research has extensively documented the challenges posed by outdated stormwater infrastructure, particularly as
urbanization and climate change exacerbate flood risks. In modern cities, rainwater management is sometimes problematic due to
years of neglect and the application of traditional technical methods in urban drainage [22]. There is a need to provide sustainable
and resilient urban drainage systems to manage stormwater more efficiently [23]. Many stormwater channels and ditches in the
United States were designed based on outdated rainfall data, leading to inadequate capacity for current and future precipitation
patterns. Studies consistently advocate for infrastructure upgrades, ranging from channel expansion to stormwater detention ponds.
Although several studies have explored the use of Manning’s equation to optimize stormwater systems, there has been limited
research focused on modifying the roughness coefficient as a primary means of improving flow capacity.
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While some studies have mentioned the use of smoother surfaces like concrete, the high cost and labor involved would make this
impractical for many municipalities. A significant gap exists in the literature regard- ing low-cost retrofitting solutions for existing
infrastructure in space-constrained urban environments. This research addresses this gap by investigating the application of PVC
sheets to reduce the roughness coefficient of existing storm channels. By focusing on improving surface smoothness, this study
provides a cost-effective alternative to traditional methods like concrete lining. This research contributes a novel approach within
the current body of knowledge, balancing hydraulic efficiency with financial and spatial constraints, offering a practical solution for
municipalities facing increasingly severe rainfall events.

1. METHODOLOGY
This research aims to investigate how PVC sheets can enhance stormwater channels and ditches’s hydraulic capac- ity by reducing
the Manning’s roughness coefficient. The methodology focuses on comparing the hydraulic capacities of channels under different
roughness conditions to demonstrate PVVC’s effectiveness.
Manning’s equation is a widely used formula for calculat- ing open channel hydraulic capacity (flow rate). Manning’s formula
highlights the relationship between channel roughness and hydraulic capacity. Reducing the roughness coefficient (n) increases the
flow rate (Q) for a given cross-sectional area and slope.

The Manning's equation is as follows:
1.49
n

Q=VA=(

Q:Vszﬁo%Rig Is1]

}MﬁJ§ [Us]

Where:
¢ Qisthe flow rate (cubic feet per second, cfs)
¢ VisVelocity (ft/s)
¢ nisthe Manning's roughness coefficient
e Aisthe cross-sectional area of flow (square feet, sf)
¢ Ris the hydraulic radius (ft)

¢ Sisthe channel slope (ft/ft)

Multiple existing stormwater channels and ditches of vary- ing sizes were selected for hydraulic analysis. These channels represent
a range of typical urban stormwater systems, with diverse cross-sectional areas and slopes. By selecting channels with different
geometric profiles, the study comprehensively assesses PVC sheet application’s impact across various con- ditions. The channels
and ditches were modeled using trape- zoidal cross-sections and triangular cross sections, commonly found in stormwater
management systems. Geometric proper- ties, including bottom width, side slopes, and channel depth, were recorded for each
selected channel. Channel slopes (S) were were considered to be 0.1 percent across all the testing sections. This study focuses on
altering n from 0.04 (vegetated or rough surfaces) to 0.011 (PVC-lined surfaces), representing a smoother surface that enhances
storm water flow.

V. RESULTS
The results of this study unequivocally demonstrate the significant impact of PVC sheet application on stormwater channel’s
hydraulic capacity. Using Manning’s equation for hydraulic analysis, the flow rates of six different stormwater ditches and channels,
each with varying cross-sectional areas, were calculated under two conditions: with a Manning’s roughness coefficient of 0.04
(representing rough, vegetated surfaces) and with a Manning’s roughness coefficient of 0.011 (representing a smooth PVC-lined
surface).
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We tested six channel sections. Two of these sections were a 1.5-foot ditch and a 4-foot deep trapezoidal channel with  a 6-foot
bottom width. Both sections were assumed to have a slope of 0.1 percent and were analyzed using two different roughness
coefficients.

Fig.1 illustrates a ditch with a depth of 1.5 feet and a side slope ratio of 3:1. The ditch has a cross-sectional area of 6.75
square feet, a wetted perimeter of 9.49 feet, a slope of0.1 percent, and a roughness coefficient of 0.04. Using the Manning
equation, the initial flow rate was calculated to be 6.319 cubic feet per second. By installing PVC sheets, the roughness
coefficient was reduced to 0.011. This resulted in  a significant increase in flow capacity to 22.98 cubic feet per second. This
represents a 263 percent improvement over the original flow rate.

Ditch Cross-Section with 1.5 ft Depth and 3:1 Side Slopes

— Ditch Cross-section
=== Left Side Slope
—®- Right Side Slope

1.0

0.5 1

0.0

Depth (ft)
|
o
O

-1.0 1

-1.5

-8 -6 -4 -2 0 2 4 6 8
Width (ft)

Fig. 1: Ditch with 1.5 feet depth
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Fig. 2: Trapezoidal Channel with 4 feet depth

Fig.2 shows a trapezoidal storm channel with a depth of
4 feet, a bottom width of 6 feet, and side slopes of 3:1. The channel has a cross-sectional area of 72 square feet and a wetted
perimeter of 31.30 feet. Assuming a slope of 0.1 percent and a roughness coefficient of 0.04, the initial flow rate was calculated to
be 144.44 cubic feet per second. By installing PVC sheets, the roughness coefficient was reduced to 0.011. This resulted in a
significant increase in flow capacity to 536.15 cubic feet per second. This represents a 263 percent improvement over the original
flow rate.
The findings reveal a substantial increase in hydraulic capacity when the roughness coefficient is reduced. Similar improvements
were observed across all other ditches and channels tested, with consistent increases in capacity.
Fig.3 presents a line graph comparing the original and modified hydraulic capacities of stormwater channels with cross-sectional
areas ranging from 6.75 to 48 square feet. The
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Fig. 3: Line Graph for Hydraulic Capacity Comaprison
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Fig. 4: Bar Plot for Hydraulic Capacity Comaprison

blue line represents the original capacity before PVC sheet installation, using a roughness coefficient of 0.04. The green line
illustrates the significantly increased capacity after PVC application, resulting from a reduced roughness coefficient to 0.011. The
graph consistently demonstrates a substantial in- crease in capacity for all ditch and channel sizes, emphasizing the importance of
surface smoothness in enhancing stormwater infrastructure efficiency. Fig.4 presents a bar plot comparing the original and modi-
fied hydraulic capacities of stormwater channels with varying cross-sectional areas. The orange bars represent the modified
channels, which demonstrate a consistent 263 percent increase in flow capacity due to the application of PVVC sheets. This reduction
in roughness coefficient from 0.04 to 0.011 high- lights the significant impact of smooth-surfacing techniques on stormwater
infrastructure performance.

V. DISCUSSION
The results of this study unequivocally demonstrate that applying PVC sheets to existing stormwater channels is an
exceptionally effective means of significantly enhancing hy- draulic capacity, especially in urban environments where space
constraints limit infrastructure expansion. By reducing the Manning’s roughness coefficient from 0.04 to 0.011, we ob- served
hydraulic capacity increases of over 260 percent in all tested channels. This improvement underscores the potential of smooth-
surfacing methods, like PVC sheet installation, to significantly enhance the flow efficiency of stormwater systems, addressing
challenges posed by increasing rainfall intensities and urbanization.
One of the key advantages of this approach is its cost- effectiveness compared to alternative methods like channel expansion or
concrete lining. PVC sheets, priced at approx- imately 5 dollar per square foot, offer a substantially lower cost for improving
hydraulic capacity than concrete pouring or acquiring additional land for channel expansion or detention ponds. While concrete
lining effectively improves roughness, it is both labor-intensive and expensive, involving extensive excavation, formwork, and
curing time. Conversely, PVC installation is relatively quicker and less disruptive, providing an economical retrofit solution for
municipalities with limited budgets. Applying PVC sheets represents a sustainable and practical approach for upgrading aging
stormwater systems without needing significant land resources or large capital investments.
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Despite these clear benefits, PVC sheet installation presents some challenges. Anchoring the PVC sheets to the channel slopes and
base, especially in channels with high flow velocities or uneven surfaces, is crucial to prevent displacement or detachment during
heavy storm events. Techniques such as mechanical fasteners, adhesive bonding, or trenching the edges of the PVC sheets into the
channel’s embankments can be employed to secure the material in place. Durability and longevity are also essential considerations.
While PVC is highly resistant to chemical degradation and UV exposure, reg- ular maintenance will be required to inspect for any
physical damage that could compromise its performance.

In terms of maintenance, PVC sheets offer the advantage of being relatively low-maintenance compared to concrete or vegetated
surfaces, which can become overgrown or eroded over time. Routine inspections to check for damage or wear and tear should be
scheduled, especially after major storm events. Damaged PVC sheets can be easily repaired by patch- ing or replacing sections
without needing to overhaul the entire surface. However, ensuring proper drainage and preventing debris accumulation along the
edges of the sheets is necessary to avoid flow obstructions that could reduce the channel’s hydraulic efficiency.

Another consideration is the potential for environmental impacts, such as wildlife displacement or habitat disruption, particularly if
the channel was previously vegetated. PVC lining creates a smoother, more artificial environment, which could reduce the
biodiversity supported by natural or vegetated channels. Balancing the need for increased hydraulic capacity with the preservation of
natural ecosystems will be an important factor for environmental stakeholders, particularly in regions where stormwater systems
intersect with natural habitats. Additionally, Future research on application of Al to major storm channels can improve storm
channel capacity predictions, helping forecast flooding. By analyzing data, Al can provide more accurate predictions of hydraulic
capacities. The adoption of Al in water and environmental science holds immense promise for enhancing predictive modeling
and analysis [21]. This can help identify vulnerabilities and allow for proactive measures. Future research should focus on
expanding Al applications in this field, refining models to better account for climate variability, and improving the precision of
hydraulic capacity forecasts for major channels. This could revolutionize stormwater management, making it more resilient and
responsive to changing environmental conditions.

In conclusion, the application of PVC sheets to existing stormwater channels is a highly effective and cost-efficient strategy for
improving hydraulic performance. While the initial installation of PVC sheets presents challenges related to anchoring and
environmental concerns, the long-term benefits—particularly in terms of improved capacity, reduced land use, and lower
maintenance costs—make it an appealing solution for municipalities seeking to retrofit aging infrastructure. As climate change
continues to drive more intense rainfall events, improving the hydraulic capacity of stormwater systems using cost-effective,
scalable methods like PVC lining is essential for urban resilience and sustainability.

VI. CONCLUSION

This research definitively demonstrates that applying PVC sheets to the base and slopes of existing stormwater channels is a
practical and cost-effective solution for significantly in- creasing their hydraulic capacity. By reducing the Manning’s roughness
coefficient from 0.04, typical for vegetated or rough surfaces, to 0.011 with the application of PVC sheets, we observed a
remarkable increase of over 263 percent in flow capacity across multiple channel sizes. This underscores the potential of
improving surface smoothness to optimize stormwater management without requiring physical expansion of the stormwater
infrastructure—a crucial benefit in urban areas where space is limited. The study not only emphasizes the importance of enhancing
stormwater systems to address the growing challenges of climate change and urbanization but also presents PVC application as a
financially viable alternative to more expensive options like concrete lining or land acquisition for detention ponds. With PVC
sheets priced around 5 dollars per square foot, this method offers significant savings compared to other infrastructure modifications.
Furthermore, the relatively straightforward installation and low maintenance requirements of PVC make it an attractive option for
municipalities facing budget constraints. However, the research also acknowledges the challenges involved in securely anchoring
PVC sheets, especially in high-flow or uneven channels, as well as the potential environmental trade-offs. While the benefits of
increased hydraulic capacity are evident, proper installation and regular maintenance are crucial for ensuring the long-term
success of this intervention. The environmental impact on local ecosystems must also be carefully considered in areas where storm
channels serve as natural habitats. In conclusion, this study contributes a valuable, scalable solution to the pressing issue of
stormwater infrastructure adaptation. By focusing on improving the roughness coefficient through PVC application, we offer a
sustainable and effective method for upgrading aging systems and preparing urban environments to withstand increasing rainfall
intensities. This approach not only maximizes existing infrastructure but also minimizes costs and land use, making it an ideal
strategy for improving climate resilience in urban areas across the U.S. and beyond.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 |

380



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 12 Issue X Oct 2024- Available at www.ijraset.com

Using PVC sheets to increase hydraulic capacities is a sustainable way to mitigate flooding. It improves stormwater flow without
needing major reconstruction or more land. This method reduces erosion, extends the life of infrastructure, and minimizes
environmental harm. By efficiently improving existing systems, it supports long-term climate resilience and urban sustainability.
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